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ENCLOSURE NO. 1 Ql 1. L~C L+~ ~+~
Rr, P>g> 1L.E,

LIST OF INFORMAL INFORMATION

1. Supplementary Information for Fire Protection Review, Revised ll/13/78

2. A package beginning "g.5 Substantiate the fire reisitance . .

3. Color coded drawing 57579, marked question 26.

4. Diablo Canyon Intake Structure Factor of Safety Against Sliding-
11/10/78

5. Hosgri ReEvaluation of Diablo Canyon Containment base Mat (A-7)
11/09/78

6. Outdoor Water Storage Tanks - Dynamic Seismic Analysis for 7.5 M

Hosgri Criteria November 1978 - URS/Blume

7. Intake Structure Crane - Blume report 10/12/78 revised ll/02/78 - Final

8. Portions of Draft Amendment 70 - Hosgri

a. Monitoring of Circuit Breker Contacts 10-44 e and f
b. Cranes - Section 4A

9. Electrical EquipmentFunctionality (3.10.6)

a. Battery Charger

b. 125VDC Distribution Panelboard

c. Figure on Turbine Lube Oil Starter-

I 1J $ 456 IZ.

a1
10. Electrical Equipment Functionality Rewrite dated October 20, 1978

11. Scott Co Drawings (5) of Auxiliary Salt Water Piping.

12. Color Coded Figure 9.2-2 - Arrangement of Intake Structure

13. Change to 4KV Switchgear Drawings: Attachments C, D and E

14. New materials on relay boards, Section 10.3.21.6

15. Civil Drawings regarding intake structure.

16. Intake Structure A-5 (Supplement)

17. "Seismic Testing of one 14-inch motor operated Valve .

]e fe1 bE.8





18. "qualification of NAMCO Controls .

19. Visacorder reading of the 4KV Swtichgear

20. Additional material in response to SER Supplement 7 item 3.8.5.4.4-
Intake Structure - Packway to ASW Pumps.

21. Discussion of Time history analysis sensitivity to variation of input
assumptions. This item responds to SER item 3.9.3.9 (2}

22. Additional material in response to SER Supplement 7 item 3.8.5,4.1 (2)
Containment Base Mat A-7

23. Additional material 4n response to SER Supplement 7 item 3.8.5,4.7
Storage Tanks Items A-2 and A-3

24. Additional Draft Material on Electrical Functionality

a. Instrument Power AC Panelboards

b. Battery Charger Diagram

c. Diesel Generator Excitation Cubicle

25. "Diablo Canyon Units 1 and 2 Intake Structure . .

26. Two sets of color coded drawings, layouts

27. Schematic Diagram of battery charger
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ENCLOUSURE NO. 2

INFORMAL INFORMATION LISTED IN ENCLOSURE NO. 1
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Test Response Spectra

4 KV Switchgear
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INTRODUCTION

The safety related electrical equipment for Diablo Canyon Units 1 and 2

was originally seismically qualified in accordance with IEEE Std. 344-1971.

Recently the Diablo Canyon equipment was re'-evaluated to newly established

criteria based on response spectra derived from the postulated 7.5M Hosgri

event. In -the process of this re-evaluation,-PGRE cormitted to perform any

additional testing on certain plant equipment to the spectra derived from

the postulated 7.5M Hosgri event and according to the methods for seismic

qualification of electrical equipment contained in IEEE Std. 344-1975 and

NRC Regulatory Guide 1.100. This additional testing has been completed,

and the results have been presented to the NRC Staff in several licensing
review meetings. At the most recent such meeting PGKE was requested by the

NRC Staff technical reviewers to provide summary information on the results
of these tests to facilitate the Staff's review. The attached material is
provided in response to that request. For each type of equipment tested,
the fol'lowing information is presented:

1. Name of Equ'.pment

2. Description of Equipment

.3. Safety -Function

4. Test Criteria and Plan

5. Test Procedure and Setup

6. Test Results

7. Conclusions

The equipment was tested in seven groups,.with one seismic required

response spectra per group. The required response spectra is given in
attached Figures 1 through 7 of Wyle Test Report 3642. Complete test
results are given in Wyle Reports 58255 and 58255-1.

Table 1 lists the balance of plant equipment tested to the Hosgri seismic

spectra and to IEEE 344-1975.





Table I

GROUP I 4160 Volt Metal clad Switchgear

4160 Volt Potential Transformer

Vital Relay Board

Emergency Light Units

GROUP II Diesel Generator Excitation Cubicle

Diesel Generator Control Panel Door

Diesel Generator Control Cabinet Sub-Panel with the following

items mounted on the panel:

l. Differential Pressure Switch (two)

2. Contactor (one)

3. Switching Tachometer (one)

4. Time Delay Relays (two)

5. Relays (four)

6. Industrial Control Relays (four)

GROUP III Ve'ntilation System Printed Circuit Board and Power Supply

Ventilation System Relay Sub-Panel

Annunciator Components consisting of:

Power Transfer Panel

Printed Circuit Boards (four)

Printed Circuit Board Rack

Constant Voltage Transformer

Power Transformer

Logic Power Supply

Auxiliary Logic Power Supply

Relays (four: two dc and two ac)





Table I

(Continued)

GROUP III
(Cont'd.)

DC to DC Converter

DC to AC Inverter

Typewriter

GROUP IV DC Distribution Panel

Battery Charger

Turbine Lube Oil Starter

Fire Pump Controller

Local Starter (LPF 37)

Battery Cells (two)

GROUP V Vital Load Center (480v)

Local Starter (LPG66)

Circuit Breakers 100 Amp (two)

Motor Starters (seven)

Auxiliary Relay Panel (480v Bus 2H)

Auxiliary Relay Panel *(Bus G)

GROUP VI Local Starter (LPF 36)

GROUP .VII Switches (six)

Amneter
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FZGURE 1

Test Procedure No.

Page No.

REVZSZON A

3642

15

GROUP Z VZTAL RELAY BCARD AND 4160 SWZTCHBOARD
Turbine Building 119 feet
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Test Procedure No. 3642

Page No. 16

P1GURE 2
REVISION A

GROUP ZI - DIESEL GENERATOR CONTROL CABINET
AND DIESEL GENERATOR EXCITATION CUBICLE

Turbine l1»<1ding 85 feet
"HORIZONTAL 'ND '.VERTICAL SSE
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Test Procedure No. 3642
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PZGURE 3
REVISION A

GROUP IZZ VENTILATION SYSTEM RELAY PANELS VENTILATION
SYSTEM LOGIC PANEL AND BAIN ANNUNCIATOR

Auxiliary Building 140 and 128 feet
HORIZONTAL AND VERTICAL SSE

CRIT RIA HOSGRZ EARTHQUAKE - 3% Damping
OBE ~ 60% SSE
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FZGURE 4
REVZSZON A

GROUP 'ZV - LOCAL STAINER.'LPF37g FZRE PUMP CONTRIDLXZRg
125-250vdc M.C.C < DC SWZTCHGEAR, AND BATTERY

CHARGER
Auxiliary Building 115 feet
HORXZONTAL AND VERTZCAL SSE

CRZTERZA HQSGRZ EARTHQUAKE - 3% Damping
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FIGURE 5
REVISION B

GROUP V - PlSHER CONTROLLERS LOCAL STARTER LPG66g VITAL
LOAD CENTER

Aud.liary Building --100 feet
HORIZONTAL AND VER ICAL SSE - CRITKKA HOSGRI EARTHQUAKE

3% Damping
OBE ~ 60% SSE
RESPONSE SPECTRA
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PZGURE 6

REVZSZON B

GROUP VZ - LOCAL STARTER LPP36 AND LZMZT SWZTCHES

Amd.lunary and Turbine Buildincr - ll0 feet
HORIZONTAL AND VERTZCAL SSE CRXTERZA HOSGRZ EARTHQUAKE

3% Damping
OBE ~ 60% SSE
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FIGURE 7
REVISION B

GROUP VIZ - SWITCHES AND AMMETER
AUXILZAEK BUZLDING MAIN CONTROL ROOM - 140 Feet

HORIZONTAL AND VERTICAL SSE - CRITERIA. HOSGRZ EARTHQUAKE
3% Damping

OBE ~ 60% SSE

RESPONSE SPECTRA
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10.3.26.1 - Name of E ui ment

4160V Class IE Switchgear

10.3.26.2 Descri tion of E ui ment-

The 4160V switchgear consists of three bus sections (F, G and H) for each

of the two Diablo Canyon units. The switchgear is metalclad, rated 250 NYA

interrupting capacity and 80,000A momentary. The circuit breakers are in
individual cells and separated from each other by a metal barrier. Doors

in the front provide access to the individual breakers and control wiring.
Doors in the back provide access to the 4.16 kV power connections. Pro-

tective relays, meters, control switches, indicating lights, auxiliary
relays and voltage relays are mounted on the upper portion of the front
doors.. Potential transformers for sensing-bus or feeder -vol.tages are mounted

in back on top of cells F7, G5, H7, F12, G12 and H12, and in front and

top of cells 13 and 14 of each of the bus sections F, G, and H. All circuit
breakers are rated 1200A continuous with the exception of G15 which is rated
2000A.

The bus sections F, G 'and H are interconnected by overhead bus ducts. The

bus ducts do not have a Class IE function. However, their rigid tie to
the switchgear would have an effect on the switchgear qualification. For

that reason it has been decided to dynamically decouple the two by

inserting an earthquake joint at the point of entry of the bus duct into
the switchgear. The required amount of deflection the joint must provide
will be determined by the measuring the amount of horizontal and vertical
deflection on top of the test specimen during the seismic test.

10.3.25.

The 4160 VAC bus sections F, G, and H control and distribute electric
power to the engineered safeguard load.





The safety functions of the individual devices are as follows:

a) Power circuit breakers switch 4160V power on or off; either
incoming power from one of three sources, the station auxiliary
transformer, the stand-by start-up transformer and if necessary

the diesel generator or outgoing power for the engineered safe-

guard loads. The breakers must operate during a seismic event

if required to do so and must not change state inadvertently at
any time.

b) Overcurrent relays, designated "51" with additional bus and

cell designation, must„not cause the circuit breaker to trip
inadvertently at any time.

c) Potential transformers must stay operative at all times and

provide a signal for control and instrumentation which is pro-

portional to the level of the high voltage bus or feeder to which

they are connected., While the transformer itself has no moving

parts which could compromise this safety feature the contact

fingers connecting the transformer windings to the high voltage
and low voltage terminals must stay closed at all times.

d) Voltage relays must sense the signal voltage of the potential
transformers to which .they are connected. Their contacts must

open or close as required at any time. Contact chatter must not

prevent downstream devices from operating and conversely must

not operate downstream devices inadvertently.

e) The 2HH9 timing relay closes the breaker after time delay on a

safety injection signal. It must operate during or after a

seismic event.

10.3.26.4 'Test Criteria and Plan

The test criteria and plan are detailed in the Test Plan for the Seismic

gualification of the Switchgear, Revision 2, dated July 27, 1978. The





test plan is now part of WYLE's Test Procedure No. 3642, Addendum 1 and is
contained at the end of WYLE's Test Report No. 58255-1, dated August 22,

1978. The following is an abstract of this test plan emphasizing the

electrical criteria.

The object of the seismic qualification test is to demonstrate that the
Class IE switchgear retains it normal function, during and after the

seismic event. In addition, any non-class IE equipment must not fail in
a manner to jeopardize the Class IE function. To demonstrate normal

function of the .switchgear all control ci'rcuits must be energized to
duplicate exactly during the test their normal state, and power must be

applied to the trip coils and operating mechanisms of th'e circuit breakers.

During the seismic event circuit breakers are tested in the open, closed

and in the actual tripping and closing operation to demonstrate the Class IE

function. As a backup, the state of selected relay contacts is recorded

for monitoring purposes and also sometimes for chatter duration. However,

by itself chatter duration does not conclusively demonstrate normal function
or lack of normal function. If a relay contact is an input to a Class IE

device not located on the switchgear then the relay contact must be monitored

and the chatter or change of state record analyzed to demonstrate Class IE

function.

10.3.26.5 Test Procedure and Set-U

The test procedure and set-up are also detailed in the before mentioned Test

Plan, Revision 2, dated July 27, 1978.

Selected for the test were Cells H7, H8 and H9 of Unit 2 with front doors

from Cells H12 and H13 mounted on Cells H8 and H9 respectively. This

arrangement represented all the relay types installed in the Diablo Canyon

Units 1 and 2 Class lE 4160Y switchgear. - The devices on the doors were wired
to the cells to such an extent that all Class IE circuits were complete and

their function could be demonstrated.

Early in 'the test it was decided to remove potential transformer roll out
units from top of Cells H8 and H9 since their mass and motion appeared to





induce chatter of the switchgear relays. These 'potential transformers are

normally located on top of Cells H13 and H14. They will be permanently

removed from this location and are qualified separately.

The test specimen was 78 inches wide (3 cells each 26 inches), 90 inches

high and 75 inches deep.

The three cell test specimen was welded to a special base with the same

amount and type of welding as is done at the Diablo site. The base with
the test specimen than was welded to the test machine.

The seismic test sequence is shown in Attachment "A".

The switchgear and its devices were wired per attached wiring instructions
contained in Attachment "B".

Following are illustrations which expand on the test set-up wiring beyond

the termination points.

a. 125 YDC was applied to the switchgear DC bus energizing the

control and overcurrent protection circuits of all three cells.

b. 3 phase=current and 3 phase 120 VAC restraining potential were

applied to the three 51 overcurrent relays of Cell H7. Single
phase current was applied to the 51 overcurrent relays of Cells
H8 and H9. This simulated the actual operating conditions of

*

these relays by normal 4160V power flow. See Attachment "F"

IIG I
~

c. The same 120 VAC from "b" above also provided, potential to the
following relays:

59HHGl, 59HHG2 Diesel Generator Voltage Relays

27HHBl 4160V Bus Undervoltage Auto Transfer Relay





27HH82 4160V Bus Undervol tage Diesel Start Relay

27HHTl, 27HHT2 4160 Bus Undervoltage

See Attachment "G".

d. The same'120 VAC energized the potential transformer on top of
Cell 7 and subsequently energized the whole high voltage portion
of the test specimen with 4160Y providing the breaker of Cell 7

was closed. See Attachment "G".

e. All output contacts of the relays listed under "c" above were

connected to secondary devices to demonstrate or simulate their
safety functions. Contacts of the secondary devices were than

connected to direct readout recorder to monitor change of state
and chatter. Some of these secondary or auxiliary relays were

part of the Safeguard Relay Board. The relay board was standing

at the side off of the shake table. See Attachment "G".

f. The coil of the 2HH9 Containment Spray Signal Timing Relay was

connected to a 120 VAC supply via a switch "H". A normally

closed contact .was connected to the direct readout recorder to

monitor its operation and contact chatter. See Attachment "H".

g. - Two linear-variable displacement transducers were installed near

the top of the switchgear to measure the maximum vertical and

horizontal displacement of the switchgear structure. This

-measurement was taken as an input to the design of the earthquake

joints of the bus ducts.

10.3.26.6 Test Results

The 4160V switchgear and the associated relays met the test criteria
specified in section 10.3.26.4 above during and after the seismic testing
while being operated per the test procedure described in section 10.3.26.5





above. It is worthy of note that the equipment was subjected to more than

the minimum number of test runs for qualification, demonstrating margin in

the equipment!s resistance to seismic damage.

No physical damage -to the switchgear structure or the associated devices

was observed.

t1aximum horizontal displacement of the structure was measured to be .55

inches; maximum vertical displacement was .2 inches.

As a result of this test the following actions will be taken:

a) Potential transformers on top of Cells 13 and 14 of all 4160V

Class IE switchgear sections will be removed and relocated to a

separate stand next to the respective switchgear. Electrically
they will be wired to the switchgear as they were connected befor e.

b) Bus duct earthquake joints will be installed in all joints at
the top of the Class IE switchgear sections. The'est measurement

will be used in the design criteria.

10.3.26;7 Conclusion

A representative sample of the 4160V Class IE Switchgear of Diablo Canyon

Unit 2 was seismically tested by a multi-axis, multi-frequency seismic

simulation described in HYLE Report Number 58255-1 dated August 22, 1978,

pp. 139-323. Thus qualification of this sample will apply to all Diablo

Canyon 4160V Class IE Switchgear.

The test results presented in section 10.3.26.6 above demonstrate that the

test criteria are met, and thus that the equipment's safety function has

been demonstrated during and after seismic testing to the RRS derived from

the postulated 7.5t1 Hosgri event.

I't

is therefore concluded that the Diablo Canyon Units 1 and 2 4160V Class

IE Switchgear are qualified for the postulated 7.5N Hosgri event in

accordance with IEEE Standard 344-1975 and USNRC R.G. 1.100.
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TABLE IV. 'EISMIC'TEST'SE UENCE'DIABLO'CANYON'UNITS'1 ANO .2

.'16 KV SMITCHGEAR

Condition

1

2
3
4
5
6
7
8
9

10
11
12
13

-Axes

SS
SS
V
V
SS-V

Horizontal
RM

ZPA Figure
g No.

.2

.2

.75 50K-1

1.5

~ 2
~ 2
.8 505-2

1.6 2 .7.1
8
9

10

Vertical '"

RM or RM + SB Sine
ZPA Figure Beat

g No. 'req.
'Hz.

Bkr e

Pos. Remarks

C 1-33 Hz-Sweep
33-1 "

33 It II

33 1
II II

1 OBE
0 2
CO 3
OC 4
COC 5
C, 1 SSE
0 2
CO 3
OC 4

14
15
16
17
18
19
20
21
22
23
24

Rotate Sample 90
FB .2
FB .2
FB-V ,75 50K-1

1.5

~%

.8 505-2

1;6 2 7.1
8
9

10

C 1-33 Sweep
C 33-1
C 1 OBE
0 2,
CO 3
OC 4
COC 5
C 1 SSE
0 2
CO 3
OC 4

~Le end

RM - Random Motion
RM 8 SB-Random Motion with Sine Beat
ZPA - Zero Period Acceleration
SS - Side to Side
V - Vertical
FB - Front to Back 1

Bkr.Pos. - Breaker Movable Contact Position

Notes

The circuit breaker should be
lowered and re-raised after
selected tests at the direction
of the General Electric Company
Representative. At such times,
the PTRO's will also be opened
and inspected.

i

ATTACHMENT "A"
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July 12, 1978

WIRING INSTRUCTIONS

DIABLO CANYON SWITCHGEAR TEST SAMPLE

4.16 KV-1200-250 MVA

A. Diagrams

Cell Skematics

441356

Marked copy 441302

Marked copy 441307

Connection Diagrams

'41589
HH53078

HH53178

B. Control Power Connections

Cell 7 (441589)

a) 2W-DC-125V-20A Supply, '+) to DC3, (-) DC1

b) 3W-AC-120V-3P-60 Hz Supply, Leg A to X5, Leg B to X7, Leg C to X6

4W-AC-5A-3P-60 Hz Supply, Leg A to CG4,Leg B to CG5,Leg C to CG6,
Neutral to CG1

Both supplies needed for'JCV Relays. Leg A, Leg B and Leg C for
voltage .and current sources. are related to. Wyle's Pl, g2 and 0/3
respectively.
IMPORTANT The 3g 120 volt circuit should not be energized when
primary compartment covers or panels are removed so that primary
conductors are exposed. If interaction effects between primary
conductors and Wyle instrumentation can not be readily resolved,
the PTRO primary fuses will be removed to de-energize the primary
conductors.

c) Wyle is to provide a remote 3P switch to dis'connect power.to the
59HHG 1 8 2(SV relay) coils. This switch will be open for the
majority of tests to simulate the Diesel Generators not being
energized.

d) Connect NO "Close" Push Button to B5 and B6,
Connect NO "Trip" Push'.Button to DD7'and DD8.

e) Remove and tape ground leads from ground bus in rear of cell

.Cell 8 Wit)t Cell 12 door (53078)

a) 2W AC 18 5A 60 Hz supply., Leg 1 to C18 ~ Leg 2 to C04 (1AC66 source)

b) 3W AC 39 120V 60 Hz supply, Leg A to AK8, Leg B to AK9, Leg C to AK10(RA<
Jumper AKB to.AH15 and AK9 to AH16 (IAV)

~ c).Connect NO "Close" Push Button in series with a NC 43 X HH12 contact to
'DD4 and BB9. PGKE to provide connection details.
Connect NO "Trip" Push Button to DD4 and DD7. Jumper DD9 to EEl

d) Remove and tape ground leads from ground bus in rear of cell.

14 ATTACHMERZ "B". SH. 1





B. Control Power Connections (Cont'd.)
Cell 9 with Cell 13 door (53178)

a) 2M AClg 5A 60 Hz;, Leg 1 to C18, Leg 2 to CD4 (IAC53)

b) 2M AClg 120 60 Hz.,Leg A to AF15, Leg B to AF16 (gs A 8 B to 'IAV)

c) 2M AClg 120 60 Hz.,Leg A to AG9, Leg B to AG8 (gs B 5 C to SV)
d PG'8E to provide details for 120V AC energization of Agastat Relay.
e) Connect "Close" Push Button to DD9 and BB6

Connect "Trip Push Button to DD9 and BB9

f) Remove and tape ground leads from ground bus in rear of cell.
C. Electrical Monitoring

Cell 7 (441589)

52HH7 Aux. Sw. A contact
'3HHl lockout NO contact from Safe Guard Panel

~ PGKE 'to furnish connection details for 3HHl. relay to
energized by the 59HHG 1 E 2 SV relay contacts.

'ell

8 with Ce'll 12 door (53078)

52HH8 Aux. Sw. A contact
27ZHHB2 M SG contact on Safeguard Panel

PG&E to furnish connection details for 27ZHHB2 to be
energized from IAV relay

4HH14 M SG contact on Safe Gua'rd Panel
PGAE to furnish connection details for 4HH14 tb b.e

energized by the RAV relay.
I

Cell 9 with Cell 13 door (53108)

52HH9 Aux. Sw. B contact
52HH9 CI NO breaker raised
52HH9 CI NC breaker raised
2HH9 AGA NO

2HH9 AGA ,NC

GG5 5 GG6

G6 C17

FFll Im FF12

AA8 AA12

C6. C4

FF9 5 FF10

HH1 5 HH2

HH3 8. HH4

DE2 84 DE6

DE2 81 DE4

D. Non Electrical Monitoring

PGKE to provide connection details to energize blue lights from
51X HH7, HH8 and HH9. HFA relays. Not class lE.

15
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10.3.30.1 Name .of E ui ment

Potential Transformers 4160/120V.

10.3.30.2 Descri tion of E ui ment

The potential transformers are housed in a metal cabinet 26 inches wide,

22 inches high and 33.5 inches deep. The butyl molded transformer is
fastened to a roll-out slide which can be pulled forward wi.th the cabinet
front. Contact fingers'mounted to the stationary housing provide the

electrical con'nections to the primary and secondary windings of the slide
mounted transformers. The potential transformers are usually mounted on

top of the switchgear of which they are an electrical accessory. The

potential transformers discussed here were removed from the top of the

switchgear and will be mounted on a rigid stand and fastened to the floor
near the 4160V Class lE switchgear.

10.3.30.3 ~ff

The safety function of the potential transformer is to provide a signal,
for control and instrumentation, which is proportional to the level of
high voltage of the bus or feeder to which it'.is connected.

10.3.30.4 Test Criteria and Plan

The potential transformer must provide the signal,.proportional to the
level of high voltage it monitors, without interruption at all times.

The transformer itself has no moving parts which could compromise its
safety function. However, the primary and secondary contact fingers could

cause an interruption of the voltage signal.
1

The plan is to test the integrity of the contact fingers while subjecting
the potential transformer assembly to simulated seismic events in accordance

with IEEE Standard 355-1975.





10.3.30.5 Test Procedure and Setu

One potential transformer cabinet was rigidly bolted to a steel plate
which-in turn was welded to the shake table thus simulating its future
installation at the plant. Two primary and two secondary contact finger
assemblies were connected in series and wired to direct readout recorder
for monitoring. See Attachment "A".

The seismic test sequence was the same as for the safeguard relay board

see 10.3.21.5. '"Test Procedure and Setup" for the safeguard relay board,
The potential transformer was tested alongside the safeguard relay board.

10.3.30.6 Test Results

At no time during the seismic test sequences did any chatter of the contact
finger occur.

No physical damage to the equipment was observed.

10.3.30.7 Conclusion

A typical Potential Transformer Cabinet with its contents was seismically
tested" by a multi-axis, multi-frequency seismic simulation described in
HYLE, Report No. 58255-1, dated August 22, 1978.

The test results presented in section 10.3.30.6 above demonstrate that the
test criteria are met, and thus that the equipment's safety function has

been demonstrated during and after seismic testing to'he RRS--derived from
the postulated 7.5'osgri event.

It is therefore concluded that the Diablo Canyon Units 1 and 2 4160/120V

Potential Transformers are qualified for the postulated 7.5M Hosgri event
in accordance with IEEE Standard 344-1975 and USNRC R.G. 1.100.
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10.3.21.1 Name of E ui ment-

Safeguard Relay Boards.

10.3.21.2 Descri tion of E ui ment

The safeguard relay boards are steel cabinets 7'-10" high 3'-7" wide and

2'-0" deep. Mounted semi flush on their front are an array of electrical
relays, switches and lights. Doors in the back provide access to the

wiring and secondary devices such as fuses, test and cut-out switches, and

a timing relay.

Of the six boards installed in the Diablo Canyon Power Plant, five boards

are identical to each other. These are Safeguard Relay Boards F, G and

H of Unit 1 and G and H of Unit 2. Safeguard Relay Board F of Unit 2 has

the same physical outline but does not contain the diesel generator pro-
tective rel'ays contained in the other five boards since there are only five
diesel generators at Diablo Canyon.

Safeguard Relay Board H of Diablo Canyon Unit 2 was chosen to be tested
to qualify all Safeguard Relay Boards. Relays of Board H, Unit 2 are
listed in Attachment A, "Device Table". The "Device Number" is PGandE's

designation of the relay. "Type" is the manufacturers designation. "Use"

indicates the application of the device in the plants electrical system.
"Schematic Diagram" is PGandE's drawing number where the device appears.
"Affect on a Class IE function" is shown with yes or no and explanatory
remarks.

The Devices on the safeguard relay boards perform the following safety
functions:

a. - Initiate start of diesel generators in case of loss of the off-
site stand-by power source and loss of 4.16 kV bus voltage.
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b. On loss of 4160 volt bus voltage, initiate transfer of the 4160V

bus from the station auxiliary transformer to the stand-by

start-up transformer, and if necessary to the diesel generators.

c. Stop the diesel generator and trip its output breaker on sensing

differential phase current.

d. Initiate start of the component cooling water pump on cooling
water low pressure.

The test acceptance criteria specified in section 10.3.21.4 below have been

established based on these safety questions.

10.3.21.4 Test Criteria in Plan

The test criteria are based on the evaluation of all devices on the
safeguard relay board as shown on the attached device table. The devices

shall not inadvertently operate or its contacts chatter during a seismic
event. If contact chatter occurs during the seismic testing, it shall be

evaluated to demonstrate that the equipment safety function is not comprised.

Devices which can have an adverse affect on Class IE function if they
malfunction during or after a seismic event, are discussed below.

a. Device 87HHG, Diesel Generator Differential Relay: Must trip
diesel generator and open 4.16 kV diesel generator breaker on

diesel generator differential current flow. Must not operate
inadvertently.

b. Devices 32XHH7, 32YHH7, 87XHHG, 87YHHG, 40XHH7 and 40YHH7,

Auxiliary Relays normally open contacts must not close (chatter)
during a seismic event. Such a contact closure could seal in the
respective auxiliary relay, and cause the diesel generator breaker
to open and'in the case of the 87XHHG and 87YHHG relay could
cause the diesel generator itself to trip. The 87X and Y relays
must also operate during and after a seismic event.

c. Devices 4HH, 3HH1 and 5HH13 Transfer-, Interlocking-, and Trip
Relays: Must operate during and after a seismic event. They

must not change state inadvertently at any time.





i

d. 27ZHHB2 4.16 kV Switchgear Bus Undervoltage Auxiliary Relay:

Must operate during and after a seismic event on contact closure

of the 27HHB2 bus undervoltage relay.

e. 62HH2 Diesel Auto Transfer Timer shall operate on demand during

a seismic event.

The following test procedure tests all the above requirements during and

after a simulated earthquake as required to qualify the equipment to IEEE

Standard 344-1975 and USNRC R.G. 1.100.

10.3.21.5 Test Procedure and Setu

The relay board was bolted to the seismic test machine to simulate its
rigid floor mounting at elevation 119'n the turbine building. Attachment

"B" describes the test mounting.

Two strain gages were installed on structural members inside the relay

board to monitor structural performance during the test as shown in

Attachment "C", The seismic test sequence shown in Attachment "D" was

modeled after the one for the 4,16 kV switchgear as described in Addendum

1 of MYLE's Test Report No. 58255-1, August 22, 1978.

The devices on the relay board were wired per attached wiring instructions.

See Attachment "E".

Following are illustrations which show the test setup wirin'g beyond the

termination points.

a. 125 VDC energizes the diesel generator protective circuitry
(see Attachment ."F") and the automatic transfer circuitry (see

Attachment "J").

b. 3 phase current was applied to the circuitry of the 46HH7,

negative sequence. See Attachment "H".

c. Single phase current was applied to the 87HHG Differential Relay

via a switch to demonstrate the diesel generator differential
relay operation. See Attachment "H".





d. One normally open contact each of relays 87XHH7, 40XHK7 and 32XHH7

were wired to trip a 4.16 kV switchgear breaker to demonstrate

their function as outlined in the test criteria above. In addition

a second contact of each relay was wired to a direct readout

recorder to monitor chatter. See Attachment "F'.

e. Relays 4HH and 3HHl were wired to trip and reset via separate

switches. Relay 5HH13 was wired such that the operation of relay

3HHl conversely tripped and reset 5HH13 which simulated the inter-
action of these relays in the plant. In addition one normally open

and one normally closed contact of the 3HHl relay were wired to

the direct readout recorder to monitor chatter and indicate

change of state when operated. See Attachment "8".

f. 120 VAC, single phase, was connected to relay 27HHB2, which was

mounted rigidly to the shake table by means of a stand. The

output contact was connected to the 27ZHHB2 relay in such a

manner that deenergization of 27HHB2 would pick-up 27ZHHB2,

energization would drop out 27ZHHB2. One normally open contact

of 27ZHHB2 was connected to the direct reading recorder to monitor

chatter and indicate change of state when operated. See Attachment

"x'.

g. 125 VDC was connected to the 62HH2 Diesel Auto Transfer Timing

Relay via a switch to demonstrate its timing function and that

it permits the 4HH7, Diesel Auto Transfer Close Relay, to be

energized which in turn initiates the closure of the diesel

generator breaker. A second contact of above switch was directly
connected to the direct reading recorder to indicate the start
of timing. Relay 4HH7 was connected to a normally open contact

of 62HH2. A normally open contact of 4HH7 than was monitor ed on

the direct reading recorder to demonstrate the end of timing.

See Attachment "L".
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10.3,21,6'est Results

With the exception of anomalies discussed below f'r relays 27ZHHB2, 32XHK7,

and 40XHH7, all relays met the test criteria specified in section 10.3.21.4

above during and after the seismic testing while being operated per the

test procedure described in section 10.3.21.5 above. It is worthy of note

that the equipment was subjected to more than the minimum number of test
runs for qualification,, demonstrating margin in the equipment's resistance

to seismic damage.

During the testing, pulsation of the 27ZHH82 relay, caused by chatter of
the deenergized 27HHB2 relay was observed. Testing performed on the 4.16 kV

switchgear (see section 10.3.26 below) has demonstrated that pulsations

of the 27ZHHB2 relay will not prevent the pickup of the 5HH13 relay, and

thus will not compromise the safety function of power transfer of the 4160V

bus from the station auxiliary transformer to the stand-by start-up transformer,

and if necessary to the diesel generators.

Momentary change of state of the contacts of the 32YHH7 and 40YHH7 auxiliary
relays was observed during a portion of the testing. This was demonstrated

to be pulsation of these relays due to chatter. of the prime relays 92HH7

(Reverse Power Relay) and 40HH7 (Loss of Field Relay) since the anomaly did

not occur when the cut out switches for the prime relays had been opened.

This anomaly would not occur in the event of a seismic event during plant
operation, since these relays are normally cut out.

The evaluation of the strain gage traces showed that the structural members

of the relay board were exposed to stresses well within their design limits.

No physical damage to the relay board or its devices was observed.





10.3.21.7 Conclusion

Safeguard Relay Board H of Diablo Canyon Unit 2 was seismically tested by

a multi-axis, multi-frequency seismic simulation described, in WYLE Report

Number 58255-1, dated August 22, 1978, pp. 92-138. This board contains

devices representative of the contents of all Diablo Canyon Unit 1 and 2

Safeguard Relay Boards. Thus qualification of this board will apply to all
Diablo Canyon Safeguard Relay Boards.

The test results presented in section 10.3.21.6 above demonstrate that the

test criteria are met, and thus that the equipment's safety function has

been demonstrated during and after seismic testing to the RRS derived from

the postulated 7.5M Hosgri event.

It is therefore concluded that the Diablo Canyon Units 1 and 2 Safeguard

Relay Boards are qualified for the postulated 7.5M Hosgri event in accordance

with IEEE Standard 344-1975 and USNRC R.G. 1.100.





DEVICE TABLE

SAFEGUARD RELAY BOARD "H"

Sh. 1 of 2

Device T e Use

Affect
Class 1E
Function Remarks

Schematic
Dia ram No.

Used during tests only 441341

Used during test only 441356

Alarm only 441355

Chatter will not produce 441354

abnormal operation
Chatter could start 441354

diesel. This is failsafe
Chatter will not produce 441354

abnormal operation
Monitor Aux. Relays

Used during tests only
Monitor NO contact
of 32YHH7

Monitor NO contact

of 87YHHG

Monitor NO contact
of 40YHH7

See 3HH1

25HH IJS Synchronism Check

32HH7 CRN-1 Reverse Power

46HH7 COg Negative Sequence

59HHU SV Start-up Voltage

no

no

no

no

27HHU CV-2 Start-up Under Voltage no

441356

441356
~ 441356

441356

441356

441356

441356

441356

441354

87HHG SA-1

40HH7 KLF

32XHH7 AR

32YHH7 AR

87XHHG AR-

87YHHG AR

40XHH7. AR

40YHH7 AR

4HH LORE

Diesel Gen. Differential
Loss of Field
Rev. Pwr. Auxiliary
Rev. Pwr. Auxiliary
Diesel Gen. Diff.
Auxiliary Relays

'oss of Field
Auxiliary Relays

Diesel Gen. Auto Transf.
Control Relay

Diesel Gen Auto Transf.
Interlocking Relay

St-up Auto Transf.
Trip Relay

Comp. Cool Wtr. Low

Press. Aux. Relay

yes

no

yes

yes

yes

yes

yes

yes

yes

441354yes Monitor 1NO & 1NC cont.

(typ. for 4HH & 5HH13)

yes See 3HHl

3HH1 LORE

4413545HH13 LORE

441311

441311
PS190XH SG

PS191XH SG

Chatter would start
Comp. Cool. Wtr . Pp.

This is failsafe
Chatter would start
diesel. This is failsafe
Used during test only

no

441 354.27XHHB2 SG Bus UV Aux. Relay

(st.-up & 4kV Bus)

25XHH SG Synch. Check Aux. Rel.

no

441340no

62HHl TD-5 Start-up Auto Transf. Timer no

ATTACHMENT "A" Sheet 1
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DEVICE TABLE

'SAFEGUARD RELAY'BOARD "H"

Sh. 2of 2

Device T e Use

Affect
Class lE
Function Remarks

Schematic
Dia ram No.

4HH7, SG

27HHDC SG

27GHDC SG

27ZHHB2 SG

Diesel Gen. Auto Transf.
Close Relay

DC Contr. Bus UV Rel.
DC Contr. Bus UV Rel.
4kV Bus UV Aux. Rel.

27YHHB2 SG Same as 27XHHB2

4HH14X SG Start-up Auto Transfer
4HH14 SG Close Aux. Relays

62HH2 AGASTAT Diesel Auto Transfer

Timer

no

no

no

yes

no

no

no'o

Chatter will not produce

abnormal operation
Alarm only
Alarm only
Connect NO Cont. to
5HH13 and monitor trip
Same as 27XHHB2

Chatter will nor produce

abnormal operation
Chatter will not produce

abnormal operation

441354

441354

441356

441354

441354

441354

441354

ATTACHMENT "A" Sheet 2
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TEST PROC RE NO

WYLC L*50 R AT0 k I CI Noco, C4N
AFT'SZON C

FZGURE B

SAFEGUARD RELAY BOARD

GROUP Z

C

B

24"

C3 Cl

7 Q
II

Test Machine

Bolt to the seismic test machine with
.. eight 1/2.x 13 holts, -.

ATTACHMERZ "B"
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CONDITION AXES

SEISMIC TEST SEQUENCE
FOR SAFEGUARD RELAY BOARD "H"

VERTICAL
RM or'M + SB

ZPA FIG. NO. SB
9 Hz

REMARKS

1

2
3
4
5
6
7
8
9

10
ll

'FB
V

FB+V

~ 2

.75 50% - 1

1.5 1

~ 2
.8 50Ã - 2

1.6 2 7.1
8
9

10

1-33 Hz Sweep
1.-33 Hz Sweep
1 OBE
2
3
4
5
1 SSE
2
3
4

ROTATE RELAY BOARD
90'2

13
14
15
16
17
18
19
20
21

SS
SS-V

~ 2
.75 504 - 1

1.5 1

.8 50K - 2

1.6 2 7.1
8
9

10

1-33 Hz Sweep
1 OBE

2
3
4
5
1 SSE
2
3
4

LEGEND:

RM

RM4SB
ZPA
FB
SS
V
FB+V
SS+V

Random Motion
Random Motion plus Sine Beat
Zero Period Acceleration
Front to Back
Side to Side
Vertical
Front to Back and Vertical (Biaxial)
Side to Side and Vertical (Biaxial)

ATTACHMENT "D"
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1. Name of Equipment Tested

Teledyne Big Beam 2S6N70-80 8 hour rated Emergency Light Battery Pack.

2. Description of Equipment

The Emergency Light Battery Pack is a metal chassis 8 hour rated

nickel-cadmuim battery with a battery charger and two 6 VDC sealed

beam lights.

3. Safety Function

The safety function of the Emergency Light Battery Pack is to provide

8 hours of lighting if the (3) redundant normal AC, Emergency AC, and

125 VDC lights are lost due to seismic or fire in designated class

IE operating areas.

4. Test Criteria and Plan

The test criteria for this unit is that it perform its safety function

duri ng, and after a seismic event. The unit shall demonstrate this as

foilows:

a) On loss of emergency AC power the unit will automatically

revert to the battery and light the sealed beam lights.

b) On return of AC power the unit lights will turn off and its

charter will recharge the battery at the high charge rate,

equalizing change rate or the trickle charge rate.

c) After testing the unit powered the sealed beam lights for

8 hours.

d) The battery charger recharged the battery in 12 hours.
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5. Test Procedure and Set-Up

See the attached Procedure for Testing one Teledyne Big Beam 8 hour

rated Battery Back Emergency Lights Unit for Mosgri 7.5M. Before

testing, (2) 1/8 x 1 inch steel straps were placed across the top of

the battery and bolted to the mounting shelf using 1/4 inch threaded

rod with standard nuts and washers. This modification was done before

the seismic test to assure a successful test.

6. Test Results

This unit was run thru 10 OBE's and 13 SSE's and demonstrated that:

a) On loss of AC input the sealed beam units energized.

b) On return of AC power the sealed beam lights go off.

c) The unit operated the sealed beam lights for 8 hours.

d) After discharge in (c) above the charger recharged the battery

in 12 hours.

e) Attached find Test Run Data Sheet on the testing.

7. Conclusions

Based on the above test and functional qualification this Emergency

Light Battery Pack is qualified as an emergency light battery pack

with an 8 hour rating, and rechargeable in 12 hours.

The same modifications are being done to the battery packs being put

into the plant as were done on this unit before seismic testing.





1.0 Procedure for Testin one Teled ne Bi Beam 8 Hour rated Batter Pack

Emer enc Li hts Unit for Hos ri 7.5M

1.1 Model No. 2S6H70-80
I

1.2 Before seismic testing hook-up the 120 VAC power circuit to the

junction box for conduit connection.

1.3 On first energizing with 120 VAC input observe which of the

following lights come on:

1.3.1 Red light only, indicating a high rate charge (low

charge on battery)

1.3.2 Red and Green light indicating an equalizing charge rate

1.3.3 Green .light indicating a trickle charge rate (fully

charged battery).

1.4 Depress the momentary test switch for 90 seconds simulating power.

failure. Verify that:

1.4.1 The amber indicating light goes off.

1.4.2 The emergency light comes on.

1.4.3 Read voltmeter under load and record the value.

1.5 Check the electrolyte level. Electrolyte level should be between

the top maximum "full" line, and the lower "add" line. If not,

record the level and adjust the electrolyte level.

1.6 Test Reference:

1.6.1 This equipment shall be tested to either the requirements

specified in the contr'act for seismic testing of the:

1.6.1.1

1.6.1.2

4 kV switchgear

or the safeguards relay board





1.7 Mount the Battery Pack Emergency D.C. Light by its seismic type

mounting including the'securement type mounting shelf to the

seismic table fixture simulating wall mounting of the unit.

Mounting to approved by P.G.5 E. before testing.

1.7.1 Connect 120 VAC power to the unit with external to the

table means for deenergi zing.

1.8 Perform seismic testing as specified in paragraph 1.6.1 or

1.8.1 Perform 5 OBE's and 1 SSE in the North-South direction

to envelope the RRS as developed for 119'l. Area A,

Turbine Bldg. for Hosgri 7.5M.

1.8.2 Perform 5 OBE's'and 1 SSE in the East-West direction

to„ envelope the PSS as developed for 119'l. Area A,

Turbine Bldg. for Hosgrj 7.5M.

1.9 During one OBE and one SSE in each direction perform the

fol 1 owi ng:

1.9.1 Deenergize the 120 VAC power input .

1.9.1.1

1.9.1.2

1.9.1.3

Observe and record the initation of the

sealed beam lights.

Observe the seal beamed lights for

continuous output.

Observe and record if the amber lights goes

off.
1.9.1.4 Take voltmeter'readings if possible.

1.9.2 Reenergi ze the 120 VAC power to the Unit.

1.9.2.1

1.9.2.2

Observe and record the turn-off of the

sealed beam units.

Note and record if the amber, red, red and

green, or green lights come on.
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1.9.3 Record any of the following during the test.

1.9.3.1 Leakage of electrolyte

1.9.3.2 Excessive deformation of Unit of its parts.

1.9.3.3 Recommendations for additional structural

supports.

1.10 During the remaining four OBE's

1.10.1 Have the Unit energized by 120 VAC for 2 OBE test.

1.10.2 Have the Unit deenergized with the Seal Beam Units on

for 2 OBE tests.

1.11 After the seismic test and upon removal of the Unit from the

shake table deenergized the 120 VAC and run 8 hour emergency

light duration test.

1.12 After the 8 hour emergency light duration test reenergized the

120 VAC and recharge the Unit up with the 12 hour recharge cycle.

1.12.1 Observe and record times when the indicating light are

red, red and green, and green only.

1.13 The following conditions must be satisifed for the Unit to be

qual ified.

1.13.1 The Unit shall exhibit no observable damage, structural

or otherwise.

1.13.2 There shall be no electrolyte leakage indicated by

external moisture or change in level.

1.13. Upon deenergization of the 120 VAC the unit shall meet

the requirements of paragraphs 1.9.1.1, 1.9.1.2, 1.9.1.3
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Upon reenergization of the 120 VAC to'he unit the

Sealed Beam units shall go off, the amber light shall

come on; and the red, red and green, or green light

shall come on indicating that the charger is operating.

Unit shall meet the requirements of paragraphs 1.11 and

1.12.
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TEST RUN

DATA SHEET

RUN NO.

10

12

13

14

15

16

17

18

19

20

OBE

or
SSE AXIS

OBE F.B.-V

OBE F.B.-V

OBE F.B.-V

OBE F.B.-V

SSE F.B.-V

SSE F.B.-V

SSE . F.B.-V

SSE F.B.-V

SSE F.B.-V

SSE F.B.-V

SSE F.B.-V

S.S.-V

OBE S.S.-V

OBE S.S.-V

OBE S.S.-V

OBE S.S.-V

OFP

SEALED BEAM LIGHTS AMBER

125 VAC-ON OFF

RED

OFF

GREEN

6.5

6 VDC-ON

6 VDC-ON

125 VAC-OFP OPF

125 VAC-OFF OFF

OFF

OFF

6.5

OFF

OFF

OFF

OFF TO 6 VDC ON

6 VDC ON TO OFF

OFP TO 6 VDC ON

125 VAC-ON

125 VAC-ON

125 VAC-ON

OFP

125 VAC-ON

OFF

6 VDC ON-OFF — 6 VDC ON-OFF 125 VAC-ON

6 VDC ON-OFP — 6 VDC ON-OPF 125 VAC-ON

OFF

OFF

OFF

125 VAC-ON

125 VAC-ON

125 VAC-ON

OFF

125 VAC
ON-OFF

OFF-6 VDC ON

OFF-6 VDC ON

HIGH CHGE. ON

HIGH CHGE. ON

OFF

OFF

OFF

OFP

TRICKLE CHGE. ON 7

OFF

OFF

OFF

HIGH CHGE. ON

OFF

OFF

OFF

OFF

OFF

OFF

HIGH CHGE. ON

HIGH CHGE. ON

HIGH CHGE. ON

HIGH CHGE. ON

HIGH CHGE. ON

OFF OFF

HIGH CHGE. ON-OFF OFF 6

21

22

23

24

25

26

OBE S.S.-V 6 VDC ON

OBE S.S.-V 6 VDC ON-OFF

SSE S.S.-V OFF

SSE S.S.V OFF

SSE S.S.V OFF-6 VDC ON

SSE S.S.-V 6 VDC ON-OFF

OFF

125 VAC-ON

125 VAC ON

125 VAC ON

125 VAC
ON-OFF

125 VAC
OFF-ON

OFF

HIGH CHGE. ON

HIGH CHGE. ON

HIGH CHGE. ON

OFF

OFF

OFF

OFP

HIGH CHGE. OFF-ON OFF

HIGH CHGE. ON-OFF OFF

6

7.5

27 SSE S.S. —.V 6 VDC ON OFF OFP OFP



~ v



10.3.23.1 - Name of E ui ment

Ventilation Control Logic

10.3.23.2 - Descri tion of E ui ment

The Ventilation Control Logic consists of a rigid steel cabinet housing

2 hinged card racks each containing approximately 80 printed circuit cards.

The system utilizes solid state components to perform logic functions and

operate output relays and solenoid valves. There is also a power supply

with multiple outputs for each rack.

The logic system receives input information in the form of contact closures

from air flow switches and limit switches and actuates from motor control-

lers and solenoid valves which control air to position air flow dampers.

During normal plant operation some fans are running and a normal air flow

path is established. If ESF equipment should be called upon to operate,

the logic system will adjust the air flow as necessary to provide adequate

ventilation.

The ventilation control logic must control ventilation fans and dampers to

maintain acceptable ventilation to Engineered Safety feature equipment and

to direct air flow through charcoal filters on demand in order to reduce

plant emissions.

Momentary delays in signaled changes in the logic output during seismic

testing are acceptable, however the equipment must not be damaged by the

seismic event, and must assume the proper operating mode following the

seismic event.





10.3.23.4 --Test Plan and Criteria

The following test criteria have been established to demonstrate that the

ventilation control logic will perform its safety function during and after
a seismic event:

1. The logic shall not be damaged by the seismic testing and shall
be capable of normal operation following the seismic testing.

2. The logic shall be tested energized with inputs simulated and

outputs monitored. 'he outputs shall not inadvertently change

state as a result of the seismic testing.

3. hlulti-axis, multi-frequency seismic tests shall be conducted per

the RRS contained in Wyle Report No. 58255, pp. 182-197.

10.3.23.5 -'Test Procedure and Set-U

1. Mount the hinged panel housing the printed circuit cards, and

the power supply rigidly in a manner equivalent to plant mounting.

See Wyle Report No. 58255, for details of equipment mounting

for test.

2. Apply 120 Volts AC to the power supply.

3. Apply 125 Volt DC to typical input converters and monitor output
signals on a strip chart recorder.

4. Conduct five OBE tests and two SSE tests.

5. Rotate the equipment 90 degrees, and repeat test with five OBE's

and two SSE's.

6. Test the equipment completely after the completion of seismic

testing to verify normal functional. capability.





10.3.23.6 - Test Results

The ventilation control logic was undamaged by the seismic testing, as

verified by functional testing after completion of the seismic shaking.

The typical outputs monitored maintained the proper relationship to the

logic input during and after the tests.

10.3.23.7 -, Conclusions

The Ventilation Control Logic cabinet from Diablo Canyon Unit 2 was tested

by a multi-axis, multi-frequency seismic simulation described in Wyle

Report Ho. 58255, pp. 182-197. This Ventilation Control Logic Cabinet is

identical to that installed in Diablo Canyon Unit l.

The test results in section 10.3.23.6 demonstrate that the test criteria
specified in section 10.3.23.4.are met and thus that the equipment's

safety function has been demonstrated during and after seismic testing
to the RRS based on the postulated 7.5M Hosgri event..

It is therefore concluded that the Diablo Canyon Units 1 and 2 Ventilation
Control Logic Cabinets are qualified for the postulated 7.5M Hosgri event

in, accordance with IEEE Standard 344-1975 and NRC RG 1.100.
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VENTILATION SYSTEH P. C. BOARD AND

POWER SUPPLY
GROUP IIZ

a4"

2 5tl

50"
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Ventilation Control Relay Panel

Oescri tion

The Ventilation Control Relay Panel consists of rigid steel electrical
enclosure containing relays which provide interface between the Ventilation

Control Logic described in Section 10.3.2.3 and the 480 Volt Vital Load

Center described in Section 10.3.2.5. The panel is located in the Auxiliary

Building on elevation 128'. Analysis and in-situ testing has determined

that the cabinet is rigid.

Safet Function

Relays with a safety function are activiated by the Ventilation Control Logic

system and in turn provide 'start'ignals for ventilation fans. The fans

are not required to started or operated during the short period of the

seismic event. Therefore, if the equipment is capable of responding pro--

perly and starting the required fans after the seismic event it will have

met its safety function. Other relays in this cabinet have no safety function

to perform. They provide undervoltage alarms only and momentary misoperation

has not effect on safety.

Test Criteria and Plan

The purpose of the seismic that is to verify that the equipment is capable

of performing its safety function during and after a seismic event.

The plan was to test a relay cabinet subpanel containing representative

relays of the type used for control of the ventilation system. Relay contacts

were to be monitored for contact chatter in both the energized and

deenergized state.

Five Operating Base Earthquakes (OBE) and two Safe Shutdown Earthquakes

(SSE) were to be applied to the equipment in each axis. Required Response

Spectra (RRS) developed for the plant location where the relay cabinet is
mounted were used. Random bi-axial motion was to be applied to the equipment

supports.
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All testing was to be conducted in accordance with IEEE Standard 344-1975

and USNRC Regulatory Guide 1.100.

Test Procedure and Set-U

A relay cabinet subpanel was removed from the plant and mounted to the

shake table in the same manner as it is mounted in the field.

Fan control relays E1SR and SlSR are typical for safety related relays and

were monitored for contact chatter. Each relay had one normally open (N.O.)

and one normally closed (N.C.) contact connected to the chatter detector
set at 2 milliseconds. Undervoltage relay 27-llUV also had one N.O. and

one H.C. contact monitored for chattered.

The Test Response Spectrum (TRS) was developed which enveloped the RRS

(see Wyle Report 58255, pages 150-156 and 162-168). Fine OBE and three

SSE test runs were then conducted. During two OBEs and one SSE the relays

were energized. The subpanel was then rotated 90 degrees and the test runs

repeated.

All relays were tested for satisfactory operation after the testing was

completed.

Test Results

Ho physical damage was observed or det'ected and 'no relay contact chatter
was detected in either the energized or deenergized state.

Conclusions

As a result of the above described testing which demonstrated satisfactory
operation of the relay subpanel and the relays it can be concluded that
the Ventilation Control Relay Cabinet is qualified to perform its safety
function during and after a Hosgri fault seismic event.
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10,3.1.1 Main'nnunciator Com onents Tested

The following Main Annunciator Components were tested on a biaxial seismic

test table.

1. Constant Yoltage Transformer - Sola 820-22-159

480 VAC/120 VAC

2. Power Transfer Panel

3. 50 R02-SCO-Kl

4, 50 R02-SCO-K2

5. Power Transformer

6. Logic Power Supply

7, Aux. Logic Power Supply

8, DC to DC Converter

9. DC to AC Inverter

1.0. Typewriter

ll. Printed Circuit Bd

12. Printed Circuit Bd

- RIS-RA-189

117 VAC/125 VDC in 117 YAC OUT.

- Sigma Relay, 115 VAC

115 VAC inputs pick-up the relay.

- Sigma Relay, 115 VAC

115 VAC inputs pick-up the relay.

- Signal Transformer Co. k'120-20

120 VAC input

120 VAC output.

» RIS RA-875A

117 VAC in.
- RIS RA-897A

117 VAC in.
- RIS-UNK AN 159

125 YDC input

+12, -28, +125 VDC output.

- Lorain MBA 102 Hl

125 VDC in, 117 VAC out.

- IBM 735 Selectr'ic

Ser. b'926026740.

- RIS 139B-Reflasher Module.

- RIS RA847-Input Module

10 N.O. contacts.
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13. Printed Circuit Bd

14. Printed Circuit Bd

15. Printed Circuit Bd

16. Printed Circuit Bd

17. Printed Circuit Bd

18. Printed Circuit Board

Card Tray Rack

19. 62R2-24 VDC

20. 62R2-110 VDC

- RIS RA848A-Input Module

10 N.C. -contacts.

- RIS RA849-Input Buffer Module.

- RIS RA851-Status Memory Nodule.

- RIS RA852-Sequential Memory Module.

- RIS RA853-Oscillator and Interface

Module.

- RIS 1009-273.

- Sigma Relay-24 VDC

To Monitor Annun. Power.

- Sigma Relay 110
VDC'o

Monitor Annun. Power.

The above components were judged to be the most limiting components in the

Main Annunciator from a seismic standpoint based on in-situ inspection and

testing at the site.

The solid state RIS RA-800L system was added to this annunciator in event

of drum failure. Alarm No's are available on loss of Drum and English

Print-0ut.

The Main Annunciator is located at elevation 128'0", area H, of the

Auxiliary Bldg.





The Main Annunciator functions to provide alarms to the plant operator

on plant conditions. While the Main Annunciator has no direct safety

function, it has been designed and qualified as Seismic Class I equipment

to minimize the potential for confusion of the plant operators during and

after a seismic event. The information necessary for the operator to

diagnose plant conditions and take any manual action required is provided

via position lights, status lights, monitor lights and gages displaying

the-key plant process variables; thus the Hain Annunciator is not required

even for operator information.

Nevertheless it is desirable to have accurate alarm information conveyed

to the operator via the Main Annunciator during a seismic event, and to

have the Main Annunciator functioning normally after a seismic event,

such that any spurious alarms generated during the seismic event can be

easily cleared a'nd the remaining alarms and their sensors evaluated.

10.3.1.3 Test Criteria and Plan

The test criteria and plan for the individual components tested are as

follows:

1. The Constant Voltage Transformer mounting shall be tested during

the seismic shaking.

2. The Power Transfer Panel shall be operated in both the By-pass

mode with 117 VAC in and 117 VAC out, and also in the Auto Position

for input power (117 VAC in shall be removed, the 125 VOC inverter

shall automatically supply 117 VAC out). The unit shall be





switched to auto position during the 4th and 5th OBE and the

1st SEE. The unit shall be demonstrated to perform the above

functionally during and after the seismic test .

3. The Sigma Relay, 50 R02-SCO-Kl shall be cycled before, during

energized test, and after seismic testing. The relay contacts

shall be monitored for contact chatter.

4. The Sigma Relay, 50 R02-SCO-K2 shall be tested the same as item

3 above.

5. The Power Transformer shall be energized during the seismic

testing. The output shall be monitored before and after the

seismic test. Any change in output shall be recorded.

6. The Logic Power Supply, RIS RA-875A shall have 117 VAC input.

The input power shall, be turned on and off twice during the

deenergized tests (1st, 2nd, 3rd OBE, and the 2nd SSE) and the

output voltages observed. During energized tests with 117 VAC

input (4th, 5th OBE, and 1st SSE) the output voltage shall be

monitored.

7. The Auxiliary Logic Power Supply, RIS-RA 897A shall be tested

the same way as item 6.

8. The DC to DC Converter RIS-UNK AN 159 shall have 125 VDC input

and its outputs shall be +12, -28, and +125 VDC. During 1st,

2nd, 3rd OBE and 2nd SSE unit to be deenergized. During the 4th

and 5th OBE, and 1st SSE unit to be energized, and the -28 VDC

outputs monitored for voltage. Before and after seismic tests

the Unit shall be functionally tested.





9. DC-AC Inverter, Lorain WBA 102 Hl shall be mounted as in the

actual equipment. 125 YDC in shall be applied and the output

monitored for continuous 122 VAC output. The unit functions

continuously, and shall be energized continuously before, during,

and after the seismic testing.

10. Typewriter - IBM 735 Selectric shall be mounted on the seismic

table to simulate on site mounting. Four mounting screws shall

be used to attach the typewriter to its mounting platform. The

mounting platform shall be rigidly attach to roll out side rails.

The side rails shall be rigidly locked and attached to the

structural steel mounting rails on the seismic table to simulate

the cabinet mounting at the site.

An IBM, On Line Selectric Analyzer, OLSA, shall operate the

typewriter before the tests. During the seismic shake on the

table the typewriter shall be powered. Between shakes the

typewriter shall be actuated manually by its keys. After the

shake the typewriter shall again be operated by the IBM, OLSA.

ll. Printed Circuit Board, 'RIS 139B-Reflasher Module shall be

inserted in the Printed Circuit Board Card -Tray Rack, RIS 1009-273.

Common voltage inputs shall be supplied by the logic power supply

and the board shall be energized during energized test run. The

printed circuit boards shall be returned to Diablo Canyon and

tested and operated as before being shipped to Wyle Laboratories.

12. 'rinted Circuit Board, RIS RA 847 Input Module for 10 remote N.O.

circuits shall be tested the same as item 11.

13. Printed Circuit Board, RIS-RA84A, Input Module with 10 N.C.

contacts shall be tested the same as item 11.
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14. Printed Circuit Board, RIS-RA849, Input Buffer Module shall be

tested the same as item 11.

15. Printed Circuit Board, RIS-RA851 Status Memory Module shall be

tested the same as item 11.

16. Printed Circuit Board, RIS-RA852 Sequential Memory Module shall

be tested the same as item 11.

17. Printed Circuit Board, RIS-RA853 Oscillator and Interface Module

shall be tested the same as item 11.

18. Printed Circuit Board Card Tray Rack RIS-1009-273 shall be

mounted the same as in the Main Annunciator on the shake table.

The Printed circuit boards listed on items ll thru 18 shall be

inserted in the card tray during the seismic tests and energized

as stated above.

19. Sigma relay 62R2-24 VDC shall be monitored for contact chatter,

unenergized during 1st, 2nd, 3rd OBE and 2nd SSE, and energized

, during the 4th and 5th OBE and the 1st SSE.

20, Sigma relay 62R2 110 VDC shall be tested the same as Item 19.

Test Procedure and Set-U

1, Mount the An'nunciator tested components in the same configuration and

orientation as in the Diablo Canyon plant, (See Hyle Report No. 58255,

April 19, 1978, Test Procedure No. 3642, dated November 30, 1977,

pp. 29-37.)

2. Supply the required inputs and monitor the outputs or contact chatter

as required per the test criteria.





~Com onent ~In ut Out ut or Chatter

Power Transfer Panel

50 R02-SCO-Kl

50 R02-SCO-K2

Power Tr ansformer

Logic Power Supply

Aux Logic Power Supply

DC to DC Converter

DC to DC Inverter

Typewriter

Printed Circuit Hds

117 VAC/

125 VDC in

115 VAC in

115 VAC in

120 VAC in

117 VAC in

117 VAC in

125 VDC in

125 VDC in

125 VAC in

Constant Voltage Transformer 480 VAC in 120 VAC out

117 VAC out

117 VAC out

Contact Chatter

Contact Chatter

120 VAC out

Monitor on
Direct Rendant
Recorder

-28 YDC out

117 VAC out

Manual typing

RIS 139B

RA 847

RA 848A

RA 849

RA 851

RA 852

RA 853

62 R2-24 VDC

62 R2-110 VDC

24 VDC in

24 VDC in

24 VDC in

24 VDC in

24 VDC in

24 VDC in

24 VDC in

24 VDC in

Various

outputs

tested on

return to

plant

Contact Chatter

110 VDC in Contact Chatter

3. Visually monitor the input and output on meters or record on direct

readout recorder.





6. Results of Tests

The tested components on the Annunciator were run through the series of

OBE's and SSE's and the results are as follows:

1. The mounting of the Constant Voltage transformer was adequate

for the seismic tests.

2. The Power Transfer Panel operated as required in the By-Pass and

Automatic modes during and after the seismic testing.

3. The Sigma Relay 50R02-SCO-Kl did not chatter when cycled during

and after the seismic testing.

4. The Sigma Relay 50R02-SCO-K2 did not chatter when cycled during

5.

and after the seismic testing.

The Power Transformer did not have a loss of output during or

after the seismic testing.
A

6. The Logic Power Supply, RIS-RA 875A did not show any loss of

output on the direct readout recorder.

7. The Auxiliary Logic Power Supply, RIS RA-897A did not show any

loss of output in the direct readout recorder.

8. The DC to DC converter, RIS-UNK AN159 had a continuous -28 YDC

output during and after the seismic test.

9. The DC-AC Inverter, Lorain WBA 1021-1 had a malfunction on the

1st series of test. After repair at suppliers facility and at

Wyle Laboratories the Inverter operated continuously at 122 VAC

out during and after the seismic tests.

10. The typewriter - IBN 735 Selectric operated manually between

seismic tests and after the testing by the On Line Selectric

Analyzer.





11.-17. The Printed Circuit Boards item ll through 17 were not damaged

during the -seismic tests when energized with coranon voltage

inputs from the logic power supply.

18. The Printed Circuit card tray rack, RIS-1009-273 with all the

above card inserted retained the cards without damage during

'he seismic tests.

19. The Sigma relay 62R2-24 VDC contacts did not chatter during the

seismic testing.

20. The Sigma relay 62R2-110 VDC did not chatter during the seismic

testing.

The above components performed their functional requirements before,

during, and after the seismic testing.

7. Conclusions

l. The Main Annunciator components were tested by a multi-axis

multi-frequency seismic simulation described in Wyle Report Number

58255, April 19, 1978, pp. 143-213. The test results described in

section 6 above demonstrate that the test criteria, of section 4 are

'met, and thus the tested components operability has been demonstrated

during and after seismic testing to the RRS based on the postulated

7.5M Hosgri event. On this basis the Diablo Canyon Unit 1 and 2

Main Annunciators tested components are qualified for the postulated

7.5M Hosgri event in accordance with IEEE Std. 344-1975 and USNRC

Regulatory Guide 1.100. The Main Annunciator rigid cabinet qualifi-

cation for the postulated 7.5M Hosgri event in accordance with

IEEE Std. 344-1975 and USNRC Regulatory. Guide 1.100 is documented in

paragraph 10.3.1 Main Annunciator, page 10-10a - 10-10b of Volume III

of the Seismic Evaluation of the 7.5M Hosgri Earthquake.
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2. .All the equipment listed under items 1 through 20 above have been

returned to Diablo Canyon and retested at the site. No malfunction

was detected in the. equipment. Equipment has been placed=back in

service on the Unit 2, Main Annunciator or placed in spare stores.

3. The DC-AC Inverter, Lorain WBA 102Hl (3) identical units, 2 in Unit 1

Main Annunciator, and the second one in Unit 2, Main Annunciator have

been checked for proper mounting of the SCR mounting panel and proper

clamping by the mounting screws.

4. The typewriter mounting at the plant has been modified to match the

mounting on the seismic test table.

5. The printed circuits boards have been retested at Diablo Canyon. No

malfunction was detected. The boards have been returned to service

in spare stores.

6. The Printed Circuit card tray rack has been returned to-service on

Unit 2, Diablo Canyon.
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POWER SUPPLY
GROUP ZZZ

l8fl

Unistrut welded to
fixture. Spechnen
bolted to unistrut.





MAIN ANNUNCIATOR
TWO TRANSFORMERS

GROUP III

6I~ 6 II

Four 5/16" bolts

Four 1/4" holts
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MAIN ANNUNCIATOR
POWER TRANSFER UNIT

GROUP III

$9 II

Test specimen hol.ted to fixture B





GROUP III
MAIN ANiiNCIATOR

SIGMA RELAYS AND SOCKETS

i Relays
(2'ummy

Weights

.105" aluminum
panel

19"

Panel bolted to fixture; test
specimen bolted to panel.





gQ15 AAllvasv~s
AC ZNPUT RELAYS AND SOCiKTS

GROUP ZZZ

~ Dummy Weights

Relays (2) B

Four mounting
bolts

062" aluminum oaneI

20"

20n

'Panel bolted to fixtureg test
specimens bolted to panel.





HAIN ANNUNCIATOR
LOGIC POWER SUPPLY

GROUP III

Top

Front

l9tt

Test specimen bolted to fixture





iMZN ANNUNCIATOR
AUXILIARYLOGIC POWER SUPPLY

GROUP ZIZ

lgtt

Test specimen bolted to fixture





MAIN ANNUNCIATOR
INVERTZR

GROUP IZI

15"

Test specimen bolted to.
fixture
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B

GROUP IZZ
MAIN ANNUNCIATOR

TYPEWRITER ASSEMBLY

16"

Test Machine

24"

1-1/2 x 1-1/2 x 3/16
angles; 4 places
Welded to test
machine; type-
writer assembly
bolted to angles.

20"

-Fixture four corners only





PRINTED CIRCUIT BOARD RACK

GROUP ZIZ

Front

J 9ll

Test specimen bolted to fixture.





...5.2.1 - ~55 E

125 VDC Distribution Panelboard, (ITE DC SMITCMGEAR)

10.3.5.2.2 - Descri tion of E ui ment

This electrical switchgear consists of a three section, welded frame

construction cabinet with a 125 VDC bus arrangement, 3000 ampere input

fuse from the battery, and two 600 ampere molded case input breakers

for primary and backup battery chargers. A 600 ampere draw-out breaker

from the main bus supplies the circuit breaker panelboards. The circuit
breaker panelboard consists of molded case breakers rated for 20 to 150

amperes. This equipment is located on El 115'0", area M of the Auxiliary

Building.

15.3.5.2.3 - ~Ef F

The 125 VDC Distribution Panelboard is required to continuously distribute
125 VDC power to plant DC loads (power, control protection, instrumentation,

and monitoring) during and after a seismic event.

10.3.5.2.4 - Test Plan and Criteria

In order to assure the performance of the safety function specified in

10.3.5.2.4 "above, the following specific test criteria shall be met:

1. Circuit breakers shall maintain their position during and after
the seismic event; no circuit breakers are required to operate

during the seismic event.

2. The following components and positions shall be monitored:

a. Breaker 72-2100 (I.T.E. KH 2B600); monitor the following

auxiliary switch contacts (see figures 10.3.'5.2-1 and

10.3.5.2-2) to ensure the breaker maintains its closed.

position:

(1) Terminals 17 and 18: Closed





(2) Terminals 19 and 20: Open

(3) Terminals 21 and 22: Closed

b. Breaker 72-2102 (I.T.E. K600); monitor the following
auxiliary switch contacts (see figures 10.3.5.2-1 and

10.3.5.2-2) to ensure the breaker maintains its closed

position.

(1) Terminals 9 and 10: Open

(2) Terminals 15 and 16: Closed

(3) Terminals 5 and 6: Open (no overcurrent alarm)

c. Undervoltage Relay 27DBG21 Westinghouse SV type 125 VDC.

Monitor the following contacts to verify that bus voltage

is maintained during and after the test:

Contact Terminal 2 and 3: Open

d. HE2-8070 I.T.E. Molded Case Circuit Breaker. Visually
monitor the status of this breaker to verify the breaker

remained closed.

e. HE2-8020 I.T.E. Molded Case Circuit Breaker. Visually
monitor the status of this breaker to verify the breaker

remained closed.

f. Verify that the 0-150 VDC voltmeter indicates that the bus

was continuously energized during and after the tests.

g. Verify that the white indicating light stays on, indicating
that the bus was continuously energized during and after the





10.3.5.2.5 - Test Procedure and Set-U

1, Mount the 125 VDC'Distribution Panelboard, SD-21 on the seismic test
table in the same configuration as in the power plant as shown in Wyle

Report No. 58255, Appendix I, Test Procedure 3642, dated November 30,

1977, pp. 41.

2. Supply 125 VDC power to the 72-2100 input breaker to bus Ho. 21 by the

PGandE 125 VDC Battery Charger, ED-21.

3. Supply 125 VDC battery power (Wyle 125 VDC battery ) to the bus on the

supply side of the 3000 ampere bus fuse.

4. Connect the 70A and 20A output breakers in panel SD-21 to the PGandE

resistor load bank with approximately 16 amperes at 125 VDC on the

20A breaker and 34 amperes at 125 VDC on the 70A breaker.

5. Close breakers 72-2100, 72-2102, and the 70A and 20A load breakers.

Energize Battery Charger, ED-21.

6. Perform multi-axis, multi-frequency seismic testing per the RRS in
I

Wyle Report No. 58255 dated April 19, 1978, pp. 255-280.

7. See figures 10.3.5.2-1 and 10.3.5.2-2 for testing set-up.

10.3.5.2.6 - Test Results

The equipment was energized during all the seismic tests, 5 OBE's and 2 SSE's

in the Z-Y and X-Y axis. The components listed on Table 10.3.5.2-1 were

either monitored during and after the seismic tests. No malfunction of any

of the components occurred during the tests. All contacts of auxiliary
switches and relays remained in the-equipment energized position during all
tests. All breakers remained in the proper positions during the testing.
Indicating meters and lights on the front of the panelboard indicated that
the bus remained energized during, and after the test.
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Following the seismic tests, the SD-21 Distribution Panelboard was shipped

back to Diablo Canyon Unit 2, its functional performance was tested and

verified, and it was placed back in service in the plant.

10.3.5.2.7 - Conclusions

A 125 VDC Distribution Panelboard (SD-21) from Diablo Canyon Unit 2 was

tested by a multi-axis, multi-frequency seismic simulation described in
Hyle Report No. 58255, April 19, 1978, pp. 255-280. This panelboard is
identical to the other five 125 VDC Distribution Panelboards installed in
Diablo Canyon Units I and 2. The test results described in 10.3.5.2.6
above demonstrate that the test criteria specified in section 10.3.5.2.4
are met, and thus that the. equipments'afety function has been demonstrated

during and after seismic testing to the RRS based on the postulated 7.5M

Hosgri event.

Thus it is concluded that the Diablo Canyon Unit 1 and 2 125 VDC

Distribution Panelboards are qualified for the postulated 7.5M Hosgri event
in accordan'ce with IEEE Std 344-1975 and NRC Regulatory Guide 1.100.
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Figure 10.3.5.2-1
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10.3.3.1 Name of E ui ment Tested

Battery Charger, ED-21 (Exide UPC 130-3-400, 400 amp.) of Unit 2 Diablo

Canyon was tested on January 31, 1978.

10.3.3.2 Descri tion of E ui ment

FF

The battery charger is a welded frame construction 2 section cabinet with
solid-state components. The charger provides rated direct current contin-
uously at a voltage smoothly adjustable from 125 to 140 volts. The charger

has a locally mounted voltmeter, ammeter, d-c undervoltage and overvoltage

relays for alarm, adjustable controls for both normal and equalizing charge

settings, and an equalize timer manually adjustable from 0 to 24 hours.

33.3.3.3 ~ff 3

The safety function of the battery charger is to provide 125 YDC power to
the 125 VDC bus, and to provide 125 VDC charging current to the bus battery
during any condition of plant operation.

10.3.3.4 Test Criteria and Plan

The test criteria for this battery charger is that it perform its safety
function during, and after a seismic event. The charger shall demonstrate

this as follows:

1. The charger shall provide continuous power to the 125 VDC bus 21.

2. Monitoring of the following devices shall be performed to verify
proper, continuous operation of the battery charger:

a. Monitor Power Input 480 VAC circuit breaker 52.21 in the
closed position to verify that breaker remained closed

during and after seismic testing.

~\
~ 33'
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b. Monitor Power Output, 125 VDC circuit breaker 72-21, in
the closed position to verify the breakers remained closed

during and after the seismic testing.

c. Verify that the A.C. failure relay, PLR-l, contacts did not

change state when the charger was energized.

d. Verify that the A.C. fuse failure relay, PLR-2, contacts did

not change state when the relay was in the normal deenergized

condition.

e. Verify that the 125 VAC Manual Control Relay, Normally Open

contacts did not change state during the seismic shaking and

switch Battery Charger Control to manual.

f. Verify that the 125 VDC low voltage relay contacts did not
change state indicating a loss'f 125 VDC output.

3. The seismic test spectra (RRS) are contained in Wyle Report

58255, April 19, 1978, pp. 288-293.

10.3.3.5 Test Procedure and Setu

1. Mount the 125 VDC Battery Charger ED-21 on the seismic test, table in
the same configuration as in the auxiliary building 115'levation
plant location. See.attached photographs on pages 16, 17 and 18.

2, Supply 480 VAC power to the input side of the 52-21 input breaker.

3. Connect the 125 VDC output breaker, 72-21 to the 125 VDC load bank.

4, Connect the Wyle Laborato'ry 125 VDC battery to the output terminals
of the battery charger.

5. Connect a Normally Closed contact of the A.C. Failure relay, PLR-1,

to the chatter detector .
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6. Connect a normally open contacts of the A.C. Failure relay, PLR-1,

to the chatter detector.

7. Connect a normally closed contact of the A.C. fuse failure relay,
PLR-2, to the chatter detector.

8. Connect a normally open contact of the A.C. fuse failure relay, PLR-2

to the chatter detector.

9. Connect a Normally Closed, and a a normally open contact of the

manually control relay, MCR to the chatter detector.

10. Connect a normally closed contact of the Low Voltage Relay, LYRA, to
the chatter detector.

ll. Close breakers on the battery charger in the following sequence.

a) Close the 125 VOC output breaker 72-21 first
b) Then close the 480 VAC input breaker 52-21.

12. Close resistor bank toggle switches until the charger is loaded with
60 ampere load.

13. After energizing the battery charger and loading the charger deenergize

the charger.

14. Perform the seismic tests with "the battery charger deenergized during
1st and 3rd OBE and with the charger energized during the 4th and 5th

OBE and the 1st and 2nd SSE.

15. After the seismic tests deenergize, energize, and again deenergize the

battery charger to verify the charger functional manually after the

seismic testing.





10.3.3.6 Test Results

The battery charger was run through the test series with the following
results:

1. The input 480 VAC breaker 52-21 remained closed during and after
the sei smic testing.

2. The output 125 VDC breaker, 72-21 remained closed during and after
the seismic testing.

3. The 125 VAC failure relay PLR-1, was seismically tested with the
c~

charger energized, and the normally closed contact pick>up in
its normal operating position of normally open. The seismic tests
did not cause this contact to chatter shut to give false
indication of a loss of A.C. power.

4. During the seismic testing the 125 VAC Manual Control Relay did
not chatter, and thus did not cause the battery charger to
switch from automatic to manual control.

5. The 125 YDC low voltage relay, LYRA, did not change state to
indicate a loss of 125 VDC output.

Table 10.3.3-1 shows the functional performance of these devices

during seismic testing.





10.3.3.7 Conclusions

Battery charger ED-21 from Diablo Canyon Unit 2 was tested by a multi-axis
multi-frequency seismic, simulation described in Myle Report Number 58255,

April 19, 1978, pp. 288-293. This battery charger is identical to the

other nine'attery chargers installed in Diablo Canyon Units 1 and 2. The

test results described in section 10.3.3.6 above demonstrate that the test
criteria of section 10.3.3.4 are met, and thus that the equipment's safety

function has been demonstrated during and after seismic testing to the RRS

based on the postulated 7.5M Hosgri event. On this basis the Diablo Canyon

Units 1 and 2 battery chargers are qualified for the postulated 7.5M Hosgri

event in accordance with IEEE Standard 344-1975 and USNRC Regulatory

Guide 1.100.
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BATTERY CHARGER — TABLE 10.3.3-1

SWITCH, RELAY POSITXON OR CONTACT 0=OPEN C=CLOSED

TABLE RUN NO.
I

I
1ST OBE 2ND OBE 3RD OBE 4TH OBE 5TH OBE 1ST SSE 2ND SSE 3RD SSE

DEVICE SW. NO. X-Y Z-Y X-Y Z-Y X-Y '-Y X-Y Z-Y X-Y Z-Y X-Y Z-Y X-Y Z-Y X-Y Z-Y

52-21 I.T.E.
FJ3-B175 0 0 0 0 0 C C 0

72-21 I.T.E.
KM-2-B500 BKR 0 0 0 0 0 0 C C' C C 0 0

DLR-1 125 VAC
FAILURE RELAY

N.C. C C C 0 0 0 0 0 0 0 0 C

N.O. 0 0 0 0 0 0 0 0

DLR-2 125 VAC
FUSE FAIL. RELAY

N.O. 0 0 0 0 0 0 0 0 0 0 0 0 0 0

N.C. C C

MCR, ROWAN

TYPE E 125 VAC
N.0. 0 0 0 0 0 0. 0 0 0 0 0 0 0 0 0

N.C. C C

27-DC 21
LYRA

N.O. 0 0 0 0 0 C C 0 0
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GROUP ZV
BATTERY CHARGER CABINET

62" 3Pn

Test Machine Test Machine

Test specimen will be bolted to the test machine.





-10.3.5.1.1 - Name of E ui ment

125/250 VDC Motor Control 'Center

Descri tion of E ui ment

The 250 VDC Turbine Lube Oil Pump motor starter is mounted in the 250 VDC

Motor Control Center. The Motor Control Center is a four section welded

construction control cabinet; it is welded to floor plates at elevation

115 ft. in the auxiliary building, The Motor Control Center also contains

three other, 250 YDC motor starters similar to the Turbine Lube Oil Pump

motor starter.

The starter consists of a vertical panel, on which are mounted the

following components:

a. Input power breaker 72-2008; Westinghouse adjustable magnetic

only HLA 2700 TM breaker.

b. Four contactors, that apply progressively lower starting resistance:

1. Contactor 42-2008; 3 pole, 250 VDC contactor ITE Type A103G12.

2. Contactors 18A2008, 1882008, and 18C2008; (2 pole, 250 VDC

contactors) ITE Type P102Fll.

c. Time delay relays that time out to energize both the contactor,

to shunt out a portion of the starting resistance and the next

time delay relay, 2A 2008, 2B 2008, and 2C 2008; Agastat Type

2412 PN.

The input power breaker is normally closed. When the Turbine Lube Oil Pump

is signaled to start either by low lube oil pressure or by a manual start,
contactor 42-2008 closes, applying voltage to the motor armature through

the full series starting resistance, and time delay relay 2A 2008 is

energized. When relay 2A 2008 has timed out, it energizes contactor

18A 2008 to shunt out a portion of the starting resistance and energizes





the next time delay relay, 2B 2008. This sequence is continued until all
the starting resistance in series with the motor armature has been shunted

out. The operation of the starter is shown schematically in Figure

10.3.5.1-1.

Safet Function

This equipment has no direct safety function. However, during a seismic

event the starters must not apply full voltage to the D.C. motor before

it has had time to accelerate. Otherwise, a current surge could result
in damage to the motor and voltage dip on the D.C. bus.

Test Criteria and Plan

The functional test criteria for this motor starter are as follows:

1. The contactors shall not close during the seismic test except when

required.

2. The timers shall not initiate and time.out except when required to do

so during the seismic test.

3. The contactors shall drop out, and motor starter shall trip out when

signaled to stop.

4. The motor starter functions described above shall be demonstrated

during, and after the seismic test.

The test- plan is to monitor, visually or electrically the following during,

and after seismic testing to simulate 5 OBE's and an SSE with the multi-
axis, multi-frequency inputs applied =-to envelope the required response

spectra described in Wyle test report 58255, April 19, 1978, pp. 214-239.





a) 42-2008 Contactor stays open during shaking, closes when

energized, stays closed when energized, and trips off when

deenergized.

b) 18A 2008, 18B 2008, and 18C 2008 shall be monitored the same as

item (a).

c) 2A 2008, 2B 2008, 2C 2008 shall be monitored the same as item (a).

Testin Procedure and Set-U

1. Mount the Motor Starter in the same configuration and orientation as

in the Diablo Canyon plant, (See Wyle Report No. 58255, April 19, 1978

pp. 570-571 for test mounting).

2. Supply 125 VDC to the input terminals of the input breaker 72-2008.

3. Provide a 125 VDC rated switch for energizing or deenergizing the

42-2008 contactor coil to simulate starting and stopping signals.

4. Visually. monitor during seismic testing the proper sequence and

timing for closure of the motor starter contactors and timers.





Test Resultsl

After mounting on the seismic test table, the starter was functionally
tested by applying 125 VDC control power to the input of the starter
breaker 72-2008, then manually closing this breaker. The manual switch

on the test set-up was closed to provide a signal to start the motor.

Contactor 42 energized, starting the time delay relay sequences. Upon

completion of all contactors closing, the manual switch was returned to

open and the motor starter returned to its motor tripped state.

During the 1st, 2nd, 3rd, and 4th OBE and the SSE in the X-Y (east-west

and vertical plant orientation) the starter was observed in its motor-

trippe'd state. The timers, relays and contactors did not close or. chatter

to inadvertently start the motor starter sequences during the seismic test .

The starter did not operate in its deactivated state during the 1st, 2nd,

3rd, and 5th OBE, and the 1st SSE in the Z-Y 'direction.

During the 5th OBE and the 2nd SSE in the X-Y direction, and the 4th, 5th,
OBE's and 2nd -SSE in the Z-Y direction, the manual switch was closed

energizing contactor 42 and started the time delay relay contactor

sequence. Upon completion of the sequence, the stop switch was opened

releasing all the contactors. The entire sequence was completed before

the end of each 30 second test.

Upon completion of the last SSE, the manual switch was again closed and

the starter run through its sequence and again, deenergized.

The above seismic and functional testing verifies that this representative

'irect current motor starter was not inadvertently activated by the seismic

shaking. Functionally, during a seismic event, the starter would remain

off, would start the motor if switched on in the automatic position or

manually, and would trip off if switched automatically or manually.

Table 10.3.5.1-1 shows a list of components contained in this, starter and

summari zes their functional performance during the seismic testing.

1. Detailed test results are contained in Wyle test report 58255,
April 19, 1978, pp'14-239.





Concl us i ons

The results of the tests of the 250 VDC Turbine Lube Oil Pump motor starter

subjected to a multi-axis, multi-frequency seismic simulation bounding the

7.5M Hosgri event'ave demonstrated that the test criteria specified above

have been met.

Thus it is concluded that the 250 VDC Turbine Lube Oil motor starter is

qualified for service in the Diablo Canyon plant for the 7.5M Hosgri event

in accordance with IEEE-344-1975 and USNRC Regulatory Guide 1.100.
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TABLE 10.3.5.1-1

SMITCH, RELAY POSITION', OR CONTACT
0~OPEN C=CLOSED

TABLE RUN NO. 1ST OBE 2ND OBE . 3RD OBE 4TH OBE 5TH OBE 1ST SSE 2ND SSE

DEVICE SW. NO. X-Y Z-Y X-Y Z-Y X-Y Z-Y X-Y Z-Y X-Y 'Z-Y X-Y Z-Y X-Y Z-Y

72-2008 M ADJ.
. NAG. ONLY BKR

C C C C C

,42-2008 I.T.E.
A103G12 CONTACTOR

CONTACTS 0 0 0 0 0 0 0 0 C C

2A2008 AGASTAT
2412PN T.D. RELAY

CONTACTS 0 0 0 0 0 0 0 C 0 0

18A2008 I.T.E.
CONTACTOR P102F11 CONTACTS 0 0 0 0 0 0 0 C„C 0

2B2008 AGASTAT
2412PN T.D. RELAY

CONTACTS 0 0 0 0 0 0 0 0 0

18B2008 I.T.E:
CONTACTOR P102F11

CONTACTS 0 0 0' 0 0 0 0

2C2008 AGASTAT
2412PN T.D. RELAY

CONTACTS 0 0 0 0 0 0 0 0 0

18C2008 I.T.E.
CONTACTOR P102F11

CONTACTS 0 0 0 0 = 0 .0 0 0 0
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10.3.4.1 - Name of E ui ment

Station Battery and Racks.

, 10.3.4.2 - Descri tion of E ui ment

Diablo Canyon Units 1 and 2 each have three identical batteries each made

up of 60 C8Q Inc. LCU-27 cells installed in battery racks at the
115'levationin the Auxiliary Building.

The battery racks have been braced such that there are no natural fre-
quencies below 35 hz, and such that they are structurally capable of

withstanding 3.0g Horizontal and 0.65g Yertical accelerations.

The average operating current on a typical Diablo Canyon Battery bus is

about 100 amperes. In actual operation this current is supplied by the

battery charger and the battery is floating on the charger and connected to
the bus. If the battery charger should trip the. battery would supply the

100 amperes.

10.3.4.3 - Safet Function

The Station Batteries must provide nominal 125 vdc power to supply the

station dc loads in the event that the ac source to one or more battery

charger becomes unavailable.

10.3.4.4 - Test Criteria and Plan

The following test criteria have been established to demonstrate that the

station battery will perform its safety function during and after a seismic

event.

1. The cells shall provide continuous nominal power output during and

after the seismic test.





2. Battery cells shall not be damaged by the seismic testing.

3. Two battery cells shall be tested. The battery cells shall have an

average operating current load on them during the seismic testing. A

1 ohm load shall be used on the two cells in series, or an approximate

current of 3.4 amperes shall be established.

4. The battery shall be able to accept charging current after the seismic

tests.

5. The battery shall meet its discharge requirement per IEEE-Std-450

after seismic testing.

10.3.4.5 - Test Procedure and Setu

1. The two battery cells to be tested shall be mounted in a rigid test

fixture to simulate their service mounting. The test fixture to be

used is the same test fixture used in the earlier test at Wyle

Laboratories (.4g SSE test) on June 18, 1978, except it was modified

to satisfy the postulated 7.5M Hosgri Earthquake requirements, and

also to simulate as closely as possible the existing battery racks at

Oiablo Canyon Units 1 and 2. Side diagonal braces and side rail
shims were added to the test fixture. The test mounting for the cells
is illustrated in Wyle Report No. 58255, dated April 19, 1978,

pp. 577 and 578.

2. Testing shall be performed using the multi-axis, multi-frequency test
inputs described in Wyle Report Number 58255, dated April 19, 1978,

pp. 240-254.





3. The two batteries shall be connected in series to a 1 ohm load. Use

the standard battery straps and bolts and nuts provided with the

60 cell battery.

4. Monitor the current and voltage of the two cells before, during, and

after the seismic tests.

10.3.4.6 - Test Results

The two battery cells functioned as required during, and after the seismic

testing. The batteries provided a continuous current flow at 3.4 amperes

through the 1 ohm resistor. The starting two cell battery voltage was

3.79 vdc and ending two cell battery voltage was 3.75 vdc. Before test and

before application of the 1 ohm load the two cell battery voltage was

4.12 vdc. After the test and after disconnecti ng the load the battery

volts was 4.07 vdc.

The cells tested exhibited no damage and they have been returned to the

Diablo Canyon Unit 2 Battery 21. A discharge test of Battery 21 will be

performed with these two cells included to verify that the cells will meet

their discharge and chargi ng requirements after the tests.

Following the previous test of two identical cells to qualify the station

batteries to the 0.4g DDE (See Wyle Report No. 43255-1, 6-18-76) the test
cells passed an eight hr. rated capacity discharge test and were then

recharged to their original capacity.

10.3.4.7 - Conclusions

Two C&D, Inc. LCU-27 station battery cells have been tested by multi-axis,
multi-frequency seismic simulation as described in Wyle Report No. 58255,

4-19-78, pp. 240-254. These cells are identical to the other cells contained

in the 6-60 cell station batteries in Diablo Canyon Units 1 and 2. The

test results show that the test cells continued to supply dc power at the





average load during and after seismic testing to the RRS based on the

postulated 7.5M Hosgri event. The cells were not damaged by the test.
Discharge testing following this seismic test will be completed at the

Diablo Canyon Site by October 15, 1978; however discharge and charging

capabil,ity following a seismic event has previously been demonstrated

on two identical LCU-27 cells tested earlier (see Wyle Report No. VL-762-02,

August 4, 1976.

On this basis it is concluded that the six Diablo Canyon station batteries

are qualified for the postulated 7.5M Hosgri event in accordance with

IEEE-Std 344-1975 and USNRC RG 1.100.
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FOR'AABD

Two cells, Cia type LCU-27, identical to the Diablo Canyon

'Unit 1 and 2 battery were tested -as follows:

1. hfter filling, forming and conditioning the specimen
cells, an 8 hour capacity discharge test was conducted
in accordance with Z™EE 450-1975 directives. This is
shown as discnarge number 4.

2. Seismic testing was per ormed per Hyle
Laboratories'eismic

Test Plan 541/4024/<M, dated, 16 June 76, Rev. h.
Seismic Test results are provided in hfyle Report iso.

Upon return of the specimen cells from 'rfyle Laboratories,
boost charging followed by an 8 hour capacity discharge
test was conducted in accordance with IEEE 450-1975.
This is shown as discharge number 5.
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CONCLUSION

It is denonstrat d that the specimen.cells suffered no reduction

of capacity as a result of the prescribed simulated seisnic

envirozment for the Diablo Nuclear Power Plant, Unit 1 and 2.





10.3.25.1 - Name of E ui ment

Vital Load Center

10.3.25.2 - Descri tion of E ui ment

The Vital Load Center (480 volt MCC, bus, F, G and H) consists of draw-out
modules containing combination motor controllers or feeder breakers. These

modules are arranged in vertical stacks which are bolted together to make a

line-up. Electrical bussing is provided both horizontally between stacks
and vertically between modules. Each combination motor controller consists
of a molded case magnetic-only circuit breaker, magnetic contactor and overload
unit. Feeder breakers are manually operated molded case thermal-magnetic
circuit breakers. The Vital Load Centers are located at elevation 100'n
the auxiliary building.

10..25. - ~F
The Vital Load Center must provide power on demand for Engineered Safety
Features Equipment. The major loads are electric motor operated valves
and ventilation fans. In orderly accomplish this basic function, feeder
breakers must not chatter or change state, contactors must close on demand

and remain closed, and overload relays must not spuriously operate to
interrupt power inadvertently.

10.3.25.4 - Test Plan and Criteria

One vertical section from a Vital Load Center was removed from Diablo
Canyon Unit 2 for seismic testing. Each NEHA size controller and repre-
sentative feeder breakers will be placed in the vertical section and

seismically tested.



I



The specific test criteria to be met in order to demonstrate that the

equipment safety function is assured during and after a seismic event

are the following:

a. - Feeder breakers must not change state during the seismic

testing.

b. Controllers must close on demand, and only on demand, and remain

closed during and after the seismic testing.

c. Overload relays (except for those bypassed per NRC Regulatory

Guide 1.106) must not inadvertently interrupt power to the load.

10.3.25.5 -'Test Procedure and Set-U

1. Hount the Yital Load Center vertical section to the test table to
simulate field mounting by welding at base and rigidly supporting
at top. (see attached Figures 10.3.25-3, and 10.3.25-4)

2. t/ount three Size 1 reversing controllers in the vertical section;
fill the remainder of the section with dumny typical equipment that

Iwill not be monitored during the tests.

3. Connect and monitor each controller as shown in Figure 10.3.25-1.

4. Perform multi-frequency, multi-axis seismic testing to the RRS shown

in the Attachments.

a. Run three OBE tests with the equipment deenergized.

b. Run one OBE test, energizing all "forward" contactors.

c. Run one OBE test, energizing all "reverse" contactors.

d. Run one SSE test, energizing the "reverse" contactors.





e. Run one SSE test with the equipment deenergized.

f. Run one SSE test, energizing the "forward" and "reverse"

contactors 3 times each.

5. -Mount NEMA Size 2 reversing and non-reversing controllers, NEMA

Size 3, 4, and 5 controllers, and two 100 amp feeder breakers in

the vertical section.

6. Connect and monitor each'evice as shown in Figure 10.3.25-2.

7. Perform seismic testing with inputs as described in 4 above:

a. Run three OBE tests with the equipment deenergized.

A

b. Run two OBE tests with the equipment energized.

c. Run one SSE test with the equipment energized.

d. Run one SSE test with the equipment deenergized.

e. Run one SSE test and switch size 3, 4 & 5 controllers on-off
4 times.

f. Rotate equipment 90 degrees and repeat a through e.

8. Check normal functional operation of each controller and feeder

breaker on completion of the seismic testing.

10.3.25.6 - Test'Results

Mith the exception of the anomalies discussed below, all Vital Load Center

equipment met the test criteria specified in section 10.3.25.4 during and

after the seismic testing while being operated per the test procedure

described in 10.3.25.5 above.

During the initial tests it was determined that the draw-out modules

required additional hold down brackets to maintain structural integrity
during the seismic testing. Additional hold down brackets were fabricated
and utilized throughout the following test sequences.





During one SSE one N.O. and one N.C. auxiliary 'contact on the size 4

controllers chattered. These auxiliary contacts are used only for

indication and could at most result in momentary actuation of indicating

lights. momentary actuation'f indicating lights during seismic shaking,

with the contacts and indicating lights returning to proper status on

cessation of the seismic motion has no unacceptable impact on plant safety.

Also, one N.C. contact chattered with the size 2 reversing controller
deenergized. This effect has been analyzed and found to have no degradation

of any safety function. Because all safeguards initiation signals are

sealed-in until manually reset, the N.C. chatter may momentarily cause a

motor operated valve to stop for a fraction of a second, but it would

immediately resume travel as directed by the safeguards initiation signal.

10.3.25.7 - Conclusions

A vertical section of the Vital Load Center with each NEW size controller
and representative circuit breakers installed was tested by a multi-axis,
multi-frequency seismic simulation. Based on the components tested and the

test procedure employed, these qualification tests will bound the seismic

requirements for all Vital Load Center equipment.

The test results described in 10.3.25.6 above rely upon additional
hold-down brackets to maintain the structural integrity of the draw-out

module stacks. — These additional hold-down brackets have been provided in
Diablo Canyon Units 1 and 2 Vital Load Centers to ensure that the test
results are applicable.

The test results described in section 10.3.25.6 above demonstrate that the

test criteria of section 10.3.25.4 are met, and the equipment's safety
function has been demonstrated during and after seismic testing to the RRS

based on the postulated 7.5t1 Hosgri event. Thus it is concluded that the

Diablo Canyon Unit 1 and 2 Vital Load Centers are qualified for the postu-

lated 7.5N Hosgri event in accordance with IEEE Standard 344-1975 and USNRC

R.G. 1.100.
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GROUP V
VITAL LOAD CENTER

FAN COOLER STARTER - UNIT NO. 1
4 x 4 x 1/4" square tubing

] 7ll

12"

18 ll

1-1/2 x 1/4 x 74
angle

Tm places

70"

U Channel
Top and bottom
(Not shown on top)

1-1/4 x .105" U 'Channel
Four places

NOTE: Fan cooler starter from Unit 2 will be mounted on l-l/8 x 3-3/8 x .105"
angle and supported in the same fixture at top, bottom, and middle.





GROUP V
VITAL LOAD CENTER

SINGLE CELL CABINET

7 Q
fl

Test Machine

/ /
Test Machine

24 lt 24 II

Test specimen will be bolted to the test
machine with supports bolted at the top.

0





10.3.14 Local Starters

Local starters are non-fused, disconnect type combination motor controllers
housed in small sheet metal enclosures. Local starters are mounted in the

area of the motors they control and are fed power from the Vital 480V Load

Center.

Each local starter consists of disconnect switch and motor controller. Four

units control tank heaters and do not have overcurrent relays. There are

a total of 18 local starters fed from the vital busses.

The local starters are used to control electric power for the following
functions: ventilation fans for electrical equipment, auxiliary salt
water gates operators, tank heaters, lube oil pumps for component cooling

water and charging pumps, and spent fuel pool pumps. None of these are

required to gerform any active function during any seismic event. Their

safety function is, therefore, to be able to perform their design function

after the seismic event.

10.3.14.3 'Test Criteria and'Plan:

The criteria was that the equipment should maintain its state during the

seismic testing and that the equipment be capable of operation after the

seismic event.

The testing was to be conducted in accordance with IEEE Standard 344-1975

and USNRC Regulatory Guide 1.100 with support accelerations greater than

the RRS developed for the location of the equipment.





10.3.14.4 Test Procedure and Setu :

Representative starters were removed from the plant and sent to Wyle

Laboratories for seismic testing.

Test Setup:

1. Mount starter to rigid support on table according to the

applicable mounting shown in the attached Wyle Test Procedure

3642, Figs. 23, 30 and 33. This mounting simulates field
mounting.

2. Connect starter auxiliary contacts, one normally open and

one normally closed and also a relay contact (N.C.) to a

chatter detector.

3. Connect 480 volts through disconnect switch and motor

controller power contacts to 480Y-6Y transformer. Connect

transformer output to strip chart recorder. Refer to the
diagrams given in the Attachment. I

Procedure:

1. Run three OBE tests with controller coils de-energized.

2. Run two OBE tests with controller coils energized.

3. Run one SSE test with controller coil de-energized.

4. Run one SSE test with controller coil energized. Repeat

test for both high and low speeds on two speed starters.

5. Rotate equipment 90 degrees on table.

6. Repeat steps 1, 2, 3, and 4.

7. Verify equipment operability prior to placing in service.





10.3.14.5 Test Results:

All local starters met the test criteria specified in section 10.3.14.3.

No contact chatter or interruption was detected. All Test Response

Spectra enveloped Required Response Spectra.

10.3.14.6 Conclusion:

Representative local starters were tested by a multi-axis multi-frequency

seismic simulation described in Wyle Report 58255.

Based on the equipment tested and the test procedure employed, these

qualification tests bound the seismic requirements for all local starters.
1

The test results described above show that the test criteria and the

equipment's safety function have been demonstrated during and after seismic

testing to the RRS based on the postulated 7.4N Hosgri event. Thus it is
concluded that the Diablo Canyon Unit 1 and 2 Vital Load Centers are

qualified for the postulated 7.5N Hosgri event in accordance with IEEE

Standard 344-1975 and USNRC R.G. 1.100.
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REVISION B

FIGURE 23

GROUP IV
LOCAL S'CHARTER LPP37

B

9N

Test specimen. bolted to fixture B





TERT PROCEDURE HO

RZVZSZON B

jYLc LA0 0 kAT0 N IcI Hoftxg CNonlK

FZGaaE 30

GROUP V
LOCAL STARTER LPG66

44ll

Five mounting bolts
Test specimen F11 be bolted to fixtLn.e.
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YLC LASOkAYOe!Cs HOKOy CltHOn4E

REVISION B

FIGURE 33

GROUP VI
LOCAL STARTER LPF36

(
26"

9N 611

Four mounting bolts
Fixture support only
near bolts.
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GROUP XV
LOCAL STARTER LPP37

20"

2lll 9 II

Test specimen bolted to fixture





GROUP V
LOCAL STARTER LPG66

44tt

Five mounting bolts
Test specimen will be bolted to lecture.
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GROUP VI
LOCAL STARTER LPP36

26"

9H 6 II

Pour mounting bolts
Fixture support only
near bolts.
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s5'ovember

8, 1978

Mr. D.V. Kelly.
Chief,Nuclear & Mechanical Engineer
Pacific Gas & Electric Company
77 Beale Street
San Francisco, Cal. 94106

Dear Mr. Kelly:
In accordance with a request'f PG&E, I have reviewed

the environmental temperature conditions that identified instru-
ments and equipment would be subjected to in the event of a steam.
break within containment. Since the Westinghouse calculations
for the containment bulk environmental temperature and saturation
conditions are incomplete, calculations made by the NRC for a
typical containment were used as a basis for calculating tempera-
tures. As indicated in the attached memorandum report the cal-
culated instrument and equipment. temperatures are less than what
would be expected from a design basis loss-of-coolant accident.;
hence, I believe your qualification program provides adequate
margin for steam line break accidents.

Sincerely,

~+I J P"
Donald'F. Knuth

encl.

~<e>e<'fo )ECRliiLI6ii@E

ALE ~

KMC, inc. 1747 PENNSYLVANIAAVENUE, N,W. WASHINGTON. D.C. 20006 202/223-3163
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MEMORA,NDUM

/
+O: 'acific Gas G Electric

(--~L
~OM'onald F. Knuth

DATE: November 7, 1978

SUBJ~C+- Environmental Temperature Qualifications for Containment
Instrumentation

In accordance with a request of PGGE I have reviewed the
environmental. conditions (mainly temperature) that identified
instruments and equipment would be subject to in the event of a
steam line break accident at Diablo Canyon. The instruments
and equipment were identified in a letter from P.A. Crane, Jr.
to John Stolz dated May 3, 1978. In addition, a visit was made

'o

the Diablo Canyon site and the, identified instruments and equip-.
ment as then installed within the containment were examined.
As discussed with PGGE personnel (as well as NRC personnel),
the protection that the instrument transmitters are afforded at
the Diablo Canyon Units are quite unique, being greater than pro-
Vided at.'most other reactor installations as a consequence of
the protective cabinets in the design. Although the" instrument
cabinets were provided for, other purposes, they do afford insula-
tion from the general containment environment in the event of a
super-heated steam environment.

As indicated in discussions with PG6E and NRC personnel,
the design pressure, temperature conditions for a steam line break
accident have not been completed as yet for the Diablo Canyon
Units. Hence, for purposes of calculating the environmental temp-
eratures of the instrument transmitters and equipment, parameters
were taken from a typical NRC staff calculated containment atmos-
phere. The staff's calculational results were obtained from an
internal memorandum dated February 24, 1978, "Containment Environ-
mental Qualification Best Estimates Evaluation for Main Steam Line
Break Analysis." The basic parameters as used are contained in
a figure attached to this memorandum. The assumptions and a sample
calculation are shown in a second attachment.

Using conservative heat transfer assumptions, I calculate
that the peak surface temperature of the instrument transmitters
would be less than the saturation temperatures resulting from a
design basis LOCA; the peak temperature calculated was about
252oF. Using more realistic, best, estimates, heat transfer co-
efficients would result in a peak temperature of about 230oF
which is less than the saturation temperature of the steam environ-
ment. With regard to equipment in the containment the peak temp-
eratures were calculated to be 262oF. We, therefore, believe
that your qualification program for a design basis LOCA environ-

- ment provides adequate margin for a steam line break temperature
excursion.

II

KMC, INC.
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Attachment 2.

Sam le Tem erature Calculations

Assumptions

1. Material is steel flat plate geometry
2. Use infinite thermal conductivity -- no insulation effect

of paint
3. Instrument wall thickness of 4 inch

Heat Balance

WC —= hA(Tc T)dT
de

Where:

W

Cp
T
0

. h
A

weight of, instrument,
specific heat
temperature
time
convection heat transfer coefficient
heat transfer area

Subscripts:

C = temperature of containment atmosphere
sat = saturation temperature of steam
in = initial wall temperature

Referring to temperature response figure, it is assumed that the
heat transfer process is in two.distinct parts; that of steam
condensing for the first 23 seconds followed by a heat up due to
superheated steam in the second time period. Xn the first time
period a high condensing heat transfer coefficient of 400 BTU/hrft OF was assumed and in the second time period a high steam
heat transfer coefficient. of 5 BTU/hr ft20F was chosen

Performing calculation for 1 ft area for first 23 seconds:

W = 10.4
Cp = 0.11

400
Tsat = 240
Tin = 120



X
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hA
23 at <Tsat in~ e

tUC

T23 = 227

Or for ease of-calculation it
T23 240

was assumed that at 23 seconds

Calculating second time period to 130 seconds:

and

h = 5
Tin = 240
Tc = 335
T130 = 252
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Hr. John F. Stolz, Chief
Light Mater Reactors Branch No. 1

Division of Project Management
U. S. Nuclear Regulatory Cooeission
Washington, D. C. 20555

Re: Docket No. 50-275-OL
Docket No. 50-323-OL
Diablo Canyon Units 1 5 2

Dear Nr. Stolz:

Please refer to our letter of February 10, 1977 follov>ed by our FSAR sub-
mittal dated July 5, 1977 relative to the subject of reactor vessel over-
pressure at lou> temperature. As mentioned therein, Pacific Gas and Electric
Company participated in Westinghouse Electric Corporation's evaluation of
this issue; the results of this analysis have previously been submitted on
Docket 50-266. Based on this analysis, as a permanent solution, we propose
to install a secondary setpoint into the power operated relief valve control
system as described in Attachment I. As described in Attachment II, a
secondary setpoint of 450 psi wi11 be used for both units. While somewhat
over conservative for Unit 2, the single setpoint based on the limiting
Appendix G curve for Unit 1 (see Figure 6, Attachment II) is proposed at this
time. Should this prove to be a significant burden to plant operation,
Pacific Gas and Electric Company may subsequently request modification to this
setpoint in the form of a Technical Specification Change.

Very truly yours,

JBHoch/PCA:TC

Attachments
cc w/attachment: Service List
bcc w/attachment„ Diablo Distribution

Philip A. Crane, Jr.
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ATTACH&':NT I

DESCRIPTION OF hATER. SOLID OVERPRESSURL'ROTECTION SXGTBN

The Nater Solid Overpressure Protection System consists of 2

mutually redundant control systems. Each system receives a reactor coolant:

pressure signal and a pressurizer level "ignal. Nhen a water soli.d pressure

excursion occurs, it opens a power operated reli.ef valve until the pressure

returns to within limits.

The following discussion appli.es to one system which control one

valve, PCV 456. The redundant syst: em, which controls PCY 455C, is identical.
The device cross reference table is given in Figure 1 on Sheet 2 of 2.

During normal operation, the system is off. Nhenever the pressurizer
level (LC 461C) exceeds 99'4 (actually the highest trippable level), it is
assumed that there is no steam bubble in the pres urizer. Nhenever thi is
the case, the operator enables the system by operating the enable switch

(PCV 456/HS). If the pre .surizer level does exceed 994 and the enable switch

is not in the e'nable mcde, an alarm will sound on tne main annunciator. The

auxiliary relay contacts for the pressurizer level (LC 461CX) are also installed
1

in the trip circuit. This allows the operator to enable the circuit before

the water solid condition is reached, when reactor coolant system pressure is
still high. After the steam bubble collapses, the LC 461CX contacts will
close and the system will be ready to trip without further operator action.

During startup, as soon as the steam bubble is formed, the trip
circuit will be defeated by the LC 461CX contacts, and the operator can

disable the system at a less hectic part of the start up sequence.

Nhenever the system is enabled and pressurizer level exceeds 99%,

a high pressure signal (above 450 psig) to PC 403C'ill trip it and the
auxi.liary relay PC 403CAX whi.ch will energize the solenoid valve SV 276.

This will open the power operated relief valve (PORV) PCV 456 until the

pressure, drops below reset.

Other features of. the system include:

1) An annunciator alarm from PC 403CAX when the syst: em trips.





2) A blue light on the enable switch module which lights when

the system trips.

3) A white light on the enable switqh module which lights when the.

system is enabled.

4) An annunciator alarm when the isolation valve for the PORV is
closed and the system is enabled.

5) A test provision which enables the entire system except that
the actual final solenoid valve signal is defeated. This allows
testing without fear of tripping the valve.

The system meets the following NRC staff criteria:

Criterion:

Operator Action: No credit can be ta):en for operator action for
10 minutes after the operator is aware of a transient.

Response:

Once. the syst: em is enabled, it. will automatically trip if the
system is water solid.

Criterion:

Single Failure: The syst: em must be designed to relieve the
pressure transient given a single failure in addition to the
failure that initiated the pressure transient.

Response:

Two totally independent mutually redundant systems 'are provided.





~ i

Criterion:

consistent with the system's employment.

Response:

Each system is fully testable. The entire syst: em can be tested
either on or off line.

Criterion:

Seismi.c and IEEE 279 Criteria: Ideally, the syst: em should meet

seismic Category I and IEEE 279 criteria. The basic objective
is that the system should not be vulnerable to a common failure
that would both initiate a pressure transient and disable the
overpressure mitigating syst: em. Such events as loss of instrument
air and loss of offsite power must be considered.

Response:

The systems are IEEE Class IE and are seismically qualified as

part of the safeguards systems. Each system will be operated from
a separate vital bus. Each system will have air accumulators
isolated from the air header. These accumulators will have

A

sufficient capacity to operate the valves if the air supply is lost.

Criterion:

An alarm must be provi.ded to monitor the .position of the pressurizer
relief valve isolation valves, along with the low set point enabling
switch, to assure that the overpressure mitigating system is properly
aligned for shutdown conditions.

Response:

An alarm will be provided for each isolation valve. The alarm will
sound when a system is enabled and its isolation valve is not fully
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ATTACHMENT II

DETERMINATION OF OYERPRESSURE PROTECTION SETPOINT

The following analysis is the plant specific calculations for Units I 5
II Diablo Canyon Site performed in accordance with Reference 1. This
analysis follows the procedure set'out in Reference l.
The mass input model is controlled by the safety injection pump startup
case over the reactor cool ant pressur e r ange of 400 to 600 ps ig.

Using an assumed setpoint of 450 psig and using the data obtained in
Figures 2-5, the mass point overshoot is as follows:

aP = APr t x Fu x Fx x F2 = 108 x 0.518 x 1.20 x .60 = 39.2 psi

Since the Appendix G limit for Unit 1 is 500 psig (see Figure 6) the appro-
priate lower setpoint of the pressurizer power operated relief valves on
Unit 1 is 450 psig.

Also using the alogri thms of Reference 1, calculations for the Heat Input
Case were made. At 100oF, the transient associated with a 50oF aT temperature
mismatch is on 24 psi compared with 40 psi calculated for the Mass Input Case,
therefore, the 450 psi setpoint is appropriate.

Reference 1:

Pressure Mitigating Systems Transient Analysis Results Prepared By Westinghouse
Electric Corporation for the llestinghouse Owners'roup originally submitted
on Docket 50-266.
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CALCULATION OF HEAT INPUT TRANSIENT

APRCS FOR DIABLO- CANYON UNITS FOR AN
RCS'PUMP STARTUP

Table 1

AP6K from Figure 7

AP13K from Figure 7

UAGK from Figure 8

UA13K from Figure 9

UA'6K = UA6K x 51,000

UA'13K = UA13K x 51,000

(psi )

(psi)

ft. /58,000 ft.
ft. /58,000 ft.

100 F

31

27

0.082

0.130

0. 072

0.114

140 F

62

49

0.10

0.16

0. 098

0.141

180 F

98

68

0.114

0.19

0.10

0.167

250

156

118

0.138

0.226

0.121

0.199

hP'6K from Figure 10 (psi)

hP'13K from Figure 11 (psi)

hP'12.6K~

26

24

24.1

54

44

44.6

85

62

63.3

136

105

108.3

aPVRCS ~P 6K
CS - 6000

000 (DP'6K - BP'13K)

Where VRCS
= 12,612 from Figure 2

P,12 6K <P~6K (12 612-6000) (~P>6K ~Pi]3K))
7000
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'Dockei g !pb'~g+~.5Jg+3
Control K/~Q I l +Q g~

PHII'8'3 IIM'MEPi't«ll

Substantiate the fire resistance capability of the following items by
verifying thaL their construction is in accordance with a particular
design that has been fire tested.
a. Rated fire barriers, including hatch covers and fire doors.
b. Fire barrier penetration seals, including containment penetrations.
c. Fire'tops in cable trays.
d. Ventilation fire dampers. Provide a typical drawing showing how they

are installed in .the ventilation ducts that penetrate rated fire
barriers of safety related areas.

Also- identify the design and the test method used and acceptance criteria.
The design as tested should be representative of field installation.

Revised Res nse

a. .Concrete walls

Concrete walls, floors, ceilings, and hatches, consisting of Portland
cement, sand, and aggregate, are heavily reinforced and minimum

'hickness is one foot.. As specified in the 1976 edition of the
Uniform Building Code, Section 43, Table No. 43-B, Item No. 34, a
wall one foot thick would have a four hour fire rating.

Concrete block walls

Concrete block walls, consisting of expanded slag aggregate, are a
minimum of 7 5/8" thick and are filled with grout and reinforced with
No. 4 bars at 16" on center. As specified in the 1976 edition of
the Uniform Building Code, Section 43, Table 43-B, Items Nos. 30-33,
a concrete block wall 7 5/8" thick would have a four hour fire rating.
Construction is similar to "UL design No. U901, assembly rating — 4

hours, bearing or non-bearing."

G sum wallboard partition

These walls consist of metal studs with two layers of 5/8" fire code
Gypsum wallboard on one side and one layer of 1" Gypsum wallboard on
the other side. This assembly is rated for 2 hours based on tests
performed by the University of California on March 4, 1975 'his typeof'fire barrier was used to, upgrade the exterior walls in the 4KV
electrical area of the turbine bu'ilding.

Metal lath and plaster

All walls consist of 16 gauge metal studs at 16" on center with 3/4"
Bypsum plaster on 3.40 diamond mesh on both sides. As specified in
the Gypsum Association Fire Resistance Design Manual, 1978 Edition,-
this assembly (GA file No. HP 1725) is rated for two hours based on
Underwriter Lab's fire test UL R4024-9, 10, January 1967. This
assembly is similar to Item No. 64 in Table 43-B of the Uniform
Building Code, 1976 edition (two-hour rating).
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Res nse to .5 — Continuation

Two-hour rated metal lath and plaster fire barriers are used in
the following areas at, Diablo Canyon.

1. To separate the 4KV cable spreading rooms from the corridor
to the west (turbine building, elevation 104') .

2. To separate the lab area (zone 4-A) from the access control
area (zone 4-B), auxiliarly building, elevation 85'.

3. To separate the computer rooms (zones 8-A and 8-D) form the
control room (zone 8-C).

P rocrete 102 artitions and fire rnofin of structural steel

Wall and deck fireproof design of 2" thickness qualifies for three
hour fire rating based on the interpolation from small scale thermal
transmission testing done at an independent testing laboratory. A

scopy of the test report is attached. Applications in which Pyrocrete
is used within the plant are:

1. The three hour fire barriers that separate the component cooling
water heat exchangers from the rest of the plant.

2. As a portion of the barriers that separate the component cooling
water pumps from each other.

3; As a portion of the barriers that separates the turbine driven
auxiliary feedwater pump from the motor driven auxiliary feedwater
pumps

4. As. barriers to isolate banks of safe shutdown conduits from their
environs (for example, in the 12kV switchgear room, fire zone 10).

5. To'upgrade certain corner seals in walls that are part of firebarriers.

Structural steel fireproof design meets U.L. design No. Z716 (installed
thickness of 7/8", qualifies steel for three hour fire rating) .Structural steel in the 4kV switchgear rooms is fireproofed with
Pyrocrete.

Metal lath and laster fire roofin of structural steel (su erstructurerotection)

1 3/4" Gypsum-Perlite plaster over 3.45 metal lath. This assembly israted for three hours per U.L. fire test R3187-4,5,7, design 6-3 or
X402, July 30, 1952.
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Uentilation duct fireproofin

Metal lath and plaster ventilation duct. fireproofing consist of
3/4" Gypsum plaster over 3.45 diamond mesh. As specified in the
Gypsum Association Fire Resistance Design Manual, 1978 Edition,
this assembly (GA file No. CM-1300) is rated for one hour "based on
test 92/40 performed by Build'ng Material and Structures, National
Bureau of Standards, October 1942. This assembly is similar to
Item No. 17 in Table 43-A of the Uniform Building Code, 1976 Edition
(three-hour rating for one-inch Gypsum plaster over metal lath).

In those safety-related areas where the ventilation ducting has
been fireproofed, the duct supports will also be fireproofed. The
duct supports will have the same fire rating as the ducts themselves
(except that the rating will be for fireproofing structural steel,
not ducting).

Hatch covers

Hatch covers are either one foot thick concrete (rated at four hours)
or one inch thick steel (no fire rating). The steel hatch covers
provide adequate fire resistance in the areas in which they are
located.

Fire doors

The ratings of all doors that are part of fire barriers defining fire
zones are shown on the attached fire zone drawings. In some situations,
specialized requirements for doors preclude the doors from being U.L.
labeled. These situations are summarized below:

l. Certain exterior steel rolling doors are unlabeled due to their size,
but were manufactured to "A" label specifications.

2. Some exterior steel rolling doors cannot be labeled due to a personnel
access door built into the rolling door. Safe shutdown equipment
is not located close to any of these doors and the exterior fire
hazard in the vicinity of these doors is negligible.

3, The auxiliary saltwater pump room doors" are required to withstand
the effects of a tsunami and be water tight. This type of door
construction has not been fire tested. The doors are satisfactory
for the low fuel loading in the area, especially considering that
each auxiliary saltwater pump is in its own compartment.

4. A door that also acts as a missile barrier separates the diesel
generators from the turbine bay. The door is of heavier construction
than an "A" labeled door, but is unlabeled.
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5. The doors and associated panels between the turbine building and
the penetration area act as blow out panels for main steam line
break pressure relief in the penetration area. The doors and panel
are of three hour construction but "A" labeled latching mechanisms
would interfere with their blow out function. The doors and panels
do have closure devices that keep them normally closed.

6. In some areas monorails for equipment removal penetrate the fire
doors (for example, the RHR pump room doors are built to "A" label
specs., but a e unlabeled due to the penetration). It is felt
that the sealed monorail penetration does not significantly degrade
the effectiveness of the fire door. None of these doors are located
in areas with any significant fuel loading.

7. Certain ventilation fan room doors have sliding plexiglass pressure
relief windows built into them to enable the door to be opened
when the ventilation equipment is operating. As such, these doors
do not have a fire rating. However, without the sliding window
these doors would be equivalent to "B" labeled doors. The minimal
fire hazard in the vicinity of these doors does not warrant a door
with a fire rating. Locations where these doors are used in fire
barriers are:

a. The door to the Unit 1 auxiliary building supply fan room
(zone 8-B-1) from stairwell fire zone S-2.

b. The doors to the corridors adjacent to the auxiliary building
and fuel handling building exhaust fan rooms (zones 3-P-3,

"3-P-4, 3-P-5, 3-P-6, 3-P-7). These doors are not,part of fan
room fire barriers.

c. The door from zone 3-P-2 (area outside of fan rooms containing
ventilation ducting) to zone 31 (fuel handling building
corridor) .

8. In some areas, doors are unlabeled because their fire rating
at the time of purchase was not felt to be relevant due to the
low fuel loading environment in which they are located. However,
many of these doors are equivalent to "B" labeled doors and are so

designated on the attached drawings. PGandE has on record
certification 'from the manufacturer that these doors are built
to the specification of a labeled door.

9. Doors leading to the stairwells in
labeled doors or are equivalent to
reasons explained in No. 8 above).
accordance with NFPA Standards for

all cases are either "B"
"8" labeled doors ( or the
This door rating is in

stairwells.
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10. Some of the doors in the auxiliary building mechanical equipment
areas and the 4kV electrical equipment area in the turbine
building are either "B" labeled or equivalent to "B" labeled
doors. The 4kV electr'cal equipment area is separated from the
rest of turbine building by a three hour barrier with "A" labeled
doors. The low fuel loading within these areas does not warrant

'eplacement of these doors to attain an "A" rating.

Certain fire zones have access openings which also serve as
ventilation flow paths. In these situations, it is not»possible
to install fire doors in the access openings. Areas in which
this occurs are the: (a) component cooling water pump rooms;
(b) one of two RHR heat exchanger compartments; (c) the recipro-
cating charging pump room (all areas are at elevation 73 ft. in
the auxiliary building); and (d) the spent fuel pool heat exchanger,
pump, and filter area (fuel handling building, elevation 100 ft.).
Automatic sprinkler protection and smoke detectors will be provided
for the component cooling water pump rooms and the charging pump
rooms (the RHR heat exchanger room adjoins the centrifugal charging
pump room)., The spent fuel pool equipment is not required for
safe shutdown. The opening to this room leads to an open cooridor
in which automatic sprinkler protection will be provided and smoke
detectors will be provided for the spent fuel pool equ'pment room.

12. The openings between fire zones 1-A and 1-B within the containment
do not have doors but do have shielding barriers. No credible
fire could propagate fxom fire zone 1-A into fire zone 1-B. Within
fire zone l-B, a reactor coolant pump oil fire would not spread
to fire zone 1-A because the RCP oil collection and drainage shield
will contain the oil (along with preventing oil spillage onto hot
piping). There is no other credible fire within fire zone 1-B
that could propagate to fire zone l-A.

As a result of PGandE's review of its fire protection program,
in excess of 80 doors have been replaced at Diablo Canyon to
attain labeled fire doors in fire zone boundaries. Those
remaining doors that are unlabeled have been evaluated and are
felt to provide adequate fire 'protection for the hazards in
question.
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b. Pi e enetration seals

As discussed in our response to Question 18, three hour rated penetration
seals will be provided for the containment pipe penetration.

Pipe penetrations through fire barriers are sealed with materials
subjected to a three hour fire test in accordance with ASTM E-119-1973.
Test reports are provided in our response to Question 33.

Electrical penetration seals

Containment electrical penetrations consist of 12" or 24" diameter
schedule 40 pipe sleeves five feet long through the concrete contain-
ment. Electrical conductors run inside the sleeves. At each end of
the five foot long sleeve the electrical conductors pass through steel
header plates and are completely encased in self-extinguishing epoxy.
The assembly of steel and epoxy is approximately four inches thick. The
epoxy has been tested in accordance with Method 2021, Federal Test Method
Standard No. 406 (identical to ASTM-D 635 test for flammability of
rigid plastics). The space within the sleeve between the two seals is
pressuiize6with dry nitrogen. The cabling is enclosed in steel junction
boxes at end of the penetration sleeves and is run in steel conduit
from there. For a fire to propagate through the containment, it would
have to breach the junction box, progress through the steel header plate,
burn along five feet of electrical conductor in an oxygen free atmosphere,
progress through the other steel header plate and the other junction box.
While not having a specific fire rating, these containment penetrations
are felt to be adequate fire barriers.

= 0 ~ ~ ~ ~ ~ ~ ~ ~ ~

Electrical penetrations through Aire barriers (other than containment)
are either sealed with grout or silicone foam. The silicone foam has
been subjected to a three-hour fire test in accordance with ASTM-E-119-
1973. The grout used is a fine aggregate concrete and as such has the
same fire rating as concrete. The grout is injected to completelyfillthe void in the fire barrier between the electrical conduits and
the poured concrete walls. The configuration of the grout and/or
silicone foam is such that the electrical penetration seals have
three-hour ratings.

c. Fire sto s in cable tra s

All safety related electrical cabling is run in conduits except in those
fire zones that containonly one redundant electrical division (specifically,
the 4.16kV cable spreading rooms, the D.C. switchgear and inverter rooms,
and the 480V vital switchgear rooms). Xn all other areas of the plant,
cable trays contain only non-safety related cabling. Cable tray fire
stops are installed at intervals of 4 feet on vertical trays, 10 feet
on horizontal trays, and within 5 feet of cable tray crossings. All
cable entrances to the cable spreading room, control room areas, and
inter-connecting-cable entrances between these two rooms are sealed.



I

'I
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Cable tray fire stops are made of Dow Corning Q3-6548 silicone
foam (refer to our response to Question 33 for test reports) .

For'vertical cable trays, Marinite boards surround the silicone
foam to prevent ignition of the cabling above the fire stop.
The Marinite boards extend out eight inches in all directions
from the cable tray.

Pire tests of cable tray fire stops in horizontal and vertical
orientations were conducted by PGandE's Department of Engineering
Research in.1975. A 300,000 BTU/hr. flame was applied to ignite
the cable insulation on one side of the fire stop. The test was
terminated once the cable insulation on one side of the fire stop
was completely burned (approximately 20 minutes) . The fire stops
prevented'the spread of fire to the other side of the fire stop
for both the horizontal and vertical cable trays.

d. Ventilation fire dam ers

Ventilation fire dampers are U.L. listed with a fire rating of
14 hours (the maximum U.L. listing for fire dampers). Procurement
specifications for the ventilation syst: em called for fire dampers
and not fire doors, therefore, the U.L. label is for 14 hours.
The manufacturer of the fire dampers has indicated that none of
their product line had been tested in excess of 14 hours. However,
he felt the fire dampers would pass a fire test in excess of lb
hours.

The areas in which fire dampers are used as part of fire zone
boundaries are -predominantly electrical equipment areas. The
14 hour rating for the fire dampers is felt to be sufficient;
three hour fire doors are not warranted for these low fuel loading
areas.

Attached is a drawing showing typical fire dampers.

It is believed that the field installation of all the above items does
not deviate significantly from the.'test installations. Manufacturer's
instructions and guidance, when provided, were followed to the extent
practicable.

If any additional fire testing of materials is to be done by PGandE

for Diablo Canyon, NRC will be allowed to review the test procedures
and witness the testing.





I U V C U U C

.FU
I

~ ~ ~ ~ ~

~«w
I

t.s A'I t ~ IP. 'o)
h)h»a«ra)«a~art»LI hh)'««h«,v »cheats Llv a iov cubrat Is offwwt«

««J a,»Pter)V&PVP(K!Fbha .'Oah i+i»~a O ,'««) ear«l) hbaa««
I

C)ffv V& ~ 1 SVONI 4 tl 044ILt II
Ffof AvlIv ls Ue ~ vv 14» IF ~ ~ IF I 'I~~".. Oll

Ll
sl;ms.v-... <

~ ." t

~feel W 4 & f' I 4+
~ Ns 0 4 F e w o s 4 e o Ie vr I .4 I ~

Nt ~ Or

«b'rve-Noiah "LP>~~
/I

h

» ~o~«hovr o 1

~ ~ )
~«hv«» )'F o&p»' ~ 4 «v~f4

I
! ~ )

~ N VNF «~~a er Av\4 ovtv va

~ L. ySS. ~ ~ 4 ~ ~

~ ofva 10) ref~var ~ s«a 1 > Ia sws»eo» 141 Q e.ss Cg

I

~VH ON 4 "VN ~ ~

~ ~
Nls fb \H I

Ho'or oh ~

rs 4 4 ~

~ 1 ~ ~frNN rail
No»«v I~ Noro v ~

~ » 1 v IN 'lvtr ~ rs
L rr 1 ~ oh r

~ / ~ ~ ) 4 4 I« 4'VN'srr»
! ' Lash t~«

~1 Fej

I os roN

ov rl
I

~ 'I N

~
) 4 ' r»'1 f1»r I'

rs f«rf4« '
~ ~

I 1 ) Nio ) 1 1 ) Vrea O'CK'\ F
I ~"I'v rl«'r

I
f r 'irs ~ 'a

efvb» ebrs sts

If aai dl Cf )
' I»

1 IN Nvea Uvot ))Vrr>IN>t)SN)
~ toe>No Foe ~ t»w
rav swv«of>» «s

oV~

h e)NN )Nevsrr

Iwtoer«t tt 1

Its sist ) 411 1/W

<tvv»ew»NN>trover)
~Ir»f)t ffe>s tt erst )0)f«ft 0>fa t)sore FN»NF 1st

4 )«ahv» '4 )44 oof ~ ~

IN> ovve 4 Nj ~ 4 'rt e,o U«b» 44 bsa N ~ 40 ftv» \ I fNoaoet«NN ~ 1«0 ~ at I«OVFII)>b OOONF hb h
I

~Na o ~'A 4»vh'Nl hh

~ I~e ~

~ ~ bv 4 vs Nt)
,V) «o wv svw~Nova e«a Ne

Ile Nv»

~ t'
~wt Nt t41

PTII>anr C Fate 1 te

cr t« a«ef a»tearft ~ INat oh0

Nwe«vh et 1Ievrv

~W deaf ~>N»rt >1h «
~ VF I«fast fT)

w ehw Nv ae ~

1 Irr~ ~

)ts»t os teo t)IN
~ Ct te irrr ecto»t)

Fvrec Frere)1 oe I>tetr w« ~ IFIIItr Irsr as
P4l tnbnev t IN>INC ~I~ II » 0 I'14) I I '4

ecw br>tsar FN'i)I»at ) Nta Ne P)s ~

)

y>NNwrFe) C y rNffdFe'vrw far«ts 1 Hft tho»C / 'f 'trttt as)>for~terser w 1 Itbaeoe >ofc
~ I ~ ~ ON> ~

Neo~
~ rv ~ ~

fwvI«0 0 %H

shhv I IN lhIt at+

l>

li(

rovv n heooe
too th N

~ yah 0««ve L«
cc 4 oh> FIL AF

0 LV' Irof)
~r tft~vr, or rv,,ha rr br»r ofo

~ICMIFshort «4
Wosht yV

~ arv U' Irt>

»fro ~ ~

afw Ntah«s r.
wr«4> 0)

h

eri AFS
~ r

Iae

~r«h «L I NINl(~VVowf»»4 4 «Hs «NLH
~I «1 ho» VN FN Le

4 sa' 4 ~ '

ho A '4 ~ 4 a.o 1 r ~ ho'

'sab ««4 IH Lr '1
LNs«v 04 rsoa «w 0

4~ ve ~ob(
Let Iv vv C IF

LL ~

44 O LU«'OVF 0 ~ Vo1arh
~ ~

F o ~

4'4 I
Irol

r
,IL1'aev Ia ne

N ' NN Vtl

~ 41> Iba
~Ob Ll

~'oo ~ LNN)fb»« ta ~ 4 ~ 'as,' 1'a ahJt
~ rf «1

LL

l.
V Ne ~ ~ ~

'saeafova Nsv N fyoa» 1st
I'N

I sbrola NN bo a«vto) 4 'I
Va«oft rt ltt1 saa UW '«1 lr 'I

JEST
~ M ~ '1 '« IO 4 I4 I I ' '

'f

hebls»N ew »saw)
N ~ s» Nor>a»1 vs ~)~ Vo»t arohw ol 4 4 I «AN

6.p..)
w»s«avav» aaw

' Q QF A HN»4 rl ~
L faf coif ~'1 ~ 4,'al

Ao U«%II SNMle ~ eaobr)VUL

rlt ~ ~
Uwaev voa» o»c veovb 1 astor» s» Le'e ~'Lr I ttros 1 fs La l«Noel ~ ~

v» I «4 Al Le bo ~ I ~ '0
4» I>101>N 'Ne es sao 1 Nit 11 '14 U o«L1 14

I

I'N»NN«v I ) ~

w l)N~ .%eve ~ t I
4 JON NNwfew ew NV a

~ 'o Iav

'I v ~

VS 4 ~ «N
~ Hhhs«oea J

VWFN ~ NF

w»N»a«.NN )') 11 Fs ~ Fl
~ 1 ~ IN»vo ev«F 4

J ~ 4
~4««lo ~

rfe aft»
~ 'Io Ne

I.0 ~~)
Ca»b«VNH)

'4 eA ~ w»440«% a 4

whatv .loJI )sv
rrsanf II»VWI~

I ~

f ~'H tv fa
"1 aoe» rrvv«h

~ NN,

)

I'»IF<.<I ~ .>I I
aahi»I ot FNFH~ raaw ~,~e.~o ~ /) --p —~

C
'

U

4 rrs
Jgegao



t l



I

«'h«» Ye+Shthe ee.gh„SEg~ (%ahi~4 „i&18, eCLi+o«h .. —.(~gqSun .,ga<g<:,.
WALLS P.E<>D tNTEAjQR PARTlT)ONS, NONCOViBUSTiBLE

hr t ~

Fire
Rating

Sound
Rating

STC

GA
File
No.

»hh hC ~.r .«'». «Vh «~~»»d. «.k ~ ~ . A h,J «g» i", «~:AP»

DETAILED DESCRIPTION Fire Sound

'L~ ~ V

SI(ETCII AND DESIGN DATA

40
to
44

WP 2725

'Construction Type: Gypsum Plaster, Metal Lath, Metal Studs
>/4" 1:I, 1:1 fibered gypsum sand plaster applied over 3A lb.
metal lath wire tied at right angles to each side of 2r/2" open
web metal studs 16"'o.c. (NLB)

Thickness: 4r/4"
LimitingHeight: ll'2"
Approx. Weight: 16 psf
Fire Test: UL R4024-9, 10, ).5.67

WP 1830

Construction Type: Semi.Sofid Gypsum Wallboard
Base layer r/q" type X gypsum wallboard or veneer base ap.
plied parallel to each side of 1 s/a" x 6" type X gypsum board
studs 24" o.c. hwith laminating compound combed over entire
surface of gypsum studs and 2" type G drywall screws at
24" o.c. to studs. Face layer r/2" type X gypsum wallboard or
veneer base applied parallel to studs on each side v;ith lami ~

'nating compound combed over entire contact surface and
2" type G drywall screws spaced 24" o.c. into gypsum studs.
Edges secured to top and bottom channels with lr/q" type S
drywall screws 24" o.c. Stagger joints 24" o.c. for each layer
and side. (NLB)

Thickness: 3s/rr"
LimitingHeight: 14'0"
Approx. Weight: 10 psf
Fire Test: UC,2.8 62

2
HR

35
to
39

WP 1840

Construction Type: Solid Gypsum Wallboard
One layer r/2" regular gypsum wallboard or veneer base
applied with laminating compound over entire surface to
each side of 1" laminated, interlocking, gypsum coreboard.
Stagger Joints 24" o.c. each layer and side. (NLB)

Thickness: 2"
LimitingHeight: 11'0"
Approx. Weight: 9 psf
Fire Test: UL f73564

Design U508, 3 24 53
Sound Test: See WP 1310

WP 1850

Construction Type: Solid Gypsum Wallboard
One layer >/2" type X gypsum wallboard or veneer base
applied parallel to each side of 1" tongue and groove gypsum
coreboard with laminating compound combed over entire
surface. Stagger joints 24" o.c. each layer and side. (NLB)

Thickness: 2"
LimitingHeight: 11'0"
Approx. Weight: 9 psf
FireTest: OSUT-1339,48.60
Sound Test: See WP 1310

. WP 1930
to
34

Construction Type: Gypsum Plaster, Solid Metal Channel,
Metal Lath

2r/2" solid 1:2.1:2 gypsum.perlite plaster applied over each
side of 3.4 lb. metal lath wire tied to one side of 3/4'. cold
rolled channels 16" o.c. embedded in plaster. (NLB)

h

Thickness: 2r/2"
LimitingHeight: 12'0"
Approx. Weight: 12 psf
Fire Test: UL R3453, 2.13-52

3
HR

35
to
39

WP 2450
Construction Type: Gypsum Block, Gypsum Piaster
r/q" 1:3 gypsum sand plaster applied over both sides of 3"
tlrfck hollow gypsum block. (NLB) Thickness: 4"

Approx. Weight: 21 psf
Fire Test: OSUT 110.27,28,

7.18.50
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ITABLENO. 43 0-RATED FIRE. RESISTIVE PERIODS FOR VA'RIOUS EVALLSAND PARTITIONSe-Continued

MATERIAL
ITEM

tlutzBER
co(tsTRucrlo(('u(IIMUMFIIIISHEOTHICKIIESS

FACE TO
FACE'in

Inches)
2 Hr.3 Hr.

Solid Perlitc
and
Portland
Cement

54

Perlite mixed in tlic ra'lio of 3 cubic feet to 100 pounds of porthnd
ccmcnt and machine applied (o stud side of I Yi" mesh by No. 17
gauge paper.backed woven wire fabric hth wire.(ied to 4" deep
stccl trussed wire'tuds 16" on ccntcr. tVirc ties of IS gauge
galvanized steel wire 6" on ccntcr vertically 3Yr'olid

Neat
iVood
Fibered
Gypsum
Plaster

Solid
Gypsuni
wallboard
Partition

Ifollow
(Studicss)
Gypsum
wallboard
Partition

55

56

57

5S

i/4 by No. 16 gauge cold.rolled channels, 12" on center with 2.5-
pound flat metal lath applied to onc face and tied with No. 18
gauge wire at 6 spacing. Neat gypsum pfas(er applied each side

One full length layer Yr" Type "X"gypsum wallboard laminated
to each side of I" full length V-edge gypsum coreboard with
approved laminating compound. Vertical joints of face layerand coreboard staggered at least 3"

One full.length layer of /'," Type "X"gypsum wallboard attachedto both sides ot'wood or metal top and bottom runners laminatedto each side of' x6 full.length gypsum corcboard ribs
spaced 24" on center with approved laminating compound. Ribs
centered at vertical joints of fac» plies and joints staggered 24"
in opposing faces. Ribs (nay be reccsscd 6 I'rom the top andbottoin

rcguhr gypsum "V"edge full-Iength backing board attached
to both sides of wood or metal top and bottom runners svith
nails or li/i" drywall screws at 24" on center. Ivtinin(um widthof runners li/i". Face layer of Ys" regular full.length gypsumwallboard laminated to outcr fac'es of backing board with
approved laminating compound

2''i/s'
n0

tu
C

O
R
A
O0
O
fit

Noncombus-
tible Studs—Interior„
Partition
with Plaster
Each Side

59

61

62

63

3'/4'y No. 18 gauge steel studs spaced 24" on center. /',"
gypsum plaster on metal lath each side mixed I:2 by-weight,
gypsum to sand aggrcgatc

3/'o. 16 gauge approved nailablc'tuds spaced 24" on
center. I/," ne"t gypsum wood fibered plaster each side over/r"'ib metal lath nailed to studs with 6d common nails,

8'n

center. Nails driven I r/." and bent over

2Y(" steel studs 16" on center formed with No. 16 gauge
angle liangcs and No. 7 gauge wire diagonals. '/" perforated
gypsum lath at(ached to thc studs each side with No. 12
gauge svire clips at horizontal and vcr(ical joinls. I/s'yp-
sum plaster applied each side mixed I:2 by svcight, gypsum
to sand aggrcga(e

2I/s steel studs 16 on center formcU with No. 16 gauge
angle IIangcs and No. 7 gauge wire diagonals. /," pcrforatcd
gypsum lath alta«hcd to thc studs each side with No. 12
gauge approvt.d steel svirc clips. End joints of lath held by ap-
proved cnd joint clips. '/r" pcrlite or vermiculite gypsum
piaster applied each side

4 No. IS gauge channel-shaped stccl studs at 16" on center.
On each side approved resilient clips prcsscd onto s(ud Ilaiigc
at 16 vcr(ical spacing, Yr" pencil rods siiiippcd into or ivirc.
tied onto outcr Inop of clips, m«(al latli svirc tied to pcn«il
rods at 6 iii(crvals. I" pcrli(cg>'psuli( plat(cr, each side

2I/r No. IS g:luge slcel sluils sp'icosi 16 oil cciilcr. (Veal
filicrcd gypsum plaslcr niixsxl I:I l>y weight gyp uiii lo sand
aggregate applied on 3 4 pouml metal 13th wire (ie(l to stuils.
cash side. i/4 plaster applied over each face, including Finish
coat

7I/ r

5'/r
4'/4'I/r'O

'4
cri
W
O
20
R

(ConlirrrreriJ
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Fire
Rating

GA
File
No. DETAILED DESCRIPTION

SKETCH AND DESIGN DATA

CM 1100

Construction Typo: Gyp um Wallboard
Base layer >/q" regular gypsum wallboard or veneer base
tied to column with 18 gage wire 15" o.c. Face layer ~/q"
regular gypsum wallboard or veneer base applied with lami ~

nating compound over entire contact surface. Fire Test: NBS 303, 7 3.52

CM 1300
Construction Type: Metal Lath, Gypsum Plaster
s/a" 1:3 gypsum sand plaster applied to 3.4 lb. metal lath
wrapped and wire tied to column with 18 gage wire 6" o.c.

Firo Test: BMS92/40, 10742

CM 2010

Construction Type: Gypsum Wallboard
Base layer >/2" typ" X gypsum vrallboard or veneer base
against flanges and across web openings fastened to ls/a"
metal studs with 1" type S drywall screws 24" o.c. at
corners. Face layers ~/a" type X gypsum wallboard or veneer
base and screw. attached to studs with 1" type S drywall
screws 12" o.c. to provide a cavity between boards on the
flange. Face layers across the vreb opening laid flat across
the baso layer and screw attached with 1~/a" type S drywall
screws 12'.c. Metal corner beads nailed to outer layer
with 4d nails 13/a" long, 0.067" shank, »/44" heads, 12" o.c.

Fire Test: UL R1319.80
Design X518, 5-27.65

2
HR

CM 2020

Construction Type: Gypsum Wallboard
Three layers of s/a" tyPe X gyPsum wallboard or veneer base
around column with first and second layers nailed with 1%"
long ring shank nails as required for support. ~/q" x 0.015"
metal strapping 30" o.c. around second layer beginning 18"
from each end of column. Face layer attached to 1)/4" x
1)/4" 25 gage steel angles held on corners by metal.
strapping. Drywall corner bead applied each corner with 1"
typo S drywall screws spaced 12" o.c. at each corner.

Fire Test: UL R131933
Design X516, 11.3 60

CM 2110
0

Construction Type: Metal Studs, Gypsum Wallboard
One layer >/q" type X gypsum wallboard or veneer base
attached to ls/8" steel studs with 1" type S drywall screws
12" o.c. Studs located at each corner of hcavy steel column.
l~/4" metal corner bead crimp attached at 6" intervals. Fire Test: UL R3501 ~ 58

Design X520, 10 10 67

Ctrl 2120

Construction lypc: Metal Studs, Gypsum YIallboard
Two layers of «/a" type X gypsum vrallboard or veneer base,
screvr attached to ls/a" metal studs located at each corner
of columns with 1" type S screws 24" o.c. for baso layer
and 1 s/a" type S drywall screws 12" o.c. for face layer. 1)/4"
metal beads at corners attached with Gd coated nails 13/4"
long, 0.0915" shank, )/4" heads, 12" o.c.

Fire Test: UL R2717.34
Design X517, 5 15 64
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TABLENO. 43 A—Mlt(lhIUMPROTECTION OF STRUCTURAL PARTS BASED Ott Tlt lE PERIODS FOR
VARIOUS NONCOtr BUSTIBLE INSUL'ATINGMATERIALSe

STRUCTURAI.
PARTSTOIIE
PROTECTED

Steel
Columns
and All
Menlbers
of Primary
TfUsses

ITEM
NVMUER

10

C.

INSVLATINCMATERIALUSED

Grade A concre(c, members 6 x6" or grea(cr (not including
sandstone, granite and siliceous

gravel)'rade

A concrete, members g'xg or greater (not including

Graile A concrete. menlbcls 12 x 12 or greater (not includin
sandstone, granite and siliceous

gravel)'rade

B concrctc and Grade A concre(e exctudedabove, members
6 x 6 or

greater'rade

B concrete and Grade A concre(e excluded above, members
8 x 8" or

greater'rade

B concrete and Grade A concrete excluded above, members
12"x 12 or

greater'lay

or shale brick with brick and rnor(ar filP

4" Ilollowclay tile in two 2" layers; Ii'ortar between (ile and
column; s/,'etal mesh (wire dialneter = .0(6 ) in horizontal
joints; tile fill'

Hollowclay tile; Ye'ortar between tile and column; /s" me(al
mesh (.046 wire diame(er) in horizontal joints; Grade A concrctc
lill';plastered with I/e" gypsum plaster

2 I-iollowclay (ilc with outside ivire ties (.08" diame(er) at each
course of tile or /s'nctal mesh ( 046" diame(er wire) in horizontal
joints; Grade A concrete fill'xtending I 'u(side column on all sides

e Hr.

2'/i

I Yi

2i/I

3 I/e

3 Hr. 3 Hr.

I Yi

I Yi

MINIMUMTHICKNESS OF
INSULA(INCMATERIALFOR
FOLLOWNIO FIRE RESISTIVE

PERIODS Un(nenes)

I Hr.

2Ye z
ll0

Ql
C

I
O
R
A
00
O
fll

Steel
Co!umns
and All
Mcmbcrs
of Primary
Trusses
(Cont'd.)

12

13

15

16

17

2 Holloiv clay tile with outside wire ties (.OS" diameter) at each
course of tile wi(h or wi(hout Grade A concrete fill; '/e" mortar be-
t«cen tile and column

Solid gypsum blocks with woven wire mesh'n horizontal joints,
k(id vith I ntortw on llangcs'nd petered «3th '/i" g)Tssum phstcr

Hollow gypsum blocks with /s wide No. 12 gauge metal cramps
and woven wire mesh'n horizontal joints. PL denotes '/" gyp-
sum plaster

Portland ccnlent plaster over metal lath wire tied to s/e" cold.rolled
vertical channels with No. IS gauge wire ties spaced 3'o 6" on
center. Plaster mixed I:2Yi by volume, ccmcnt to sand

Vermiculite concrctc, I:4 mix by volume over papcrbackcd wire
I'abric lath wrapped dircc(ly around co!umn ivith addi(iolual 2"x 2"
No. 16/16 gauge wire fabric pLaccd s/e" from outcr concre(c sur-
face. IVirc fabric tied wi(h No. IS gauge wire spaced 6" on ccntcr
for inner layer and 2" on center for outcr layer

Pcrlitc or vermiculite gypsum plas(cr over metal la(h wrapped
around column and furred I Yi frolu column flangcs. Sliccts lap-
pM at ends an(l tied at 6'ntervals with No. IS gauge tic wire.
PLastcr pushed through to flangcs.

Pcrli(c or vciiniculitc gypsum plaster over self-furring metal la(h
wrap()cd dlfccll) around colul'lln, lapped I and tied at 6" in
tcrvals « 1th No. IS gauge wire

(Conrirnred)

2Yi

3'li
PL

I Y(

2Yi

3Yi
PL

I y<

2Yi'o

'V
Os

m
O
20z





Q.S (RSP) The majority of the fire protection valves are either sealed
open with a metal tape'and lead sealed or are supervised by admin-
istrative controls. It is our position that you should implement
one of the following in accordance with NFPA 13, Section 3-13.

a. All fire protection valves controlling the water supply to the
fixed water extinguishing systems should be provided with
electrical supervisory switches arranged to give visual valve
position indication in the control room in the event the valve
,is closed or partially, closed.

h

b. All the fire protection valves controlling the water supply to
the. fixed water extinguishing should'e locked open with a
strict administrative key control procedure. The valve position
should be verified periodically.

Revised Res onse

NFPA 13, Section 3-13 permits other alternatives to those listed in
the question. It continues to be our position that compliance with
Section 3-13.2.3 (d), which allows sealing valves in the proper
position with breakable .seals and carrying out weekly documented
surveillance, provides adequate assurance against misoperation of
fire protection system valves. Accordingly, there is no plan to
install electrical supervisory switches with control room position
indicators or to lock fire protection system valves.

PGandE strongly believes that an administrative control procedure in-
volving sealing valves is preferable to one using locks. In emer-
gency situations, the operator may not have the necessary key readily
available to unlock and operate a valve. Being unable to quickly
open or close a locked valve could create hazardous situations.

The use of administrative controls of this nature is well established
within PGandE. Such controls have a demonstrated successful history,
which has"been observed by NRC Inspection and Enforcement personnel
during the 15 year operating history of our Humboldt Bay Power Plant,
Unit No. 3.

These administrative controls have included:

l. The PGandE System-wide use of tags (called "man-on-line" tags)
for operating and maintenance clearances (instead of locking
valves, electrical controls, etc.) to prevent hazards to per-
sonnel. All PGandE operating and maintenance personnel are
aware that violation of a clearance tag is grounds for serious
disciplinary action.
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Revised Res nse (Continued)

2.. The use of an administratively controlled sealed valve check
list'at our Humboldt Bay Power Plant Unit No. 3 for the con-
trol of all safety-related valves associated with the Unit.
These include a number of fire protection syst: em valves since
this system provides a backup emergency'ore cooling function.

Finally, it should be noted that security requirements under
10CFR73.55 preclude unescorted access to the 'security pro-
tected area of the plant for other than trained plant per-
sonnel or other=specially designated individuals. This pro-
vides added assurance that valves will not be intentionally
or inadvertently operated without the knowledge of

plant'peratingpersonnel.
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Q.9 (RSP) (4-2) In".the containment cable penetration zone (fire zone l-A),it is our position that automatic sprinklers be installed in areas
where two or more divisions of safety systems cables could be affected
by a transient fire.

Revised Response

For the purposes of this discussion, the postulated fire within fire
zone 1-A will be assumed to affect equipment within a 20 foot diameter.
This assumption is felt to be extremely conservative considering the
nature and quantity of the fuel loading in the area; the in-depth

'etection (14 smoke detectors in zone 1-A) and manual fire suppression
'apability in the area; and that a significant portion of this fire
'one will be designated as a "No Storage" area. Specifically, 300o of the

annular zone at elevation 91 feet will be posted as a "No Storage" area.
(The 60o sector of this zone. in the vicinity of the fuel transfer tube
assembly does not contain any safe shutdown components.) This area was
designated as a "No Storage" area because safe shutdown instrumentation
circuitry runs in that annular region approximately 20 feet above the 95
foot elevation. These conduits run below the open floor grating at
elevation 117 feet with cable trays above the. conduits and piping below.
The piping does not contain flammable liquids, gases, or oxygen. Therefore,
with the "No Storage" provision, a fire due to fixed combustibles in this
are would not be capable of affecting redundant safe shutdown instrumenta-.
tion conduits. However, the circuit routing for the safe shutdown
instrumentation is described below to verify that proper separation does
exist between redundant components.

Steam generator pressure transmitter circuitry emanates from mechanical
panels at elevation 117 feet mounted on the missile barrier wall adjacent
to the four steam generators. The conduits run beneath the open floor
grating at elevation 117 feet and leave containment through containment
electrical penetrations SE, 14E, 24E, and 31E at elevation 120 feet six
inches. The separation distances between the penetrations are 12 feet,
20,feet, and 9 feet, respectively. No single fire would be capable of
affecting the circuitry associated with all four steam generators. In
the worst case, the postulated fire could result in level transmitters
available for only two steam generators. However, only one steam
generator is required for safe shutdown.

Mechanical panels for reactor coolant system pressure transmitters and
pressurizer pressure transmitters are located 180o apart at elevation
95 feet in fire zone 1-A; from there the circuits run below the openfloor grating at elevation 117 feet to the containment penetrations.
Containment penetrations for the electrical circuits from these trans-
mitters are the same as specified for the steam generator level transmitters.
Therefore, the postulated fire could not damage all pressure transmitters
circuitry (a minimum of two pressure indications would be available after
the postulated fire) .
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Revised Res onse to .9 — Continued

Pressurizer level transmitter circuitry for LT-459, LT-460, and
LT-461 runs from the mechanical panels at elevation 95 feet in the
vicinity of the pressurizer (but outside the missile barrier) to
the penetration area along the same routing as specified above.
Pressurizer level signals leave containment through penetrations
14E, 24E, and 31E. In addition, the pressurizer level transmitter
(LT-406) for the dedicated safe shutdown instrument panel will be
located at least 20 feet from the other pressurizer level transmitters.
Circuit routing from LT-406 to penetration 13E will be in the opposite
direction as the other pressurizer level transmitter circuits. Thus,
any 20 foot diameter postulated fire in fire zone 1-A could not affect
all pressuri er level transmitter circuits.

Reactor coolant system 'temperature element circuitry emanates from fire
zone 1-B and runs to electrical penetrations 16E and 33E at elevation
134 f et 8 inches. The four RCS temperature element circuits for loops 1
and 2 pass through penetration 33E while loops 3 and 4 pass through 16E.
The penetrations are separated by 32 feet. That penetration separation
distance is the closest distance the two sets of temperature circuitry
run to each other. Thus, the postulated fire could affect, at most,
four of eight RCS temperature elements within fire zone 1-A. Nithin
fire zone 1-B, the two groups of RCS temperature element circuits are
completely isolated from another. A fire in zone 1-B could„not affect
more than four of the eight temperature element circuits.

The remaining safe shutdown components and circuits within fire zone 1-A
are described in the June 6, 1978 report "Supplementary Information for
Fire Protection Review."
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Q.21 (4-32) Battery Room i.s located in Fire Zone 6-A. Provide drawings
showing the ventilation systems of the three battery rooms, and the
construction of the walls separating the three battery rooms from
each other and from the rest of Fire Area 6-A is 3-hour rated.
Drawings should show all fire doors and fire dampers as well as their
fire rating. Rubber ventilation seals at corners of walls are not an
acceptable arrangement.

Revised Response

As shown on the revised fire zone drawings, fire zone 6-A has been
subdivided into five fire zones. Each of the battery rooms and associated
battery charger and inverter rooms have been designated as fire zone

doors and associated panels in these fire zone boundaries will
S ~

be replaced with "A" labeled assemblies. The corner seals in the walls
will be upgraded to a three-hour rated barrier. Within each of these
fire zones, the batteries are separated from the other electrical
equipment by three-hour barriers (except for the doors built to "B"
label specifications). Battery room ventilation is provided by a supply
fan and an exhaust fan located in compartments separated by 25 feet.
Either fan provides adequate flow to limit hydrogen concentration well
below the exp].osion concentration. Redundant Class lE air flow switches.
in the supply ducting will be installed to provide control room annunciation
for loss of battery room ventilation. Additional control room annunciation
is provided for excessive hydrogen generation due to overcharge and battery
room ventilation damper closure. Ventilation supply and exhaust ducting
within the battery rooms has been fireproofed to provide a one-hour
rating. Battery room ventilation duct supports will also be fireproofed
wherever the ducting has been fireproofed. Electrically supervised, one
and one-half hour rated fire dampers have been installed in the ventilation

~ supply and exhaust. openings, such that heat and smoke from a fire in
one. bWttery room. villbe confined to that room while normal ventilation
is maintained to the other rooms. Air discharged from the battery rooms
is mixed with air flows from adjoining rooms and exhausted directly
outside.

Ventilation for the battery charger and inverter rooms is prov'd d b tie y wo
supp y fans (these fans also supply ventilation for the 480V switch-

gear and are unrelated to the battery room ventilation) . Electrically
supervised, one and one-half hour rated fire dampers have been provided
in the supply and exhaust ducting to each room, such that heat and smoke
from a fire in one room will be confined to that room while normal
ventilation flow is maintained to the other rooms. Ventilation ducting
inside these rooms has been fireproofed to provide a one-hour rating.
Duct supports and ducting outside these rooms in fire zone 6-A-5 will also
be fireproofed to provide a one-hour xating. One of two redundant
supply fans and motors will be encased within a one-hour barrier to preclude
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9.21 (4-32) Battery Room is located in Fire Zone 6-A. Provide drawings
showing the ventilation systems of the three battery rooms, and the
construction of the walls separating the three battery rooms from
each other and from the rest of Fire Area 6-A is 3-hour rated.
Drawings should show all fire doors and fire dampers as well as their
fire rating. Rubber ventilation seals at corners of walls are not an
acceptable arrangement.

Revised Response

As shown on the revised fire zone drawings, fire zone 6-A has been
subdivided into five fire zones. Each of the battery rooms and associated
battery charger and inverter rooms have been designated as fire zones.
All doors and associated panels in these fire zone boundaries will
be replaced with "A" labeled assemblies. The corner seals in the walls
will be upgraded to a three-hour rated barrier. Within each of these
fire zones, the batteries are separated from the other electrical
equipment by three-hour barriers (except for the doors built to "B"
label specifications). Battery room ventilation is provided by a supply
fan and an exhaust fan located in compartments separated by 25 feet.
Either fan provides adequate flow to limit hydrogen concentration well
below the explosion concentration. Redundant Class 1E air flow switches
in the supply ducting will be installed to provide control room annunciation
for loss of battery room ventilation. Additional control room annunciation
is provided for excessive hydrogen generation due to overcharge and battery
room ventilation damper closure. Ventilation supply and exhaust ducting

, within the battery rooms has been fireproofed to provide a one-hour
rating. Battery room ventilation duct supports will also be fireproofed
wherever the ducting has been fireproofed. Electrically supervised, one
and one-half hour rated fire dampers have been installed in the ventilation
supply and exhaust openings, such that heat and smoke from a fire in
.one battery room. will be confined to that room while normal ventilation
is maintained to the other rooms. Air discharged from the battery rooms

. is mixed with air flows from adjoining rooms and exhausted directly
outside.

Ventilation for the battery charger and inverter rooms is provided by two
100% supply fans (these fans also supply ventilation for the 480V switch-
gear and are unrelated to the battery room ventilation) . Electrically
supervised, one and one-half hour rated fire dampers have been provided
in the supply and exhaust ducting to each room, such that heat and smoke
from a fire in one room will be confined to that room while normal
ventilation flow is maintained to the other rooms. Ventilation ducting
inside these rooms has been ireproofed to provide a one-hour rating.
Duct supports.and ducting outside these rooms in fire zone 6-A-5 will also
be fireproofed to provide a one-hour rating. One of two redundant
supply fans and motors will be encased within a one-hour barrier to preclude
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Revised Res onse 0.21 - Continued

an exposure fire in fire zone 6-A-5 from affecting both fans.
Furthermore, this fire zone will be designated as a "No Storage"
area to prevent an exposure fire from breaching the equipment hatch
above and possibly affecting components in the cable spreading room.

Smoke detectors are provided throughout these fire zones; in-depth
fire suppression capability is provided by C02 hose reels, a firewater
hose reel, and portable extinguishers.

A fire in either a battery room and/or its associated battery charger
and inverter room will not adversely affect safe shutdown capability.
Safe shutdown components that could be affected as a result of this
fire are tabulated and assessed in Section 5 of the June 6, 1978
submittal entitled "Supplementary Xnformation for Fire Protection Review."

The consequences of a fire in the areas adjoining the battery rooms (fire
zones 6-A-4 and 6-A-5) were, also assessed in that report. Safe shutdown
capability cannot be affected as a result of fire in fire zone 6-A-5
due to planned fire protection modifications to the ventilation system
in fire zone 6-A-5 and the designation of this zone as a "No Storage"
area. The only safety related components located in fire zone 6-A-4
are the reactor trip switchgear and the rod drive motor generator set
controllers. The reactor trip switchgear contains two circuit breakers
in series to interrupt power to the control rod drives. The probable
result, if any, of a fire in zone 6-A-4 would be for the reactor to trip.
A fire in this zone could not prevent a reactor trip. Manual reactor
trip from the control room would be possible by tripping the switchgear
or by de-energizing the motor generator sets irrespective of the fire in
zone 6-A-4. Early warning of a fire is provided by seven smoke detectors
ihstalled in fire zone 6-A-4.
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Q.23 (RSP) (4-36) Control Room Complex is located in Fire Zone 8.

A. Unit 1 Computer Room is also located in Fire Zone 8-A. The computer
room is cut-off from the control room by a 1-hour protection; however,
the openings are unprotected. It is our position that 3-hour fire doors
and fire dampers be provided for -the protection of openings that penetrate
the wall separating the computer room from the control room. It is also
our position that you provide automatic protection for the computer room
or show that a fire in the computer room will not affect the safe cold
shutdown of,the plant.

B. Control Room ventilation equipment is located in Fire Zone 8-B.
Verify that the ventilation ducts that penetrate the floor of this room
have 3-hour fire dampers installed at all floor penetrations. Also
verify that fire hose reels can reach all areas of the room and are
readily available.

C. Control Room is located in Fire Zone 8-C. Verify that fire hose
stations in the area can cover all portions of the control room complex.

Identify those safety-related control room cabinets that contain cables
from both divisions. Provide an analysis of the consequences of a fire
in each cabinet. The analyses should take into account the damage to
wiring and instrumentation in adjoining safety-related cabinets due to
heat and corrosive vapors. In order to meet the guidelines of D.2 of
Appendix A, it is our position that you provide smoke and heat detectors
in the control room cabinets.

Verify that all door and ventilation openings in the control room walls
and ceiling are protected by 3-hour rated fire doors. It is our position
that you provide smoke detectors throughout the room at the ceiling level.

D. Office and Record Storage and Instrumentation Repair Areas are located
in Fire Area 8-E and 8-F. Provide 3-hour fire rated construction including
the protection of all ventilation and door openings.

Revised Res onse

A. The existing barrier between the computer room and the control room
is consistent with the low fuel load within the computer room. It will be
upgraded to a one hour barrier by extending the wall from the suspended
ceiling to the concrete ceiling above. Providing a three hour door in a
one hour rated barrier is unnecessary and,will not be done.

In the event of a fire in the control room complex, the ventilation system
mode of operation is changed to 100% outside air make-up and exhaust to
provide smoke venting. Installation of fire dampers in the computer room
ventilation penetrations would prevent proper smoke venting and might
degrade the habitability of the control room complex. Fire dampers will
not be installed in the ventilation ducting.
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Res onse to .23 - Continued

The plant computer is not required for safe shutdown nor would a fire
in the plant comput: er room affect control room safe shutdown capability. ~

A fire in the computer room would be suppressed using portable extin-
guishers and, if necessary, firewater hose reels located adjacent to
the control room complex. Automatic fire protection will not be provided
for this area. However, smoke detectors will be installed in the
computer room and the exhaust air duct from the computer room.

B. Units 1 and 2 auxiliary building supply fan rooms are located at
elevation 140 ft. in fire zones 8-B-1 and S-B-2, respectively (refer
to revised fire zone drawing figure 3-10). Fire zones 8-B-1 and S-B-2
are separated from the control room complex by three hour rated barriers.
The floor penetrations in the supply air plenum rooms communicate with
the auxiliary building mechanical equipment areas below. Fire dampers
in the floor penetrations are not necessary to protect the, control room
complex from a fire in zone 8-B-1 or 8-B-2 and could degrade the reliability
of the auxiliary building ventilation system. Therefore, fire dampers
will not be installed in the floor penetrations. However, the auxiliary
building supply fan rooms will be protected by smoke detectors and an
automatic sprinkler system. A firewater hose reel located outside the
fan rooms provides satisfactory backup manual fire suppression capability.

The Units 1 and 2 control room ventilation equipment rooms are located at
elevation 154 ft. 6 in. in fire zones S-B-3 and 8-3-4 respectively
(refer to revised fire zone drawing figure 3-11). Control room supply
and exhaust ducts penetrate the wall at column line "L". Installation
of fire dampers in these penetrations would require extensive modifications,
including relocation of major ventilation equipment. Since smoke
detectors, automatic sprinkler protection, and a firewater hose reel will
be provided for the control room ventilation equipment rooms, fire dampers
are not felt to be necessary for these penetrations.

C. Existing firewater hose stations provide proper coverage of all
portions of the control room complex.

The only cabinets in the control room which contain cables from both
divisions are the operator's control console and the main control board.
Many precautions have been taken to minimize fire hazard in these boards.
All wiring is routed internally in metal wireways. All switching
components are contained in individual housings (modules) which have an
electrical insulating and fire retardant material on both sides. Wiring
to the devices is separated by several inches of air. Wire insulation
was specifically selected for flame retardancy to prohibit release of
corrosive gases.

As described in our revised response to Question 51, safe (cold) shut-
down can be accomplished outside the control room assuming a loss of
the main control board. However, early detection and suppression
capability should minimize the damage caused by my postulated fire in
the main control board, and complete loss of the main control board is
felt to be an extremely unlikely occurrence.
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Res nse to Q.23 — Continued
41

Thirteen ionization type smoke detectors will be installed in the main
control board and three ionization type smoke detectors will be installed
in the operators control console. Smoke detectors will be installed in
other control room cabinets also. The smoke detectors mounted in these
cabinets will have seismically qualified mounts.

The doors leading,to the control room complex (consisting of fire zones
S-A, C, D, E, F, G, and )I as shown on the revised fire zone drawing
figure 3-10) all are three-hour rated "A" labeled doors. Nith the
exception of the ventilation penetrations into the control, room complex
(described in 23.B above), the control room complex is isolated 'om
the'est of the plant by minimum three-hour rated fire barriers. As
described in the revised response to Question 24, the safeguards rooms
(fire zones 8-G and 8-H) will be separated from the rest of the control
room complex by three-hour rated fire barriers. The computer rooms
(fire zones 8-A and 8-D) are described in 23.A above and the remainder
of the control. room complex, fire zones 8-E and S-F, are described in
23.D below.

Because the control room is continuously occupied, smoke detectors are
not necessary in the ceiling of the control room and will not be provided.

D. Fire zone S-E, consisting of an office and a records stor'age room,
is separated from the turbine 'building by a three-hour rated fire barrier.
The wall separating zone 8-E from the control room (zone 8-C) is a three-
hour rated concrete wall. Fire dampers have not been provided in the
ventilation ducting to fire zone 8-E. This was done to ensure proper
smoke venting so that the control room complex would remain habitable if
p fire were to occur in this area. Smoke detectors and automatic sprinkler.
protection have been provided within this fire zone.

Fire zone S-F, previously an instrument repair room, is now designated
as the security central alarm station. This room is separated from the
turbine building by a three-hour fire barrier and the wall separating
zone 8-F from 8-C is a three-hour rated concrete wall with "C" labeled
doors.
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Q.24 Sa eguards Room is located in Fire Zone 8-G and 8-H. Provide the
results of an analysis showing an exposure fire in the Safeguards Room
will not prevent safe cold shutdown of the reactor. If the results
of an analysis shows safe shutdown of the reactor will be jeopardized
by the exposure fire, provide additional measures including upgrading
barriers .to 3 hours to ensure safe shutdown.

Revised Res~ense

The Unit 1 Safeguards Room is located in fire zone 8-G. The equipment
in this room consists of the two redundant safeguards trains within
cabinets separated by about five feet. They are safety-related and a
fire in the room could conceivably cause undersirable spurious actions.

s

The north and west walls of fire zone 8-G are three hour rated fire
barriers. The remaining walls that define this fire zone will be
upgraded to three hour rated fire barriers. The floor and ceiling are
three hour barriers. Three hour rated fire dampers will be provided
in the ventilation ducting to contain the total flooding fire suppression
agent. (described below).

Strict administrative controls for this fire zone will greatly minimize
the possibility of an exposure fire from occurring. For example, smoking
will be prohibited in this area (to minimize fire hazard as well as
prevent false alarms of the smoke detectors). Combustible liquids will
not be authorized in this area and paper will be kept to a minimum.

In-depth fire protection will be provided for this area. Four cross-
zoned smoke detectors installed in the ceiling of the room 'will be
positioned to provide early detection oE a fire in any of the safeguards
cabinets or the room itself. A total flooding automatic/manual actuated
Halon 1301 system will be provided with a reserve supply of Halon 1301
for subsequent manual discharge if required. Halon 1301 design concen-
tration will be specified to be 5% minimum, 7% maximum. The supplier
furnishing the Halon system will be required to verify the proper Halon
concentration within the room as well as within the safeguards cabinets
by test discharge. Two dry chemical and two CO2 portable extinguishers
are located close by in the control room as well as firewater hose reel
immediately outside of the control room.

Any postulated fire in this zone would be immediately detected by smoke
detectors and control room personnel response would be in a matter of
seconds. With the proposed administrative controls and in-depth fire
detection and suppression capability, an exposure Eire in'the safeguards
area would not aEfect safe shutdown. .If the fire were a deep-seated
electrical fire within a safeguards cabinet, the plant would be shut
down and the safeguards train could be de-energized. The automatic
discharge Halon could then be assured to completely suppress the fire and
additional levels of manual suppression capability are available as back-
up protection. Safe shutdown capability is assured since such a postulated
fire would not affect the redundant safeguards train.
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Revised Response to .24 — Continued

The Unit 2 Safeguards Room is located in fire zone 8-H. All fire
protection commitments made for the Unit 1 Safeguards Room apply
to the Unit 2 Safeguards Room.
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Q.26 Provide the following information for all: three diesel generators:

a. Verification that the fire hose can reach all areas of each diesel
room.

b. The results of an analysis of a fire in a diesel generator room
caused by a break or leak in the day tank under the diesel engine.
Verify that the fire will not spread to all three diesel generator
rooms through the floor drains.

.Co ,The C02 system should only be locked out when personnel egress in the
room would take a longer time that the delay provided for system
discharge.

Revised Res onse

A fire hose reel station for each unit will be added that can
reach all areas of each diesel generator room. Location of hose
reel stations is shown on the drawings provided for Question 38.

As discussed in Section 4.1.11 of the Diablo Canyon Fire Protection
Review (Amendment 51), a postulated fire within a diesel generator
zoom would not.affect safe shutdown. As desczibed in our response
to Question 57, the diesel generators are properly protected from
each other and from other hazards in the area. Curbs will be added
to the doorways to the diesel generator rooms to contain any oil
spillage. The diesel generator, room floor drainage system will
drain postulated day tank fuel oil spillage to the turbine building
sump. Numerous four-inch floor drains are provided in the diesel
generatoz rooms, in particular, floor drains are located directly
beneath the day tanks. Each floor drain is covered by a circular
grating and a supporting steel catch basin in the throat of the
drain. This prevents debris from entering the drain system. A
common four-inch header connects the drains from the individual
compartments with the turbine building sump. This drain header is
a minimum of 3b ft. below the floor drain openings. Drainage of
an oil spill in a compaztment would not result in a flame pathway
down the drain line since flame passage would be inhibited by the
floor drain covers, oxygen depletion in the drain line, and the
considerable distance downward an'd laterally that the flame would
have to traverse to propagate to an adjacent compartment. Xf the
interconnecting header is postulated to be blocked between the
diesel generator compartments and the turbine building sump and
a large oil spill from one compartment occurs, the fuel oi'n the
drain provides flame trap protection since the system would be solid-
filled and flame cannot migrate from the burning surface of the
fuel oil in the affected compartment to the unaffected compartments.

I
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Revised Response to .26 - Continued

Complete combusticn of a 550 gallon diesel generator day tank would
generate about 77 x 10 Btu of heat (approximately 100,000 Btu/ft2) .6

However, the diesel generator rooms are routinely inspected at least
once per eight hour shift and drainage is provided in each room.
Therefore, diesel fuel leakage would not accumulate in the compartment.
If a fire were to start in a diesel generator room, the automatic
total flooding CO2 system would quickly extinguish it. Therefore,it is felt that a fire of this magnitude would not occur in a diesel
generator room. Even if it did, the fire should not breach the
barrier between the diesel generator room. In the unlikely event
that such a fire occurred, it would not affect safe shutdown
capability because it would be confined to a single diesel generator.

c. The C02 system in the diesel generator rooms will- be operable at all
times when equipment in the area is required to be operable, except
when personnel are working in a diesel generator room. !Jhen an
operator makes a routine inspection of the equipment in a diesel
generator room, he would not ordinarily lock out the C02 system. If
maintenance work is being done on a diesel'enerator, the normally
closed three hour rated equivalent rolling fire doors for the other
diesel generator rooms would protect those diesel generators.

If a CO2 system is locked out, that information is alarmed in the
control room. Mhile the system is locked out, personnel working in
the area provide continuous surveillance. In the event that the C02
system is inadvertently left locked out after the r;aintenance work is
done, the control room operators would be alerted to that fact by the
C02 system status board.

Additional Information

Diesel generator =backup control circuitry is fed off of a different
electrical division than the normal control circuitry. Thus, a fire
in certain areas (4.16KV cable spreading room, 480V switchgear room,
and inverter room) could, for example, affect the "F" bus diesel
generator circuitry and the "F" bus ba'ckup control circuitry for the
"G" bus diesel generator. A fire in one of these areas could render the
"F" bus diesel generator inoperative, but the "G" bus diesel generator
would still be operative using the normal "G" bus control circuitry.
As described in FSAR Section 8.3.2, the manual transfer switches to
transfer the diesel generator control circuitry from normal to backup
are located within each diesel generator compartment. There is no
automatic transfer scheme and the manual transfer switch is maintained
in the normal position. As shown in FSAR Figure 8.3-12 (schematic
diagram - 4KV diesel generator controls), damage to the backup control
circuitry cannot affect diesel generator operation using normal control
circuitry. Thus, a single iire can affect, at most, one diesel generator.



4
'

~ ~ L

f'1

'

H



"E
)"—'"'" -"'L'""

"'ackup

power for the diesel fuel transfer pumps comes from Unit 2.
The backup power circuits for the two transfer pumps run from the
Unit 2 480V switchgear rooms to the Unit 1 480V switchgear rooms. In
running from the Unit 2 to the Unit 1 switchgear rooms, the redundant
backup circuits run in the same fire zone. However, the transfer
switches to transfer power for the pumps from Unit 1 to Unit 2 are
located in the Unit 1 switchgear rooms. Thus, damage to the backup
power circuits could not affect fuel transfer pump operation from
Unit 1 power.. This is shown on the fuel transfer pump electrical
schematic, drawing 437657.

As identified in the June 6, 1978, submittal, "Supplementary Infor-
mation for Fire Protection Review," diesel fuel transfer pumps power
circuits are separated by approximately 15 ft. in the auxiliary
building, elevation 73 ft., fire zones 3-J-1=and 3-C (ref: drawing
57691). Since fire zone 3-J-1 will have automatic sprinkler protection,
the area has low fuel loading and both fire zones have smoke detect'ors,it is felt that the 15 ft. separation for these redundant circuits is
adequate. However, two-hour protection of the conduits will be provided.

These same circuits run through an office area containing a whole body
counter in fire zone 4-B at elevation 85 ft. In running up the wall of
this office, the conduits maintain their 15 ft. separation and are each
enclosed behind two-hour rated metal lathe and plaster walls that
isolate the conduits from the office and each other. One conduit runs
above the suspended ceiling in the south end of the office while the
redundant conduit runs above the suspended ceiling in the counting room
to the north (fire zone 4-A). This office area has been designated as a
"No Storage" area and automatic sprinkler protection is provided for
the space.

As identified in the June 6, 1978 report "Supplementary Information for
Fire Protection Review," a.fire in a diesel generator compartment could
adversely affect operation of both diesel fuel transfer pumps.
For example, a fire in diesel generator l-l compartment could conceivably
(1) start the fuel transfer pump(s) and supply fuel to the diesel generator
1-1 day tank, or (2) prevent fuel transfer pumps from starting when required
to replenish other diesel generator day tanks. Revision 6 of drawing 437657
(fuel transfer pump electrical "schematic) shows the circuit modification
that will be made to correct this potential problem. Relays located in
fire zone 11-D controlled by control switches in the diesel generator
compartments will cause the fuel transfer pump(s) to start. If a fire in
the diesel generator compartment causes an open circuit in the control
circuit, neither pump will start and fuel will not be supplied to the
affected diesel generator. However, the pumps can still start to provide
fuel for the other diesel generators. If the fire causes a short to
ground in the control circuit, a fuse would blow and again fuel would not
be provided to the affected diesel generator, but could be supplied to the

e
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Revised Response to .26 - Continued

other two diesel enege erators. iotection of the circuit susceptibleD

to fire requires two fuses in series; the fuses will be co d'
to ensure ro er o e

e coor inate
coord'roper operation. Testing will be conducted to ver f th'y 3s

rdination results in proper system response. If thnse. e fire causes
a s ort xn e control circuit, the transfer pump will start and try
to supply fuel to the affected diesel generator. However

a from occurring, fusible plugs will be installed in the -air lines
to the day tank level control valves (the valves fail closed .on loss
of,air). Since the fire would melt the fusible plugs prior to affectin
the control circuit , no additional fuel would be introduced into the

a ec ing

diesel generator compartment.
r

The new relays located in fire zone ll-D will be mounted above the one
hour suspended ceiling. These relays are located in junction boxes
BTA211 and BTA208 separated by approximately 15 ft. as shown on

ceilin an
Revision 18 of drawing 57579. There is no fuel load ab he oa ove t e suspended
cei ing and automatic sprinklers will be installed in the ceiling.
This circuit modification w'll ensure proper fuel transfer pump operation
during normal plant operation as well as durin and afte

d'eneratorfire.
g an a er a iesel
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Q.27 (4-45) In Unit 1, 4.16 KV cable spreading rooms separate each division
with 3-hour fire rated barrier.

Revised Response

The walls that separate the three-4.16KV cable spreading rooms will
.be upgraded to two-hour rated barriers. This will be accomplished
by fireproofing the exposed steel beams in the walls and ceiling of
the 4.16KV cable spreading room and fireproofing the one-inch gaps
between the concrete block walls and the poured concrete walls. The
fireproofing of the structural steel will be in accordance with a
rated U.L. design. Outside walls on the north and east are al eady
two-hour rated barriers. The doors separating these rooms are "8" l
labeled and are felt to provide adequate fire protection for the
small quantity of combustible materials in the area. I't is not
considered necessary or cost effective to replace these doors and
frames to obtain "A" labels. Two-hour rated fire barriers will be
constructed in the corridors west of the 4KV cable spreading rooms
to separate redundant safe shutdown electrical circuits in these areas.
These compartmentalized corridors will be "included within the fire
zone boundaries of the respective 4KV cable spreading rooms as shown
on the revised fire zone drawing 3-2. This modification will result
in each redundant 4KV division at elevation 104 ft, in the turbine building
being enclosed within a minimum two-hour fire barrier. Ventilation
air supply ducting to each 4KV cable spreading room at elevation 104 ft.
is contained within its respective division's fire zone. Ventilation
air exhausts from each cable spreading room to each respective 4KV
switchgear room above.

In-depth fire protection in this area is provided by smoke detectors,
C02 hose reels, a firewater hose reel, and portable extinguishers.
All comments and commitments made regarding fire area 12 in Unit 1

apply equally to fire area 23 in Unit 2.

Circuitry from one electrical division may be located within the 4.16KV
cable spreading room of a redundant division in certain instances. For
example, in the "G" bus cable spreading room, .conduit K2669 contains "F"
bus control circuitry for an auxiliary saltwater pump. That circuit.
is an automatic start circuit for the "G" bus auxiliary saltwater pump
due to under voltage of the "F" bus.. Damage to that control circuit as
a result of a "G" bus cable spreading room fire would not prevent
operation of the auxiliary saltwater pump powered off of the "F" bus.
This is shown on Revision 10 of drawing 437594, Schematic Diagram—
Auxiliary Saltwater Pumps. Other instances where circuitry from one
division is located in the cable spreading room of a redundant division
have been reviewed and in none of the instances are the circuits in
question required for safe shutdown, nor would damage to the 'circuits
adversely affect safe shutdown capability.
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Q.28 All three divisions are located at the ceiling in the corridor adjacent
Lo 4.16KV cable spreading room and the turbine building at elevation
104'. Provide automatic sprinklers at the ceiling throughout the
corridor in accordance with Section D.3 of Appendix A.

Revised Response
a

The three divisions of 4.16KV cables located at the ceiling of the
corridor adjacent to the 4.16KV cable spreading rooms are in conduits
and are well separated. The fuel load in this corridor is negligible
and barriers separate this corridor from the other low fuel load
compartments adjacent to it. Because this corridor will be within a
security area allowing only limited access to the area, it would not
be a normal area for storage. Therefore, it is unlikely transient
combustibles would be present in this area. (Fire zone 13-F at ele-
vation 119 ft. is a designated storage area for the turbine building.
The area contains no safety related equipment or circuitry and is
properly isolated from the rest of the- turbine by three-hour fire
barriers.)

As described in the revised response to Question 27, redundant safe
shutdown electrical circuits will be separated from each other by two-
hour rated fire barriers. As a result of these barriers, automatic
sprinkler protection will not be provided since a fire in thi area
could affect at most one electrical division. This would not affect
safe shutdown capability.

Circuitry in 'fire zones 12-D and 12-F required for safe shutdown has
been identified and tabulated in Section 5 of the June 6, 1978, report
entitled "Supplementary Xnformation for Fire Protection Review." Control
circuits for the auxiliary feedwater pumps in conduits K2665 and K2666
in fire zone 12-F were previously identified as being required for safe
shutdown. These circuits are from the feedwater pumps and are part of
the automatic start circuitry for the auxiliary feedwater pumps. As
such, they are not required for safe shutdown and damage to the circuits
would not. affect safe shutdown capability.
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Q.29 (4-46) The fire hazard analysis for 4.16 the KV switchgear rooms is
not acceptable. Provide 3-hour fire barriers which separate all
three divisions from =each-other and from other areas of ithe plant
as recommended in Section D.5 of Appendix A.

Revised Res onse

The walls that separate and enclose the three 4.16KV 'switchgear rooms
will be upgraded to two hour rated barriers. This will be accomplished
by fireproofing the exposed steel beams in the walls and ceiling of
the 4.16KV switchgear rooms and fireproofing the one-inch gaps between
the concrete block walls and the poured concrete walls. The fire-
proofing of the structural steel will be in accordance with a rated
U.L. design. Outside walls on the north and east are already two hour
rated barriers. The doors to these rooms are "B" labeled and are felt
to provide adequate fire protection for the small quantity of combustible
materials in the area. It is not considered necessary or cost effective

, to replace these'oors and frames to obtain "A" labels.

Ventilation air for the 4KV switchgear rooms is supplied by fans located
in fire zone 13-E via ducting running through fire zone 13-D. Smoke
detectors .,and automatic sprinkler protection will be provided for the
4KV switchgear ventilation fans in fire zone 13-E. The ventilation
ducting to each switchgear room in fire zone 13-D will be fireproofed to
provide one hour rated protection and one and one-half hour rated fire dampers
will be provided in the ventilation ducting where it passes from fire
zone 13-D into the switchgear rooms. Three hour rated fire dampers
will be installed in the ventilation exhaust ducting in the ceiling of
the 4.16KV switchgear rooms. This will isolate the 4.16KV switchgear
rooms from the turbine building operating deck (el. 140 ft.).
In-depth fire protection in these areas is provided by smoke detectors,=
CO2 hose reels, a firewater hose reel, and portable extinguishers.
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Q.45 Demonstrate that the Diablo Canyon can be safely shutdown assuming
that a fire is induced by a safe shutdown earthquake. Describe
portions of the fire protection system that are designed for a seismic
event.

Revised Response

Fire suppression capability after a safe shutdown earthquake will consist
of manual hose reels and portable extinguishers. Erose reels have been
provided throughout the plant so that all areas of the plant are access'ble
by at. least one hose stream. Portions of the firewater system will be
seismically qualified so that all hose reels in safety related areas of
the plant will be available following a safe shutdown earthquake. The
qualified system will consist of the 300,000 gallon firewater tank, the
two motor-driven fire pumps, and the fire mains and piping required to
provide water to the hose reel stations in safety related areas of the
plant. Cross-ties between the auxiliary building and the turbine building
will be provided so that the fire pumps can supply water to any fire
system component within the plant without the use of the yard loop.
Check valves will be installed in the six yard loop feeder lines into the
plant. This will prevent water loss out of the yard loop (which could
conceivably be damaged as a result of an earthquake). The check valves
will have normally closed, manual by-passes to ensure availability of a
backup water supply for the transformer deluge systems. The attached
figure shows what portion of the firewater system will be seismically
qualified.

The seismically qualified portion of the fire system can be readily
isolated from the rest, of the fire system. The existing turbine building
sprinkler systems and new sprinkler systems to be provided in the turbine
building can be isolated from the rest. of the system by closin'g two
valves per unit. Reactor coolant pump sprinklers can be isolated from
the seismically qualified portion of the fire syst: em by closing valves in
the lines to the sprinkler systems or by closing the containment fire
system isolation valves inside or outside of containment. The existing
auxiliary building sprinklers can be isolated by closing one valve.
Additional,auxiliary building automatic sprinklers to be installed will
be readily isolatable by closing five valves (total for both units).
All sprinkler systems have flow alarms to provide control room annuncia-
tion of system actuation and/or leakage. Sufficient firewater would be
available for multiple hose streams even considering the water that could
be lost from breaks in non-qualified sprinkler piping prior to plant
operators isolating the leaks. Backup fire protection capability will
be provided by three-250 gpm portable engine-driven fire pumps. Connec-
tions will be installed from the auxiliary saltwater system (at the
component cooling water heat exchanger) to provide suction to the portable
pumps. The pump discharge can be tied into a fire main to resupply the
firewater tank or to pressurize the fire system for long-term fire
fighting. The portable pumps will be stored in a suitable area to ensure
that they will not be affected by a seismic event.





Revised Res onse to .45 — Continued

All buildings in which the qualified fire system piping is run have
been re-evaluated for the Hosgri earthquake and, where necessary, are
being strengthened as a result of the analysis. The qualified fire
system piping runs in the vicinity of some non-Class I equipment in
the turbine building; however, as a part of the Hosgri re-evaluation,
supports for major non-.Class I equipment are being reanalyzed and
modified where necessary. Areas in which the seismically qualified
portions of the fire system are run will be reassessed to ensure
damage to non-Class I equipment or piping will not render the fire
system inoperative.

Fire protection system modifications will be evaluated to ensure that
in the event of a seismic disturbance, the new fire protection systems
will not adversely affect safety related equipment. This will be
accomplished by supporting fire system components such that the
components will not endanger safety related equipment in the area.
This evaluation will be done in particular for any additional fire
system/sprinkler system piping, smoke detectors within safety related
cabinets and the Safe uards Room Halon 130l system.

Plant operating procedures specify that after a seismic event, a
thorough inspection of all plant areas be conducted to assess, and if
possible, remedy any damage that might have occurred to plant components
as a result of the seismic event. Any earthquake induced fire or potential
fire hazard created by the earthquake would be identified during this
inspection and, if necessary, the plant fire brigade would be dispatched
to the fire. This inspection of all plant areas would be completed
within two hours after a seismic event.
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Q.46 Describe the procedure employed for heat and smoke removal using fixed
or portable equipment in areas that house safety related systems or
components. Describe how these areas can be ventilated for manual fire
fighting purposes. Include a discussion regarding control accesses to
the equipment as well as the ability to handle high temperature gases
and particulates.

Revised Response

The ventilation systems either supply fresh outside air to rooms or
exhaust air "f om rooms into a closed duct system (or both for some rooms) .

Ventilation exhaust capability, either manual or automatic, exists in all
plant areas.

Situations where rated fire.dampers have been provided include: a) rooms
that have total flooding C02 protection, b) where heat (and smoke) trans-
mission through a fire barrier might result in a fire propagating to an
adjacent zoom, and c) where it is desirable to reduce air flow to confine
the fire. Ventilation for manual fire fighting in areas with normal
ventilation flow cut-off can be accomplished with portable blower-exhaust
fans,and by opening doors. Four portable fans, each rated at 750 cfm,
are available. These fans could exhaust to the outside or to nearby
operating ventilation exhaust ducts. Self contained breathing apparatus
is available as described in our response to Question 40. Fire dampers
would not normally be opened until after the fire was extinguished. If
the normal ventilation system is used for heat and smoke venting, system
design is such that the heat and smoke would be discharged outside, and
not to other rooms. Distances between air intakes and exhausts are
specified in Section 5.4.4.2 of the Fire Protection Review (Amendment 51).

'hesedistances are adequate to ensure against contamination of intake air.

Additional Information

The June 6, 1978 submittal "Supplementary Information for Fire Protection „

Review" identified the ventilation system components required for safe
shutdown equipment and tabulated the fire zones in which ventilation
components/circuitry are located. As shown on the attached table,
redundant ventilation, system components/circuitry are located in the same

fire zone in certain instances. This table also specifies the fire
protection modifications to be 'made in these fire zones. As a result of
these planned modifications, it is extremely unlikely that a fire would
adversely affect redundant ventilation system components.

However, if such a fire were to affect. redundant ventilation system
components, numerous actions could be taken to prevent this fire from
affecting safe shutdown capability. Some of these actions are described
below:

a) If a cable spreading room or control room fire affects the auxiliary
building or fuel handling building ventilation fans, the equipment
can be controlled at the motor control centers.
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Revised Res onse to .46 — Continued

b) Operation of redundant pumps could be staggered to prevent motor
overheating. A temperature monitoring system has been provided
for the vital equipment rooms and pump bearing temperature and
motor bearing and,stator temperature indication is available in
the control room.

c) The unit can be kept at hot standby until the necessary ventilation
is lined up. Hot standby can be adequately maintained with'nly
the turbine driven auxiliary feedwater pump. This component does
not require ventilation to operate.

d) Portable ventilation fans can be used and doors can be opened to
provide air circulation. Four portable fans (total for the two
units), each rated at 750 cfm, are available.

The fans run off of 115 volt ac power. Suitable electrical outlets
are located throughout the plant to power these fans. If loss of
off-site power occurs, the fans could be readily plugged into the
receptacles for the emergency ac lighting. The emergency ac lighting
circuits can carry the additional load from these fractional horse-
power fans as well as the emer'gency lights themselves.

e) The ventilation syst: em has been conservatively designed to provide
adequate cooling for all equipment under all operating modes. Even
with portions of the ventilation system inoperative, equipment zoom
temperatures, while higher than normal, would not be so high as to
cause equipment failure. Equipment life may be shortened but would
certainly be available for the duration of the safe shutdown process.

Auxiliary building ventilation is provided by Unit 1 and Unit 2

supply and exhaust fans. No single fire can affect both Unit 1 and
Unit 2 auxiliazy building ventilation. There is free communication
between the Unit 1 and Unit 2 portions oi the auxiliary building.If one unit lost all or a portion of its ventilation, the second
unit's ventilation system could pick up much of the load. Opening
doors and rigging portable fans would be especially effective in the
auxiliary building.

In conclusion, due to the planned fire protection modifications, it. is
felt that redundant ventilation compqnents will not be affected by a
fire. " Even if they were, enough mitigating actions can be taken to
prevent such a fire from affecting safe shutdown capability.
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DIABLO CANYOiV UNITS 1 AND 2

FIRE ZONES IN WiiICH REDUNDANT VENTILATION FOR
SAFE SHUTDOWN EQUIPMENT COULD BE AFFECTED

Fire Zones

Auxiliary
.,Auxiliary Building" - " Fuel Handling"Bldg/~* ~ . "Saltwater- ""480V"Swgr.- - - 4KV- .

Su ply Exhaust, Supply Exhaust Pum s 2, Inverter Sw r.

3-L (Aux. bldg. el. 85')
3-P-1 (Fuel hdl. bldg. supply
fan room)

3-P-4 (Aux. bldg. exh. fan
E-l room)

3-Q-1 (Aux. feedwater pump
room)

3-X (Aux. bldg. el. 100')

3-AA (Aux. bldg. el. 115')
4-A (Lab area)
6-A-5 (Space west of
batteries, el. 115')

7-A (Cable spreading room)

8-B-1 (Aux. bldg'. supply fan
room)

8-C (Control room)

10 (12KV swgr. room)

12-D, 12-F (Corridors 4KV
area)

13-E (4KV swgr. vent. room)

31 (Fuel hdl. bldg. corridor)

4,6

2/3

3,5

1/3

.4,6

3,4

1,3

2 I 3

3,-5

4,6

3,4

1/3

2!3

3,5

.4,6

213

3,5

2I3

2,3,4

213

1,3

Notes

* Required for component cooling water pumps, charging pumps, and RHR pumps.
*"'Required for auxiliary feedwater pumps.





Notes (Continued)

-- = Ventilation component s not located in this fire zone.

Automatic sprinkler protection in the fire zone.

Fireproofing of circuitry to ventilation components.

Smoke detectors in the fire zone.

Posted "No Storage" area.

Total flooding C02 system.

Exposure of these components is limited to electrical circuits in juction boxes and one foot of
conduit high on the west wall of zone,3-L near the ceiling.
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Q.49 Hydrogen lines are presently located near safety-related equipment
and cables throughout your plant. It is our position that hydrogen
lines whose explosion could affect safety equipment be relocated .

prior to fuel loading. Modify you design to meet this position.
'Provide the location in which all such situations exist.

Revised Res onse

Excess flow automatic shutoff valves have been provided for the
hydrogen system which will shut off hydrogen supply if system demand
exceeds 50 cfm. If a shutoff valve trips closed, an alarm will
annunciate in the control room. These trip valves are „located
outside of the plant in the hydrogen bottle storage vault. The
valves are inherently reliable, passive elements, and the light
weight internals and housings, would not be vulnerable to damage from
a seismic event since the valves are rigidly supported in place.
These valves would provide protection against and indication of,a
significant hydrogen leak.

J

To further minimize hazards from a hydrogen explosion, hydrogen lines
will be rerouted out of certain areas containing safety-related
equipment and will be enclosed within a guard pipe where it runs in
any areas containing safety-related equipment. The guard pipe will
be vented to the outdoors .and will be pressure tested to.verify thatit is leak tight. The guard pipe will be constructed of carbon steel
piping and fittings. Hydrogen leakage in safety-related areas would
require failure of both the hydrogen piping and the guard piping.
This could be postulated to occur only in the, event of complete collapse
of the piping syst: em. If this were to occur, hydrogen flow would be
sufficient to trip the excess flow valves. A small hydrogen leak
(insufficient to close the trip valves) is unlikely to occur in safety-
related areas and, as described below, would not create a hazard.

Fire zones containing safety-related equipment in which the hydrogen
piping (within guaxd pipe) will run are:

1. Fire pump room (fire zone 3-R) elevation 115'. This area is
ventilated by the fuel handling building supply and exhaust fans.
Ventilation air to this room is provided by supply ducts over
the fire pumps; the air exhausts through floor-to-ceiling access
openings to a ventilation corridor to the north. There are no
pockets near the ceiling of this room where hydrogen could
accumulate.

2. Penetration areas (fire zones 3-DB and 3-CC), elevation 115'nd
100'. In the penetration areas, elevations 100'nd 115'ommunicate,
the volume of these fire zones are 400,000 ft3 each and ventilation
air from these areas exhaust to the outdoors,thro'ugh openings in
the ceiling (including an 8" gap between the containment structure
and the ceiling)
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Revised Res onse to .49 — Continued

There are no pockets in the ceilings of the elevation 100'nd
115'reas; any hydrogen leakage in these areas would migrate
to the ceiling of the elevation 115'rea and would be purged
to the outdoors.

3. Auxiliary building, elevation 100'fire zone 3-X). Hydrogen
'iping in fire zone 3-X is confined to just the volume control

tank compartment and the adjacent compartment. The volume
control tank is not required for safe shutdown. These areas
are ventilated by the auxiliary building supply and exhaust fans.
Supply air to these compartments is provided via the access ways
to the compartments and each compartment is provided with an
exhaust register. The exhaust air is ducted to the auxiliary
building exhaust fans. The exhaust ducting will be modified to
ensure air at the top of the compartments is exhausted from the
compartment. With this modification, no pockets will exist in
the compartments where hydrogen could accumulate.

'n summary, large hydrogen 1eaks in safety-related areas are unlikely,
and if such a lea occurred, the excess flow trip valves would prevent
hydrogen build up. Small hydrogen leaks in safety-related areas cannot
be reasonably expected to occur and even if su'ch a lea; were to occur,
an explosive concentration of hydrogen could not build up since these
areas are properly ventilated to purge any hydrogen leakage.

Installation of portable hydrogen bottles for the chemical and volume
control system in the volume contro'ank compartment was evaluated
and found to be unsatisfactory for the following reasons:

1. The hydrogen bottles would have to be transported through
areas containing safety-related equipment. The potential
hazard of a handling accident creating a hydrogen bottle
missile is felt to be much more serious than retaining hydrogen
piping enclosed within a guard pipe.

2. OSHA requirement for storage of hydrogen bottles in an
occupied building may create conflicts with existing PGandE
safety and operations standards for nuclear plants.

3. The volume control tank ccmpartment is a high radiation area..
Additional personnel exposure and possible contamination of
the hydrogen bottles would result from storage of the bottles
in that area.

It is felt that the reroute and installation of guard piping for the
hydrogen system will minimize the potential of a hydrogen explosion
affecting safe shutdown equipment.
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Q.50 Supplement the information which has been provide'd to include a listing
of all systems and components such as instruments and controls which are
essential to achieve and/or maintain cold shutdown (safe shutdown). Also,
identify any of these systems and/or components whose associated electrical
circuitry and/or cables are not redundant.

Revised Res onse

The systems, components and instruments which are required to achieve and/or
maintain a safe cold shutdown condition are listed in the attached table.

. The redundancy..of the components and instruments is also included. This
information is an excerpt from Section 2 of PGandE's June 6, l978 submittal

II
I

entitled 'upplementary Information for Pire Protection Review".
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DIABLO CANYON UNITS 1 AND 2

FIRE PROTECTION REVIEW OF I

E UIPMENT REOUIRED FOR SAFE SHUTDOWN

SYSTEM AND COMPONENTS REDUNDANCY AND/OR COM~&NTS

l. Emer enc Power Su 1

A. Diesel Generator 2 of 3 required

B. Diesel fuel oil transfer pumps and day
tank level control valves

1 of 2 pumps required, 1 of 2
LCV's per day tank required

C. 125v DC batteries

D. Battery chargers

E. Inverters
(

F. 4KV power supplies to 480v load centers
and load center transformers

G. 125v DC supplies to 4KV switchgear

2 of 3 required

2 of 5 required

2 of 4 required

2 'of 3 required

2 of 3 required

H. 125v DC power supplies to main control
board

I. Instrument AC power

'2 of 3 required

2 of 4 channels required

2. Auxiliar Feedwater System

A. Auxiliary feedwater pumps (turbine driven
auxiliary feedwater pump 1-1 and electric
motor driven auxiliary feedwater pumps
1-2 and 1-3).

1 of 3 pumps required

C. Associated level control valves:
Pump l-l: LCV-106, LCV-107, LCV-108

LCV-109
LCV-110, LCV-ill
LCV-113, LCV-115

Pump 1-2:
Pump 1-3:

B. Associated steam supply valves for pump 1-1:
FCV-95, FCV-15, FCV-152
FCV-37, FCV-38

Applicable only to pump 1-1
Required for pump l-l
1 of 2 valves required for pump l-l

1 of 4 valves required for pump l-l
1 of 2 valves required for pump 1-2
1 of 2 valves required for pump 1-3

D. Water supply and associated valves:
(1) Condensate storage tank

or (2) Raw water reservoir,
FCV-436, FCV-437

1 of 2 water supplies required
No valves required

1 of 2 valves required for raw
water reservoir





SvSTEH AND COMPONENTS
I

MDUNDANCX AND/OR CO)LKtJ'i'S

3. Residual Heat Removal Syst: em

A. Residual heat removal pump

B. Residual heat removal heat exchanger

1 of 2 pumps required

1 of 2 HX required

C. Residual heat removal valves:
8701, 8702 (hot leg RHR suction)
HCV-637, HCV-638 (RHR flow path)
8809-A, 8809-B (RHR flow path)

Both valves required
1 of 2 valves required
1 of 2 valves required

D. RHR heat sink:
Component cooling water system
Auxiliary saltwater system

See Item 5
See Item 6

4. Char in and Boration

Charging pumps (2 centrifugal and
1 reciprocating pump)

1 of 3 pumps required

B. Charging pump cooling:
Component cooling water system
Auxiliary saltwater system

see. Item 5
see Item 6

C. Centrifugal charging pump auxiliary
lube oil pumps

Only utilized to start pumps.
Can be by-passed.

D. Charging and boration flow-path 1 flow path required

and a. Charging through reactor coolant
pump seals via RCP seal injection

or b. Charging through regenerative HX
and valves HCV-142, 8108, 8107 and:

(',

1. Valve 8145, charging to auxiliary
pressurizer spray

2. Valve 8146, charging to loop 3

cold leg
or 3. Valve 8147, charging to loop 4

cold leg

or

(1) Using boric acid tanks:
Boric acid tanks
Boric acid tank heaters*
Boric acid tank temperature controllers*
Boric acid transfer pumps
Boric acid filter
Valves 8104, FCV-110A
Heat tracing for boric acid lines in

flow path*
Charging pumps
Valve FCV-128

1 of 2 tanks required
1 of 2 heaters per tank required
Z of 2. TIC's required
1 of 2 pumps required
Only flow path required
1 of 2 valves required
1 of 2 heat traces required

1 of 3 pumps required
Required for centrifugal charging
pumps. Two manual by-pass flow
paths.
No additional components required

Flow path through HX required
and all valves required for this
flow path.
Valve required for pressurizer
spray.
Valve required

'

Valve required

*Components are not required for safe shutdown but have been tabulated to assess in
what areas a fire could damage the e components.





SYSTEM AND COMPONENTS REDUNDANCY AND/OR COMMENTS

or (2) Using boron injection tanks:
Refueling water storage tank
Valves 8805A, 88059
Charging pumps
Valve FCV-128

Valves 8803A, 8803B
Boron injection tank (BIT)
BIT heater*
BIT temperature controller"
Valves 8801A, 8801B
Heat tracing for boric acid lines
in flow path*

5. Com onent Coolin Water S stem

Required for this flow path
1 of 2 valves required
1 of 3 pumps required
Required for reciprocating
charging pump
1 of 2 valves required
Required
1 of 2 heaters required
Required-
1 of 2 valves required
1 of 2 heat. traces required

A. Component cooling water pump

B. Component cooling water heat exchanger

1 of 3 pumps required

1 of 2 HX required

C. Component cooling water valves:
FCV-430, FCV-431 (CCW vital service headers)
FCV-355 (CCW miscellaneous service header)

FCV-364, FCV-365 (CCW to RHRHX)

1 of 2 valves required
Required for charging pump 1-3
cooling
1 of 2 valves required for RHR
system cooling

D. CCW pump auxiliary lube oil pump Only required to start CCW pump

E. CCW heat sink:
Auxiliary saltwater system See Item 6

6. Auxiliar Saltwater S stem

A. Auxiliary saltwater pump 1 of 2 pumps required

B. Auxiliary saltwater valves:
FCV-602, FCV-603 (ASW to CCWHX) 1 of 2 -valves required

7. Main Steam S stem

A. Main steam isolation valves:
FCV 41 g FCV 42 I FCV 43'CV 44

Required to close only for a
main steam line break

B. 10% power relief valves:
PCV 19'CV 20'CV 21~ PCV 22

1 of 4 valves required. Backup
to 10% power relief valves pro-
vided by 35% power relief system
and 40% steam dump valves.

C. Steam generator safety valves Five per loop, 20 total. Required
to liftif only 1 of 4 10% power
relief valves is available.

D. Steam generator blowdown isolation valves: Required to close. to maintain
FCV 760'CV 761'CV 762'CV 763 water invent:ory for safe shutdown

*Components are not rcquixcd fox safe shutdown but have bccn t;abulatcd t;o assess inwhat area.' fire could damage t:hcsc components.
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SYSTEM AND COMPONENTS REDUNDANCY AND/OR COlQ4ENTS

8. Instrumentation

A.

B.

Steam Generator level

SG 1-1:
SG 1-2:
SG 1-3:
SG 1-4:

LT-517, LT-518, LT-519
LT-527, LT-528, LT-529
LT-537'T-538~ LT-539
LT 547~ LT 548~ LT 549

Loop 1:
Loop 2:
Loop 3.
Loop 4 ~

PT 514@ PT 515@ PT 516
PT 524 g PT 525 g PT 526
PT 534 g PT 535 g PT 536
PT-544, PT-545, PT-546

Steam generator pressure

1 steam generator required for
cooldown, 1 of 3 LT's required
for that SG.

1 steam generator required for
cooldown
1 of 3 PT's required for that loop

C. Reactor coolant system temperature

Loop.l: TE 413Ag TE 413B
Loop 2 TE 423Ag TE 423B
Loop 3: TE-433A, TE-433B
Loop 4: TE-443A, TE-443B

1 of 2 required per loop, 1
loop required for cooldown

D. Reactor coolant system or pressurizer pressure 1 of 4 required
PT-403'T-405'T-455, PT-456

E. Pressurizer level
LT-459, LT 460'T 461~ LT-406

1 of 4 required

F. Boric acid tank level
LT-102, LT-106

1 of 2 required

9. Ventilation for Safe Shutdown Equi ment

A. Control room supply fans
S-35, S-36

~ 1 of 2 fans required. Unit 2

ventilation also available for
shared control room.

B. Auxiliary building supply and exhaust
fans
S-31, S-32 e

E-l, E-2
1 of 2 required
1 of 2 required

C. 480 volt switchgear room and inverter
room supply fans
S-43, S-44 1 of 2 required

D. 4.16KV switchgear room supply fans
S-67, S-68, S-69 2 of 3 required

E. Auxiliary saltwater pump room exhaust
fans
E-101, E-103 1 of 2 required

F. Fuel handling building supply and
exhaust fans
S-l, S-2
F-5 F-6

1 of 2 required
1 of 2 required
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SYSTEM AND COMPONENTS REDUNDANCY AND/OR COMMENTS

A. Primary water supply:
Raw water reservoir

1 of 2 water supplies required
in the event of a fire

B. Secondary water supply:
Fire water storage tank,
Fire pumps 0-1, 0-2 1 of 2 pumps required for this

water supply

ll. Pressurizer S ra **

A. Water supply to charging pumps 1 of 2 supplies required

(1) Boric acid tanks
Boric acid tank heaters*
Boric acid tank temperature controllers*
Boric acid transfer pumps
Boric acid filter
Valves 8104, FCV-llOA
Heat tracing for boric acid lines in

flow path*

1 of 2 tanks required
1 of 2 heaters per tank required
1 of 2 TXC's required
1 of 2 pumps required
Only flow path required
1 of 2 valves required
1 of 2 heat traces required

or (2) Refueling water storage tank
Valves 8805A, 8805B

Required for this flow path
1 of 2 valves required

B. Charging pumps 1 of 3 pumps required

C. Charging flow path
Valves HCV-142, 8108, 8107
Regenerative HX
Valve 8145, auxiliary pressurizer spray

1

Valves required
Flow path required
Manual by-pass around valve 8145

* Components are not requ'.red for safe shutdown hut have been tabulated to assess in
what areas a fire could damage these components.

~"All components requ'red for Pressurizer Spray have been tabulated for Charging and

Boration. Alternative pressurizer spray m thods available provided reaci or coolant

pumps and PCV-455A and pCV-455D operable (valves require instrument air). Backup
PCV-455Cpressure relief capability provided by pres urizer power relief valves (PCV-4~5C,

PCV-456, PCV-47 1).
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Q.51 Assuming that an emergency alternate method is employed, outside of the
control, room, to achieve and/or maintain a safe cold shutdown, provide
responses to items below:

1. Provide a list of essential safe shutdown equipment with a descrip-
tion of how remote instrumentation and control would be accomplished.
Identify each safe shutdown equipment and/or its associated instru-
mentation and 'control equipment for which electrical energy is
essential for its proper operation.

2. Provide supporting information which may be used'o conclude that(if a fire occurs in the main control room or cable spreading room)
electrical power, instrumentation, or control required for safe shut-
down equipment will not be lost, assuming that the offsite power grid
is not available.

3. Confirm that the associated electrical design or corresponding remote
shutdown instrumentation and control panels is the same for the two
units.

4. Identify and describe any changes in the original electrical design
as a,result of the incorporation of this emergency alternate method
for achieving and/or maintaining a safe shutdown.

Revised Res onse

Control of E ui ment at the )lot Shutdown Remote Control Panel

Xn the event that the control room is uninhabitable or portions of it
are non-functional as a result of a fire in either the cable spreading
room or the control room, safe (cold) shutdown would be carried out at
the hot shutdown remote control panel located at elevation 100 feet in
the auxiliary building (west end of fire zone 5-A-4). For a tabulation
of how safe shutdown components would be controlled outside of the
control room, refer to the attached table, "Status of Safe Shutdown
Equipment Assuming Loss of Cable Spreading Room/Control Room." To
operate equipment from the hot shutdown panel, the door panels would be
opened, a transfer switch (one for each component) would be thrown
from "control room" to "local", and the control switch could then
operate the component in question. All of these actions are annunciated
or indicated in the control room. Once the transfer switch is thrown
to the local position, control circuitry running in the cable spreading
room and control room is isolated from the rest of the circuit. None
of the circuitry associated with the hot shutdown panel controls runs
in the cable spreading room or control room, nor do any power circuits
for safe shutdown components run in the cable spreading room or control
room. Thus, any fire damage as a result of a cable spreading room or
control room fire cannot affect'control of safe shutdown equipment
from the hot shutdown panel. The electrical and instrument schematics
for the following safe shutdown equipment with control at the hot
shutdown panel verify the above statements:





Revised Response to .51 (Continued)

~rawincr

437583
437584

437507

102036
Sh. 8,8A
437595
437597
437607
102032
S}1. 26
102036.
Sh. 30A
437593
437594
102036
Sh. 16,16A

Component

Motor-driven auziliary feedwater pumps
FCV-95; steam supply valve for turbine-driven
auxiliary feedwater pump

LCV-106, 107, 108, 109; level control valves for
turbine-driven auxiliary feedwater pump

LCV-210, ill,. 113, 115; level contxol valves for
motor-driven auxiliary feedwater pumps

Centrifugal charging pumps
Boric acid transfer pumps
Valve 8104, emergency borate valve
HCV-142; charging pump discharge to regenerative
,

HX valve
FCV-128; charging pump discharge header
valve

Component cooling water pumps
Auxiliary saltwater pumps
10% power relief valves

Local Control of Safe Shutdown E ui ment

Some safe shutdown equipment might have to be operated locally.at .

the switchgear, or in the case of certain motor operated valves,
manually. For example, the diesel generators and the fire pumps are
controllable locally, the RHR pumps and the reciprocating charging
pump can be started at the 4KV switchgear,. and the auxiliary building
and/or fuel handling building ventilation can be started at their 480V
motor control centers if necessary. The electrical schematics for these
safe shutdown components with local controls verify the above statement:

Drawing

437625

437591
437595
445643

437630

~corn onent

"F" Bus Diesel Generator automatic starting
and loading I',"G" and "H" bus similar)

RHR pumps
Recipxocating charging pump
Auxiliary building and fuel handling building
ventilation fans
Fire pumps I

A cable spreading room or control room fire would not prevent operation
of these components either locally or at the switchgear. In situations
where it might be necessary to manually open or close a motor operated
valve, the motor operator for the valve would be de-energized at the
motor control center to prevent a subsequent fault in the cix'cuitry
from causing spurious valve movement. This de-energizing requirement
will be incorporated into the emergency operating procedures. All safe
shutdown air operated valves fail to their desired position if the air
supply is removed.



P

C

rtI



Revised Res nse to g. 51 (Continued)

Instrumentation Re uired for Safe Shutdown

Existing safe shutdown instrumentation with readouts in the control
room or at "he hot shutdown panel could be affected by a cable
spreading room fire. To prevent loss of vital instrumentation due

to cable spreading room fire, dedicated safe shutdown instrumentation
will be provided that is not vulnerable to a cable spreading room

(or control room) fire. The parameters to be monitored will be
pressurizer pressure and level, reactor coolant system temperature,
and steam generator level and pressure. These parameters, along with
reactor coolant system boron concentration (determined from the
reactor coolant system sampling system or change in boric acid tank
level), are sufficient to take the,.plant to a safe (cold) shutdown
condition. The dedicated safe shutdown instrumentation will be

separate from the protection system instrumentation.
Steam generator pressure will be provided by pressure indicators
on the main steam lines outside containment (fire zone 3-BB).
Two reactor coolant system temperature elements will be located
in fire zone 1-B; pressurizer pressure and level and steam
generator level transmitters (one per SG) will be located in fire
zone 1-A. The circuits from these transmitters will pass through
the containment and terminate at the dedicated safe shutdown
instrument panel in fire zone 3-BB at elevation 100 feet. The

power supply for the instrumentation will be vital Instrument AC

power, Channel IV. Circuit routing for the Instrument AC power
will be confined to the "H" bus electrical rooms and fire zone 3-BB.
Since none of the circuitry associated with the dedicated safe shut-
down instrumentation or its power supply passes through the cable
spreading room or the control room', a fire in either of these
areas cannot affect this instrumentation. Electrical design of the
hot shutdown panel and associated local panels is the same for the
two units. All electrical modifications (including dedicated safe
shutdown instrumentation) will be done for both units.

Conse uences of a Fire at the Hot Shutdown Panel

A fire in the west end of fire zone 5-A-4 could affect the hot
shutdown panel or the circuitry to the hot shutdown panel. This
area has a minimal fuel loading, smoke detectors have been provided
in the area, and the area has been designated as a "No Storage" area.
Thus, it is felt that a significant fire would not occur in this
area. However, the consequences of such a fire are described below.

There are three considerations in assessing the consequences of a
hot shutdown panel fire:
1. damage to circuitry running to the hot shutdown panel,

2. a fire that affects the transfer switches within the hot
shutdown panel, and

3. components affected in the control room due to the hot shutdown
panel fire.
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Revised Res onse to 0.51 (Continued)

Contxol circuit routing for'all the'umps and motor operated valves
with controls at both the hot shutdown panel and the control room is
such that damage to the circuits to the''hot shutdown panel will not
affect control xoom circuitry and vice versa. This is demonstrated
on the electrical schematics listed above for the pumps and motor-
operated valves that have controls at the hot shutdown panel." During
normal operation, the hot shutdown panel control circuitry is isolated

!
from. the rest of the circuit by open contacts located in the 480V or
4KV motor control centers. Any "damage to this isolated circuitry
running between the motor control room center and thehot shutdown panel
cannot in any way affect control room operation of this component.
This is true for all 480V pumps and motor operated valves with controls
at the hot shutdown panel.

A fire affecting the transfer switches in the hot shutdown panel could
conceivably cause control of components to be taken away from the control
room and transferred to the hot shutdown panel. Switches within the
motor control centers will be prov'ded to restore control back to the
control room (as shown on the electrical schematics). Once this switch
is thrown, operation of the 'equipment from the control xoom cannot be
affected by a hot shutdown panel fire.
Circuitry for the electrohydraulic auxiliary feedwater level control
valves (LCV-110, ill, 113, 115), if damaged by a fire in or near the hot
shutdown panel, could prevent control room operation of these valves.
Eiowevex, these valves would still be manually operable and, as Stated
above, the motor-operated auxiliary feedwater level control valves would
still be operable from the control room.

Valves FCV-128 (charging pumps discharge header) and HCV-142 (charging
pump discnarge to regenerative heat exchanger) have pneumatic controls
at the hot shutdown panel. Damage to the:pneumatic controller or tubing
as a result of'a hot shutdown panel fire could prevent control room
operation of these valves. EIowever, FCV-128 is normally open and fails
open on loss of air. Furthermore, the reciprocating charging pump does
not require this valve for. operation. HCV-142 is not required for
charging via the'eactor coolant pump seal flow path; furthermore, a
manual by-pass around HCV-142 could be opened if necessary.

a

1

The 10% power relief valves (PCV-19, 20, 21, 22) have pneumatic controls
of the hot shutdown panel also. However, a backup pneumatic air supply
(air bottles} independent of the hot shutdown panel would allow valve
operation from the control room in the event of a fire at the hot shutdown
panel.
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Revised Response to Q.51 (Continued)

A hot shutdown panel fire that affects instrumentation with readouts
at the hot shutdcwn panel,.would affect control room readout of that
same instrumentation. However, sufficient redundancy in instrumentation
is provided in the control room such that loss of that instrumentation
with readouts at the hot shutdown panel would not affect safe shutdown
capability from the control room. None of the hot shutdown panel
instrumentation is associated with the protection system.

The components described above are all of the safe shutdown components
with controls/readouts at the hot shutdown panel. In summary, safe
shutdown capability from the control room is not adversely affected by
a hot shutdown panel fire.
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DIABLO CANYON UNITS 1 AND 2
STATUS OF SAFE SHUTDOWN EQUIPMENT ASSUMING

LOSS OF CABLE SPREADING ROOM/CONTROL ROOM

SYSTEM AND COMPONENTS COMMENT

Emer enc Power Su 1

Diesel generators
Diesel fuel transfer pumps

Auxiliar Feedwater S stem

Local controls in DG roams
Unaffected by CSR/CR fire

Motor driven auxiliary feedwater pumps
Turbine driven auxiliary feedwater

pump
Auxiliary feedwater level control
valves

Control at HSD panel
Control at HSD panel

Control at HSD panel

Residual Heat Removal S stem

RHR pumps
RHR valves

Control at 4KV switchgear
Open 8701, 8702 manually; HCV-637,
HCV-638 fail open; 8809A, 8809B
normally open, fail as is

Char in and Boration

Boric acid transfer pumps
Valve 8104
Centrifugal charging pumps
FCV-128
1) Reactor coolant pump seal

flow path
or 2) HCV-142

Valves 8107, 8108
a) Valves 8146, 8147

or b) Valve 8145 (pressurizer" spray)

Com nent Coolin Water S stem

Control at HSD panel
Control at HSD panel
Control at HSD panel
Control at HSD panel
Available

Control at HSD panel
Normally open, fail as is
Fail open on loss of air
Open manual by-pass

Component cooling water pumps
CCW vital service header valves
CCW to RHR HX valves

Control at HSD panel
1 of 2 valves open, fail as is
Fail open on loss of air

Auxilia Saltwater S stem

Auxiliary saltwater pumps
ASW valves

Control at HSD panel
Fail open on loss of air
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+~'IABLOCANYON INTAKE STRUCTURE FACTOR OF SAFETY AGAINST SLIDING

The factor of safety against sliding for a structure represents a ratio between

the calculated forces resisting sliding'o the calculated forces causing sl iding.
A lower limit of 1.5 is commonly used in conventional'structural design with
normal loadings. The enclosed pages contain the calculations made to determine

the factor of safety against sliding for the Intake Structure.

The forces attempting to slide the structure include the seismic response of
the structure itself, and the static and dynamic soil pressures acting on the

east or back wall of the structure. The dynamic forces, which include the
structure response and the dynamic soil pressure, have been combined on the

SRSS basis in order to properly consider, the respective frequencies of oscillation.
The result is combined with the static soil pressure on an absolute sum basis.

The resisting forces include the friction force resulting from the net weight
of the structure, the shear strength of the rock below the structure, and the
friction forces resulting from the backfill forces on the north and south
ends of the structure.

The calculated factor of safety of 2.27, while well above the normally accepted

limit of 1.5, does not represent the total res.lsti.ng forces acting on the
structure. The passive pressure acting on the front or west wall of the
structure was not included, nor was the effect of the upward sloping grade
at the front of the structure. The friction force,due to the weight of the
structure resulted from a combination of the maximum vertical uplift response
wi'th the maximum horizohtal response, whereas a more realistic approach would

be to use GORY of the maximum uplift combined with the maximum horizontal
response. The restraining effect of the large concrete intake conduits at
the back of the structure was also not included.

An additional element of conservatism is the dynamic earth pressure forces.
The calculated dynamic pressure increment according to the Hononobe-Okabe
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method was increased by a facto'r of 3 to account for the increased ampl.if ication
resulting from the rigidity of the structure.

This analysis demonstrates the ability of the Intake Structure to safely
resist, with a comfortable margin; the forces attempti'ng to cause sliding.
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HOSGRI RE-EVALUATION QF DIABLO CA'AAA'ON

Stol/ QAA P IIIE 4 CONTAINMENT EASE MAT (ITEM A7)

Revised 11-9-78

General Descri tion.
Containment base mat is a 14'-6" thick circular reinforced concrete slab. The

center portion around the reactor pit has a depth of 36'-0". Reinforcing has

been placed in two perpendicular directions (E-W, N-S) and arranged such that the

walls of the reactor pit form a grid of four'ain girders. The base mat and rein-
forcing steel is shown in Figures 1 and 2.

Hos ri Anal sis
A detailed analysis of tne containment base mat has been performed using the

SAP IV program, considering the Hosgri loads in combination with other applicable
loads. The load combinations analyzed were:

a) Dead load + LOCA + Horizontal seismic + Vertical seismic ~u

This combination produces the maximum positive moments.

b) Dead. load + Horizontal seismic + Vertical seismic down

~ This condition produces the maximum negative, moments.

Anal" tical lfodel

The analytical model consists of a grid of or'thogonal beams as shown in Figure 3,
each representing a corresponding strip of slab and reinforcing identified on con-

struction drawings. (S'ee Figure 3)., The containment shell and crane wall are

represented as beams with increased bending stiffness to model the effect of wall
depth.

The foundation is represented by compressive spring elements (no tensile stiffness).
Each spring stiffness is based on tributary area of foundation it represents. This

C

model represents a refinement of the simplified7model used in a previous submittal
dated September 29, 1978 which gave the results for load combination b).

Results

1) Maximum positive moments are due to load combination a). These moments are

given in Table 1. All moments are within th acceptance limits in Chapter 4

of the Hosgri Seismic Evaluation Report'. Figures 4-6 show moment diagrams for
load combinat"'on a).





2) Load combination b) controls negative moments. The maximum negative moments

and the concurrent positive moments are given in Table 2 and shown graphically

on Figure 7. '
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UNITS 1 and 2 — DIABLO CANYON SITE
SUPPLEMENTARY INFORMATXON FOR

FXRE PROTECTXON REVIEW

INTRODUCTXON

The attached information is submitted as a collective response to NRC

fire protection review question 48 (dated December 9, 1977) and questions 50, 51,
and 53 (dated December 27, 1977). This information supersedes the February 6,
1978 PGandE response to those questions.

Question 50 requested a listing of systems, components, and instrumentation
required to reach safe shutdown and identification of components that do not
have redundancy. This information is tabulated in "Fire Protection Review of
Equipment Required for Safe Shutdown". All required safe shutdown equipment is
tabulated, the redundancy of the equipment is described, and where

appropriate,'upportingor backup equipment is also listed. Throughout this submittal, "safe
shutdown" is construed to mean cold shutdown.

Question 48 requested an identification of the electrical system required
for safe shutdown and a demonstration of the capability of the system to withstand
a single fire without loss of function., The main components of the emergency
power system have been tabulated in "Fire Protection Review of Equipment Required
for Safe Shutdown". A single fire in certain locations could cause loss of one
of three vital electrical divisions. The "Evaluation of Safe Shutdown Capability
Assuming Loss of One Electrical Division" assesses what equipment is still available
after this postulated fire individually affects each vital electrical division.
It is assumed for this analysis (and throughout this submittal) that off site power
has been lost. In each case, sufficient equipment is still available to attain
safe shutdown.

Question 53 requested cable routing drawings showing the routing of
all required circuitry for safe shutdown equipment. Rather than try to provide
all this information on drawings that would be difficult to review due to their
complexity, the following information has been provided:

l. Required circuitry for all safe shutdown components is listed in "Tabulation
of Safe Shutdown Electrical Cable Routing by Safe Shutdown System". Electric
schematics for each component were reviewed and the essential circuits were»
identified. Circuit routings were determined and then tabulated by fire zone.
The above mentioned tabulation lists the components, the essential circuits
for those components, and the routing (by fire zone) of each circuit. This
information provided the basis for item 2 described below.

2. The "Tabulation of Safe Shutdown Equipment and Electrical Cabling within each
Fire Zone" is an inventory of what safe shutdown equipment and/or electrical
circuitry could be damaged as a result of a fire in each fire zone.
ramifications of each fire are assessed, and where necessary, commitments
for fire protection modifications have been made. The conclusion reached
for each fire zone was, with existing fire protection and/or proposed
modifications, a single fire in any fire zone will not adversely affect safe
shutdown capability.





3. Proposed modifications as a result of this analysis are listed in "Summary

of Modifications within Fire Zones to Protect. Safe Shutdown Equipment and
Electrical Cabling".

4. ln certain cases, circuitry was color coded on electrical conduit routing
drawings to supplement the descriptions elsewhere. The description of the
information shown on the drawings is summarized in "Summary of Information
Shown on Electrical Cable Routing Drawings". These drawings will have limited
distribution due to the time and effort required to color code each drawing
by hand.

It is felt this method of analyzing safe shutdown circuit routing is the most
accurate and complete and is easiest to review.

'

The fire zone drawings contained in the Fire Protection Review (Amendment
51)i Figures 3-1 through 3-20, have been revised and are included as a part of this
submittal. The drawings were revised to include some areas notpreviously specified
as fire zones, to sub divide some fire zones, and to correct minor boundary errors.
The barriers that define each fire zone are (or will be) appropriate for the hazards
in question. The assumption has been made that any fire stays confined to its
fire zone; that is felt to be a proper assumption for the redefined fire zones.

This analysis has been done for Unit ¹1 (inc3.uding those circuits in
Unit ¹2 that could affect Unit ¹1 systems) . The Unit ¹2 electrical design is
essentially identical. All modifications committed to for Unit ¹1 are implied
to be committed to Unit ¹2 also and will be so carried out. A review of the
Unit ¹2 electrical design will be undertaken and difference of substance, if any,
will be evaluated and appropriate fire protection modifications will be undertaken,
if necessary.





UNITS 1 AND 2 — DIABLO CANYON
FIRE PROTECTION REVIEW OF

E UIPMENT RE UIRED FOR SAFE SHUTDOWN

This tabulation specifies the systems, components, and instrumentation
required to attain safe shutdown. Redundancy of equipment is also specified fod
each component. In some cases supporting or back up equipment is also listed.
Each of these safe shutdown systems .is briefly discussed below.

Emer ency Power Su 1

Required emergency power supply for safe shutdown equipment and
instrumentation has been tabulated assuming loss of off site power. Two of the
three emergency power supply buses are adequate for safe shutdown. This is borne
out in "Evaluation of Safe Shutdown Capability Assuming Loss of One Electrical
Division".

Auxiliar Feedwater S stem

One of three auxiliary feedwater pumps and associated level control
valves are required for safe shutdown. These components are controllable from the
hot shutdown panel if required.

The normal auxiliary feedwater system supply is the condensate storage
tank with a back up provided by the raw water reservoir. The condensate storage
tank provides adequate water for safe shutdown, however, to provide operational
flexibility, the raw water reservoir has been designated as a back up. Therefore,
the raw water reservoir isolation valves (FCV-436, FCV-437) are not
for safe shutdown, but have been tabulated in this analysis for completeness.

Residual Heat Removal S stem

One of two residual heat removal flow paths is required to reach cold,
shutdown. This requires an RHR pump, heat exchanger, and valves in the flow path
to be available. If the control room is uninhabitable, the required RHR pump and
valves can be operated at the switchgear or locally when necessary.

Char in and Boration

One of three charging pumps is required for safe shutdown; two of these
pumps (and the boric acid transfer pumps and necessary valves) .are controllable *

from the hot shutdown panel.

Numerous charging and boration flow paths have been identified, any one
of which is adequate for safe shutdown. Two sources of boron are available
(boric acid tanks, boron injection tank), either of which is adequate to reach
cold shutdown. Boric acid tank heaters, temperature controllers, and heat tracing
(for lines containing a concentrated boric acid solutiog have been tabulated in this
analysis'owever, these components are not required for safe shutdown. If a
fire were to damage one of these components (and its redundant counterpart),
boration could be initiated at that time and sufficient boron for cold shutdown
could be introduced into the primary system before solidification occurred.





Cable routings for these components have been determined by fire zone and tabulated
along with the equipment required for safe shutdown. This was done to determine
in what fire zones these components could be affected. If a fire were to occur in
one of those areas and there was some liklihood of these components being
boration would be initiated at that time. Otherwise, there would be no need to borate
until normal operational conditions so dictated.

Com onent Coolin Water S stem

The component cooling water system is required to provide cooling for,the
RHR system and the charging pumps. One of three CCW pumps and one of two CCW heat
exchangers is required for safe shutdown; the CCW pumps are controllable from the
hot shutdown panel.

Auxiliar Saltwater S stem

The auxiliary saltwater system is the ultimate heat sink for the component
cooling water system. One of two auxiliary saltwater pumps (controllable at hot shutdown
panel) is required for safe shutdown.

Main Steam S stem

Components associated with the main steam system required for safe
shutdown function to maintain water inventory and provide steam generator pressure
relief and heat removal. Maintenance of water inventory is accomplished with the
steam generator blowdown isolation valves and main steam isolation valves. However,
the main steam isolation valves are required to close only if a steam line break
occurs. No fire is postulated that could cause a steam line break. If a seismic
event were to cause a steam line break and a subsequent fire, the main steam
isolation valves would close prior to a fire affecting the MSIV'S or their electrical
circuitry. Steam generator pressure relief and heat removal is accomplished with the
10% power relief valves or the steam generator safety valves.

Instrumentation

Instrumentation required for safe shutdown consists of indication for
steam generator level and pressure, reactor coolant system pressure and temperature,
pressurizer level, and boric acid tank level. Cooldown can be accomplished using
a single reactor coolant loop and steam generator; instrumentation would be required
for that loop and,steam generator. Boric acid tank level indication is required
only if the boric acid tanks are used as the boration source. Four instrument AC

channels provide power for the instrumentation. Channels I and II are powered from
the F and G buses respectively and channels III and IV are powered from the H bus.
Sufficient instrumentaion is available assuming two of three vital buses are
available. )

Ventilation for Safe Shutdown E ui ment

Areas requiring ventilation for safe shutdown equipment consist of the
control room, auxiliary building, fuel handling building, 480V switchgear and
inverter rooms, 4.16KV swi:tchgear. room, and auxiliary saltwater pump rooms.

I

Two 100% ventilation systems are provided for both the Unit 1 and Unig 2

control room. However, being a shared control room, any one of the four ventilation
systems would be adequate for safe shutdown.





Auxiliary building ventilation is provided by two 100% supply fans
and two 100% exhaust fans per unit (one supply fan and one exhaust fan per unit
is normally required for safe shutdown). However, much of the Unit 1 and Unit 2

auxiliary building is common. Therefore, loss of both supply fans or both ex-
haust fans for one unit would be tolerable provided the other unit maintained its
proper ventilation flow. Adequate ventilation to vital compartments under these
circumstances would be accomplished by opening doors, isolating flow to or from
non-vital areas, and if necessary, rigging portable fans.

\

Fuel handling building ventilation is required only for the auxiliary
feedwater pumps and fire pumps. Again, ventilation is provided by two 100% supply
fans and two 100% exhaust fans per unit (one supply fan and one exhaust fan is
normally required for safe shutdown) . However, a single supply fan or a single
exhaust fan would provide adequate ventilation. Under these circumstances, air flow
to or from non-vital areas could be reduced, doors to the vital pump rooms could be

opened, and if necessary, portable fans could be rigged.

Fire S stem

The fire pumps have been tabulated as being required for safe shutdown.
However, the raw water reservoir is the primary fire water source and is a gravity
feed system. The fire pumps are a back up to the raw water reservoir.

Pressurizer S ra

The pressurizer spray function utilizes some of the same components
identified as required for charging and boration. This flow path has redundant
parallel components up to valves HCV-142, 8108, 8107 and 8145. HCV-142 is air
operated and is pneumatically controllable at the hot shutdown panel. Valves
8108 and 8107 are normally open motor-operated valves. Valve 8145 is an air-
operated valve that fails closed. However, a manual by-pass will be provided
around valve 8145 to ensure the pressurizer spray flow path will remain functional.





DIABLO CANYON UNITS 1 AND 2
FIRE PROTECTION REVIEW OF

E UIPMENT RE UIRED FOR SAFE SHUTDOWN

SYSTEM AND COMPONENTS REDUNDANCY AND/OR COMMENTS

l. Emer enc Power Su 1

A. Diesel Generator 2 of 3 required

B. Diesel fuel oil transfer pumps and day
tank level control valves

1 of 2 pumps required, 1 of 2
LCV's per day tank required

C. 125v DC batteries

D. Battery chargers

E. Inverters

F. 4KV power supplies to 480v load centers
and load center transformers

2 of 3 required
'

2 of 5 required

2 of 4 required

2 of 3 required

G. 125v DC supplies to 4KV switchgear 2 of 3 required

H. 125v DC power supplies to main control
board

I. Instrument AC power

2 of 3 required

2 of 4 channels required

2. Auxiliar Feedwater S stem

A. Auxiliary feedwater pumps (turbine driven
auxiliary feedwater pump 1-1 and electric
motor driven auxiliary feedwater pumps
1-2 and 1-3).

1 of 3 pumps required

B. Associated steam supply valves for pump l-l:
FCV-95, FCV-15, FCV-152
FCV-37, FCV-38

Applicable only to pump 1-1
Required for pump 1-1
1 of 2 valves required for pump 1-1

C. Associated level control valves:
Pump l-l: LCV-106, LCV-107, LCV-108

LCV-109
Pump 1-2: LCV-110, LCV-ill
Pump 1-3: LCV-113, LCV-115

1 of 4 valves required for pump l-l
1 of 2 valves required for pump 1-2
1 of 2 valves required for pump 1-3

D. Water supply and associated valves:

(1) Condensate storage tank
or (2) Raw water reservoir,

FCV 436 g FCV 437

1 of 2 water supplies required

No valves required

1 of 2 valves required for raw
water reservoir





SYSTHH AND COMPONENTS RHDUNDAt1CY AND OR COMMENTS

3. Residual Heat Removal S st:em

AD Residual heat removal pump

B. Residual heat removal heat exchanger

1 of 2 pumps required

1 of 2 HX required

C. Residual heat removal valves:
8701, 8702 (hot leg RHR suction)
HCV-637, HCV-638 (RHR flow path)
8809-A, 8809-B (RHR flow path)

Both valves required
1 of 2 valves required
1 of 2 valves required

D. RHR heat sink:
Component cooling water system
Auxiliary saltwater system

See Item 5
See Item 6

4. Char in and Boration

Charging pumps (2 centrifugal and
1 reciprocating pump)

1 of 3 pumps required

B. Charging pump cooling:
Component cooling wat:er system
Auxiliary saltwater system

see Item 5
see Item 6

C. Centrifugal charging pump auxiliary
lube oil pumps

Only utilized to start pumps.
Can be by-passed.

D. Charging and boration flow path 1 flow path required

and a. Charging through reactor coolant
pump seals via RCP seal injection

or b. Charging through regenerative HX
and valves HCV-142, 8108, 8107 and:

or

or

1. Valve 8145,
pressurizer

2. Valve 8146,
cold leg

3. Valve 8147,
cold leg

charging to auxiliary
spray
charging to loop 3

charging to loop 4

(1) Using boric acid tanks:
Boric acid t:anks
Boric acid tank heaters*
Boric acid tank temperature controllers*
Boric acid transfer pumps
Boric acid filter
Valves 8104, FCV-110A
Heat tracing for boric acid lines in

f:1<>w tint.h A'

hax'g l.ng pumps
Valve FCV-128

1 of 2 tanks required
1 of 2 heaters per tank required
1 of 2 TIC'-s required
1 of 2 pumps required
Only flow path required
1 of 2 valves required
1 of 2 heat traces required

1 of 3 pumps required
Required for centrifugal charging
pumps. Two manual by-pass flow
paths.
No additional components required

Flow path through HX required
and all valves required for this
flow path.
Valve required for pressurizer
spray.
Valve required

Valve required

*Components are not required for safe shutdown but; have been tabulat:ed to assess in
what areas a fire could damage these components.
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SYSTEM AND COMPONENTS REDUNDANCY AND/OR COMMENTS

or (2) Using boron injection tanks:
Refueling water storage tank
Valves 8805A, 8805B
Charging pumps
Valve FCV-128

Valves 8803A, 8803B
Boron injection tank (BIT)
BIT heater*
BIT temperature controller*
Valves 8801A, 8801B
Heat tracing for boric acid lines
in flow path*

5. 'Com onent Coolin Water S stem

Required for this flow path
1 of 2 valves required
1 of 3 pumps required
Required for reciprocating
charging pump
1 of 2 valves required
Required
1 of 2 heaters required
Required
1 of 2 valves required
1 of 2 heat traces required

A. Component cooling water pump

B. Component cooling water heat exchanger

1 of 3 pumps required

1 of 2 HX required

C. Component cooling water valves:
FCV-430, FCV-431 (CCW vital service headers)
FCV-355 (CCW miscellaneous service header)

FC'V 364 g FCV 365 (CCW to RHRHX)

1 of 2 valves required
Required for charging pump 1-3
cooling
1 of 2 valves required for RHR

system cooling

D. CCW pump auxiliary lube oil pump Only required to start CCW pump

E. CCW heat sink:
Auxiliary saltwater system See Item 6

6. Auxiliar Saltwater S stem

A. Auxiliary saltwater pump 1 of 2 pumps required

B. Auxiliary saltwater valves:
FCV-602, FCV-603 (ASW to CCWHX) 1 of 2 valves required

7. Main Stcam S stem

A. Main steam isolation'alves:
FCV 41 g FCV 42 ~ FCV 43 FCV 44

Required to close only for a
main steam line break

B, 10% power relief valves:
PCV"19, PCV-20, PCV-21, PCV-22

1 of 4 valves required. Backup
to 10% power relief valves pro-
vided by 35% power relief system
and 40% steam dump valves.

C. Steam generator safety valves Five per loop, 20 total. Required
to liftif only 1 of 4 10% power
relief valves is available.

D. Steam generator blowdown isolation valves: Required to close to maintain
FCV-760, FCV-761, FCV-762, FCV-763 water inventory for safe shutdown

"Components «rc not required for safe shutdown but have been tabulated to assess i»
what areas a fire could damage those components.





SYSTEM AND COMPONENTS REDUNDANCY AND/OR COMMENTS

SG 1-1:
SG 1-2:
SG 1-3:
SG 1-4:

LT-517,
LT-527,
LT-537,
LT-547,

LT-518, LT 519
LT-528, LT-529
LT 538'T 539
LT-548, LT-549

8. Instrumentation

A. Steam Generator level 1 steam generator requir'ed for
cooldown, 1 of 3 LT's required
for that SG.

B. Steam generator pressure

Loop 1 PT 514 g PT 515@ PT 516
'Loop 2: PT-524, PT-525, PT-526
Loop 3: PT 534'T 535@ PT 536
Loop 4 PT 544 g PT 545 g PT 546

1 steam generator required for
cooldown
1 of 3 PT's required for that loop

C. Reactor coolant system temperature

Loop 1: TE-413A, TE-413B
Loop 2: TE-423A, TE-423B
Loop 3: TE-433A-, TE-433B
Loop 4: TE-443A, TE-443B

1 of 2 required per loop, 1
loop required for cooldown

D. Reactor coolant system or pressurizer pressure 1 of 4 required
PT 403'T 405'T 455'T 456

Pressurizer level
LT-459, LT-460, LT 461, LT-406

1 of 4 required

F. Boric acid tank level
LT-102, LT-106

1 of 2 required

9. Ventilation for Safe Shutdown E i ment

A. Control room supply fans
S-35, S-36

1 of 2 fans required. Unit 2
ventilation also available for
shared control room.

B.

C.

D.

Auxiliary building supply and exhaust
fans
S-31, S-32
E-l, E-2

480 volt switchgear room and inverter
room supply fans
S-43, S-44

4.16KV switchgear room supply fans
S 67' 68' 69

1 of 2 required
1 of 2 required

1 of 2 required

2 of 3 required

E.'Q Auxiliary saltwater pump room exhaust
fans
E-101, E-103 1 of 2 required

Fuel handling building supply and
exhaust fans
S-l, S-2
E-5, E-6

1 of 2 required
1 of 2 required
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SYSTEM AND COMPONENTS REDUNDANCY AND/OR COMMENTS

A. Primary water supply:
Raw water reservoir

1 of 2 water supplies required
in the event of a fire

B. Secondary water supply:
Fire water storage, tank,
Fire pumps O-l, 0-2 1 of 2 pumps required for this

water supply

ll. Pressurizer S ray**

A. Water supply to charging pumps 1 of 2 supplies required

(1) Boric acid tanks
Boric acid tank heaters*
Boric acid tank temperature controllers*
Boric acid transfer pumps
Boric acid filter
Valves 8104, FCV-110A
Heat tracing for boric acid lines in

flow path*

1 of 2 tanks required
1 of 2 heaters per tank required
1 of 2 TIC's required
1 of 2 pumps required
Only flow path required A

1 of 2 valves required
1 of 2 heat traces required

or (2) Refueling water storage tank
Valves 8805A, 8805B

Required for this flow path
1 of 2 valves required

B. Charging pumps 1 of 3 pumps required

C. Charging flow path
Valves HCV-142, 8108, 8107
Regenerative HX
Valve 8145, auxiliary pressurizer spray

Valves required
Flow path required
Manual by-pass around valve 8145

* Components are not requ'.red for safe shutdown but have been tabulated to assess in

what areas a fire could damage these components.

**Allcomponents required for Pressurizer Spray have been tabulated for Charging and

Boration. Alternative pressurizer spray methods available provided reactor coolant

pumps and PCV-455A and PCV-4559 operable (valves require instrument air). Backup
relief valves (PCV-455C,

pressure relief capability provided by pressurizer power reli
PCV"456, PCV-474).





DIABLO CANYON UNITS 1 AND 2
EVALUATION OF SAFE SHUTDOWN CAPABILITY

ASSUMING LOSS OF ONE ELECTRICAL DIVISION

Minimum Equipment Required
For Safe Shutdown

Equipment Available
Assumin Loss Of Bus F

Equipment Available
Assumin Loss of Bus G

Equipment Available
Assuming Loss of Bus H

Emer enc Power Su 1
Diesel fuel transfer pump.
(1 required)

2 pumps available 1 pump available 1 Pump available

Auxiliar Feedwater S stem
A. Auxiliary feedwater pump

and its associated LCV's
(1 pump and 1 assoc. LCV
required).

Auxiliary feedwater pumps
1-1 and 1-2 and their
associated LCV's avail-
able.

Auxiliary feedwater pumps
1-2 and 1-3 and their
associated LCV's avail-
able.

Auxiliary feedwater pumpsl-l and 1-3 and their
associated LCV's avail-
able.

B. Raw water supply to
auxiliary feedwater pumps.

Available to pump 1-1. Available to pumps 1-2,
1-3.

Available to all 3 pumps.

Residual Heat Removal S stem
A. /eries valves 8701 and

F702.

B. RHR flow path (pump, HX,
2 valves per flow path) .

C. Component cooling water
for RHR HX and pump.

D. Auxiliary saltwater for
CCW HX.

Both valves available.

Both flow paths avail-
able.

Cooling for either RHR

HX and pump available.

Available

8702 available. Open
8701 manually.

RHR pump 1-2 flow path
available.

Cooling for either RHR

HX and pump available.

Available

8701 available. Open 8702
manually.

RHR pump 1-1 flow path
available.

Cooling for either RHR HX

and pump available.

Available

Char in and Boration
A. Charging pump (1 required). 2 charging pumps avail-

able.
1 charging pump avail-
able.

3 charging pumps avail-
able.

B. Boric acid tank flow path
or boron injection tank
flow path.

Both flow paths avail-
able.

Both flow paths avail-
able.

Both flow paths avail-
able.





Page 2

Minimum Equipment Required
For Safe Shutdown

Equipment Available
Assuming Loss of Bus F

Equipment Available
Assuming Loss of Bus G

Equipment Available
Assumin Loss of Bus H

Char in and Boration (Cont'd)
C. Component Cooling water

for charging pumps.
Available for all 3

charging pumps.
Available for all 3

charging pumps.
Available for all 3

charging pumps.

D. Auxiliary saltwater for
CCW HX.

Available Available Available

Pressurizer S ra (Requires
charging pump and appropriate
flow path through valve 8145).

Available Manual bypass around
valve 8145 available.

Available

Com onent Coolin Water S stem
(1 pump and HX required for RHR

and charging pump cooling).
2 CCW pumps and HX 1-2
available..

2 CCW pumps and HX l-l
available.

2 CCW pumps and either
HX available.

Auxiliar Saltwater S stem
(Required as CCW heat sink). Pump 1-2 flow path

available.
Pump 1-1 flow path
available.

Both pumps available.

Main Steam S stem
A. Main steam isolation valves

(4 valves) .

B. One 10% power relief valve.

C. SG blowdown isolation
valves (4 valves).

Available with normal
or backup power.

2 valves available
with pneumatic control
of other 2 valves at
HSD panel.

Valves fail safe.

Available with normal
or backup power.

2 valves available
with pneumatic control
of other 2 valves at
HSD panel.

Valves fail safe.

Available with normal
or backup power.

4 valves available.

All valves available.

Instrumentation
A. SG level (1 per SG required).

B. SG pressure (1 per SG re-
quired).

Available

Available

Available

Available

Available

Available





Page 3

Minimum Equipment Required
For Safe Shutdown

Equipment Available
Assumin Loss of Bus F

Equipment Available
Assumin Loss of Bus G

Equipment Available
Assuming Loss of Bus H

Instrumentation (Cont'd)
C. RCS temperature (1 per

loop required).
Available Available Available

D. RCS or PZR pressure (1 required). Available Available Available

E. PZR level (1 required). Available Available Available

B. Auxiliary building
ventilation (1 supply fan
and 1 exhaust fan).

Ventilation for Safe Shutdown
E i ment
A. Control zoom ventilation. Available

Available

Available

Available

Available

Available

C. 480v switchgear, inverter
room ventilation.

Available Available Available

D. 4KV switchgear ventilation. Available to
G, H buses.

Available to
F, H buses.

Available to
F, G buses.

E. ASW pump room ventilation. Available for
ASW pump 1-2.

Available to
ASW pump 1-1.

Available to
both pumps.

F. Fuel handling building
ventilation (1 supply fan
and 1 exhaust fan).

Available Available Available





DIABLO CANY POVER PLANT

~ EN:Y R SUPPLY

TION OF SAFE SHUYDOVN RICAL CABLE INO B SAFE SHUTDOWN SYSTIM

EP-I

n dyuci
Diesel Oanerator l-l (Bus 8) ll-A-1 8

Circuit c i
Paver
Control to CB
Contxol to svgr
125V DC power
Backup control to CB
125V DC pover (backup)

11-A-1 achadded to 10
ll-A-1) 11-D>
11-A-1> 11-D)
ll-A-1) ll-D)
ll-A-1) 11-D)
ll-A-1> ll-D)

Zone and Candu t La ut Dravi

12-C) 134
12-C> 10> «bedded to 4-A,
12-C> 134
12-C ~ 10> c>sbcddad to 4-A)
12-B) 10, anbe44a4 to 4-A,
12-B) 10> «bedde4 to 4-A>

5-A-3, 6-A 3) CSR) ICB

5-A-3) 6-A-3
5-A-2> 6-A-2) CSR) ling

5A2,6'pga

Diesel Oenarator 1-2 (Bus 0) 11-B-1 Power
Control to CB
Control to svgr
125V DC paver
Backup control to CB

125V DC povar (backup)

11-8-1 e)bedded to 10),
ll-B 1> ll-D,
ll-B-l) ll-D>
ll-B-1> 11-D>

'1-8-1)ll-D)
11-8-1, D D)

12-B)
12-B)
12-B)
12 B>
12-A)
12-A)

13-B
10, enbe4de4 to 4-A,
13-B
10, aube44ed to 4 A,
10, c>)bedded to 4-A,
10> «bedded to 4 A)

5 A4> 6-A-2) CSR) IIB

5-A-2, 6-A-2
5-A-1) 6-A-1) CSR> CB
5-L1, 6 A 1

XP 3

tuel Tryu»far Pusp Owl Buried vest of 8
Turb'» RMg.

Diesel Oanerator 1-3 (Bus t) 114-1 Pttwar
Power to Unit 2
Control to CB
Control to svgr
125V DC paver
Backup control to CB

I25V DC povar (backup)

Power
Control
Control frc>s Diesel 1-1
Control frau Diesel 1-2
Control fros Diesel 1-3~r (backup fro usa)

11-0-1 auba44a4 tq g). 12-A, 13~
13-A) 12-A) 10x «bedded to 20) 23-D) 23-A) 24-A
Il~ly Il Dy 12 A> 10y «bedded to 4-A)
ll-C-1> ll-D) 12-Ay 134
11-C-1> 11 D) . 12-A> 10> asheddad to 4 A,
114-1) 11 D) ~ 12 C, 10, enbe4dad to 4 A)
114)1) ll Ds '2<) 10, «bedded to 4 A,

5-A-3 ~ 4-A) 4 B> 34(57691) ~ «bedded to trapper puxp 0 1
5-A-3) 4-A) aabe4ded to 10, 124) ll D

11-A-1) 11-D
11-8-1) 11-D
ll-C-1) 11 D
5-B 3, 5 S4) 5 L4) 5-L3

5 Ll) 6 A-l, CSR) IPB

5-A-1) 6-A 1
5 A-3) 6-L3, CSR> INB
5A3 ~ 6L3

gp-5 tuel Transfer Pugp 0-2 Buried vast of Q
Turbine Bldg.

Fewer
Control
Control froa Diesel 1-1
Control frau Diesel 1-2
Control frau Diesel 1 3
Pc r(I»a~fr OR)

5-A-2, 4-A) 4-B) 34-l(57691)) eshoge4
5-A-2) 4-A) «bedded,to 10) 12 By
ll-A-1) ll-D
11-8-1) 11-D
ll-C-1) Il-D
5 B-2, 5-BJc> 5-A4) 54e2

to ttsnsfe~ 0%
ll-D

EP 10

4kV Supply to Ioad Center lt

4kV Supply to Load Center 1Q

4kV Supply to Ioad Center 18

125V DC Supply to»ain
contxol board (Bus t)

125V DC Supply to >)ain
control board (Bus 0)

Paver
Control

Paver
Control

Povar
Control

13-A) 12-A> 10) «haddad to 4-A) 5-A 1
13 Ay 12 A> 10) «bedded to 44' A 1> 6 A ly CSB) NCS

13 By 12 B> 10> «bedded to 4-A> 5-A-2
13 By 12 B> 10) «bedded to 4 Ay 5 A 2) 6 A 2) CSR) NCB

13 C) 12 C) 10) «bedded to 44) 5 A 3
134) 124> l0> «bedded to 4 A> 5 A 3) 6 L3) CSR) NCB

6-A 1, CSR) LIB

6-A-2 CSR, NCB





1 -~PC...=Y IC'~c.R SUPPLY (Cont'd)

Co=cueut and Bnctiou

125V DC Supply to =ain
coutml board (i4s H)

iire Zc"..e

H

Circuit Fuuctiou

Pover 6A-3, CSR~ MCB

Fire Zone aud Coudu!t Izrout Dravir

EP-D

EP-14

K"-15

125V DC Su"p~~ to ~iu
coutrol board (sou-v'tal)

125V DC Supply for 42V
s.vSr (Bus F)

125V DC Supply for 4RV
svSr (Bus 0)

125V DC Supply for 4irV
(Bus H)

Eou-vital Pover
portico of 0

Pover

Fever

Pover

6 A 2f 6 A 1) 6 A 5) CSR) YZB

6-A-1, 5-A-1, 4-A, e=bedded to 10, 12-A, 13-A

6 A 2) 5 A 2) 4 Af e bedded to 10' By 13 B

6-A-3, 5-A-3, 4-A, mhedded to 10, 12-C, 13-C





2 ADD r> r~HF ~>'A. rR SYFii~t o ~

Pe.. Ko.

A:-1

AF-2

AF-3

Co~ren and Function

FCV-95) Stean Supply to
AF4P turbine 1-1

LCV-106) LCV-107) AFR
Supply fron AFAP 1-1

LCV-108) Kf-109; AFit
Supply frees AFHP 1-1

3-BB G

el.
115'8

3-BB

Circuit Function

Power ar>i cortrol

Control to HCS
Control to HSD panel

Power
Control to )LB
Control to HSD pa=el

?crier
Control to HCB
Control to HSD panel

~ ire Zc"e ard Co-oui+ ""ou'w'"-
5 A 2> 4 A> e bedded to 3 X 3+ > 3 Q 2> 3 R> 3 B3 el. li5'existin> N'> ~))
5-A 2 4 A) 3 BB el 65 (501'50) 3 BB ei 100 (50cc70)) 3-~~ e'. "5'502079) (re-~-')
5-A-2> o-A-2) CSR) HCB
5-A-2, e-bedded to 5-A-4 (HSD pa-el)

5 A 2> 3 BS el 100 (502078) > 3 BB air 85 (503450) > 28
5-A-2, o-A-2, CSR) RCB
5-A-2, e=bedded to 5-A-4 (HSD pa-el)

5 A 2> 3 33 el 100 (502078) > 3 33 el 115 (502079)
5-A-2) 6-A-2) CSR) HCB
5-A-2) e=bedded to 5-AA (HSD panel)

AF-5

AF-7

A?-9

AW 1-2

LCV-110 and LCV-Xu, AFH
Supply froa AF>G'-2

ABP 1-3

LCV-113 and LCV-115, AW
Supply fron AFHP I 3

FCVA36. Raw water supply
to AFMP 1-1

7CVA37. Raw water supply
to AFP 1-2) 1-3

3-Q-2

28

3+ A

3-33
el

115'-Q-1

34-1

H Power
Control to HCB
Control to HSD panel

Power
120 V power to HSD panel
Control ior LCV-110, 111
Control to HCB

Power
Control to YCB
Control to HSD panel

Power
120 V power to HSD panel
Control to LCV-~) 115
Control to &3

Power and control
Control
Control

Power and control
Control
Control

13-C) 124) 10, c"bedded to 3-L (57oi6), 3-P-3, S-3, 3 Q-2
134) iW~ 10) enbedded to 4 A> 5 A 3> 6 A 3) CSR> HCB

134, 124, 10, enbedded to 4-A, e=bedded to 5 A-4 (HSD pa=el)

5-A-3, 3-BB el. 100'502078), 3-BB ei. 65'501450), 28
6-A-3, 5-A-3, enbedded to 5-A-4 (HSD panel)

A 4> 14 A ar>d 14 (57566)> 3 33 ei 100 (502078)> 3 33 el 65 (501450)> 28
5-A-4) 6-A-5) CSR) HCS

13 A> 12 A) 10> erbedded to 3-L (57616)> 3 P 3> S 3 ~ 3 Q 2
13-A> 12-A, 10> c=bedded to 4-A> 5-a-1> 6-A-1> CSR> y"3
13-A, '2-A, 10, ecbeddcd to 4-a, embedded to 5~< (HSD panel)

5-A-l, 3-33 el. 100'502078), 3-33 e . 115'502079)
6-a-1) 5-a-', cabcdded to 5-A-4 (HS pa=el)
5-A-4, 14-A (575c6), 3-33 ci. 1CO'502078)) 3-33 el. 115'5020?9)
5-ak, 6-A-5, csR, x3
5-A-2, 4-A, 3-L, enbedded to 3-X, 3-Q-1
5-A-2) 6-A-2) CSR> RCB
3+1 3X 33 ) bededtoCSR )ZB

5-A-1> 4-A) 3-3, enbedded to 3-X) 3-Q-
5-a-l, 6- -'., CSR, 4"3
3-Q-1> 3-X) 3-L) cabeddcd to CSR, HCB

AF '0

AF-11

AF-12

FCV-37> SG 1-2 supply to
AF~P turbine

FCV-38) SG 1-3 supply to
AF~P turbine

KV-15) KV-152)
AF»? turbine stean supply
valves

28

3-BB
el+ 115>

3+1

Power
Control
Cor.trol

P>reer
Control
Cont~

5 A 3> 3 33 el 115 ~ 28
5-A 3) 6 a-3) csR> Hco
28, 3 33 e'15', c=bedde> to CSo> ~3

5-A-1) 3-B3 e'. 100'> 3-3B el. 115'
A 1) 6 a 1) csR> RGB

3-BB el. l'5') e=bcdded to CSR, HCB

Eo electrical circuits associated "ch '-ese valves.





3, 3 -- vAL PA. F~!OVAL SYSTB4

Rc.. ro.

-1

RHR-2

M-3

RHR-5

RZR-6

C uncut snd Knctio

RHR p~ 1-1

RHR p~ 1-2

Valve 8701, RHR suction
fron hot leg

Valve 8702, RHR suction
fro= hot leg

ECV-637, HCV-638; parallel
valves in flowpath

Valve 8809A, valve in 1-1
flovpath

Valve 8809B, valve in 1-2
~ fiovpath

Pire Zone

3-B-1

3-B-2

1-A.

1-B

3-BB
el.

100'-BB

el.
100'-BB

el.

100'nst.

AC
.Ch> IV> III,

Circuit Eunction

Pover
Control to NCB

Pover
Control to YSB

Power
Control to HCB
Control to Y»3

Pover
Control to RCB

Control

Pover
Control to RCB

Power
Control to YZB

Fire Zone cnd Conduit:s '" 0".c'-d".=

13-3> 12-B, 10, cobedded to 3-B-1
13 B> 12 B> 10> %bedded to 4 A> 5 A 2> 6 A 2> CSR> YIB

13-C, 12-C> 10, c-bedded to 3-B-2
13 C> 12 C> 10> c bedded to 4-A> 5 A 3> 6 A 3> CSR> mB

1-A, 3-BB, 5-A-2
1-A> 3-BB> 5-A-2, 6-A-2> CSR> Y>"3

l-A, 3-BB, eshedded to CSR> CB

1-B> 1-A> 3-BB> 5-A-3
1-B> 1-A> 3-B3> 5-A-3> 6-A-3) CSR> CB

3-BB, CSR, KCB

5-A-2, 3-BB cl.
100'-BB>5-*-2, 6-A-2) CSR) HCB

5-A-3) 3-BB el. 100>

3 BB> 5 A 3> 6 A 3> CSR> CB





BQ+»~Q\ c /S~
Sheet No. 1 o. 3

.. » C — ".. -..! .-» >:".. »1 .

C-1 Charging ~ No. 1-1
ard Aux» L.O. puxp 1-1

3-8-1'ircuit Functicn

Povcr
Control to YCB
Control HSD peel
Pover L.O. Punp
Control L.O. pm~

'

Fire Zone and Candu!t )x»»out ".eaw'-

13-A, 12-A> 10, enbedded to 3-8-1
13-A, 12-A, 10,.cnbcdded to 4-A, 5-A-3., 6-A-1, CSR, Y."B
13-A, }2-A, 1G, e=bedded to 4-A, enbedded to 5-A-4 (~ZD panel)
5-A 1) 4-A) 3-J-2) 3-J-3> 3-H-1
+-A, 12-A, 10, e=bcdded to 3-J-2, 3M-3, 3-'.!-1

C-2 ing ~ »o. 1-2
a- Aux. L.O. ~~ l-t.

3-8-1 Power
Control to v03
Control to HSD panel
Povcr L»0» pmp
Control L.O. Pu~

13-B, 12-B, 10, e=beddcd to 3-H-1
13-B, 12-B, 10, e"-bedded to 4-A, 5-A-2, 6-A-2, CSR) .'"B
13-B, 12-B, 10, c&cdded to 4-A, ahedCed to 5-A-4 (%3 pa=el)
5-A-2) 4-A, 3-J-2) 3-J-3> 3-H-1
13-B, 12-B, 10, enbedded to 3-J-2, 3-J-3, 3-H-1

C-3 Charging Punp No. 1-3

ECV-128> charging punps
discharge header

Bor!c Acid Tank F!cr ath:

3-H-2

3-8-1

Pov'er
Control to YCB
Control to PS 292

13-B, 12-3, 10, e"-bedded o 3-H-2
13-B, 12-B, 10, ed>edded to 4-A, 5-A-2, 6-*-2, CSR, YCB
13-B, 12-B, 10, cnhedded to 3-J-2, 3-J-3, 3-H-1, 3-H-2, 3-P, 3-8-2

No electrical circuits identified. Pnewatic control for valve 1ocally a"4 a.
HSD panel.

C-5

Cm

C

7'-lo

C-ll

C }3

Boric Acid Trans. punp 1-1

Boric Acid Trans. p=p 1-2

KV-110A> transfer punps
to charging pm~a

Valve 8104, transfer pumps
to charging pu~s

ECV-142, charging punps
discharge to regen. HX

Valve 8107, charging flov path

Valve 8108, charging flow path

Valve 81.45, Chg. to Press.
Aux, Spry

Valve 8146, Chrg. to Loop
4 Cold Leg.

3-X

3-X

3-X

3-X

3-BB
el.

85'-BB

el,
100'-HB

el.
85'-A

1-A

Non-vital
portion of 0

Non-vital
portion of 0

Non-vital
portion of 0

Povcr
Control to HCB
Control to HSD

Power
Control to YCB
Control to HSD

Control

Pover 4 Control
Control to YCB
Control to HSD

Pover 4 Control
Control to YCB

Pover 4> Control
Control to HCB

Power 4 Control

Pover J) Control

5-A-1> 4-A) 3-L, cnbedded to 3-X
5 A 1> 6 A 1) CSR) HCB
5-A-1, e=beddcd to 5-A-4 (HSD panel)

5 A 2> 4 A> 3 L) enbedded to 3-X
5-A-2) 6-A-2) CSR) HCB
5-A-2, enbedded to 5-A-4 (HSD panel)

KCB) CSR) 3 AA) 3 BB> el» 115 ~ 3 BB e] 1QQ 3

5 2> 4 A) 3 L> 3 X) 3 AA) 3 BB el ~ 115 > 3 BB e] 100 3
5-A-2> 6-A-2) CSR) YCB
5 A 2, enhedded to 5 A 4 (HSD panel)

No electrical circuits identified. Pne~tic control for valve locally and at
HSD panel.

5-A-1, 3-BB el»
100'-A-1)6-A-1, CSR, MCB

5 A 2) 3 BB el 100 ) 3 BB el 85
5-A-2) 6 A-2) CSR) HCB

1-A, 3-BB el. 100', 3-BB el. 115', CSR, YCB

1 A) 3 BB el» 100 ) 3 BB el 115 ) CSR), YCB





4 ~ CF~~~I..~ C BORATIOH SYST% (Continued)
Sheet, Ro. 2 of 3

'~I. a. c .,a t yu Fire ~n Circui Punctio. Fi e Zone and Conduit ~aiou~ 3"aH

C-14 Valve 8147 Chrg. to Loop
3 Cold Leg.

1-A Hon-vital
Portion of 0

Fewer 5 Control 1A, 3-B3 el. 100', 3-3B el. 115 ~, CSR, YCB

C-15 Boric Acid Tanks 1 1» 1-2
heaters "A"

C-16e Boric Acid Tanks 1-1, 1-2
heaters "B"

3 AA

3-AA

Pover
Control

Pover
Control

5 A 2o 4 Az 3 L) 3 X) 3 AA
3-AA.

5 A 3 4 Az 3 Lz 3 X, 3 AA
3-AA

C-17 TIC-103~ B/A TK l-l e~
Cont.

3-AA Pover 6-A-3, CSR, enbedded to 3-AA

C-18 TIC-107) B/A TK 1-2 Tenpin
Cont.

C-19e Heat trace "A" for boric
acid no~ath (THEA)

C-~ Hest trace "B" for boric
acid nowpath (THIB)

C 22 Valve 8805B, refueling
water supply to chg. p~s

Boron I 'ection Ta~k Flo ath:

C-21 Valve, 8805A, refueling
water supply to cl~. p~s

3-AA

3-X
3-X
3-H 1

$ -X
3-X
3-H-1

3-33
cl.

85'-B3

e.

85'over
Fewer to HT trsnsfozrer
Pover to H con roller
Fover to HT controller

Power to HT transformer
Power to HT controller
Fewer to HT controDer

Power h Control
Control to MCB

Power A Control
Control MCB

6-A-2) CSRj cnbedded to 3-AA

5-A-li 4-A) 3-Q 3-X
3-X
3-X,.3-L) 3-H-1

5-A-3) 4-A) 3-Li 3-X
3-X
3-XI 3-L) 3-H-1

5 A 1 z 4 Az 3 L) 3-BB el . 85
5-A-lz 6-A-li CSR) MCB

5-A-2, 4-A, 3-L, 3-33 el.
85'-A-2)6-A-2, CSR) MCB

C 23

C-24

C-25

C-26

Valve 8803A, chg. p~s to
BIT

Valve.88033, chg. Pu=P to
BIT

Valve 8801A, BIT out1et

Valve SS01B, BIT outlet

3-3-3

3-3-3

3-33
el. 100'

BB

el'00'ever

and Control
Control to YSB

Powez snd Control
Control to YZB

Fever and Control
Pover and Control

Pover and Cor. rol
Pover snd Control

5-A-1) 4-A, 3-J-2) 3-J-3, 3-H-1) 3-B-3
5-A-1

~
6-A-1) CSR~ MCB

5-A-2) 4-A) 3-J-2, 3-J-3) 3-H-1) 3-B-3
5-A-2) 6-A-2i CSRi MCB

5-A-1, 3-BB el.
100'-A-116-A-1> CSR) MCB

5-A-2) 3-BB el.
100'-A-2)6-A-2) CSR) NCB

C-2T Boron i+ection tank heater 3.3-3
Fowez'ontrol

5-A-1> 4-Ai
3-3-3

3-J-2) 3-J-3) 3-H-1) 3-B-3

C-28

C-29+

Boron in)ection tank backup
heater

TIC-945i BTT tey, control
ler

333

. 3-3.3

Fover
Control

Pover

5-A-3) 4-A)
3-3-3

3-L, 3-H-1, 3-3-2) 3-B-3

6-A-3, 3-33 el. 115', 3-33 el. 100", 3-33 el. 85', 3-M, 3-L, 3-M, 3-33 el. 85',
3-F) 3-3-3



/



4. C:AFi~,~ A K".FATICH SYSR4 (Continued)
Shee No, 3 of 3

C onent and Function Etre Zone &s Circuit"Fnncticn Fire Zore"and'Conduit ~mvcut D-.a&-. "

C-30 e 3'eattrace "A" for BIT
flo~ath (TcPJL)

3-L
3-B-3
3-BB
el.

100'ower to hz transfoz=er
Pover to HT controller
Po~er to M con roller

5-A 2, 4-A, 3-L, 3-H-1, 3-B-3
3-B.3
3-B-3, 3-BB el. 85', 3-BB el

100'-31

e Heat trace "A" for BIT
flowPath (~i) 3-X

3-BBe1..100'ower to HT transfoz=er
Pover to IQ'ontroller

5-A-I) 4-A) 3-L) 3-X
3-X) 3-BB el.

100'eat

trace "B" for BIT
flowpath (ir2B)

C-33» Heat trace "B" for BIT
f1ovPath ('QG3)

3-L
3-B-3
3-BB
el.

100'-X

3-BB
el+

100'over
to HT transform:er

Power to hi controller
Power to hz controller

Pcnrer to HT transfozner
Pover to HT controller

5-A-3, 4-A, 3-L, 3-H-1 3 B-3
3-B-3
3-B-3, 3-BB el. 85', 3-BB el.

100'-A-3z

4-Az 3-L ~ 3-X
3-X, 3-BB el. 100'

Cccyonents are not required for safe shutdown but have been
tabulated to assess in what areas a fire cou14 danaSe these
cccponent s o



~ ) ~
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5> CO)nO..=I) COOLB.~ VAiER SYS'))).

P .. Ih

CCf-1

onent ard PLn)ction

CCf P~ 1-1 an& Aux. L';0.~
P~ 1 1

~PI Bus

341 . P

Circuit PLn)ction

Prier
Control to HCB

'ontrol HSD pane?
Power to Aux. L.O.pu~
Control for Aux L.O. Puny

Fire Zone end Condui LPv>out D.ai.r

13-A,:-12-A, 10, e=bedded to 3-J=l
13 A> 12 A> 10) ecbedded to 4 A> 5 A 1> 6 A "1) CS?) CB

13-A, 12-A, 10, e"bedded to 4-A, +bedded to 5-A-4 (HSD p.;el)
5-A-1> 4-A, 3-J-2) 3-J-1
Q-A, 12-A, 10, ecbedded to 3-J-2, 3-J-1

CCV 3

P

CCH ~ 1-3 an4 Aux. L.O.
PLay 1-3

PCV-430) CO HX 1-1
isolation

CCf< CCV Pucp 1-2 and Aux. L.O.
Bay 1-2

3 J'-2

3-J-3

Power
Control. to YCB
Control to HSD panel
Power to Aux. L.O. puny
Control f'rAux. L.O. pLcp

Power
Control to NCB
Control to HSD panel
Power to Auxo LPOP p~
Control f'rAux. L.O. pucp

Power SI Control
Control to YCB

13 C> 12 C> 10> embedded
13-C, 12-C, 10, e>edded
13-C, 12-C, 10, mbedded
5-A-3> 4-A) 3-J-3
Q-C) 12-C, 10, enbedded

5-A-1) 4-A) 14 A) 14-E
5 A 1) 6-A-1) CSR) YCB

to 3-J-3
to 4-A) 5-A-3) 6-A-3) CSR) HCB
to 4 A, +bedded to 5 A-4 (HSD ps el)

to 3-J-3

13-B> 12-B, 10, ecbedded to 3-J-2
13-B, 12-B, 10, e='bedded to 4-A, 5-A-2, 6-A-2, CSR, HCB
13-B, 12-B, 10, embedded to 4-A, +bedded to 5-A-4 (HSD panel)
5-A-2, 4-A, 3-J-2

. 13-B) 12-B, 10, enbedded to"3-J-2

CC'f-5

Ccf-6

CCa 7

PCV-431) CCN HX 1-2
isolation

PCV-355) CCN Supply
Header C

PCV-364 an4 365) CC'f
Supp~ to RHR HX

14-E

14-E

3-BB
el.

85'on-vital
portion of 0

Power SI Control
Control to YCB

Power d> Control
'ontrol -to YCB

Control to SV's

5-A 2, 4-A) 14-A, 14-E
5-A-Zp 6-A-2) CSR) YCB

5-A 3) 4-Ai 14-Ai 14-E
5 P) 3> 6 A 3) CSR> YCB

3-BB) 3-L) 3-X, 3-AA, CSR) HCB





6, AUXILIAllYSALT WATER SIR~

tt t .N ~

ASW-1

ent and Function

ASH punp l-l
Pl )
30-h 1

Circuit Function

Power
Control to HCB
Control to HSD panel

Fire Zone and Conduit La t Drawi

13-h) 12-h) 10> eabeddad to 30-A-1
13-A, 12-A, 10 eobedded to 4-A, 5-A-1, 6-A-l, CSR, MCB
13-h, 12-A; 10, aohaddad to 4-A> e»bedded to 5-A-4 (BSD panel)

ASH-2 ASM pusp 1-2

ASH-3 ICV-602) ASW to
CCW HX l-l

30-A-2

14-H

Power
Control to HCB
Control to HSD panel

Control to SV

13-B) 12-B)
13-B> 12-B)
13-B) 12-B)

14-H) 1JI4)

10 aobeddad to 30-A-2
10) embedded to k A) 5 A 2) 6 A 2) CSR> MCB
10, ccbaddad to 4-A, aabadded to 5-A4 (HSD panel)

4N> 5%4) 6W-5) CSR) NCB

ASH-4 PCV-603) ASW to
CCH HX 1 2

14-B Control to SV 14 H) 144> 44> 54J>> 6 h 5) CSR) IN:B





C~onent and Pone ion

FCV 41 y FCV~2 J

MSZV, Wads 1 and 2

ECV 43, FCV 44;
v$1V, Leads 3 and 4

PCV-760, ECV-761;
SG Blovdoun Isolation

valves

PCV 762'CV-763;
SG Blovdovn Isolation

valves

'CV-19~ PCV 20)
10> yov~er relief valves

PCV-21) PCV-22;
14 Pover reiter valves

.e Zo..e

3-BB
el.

115'-B

1 B

28

3-BB

Circe t Reaction

SV control to ~~

SV control to L"B

Control
Control

Control
Control

Control to YCB

Con rol to )CB

Fire Zone ard Condu! ~event D".ev'r"

28) 3 BB el 85 y 3 BB el 100 y 5 A 2> 6 A 2y CSR> }gB

3-BB e . 100', 3-BB el. 115', e=bedded to CSR, RCB

1-B, l-A, 3-BB el. 100'y 3 BB el. 115', ~edded to CSR, H:B
1-B, 1-A, 3-BB el. 100, 3-BB el, 115, 5-A-2, 6-A-2, CSR, RCS

1-B~ 1-Ay 3-BB ele 100' 3-BB el+ 115'~ Wedded to CSR, FLB
1-B, 1-A, 3-BB el. 100', 3-BB el. 115', 5-A-3, 6-A-3, CSR, P"B

28f 3 BB el'00 ) 3 BB el Q5 ~ 5 A 1) 6 A 1) CSR) CB (te A ave ontl~)

3 BB el'00 ~ 3 BB ele Q5 y 5 A 2g 6 A 2~ CSR>- NB (tenant<ye on 1 )





Re ~ . eo ~

Z-2

Z-3

Z-5

ZA
0

I-7

I-9

I 10

I-13

I-14

Co=oncet and Bmcticet

Instr. AC Ch. X

Instr. AC Ch. II
Instr.-AC Ch. ZII

Znstr. AC Ch. ZV

PT-514 PT-524;
SG pressure, Channel I

PT-534, PT-544;
SG pressure, Channel I

Pi-515) PT-525i
SG pressure, Channel XZ

PT-535) PT-545;
SG pressure, Channel ZI

Pf-516, PT-546;
SG pressure, Channel IV

iT-526, PT-536)
SG pressure, Channel IIZ

LT-517, 527) 537 t4 547;
SG level, Channel IV

T-518, 52S, 538 d 548;
S" level, 0:annel ZII

LT-519 Cc LT-549)
SG level, Channel IZ

LT-529 d LT-539i
SG level, Channel I

3-BB eL 115'

3-BBel'15'Z
3-EB el. 115'V
28 (PT-516)

3-BB el. 115'IZ
28 (Pi-526)

1-A IV

1-A ZII

1-A IZ

1 A

Z eZ.O ~SC... |
6-A-1 . P

6-A-2 G

6-A-3

6-A-3 H

28 . I

Circuit Pcncticn

Power

Power

Power

Power

Input signal
Indication to MCB
Indicati.on to HSD

Input signal
Indication to MCB

Indication to HSD

Xnput signal
Indicaticn

Input signal
Indication

Input Signal
Indication

Input Signal
Indication

— Input Signal
Indication

Input Signal
Indication

Input Signal
Indication

Input Signal
Indication

6-A-l, CSR

6-A-2i CSR

6-A-3, CSR

6-A-3I CSR

eire Zone ard Condu!t La ~ Dr

28, 3-BB el. 100'i 3-BB el. 115'502079) > CSR

CSRi MCB

CSR, 6-A-1, 5-A-1, enhedded to 5-A4 (HSD panel)

3-BB el. Q5'502079), CSR

CSRi MCB

CSR, 6-A-1, 5-A-l, echedded to 5-A-4 (HSD panel)

28, 3-BB,el. 100', 3-BB el. 115'502079), CSR

CSR, YAlB

3-BB el. 115'502079), CSR

CSRi YCB

28 (Pl'-516 only), 3-BB el. 115'502079), CSR

CSR, YAB

28 (Pi-526 only), 3-BB el. 115'502079), CSR

CSRi NCB

I A enbedded in 3-BB el. 115'57608), CSR

CSR to YCB

1-A> e-bedded in 3-BB el. 115'57608)> CSR

CSR to M"B

l-A, embedded in 3-BB el. 115'57608) ~ CSR

CSR to MCB

1-A, e-bedded in 3-BB el. 115'57o08) ~ CSR

CSR to YZB

Z-15 ~-413A> B 42Q>i Bi
433A, B, 4ti3Ai B
RCS t~erature

1-B Kcn-vital
Portion of
Zda?1

Input Signal
Xndication

1 Bi 1 AJ e bedded in 3 BB el 115 (57608) ~ CSR

CSRi MCB

I-16

I-17

PT<03
RCS Pressure Ch. IIZ
PT-405
RCS Pressure Ch. IV

1-A

1-A

IZZ
I

Input Signal
Indication

Input Signal
Indi.cation

1 Ai e bedded in 3 BB el 115 (57608) p CSR

CSR> YSB

1-A, er'bedded in 3-oB el. 115'57608)i CSR

CSR, YZB





8. 1MBTRtMKMTATIOM(continued)

Mo

1-18

ne an4 ih ctf

LT459
Pressurizer Level Ch. I

~P)!! 1)0!~B)!! !C!! !!

1-A

Ci ult Functf

Input Signal
Indicatioa MCB
In4ication HSD

r Zon and Conduit Le vi

1-A) eabedded ia 3-BB ele 115'57608), CSR

CSR) MCB

CN) 6-h-l, 5-A-1, eabe44e4 to 5-A4 (HSD pane])

1-19

1-20

I 21

1-22

1-23

I Rt

1-25

LT460
Pressurfaer Level Ch. 11

LT461
pressurizer Level Ch. III
LT 106
B/h Tank 1+ Level

LT 102
gh Tank 1-2 Level

LT-406
Pressuriser Level

PT-455
pressurf ser pressure

Preseurfser pressure

lA

l-h

3-AA

3 AA

l-h

l-h

ZIZ

Input Sigaal
Indicatioa MCB
Iadicatioa HSD

Input Signal
In4icatioa

Input Signal
Indication

Input Sigaal
Indicatfon

Input Signal
Indication ESSZPe

Input Sf gael
Zadication MCB

Zadicatioa HSD

Input Signal
Indicatioa NCB

1 A) enbe44ed fn 3-BB el. 115'57608) ~ CSR
CSR) MCB

CSR) 6-A-2, 5-A-2 (57606), eubedded to 5-L4 (HSD panel)

1 A) eabydded fa 3 BB el, 115) (57608)) CSR

CSR, NCB

3-AA CSR

CSR) MCB

.3-AA) CSR

CSR, MCB

1-A) 3 BB ole
100'-BBel) 100)

1-A, enbedded ia 3-BB el, 115', CN
CSR) MCB

CSR) 64 1 ) 54 1 ~ osbedded to 5 A4 (HSD panel)

1-A) ecbed4e4 fn 3-BB el, 115') CSR
CSR) ICB

ISSIP Dedicate4 safe shutdova iastruaeat panel





9, VENTIIATION FOR SAFE SHUKCMN

Rg~)Q Fire Zone and Co ui la

V-1

V-2

S-35>
Control )oem supply fan

and air cond. system

s-36,
Control room supply fan

an4 air con4. system

8-B-3

8-B-3

Pover
Control

Pover
Control

5-A-3) 4-A> 3 L and 3-X and 3-AA (57693) ~ 8-B-1
~ 8-B-3

8-B-3 embedded to CSR, NCB

5-A-1) 4-A) 3-L an4 3-X and 3-Ah (57693)) 8-B-1) 8-B-3
8-B-3 embedded to CSR, NCB

V-3

V-5

S-31)
Aux. bldg. supply fan

S-32)
Aux. bldg. supply fan

E-1)
Aux. bldg. exhaust fan

V-7 S-43,
480 V Svgr and inverter

rooms supply fan

VA E-2,
Aux. bldg. exhaust fsn

8-B-1

8-B-1

3-P-3

6-A-5

Pover
Control

1bver
Control

Pover

Control

Pover

Control

Pover
Control

5-A-2) 4-A> 3-L and 3-X an4 3-AA (57693), 8-B-1
5-A-2) 6-h 2) CSR) NCB

5 A 3) 4 A) 3 L and 3 X and 3 Ah (57693) ) 8-B-1
5 A 3) 6 A 3) CSR) MCB

5-A-1, 4-A, 3-L (57693) embedded to 3 X (57615), 3+1 an4 31 (57611) cmbed4e4
to 3-P4

I
5 A 1) 6 A-1) CSR> NCB

5-A-3, 4-A, 3-L (57693), embedded to 3-X (57615)) 3+1 ani 31 (576Q) ~ embedded
to 3-PA, '1-P-3
5 h-3> 6-A-3, CSR, MCB

5-A-1) 6-A-1, 6-A-5
6-A-5) 6-hl, 6 A-2) 6-A-3

V+

V-ID

V 11

SM,
480 V Svgr an4 inverter

ro>x)s supply fsn

S-67,
4 kV Svgr bus B supply fan

s-68,
4 EY Svgr bus 0 supply fan

S-69,
4 kV Svgr bus t supply fan

6-L5

13 E

Control

Rover
Control

lover
Control

Pover
Control

5-A-3) 6-A-3) 6-h-2) 6-A-1) 6-A-5 (existing routing)
5 A 3 ~ 5 AJ>) 6 A 5 (proposed reroute)
6-A 5) 6-A 1> 6 A-2) 6-h-3

5W-3, 4a, ~ded to 10 12m,
13-E) 12-P and 12-D (57563[> 12;C, 134

5-A-2, 4-A, eohe44e4 to 10 12-B,
13-E) 12-P and 12-D (57563') 12-B, 13 B

5-A-1, 4-A, embedded to 10 I2-A,
13 E) 12 P an4 12 D (57563]) 12 A) 13 A

13 E

V-12

V-13

E-101>
ASM punp lcm 1-2 exh. fan

E-103)
ASM pusp rocm l-l exb. fan

30-AN

30-h-1

Pover
Control
Control

Dover >iud control
Control

5-A-2) 4-A) 3-J-1) embedded to 30-A-2
13-B, 12-B) 10) e)bed4ed to 4-A) 5-A-2
13 B) 12 B) 10) embedded to 4 A) embedded to 5 AA) eubedded to 5 A 2

5 A 1) 4 A) embedded to 10) 12 A) 10> embedded to 30 A 1
13 A) 12 A) 10) 12 A) 10) embedded to 4 A) 54 1





9 %~;)LA OR FO'R SA:g SH~~
'n'X IPRG ) (Continued)

V-14

V-15

V 17

Cc—. onent and Function

S-1)
Fuel handling bldg.
suPply fan

S-2)
Fuel handling bldg.
supply ian

Z-5)
Fuel handling bldg.
exhaust fan

z-6,
Fuel handling bldg.
exhaust fan

).'. ~ Zo..*

3-P-1

3 P-1

3-P-7

3-P4

8:s Circuit Function

Power
Control

Power
Control

Payer
Control

Power
Control

Fire Zone a.-.d Condo! t La)cu~ B aw)r-

5 A 2) 4 A) 3 L (57693)) e bedded to 3 X (57615)) 3 Q 1 ard 3 (57611) 3 P 1
5-A-2) 6-A-2, CSR) RCB

5-A-3, 4-A, 3-L (57693)) embedded to 3-X (57615), 3-i-1 an'1 (57611), 3 P-
5-A-3, 6-A-3, CSR, YCB

5-A-1, 4-A, 3-L and 3-X and 3-AA (57693), ~bedded to 3-P-7
5-A-1, 6-A-1, CSR, Y B

5 A 3) 4 A) 3 L and 3 X and 3 AA (57693)) e bedded to 3-P-B
5-A-3, 6-A-3) CSR) YZB



), ~



IO .~FIN! S )!

71

Pire ~ 0-2

)!

3 R

3-3

Circuit Function

Power
Control

Pove
Control

Fire Zone and Conduit layout Drear
/

5 A 1) 4 A) 3 L) abcdded to 3-X, 3-Q 1, 3 Q2) 3 R

CR) CSR) 3 AA) 3 X) 3 L) enbedded to 3 X) 3 Q 1) 34 2) 3 R

5-A-3) i)-A) 3-L) +bedded to 3-X) 3-Q-1) 3 Q-2) 3-R
CR) CSR) enhedded to 3-X) 3-Q-1, 3-Q-2) 3 R





DIABLO CANYON POWER PLANT
TABULATION OF SAFE SHUTDOWN E UIPMENT
AND ELECTRICAL CABLING WITHIN EACH FIRE ZONE

All equipment and electrical cabling required for safe shutdown has
been tabulated by fire zone for each Unit 1 fire zone. Those fire zones not
containing safe shutdown equipment or electrical cabling have not been included.
An assessment of the consequences of a fire damaging each component within a fire
zone was made and a conclusion concerning how this fire affects safe shutdown
capability was reached. Fire zones in which a postulated fixe could conceivably
affect safe shutdown will be modified so that safe shutdown can be assured.
Modifications to be made include additional fire suppression and detection
capability, conduit protection and/or relocation, and new administrative controls
and procedures. These modifications are summarized in "Summary of Modifications
Within Fire Zones to Protect Safe Shutdown Equipment and Electrical Cabling".

The components and associated electrical cabling located within each
fire zone were determined by sorting the information contained in "Tabulation
of Safe Shutdown Electrical Cable Routing by Safe Shutdown System". Reference
numbers have been provided for each safe shutdown component to allow cross-
referencing between the two tabulations.
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FIRE ZONE 1-A (CONTAINMENT PENETRATION AREA)

Ref. No. S stem and Co onents Affected Comments

RHR-3,4
Residual Heat Removal S stem
Valves 8701, 8702; RHR suction
from hot leg

Motor operated, normally closed series valves. If fire prevents
operation of valves, open manually. Several hours would be
available before valves must be opened to line up RHR system to
reach cold shut down.

C-12,13,14

Char in and Boration
Boric Acid Tank Flo ath:
Valves 8145, 8146, 8147 Parallel, air operated valves. 8146 normally open; 8146, 8147 fail

open of loss of air, open or short circuit. Alternate charging and
boration flow paths provided by reactor coolant pump seal flow or
boron injection tank flow path.

MS-3i4
Main Steam S stem
SG blowdown isolation valves,
(FCV-760, 761, 762, 763)

Loss of air, open or short circuit cause desired valve closure.If hot short prevents valve closure, manual or air operated
isolation valves outside of containment can be closed.

Instrumentation
I-11,12,13,14 All SG LT's
I-15 All RCS TE's
I-16,17 All RCS PT's
I-18,19,20 All Pressurizer LT's

Cabling located in an area of low fuel loading, no combustible gases
or liquids are in the area, and minimal transient combustibles will
be inside containment during plant operation. Area where these
cables run will be labeled as a "No Storage" area. Smoke detectors
to be provided in penetration area.

I-23 Pressurizer LT-406 LT-406 is separated by 20 ft. from other pressurizer LT's and circuitry
is routed to containment penetration in opposite direction from other
LT circuitry. A 20 ft. diameter fire within zone 1-A would not affect
all pressurizer level transmitters. This is shown on drawings 57596,
57685 i 57686 i 57687

I-24 i 25 Pressurizer PT-455,456 PT-455 and PT-456 are located 180 away from RCS PT's in zone
lA. As such, a 20 ft. diameter fire in zone 1-A would not affect all
PT's or associate circuitry. This is shown on drawings 57596,

57685'7686,57687.
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FIRE ZONE 1-B (REACTOR COOLANT SYSTEM AREA)

Ref. No. S stem and Com onents Affected Comments

RHR-4
Residual Heat Removal
Valve 8702, RHR suction hot leg Motor operated, normally closed valve. If fire prevents operation

of valve, open manually. Several hours would be available before
valve must be opened to line up RHR system to reach cold shutdown.

MS-3,4
Main Steam S stem
FCV-760, 761, 762, 763; SG

blowdown isolation valves
Air operated valves will fail closed upon loss of air, open or
short circuit. If hot short prevents valve closure, manual or
air operated valves outside of containment can be closed.

I-15
Instrumentation
Reactor coolant system
temperature elements;
TE-413A and B, 423A and B,
433A and B, 443A and B

Reactor coolant pump fire could affect at most 4 of 8 temperature
elements (for example, a RCP l-l fire could affect TE's for RCPl-l and 1-2). Smoke detectors and automatic sprinklers are pro-
vided for the reactor ccolant pumps. Outside of RCP area,
separation fro TE cabling is such that at most 4 of 8 TE's could
be affected by a single fire.





FIRE ZONE 3-B-1 (RESIDUAL HEAT REMOVAL HEAT EXCHANGER AND PUMP l-l ROOM)

Ref. No. S stem and Com onents Affected Comments

RHR-1
Residual Heat. Removed S stem"
RHR pump 1-1 Power cabling is embedded to the pump. RHR pump 1-2 not affected

by fire in Zone 3-B-1. Smoke detector to be provided in this fire
zone.





FIRE-ZONE 3-B-2 (RESIDUAL HEAT REMOVAL HEAT EXCHANGER AND PUMP 1-2 ROOM)

Ref. No. S stem and Com onents Affected Comments

Residual Heat Removal S stem
RHR pump 1-2 Power cabling is embedded to the pump. RHR pump 1-1 not affected

by fire in Zone 3-B-'2. Smoke detector to be provided in this fire
zone.

C-28

Char in and Boration
Boron in ection tank flowoath:
Boron injection tank backup heater Boron injection tank heater not affected by a fire in this zone.
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PIRE ZONE 3-B-3 (BORON INJECTION TANK AREA)

Ref. No. S stem and Com onents Affected Comments

C-23,24

C-27,28

C-30,32

C-29

Char in and Boration
Boron in ection tank flow ath:
Valves 8803A, 8803B; boron
injection tank supply valves
Boron injection tank heater and
backup heater
Heat trace for boron injection
tank flow path
TIC-945, boron injection tank
temperature controller

Charging and boration flow path using boric acid tanks unaffected
by a fire in this zone.





FIRE ZONE 3-C (GAS DECAY TANK AND LI UID RECEIVER TANK AREA)

Ref. No. S stem and Com onets Affected Comments

EP-4
Emer enc Power Su 1
Fuel transfer pump O-l Conduit for power supply to pump runs up the wall in northwest

corner of this zone at elevation 73'. Power supply conduit for
fuel transfer pump 0-2 located 15 feet away in fire zone 3-J-1
(component cooling water pump l-l room). Smoke detectors to be
provided in zones 3-C and 3-J-1 and automatic sprinklers to be
provided in fire zone 3-J-1. These circuits have been identified
on drawing 57691. Two-hour protection of this conduit in fire
zone 3-C will be provided.





FIRE ZONE 3-F (CONTAINMENT SPRAY PUMPS AREA)

Ref. No. S stem and Com onenst Affected Comments

C-3
Char in and Boration
Charging pump 1-3

A two foot section of conduit for a control circuit for charging
pump 1-3 (as described in fire zone 3-H-1) passes in zone 3-F.
Conduit is separated from equpment in zone 3-F by concrete
shielding barrier. Charging pumps 1-1 and 1-2 not affected by
a fire in this zone.

C-29
Boron In ection Tank flo ath:
TIC-945, BIT temp . controller Boric acid tank flow path not affected by a fire in this zone.





FIRE ZONE 3-H-1 (CENTRIFUGAL CHARGING PVMPS ROON)

Ref-. No. S stem and Com onents Affected Comments

C-3

C-19 $ 20

C-23,24

C-27,28

C-30,32

Char in and Boration
Charging pumpl l-l, 1-2

Charging pump 1-3

Boric acid tank flow ath:
Heat trace for boric acid
tank flow path

Boron in'ection.tank flow ath:
Valves 8803A, 8803B; boron
injection tank supply valves.
Boron injection tank heater and
backup heater
Heat trace for boron injection
tank flow path

Smoke detectors and automatic sprinkler protection to be provided
for this zone. Fire zone 3-H-1 to be separated from zone 3-H-2
(reciprocating charging pump room) by a three hour fire barrier.
Control circuit to reciprocating charging pump runs through this
zone. Damage to this circuit could cause pump to trip due to
erroneous low lube oil pressure signal. If this happens, circuit
could be bypassed at switchgear.. Instructions will be posted
inside the switchgear to enable the operator to jumper this
circuit in the event of a fire in zones 3-F, 3-J-2, 3-J-3, or 3-H-1
Automatic sprinkler protection for this area. If fire damages
redundant heat trace for boric acid tank flow path and also
damages boron injection tank flow path components, borate before
solidification occurs.
Use boric acid tank flow path if fire affects these components.
See comment-above.





FIRE ZONE 3-H-2 (RECIPROCATING CHARGING PUMP- ROOM)

Ref. No. S stem and Com onents Affected Comments

C-3
Char~in and Boration
Charging pump 1-3 Charging pumps l-l and 1-2 not affected by fire in this zone.

Smoke detector to be provided in this fire zone.





FIRE ZONE 3-J-1 (COMPONENT COOLING WATER PUMP l-l ROOM),

Ref. No. " S stem and Com onents Affected Comments

EP-5

CCW-1

Emer enc Power Su 1
Fuel transfer pump 0-2

Com onent Coolin .Water S stem
Component cooling water pump 1-1

Conduit for power supply to pump runs up the west wall of this
zone. Power supply conduit for fuel transfer pump 0-1 located
15 feet away in fire zone 3-C. Smoke detector and automatic
sprinklers to be provided in fire zone 3-J-l. Entranceway to
fire zone 3-J-1 to be curbed to prevent liquid spillage in zone
3-J-1 from spreading to fire zone 3-C. These circuits have been
identified on drawing 57691. Two-hour protection of this conduit
in fire zone 3-J-1 will be provided.

Component cooling water pumps 1-2 and 1-3 not affected by fire zone
3-J-1 (one of three pumps required for safe shutdown). Non-
combustible barriers extending from the existing 5 foot high
barriers to the ceiling will be provided to separate the three
component cooling water pump rooms from each other.

V-12

Ventilation for Safe Shutdown
E ui ment
E-101, auxiliary saltwater
pump room 1-2 exhaust fan

Ventilation for auxiliary saltwater pump l-l not affected by a fire
in this zone.





FIRE ZONE 3-J-2 (COMPONENT COOLING WATER PIMP 1-2 ROON) 1 of 2

Ref. No. S stem and Co onents Affected Comments

CCW-2
Com onent Coolin Water S stem
Component cooling water pump 1-2 Component cooling water pump 1-3 not affected by fire in zone

3-J-2. See comments for fire zone 3-J-1 concerning fire protection
modifications to be made in this fire zone (smoke detectors,
sprinklers, curbs, barriers).

CCH-1 Component cooling water pump 1-1 Power and control circuit for CCW auxiliary lube oil pump pass
through this zone. Damage to this circuit would not affect
continued operation of pump but could prevent pump from being
started. Circuit can be bypassed at the switchgear and the pump

could then be started. Shaft driven pump provides satisfactory
pump lubrication. Instructions will be posted inside the switch-
gear to enable the operator to jumper this circuit in the event of
fire in this zone.

C-l, 2
Char in -.and Boration
Charging pump l-l, 1-2 Power and control circuitry to the centrifugal charging pump

auxiliary lube oil pumps pass through this fire zone. A fire in
this zone could prevent the charging pumps from starting. If a

fire in zone 3-J-2 were to damage the circuitry associated with
the charging pump auxiliary lube oi1 pumps, the pressure switch
that prevents the charging pump from starting could be bypassed
at the switchgear and the charging pump could then be started.
The shaft-driven lube oil pump would provide satisfactory pump

lubrication. Instructions will be posted inside the switchgear
to enable the ooerator to jumper this circuit in the event of fire
in this zone.

C-3 Charging pump 1-3 A control circuit to a pressure switch for the reciprocating
charging pump passes through zone 3-J-2. Damage to this circuit
could cause pump to trip due to the erroneous low lube oil pressure
signal. The pressure switch could be bypassed at the switchgear
and the pump could then be started. Instructions will be posted
inside the switchgear to enable the operator to jumper this circuit
in the event of fire in this zone. A1 At





FIRE ZONE 3-J-2 (Continued) 2of 2

Ref. No. S stem and Com onents Affected Comments

C-23,2i>
Boron In 'ection Tank flo ath:
Valves 8803A, 8803B; charging pumps
to BIT

Boric acid tank flow path not affected by a fire in this zone.

C-27 Boron injection tank heater





PIRE ZONE 3-J-3 (COMPONENT COOLING WATER PAP 1-3 ROOM)

Ref. No. S stem and Com onents Affected Comments

CCW-3
Com onent Coolin Water S stem
Component cooling water 1-3 Component cooling water pumps 1-1 and 1-'2 not affected by fire

in zone 3-J-1. See comments for fire zone 3-J-1 concerning
fire protection modifications to be made in this fire zone
(smoke detectors, sprinklers, curbs, barriers).

C-1> 2~ 3

C-23, 24

C-27

Char in and Boration
Charging pumps 1-1, 1-2, 1-3
Boron in ection tank flow path=
Valves 8803A, 8803B; charging
pumps to BIT
Boron injection tank heater

See fire zone 3-J-2 'comments concerning these components.
Boric acid tank flow path not affected by a fire in this zone.





FIRE ZONE 3-L (BORIC ACID EVAPORATOR AND WASTE EVAPORATOR AREA) 1 of 2

Ref. No. S stem and Components Affected Comments

AF-4, 6

AF-8,9

Auxilia Feedwater S stem
Auxiliary Feedwater pumps 1-2,
1-3

FCV-436, FCV-437;, raw water
reservoir supply valves to
auxiliary feedwater pumps

Conduits containing power circuits for motor driven auxiliary
feedwater pumps pass along the ceiling in the northeast corner
of fire zone 3-L above the auxiliary building control panel. To
reduce dependence on the turbine driven auxiliary feedwater pump,
these conduits will be encased in zone 3-L with a two hour rated
fire barrier. These conduits have been identified on Drawing 57616.
Raw water reservoir is backup to condensate storage tank. If and when
raw water reservoir supply is required, FCV-436 and FCV-437 can be
opened manually.

C-5, 6

C-8

C-'15, 16

C-19, 20

C-21,22

C-28

Char ing.and Boration
Boric acid tank flow ath:
Boric acid transfer pumps l-l,
1-2

Valve 8104, boric acid tank
to charging pumps
Boric acid tank heaters,
A and B
Heat trace for boric acid tank
flow path-

Boron in ection tank flow path:
Valves 8805A, 8805B; refueling
water supply
Boron injection tank backup
heater

Power conduits for transfer pumps penetrate high in the west wall
of zone 3-L and immediately leave zone 3-L through the ceiling.
Exposure of the 'components in this zone is limited to circuits in
junction boxes and approximately one foot of conduit. This
area will be designated as a "No Storage" area.
Parallel valve FCV-llOA unaffected by fire in this zone..

Circuits are located in the northwest end of zone 3-L in an area of
=low fuel loading. If an exposure fire in this part of zone 3-L.
were to damage redundant circuitry associated with the boric acid
tank heaters or heat tracing, operators would initiate plant shut-
down and boration. Several hours after loss of heat tracing or
tank heaters are available to borate before solidification occurs.

Valve(s) can be opened manually if this flow path is to be used for
charging and boration.
BIT normal heater not affected by a fire in this zone.
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Ref. No. S stem and Com nents Affected Comments

C 30 g 31 g 32 g 33

C-29

Boron in ection tank flow path:
Heat trace for boron injection
tank flow path
TIC-945, boron injection tank
temperature controller

Circuits are located in the northwest end of zone 3-L in an area
of low fuel loading. If an exposure fire in -this part of zone 3-L
were to damage the temperature controller circuitry or redundant
heat trace circuitry, operators would initiate plant shutdown and
boration. Several hours are availabl'e to borate before solidifica-
tion occurs.

CCW-7
Component Coolin Water System
FCV-364, FCV-365; component
cooling water supply to RHR HX's

Air operated valves fail open upon loss of air, open or short
. circuit. If hot short causes valve closure, valve can be open
manually when necessary to line up 'RHR system.

V-l,2

V-3,4

V-5,6

V-14,15

V-16,17

Ventilation for Safe Shutdown
E ui ment
S-35,. S-36; control room supply
fans
S-31, S-32; auxiliary building
supply fans
E-l, E-2; auxiliary building
exhaust fans
S-l, S-2; fuel handling
building supply fans
E-5, E-6; fuel handling building
exhaust fans

Comment applies to all components: Conduits penetrate high in the
west wall of zone 3-L from zone 4-A and'mmediately leave zone 3-L
through the ceiling. Exposure of these components in this zone is
limited to power circuits in junction boxes and approximately one
foot of conduit. These circuits have been identified on Drawing
57693.

F-1,2 Fire pumps 0-1, 0-2 Fire pump power circuits have the same routing in zone 3-L as was
described for the ventilation system components.





FIRE ZONE 3-M (SAFETY INJECTION PUMP ROOM)

Ref. No. S stem and Com onents Affected Comments

C-29

Char in and Boration
Boron In ection Tank flo ath:
TIC-945, BIT temp. controller Boric acid tank flow path not affected by a fire in this zone.





FIRE ZONE 3-P-1 (FUEL HANDLING BUILDING SUPPLY FAN ROOM)

Ref. No. S stem and Com onents Affected Comments

V-14,15

Ventilation for Safe Shutdown
E ui ment
S-l, S-2, fuel handling building
supply fans

Fuel handling building ventilation required for auxiliary feedwater
pumps and fire pumps. If fire affects S-1 and S-2, fuel handling
building exhaust fans available and auxiliary building ventilation
provides supply air to auxiliary feedwater pumps and fire pumps if
doors are opened. Fire detection device to be provided for this
zone Fuel load in this zone is exceedingly low and transient
combustibles will not be stored in this area. The area will be

designated as a "No Storage" area.
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Ref. No. S stem and Co onents Affected Comments

U-6

Uentilation for Safe Shutdown
E ui ment
E-2, auxiliary building exhaust
fan

E-l not affected by fire in this zone.

AF-4,6
Auxiliar Feedwater System
Auxiliary feedwater pumps 1-2,
1-3

Power circuits for these pumps run from zone 3-L, into the southern
end, of a concrete exhaust air duct (part of zone 3-P-3), into an
area adjoining a stairwell (zone S-3), 'and up to the auxiliary
feedwater pump room. No combustible materials are located within
this. concrete air duct nor could any transient combustibles be
reasonably expected to appear in this area.





FIRE ZONE 3-P-4 (AUXILIARYBUILDING EXHAUST FAN E-$ ROOM)

Ref. No. S stem and Com onents Affected Comments

V.-S,6

Ventilation for Safe Shutdown
E ui ment
E-l, E-2; auxiliary building
exhaust fans

Conduit containing power s'upply to fan E-2 -passes through the E-1
fan room. Fire detectionIdevice to be. located in this zone.
Fuel load in vicinity of fan E-l (and E-2 power conduit) is
exceedingly low and transient combustibles will not be stored
in this area. The area will be designated as a "No Storage" area.





FIRE ZONE 3-P-7 (FUEL--HANDLING BUILDING EXHAUST FAN=-E-5 ROOM) ~ " -" ''~'-'"-''~"~=~
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Ref; No. S stem and Com onents Affected Comments

V-16

Ventilation for Safe Shutdown
E ui ment
E-5, fuel handling building E-6 not affected by a fire in this zone.





FIRE ZONE 3-P-8 (FUEL RQTOLING BUILDING EXHAUST FAN E-6 ROON) ~ ~

'ef..

No. S stem and Com onents Affected Comments

Ventilation for Safe Shutdown
E ui ment
E-6, fuel handling building
exhaust fan

E-5 not affected by a fire in this zone.
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Ref. No. S stem and Co onents Affected Comments

AF-1

AF-8, 9

-Auxilia Feedwater S stem
Auxiliary feedwater pump 1-1
and valves FCV-15, FCV-152
FCV-95, steam supply to
auxiliary feedwater pump l-l
FCV-436, FCV-437; raw water
supply to auxiliary feedwater
pumps

Auxiliary feedwater pumps 1-2 and 1-3 not affected by fire in
this zone.
Conduit to be relocated out of this zone (to eliminate it from
running in zone 3-Q-2).
Condensate storage tank available. If water from raw water
reservoir required, extinguish fire in zone 3-Q-1 and open
valves manually.

V-5,6

V-14,15

~ Ventilation for Safe Shutdown
E ui ment
E-l, E-2; auxiliary building
exhaust fans
S-l, S-2; fuel handling building
supply fans

Smoke detector and automatic sprinklers to be provided in this
zone. Conduits for these fans have been identified of Drawing 57611.

F-l,2 Fire pumps 0-1, 0-2 Fire pumps and fire water tank are back-up fire water supply to
raw water reservoir.



'd



PIRE ZONE 3- -2 (MOTOR DRIVEN AUXILIARYFEEDMATER PUMP ROOM)

Ref. No. S stem and Components Affected Comments

AP-1

AF-4, 6

Auxiliar Feedwater S stem
FCV-95, steam supply to
auxiliary feedwater pump l-l
turbine
Auxiliary feedwater pumps 1-2,
1-3

Circuit to be relocated out of this fire zone.

Turbine driven auxiliary feedwater pump not affected by fire in
this zone (after FCV-95 circuit relocated). Smoke detector and
automatic sprinkler protection to be provided for this zone.

'F-l, 2 Pire pumps O-l, 0-2 Fire pumps and fire water tank are back-up fire water supply to
raw water reservoir.





FIRE ZONE 3-R (FUEL HANDLING BUILDING)

Ref. No. System and Com onents Affected Comments

AF-1
Auxilia Peedwater S stem
FCV-95, steam supply to
auxiliary feedwater pump l-l
turbine

Circuit to be relocated out of this fire zone (to remove it from
zone 3-Q-2).

F-l,2 Fire pumps 0-1, 0-2 Exposure fire in vicinity of fire pumps or fire pump controllers
could affect both pumps; however, raw water reservoir is primary
fire- water supply and does not utilize fire pumps. Smoke detector
to be provided in the vicinity of the fire pumps.





FIRE ZONE 3-X (BORIC ACID TRANSFER PUMPS AND CVCS DEMINERALIZERS) lof2

*Ref. No. S stem and Com onents Affected Comments

AF-8, 9

Auxiliary Feedwater S stem
FCV-95, steam supply to
auxiliary feedwater pump l-l
turbine
FCV-436, FCV-437; raw water
supply to auxiliary feedwater
pumps

Circuit will be rerouted out of this zone (to remove it from zone
3-Q-2) .

Raw water reservoir is backup to condensate storage. If and when

raw water reservoir supply is required, FCV-436, FCV-437 can be
opened manually. Conduits for FCV-436, FCV-437 are'ocated along
east wall of zone 3-X (automatic sprinkler protection to be provided
in this area) .

C-5, 6

C-7,8

C-15,16

C-19,20

C-31,33

CCW-7

Char in and Boration
Boric acid tank flow path:
Boric acid transfer pumps l-l,
1-2
Valves 8104, FCV-110A; boric
acid tank to charging pumps
Boric acid tank heaters A and B.

Heat trace for boric acid tank

Boron in'ection tank flow path:
Heat trace for boron injection
tank flow path

Com nent Coolin Water System
FCV-364, 365; component cooling
water supply to RHR HX

Smoke detectors and automatic sprinkler protection to be provided
in vicinity of boric acid transfer pumps.
FCV-llOA air operated valve, fails open on loss of air, short or
open circuit. Open either valve manually if-required.
Automatic sprinkler protection to be provided in area within 3-X
where redundant tank heaters could be affected by a single fire-
(in vicinity of columns line T and 16.8) .

Circuits are located in. the west end of zone 3-X in an area of low
fuel loading. If an exposure fire were to damage redundant heat
trace circuitry, operators would initiate plant shutdown and boration.
Seve'ral hours are available to borate after loss of heat trace
before solidification occurs.

Same as above

Air operated valves, fail open upon loss of air, short or open

circuit. If hot short causes valve closure, remove air supply to
open valve when required for RHR cooling.
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Re f. No. S stem and Components Affected Comments

V-l,2

V-3,4

V-5,6

V"14,15

V-16,17

Ventilation for Safe Shutdown
ui ment

S-35, S-36; control room supply
fans

S-31, S-32; auxiliary building
supply fans
E-l, E-2; auxiliary building
exhaust fans

S-l, S-2; fuel handling
building supply fans
E-5, E-6; fuel handling
building exhaust fans

Conduits run up along west wall of zone 3-X in a compartment
containing a negligible fuel load. This area will be designated
as a "No Storage" area. Conduits have been identified on Drawing
57693.
Same as S-35, S-'36

Conduits run east-west embedded in the floor between zone 3-L and
3-X and are exposed in the east end of zone 3-X. These conduits
have been identified on Drawing 57615. Automatic sprinkler
protection to be provided in this area of zone 3-X.
Same as E-l, E-2

Same as S-35, S-36

F-l,2 Fire pumps 0-1, 0-2 Fire pump power circuits run at east end of zone 3-X, control
circuits run up west end of zone 3-X. East end of zone 3-X to have
automatic sprinkler protection, west end of zone 3-X to be designated
as a "No Storage" area.





FIRE ZONE 3-AA (BORIC ACID TANK AREA)

Ref. No. S stem and Com nents Affected Comments

C-7,8

C-15,16

-C-.17,18

Char in and Boration
Boric acid tank flow ath:
Valves .8104, FCV-llOA; valves
between transfer pumps and
charging pumps
Boric acid tank heaters, A and B

TIC-103, TIC-107; boric acid
tank temperature controllers

Boron injection tank flow path unaffected by a fire in this zone.
FCV-llOA air operated valve, fails open on loss of air, short or
open circuit. If hot short causes valve closure, open either valve
manually.
Smoke detectors to be provided in vicinity of boric acid tanks.
Conduits for redundant tank heaters are separated from each other
by the boric acid tanks. Single fire would not affect both heaters
to each tank.
Temperature controllers for the two boric acid tanks are located
on the northwest side of tank 1-1 and the southeast side-between l-l
and tank 1-2. A single fire in zone 3-AA would not affect both tem-
perature controllers and associated circuitry.

CCW-7
Component Cooling Water System
FCV-364, FCV-365; component
cooling water supply to RHR HX

Air operated valves, fail open up loss of air, short or open circuit.
If hot short causes valve closure, remove air supply to open valve
when required for RHR cooling.

I-21, 22
Instrumentation
LT-102,- LT-106; boric acid
tank level transmitters

Boron injection tank flow path does not require these level trans-
mitters and is not affected by a fire in this zone.

V-l,2

V-3,4

V-16,17

Ventilation for Safe Shutdown
E ui ment
S-35, S-36; control room supply

S-31, S-32; auxiliary building
supply fans.
E-5, E-6; fuel handling building
exhaust fans

Conduits run up along west wall of zone 3-AA in a compartment
containing a negligible fuel load. This area will be designated
as a "No Storage" area. Conduits have been identified on Drawing 57693.
Same as above

Same as above

F-1
Fire System
Fire pump O-l Fire pump 0-2 not affected by a fire in this zone.





FIRE ZONE 3-BB (PENETRATION AREA EL. 85') lof 2

Ref. No. S stem and Com onents Affected Comments

AF-1

AF-2

Auxilia Feedwater S stem
FCV-'95, steam supply to auxiliary
feedwater pump l-l turbine

LCV-106, LCV-107; auxiliary
feedwater supply to SG l-l, 1-2
from pump 1-1
LCV-110, LCV-111; auxiliary
feedwater supply to SG l-l, 1-2
from pump 1-2

Conduit for FCV-95 will run along south wall of zone 3-BB to the
east end of zone 3-BB at-el. 85 feet. Conduit will not pass
within 30 feet of conduit for LCV-110, LCV-ill. Therefore, fire
affecting FCV-95 conduit in zone 3-BB at el. 85 feet would not
affect auxiliary feedwater pumps 1-2 and 1-3 and their associated
level control valves.
Conduits for LCV-106, 107, 110, and ill located in west end of
zone 3-BB at el. 05 feet. If fire affects these conduits, provide
feedwater flow to SG 1-3 or 1-4 via auxiliary feedwater pump l-l
and LCV-108; LCV-109 or auxiliary feedwater pump 1-3 and LCV-113,
LCV-115. Conduits for FCV-95, LCV-106, 107, 110, illhave been
shown on drawing 501450.

C-ll

C-21, 22

C-29
C-'0,32

Char in and Boration
Boric acid tank flow eath:
Valve 8108, charging flow path

Boron in ection tank flow ath:
Valves 8805A, 8805B; refueling
water supply to charging pumps

TIC-945, BIT temp. controller
Heat trace for BIT flowpath

Normally open, motor operated valve. If hot.short in control
circuitry causes valve closure, de-energize motor operator at
switchgear and open manually. Charging via RCP seal flowpath
not affected by a fire in this zone.

Valves are located in small vestibule south of main portion of
zone 3-BB (in vicinity of column lines N and 15.7). If fire
affects valves or circuitry to valves, the valves can be opened
manually. Charging via boric acid tank flow path can be done if
fire causes valves to be inoperable.
Boric acid tank flow path not affected by a fire in this zone.
Boric acid tank flow path not affected by a fire in this zone.

CCW-7
Com onent Coolin Water S stem
FCV-364, FCV-365; CCW supply
to RHR HX

Air operated valves, fail open on loss of air, short or open
circuit. If hot short causes valve closure, remove air supply
to open valves when required for RHR cooling.
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Ref. No. S stem and Com onents Affected Comments

NS-1
Hain Steam S stem

-PCV-41, FCV-42; main steam
isolation valves, loons 1 and 2

If fire affects circuitry to main steam isolation valves, valves
can be closed manually if necessary.





'PIRE ZONE 3-BB (PENETRATION AREA, EL. 100') 1 of 2

Ref. No. S stem and Com onents Affected Comments

AF-2, 3

AF-ll

Auxiliary Feedwater S stem
FCV-95, steam supply to
auxiliary feedwater pump l-l
turbine

LCV-106, 107, 108, 109;
auxiliary feedwater supply
from pump 1-1
LCV-110, LCV-111; auxiliary
feedwater supply from pump 1-2
LCV-113, LCV-115; auxiliary
feedwater supply from pump 1-3

FCV-38, SG 1-3 steam supply
to pump l-l turbine

FCV-95 conduit will run vertically along east wall of zone 3-BB

at a minimum distance of 25 feet from any conduits for LCV's
associated with the motor driven auxiliary feedwater pumps.
Therefore, fire affecting PCV-95 conduit in zone 3-BB, el. 100
feet, would not affect auxiliary feedwater pumps 1-2, 1-3 arid
their associated LCV's.
Conduits for LCV-110, ill, 113, and 115 will have two hour
protection in zone 3-BB, el. 100 feet in areas where these
redundant conduits pass within 15 feet of each other. With these
conduits protected as indicated, an exposure fire in zone 3-BB,
el. 100 feet could affect (depending upon location of fire
within zone): (1) LCV-110, LCV-ill in northwest corner of 3-BB, or
(2) LCV-106, 107,108, and 109 in southwest corner of zone 3-BB,
or (3) LCV-108, 109, 113, and 115 in mid-section of zone 3-BB.
Sufficient feedwater flow capability still exists after any of
the postulated exposure fires. Automatic sprinkler protection
to be provided in this zone at elevation 100 feet. Conduits for
FCV-95 and the LCV's have been shown on drawing 502078 with
protected conduits identified.
Normally open, motor operated valve. If hot short in control
circuitry causes valve closure, and auxiliary feedwater pump l-l
is to be used, use FCV-37 and/or open FCV-38 manually.

RHR-3, 4

RHR-5

RHR-6, 7

.Residual Heat Removal System
Valves 8701, 8702; residual
heat removal suction from
hot leg
HCV-637, HCV-638; residual
heat removal valves in flow
path
Valves 8809A, 8809B, residual
heat removal valves in flow
path

Open valves manually if fire damages circuits to these valves.

Air operated valves, fail open. Pire in zone 3MB affecting
current loop circuitry to valve would cause valve to open.

Normally open, motor operated valves. If hot short in control
circuitry causes valve closure, open manually.
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Ref. No. S stem and Com nents Affected Comments

C-7,8

C-10,11

C-12,13,14

Char in and Boration
Boric acid tank flow ath:
Valves 8104, FCV-llOA;
charging flow path

Valves 8107, 8108; charging
flow path

Valves S145, 8146, 8147;
charging flow path

FCV-llOA is air opened valve that fails open upon loss of
air, short or open circuit. Valve 8104 is normally closed,
motor operated valve. If fire damages 8104 circuitry and
creates hot short to close FCV-llOA, open either valve manually.
Normally open, motor operated valves. If hot short in control
circuitry causes valve closure, de-energize motor operator at
switchgear and open valve(s) manually.
Air'perated valves, 8146 normally open, 8146 and 8147 fail open
upon loss of air, short or open circuit. If hot short causes
valve closure, open manually by removing air supply.

C-25,26
Boron injection tank flow ath:
Valves 8801A, 8801B; BIT outlet

C-29 TIC 945, BIT temperature
controller

C-30,31,32,33 Heat trace for BIT flow path

Normally closed, parallel motor operated valves. If fire affects
circuitry to both valves, open a valve manually or use boric
acid tank flow path.
Damage to circuitry in zone 3-BB will turn on heaters.

Heat trace for boric acid tank flow path not affected by a fire in
this zone.

MS-lg2

MS-3, 4

MS-5, 6

Main Steam S stem
FCV-41,42,43,44; main steam
isolation valves
FCV 760'61~ 762~ 763
SG blowdown isolation valves

PCV 19 J 20~ 21 ~ 22 10%

power relief valves

If fire affects circuitry to main steam isolation valves, valves
can be closed manually if necessary.
Air operated valves, fail closed. Short or open circuit would
cause desired valve closure. Manual or air operated valves out-
side of containment can be closed if necessary.If fire damages circuitry to 10% power relief valves, they can
be operated manually at the valves or with pneumatic controls at
hot shutdown panel.

1-5

1-7

Instrumentation
PT-514, PT-524; SG pressure,
loops 1 and 2
PT-515, PT-525; SG pressure,
loops 1 and 2

Fire in zone 3-BB, el. 100 feet could affect at most 2 of 3 SG
pressure indication for loops 1 and 2. (1 of 3 SG pressure
indications required for each SG used for cooldown).

I-23 LT-406, pressurizer level ?re""urizcr LT-459, 460, 461 circuitry not routed in thi fire zone.
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Ref. No. S stem and Com onents Affected Comments

AF-3

AF-7

AF-10,11

Auxilia Feedwater S stem
FCV-95, steam supply to
auxiliary feedwater pump l-l
turbine

LCV-108, LCV-109; auxiliary
feedwater supply to SG 1-3,
1-4 from pump l-l
LCV-113, LCV-115; auxiliary
feedwater supply to SG 1-3,
1-4 from pump 1-3
FCV 37'CV 38 SG 1 2~ 1 3
steam supply to pump 1-1
turbine

Valve and conduits to valve located in east end of zone 3-BB at
El. 115 feet at a minimum distance of 25.feet from LCV-113,
LCV-115 conduits. Therefore, fire affecting FCV-95 in zone 3-BB,
el. 115 feet would not affect auxiliary feedwater pumps 1-2, 1-3
and their associated LCV's.
If fire affects LCV-108, 109, 113, and 115, provide feedwater flow
to SG 1-1, 1-2 via auxiliary feedwater pump l-l and LCV-106,
LCV-107, or auxiliary feedwater'ump 1-2 and LCV-110, LCV-ill.
Conduits for FCV-95, LCV-108, 109, 113, and 115 have been identified
on drawing 502079.

Normally open, motor operated valves. Hot short in control circuitry
could cause valve closure. It is unlikely this would occur to both
valves. If it does, motor operators could be de-energized at.
switchgear and valves opened manually. Auxiliary feedwater pump 1-2
and its LCV's would be unaffected by a fire in zone 3-BB at el.
115 feet.

RHR-3, 4

RHR-5

Residual Heat Removal System
Valve 8701, residual heat
removal suction from hot
leg
HCV-637, HCV-638; residual,
heat removal valves in flow
path

Open valve manually if fire damages circuits to the valve ~ Conduit
for valve 8701 is exposed in 3-BB el-115'nly at the penetration
area (automatic sprinklers to be provided in this area).
Air operated valves, fail open. Fire in zone 3-BB affecting current
loop circuitry to valve would cause valves to'open.

C-12,13,14

Charging, Boration, and
Pressurizer Spra
Valves 8145, 8146, 8147
charging flow path

Air operated valves, 8146 normally open, 8146 and 8147 fail open
upon loss of air, short or open circuit. If hot short causes valve
closure, open manually by removing air supply.
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Ref. No. S stem and Com onents Affected Comments

C-7g8

C-29

Char in and Boration
Boric acid tank flow path:
Valves 8104, FCV-110A;
charging flow path

Boron injection tank flow ath:
TIC-945, BIT temperature
controller

FCV-llOA is air operated valve that, fails open upon loss of air,
short or open circuit. Valve 8104 is normally closed, motor
operated valve. If fire damages 8104 circuitry and creates hot
short to close FCV-llOA, open either valve manually.

Damage to circuitry in zone 3-BB will turn on heaters.

MS-2

MS-3,4

MS-5, 6

Main Steam System
FCV-43, FCV-44; main steam
isolation valves
FCV 760 g 761 g 762 g 763 SG
blowdown isolation valves

PCV 19~ 20'1~ 22 10%
power relief valves

If fire affects circuitry to main steam isolation valves, valves
can be closed manually if necessary.
Conduits run from containment penetrations directly through floor
to zone 3-BB elevation 100 feet. Air operated valves, fail closed.
Short or open circuit would cause desired valve closure. Manual
or air operated valves outside of containment can be closed if
necessary.If fire damages circuitry to 10% power relief valves, they can
be operated manually at the valves or with pneumatic controls
at hot shutdown panel.

1-5~6,7,8
9)10

Instrumentation
All SG pressure indications

I-ll,12,13,14 All SG level indications

Pressure transmitters and circuitry located in west end of zone
3-BB elevation 115 feet. Automatic sprinkler protection to be
provided for this area. Conduits for these components have been
identified on Drawing 502079.
Circuits run from containment penetrations directly to floor and
are embedded to cable spreading room. Automatic sprinkler protection
to be provided in penetration area in zone 3-BB elevation 115 feet.
Conduits for these components have been identified on Drawing 57608.
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Ref. No. S stem and Com nents Affected Comments

Instrumentation
I-15 All RCS temperature indications Same as I-ll, 12, 13, 14
I-16,17,24,25 All RCS and PZR pressure indications Same as above
I-18,19,20 All pressurizer level Same as above

indications (except LT-406)





FIRE ZONE 4-A (LABORATORY AREA) ~ 1 WW C f V 1 of 2

Ref. No. S stem and Com onents Affected Comments

EP-1,2,3
EP-4,5
EP-6,7,8
EP- 13,14,15

AF-1

AF-4, 6

AF-8,9

Emer ency Power Su ly
Diesel generator l-l, 1-2; 1-3
Fuel transfer pumps 0-1, 0-2
4KV supplies to 480 load centers
125V DC supply for 4KV switch-
gear

Auxiliary Feedwater System
C -95, steam supply to pump l-l

turbine
Auxiliary feedwater pumps 1-2,
1-3
FCV-436, FCV-437; raw water
supply to auxiliary feedwater
pumps

Conduits are located in two raceways at north end of laboratory
as well as in the ceiling of the lab area above the suspended
ceiling and automatic sprinklers. Electrical raceways are to be
subdivided such that redundant divisions are separated from each
other by two hour rated barriers. Existing ceiling to be
replaced with a one hour rated ceiling and automatic sprinklers
to be retained. Smoke detectors to be provided in the ceiling
of the laboratory area.

RHR-l, 2

Residual Heat Removal System
Residual heat removal pumps 1-1,
1-.2

C-1,2,3

C-5,6

C-8
C-15,16
C-19,20

Charging and Boration
Charging pumps l-l, 1-2, 1-3
Boron acid tank flow.gath
Boric acid transfer pumps 1-1,
1-2
Valve 8104
Boric acid tank heaters, A and B
Heat trace for boric acid tank flow path.

C-21,22
C-23,24
C-27,28
C-30,31,32,33

Boron in ection tank flow ath:
Valves 8805A, B; refueling water supply to charging pumps
Valves 8803A; B; charging pumps to BIT
BIT heater, backup heater
Heat trace for boron injection tank flowpath.





FXRE Z~~!JE 4-A (Continued) 2 of 2

Ref. No.

CCW-1,2,3

CCW-4,5,6

S stem and Com onents

Com onent Coolin Water S stem
Component cooling water pumps l-l,
1-2, 1-3
Valves FCV-430, FCV-431. PCV-355

Comments

ASH-1, 2

ASvf-3, 4

Auxilia Saltwater S stem
Auxiliary saltwater pumps l-l, 1-2
Valves FCV-602, FCV-603

V-1,2

V-3,4

V-5, 6

V-9,10,11

V-12, 13

V-14',15

V-17,18

Ventilation for Safe Shutdown
E ui ment
S-35, S-36; control room
ventilation equipment
S-31, S-32; auxiliary building
supply fans
E-l, E-2; auxiliary building
exhaust fans
S-67, S-68, S-69; 4KV switchgear
room fans
E-101, E-103; auxiliary saltwater
pump room exhaust fans
S-l, S-2; fuel handling building
supply fans
E-5, E-6 fuel handling building
exhaust fans

F-l, 2 Fire pumps O-l, 0-2





FIRE ZONE 4-B (ACCESS CONTROL AREA)

Ref. No. S stem and Com onents Affected Comments

EP-4,5
Emer enc Power Su ly
Fuel transfer pumps 0-1, 0-2 Power circuits for fuel transfer pumps run through an office area

containing a whole body counter in fire zone 4-B at elevation 85 ft.
In running up the wall of this office, the conduits maintain 15 ft.
separation and are each enclosed behind two-hour rated metal lathe
and plaster walls that isolate the conduits .".rom the office and
each other. One conduit runs above the suspended ceiling in the
south end of the office while the redundant conduit runs above the
suspended ceiling in the counting room to the north (fire zone 4-A).
This office area has been designated as a "No Storage".area and
automatic sprinkler protection is provided for the space.





PERE ZONE 5-A-1 and 6-A-1 (480V SNXTCHGEAR ROOM, CONVERTER ROOM, BATTERY ROOM, BUS F) 1 of 3

Ref. No. S stem and Com nents Affected Comments

EP-3
EP-6

EP-9,12

EP-13

EP-2

Emer ency Power Su 1
Diesel generator 1-3
4KV supply to load center 1F

125V DC supply to main control
board, F bus and nonvital bus
(zone 6-A-1 only)
125V DC supply to 4KV switchgear,
F bus
Diesel generator 1-2

Diesel generators 1-1 and 1-2 not affected by fire in 'these zones.
Power supplies to G and H load centers not affected by a fire in
these zones.
Nonvital loads powered by G bus and pass through this zone. G

and H power supplies not affected by a fire in this zone.

DC power supplies to G and H 4KV switchgear not affected by a fire
in these zones.
Only the backup control circuitry for diesel generator 1-2 affected.
Fire in these zones will n'ot prevent diesel generator 1-2 operation
using normal (G bus) control circuitry.

AF-6, 7

AF-ll

Auxiliary Feedwater S stem
Auxiliary feedwater pump 1-3
and associated valves,
LCV-113, LCV-115
FCV-437; raw water reservoir
supply to auxiliary feedwater
pumps 1-2, 1-3
FCV-38, steam supply valve to
auxiliary feedwater pump
turbine 1-1

Auxiliary feedwater pump 1-1 and 1-2 and associated LCV's not
affected by fire in these zones.

Condensate storage tank available and raw water to auxiliary feed-
water pump l-l via FCV-436 available.

Normally open motor operated valve. Alternate steam supply for
auxiliary feedwater turbine via FCV-37.

C-1

C-5
C-10

C-19

C-21

Charging and Boration
Charging pump 1-1
Boric acid tank flow.path:
Boric acid transfer pump 1-1
Valve 8107, charging flow path

Heat trace 1A (zone 5-A-1 only)
Boron injection tank flow ath:
Valve 8805A, refueling water
storage tank isolation valves

Charging pumps 1-2 and 1-3 not affected by a fire in this zone

Transfer pump 1-2 not affected by a fire in these zones
Zf fire in these zones causes valve closure due to hot short, valve
can be opened manually. Charging flow path via RCP seals not
affected by a fire in this zone.
Redundant heat trace 1B not affected by a fire in this zone.

Parallel valve 8805B not affected by a fire in these zones.





FIRE ZONE 5-A-1 and 6-A-1 (Continued) 2 of 3

Ref. No. System and Com nents Affected Comments

C-23

C-25
C-27

C-31

Boron in'ection tank flow ath:
Valve 8803A, charging pumps to
BIT
Valve 8801A, BIT discharge
Boron injection tank heater
(zone 5-A-1 only)
Heat trace lA (zone 5-A-1 only)

Parallel valve 88038 not affected by a fire in these zones.

Parallel valve 8801B not affected by a fire in these zones.
BIT backup heater not affected by a fire in these zones.

Redundant heat trace 1B not affected by a fire in this:zone.

CCW-1
CCW-4

Com nent Coolin Water System
Component cooling water pump l-l
FCV-430, component cooling water
HX l-l isolation valve

Component cooling water pump 1-2 or 1-3 available.
Component cooling water heat exchanger 1-2 available.
manually, if necessary.

Open FCV-430

ASW-1
Auxilia Saltwater S stem
Auxiliary saltwater pump l-l Auxiliary saltwater pump 1-2 not affected by a fire in these zones.

Main Steam S stem
PCV-19, PCV-20; 10% power relief
valves

Pneumatic controls for these valves at hot shutdown panel are not
affected by a fire in these zones.

I-5,6

I-18,24

Instrumentation
Instrument AC power, channel I
(zone 6-A-1 only)

Steam generator PT's, channel I;
PT-514i 524@ 534@ 544
Pressurizer LT-459 and PT-455

Power failure of instrument AC, channel I, will initiate trip signal
to solid state protection system. Redundant channels II, III, and
IV unaffected by a fire in this zone.
Channel II, III, and IV steam generator pressure transmitters
available (2 PT's for each SG).
Two redundant pressurizer level transmitters and three redundant RCS/
PZR pressure transmitters not affected by a fire in this zone.

V-2

V-5

Ventilation for Safe Shutdown
E ui ment
S-36, control room supply fan
(zone 5-A-1 only)
E-l, auxiliary building exhaust
fan

Control room supply fan S-35 not affected by a fire in this zone.

Auxiliary building exhaust fan E-2 not affected by a fire in these
zones.
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FIRE ZONE 5-A-1 and 6-A-1 (Continued) 3of3

Ref. No. S stem and Com onents Affected Comments

V-j,8

V-ll

V-13

V-16

Ventilation for Safe Shutdown
E ui ment
S-43, S-44; 480V switchgear and
inverter rooms supply fans

S-69, 4KV switchgear room
supply fan, bus F (zone 5-A-1
only)
E-103, auxiliary saltwater pump
room l-l exhaust fan (zone
5-A-1 only)
E-5, fuel handling building
exhaust fan

S-43 powered by F bus; S-44 power circuit runs through this zone,it will be rerouted out of this zone. Control circuitry for both
fans are located in zone 6-A-1 (as well as 6-A-2 and 6-A-3) .
Fire in 6-A-1 (high temperature) would cause fans to start or
switch to high speed. Fusible link fire dampers would isolate
zone 6-A-1 while maintaining ventilation flow to 6-A-2 and 6-A-3.
Fan(s) would continue to operate properly as long as control
circuitry in zone 6-A-2 or 6-A-3 was functional.
Ventilation to G and H bus 4KV switchgear rooms not affected by a
fire in this zone.

Ventilation to auxiliary saltwater pump room 1-2 not affected by a
fire in this zone.

Fuel. handling building exhaust fan E-6 not affected by a fire in
this zone.

F-1 Fire pump 0-1 (zone 5-A-1 only) Fire pump 0-2 not affected by a fire in this zone.





FIRE ZONES 5-A-2 and 6-A-2 (480V SNITCHGEAR ROOM, INVERTER ROOM, BATTERY ROOM, BUS G) lof3

Ref. No. S stem and Com onents Affected Comments

EP-2
EP-5

EP7

EP-10,12

EP-14

EP-1

Emer enc Power Su 1
Diesel generator 1-2
Fuel transfer pump 0-2 (zone
5-A-2 only)
4KV supply to load center 1G

125V DC supply to main control
board, G bus and nonvital bus
(zone 6-A-2 only)
125V DC supply for 4KV switch-
gear, G bus
Diesel generator l-l

Diesel generator 1-1 and 1-3 not affected by a fire in these
zones'uel

transfer pump 0-1 not affected by a fire in zone 5-A-2.

Power supplies to F and H load centers not affected by a fire in
this zone.
Nonvital loads powered off of G bus. F and H DC power supplies
not affected by a fire in zone 6-A-2.

DC power supplies to F and H 4KV switchgear not affected by a fire
in this zone.
Only the backup control circuitry for diesel generator l-l affected.
Fire in these zones will not prevent diesel generator l-l operation
using normal (H bus) control circuitry.

AF-1

AF-2, 3

AF-8

Auxiliar Feedwater S stem
FCV-95, steam supply to
auxiliary feedwater pump l-l
turbine
LCV-106, 107, 108, 109;
auxiliary feedwater supply from
auxiliary feedwater pump l-l
FCV-436, raw water supply to
auxiliary feedwater pump 1-1

Auxiliary feedwater pumps 1-2 and 1-3 not affected by a fire in these
zones.

Auxiliary feedwater pumps 1-2 and 1-3 LCV's not affected by a fire
in these zones.

FCV-437, raw water supply to auxiliary feedwater pumps 1-2 and 1-3
not affected by a fire in these zones.

RHR-1
RHR-3

RHR-6

Residual Heat Removal S stem
Residual heat removal pump l-l
Valve 8701, residual heat
removal suction form hot leg
Valve 8809A, valve in flow path

Residual heat removal pump 1-2 not affected by a fire in this zone.
Open valve manually if fire in these zones prevents control room

operation of valve.
Parallel valve 8809B (in residual heat removal pump 1-2 flow path)
not affected by a fire in this zone.





FIRE ZONE 5-A-2 and 6-A-2 (Continued) 2 of 3

Ref. No. S stem and Com onents Affected Comments

C-2, 3

C-6
C-8

C-11

C-15

C-18

C-22

C-24

C-26
C-30

Char in and Bor tion
Charging pumps 1-2, 1-3
Boric acid tank flow ath:
Boric acid transfer pump 1-2
Valve 8104, transfer pumps to
charging pumps
Valve 8108, charging flow path

Boric acid tanks 1-1 and 1-2
heater A (zone 5-A-2 only)
TIC-107, boric acid tank 1-2
temperature controller (zone
6-A-2 only)
Boron in ection tank flow ath:
Valve 8805B, refueling water
storage tank isolation valve
Valve 8803B, charging pumps to
BIT
Valve 8801B, BIT discharge
Heat trace 2A (zone 5-A-2 only)

Charging pump l-l not affected by a fire in this zone.

Transfer pump 1-1 not affected by a fire in these zones.
Parallel valve FCV-110A not affected by a fire in these zones.

If fire in these zones cuases valve closure due to hot short,
valve can be opened manually. Charging flow path via RCP seals
not affected by a fire in these zones.
Tank heaters B not affected by a fire in this zone.

TIC-103 not affected by a fire in this zone.

Parallel valve 8805A not affected by a fire in these zones.

Parallel valve 8803A not affected by a fire in these zones.

Parallel valve 8801A not affected by a fire in these zones.
Redundant heat trace 2B not affected by a fire in this zone.

CCM-2

CCM-5

Com onent Coolin Mater S stem
Component cooling water pump 1-2

FCU-431, component cooling
water HX 1-2 isolation

Component cooling water 1-1 or 1-3 not affected by a fire in these
zones
Component cooling water heat exchanger l-l isolation valve (FCV-430)
not affected by a fire in these zones. 'pen FCV-431 manually, if
necessary.

ASM-2
Auxiliar Saltwater S stem
Auxiliary saltwater pump 1-2 Auxiliary saltwater pump l-l not a=fected by a fire in-these zones.





FIRE ZONE 5-A-2 and 6-A-2 (Continued) 3of 3

Ref�.

No. S stem and Co onents Affected Comments

HS-1

HS-3

Hain Steam S stem
FCV-41, PCV-42; main steam
isolation valves, leads 1 and 2

FCV-760, FCU-761; SG blowdown
isolation valves

PCV-21, PCV-22; 10% power
relief valves

If fire in these zones affect circuitry to main steam isolation
valves, they can be closed manually if required.
Air operated valves, fail closed on loss of air, short or open
circuit. If hot short keeps valve(s) open, manual or air operated
valves outside of containment can be closed.
Pneumatic controls for these valves at hot shutdown panel are
not affected by a fire in these zones.

I-2

I-19

Instrumentation
Instrument AC power, channel II
(zone 6-A-2 only)

LT-460, pressurizer level

Power failure of instrument AC, channel II, will initiate trip
signal to solid state protection system. Redundant channels
I, III, and IV unaffected by a fire in this zone.
Two redundant pressurizer LT's not affected by a fire in this zone.

V-3

V-7,8

V-10

V-12

V-14

Ventilation for Safe Shutdown
E ui ment
S-31, auxiliary building supply
fan
S-43, S-44; 480V switchgear and
inverter rooms supply fans
(zone 6-A-2 only)

x

S-68, 4KV switchgear, bus G,
supply fan (zone 5-A-2 only)
E-101, auxiliary saltwater
pump 1-2 room exhaust fan
(zone 5-A-2 only)
S-l, fuel handling building
supply fan

Auxiliary building supply fan S-32 not affected by a fire in this
zone.
S-44 power circuit runs through this zone, it will be rerouted out
of this zone. Control circuitry for both fans are located in zone
6-A-2 (as well as 6-A-1 and 6-A-3). Fire in 6-A-2 (high temperature)
would cause fans to start or switch to high speed. Fusible link
fire dampers would isolate zone 6-A-2 while maintaining ventilation
flow to 6-A-1 and 6-A-3. Fan(s) would continue to operate properly
as long as control circuitry in zone 6-A-1 or 6-A-3 was functional.
Ventilation to F and H bus 4KV switchgear rooms not affected by a
fire in this zone.
Ventilation to auxiliary saltwater pump l-l room not affected by a
fire in this zone.

Fuel handling building fan S-2 not affected by a fire in this zone.





FIRE ZONES 5-A-3 AND 6-A-3 (480V SNITCHGEAR ROOM, INVERTER ROOM, BATTERY ROOM, BUS H) lof 3

Ref. No. S stem and Com nents Affected Comments

EP-1
EP-4

EP-8

EP-11

EP-15

EP-3

Emer enc Power Su ply
Diesel generator l-l

-Fuel transfer pump 0-1 (zone
5-A-3 only)
4KV supply to load center 1H

125V DC supply to main control
board, H bus (zone 6-A-3 only)
125V DC supply for 4KV switchgear,
H bus
Diesel generator 1-3

Diesel generators 1-2 and 1-3 not affected by a fire in these zones.
Fuel transfer pump 0-2 not affected by a fire in these zones.

Power supplies to F and G load centers not affected by a fire in
these zones.
F and G DC power supplies not affected by a fire in this zone.

Power supplies to F and G 4KV switchgear not affected by a fire in
these zones.
Only the backup control circuitry for diesel generator 1-3 affected.
Fire in these zones will not prevent diesel generator 1-3 operation
using normal (F bus) control circuitry.

AF-5

AF-10

Auxiliary feedwater pump 1-2

LCV-110, LCV-ill; auxiliary
feedwater supply from auxiliary
feedwater pump 1-2
FCV-37, SG 1-2 supply to
auxiliary feedwater pump turbine

Auxiliary feedwater pumps 1-1 and 1-3 not affected by a fire in these
zones.
Auxiliary feedwater pumps 1-1 and 1-3 LCV's not affected by a fire
in these zones.

Normally open, motor operated valve. Alternate steam supply for
auxiliary feedwater turbine via FCV-38.

RHR-2
RHR-4

RHR-7

Residual Heat Removal System
Residual heat removal pump 1-2
Valve 8702, residual heat removal
suction from hot leg
Valve 8809B, valve in flow path

Residual heat removal pump l-l not affected by a fire in these zones.
Open valve manually if fire in these zones prevents control room
operation of valve.
Parallel valve 8809A (in residual neat removal pump 1-1 flow path)
not affected by a fire in this zone.
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FIRE ZONE 5-A-3 AND 6-A-3 (Continued) 2of 3

Ref. No. S stem and Com onents Affected Comments

C-16

C-17

C-20

C-28

C-29

C-33
C-32

Char in and Boration
Boric acid tank flow ath:
Boric acid tanks 1-1, 1-2
heater B (zone 5-A-3 only)
TIC-103, boric acid tank 1-1
temperature controller
(zone 6-A-3 only)
Heat trace 1B (zone 5-A-3 only)
Boron in ection tank flow ath:
Boron injection tank backup
heater (zone 5-A-3 only)
TIC-945, BIT temperature
controller (zone 6-A-3 only)
Heat trace 1B (zone 5-A-3 only)
Heat trace 2B (zone 5-A-3 only)

Tank heaters A not affected by a fire in this zone.

TIC-107 not affected by a fire in this zone.

Redundant Heat trace lA not affected by a fire in this zone.

BIT heater not affected by a fire in this zone.
If fire in this zone damages TIC-945 circuitry, heaters can be
controlled manually.
Redundant heat trace lA not affected by a fire in this zone.
Redundant heat trace 2A not affected by a fire in this zone.

CCW-3

CCW-6

Com onent Coolin Water S stem
Component cooling water pump 1-3

FCV-355, component cooling water
header C supply

Component cooling water pump l-l or 1-2 not affected by a fire in
these zones.
Normally open, motor operated valve. If hot short in control
circuitry causes valve closure, open manually (required only for
charging pump 1-3 cooling).

MS-4
Main Steam S stem.
FCV-762, FCV-763; SG blowdown
isolation valves

Air operated valves, fail closed on loss of air, short or open
circuit. If hot short keeps valve(s) open, manual or air operated
valves outside of containment can be closed.

I-3,4
Instrumentation
Instrument AC power, channels
III and IV (zone 6-A-3 only)

Power failure of instrument AC, channels III or IV, will initiate
trip signal to solid state protection system. Redundant channels
I and II unaffected by a fire in this zone.
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FIRE ZONE 5-A-3 AND 6-A-3 (Continued) 3of3

Ref. No. S stem and Com nents Affected Comments

V-1

U-6

V-7 I8

V-9

V-17

Ventilation for Safe Shutdowni ment
S-35, control room supply fan
(zone 5-A-3. only)
S-32, auxiliary building supply
fan
E-2, auxiliary building exhaust
fan
S-43, S-44, 480V switchgear and
inverter rooms supply fans

S-67, 4KV switchgear, bus H,
supply fan (zone 5-A-3 only)
S-2, fuel handling building
supply fan
E-6, fuel handling building
exhaust fan

Control room supply fan S-36 not affected by a fire in this zone.

Auxiliary building supply fan S-31 not affected by a fire in these
zones.
Auxiliary building exhaust fan E-1 not affected 'by a fire in thesezones
S-44 powered by H bus Control circuitry for both fans in 6-A-3
(high temperature) would cause fans to start or switch to high
speed. Fusible link fire dampers would isolate zone 6-A-3 while
maintaining ventilation flow to 6-A-1 and 6-A-2. Fan(s) would
continue to operate properly as long as control circuitry in zone
6-A-1 or 6-A-2 was functional.
Ventilation to F and G bus 4KV switchgear rooms not affected by a
fire in this zone.
Fuel handling building supply fan S-1*not affected by a fire in
these zones.
Fuel handling building exhaust fan E-5 not affected by a fire in
these zones.

Pire pump 0-2 (zone 5-A-3 only) Fire pump O-l not affected by a fire in this zone.





FIRE ZONES 5-B-2, 5-B-3, 5-B-4 (UNIT 2 480V SWITCHGEAR ROOMS)

Ref. No. S stem and Com onents Affected Comments

EP-4,5
Emer enc Power Su 1
Fuel transfer pumps O-l, 0-2 Unit 2 backup power circuit to pumps O-l and 0-2 could be affected

by a Unit 2 fire in these zones. Pumps'would still be operable
using normal (Unit l) power supply





PIRE ZONE 5-A-4 (AREA OUTSIDE 480V SWITCHGEAR ROOMS) 1 of 2

Ref. No. S stem and Com onents Affected Comments

EP-4,5
Emer enc Power Su ly
Fuel transfer pumps 0-1, 0-2 Back-up power circuits for fuel transfer pumps pass through this

zone from Unit 2 to Unit 1 480 volt switchgear rooms. Normal
(Unit 1) power supply for the transfer pumps is not affected by
a fire in this zone.

AP-1,2,3

AF-4,6

AF-5, 7

Auxiliary Feedwater S stem
FCV-95, steam supply to
auxiliary feedwater pump 1-'1
turbine and associated level
control valves LCV-106, 107
108, 109
Auxiliary feedwater pump 1-2,
1-3

LCV-110, 111., 113, 115,
auxiliary feedwater supply
from pumps 1-2, 1-3

Control circuits to hot shutdown panel are embedded from the
switchgear to the immediate proximity of the hot shutdown panel.
The only location where a fire could affect. these circuits would
be right at the hot shutdown panel. Damage to these circuits
would not affect control of this equipment from control room.
However, fire affecting transfer switches in the hot shutdown
panel could transfer control away from control room to hot shut.-
down panel; Procedure to be established to jumper out hot
shutdown panel control circuitry in the event of such a fire.
Instructions to be posted in the switchgear or motor control centers.
This will allow operators to transfer control of equipment back to
control room if fire at hot shutdown panel transfers control.
Smoke detector located in vicinity of hot shutdown panel and west
end of zone 5-A-4 (hot shutdown panel area) to be designated as a
"No Storage" area.
Electro-hydraulic LCV's would fail as is (open) if fire, in hot.
shutdown panel affects circuitry or controller in hot shutdown
panel. Valves can be operated 'manually if required and pump 1-1
LCV's would be operable from control'oom (as described above).

C-l,2

C-5,6

C-8

Char ing and Boration
Charging pumps 1-1, 1-2
Boric acid tank flow ath:
Boric acid transfer pumpsl-l, 1-2
Valve 8104

Comments made for auxiliary feedwater pumps also apply to these
components.





FIRE ZONE 5-A-4 (Continued) 2 of 2

Ref. No. S stem and Com onents 'Affected Comments

CCW-1, 2, 3
Com onent Coolin Water System
Component cooling water pumps l-l,
1-2, 1-3

Comments made for auxiliary feedwater pumps also apply to the
component cooling water pumps.

ASW-1,2

ASW-3,4

Auxiliar Saltwater S stem
Auxiliary saltwater pumps l-l,
1-2
FCV-602, FCV-603; auxiliary
saltwater to component cooling
water HX

Comments made for auxiliary feedwater pumps also apply to the
auxiliary saltwater pumps.
Circuits for these valves run vertically along west wall through
zone 5-A-4 (near hot shutdown panel). Valves fail open on loss
of air, short or open circuit. If hot short causes valve
closure, valves can be opened manually by removing air supply.

I-18,19

I-5,6

I-24

V-12

V-8

Instrumentation
LT-459, LT-460, pressurizer
level
PT 514~ 524i 534i 544 SG

pressure, channel I
PT-455, pressurizer pressure

Ventilation for Safe Shutdown
E ui ment
E-101, auxiliary saltwater
pump room 1-2 exhaust fan

S-44, 480V switchgear and
inverter rooms supply fan

Circuitry for these instruments is embedded from the 480 volt
switchgear to the immediate proximity of the hot shutdown panel.
A fire at the hot shutdown panel could affect control room readout
of these instruments. However, redundant instrumentation in
control room not affected by a fire in this zone (LT-461, LT-462
for pressurizer level, channels II, III, and IV SG pressure (two
additional PT's per SG), and PT-403, PT-405, PT-456 for RCS/PZR
pressure).

Circuit passes in vicinity of hot shutdown panel. Auxiliary salt-
water pump room l-l exhaust fan E-103 not affected by a fire in
this zone.
Power circuit for S-44 to be rerouted through zone 5-A-4 to
eliminate it from running in same area as fan S-43. Redundant
fan, S-43, not affected by a fire in this zone.





FIRE ZONE 6-A-5 (SPACE WEST OF BATTERY ROOMS EL. 115'
~

Ref. No. S stem and Com onents Affected Comments

EP-12
Emer enc Power Su 1
125V DC supply to main control
board, non-vital bus

All components powered by non-vital 125V DC power fail to safe
position upon loss of power.

AF-5, 7
Auxilia Feedwater S stem
LCV-110, ill, 113, 115; AFW

supply from pumps 1-2, 1-3
Auxiliary feedwater pump 1-1 and its associated LCU's not
affected by a fire in this zone. If fire damages circuitry
for these LCV's, valves can be operated manually.

ASW-3,4
Auxilia Saltwater S stem
FCV-602, FCV-603; auxiliary
saltwater to component cooling
water HX

Short or open circuit causes valves to fail open. If hot short
causes valve closure, valve could be opened manually at component
cooling water HX by removing air supply to solenoid valve.

V-7i8

Ventilation for Safe Shutdown
E ui ment
S-43, S-44; 480V switchgear
and inverter rooms supply fans

Fans and duct work in this zone to be fireproofed with one hour
rated protection. Power circuit for S-44 to be relocated so that
fan motor starters are separated by minimum of 15 feet. Smoke
detector to be provided in this zone.





FIRE ZONE 7-A and 8-C CABLE SPREADING ROOM AND CONTROL ROOM) Page 1 of 4

Ref. No. S stem and Com onents Affected COMMENTS

EP-1,2,3

EP-6,7,8

EP-9,10,11,12

Emer enc Power Su 1
Diesel generator l-l, 1-2, 1-3

4KV supplies to 480V load
centers

125V- DC supplies to main
control board

Fire could affect automatic start or control room .manual
start capability. In the event of a cable spreading room
or control room fire, throwing transfer switch in each
diesel generator room restores automatic start capability
as well as manual start capability at the diesel generator.
Automatic power transfer scheme could be affected. However,
diesel generators can be manually loaded to 4KV supplies at
the 4KV switchgear, if necessary.
All components requiring 125V DC power fail to safe position
loss of power (except for main steam isolation valves — see
discussion below).

AF-2, 3

AF-4, 6

AF-5, 7

AF-8,9

AF-10,11

Auxilia Feedwater S stem
FCV-95 steam supply to
auxiliary feedwater pump l-l
turbine
LCV-106, 107, 108, 109; AFM

supply from AFN pump l-l
Auxiliary feedwater pump 1-2,
1-3
LCV-110, 111, 113, 115; AFW

supply from APM pumps 1-2, 1-3
FCV-436 and FCV-437, raw water
reservoir supply to auxiliary
feedwater pumps
FCV-37, FCV-38, SG 1-2 and
SG 1-3 supply to auxiliary
feedwater pump l-l turbine

Control of FCV-95 at hot shutdown panel not affected by
cable spreading room fire
Control of pump l-l LCV's at hot shutdown panel not affected
by cable spreading room or control room fire.
Control of pumps at hot shutdown panel not affected by cable
spreading room or control room fire.
If cable spreading room or control room fire affects circuitry
for these LCV's, valves can be operated manually.If cable spreading room or control room fire affects
operability of valves, they can be opened manually if and
when raw water reservoir supply required.
Normally open, motor operated valves, fail as is. If hot
short causes valve closure, it can be opened manually.

RHR-1,2
RHR-3,4

Residual Heat Removal S stem
RHR pumps l-l, -1-2 .-

, 8701, 8702; RHR suction. hot
leg

Pumps can be started at 4KV switchgear when required.If inoperable from control room, open valves manually when
required.





FIRE ZONE 7-A AND 8-C (Continued) Page 2 of 4

Ref. No. S stem and Com onents Affected COMMENTS

RHR-6,7

Residual Heat Removal S stem
HCV-637, HCV-638, valves in
RHR flow. path

Valves 8809A and B, valves in
RHR flow path

valves fail open upon loss of air, short or open
circuit. If hot short causes valve closure, open manually
when required.
Normally open, motor operated valves, fail as is. If hot
short causes valve closure, open manually when required.

CC-1,2
Char in and Boration
Centrifugal charging pumps l-l,
1-2
Reciprocating charging pump 1-3

Control of pumps at hot shutdown panel not affected by cable
spreading room or control room fire'.
Pump can be started at 4KV switchgear if required.

C-5,6

C-7,8

C-10,11

C-12,13,14

C-17,18

C-21,22

C-23,24

C-25926

Boric acid tank flow. path:
Boric acid transfer pumps l-l,
1-2
Valves 8104 and FCV-110A;
charging flowpath
Valves 8107, 8108; charging
flow

Valves 8145, 8146, 8147;
charging flow path

TIC-103, TIC-107
Boric acid tank temperature
controller

Boron in ection tank flow ath:
Valves 8805A, B; refueling water
supply valves
Valves 8803A, B; charging pumps
to BIT
Valves 8801A, 8; BIT outlet

Control of pumps at hot shutdown panel not affected by cable
spreading room fire.
FCV-110A fails open upon loss of air, open or short circuit.
If hot short causes valve closure, open either valve manually.
Normally open, motor operated valves, fail as is. If hot short
causes valve closure, open manually. Alternate charging via RCP

seal flowpath (independent of these valves) .

Valves 8146 and 8147 fail open upon loss of air, open or short
circuit. Alternate charging via RCP seal flo~path (independent
of these valves).
Boric acid tank heaters can be turned on manually at the tanks.-

All valves are normally closed motor operated valves. Valves
could be opened manually, if required. However, charging via
boric acid tank flow pathand reactor coolant pump seals is a

more viable flow:path and is controllable from the hot shutdown
panel irrespective of a fire in the cable spreading room or
control room.





FIRE ZONE 7-A AND 8-C (Continued) Page 3 of 4

Ref. No. S stem and Com onents Affected COMMENTS

CCW-1,2,3

CCW-4,5

CCW»6

CCW-7

Com onent Coolin Water S stem
Component cooling water pumps
1-1, 1-2, 1-3
FCV-430, 431; component cooling
water HX isolation valves
FCV-355; component cooling
water supply header "C"
FCV-364, 365; component cooling
water supply to RHR HX

Control of component cooling water pumps at hot shutdown
panel not affected by cable spreading room fire.
Motor operated valves, fail as is. One valve normally open.
If hot short causes valve closure, open manually.
Normally open, motor operated valve, fails as is. Required to
be open only for charging pump 1-3 cooling.
Valves fail open upon loss of air, short to ground, or open
circuit. If hot short causes valve closure, open manually.

ASW-1,2

ASW-3,4

Auxilia Saltwater S stem
Auxiliary saltwater pumps 1-1, 1-2

FCV-602, 603; auxiliary salt-
water to component cooling
water HX

Control of pumps from hot shutdown panel not affected by cable
spreading room fire.
Valves fail open upon loss of air, short or open circuit.
If hot short causes valve closure, open manually.

MS-1,2

MS-5,6

Main Steam S stem
FCV-41, 42, 43, 44;
main steam isolation valves

FCV-760, 761, 762, 763;
SG blowdown isolation valves

PCV-19> 20, 21, 22;
10% power relief valve

Fire in cable spreading room could prevent valve closure.
Main steam isolation valves required to close only for a
steam line break. If seismic event causes main steam line
break and subsequent cable spreading room fire, main steam
isolation valve would close prior to fire damaging main
steam isolation valve circuitry in cable spreading room. Valves
can be closed manually if reguired.
Valves fail closed upon loss of air, open or short circuit.
If hot short keeps a valve open, manual or air operated
valves outside of containment can be closed.
Pneumatic controls at hot shutdown panel for these valves.





FIRE ZONE 7-A AND 8-C (Continued) 4of4

Ref. No. S stem and Com nents Affected Comments

I-l,2,3,4

Ig6J7,8,9, 10
I llg12~13~14
I-15
I 16gl7~24~25
I-18,19,20
I-21,22

Instrumentation
Instrument AC Power (cable
spreading room only)
All SG PTes
All SG LT's
All RCS TE's
All RCS PT's and PZR PT's
All PZR LT's
All BA LT's

Instrument panel to be provided in penetration area (zone 3-BB)
with necessary safe shutdown instrument readouts. Instrumentation
signals to this panel and instrument power supply will not be
vulnerable to a cable spreading room or control room fire.

V-1~2

V-3,4

V-5, 6

V-14,15

V-16,17

Ventilation for Safe Shutdown
E ui ment
S-35, S-36; control room supply
fans

S-31, S-32; auxiliary building
supply fans

E-l, E-2; auxiliary building
exhaust fans
S-l, S-2; fuel handling building
supply fans
E-5, E-6; fuel handling building
exhaust fans

Fan can be started by adding jumper in local starter (located
in ventilation room elevation 156'-4"). Procedure for starting
fan at local starter will be posted at starter.
Fan can be started by adding jumper in 480V motor control center.
Once starter at motor control center, the fan would not be
vulnerable to cable spreading room fire. Procedure for starting
fans at motor control center will be posted in MCC cabinets.
Same as above

Same as above

Same as above

0-1,2 Fire pump O-l, 0-2 If required, pumps can be started locally.





FIRE ZONE 8-B-1 (AUXILIARYBUILDING SUPPLY FAN ROOM)

Ref. No. S stem and Com onents Affected Comments

V-l,2

V-3,4

Ventilation for Safe Shutdown
E i ment
S-35, S-36; control room supply
fans (and air conditioning)

S-31, S-32; auxiliary building
supply fans

Power supplies to control room ventilation equipment run in
conduits in the supply air plenum room of this fire zone. There
is no combustible fuel load in this plenum.
Automatic sprinkler protection and smoke detectors to be provided
for supply fans S-31 and S-32.





PIRE ZONE 8-B-3 (CONTROL ROOM 'VENTILATION E UIPMENT) '

'ef.

No. S stem and Com onents Affected Comments

V-l,2

Ventilation for Safe Shutdown
E i ment
S-35, S-36; control room supply
fans and other control room
ventilation equipment

Automatic sprinkler protection and smoke detectors to be provided
for this zone. If a fire were to damage S-35 and S-36, adequate
ventilation for the shared control room could be maintained by
Unit 2 control room ventilation equipment (S-37 and S-38 and
associated equipment). A fire affecting Unit l control room
ventilation equipment could not affect Unit 2 control room
ventilation equipment.





FIRE ZONE 10 (12KV SHITCHGEAR ROON)

Ref. No. S stem and Com onents Affected Comments

EP-1,2,3
EP-4,5
EP-6,7,8
EP-13,14.15

AF-4, 6

Emer enc Power Su 1
Diesel generator l-l, 1-2, 1-3
Fuel transfer pumpl 0-1, 0-2
4KV supplies to 480 load centers
125V DC supply for 4KV switch-
gear

Auxiliar Feedwater S stem
Auxiliary feedwater pumps 1-2,
1-3

Conduits run in banks vertically along east and west walls of
12KV switchgear room and down to cable spreading room at elevation
76 feet. Redundant divisions are -separhted'b~ minimum .of;10 feet.
Banks of safe shutdown conduits will be boxed in to give two hour
rated protection for conduits. East wall to be upgraded to minimum
two hour barrier, west wall is existing three hour barrier. In
cable soreading room below, all conduits (except a portion of H bus
components) are enclosed within five concrete compartments
separated from the cable spreading room by two-inch thick non-
combustible transite barriers.

RHR-l, 2
Residual Heat Removal S stem
Residual heat removal pumps l-l,
1-2

C-li2~3
Char in and Boration
Charging pumps l-l, 1-2, 1-3

CCM-1,2,3
.Com onent Coolin Hater S stem
Component cooling water pumps l-l,
1-2, 1-3

ASM-l,2
Auxilia Saltwater S stem
Auxiliary saltwater pumps 1-1,
1-2

V-9,10,11

V-12,13

1

Ventilation for Safe Shutdown
E uipment
S-67, S-68, S-69; 4KV switch-
gear room fans
E-101, E-103; auxiliary salt-
water pump room exhaust fans





FIRE ZONE ll-A-1 (DIESEL GENERATOR l-l ROOM)

Ref. No. S stem and Co onent Affected Comments

EP-1.
EP-4,5

Emer enc Power Su 1

Diesel generator l-l
Fuel transfer pumps 0-1, 0-2

Similar comments apply to fire zones ll-B-1 and 11-C-1 (diesel
generators 1-2 and 1-3 rooms).
Diesel generators 1-2 and 1-3 unaffected by a fire in this zone.
Fire in diesel generator l-l compartment could conceivably
(1) start fuel transfer pump(s) and supply diesel fuel to diesel
generator l-l day tank, or (2) prevent fuel transfer pumps from
starting when required to replenish other diesel generator day
tanks. Fuel transfer pump circuit modification and protection of
conduits within the diesel generator compartments will prevent
this from occurring. Total flooding C02 protection provided for
each diesel generator room.





FIRE ZONE ll-D'CORRIDOR OUTSIDE DIESEL GENERATOR ROONS)

Ref. No. S stem and Com nents Affected Comments

EP-1,2,3
EP-4,5

Emer enc Power Su 1
Diesel generators l-l, 1-2, 1-3
Fuel transfer pumps O-l, 0-2

Comment applies to all components: Control circuitry runs along
the west wall of this corridor above the normally closed rolling
fire doors. These circuits are separated from the diesel generator
rooms, the turbine building, and the 12KV switchgear room by three
hour fire barriers. To protect against an exposure fire within
zone 11-D, a one hour rated ceiling will be constructed approximately
seven feet below the existing concrete ceiling to separate the
conduits from the area below. Automatic sprinkler protection to be
provided in the suspended ceiling.





FIRE ZONE 12-A and 13-A (4KV CABLE SPREADING ROOM AND SHITCHGEAR ROOM BUS F)

Ref. No. S stem and Co onents Affected Comments

EP-3

EP-6
EP-13

EP-2

Emer enc Power Su 1
Diesel generator 1-3

4KV supply to load center 1F
125V DC supply to 4KV switch-
gear, F bus
Diesel generator 1-2 (12-A only)

Diesel generators l-l and 1-' and G and H buses not affected by a
fire in this zone.
See description of emergency power supply for a compilation of
safe shutdown components lost due to loss of a 4KV power supply
to a 480V load center.
Only the backup control circuitry for diesel generator 1-2 affected.
Fire in this zone will not prevent diesel generator 1-2 operation
using normal (G bus) control circuitry.

AF-6
Auxiliar Feedwater S stem
Auxiliary feedwater pump 1-3 Auxiliary feedwater pumps l-l and 1-2 not affected by a fire in

this zone.

C-1

CCW-1

Char in and Boration
Charging pump l-l
Com onent Coolin Water S stem
Component cooling water pump l-l

Charging pumps 1-2 and 1-3 not affected by a fire in this zone.

Component cooling water pumps 1-2 and 1-3 not affected by a fire
in this zone.

ASW-1
Auxilia Saltwater S stem
Auxiliary saltwater pump l-l Auxiliary saltwater pump 1-2 not affected by a fire in this zone.

V-11

Ventilation for Safe Shutdown
E 0i ment
S-69, 4KV switchgear bus F
supply fan

Supply fans to the other switchgear and cable spreading rooms not
affected by a fire in this zone.

V-13 E-103, ASW pump l-l room exh.
fan

Ventilation to ASW pump 1-2 (E-101) not affected by a fire in this
zone.



0



FIRE ZONE 12-B and 13-B (4KV CABLE SPREADING ROOM AND SWITCHGEAR ROOM, BUS G)

Ref. No. S stem and Com onents Affected Comments

EP-2

EP-7
EP-14

EP-1

EP-5

C-2, 3

CCW-2

Emer enc Power Su 1
Diesel generator 1-2

4KV supply to load center 1G

125V DC supply to 4KV switch-
gear, G bus
Diesel generator l-l (12-B only)

Fuel transfer pump 0-2 (12-B only)

Residual Heat Removal S stem
Residual heat removal pump l-l
Char in and Boration
Charging pumps 1-2, 1-3

Com onent Coolin Water S stem
Component cooling water pump 1-2

Diesel generator 1-1 and 1-,3 and F and H buses not affected by a

fire in this zone.
See description of emergency power supply for a compilation of
safe shutdown components lost due to loss of a 4KV power supply
to a 480V load center.
Only the backup control circuitry for diesel generator l-l affected.
Fire in this zone will not prevent diesel generator 1-1 operation
using normal (H bus) control circuitry.
Fuel transfer pump 0-1 not affected by a fire in this zone.

Residual heat removal pump 1-2 not affected by a fire in this zone.

Charging pump l-l not affected by a fire in this zone.

Component cooling water pumps 1-1 and 1-3 not affected by a fire
in this zone.

ASW-.2
Auxiliar Saltwater S stem
Auxiliary saltwater pump 1-2 Auxiliary saltwater pump 1-1 not affected by a fire in this zone.

V-10

Ventilation for Safe Shutdown
E ui ment
S-68, 4KV switchgear-bus- G.

supply fan
Supply fans to the other switchgear and cable spreading rooms not
affected by a fire in this zone.

V-12 E-101, ASW pump 1-2 room exh. fan Ventilation to ASW pump l-l (fan E-103) not affected by a fire in
'this zone.





FIRE ZONE 12-C and 13-C (4KV CABLE SPREADING ROOM AND SWITCHGEAR ROOM,, BUS H)

Ref. No. S stem and Com onents Affected Comments

EP-1

~ EP-8
EP-15

EP-3

EP-4

Emer enc Power Su 1
Diesel generator 1-1

4KV supply to load center 1H

125V DC supply to 4KV switch-
gear, H bus
Diesel generator 1-3 (12-C only)

Fuel transfer pump O-l
(12-C only)

Diesel generators 1-2 and 1-3 and F and G buses not affected by a

fire in this zone.
See description of emergency power supply for a compilation of
safe shutdown components lost due to loss of a 4KV power supply
to a 480V load center.
Fire in this zone will not prevent diesel generator 1-3 operation
using normal (F bus) control circuitry.
Fuel transfer pump 0-2 not affected by a fire in this zone.

AF-4
Auxiliar Feedwater S stem
Auxiliary feedwater pump 1-2 Auxiliary feedwater pumps l-l and 1-3 not affected by a fire in

this zone.

RHR-2

„CCW-3

Residual Heat Removal S stem
Residual heat removal pump 1-2

Component Coolin Water S stem
Component cooling water pump 1-3

Residual h'eat removal pump 1-1 not- affected by a fire in this zone.

Component cooling water pumps 1-1 and 1-2 not affected by a fire
in this zone.

V-9

Ventilation for Safe Shutdown
E ui ment
S-67, 4KV switchgear bus H

supply fan
Supply fans to the other switchgear and cable spreading rooms not.
affected by a fire in this zone.





FIRE ZONES 12-D AND 12-F (CORRIDORS OUTSIDE 4KV CABLE SPREADING ROOM) THESE FIRE ZONES HAVE BEEN
.,INCORPORATED AS PART OF FIRE ZONES
12 A~ 12 Bg 12 C SEE FIGURE 3 2

Ref. No. S stem and Com onents Affected Comments

EP-1,2,

EP-4,5

Emer ency Power Su ly
Diesel generators 1- 1-2, 1-3

Fuel ransfer pumps O-l, 0-2

Power circuit rom diesel generators cou be affected by a fire
in zone 12-D or -F. Redundant conduits to e separated from
each other by two h r rated fire barriers. Co uits have been
identified on Drawing 563.
Control. circuits for fue ransfer pumps could be af ted by a fire

zone 12-D or 12-F. These onduits will be protected 'he
s manner as the diesel gene tor circuits. Circuits ha been
ident'ed on Drawing 57563.

ASW-1,2
Auxiliary Saltwate
Auxiliary saltwater
1-2 (fire zone 12-D

ystem A
p sl-
only

Power circuits or auxiliary saltwater pum could be affected by
a fire in zone 1 . These conduits will be otected in the same
manner as the diese enerator circuits. Circui have been identified
on Drawing 57563.

V-9,10,11

Ventilat n for Safe Shutdown
E ui ment
E-103, auxilia saltwater pump
room l-l exhaust (fire zone
12-D only)

S-67, S-68, S-69; 4KV swi
ar supply fans

Auxili saltwater pump room 1-2 haust fan unaffected by a 're
in this z (fire in zone 12-D that fects auxiliary saltwater
pump room 1- an could affect auxiliar altwater pump l-l, but
would not affec auxiliary saltwater pump ).
Conduits for each n to be separated from ea other by two hour
rated fire barriers. onduits have been identif d on Drawing 57563.





FIRE'ONE 13-E (4KV SWITCHGEAR VENTILATIONFANS) ~ 1f fW ~

Ref. No. S stem and Com onents Affected'omments

V-9,10,11

Ventilation for Safe Shutdown
E ui ment
S-67, S-68, S-69; 4KV switchgear
supply fans

Smoke detectors and automatic sprinkler protection to be provided
in this zone.





FIRE ZONE 14-A (TURBINE BUILDING)

Ref. No. S stem and Com nents Affected .Comments

AF-5, 7
Auxilia — Feedwater S stem
LCV 110'llg 113'15
auxiliary feedwater supply
from motor driven auxiliary
feedwater pumps 1-2, 1-3

Automatic sprinkler protection provided throughout zone 14-A.
Conduits are located on the southeast wall of the turbine
building between elevation 104 ft. and 119 ft. Turbine driven
auxiliary feedwater pump and its level control valves are
unaffected by a fire in this zone. To reduce dependence upon
turbine driven auxiliary feedwater pump, conduits for these
LCV's will be encased within a two hour rated fire barrier.
Conduits have been identified on Drawing 57566.





FIRE ZONE 14-E (COMPONENT COOLING WATER HEAT EXCHANGER AREA

Ref. No. S stem and Com onents Affected Comments

AF-5
Auxiliar Feedwater S stem
LCV-110, LCV-111; auxiliary
feedwater supply from auxiliary
feedwater pump 1-2

Auxiliary feedwater pumps l-l and 1-3 and their associated LCV's
are unaffected by a fire in this zone. Conduits have been
identified on Drawing 57566.

CCW-4,5

CCW-6

Co onent Coolin Water S stem
FCV-430, FCV-431, CCW HX
isolated valves

FCV-355, CCW supply header "C"
isolation valve

Motor operated valves, one normally open. If fire damages circuitry
of closed valve and hot short in control circuitry of open valve
causes valve closure, the valve(s) can be opened manually.
Component cooling water heat exchanger area to be separated from
rest of turbine building by a three hour barrier.
Normally open, motor operated valve. If hot short in control
circuitry causes valve closure, valve can be opened manually.
The reciprocating charging pump 1-3 is the only component that
requires cooling from header "C".

ASW-3,4
Auxilia Saltwater S stem
FCV-602, FCV-603; ASW to CCW HX Air operated valves, fail open upon loss of air, short or open

circuit. If hot short causes valve closure, valve can be opened
manually by removing air supply.





FIRE ZONES 20 23-D 23-A 24-A (UNIT 2 4KV SHITCHGEAR AND ADJOINING AREAS)

Ref. No. S stem and Com onent Affected Comments

EP-3
Emer enc Power Su 1
Diesel generator 1-3 Diesel generator 1-3 is shared by Units 1 and 2. Unit 2 fire

in these zones could affect diesel generator 1-3, but would not
affect the use of diesel generator 1-3 for Unit l.





FIRE ZONE 28 (MAIN TRANSFORMER AREA)

Ref. No. S stem and Com onents- Affected Comments

AF-2

AF-10

Auxilia Feedwater S stem
LCV-106, LCV-107; auxiliary
feedwater supply to SG 1-1,
1-2 from pump l-l
LCV-110, LCV-ill; auxiliary,
feedwater supply to SG 1-1,
1-2 from pump 1-2
FCV-37; SG 1-2 supply to
pump 1-1 turbine

Auxiliary feedwater to SG 1-3, 1-4 from pump 1-1 not affected by
a fire in this zone (1 of 4 SG's required for cooldown).

Auxiliary feedwater to SG 1-3, 1-4 from pump 1-3 not affected by
a fire in this zone (1 of 4 SG's required for cooldown).

Steam supply to turbine driven auxiliary feedwater pump still
available from SG 1-3 via FCV-38.

MS-1

MS-5

Main Steam S stem
FCV-41, FCV-42; main steam
isolation valves, loops 1 and 2

PCV-19, PCV-20; 10% power
relief valves, loops 1 and 2

Fire at main steam isolation valves could prevent valve closure .

Main steam isolation valves required to close only for a steam
line break. Fusible link in air lines to main steam isolation
valves will be provided to allow valve closure if main transformer
fire encroaches upon main steam lines. Valves can be closed
manually in the event of a small fire.
PCV-21 and PCV-22 not affected by a fire in this area. PCV-19 and
PCV-20 may be operable with pneumatic controls at hot shutdown
panel.

I-5,'7
Instrumentation
SG pressure transmitters for
loops 1 and 2

SG pressure transmitters for loops 3 and 4 not affected by a fire
in this zone.





.FIRE ZONE 30-A-1 (AUXILIARYSALTWATER- PUMP l-l ROOM) A ) ~

Ref. No. System and Com onents Affected Comments

V-13

Auxiliary Saltwater S stem
Auxiliary Saltwater pump l-l
Ventilation for Safe Shutdown
E ui ment
E-103, auxiliary saltwater pump
room l-l exhaust fan

Auxiliary saltwater pump 1-2 not affected by a fire in this zone.

Ventilation for auxiliary saltwater 1-2 (E-101) not affected by
a fire in this zone.





PIRE ZONE 30-A-2 (AUXILIARYSALTWATER PUMP 1-2 ROOM)

Ref. No. S stem and Com onents Affected Comments

V-12

Auxili Saltwater S stem
Auxiliary saltwater pump 1-2

Ventilation for Safe Shutdown
E ui ment
E-101, auxiliary saltwater pump
room 1-2 exhaust fan

Auxiliary saltwater pump l-l not affected by a fire in this zone.

Ventilation for auxiliary saltwater pump room l-l- (E-103) not
affected by a fire in this zone.





PIRE ZONE 31 (FUEL HANDLING BUILDING CORRIDOR EL.

100'ef.

No. S stem and Com onents Affected Comments

v-5,6

V-14, 15

Ventilation for Safe Shutdown
E ui ment
E-l, E-2; auxiliary building
exhaust fans

S-l, S-2; fuel handling building
supply fans

Conduits fun the length of- this corridor. Fuel loading in corridor
is extremely low. Automatic sprinkler protection to be provided
for the corridor. These conduits have been identified on Drawing
57611.
Same as above.





FIRE ZONE S-3 (AUXILIARYBUILDING STAIRWELL, NORTHEAST CORNER)

Ref. No. S stem and Com onents Affected Comments

AF-4,6
Auxilia Feedwater S stem
Auxiliary feedwater pumps 1-2,
1-3

Turbine driven auxiliary feedwater pump l-l not affected by a
fire in this zone. This hallway presently contains no combustible
materials and will be designated as a "No Storage" area.





DIABLO CANYON UNITS 1 AND 2
SUMMARY OF MODIFICATIONS WITHIN FIRE ZONES TO PROTECT

SAFE'SHUTDOWN E UIPMENT AND ELECTRICAL CABLING

This summary of modifications tabulates, by fire zone, modifications
requixed to protect safe shutdown components or electrical cabling in
those fire zones. With these modifications and administrative con-

,trols as proposed, a credible fire in any zone containing safe shut-
"down equipment or electrical cabling will not adversely affect safe
shutdown capability.

Locations and boundaries of areas designated as "No Storage" will be
clearly defined with signs and administratively controlled. In some
areas, limited storage of certain specific non-combustible items will
be authorized. For example, metal ladders and metal scaffolding will
be authorized within containment in the area that is designated as
"No Storage". Storage of non-combustibles in other "No Storage" areas
will be reviewed and, when allowable, authorized on a case-by-case basis.

This summary does not include all the modifications to upgrade barriers
that define fire zones, nor does it include any fire protection modifi-
cations in fire zones that do not contain safe shutdown equipment or
electrical cabling. These modifications have been described in the Fire
Protection Review (Amendment 51) and PGandE's February 6, 1978, response
to 58 NRC questions concerning fire protection.

Modifications have been specified only for Unit 1. The Unit 2 electrical
design and layout is essentially identical, thus, these modifications will
also be undertaken for Unit 2.





DIABLO CANYON POWER PLANT

SUMMARY OF MODIFICATIONS TO PROTECT SAFE

SHUTDOWN EQUIPMENT AND ELECTRICAL CABLING

Fire Zone

1-A (Containment penetration area)

3-B-1 (RHR HX and pump l-l room)

3-B-2 (RHR HX and pump 1-2 room)

3-H-1 (Centrifugal charging pump room)

Modifications

The area below redundant safe shutdown cabling in the containment penetration
area will be designated as a "No Storage" area. This area consists of
approximately 300o of the annular zone 1-A at elevation 91 ft. (excluded from
being a "No Storage" area is the 60o sector in the vicinity of the fuel
transfer tube assembly) . Smoke detectorsfor containment penetration area.

Smoke detector Eor RHR pump room.

Smoke detector for RHR pump room.

Smoke detectors, automatic sprinkler protection for this zone. Procedure to be
established to jumper out control circuit for charging pump 1-3 in the event of
fire in zone 3-H-1.

3-H-2 (Reciprocating charging pump room) Smoke detector.
3-J-1 (CCW pump l-l room)

3-J-2 (CCW pump 1-2 room)

3-J-3 (CCW pump 1-3 room)

3-L (Boric acid evaporator area)

3-P-1 (Fuel handling building supply
fan room)

3-P-4 (Auxiliary building exhaust fan
E-l, room)

3-Q-1, 3-Q-2 (Auxiliary feedwater pump
room)

Smoke detector, automatic sprinkler protection, curb to contain oil spillage.
Barrier to separate CCW pump rooms.

Same as 3-J-1 plus procedure to jumper out control circuit for CCW pump l-l,
charging pumps l-l, 1-2, 1-3 in event of fire in zone 3-J-2.

Same as 3-J-1 plus procedure to jumper out control circuit for charging pumps
1-1, 1-2, 1-3 in event of fire in zone 3-J-3.
Motor'driven auxiliary feedwater pump power circuits to be encased in-a two-
hour rated fire barrier in zone 3-L. West end of zone 3-L behind sample panel
to be designated as a "No Storage" area.

Smoke detector; fan room to be designated as a "No Storage" area.

Smoke detector; fan room to be designated as a "No Storage" area.

Smoke detectors, automatic sprinkler protection, curbs to contain oil spillage.
Barrier to be constructed to separate turbine driven auxiliary feedwater pump
from motor driven auxiliary feedwater pumps. Circuit for FCV-95 to be relocated
out of these zones.





Pire Zone

3-R (Fuel handling building)
3-X (Boric acid transfer pumps, CVCS

demineralizers)

3-AA (Boric acid tank area)

3-BB el. 100'Penetration area)

3-BB el. 115'Penetration area)

4-A (Laboratory area)

5-A-4 (Area outside 480V switchgear
rooms)

6-A-1 (inverter room, bus P)

6-A-2 (Inverter room, bus G)

6-A-5 (Space west of battery rooms)

7-A ( Cable spreading room)

8-C (Control room)

8-B-1 (Auxiliary building supply fan
room)

8"B-3 (Control room ventilation
eauipment)

Modifications

Smoke detector to be provided in vicinity of fire pumps.

Smoke detectors to be provided in vicinity of boric acid transfer pumps.
Automatic sprinkler protection to be provided for east end of zone 3-X.
Compartments in west end of zone 3-X to be designated as "No Storage" areas.

Smoke detectors to be provided in vicinity of boric acid tanks. Compartments
in west end of zone 3-AA to be designated as "No Storage" areas.

Automatic sprinkler protection for this zone at el. 100'. Conduits for LCV-110,
ill, 113, 115 (auxiliary feedwater system) to be encased in two-hour fire
barriers in areas where these redundant conduits pass within 15 ft. of each other.

Automatic sprinkler protection for this zone at el. 115'.

Suspended ceiling to be replaced with a one-hour rated ceiling. Automatic
sprinklers in ceiling to be retained. Smoke detectors to be provided.
Electrical raceway at north end of lab area to be subdivided with two-hour
fire barrier to separate F and G bus conduits.

Procedure to be established to jumper out hot shutdown panel control circuitry
in the event fire at HSD panel transfers control to HSD panel.

Ventilation fan S-44 power circuit to be rerouted out of this zone.

Same as 6-A-l.
Ventilation fans S-43 and S-44 and associated duct work to be protected with a
one-hour rated fire barrier. Power circuit for S-44 to be relocated so that
fan motor starters are separated by 15 ft.
instrument panel to be provided in zone 3-BB el. 100'ith necessary safe shut-.

down instrument readouts. instrumentation signals to panel will not be
vulnerable to cable spreading room or control room fire.
Smoke detectors to be provided in safety related control cabinets.

Automatic sprinkler protection to be provided in supply fan room.

Automatic sprinkler protection to be provided in this zone.





Pire Zone Modifications

10 (12KV switchgear room)

ll-A-1 (Diesel generator l-l)
ll-B-1 (Diesel generator

1-2)'l-C-1

(Diesel generator 1-3)

ll-D (Corridor outside diesel generator
rooms)

12-D, 12-F (Corridors outside 4KV CSR)

13-E (4KV switchgear ventilation fans)

14-A (Turbine building)

14-E (CCW heat exchanger)

28 (Main transformer area)

30-A-1 (Auxiliary saltwater pump l-l
room)

30-A-2 (Auxiliary saltwater pump 1-2
room)

31 (Fuel handling building corridor)
S-3 (Auxiliary building stairwell,

northeast corner)

Banks of safe shutdown canduits to be boxed in with two-hour rated fire barriers.
Circuit modification to fuel transfer pump control circuit.
Same as ll-A-l.
Same as ll-B-1
One-hoor rated suspended ceiling to be constructed in this corridor. Automatic
sprinkler protection to be provided in ceiling.
Two-hour rated fire barriers to be constructed to separate redundant safe
shutdown circuits in corridors outside 4KV cable spreading rooms. Fire
zones 12-D, 12-F deleted and fire zones 12-A, 12-B, 12-C expanded to
include the compartmentalized corridors

Smoke detectors and automatic sprinkler protection for this zone.

Conduits for auxiliary feedwater system LCV's (LCV-110, ill, 113, 115) to be
encased in two-hour rated fire barrier in southeast corner of turbine building
between el. 104'nd 119'.
CCW heat exchanger area to be separated from rest of turbine building by three-
hour fire barrier.
Fusible link in air lines to MSIV's to be provided to allow valve closure if
transformer fire encroaches upon main steam lines.
Smoke detector to be provided outside auxiliary saltwater pump room door.

Same as 30-A-l.

Automatic sprinkler protection for this zone.

Hallway at el. 85'o be designated as "No Storage" area.

3-C, 3-J-1 (CCW pump l-l room and
adjacent corridor)

Two-hour fireproofing of power circuits for diesel fuel transfer pumps in
these zones.
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DIABLO CANYON POWER PLANT
SUMMARY OF INFORMATION SHOWN ON

ELECTRICAL CONDUIT ROUTING DRAWINGS

~Daawia

57563

Fire Zones

12-D, 12-F

FIRE ZONES DELETED AND
- INCORPORATED INTO ZONES

12A, 12-B, 12-C

Com nents

iesel genera rs
Di sel fuel tra fer pump
Auxi ary saltwat pumps
Ventil ion fans: 67,
S-68, S-

Comments

Two 2- our rate fire barrier to be nstructed in
zones 1 D-and 12 to separate edunda t components
(proposed ocations f barriers own in y dashed
ellow lin

57566 14-A LCV's for motor driven aux-
iliary feedwater pumps

These conduits are to be encased in a two hour rated
fire barrier in zone 14-A.

57608 3-BB (section) Instrumentation: SG LT's,
RCS TE's, RCS PT's, PZR Lt's

Section drawing shows separation of redundant instrumen-.
tation conduits. Automatic sprinkler protection to be
provided in this area.

57611 3-Q-l, 3-Q-2,
31

Ventilation fans: E-l, E-2p
S-l, S-2

Drawing shows routing of power supplies for ventilation
equipment. Automatic sprinkler protection to be provided
in these zones.

57615 3-X Ventilation fans: E-l, E-2;
S-l, S-2

Same as above

57616 3-L Motor driven auxiliary feed-
water pumps

These conduits are to be encased in two-hour rated fire
barriers in zone 3-L.

57691 3-C, 3-J-1 Diesel fuel transfer pumps Drawing shows separation of power conduits for redundant
fuel transfer pumps.

57693 3-L, 3-X, 3-AA
(Section)

Ventilation fans: S-35, S-36;
S 3lg S 32' lg E 2 S l~
S-2; E-5, E-6

Section E-E of this drawing shows routing of power
conduits for redundant ventilation fans. These areas
are to be designated as "No Storage" areas. Section GG
of this drawing shows the same information as drawing
57615.

501450 3-BB el. 85'uxiliary feedwater pump
turbine FCV; auxiliary feed-
water system LCV's for SG

loops 1 and 2

Drawing shows conduit separation between components
associated with auxiliary feedwater system that are
located at el. 85'n zone 3-BB.





~Daawia Fire Zones Com nents Comments

502078 3-BB el. 100< Auxiliary feedwater pump
turbine FCV; all auxiliary
feedwater system LCV's

Drawing shows conduit -separation between FCV-95 and
LCV's for motor driven auxiliary feedwater pumps.
Conduits for LCV's associated with motor driven auxiliary
feedwater pumps will be encased in two-hour fire
barriers in areas where these redundant conduits pass
within 15'f each other. -Automatic sprinkler protection
to be provided in this zone.

502079 3-BB el. 115'uxiliary feedwater pump
turbine FCV; auxiliary
feedwater system LCV's for
SG loops 3 and 4; and SG
PT's

Drawing shows conduit separation between components
associated with auxiliary feedwater system that are
located at el. 115'n zone=3-BB. Drawings show routing
of SG pressure transmitter cabling. Automatic sprinkler
protection to be provided- in this zone.





SYSTEM AND COMPONENTS COMMENT

Main Steam S stem

10% power relief valves
Steam generator blowdown isolation
valves

Control at HSD panel
Fail closed on loss of air

Instrumentation

Steam generator level
Steam generator pressure
Reactor coolant system temperature
Pressurizer pressure
Pressurizer level
Boric acid tank level

Indication at DSSIP*
Local indication
Indication at DSSIP
Indication at DSSIP
Indication at DSSIP
Local indication

Ventilation for Safe Shutdown E uipment.

Auxiliary building ventilation
Fuel handling building ventilation
480V switchgear and inverter room
ventilation

4KV switchgear room ventilation
Auxiliary saltwater pump ventilation

Start at motor control center
Start at motor control center
Not affected by CSR/CR fire

Not affected by CSR/CR fire
Not affected by CSR/CR fire

'Fire 'System

Fire pumps Local controls at fire pumps

*DSSIP = Dedicated safe shutdown instrument panel
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l. INTRODUCTION

This report summarizes the dynamic seismic analyses of the Category I out-

door water storage tanks of Units 1 and 2 of the Diablo Canyon Nuclear Power

Plant for a postulated 7.5 magnitude (M) earthquake on the Hosgri'fault.

The plant is located in San Luis Obispo County, California, on the coast

near Diablo Creek. A site plan is shown in Figure 1. The tanks were origi-
nally investigated by Pacific Gas F Electric Co. (PGSE) for the 0.40g Double

Design Earthquake (DDE). It was necessary to reevaluate the plant for the

postulated 7.5M Hosgri event.

The outdoor water storage tanks that are considered Category I structures

are the refueling water storage tanks, the firewater and transfer tank, and

the condensate tanks. Each tank consists of a steel liner and a proposed

concrete cover. The firewater and transfer tank has an inner steel tank as

wells

The reevaluation of the tanks was accomplished according to the February 8,

1977, Diablo Canyon, Specification foe Seismic Review of Mag'ov Stmctures

for 7.5M Hosgri Eazthquake. Maximum shears, overturning moments, and shell

forces were calculated at specific nodal-point elevations of the mathemati-

cal models of the tanks. On the basis of the results of this investigation,

stresses in the existing steel liner were checked, and the steel reinforce"

ment required for the concrete cover was determined.

The investigation reported here consisted of two sets of analyses. First,
an axisymmetric model, which ignored all non-axisymmetrlc features of the

tank, was developed for analysis with the AXIDYN2 computer program. The

AXIDYN dynamic-analysis run to determine effects of the horizontal components

of the earthquake considered fluid-structure interaction approximately.

Next, to assess the effects of the non-axisymmetric vault opening, a three-

dimensional model of the tank was developed for analysis with computer pro-

gram SAP IV.3 In this analysis, the effects of horizontal earthquake motion

were represented by static loads based on the total acceleration response

obtained from the AXIDYN analysis.
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The tanks were analyzed for effects of gravity loading, hydrostatic pres-

sure, and the two horizontal components and the vertical component of the

7.5M Hosgri ground motion. The different loading conditions, particularly
the effects of hor.izontal ground motion, are'iscussed in subsequent sec-

tions. The finite-element models used and the results of each analysis are

discussed in Sections 4, 5.2, and 5.4 of this report. Modeling, loading,

and stress calculations are provided in Appendices A, B, C, and D.

Results of the analyses presented here were used by PGGE to design the

.foundation for the tanks. Soil properties used were based on the findings
presented in Reference 4.
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2. DESCRIPTION OF TANKS

The Category I outdoor water storage tanks are located just outside the fuel
handling building. They were designed for the DDE simply as steel tanks

(that is, without concrete cover). The present plan is to provide a con-

crete cover that varies in thickness from 3 ft at the base to 12 in. at mid-

height, then to 8 in. at the dome. The existing steel tanks are anchored to
the foundation base slab. In addition, studs will be provided to tie the

steel liner and the concrete cover together.

There are two refueling water storage tanks, once to service each unit of .

the plant. Each refueling water storage tank is 40 ft in diameter and is

intended to store water up to a depth of 51.75 ft. Overall height is

approximately 58 ft. The thickness of the steel liner varies from 0.578

in. at the base to 0.25 in. at the dome.

The firewater and transfer tank, intended to service both Units 1 and 2
of'he

plant, is made up of two concentric cylindrical steel tanks connected

by a common dome roof. There is a concrete cover on the outer tank. The

inner cylindrical tank, called the firewater tank, is 32.67 ft in diameter

and is made of steel plates that vary in thickness from 0.802 in. at the

base to 0.375 in. at the top. The outer tank, called the transfer tank, is

40 ft in diameter and is made of steel plates that vary in thickness from

0.627 in. at the base to 0.25 in. at the top.

The structure configuration of the condensate tank is similar to that of
the refueling water storage tank. Each of the two condensate tanks is 40 ft
in diameter and is intended to store water up to a depth of 46.5 ft. The

thickness of the cylindrical steel liner varies from 0.60 in. at the base to
~

'.25in. at the top. The dome is made of plates that are 0.263 in. thick.

Typical sections of the refueling water storage tank, firewater and transfer
tank, and condensate tank are shown in Figures 2a, 2c, and 2d, respectively.
Thicknesses of the steel liner plates are indicated on the figures. Figure

2b shows the 14-ft x 14-ft vault opening in the concrete shell of the refuel-
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ing water storage tank. The vault openings in the other tanks are slightly
sma 1 I er.

The steel plates in the refueling water storage tanks are made of SA-240

Type 304L plates, whereas the steel plates in both the firewater and trans-

fer tank and the condensate tank are made of SA-516-55 to SA-300 plates.S

The concrete cover will have a minimum compressive strength of 4,000 psi at

28 days. The concrete fill under the existing base slab will have a minimum

compressive strength of 3,000 psi at 28 days.
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3. ANALYSIS CRITERIA

3.1 Seismic In ut

Two different postulated 7.5M Hosgri free-field, smooth ground-response

spectra have been developed for the Diablo Canyon Nuclear Power Plant site:
one by URS/John A. Blume 6 Associates, Engineers (URS/Blume), and another;

developed independently for the staff of the U.S. Nuclear Regulatory Com-

mission (NRC), by Nathan M. Newmark Consulting Engineering Services. Fig-

ures 3 and 4 illustrate the Blume and Newmark 0.75g free-field. horizontal

spectra for 78 and 5l damping, respectively. Also shown in the figures is

the 54-damped, 0.4g DDE free-field spectrum. The vertical input to the out-

door water storage tanks was taken as two-thirds of the 0.75g horizontal

free-field ground spectrum. Comparison of the Blume and Newmark spectra in

Figures 3 and 4 shows that the Newmark spectrum is generally higher than the

Blume spectrum. Thus, for the outdoor water storage tanks, only one set of

analyses, using the Newmark spectrum, was performed. Major resistance is

provided by the concrete liner, and a 7F damping value was assumed.

3.2 D namic Effects of Horizontal Earth uake Com onents

Analysis of the behavior of liquid-filled, ground-supported tanks subjected

to horizontal seismic excitation is a complex problem. G. W. Housner pre-

sents an approximate method to determine the hydrodynamic pressures that de-

velop when a rigid cylindrical tank is subjected to seismic motion. A. S.

Veietsos and J. Y. Yang offer modifications to Housner's approach that con-

sider the effects of tank flexibility. They analyze a tank-fluid system as

a single-degree-of-freedom system by assuming that the system vibrates in a

fixed configuration along its height. The investigation reported here was

based on that approach; a half-sine vibration configuration, the most con-

servative of the three configurations suggested in Reference 7, was used in

the analysis.

Horizontal earthquake motion generates three types of dynamic load in a

tank-fluid system:
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~ structure inertial forces, associated with the mass
of the structure;

~ impulsive pressure, exerted on the tank by the fluid;
and

~ convective pressure, also exerted on the tank by the
fluid.

Impulsive pressure represents the effects of the portion of the liquid that

moves in unison with the tank; convective pressure represents the effects of

the sloshing action of the liquid. Both structure inertial forces and impul-

sive pressures are dependent on the vibration configuration of the structure

and on the accelerations produced on the walls of the tank during the earth-

quake. Impulsive pressure, including the derivation of the equivalent fluid
impulsive mass, m ff, is discussed further in Section 3.2.1. Convective

eff'ressureis discussed in Section 3 '.2.

3.2.1 Im ulsive Pressure

Reference 7 calculates hydrodynamic loads consisting of impulsive and con-

vective pressures caused by the horizontal components of earthquakes and in-

vestigates the effects of horizontal components of ground motion on circular
cylindrical tanks that are fixed at the base, have a radius a and a height

and are filled to a height 2 with a liquid of density p. The surface of
8

the liquid is considered to be free. The fluid is considered to be incom-

pressible and inviscid, and only linear effects are investigated. Distor-
tion of the tank cross section is not considered.

Reference 7 gives the following equation for the impulsive component, p0
of the hydrodynamic pressure exerted on the tank wall:

p (z,e,t) = C'5 (z) pHA e) cos e

in which G's a dimensionless coefficient, b (s) is also a dimensionless
0

function and defines the pressure distribution along the height of the tank,

and A (t) represents the pseudo-acceleration corresponding to the natural
0

frequency of the tank-fluid system for the assumed mode of vibration.
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Reference 7 plots the pressure distribution function, b, for tanks with
0

values of 8/a of 0.5 and 3. The b values used in the present investigation
0

were interpolated from those pl'ots.

The factor C in Equation (1) is defined by the following equation:

m m +lq
Z S Z

m m +m
vga hip 7

The symbol m in this equation represents the effective mass of the struc-
ture-fluid system for a rigid body motion of the tank, and m and m

X~8
represent the components contributed by the structural mass and the liquid
mass, respectively. In an analogous manner, m represents the effective
mass of the system when it is vibrating in a deflection configuration speci-
fied by the function $ (z), and m and m

>
are the components contributed

ldpa hip E

by the structural mass and the liquid mass. These quantities are defined by

the equations

8
S

v (z) 4(z) Cz + m„k 8a (3)

8
S

m = u (z) $ 2(z) dz+m q> (7 )
0

(4)

in which Ij (z)

liquid, and m

present at z

is the mass per unit of height of the structure without the

is the mass of any concentrated roof loading that may be

8
S

Assuming that the

uration along its
Equations (3) and

mined from the m
Xp

8/a values. With

then calculated.

tank-fluid system vibrates in a half-sine curve config-

height, values for m and m were calculated from
Z~S t0~ S

(4), respect ively. Values of m
>

and m
>

were deter-
@+

>
and m

>
plots of Reference 7 for tanks with different

hl~ E

values of C and b known, the impulsive pressures were
0
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3.2.2 Convective Pressure

Reference 7 also gives the following equation for the convective pressure,

p>, exerted on the tank wall by the sloshing motion of the 1 iquid:

p< (z,e,s) = g a>(s) A>(t) p I! cos e

k=1

where

cosh(A> a/a)
c (s)

a
k ),z -

1 h cosh A H/a
k k

and X~ represents the zero values of the first derivative of the Bessel func-

tion of the first kind and first order. A<(0) is the spectral acceleration

that correcponds to the natural frequency of the liquid in sloshing motion.

The individual terms of the series in Equation (5) represent the modal con-

tribution of the portion of the liquid in sloshing motion. Reference 7

shows that effects for larger values of H/a, particularly of the component

associated with the second sloshing mode, are concentrated near the free
surface and that the values of cz(s) 'are substantially smaller than those

for cl(z). Consequently, for the analysis reported here, only effects of
the first sloshing mode were considered, and convective pressures were

analyzed as static loads.

3.3 Gravit Load and H drostatic Pressure

Gravity load refers to the self-weight of the tank, whereas the hydrostatic
pressure at a point is equal to the product of the liquid density, p, and

the height, h, of the liquid. Both gravity load and hydrostatic pressure

are static loads and are constant around the circumference of the tank. The

values for net in-plane shear and torsion due to these loads are both zero.

The hydrostatic pressures that were input to the computer program are calcu-

lated on Sheet A-9 (Appendix A, Calculation Sheet 9).
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3.4 Vertical Earth uake Com onent

It was found that the fundamental period of the empty refueling water stor-
age tank is 0.033 sec in the vertical direction. Thus, it was assumed ini-
tially that the tank and the fluid act as a rigid mass during vertical motion,

and effects of the vertical earthquake component were obtained by scaling the

stresses caused by gravity load and hydrostatic pressure by 0.5 (2/3 of the

maximum horizontal ground acceleration; i.e., 2/3 x 0.75g = 0.50g). This

assumption was used in the axisymmetric phase of the investigation.

At the present time, there is no accepted procedure for analyzing the fluid
motion in a tank that results from the vertical earthquake component. To

consider the possibility that the fluid may not act as a rigid mass during

vertical motion, an amplification factor of 2 'i.e., the acceleration at

zero period of 0.5g is amplified to a value of 1.0g) was used in the non-

axisymmetric phase of the investigation. Effects of the vertical component

were then obtained by scaling the sum of the dead load and hydrostatic
pressure stresses by 1.0.

3.5 Load Combination

Responses due to the two horizontal components and the vertical component

of the 7.5N Hosgri ground motion were combined by the square-root-of-sum-of-

squares (SRSS) method. That is:

Eg — (HE ) 2 + (HE2) 2 + (yg) 2 (7)

where

EQ = total earthquake response

HE1, HEz = the responses due to the two horizontal
components of the ground motion, respec-
tively

VE = response due to the vertical component of
the ground motion

Each of the responses HE~ and HEz is obtained by taking the absolute sum of

the responses due to structure inertial forces, impulsive pressure, and con-

vective pressure.

-9-
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The total load used to calculate stresses is obtained as follows:

TL = DL + HS + EQ (8)

where

TL = total load

DL = dead load

HS = hydrostatic pressure

EQ = earthquake response, as defined by Equation (7).

3.6 Allowable Stresses

3.6.1 Reinforced Concrete

The capacities of reinforced concrete structural members were determined in

accordance with "Structural Analysis and Proportioning of Members - Ultimate

Strength Design," given in ACI 318-71, except that unit load factors were

used for combining loads.

3.6.2 Structural Steel

The capacities of structural steel members other than plates were based on

the seventh edition of the AISC Manual of Stee2 G'onstmction.9 The capac-

ities of structural steel plates were based on ASME Boiler and Pvessuz'e Ves-

sel G'ode, Section VIII, Division 2, and API Standard 620, with the ex-

ception that the capacities of the plates for the load combination DL + HS

+ EQ were taken to be 1.5 times the load combination DL + HS. (These codes

give factors of 1.2 or 1.25 for EQ, which are interpreted as applying to

the operating-basis earthquake.)

10-
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4. AX I SYMMETR I C ANALYSI S

4.1 Refuel in Mater Stora e Tank

4.1.1 Axis mmetric Com uter Model

The basic axisymmetric finite-element model used in the analysis of the

refueling water storage tank is shown in Figure 5. The tank was assumed

fixed at the base. The model consisted of 30 nodes, 29 steel shell elements,

and 29 concrete shell elements. The steel shell liner and the concrete

cover were mode led as ax i symmetr i c shel 1 elements para 1 I el to each other.

The global. coordinates (R,Z) of the nodal points are given on Sheet A-l.
Material properties for steel and concrete are given on Sheet A-2. The

model was used to analyze for the following effects:

~ gravity loading
~ hydrostatic pressure

~ structure inertial forces
~ hydrodynamic loads consisting of impulsive and con-

vective pressures caused by the horizontal compo-
nents .of earthquake motion

AXIDYN,z a computer program for the static and dynamic analysis of axisym-

metric structures by the finite-element method, was used in all the analysis

runs.

4.1.2 Anal sis A roach

Horizontal ground motion generates structure inertial forces and hydrody-

namic pressures (impulsive pressure and convective pressure acting on the

tank wall). For the analysis reported here, the combined dynamic effects
of structure inertial forces and impulsive pressures were determined in one

computer run. Effects of convective pressures were determined in a separate

run. This two-step procedure was used because the frequency differences be-

tween the tank motion and the liquid sloshing motion were expected to be

large; thus, coupling between the two motions would be negligible. The

total effect of the horizontal earthquake components was obtained by taking

the absolute sum of the results of the two runs.

11
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To determine in one computer run the combined dynamic effects of both struc-
ture inertial forces and impulsive pressures, the method adopted here en-

tails first determining an equivalent effective fluid (impulsive) mass, m ff,
eff'hen

adding it to the structure mass, and finally subjecting the tank with
the combined mass to the horizontal earthquake motion. The resulting stresses

thus include effects of both inertial forces and impulsive pressures.

The impulsive pressures, calculated from Equation,'(1), act normal to the

tank wall, and the magnitude varies over the circumference as a cosine func-

tion of the angle 8 from the direction of the applied ground motion. The

impulsive pressure (p ) variation around the circumference is shown in Fig-
0

ure 6. Initially, the procedure adopted in the dynamic analysis of the

refueling water storage tank for impulsive pressures was to simulate the

computed impulsive pressure in terms of an equivalent shell with mass den-

sity p, thickness 0, and radius a, but with no stiffness.
8 0

From Equation (1), the effective fluid mass, m, causing an impulsive
eff'ressure,p, can be expressed as follows:

0

>o
m = —= C'b (a) pH cos 8eff A o

0

By definition, the mass of a shell per foot of circumference per foot of
height is:

mff = P0 (10)

Therefore:

>o
p
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and

C'b (z) pH cos 6 p0 0
p e t (12)

where p is pressure for A equal to a unit acceleration.0 0

The above equation for equivalent fluid density, p , was used in the calcu-
e'ationsshown on Sheet A-7 assuming a shell thickness of 0.25 ft. In the

final computer run, however, the fluid inertial force (mass) was assumed to
be attached to the concrete shell elements. The equivalent fluid inertial
force (mass) previously calculated was therefore modified so that the fluid
density is based on a thickness equal to the corresponding concrete element
thickness:

pe
mod

p e t (13)

where t is the thickness of the concrete element. The concrete-plus-fluid-
C

element mass density was obtained by adding the concrete density, p , and
e'hefluid density, p e

mod

According to Equation (9), m ff varies as cosine 6 over the circumference.eff
However, the computer program AXIDYN assumes an axisymmetric structure and

thus requires a constant value of m ff over the circumference.

The constant equivalent mass, m ff, is defined as follows:k
eff'

= = C'b(z) pH
k eff
eff cos 6 0 (14)

The horizontal pressure, ph, exerted on the tank wall by an m= ff as a re-k
eff

sul t of horizontal acceleration is given by:
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p>, and i ts componen ts, p and p>.
and (15), it follows that:

and is shown in Figure ja as a constant pressure over the circumference.

AXIDYN analyses v> as the sum of two components: (1) a radial component, p

(see Figure 7b), which varies over the circumference as the cosine function

of the angle 6, and (2) a tangential component, p> (see Figure jc), which

varies as the sine function of 6. Figure jd shows the resultant pressure,

From Figure 7d and from Equations (14)

p = p>cos6 = mffAcos6 = Cb(z) pHAcos6k
h eff 0

(16)

and

p = p> sin 6 = m ff A sin 6 = C b (z) pHA sin 6t h eff 0
(i7)

Note that the impulsive pressure defined in Equation (1) and shown in Figure

6 is equal to the radial pressure defined in Equation (17) and shown in Fig-

ure 7b. The tangential pressure, p>, shown in Figure 7c is an additional

loading being- considered here. Thus, because of the use of a (heavier) con-

stant mass m ff instead of an m ff that varies with cosine 6 and because oeff eff
the additional effects of the tangential pressure shown in Figure 7c, the

procedure adopted here gives conservative results.

The impulsive pressure determined from Equation (1) represents only the con-

tribution of the mode being considered, with A (5) representing the spectral
0

acceleration corresponding to the assumed mode of vibration. It was there-

fore necessary to determine and consider contributions of all other signifi-
cant modes of vibration. Calculations for the impulsive pressure defined by

Equation (1) are shown on Sheets A-3 to A-7. A value of C equal to 1.37 was

determined. Calculations for the fluid density, p, are shown on Sheet
mod

e

With the combined structure mass and equivalent effective fluid mass as

input, a dynamic analysis of the tank for effects of structure inertial
forces and impulsive pressure was performed using the computer program

AXIDYN. The response-spectrum, modal-superposition approach was used with

a cut-off period of 0.30 sec. The periods of vibration and the percentage





modal participation factors obtained are summarized on Sheet A-17. A damp-

ing ratio of 7~~ was used for a 1 1 of the seven significant modes.

Studies in the literature indicate that consideration of the foundation and

soil flexibilitywould lengthen the periods of vibration, mainly that of the
fundamental mode. To take this into account, peak ground spectral acceleration
was used as the spectral acceleration corresponding to the fundamental mode of
vibration, regardless of the value of the fundamental period.

Only the combined loading from structure inertial forces and impulsive pressure
caused by horizontal earthquake motion was analyzed dynamically. Gravity,
hydrostatic pressure, and convective pressure loads were analyzed statically.
Effects of the vertical earthquake component were obtained by scaling the
results of the analysis for gravity loading and hydrostatic pressure by 0.5.

The calculations for convective pressures, based on Equation (5), are shown on

Sheets A-10 to A-13. The fundamental period of the sloshing motion of the
liquid was calculated to be 3.65 sec (see Sheet A-12); for 14 damping, the
corresponding spectral acceleration is 0.171g, or 5.51 ft/sec . Note that
the fundamental mode of the tank motion has a period of 0.132 sec (see Sheet

A-17). As expected, the frequency difference of the tank motion and the
sloshing motion of the liquid is large, which justifies 'the assumption that
coupling between the two motions is negligible.

4.1.3 Discussion of Results

The longitudinal forces and moments, circumferential forces and moments, and in-
plane shears at critical points in the steel liner and concrete cover that were

obtained from the analysis runs are summarized on Sheets A-18 to A-21. The sum-

maries indicate that impulsive pressure loading and, to a lesser degree, hydro-
static pressure loading contribute most to the total forces and moments. In-
creases in stresses that might occur because of a partial restraining effect of
the dome on the sloshing motion of the liquid are disregarded because convective
pressures themselves are very small in comparison with impulsive pressure load-
ing. Moments in the steel liner are negligible. Longitudinal and circumfer'en-
tial forces and moments due to impulsive pressure loading are plotted on Sheets
A-22 to A-25.
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Preliminary design of the concrete cover and checking of stresses in the

steel liner were carried out using the results of the axisymmetric analysis.
The stress intensities in the steel elements are presented in Table l.

4.2 Firewater and Transfer Tank

The firewater and transfer tank model, shown on Figure 8, is analyzed for
effects of gravity loading, hydrostatic pressure, and horizontal and verti-
cal earthquake components. The analytical procedures used in the analysis
of the refueling water storage tank were used in this analysis, also, and

thus are not discussed here.

Modeling and analysis of the firewater and transfer tank were based on the

preliminary sizing of the thickness of the concrete cover. The original
thickness of concrete cover was 12 in. up to about 8 ft above the base and

8 in. for the remainder. Results of the refueling water storage tank analy-

sis indicate that the concrete cover should have a 12-in. thickness up to

.the mid-height of the tank, which is about 25 ft above the base.

Modeling, loading, and stress calculations are provided in Appendix B. The

basic axisymmetric finite-element model used to analyze the firewater and

transfer tank is shown on Sheet B-1. The steel sections and the concrete
cover were modeled as axisy'mmetric shell elements. The model consisted of
46 nodes, 27 concrete shell elements, and 45 steel shell elements. The

exterior tank was assumed to be fixed at the base, whereas the inner steel
tank was considered to be pinned at the base.

Two loading conditions were considered:

~ Case 1, in which both inner and outer cylindrical
tanks are filled with water up to design level

~ Case 2, in which the inner tank is filled to design
level and the outer tank is empty

A third case, in which the inner tank is empty and the outer tank filled to
design level, was not considered because buckling of the inner tank will not
affect the structural integrity of the outer (transfer) tank or the safety
requirements of the system. A set of analyses for effects of hydrostatic





pressure and the horizontal and vertical earthquake components was performed

for the two cases considered. For the first case, it was assumed that the

fluid exerts hydrostatic, impulsive, and convective pressures on the outer

tank only. For the second case, the fluid was assumed to exert these pres-

sures on the inner tank only.

Because fluid impulsive pressure is essentially exerted only on the exterior

concrete tank and because large inertial forces are generated on the concrete

shell, damping of 7C, which is the damping specified for concrete structures

by NRC ReguEatozy Guide 2,62,~~ was used in the dynamic analysis of the com-

bined effects of structure inertial forces and impulsive pressure for Case 1.

In the analysis for Case 2, however, while large inertial forces are gener-

ated on the concrete shell, impulsive forces, also, act on the interior
steel tank. Thus, a modified damping value was calculated to consider the

lower (4/) damping value specified for steel structures by NRC Regular'02'y

Guide 2.62.

The modified damping value was calculated from the first mode, using the fol-
lowing:

c c c s s s

mfz + mg~
(18)

where

m, ms

c 8

the modified damping value

mass of the concrete and steel shel 1 elements,
respectively
damping specified by NRC ReguEatory Guide 2. 62

for concrete and steel, respectively.

The calculations on Sheets B-26 to B-29 give a modified damping value of

6.3C. Because there is no spectrum specified for 6.34 damping, the more

conservative 5C-damped Newmark spectrum shown on Figure 4 was used in the

analysis for Case 2.

Longitudinal forces and moments, circumferential forces and moments, and in

plane shears at critical points in the two steel tanks and concrete cover
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for Case 1 and Case 2 are summarized on Sheets B-31 to 8-35. The more crit-
ical value from the two sets of total forces and moments was used to check

critical sections in the tank. As in the case of the refueling water storage

tank, the summaries indicate that the impulsive pressure loading and the hy-

drostatic pressure loading contribute the most to the total forces and mo-

ments and that moments in the steel sections are negligible. The maximum

stress intensity in each steel liner section was determined and is compared

in Tables 2 and 3 with the allowable stress intensity in the liner section.

The steel plate will be reinforced to reduce stresses to be within allowable

intensity.

A comparison of the design forces and moments in the concrete elements of

the transfer tank and refueling water storage tank at corresponding levels

is presented in Table 4. The comparison indicates that the values for the

former tank are less than for the latter tank at corresponding concrete ele-

ments, Therefore, the type of steel reinforcement that is provided for the

concrete cover of the refueling water storage tank will be adequate for the

transfer tank as well.

4.3 Condensate Tank

The structure configuration of the condensate tank is very similar to that

of the refueling water storage tank. The tanks have the same inside diam-

eter. The height of the condensate tank and its design liquid depth are

both 5.25 ft less than the height and liquid depth of the refueling water

storage tank. Because of the similarity between the two tanks, it is felt
that results of the analysis of the refueling water tank apply also to the

condensate tank. The steel plates specified for the condensate tank are

slightly thicker and are made of stronger material than those for the re-

fueling water storage tank and should therefore be adequate. Conservatively

assuming that the same forces occur in the refueling water storage tank and

the condensate tank, revised stresses in the steel shell elements of the con-

densate tank are calculated from actual thicknesses (see Sheets C-1 to C-4).

Maximum stress intensity at each steel liner section is presented in Table 5.

The steel plate will be reinforced to reduce stresses to be within allowable

intensity. A concrete cover with steel reinforcement that is the same as

that specified for the refueling water storage tank is adequate for the con-

densate tank as well.





5. NON"AXISYMMETRIC ANALYSIS OF THE

REFUELING YIATER STORAGE TANK

5.1 Pur ose

In the earlier dynamic analysis, the refueling water storage tank was

assumed to be an axisymmetric shell structure and was analyzed using the

AXIDYN program. That analysis, however, did not take into account a 14-ft
x 14-ft vault opening in the concrete shell. To get a clearer understanding

of the stress distribution in the concrete and steel shell elements in and

around the opening area, a more comprehensive,'hree-dimensional model was

made. Thin shell elements and the concrete shell opening were included in

the model, and it was analyzed using the computer program SAP IV. Loads

were applied statically.

Two distinct features of the SAP IV static analyses of the tank were (1) the

consideration of the 14-ft x 14-ft opening in the concrete shell and (2) the

application of horizontal earthquake loads as equivalent static lateral
loads based on the SRSS accelerations computed from the AXIDYN (dynamic)

analysis. The equivalent static lateral loads included the impulsive pres-
sures.

5.2 Non-Axis mmetric Half-Tank Com uter Model

Because the tank is symmetrical about the centerline through the opening,

only one-half of the tank was modeled. Quadrilateral shell elements were

used to model all steel and concrete members except for the concrete framing

around the opening. Beam elements were used to model the heavy concrete

framing. The three-dimensional half-tank model is shown in Figure 9. It
consists of 408 nodes, 360 steel shell elements, 348 concrete shell elements,

and 13 concrete beam elements. The tank was fixed at the base against all
six degrees of freedom.

modeling convenience, a

Because of computer program limitations, and for
1-ft-diameter opening was left at the crown of the

dome. The nodes, steel shell elements, concrete shell elements, and con-

crete beam elements are shown in Figures 10 to 13.
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Appropriate boundary conditions at the plane of symmetry of the tank struc-

ture, i.e., at nodes located on the z-y plane (see Figure 10), were deter-

mined by the nature (symmetric or anti-symmetric) of the loading considered.

Dead load and the load from the horizontal earthquake component along the

s-s axis are symmetric with respect to the s-p,plane. On the other hand,

horizontal earthquake load along the x-z axis is anti-symmetric with respect

to the s-p plane.

For symmetric loading, joints on planes of symmetry are restrained in such

a way that they displace only in those planes. Thus, for dead load and hor-

izontal earthquake load along the s-a axis, joints of the p-s plane, for
example, were allowed to displace only in the y and a directions and to

rotate only about the x axis. For anti-symmetric loading, joints on planes

of symmetry were compelled to displace in an anti-symmetri'c manner, Thus,

for the case where the horizontal earthquake component is acting along the

z axis, joints located on the y-z plane were restrained against transla-
tional motion in the plane of anti-symmetry and rotation normal to the

plane. This modeling technique is discussed further elsewhere.

5.3 Anal sis A roach

Using the SAP IV three-dimensional model, a new set of static analysis runs

was performed to determine the effects of gravity loading and hydrostatic

pressure. Calculations for the hydrostatic pressure input to the program

are given on Sheet D-3.

Effects of convective pressure caused by horizontal ground motion were ob-

served to be small in the AXIDYN analysis and thus were not considered sig-

nificant enough to require further analysis with the SAP IV model. Thus the

seismic forces that result from horizontal ground motion principally consist

of: (1) the lateral forces contributed by the impulsive pressures imposed

on the tank by the contained liquid and (2) the lateral forces contributed

by inertial forces of the tanks themselves.

The SAP IV model was analyzed for two cases of the effects of horizontal

ground motion: first, when it acts along the x-x axis and, second, when it
acts along the z-z axis. Calculations for the effects of structure inertial
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forces and impulsive pressures were simplified by using the accelerations

obtained from the earl ier axisymmetric analysis. Loads from structure iner-

tial forces were calculated by multiplying the mass of an element by the cor-

responding acceleration obtained from the AXIDYN analysis, and the results
were then appl ied statically to the SAP IV model. Calculation of impulsive

pressures is explained in the following paragraphs.

In the earlier axisymmetric analysis, impulsive pressure was input into the

AXIDYN program in terms of an equivalent impulsive mass density. This method

did not allow for a cosine e variation along the circumference of the tank.

For the SAP IV analysis, the cosine 6 variation in the fluid impulsive pres-

sure is taken into account.

A plot of the variation of impulsive mass density along the height of the

tank structure is shown on the left-hand side of Sheet D-5. The impulsive

mass density plotted is for 0 equal to zero and is based on a uni.t acceler-

ation. On the right-hand side of Sheet D-5 is a plot of the SRSS values of
radial accelerations obtained from the earlier AXIDYN analysis. Correspond-

ing SAP IV nodes and AXIDYN nodes are also indicated along the vertical axis

of the plot.

From Equation (ll), the radial impulsive pressure acting on an element can

be expressed as follows:

p = p t A (19)

where

p = equivalent fluid density as defined in Equation
(12), varying as a cosine function along the cir-
cumference

t = assumed fluid thickness
A = acceleration of the element based on AXIDYN re-

0 sul ts

The calculations for the impulsive pressures acting on the steel and con-

crete shell elements are given on Sheets D-8 to D-11. These impulsive pres-

sure loads were then applied statically to the model shown in Figure 9 and

were analyzed using SAP IV.
/

- 21





5.4 Discussion of Results

Direct stresses and moments, obtained from the SAP IV analysis runs for dead

load, hydrostatic pressure, and horizontal earthquake motion along the x-z
and 3-z axes, at critical points in the steel liner and concrete cover are

given on Sheets D-12 to D-25. The values used for responses to vertical
earthquake motion correspond to an amplification of 2 (that is, from zero

It

period acceleration of 0.5g to a value of 1.0g) and thus are equal to the

sum of the resul ts of the dead load and hydrostat i c pressure analyses.

Stresses in critical steel sections are presented on Sheets D-32 to D-33.

Table 6 gives the stress intensity values at critical points in the steel

liner section. The allowable stress intensity is exceeded at two sections

in the concrete shell opening area. The steel plate will be reinforced to

reduce stresses to be within allowable intensity.

The concrete cover, including the concrete framing around the vault opening,

was designed for whichever value from the two analyses (axisymmetric and

non-axisymmetric) was the more critical. Design calculations are given on

Sheets D-36 to D-47. Comparison of design strength and required strength
of concrete liner sections considering the steel reinforcement provided is
given in Table 7. A typical section of concrete cover, showing the required
steel reinforcement, is shown in Figure 14, Steel reinforcement details for
the concrete framing are shown in Figure .15,

The assumption that the axisymmetric analysis would yield relatively more

conservative results than those from the non-axisymmetric analysis is gen-

erally established in the comparisons presented on Sheet D-30 and Sheet

D-31. Where such conservatism was not reflected, the magnitudes of forces
and moments from the two analyses may be attributed to one or more of the

following reasons:

~ A uniform acceleration of 0.75g was considered up to
a height of 14 ft above the base in the non-axisym-
metric analysis. In the axisymmetric analysis, how-
ever, the radial accelerations vary from zero value
at the base to 0.75g at a height of 14 ft. Above 14

ft, the analyses considered the same accelerations .
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~ The nature of applied loading is different for the
two analyses. The axisymmetric model was analyzed
for a dynamic loading, whereas the non-axisymmetric
model was analyzed for an equivalent static loading.

~ There are basic differences between the two models.
The axisymmetric model has only steel and concrete
shell elements, whereas the non-axisymmetric model
includes a heavy concrete frame with beam elements
and has a 14-ft x 14-ft opening in the concrete
shel l .

A comparison of base shears and overturning moments obtained from the

axisymmetric and non-axisymmetric analyses is presented on Sheet D-30. The

longitudinal, circumferential, and shear forces obtained from the two analy-

ses at four corresponding locations are compared on Sheet D-31.

Results of the axisymmetric analyses are summarized on Sheets A-18 to A-21

and on Sheets A-26 to A-29. Axisymmetric analysis results consist of:

~ a dynamic analysis, with the combined structure mass
and equivalent fluid mass as input, to obtain the
effects of structure inertial forces and uniform im-
pulsive pressure (as described in Section 4.1.2)

~ an approximate static analysis, using only the first-
mode accelerations (obtained from the above-mentioned
dynamic analysis), to obtain the effects of the tan-
gential pressure load

Non-axisymmetric analysis considered both the vault opening in the concrete

shell and the cosine variation of the impulsive pressure. Thus the result-
ing output values for horizontal earthquake motion in either direction
(seismic force in x'-x direction was considered for comparison on Sheet D-30)

represent the actual state of the stresses in the structure that would re-

sult in the event of lateral seismic motion.
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6. SUMMARY AND CONCLUSIONS

The Category I outdoor water storage tanks of Units 1 and 2 of the Diablo

Canyon Nuclear Power Plant were analyzed for the postulated 7.5M Hosgri

earthquake. The tanks considered to be Category I are the refueling water

storage tanks, the firewater and transfer tank, and the condensate tank.

Axisymmetric analyses were made for the refueling water storage tank and the

double-walled firewater and transfer tank. The forces and moments result-

ing from the analyses were used to check critical sections of the steel

liners and concrete cover of each tank. The results from analysis of the

refueling water storage tank were used to check the smaller condensate tank.

Because of the large openings in each of the concrete shells, a non-axisym-

metric analysis of the refueling water storage tank was made. This finite-
element analysis was made to properly consider the distribution of stress in

the tank. The results of this analysis were again used to check the critical
steel and concrete sections of the tank. The results from the non-axisym-

metric analysis of the refueling water storage tank were used to check the

other two tanks. The non-axisymmetric distribution of stresses necessitated

reinforcement of the steel liner in the vault opening areas of the tanks.

The extensive analyses carried out demonstrate the ability of the Category

I outdoor water storage tanks with the proposed modifications to safely with-

stand the Hosgri 7.5M earthquake motions.
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TABLE 1

DIABLO CANYON UNITS 1 AND 2

REFUELING MATER STORAGE TANK:

MAXIMUMSTRESS INTENSITIES IN STEEL ELEMENTS

(AXIDYN ANALYSIS, AXISYMMETRIC MODEL

Nodal
Points

Pl ate
Thickness,

in.
DL + HS

DL + HS
.+ HE + VE

Maximum
Stress Intensity, ksi

DL + HS
DL + HS

+ HE + VE

Allowable
Stress Intensity, ksi

1- 6

6 - 9

9-12
12 - 15

15 - 30

0.578

0.490

0.356

0.275

0.250

3.58

4.52

4.59

3.64

2. 17

18.40*

19.63*

13. 33

17.25

12.12

16.7

16.7

16.7

16.7

16.7

25.05

25.05

25.05

25.05

25.05

NOTE: DL = dead load HE = horizontal earthquake component

HS = hydrostatic pressure VE = vertical earthquake component

*On the basis of analysis of a non-axisymmetric model of the refueling
tank using the SAP IV computer program, the plate will be reinforced to
reduce stresses to be within allowable stress intensity (see Table 6).
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TABLE 2

DIABLO CANYON UNITS 1 AND 2

FIREWATER TANK:

MAXIMUM STRESS INTENSITIFS IN STEEL ELEMENTS

AXIDYN ANALYSIS, AXISYMMETRIC MODEL

Nodal
Points

46 - 43

43 - 40

40- 37

37 - 34

34 - 28

28 - 22

Plate
Thickness,

in.

0.813

0.688

0.625

0.531

0.438

0.375

DL + HS

8.20

5.59

5.20

4.59

3.89

3.17

DL + HS
+ HE + VE

21.38

20.87

19.77

18.48

17.04

24.93

Maximum
Stress Intensity, ksi

DL + HS

18.3

18.3

18.3

18.3

18.3

18.3

OL + HS
+ HE + VE

27.45

27.45

27.45

27.45

27.45

27.45

Allowable
Stress Intensity, ksi

NOTE: DL = dead load

HS = hydrostatic pressure

HE = horizontal earthquake component

VE = vertical earthquake component
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3

DIABLO CANYON UNITS 1 AND 2

TRANSFER TANK:

MAXIMUM STRESS INTENSITIES IN STEEL ELEMENTS

AXIDYN ANAI YSIS, AXISYMMETRIC MODEL

Nodal
Points

Plate
Thickness,

in.
DL + HS

DL + HS
+ HE + VE

Maximum
Stress Intensity, ksi

DL+ HE

DL + HS
+ HE + VE

Allowable
Stress Intensity, ksi

1 - 6

6 - 9

9 - 12

12 - 15

15 - 33

0.627

0.522

0.417

0.313

0 '50

3.63

3.55

3.39

2.70

1.60

15.36*

16.06*

14.46

11.92,
9.39

18.3

18.3

18.3

18.3

18.3

27.45

27.45

27.45

27.45

27.45

NOTE: OL = dead load

)IS = hydrostatic pressure

HE = horizontal earthquake component

VE = vertical earthquake component

*On the basis of analysis of a non-axisymmetric model of the refueling
tank using the SAP IV computer program, the plate will be reinforced to
reduce stresses to be within allowable stress intensity (see Table 6).



-0

4

.0



TABLE 4

DIABLO CANYON UNITS 1 AND 2

REFUELING HATER STORAGE TANK AND TRANSFER TANK:

COMPARISON OF FORCES AND MOMENTS IN CONCRETE ELEMENTS

AXIDYN ANALYSES AXISYMMETRIC MODELS

Nodal Point
Force, kip Moment, — kip/ft

Refuelin Hater Stora e
Tank

1

2

4

6

22

Longitudinal

206.6

168.8

139.3

125.6

3.6

Circumferential

46.1

40.8

63.1

57.0

41.9

Shear

102.9

95.4

89.9

90.8

4.6

Longitudinal

83.9

37.5

5.1

4.2
1.7

Circumferential

16.7

7.6

1.0

0.5

Firewater and Transfer
Tank

1

2

4

6

18

157.3

160.4

103.1

86.2

8.4

31.5

46.8

68.6

56.6

36.6

87.3

82.9

74.7

74.6

34.6

72.5

25.0

5.0

2.2

3.0

14.5

6.9

0.6

0.7
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TABLE 5

DIABLO CANYON UNITS 1 AND 2

CONDENSATE TANK:

MAXIMUM STRESS INTENSITIES IN STEEL ELEMENTS

AXIDYN ANALYSIS, AXISYMMETRIC MODEL

Plate
Thickness,

in.

0.600

0.500

DL + HS

3.84

5.07

DL + HS
+ HE + VE

18.13*

20.80*

Maximum
Stress Intensity, ksi

DL + HS

18.3

18.3

DL+ HS
+ HE + VE

27.45

27.45

Allowable
Stress Intensity, ksi

0.398

0.297

0.250

4.87

4.26

2.89

18.83

17.29

13.24

18.3

18.3

18.3

27.45

27.45

27.45

NOTE: DL = dead load

HS = hydrostatic pressure

HE = horizontal earthquake
component

VE = vertical earthquake
component

*On the basis of analysis of a non-axisymmetric model of the
refueling tank using the SAP IV computer program, the plate
will be reinforced to reduce stresses to be within allowable
stress intensity (see Table 6).
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TABLE 6

DIABLO CANYON UNITS 1 AND 2

REFUELING WATER STORAGE TANK:

MAXIMUH STRESS INTENSITIES IN STEEL ELEt1ENTS

SAP IV ANALYSIS, NON-AXISYMNETRIC f10DEL

Element
Number

49

65

156

196

231

Plate
Thickness,

1 ll ~

0.578

0.490

0.356

0.275

0.250

DL + HS

11. 12

12.22

2.59

2.82

2.05

DL + HS
+ HE + VE

23.86*

26.56*

10.50

11.90

8.62

Haximum
Stress Intensity, ksi

DL + HS

16.7

16.7

16.7

16.7

16.7

DL + HS
+ HE + VE

25.05

25. 05

25.05

25.05

25.05

Allowable
Stress Intensity, ksi

NOTE: DL = dead load

HS = hydrostatic pressure

HE = horizontal earthquake component

VE = vertical earthquake component

*The plate will be reinforced to reduce stresses to be within allowable
stress intensity.
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TABLE 7

DIABLO CANYON UNITS 1 AND 2

REFUELING WATER STORAGE TANK:

STRENGTH COMPARISON OF CONCRETE ELEMENTS

SAP IV ANALYSIS, NON-AXISYMMETRIC MODEL

Element
Number

Longitudinal Circumferential

ibment, kip/kip-ft Force, kip/ft
Longitudinal Circumferential

Shear,
kip/ft

534

463

386

375

Required
Strength

0.97

0.86

0.76

4.08

Design
Strength

19.72

97.30

71.78

71.78

Required
Strength

0.80

1.15

3.84

20.21

Design
Strength

19.72

35.56

35.56

35.56

Required
Strength

35.78

68.30

102.10

107.15

Design
Strength

238.57

492.24

4OO.96

400.96

Required
Strength

56.01

72.42

41.79

25.23

Design
Strength

238.57

329.96

329.96

329.96

Required
Strength

50.22

60.88

65.16

60.46

Design
Strength

92.18

156.41

156.41

156.41

NOTE: Calculations based on 1-ft-width beam.
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FIGURE I DIABLO CANYON UNITS I AND 2, OUTDOOR

WATER STORAGE TANKS: SITE PLAN
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FIGURE 6 DIABLO CANYON UNITS 1 AND 2, OUTDOOR MATER STORAGE TANKS:
VARIATION OF IMPULSIVE PRESSURE
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7a. Horizontal Pressure, ph 7b. Radial Pressure, p

/

J

7c. Tan ential Pressure, p>

Ph ph = m A (t) = C' (a) n~ A (~)

p = p cos 0 = C' (2) pH A (t) cos 0h 0 0

p>
=

ph sin 0

7d. Resolution of Forces

FIGURE 7 DIABLO CANYON UNITS I AND 2, OUTDOOR WATER STORAGE TANKS:
Cot1PONENTS OF HORIZONTAL PRESSURE
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frame.
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Axis of Symmetry

FIGURE 9 DIABLO CANYON UNITS 1 AND 2, OUTDOOR WATER STORAGE TANKS:
REFUELING WATER TANK, PERSPECTIVE VIEW OF HALF-TANK MODEL
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1.. INTRODUCTION

This report summarizes the seismic analysis and structural design evaluation

used in reviewing the intake structure crane of the Diablo Canyon Nuclear

Power Plant for response to the postulated 7.5M Hosgri earthquake. The 50

ton gantry crane travels on rails running north-south along the entire
length of the top deck of the intake, structure. The crane, designed for
outdoor and marine environment service, is used for handling pumps, motors,

traveling screens, gates and bar. racks during routine equipment maintenance

and overhaul' trash rake, mounted on the ocean face of the gantry, is

used for routine cleaning of the bar racks.

The Intake Structure, which serves both Units I and 2, is a Design Class II
structure and was originally designed under seismic criteria which called
for seismic forces to be determined on the basis of an equivalent static
force coefficient of 0.20g with a one-third increase in allowable stresses.

However, because it houses the four Design Class I auxiliary saltwater

pumps, two for each unit, it was reviewed for the DDE and the postulated

7.5N Hosgri motions.

The objective of the analysis reported here is to demonstrate that the

Design Class II int'ake crane, with full rated load, can satisfactorily
resist the Hosgri earthquake or, for configurations where this is not

demonstrable, that seismic induced failure cannot cause damage sufficient
to result in loss of function of the auxiliary saltwater system,

The evaluation of the crane has been accomplished according to the February

8, 1977, Diablo Canyon, Specification foe Seismic Review) of Nag'oz'tzuctuves

for 7. 5M Hosgri Zm'thquake. 1 A modal superposition response-spectrum dyna-

mic analysis was performed through the use of finite-element model repre-

sentations of the structure.

This report contains a description of the salient structural features of
the intake structure crane and a presentation of the analysis criteria,
mathematical modeling and results.
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2. DESCRIPTION OF CRANE STRUCTURE

The Intake Structure Crane is a bolted structural steel gantry crane with
trolley. It is 40 ft tall and 100 ft long overall, spanning 88.9 ft between

rails in the east-west direction with the upper girders cantilevered 11 ft
beyond the legs. The trolley is supported on two 5 ft deep steel plate box

girders at 14.5 ft centers which in turn are supported by tapered box
section'egs

which are inclined to 26 ft centers at the lower end. Each lower end

tie accommodates two trucks which together contain one driver wheel and

three idlers,

The structure was designed in accordance with Standard No. 6 of the

Association of Iron and Steel Engineers. Nembers not covered by that
Standard were designed and fabricated in accordance with the current
Specification for the Design, Fabrication and Erection of Structural
Steel for Buildings by the American Institute of Steel Construction,

The gantry crane design load is 50 tons. Erection, startup, and initial
operation of the crane were performed at the job site under the direction
of a qualified engineer from the manufacturer, The crane was given an

on-site load test at 1.25 design load. The hoist mechanism includes an

8-part tackle of 1 I/8"< galvanized wire ropes.





3. ANALYSIS CRITERIA

General

The basic approach to the 7.5M Hosgri evaluation of the intake structure

crane is outlined in the February 8, 1977 specification. The evaluation

for seismically-induced forces was performed with the crane in the parked

and various operating positions, with and without th'e rated operating load.

Stress evaluation for noncontinuous members was undertaken according to

AISC Specification,z Part 1 (Elastic design), with the following exceptions:

Allowable bending stress F ' F = 36 ksi
b y

Allowable uniaxial stress, F ' 1.7 F (F is the
a

'
a

code computed value)

Al lowable shear stress, F ' F //3v

This is merely equivalent to determination of the elastic limit instead of

a working stress approach, which is consistent with application of the postu-

lated Hosgri 7.5M seismic event.

Strength determination for continuous members was undertaken according to

AISC Code, Part 2 (Plastic design), with the yield strength of F = 36 ksi.

The structural stability criteria was that, in general, the seismic

loading should not produce uplift or overturning.

Seismic In uts

The horizontal base motion input applied to the intake structure crane at the

crane rail was the 7 percent damped horizontal Blume (v = .04) and Hewmark

(v = 0.04) response spectra developed for the intake structure.

The vertical input was taken as two-thirds of the 0.75g, 7 percent damped

horizontal Newmark free-field ground spectrum.





Although relatively insignificant for the intake structure crane, the effect
of torsion was indirectly considered.

Hodel in Parameters

Nodal damping equal to 7 percent of critical was used in accordance with

Regulatory Guide 1.61 recommendations and is further substantiated by

conclusions of a URS/Blume study."

The breaking strength for each wire rope was 48.5 tons. The elastic
modulus was 1,200 ksi.





4. METHOD OF ANALYSIS

Linear three-dimensional finite element response spectrum analyses were

undertaken using the SAP IV structural analysis computer code. The model

consisted entirely of beam elements and mass was applied at appropriate

nodes (Figure I).

The model was subjected to dead and seismic loading, with and without hook

loads. Seismic loading in the horizontal direction corresponds to the

Newmark (Figure 2) and Blume (Figure 3) elastic spectra for 7 percent

damping and v = 0.04 in the east-west and north-south direction respectively.

The elevation 17.5 ft modified response spectrum derived from the Blume

spectrum in the north-south direction was virtually identical to the virgin
spectrum. Crane inertial forces are limited in the north-south direction

by sliding response with a coefficient of friction, p = .25, for each

braked wheel (1 per side).

Seismic loading in the vertical direction corresponds to 2/3 of the Newmark

free-field elastic spectrum for 7 percent damping (Figure 4) which was more

severe than the equivalent Blume spectrum.

The resulting N/S and E/W responses and the vertical seismic results were

combined on a SRSS basis. This total effect was in turn combined algebra-

ically with dead load and hook load.

For the case with operating load, nonlinear response history analyses

of the crane with the cable suspended hook load were undertaken for vertical
motion using the DRAIN-2D computer code. The model is shown in Figure 5 ~

Structural damping of 4 percent in the first two modes was adopted for these

analyses. Pendulum motion of the suspended load was also determined using

DRAIN-2D and the response spectrum method. Resulting horizontal loads were

insignificant.





5. OISCUSSION OF RESULTS

The natural periods of vibration and participation factors for the north-

south, east-west, and the vertical response spectrum analyses of the un-

loaded and loaded crane are summarized in Tables 1 and 5 respectively. In

accordance with the requirements of the NRC, only those modes wi th associated

periods of 'vibration greater than or equal to 0.03 sec (33 Hz) are consi-
dered signi'ficant for response computations. The fundamental frequencies
of'he syst'm in the north-south, east-west, and vertical directions are

l. 1 Hz, 2. 1 Hz, and 5.6 Hz, respectively for the unloaded system and l. 1 Hz,

2.1 Hz, and 3.6 Hz respectively for the loaded system.

The predicted seismic-induced displacements for the unloaded and loaded

system are summarized in Tables 2 and 6. The element and node numbers

shown in the tables correspond to the computer model shown in Figure l.
The maximum estimated displacements, relative to the base, are approximately

3 in, in the east-west and north-south directions.

Maximum bending moments and axial loads for the crane legs, girders, and

end ties resulting from the SRSS combined effects of the separate response

spectrum analyses added directly to the dead load effects for the unloaded

and loaded case are shown in Tables 3 and 7 respectively. The ratios of
the computed bending moment and axial stresses to allowable values are
shown in Tables 4 and 8. For any member, the ratios are additive to obtain
the combined stress effect. None of the combinations result in a ratio
greater than 1. The ratios are sufficiently low that the stresses may be

arbitrarily increased to account for any torsional response in lieu of
undertaking a more refined torsional analysis.

Shear stresses were insignificant in all members.

When the crane is in an operating position, sliding of a few inches can be

expected along the crane runway during the postulated earthquake. If the

crane is parked at the end of the runway, and sliding is thus prevented,





stability analyses indicated that seismic overturning moments in the north-

south direction may cause overstressing of the anchors. However, in this

position, the unlikely event of the crane actually overturning would result

in the crane falling off the north or south end of the intake structure; this
does not pose a risk to the function of any safety related equipment.

Installation of a hold-down and lateral seismic restraint mechanism is re-

quired to transmit vertical uplift and horizontal forces directly from the

trolley to the crane girder rails during the earthquake. This minor struc-

tural modification will be implemented.
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6. SUMMARY

The results presented in this report are intended to provide information

regarding the seismic adequacy of the intake structure crane under the

postulated 7.5M Hosgri earthquake motions.

Results of the seismic analyses show that the intake crane is capable of
carrying its maximum rated load of 50 ton without overstressing of
structural members or the hoist cable.

During operation, sliding of the crane along the runway prevents the

development of overturning moments of sufficient magnitude to cause

instability problems. When the crane is parked, the unlikely event of
overturning does not pose a risk to the function of any safety related
equipment.
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TABLE 1

INTAKE STRUCTURE CRANE

PERIODS OF VIBRATION AND PARTICIPATION FACTORS

UNLOADED CASE

Participation Factor (5)

Node

1

2

3

5

6

7

8

9

10

ll
.12

13

14

15

16

17

18

19

20

21

22

23

Period
(sec)

0.924

0.481

0.349

0.304

0.181

0.177

0.155

0.148

0.097

0.070

0.066

0.057

0.055

0.051

0.050

0.048

0.040

0.039

0.037

0.035

0.032

0.032

0.031

North-South
Direction

39.3

0.3
1.2

17.4

0.9

0.4
3.0

13.1

0.2
4.2
1.9

2.4

1.4

4.0
3.1

0.8
0.6
O.l
0.8
1.7
1.9

0.6
0.6

East-)lest
Direction

0.3

72.2

5.7

0.3
0.1

0.1

1.7

0.2
1.8

4.8
0.2

0.1

4.1
0.8
0.1
0.1
1.6

0.6
3.4
1.5

Vertical Direction

0.4
0.7

2.7
0.2

19.2

25.4

0.6
0.4

2.0
0.3
5.1

10.1

0.8
0.1

4.1
6.1
2.0
7.6
8.8
0.7
0.5





TABLE 2

INTAKE STRUCTURE CRANE

MAXIMUM DISPLACEMENTS

UNLOADED CASE

Nodal
Point

North-South
Direction

(in.)

East-liest
Direction

(in.)

Vertical
Direction

(in.)

6

8

10

12

14

16

18

20

0.09

0.56

0.12

1.35

0.47

0.94

1.22

1.45

2.21

2.26

3. 28

3.28

3.28

3.28

3.28

3.28

0.02

0.10

0.03

0.23

0.60

0.78
0.60

0.43

Notes: l. All displacements are measured relative
to the base of the crane ~

2. All nodal points refer to Figure 1.
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TABLE 3

INTAKE STRUCTURE CRANE

MAXIMUM MEMBER FORCES,

UNLOADED CASE

Element

1

2

4

6

8

10

11

13

15

17

19

21

22

Axial
Load

(kip)

79. 8

98.9

75.8

91. 7

Mom'ent

lip
(kip-in.)

6

6

13,187

13,302

25,507

25,003

991

25,179

15,035

14,647

26,032

2,053

Moment
Ifg

(kio-in.)

463

2 223

444

2 223

991

940

2,493

2,536

1 712

1,712

2,153

3,946

3,951

Note: All element numbers refer to Figure 1.





TABLE 4

INTAKE STRUCTURE CRANE

MAXIMUM STRESS RATIOS,

UNLOADED CASE

Element

. 1

2

4

6

8

10

11

13

15

17

19

21

22

0.04

0.06

0.04

0.04

2

0.39

0.39

0.52

0.51

0.01

0.37

0.22

0.21

0.38

0.03

3

0.04

0.21

0.02

0.05

0.04

0.09

0.09

0.06

0.06

0.08

0.14

0.14

Total

0.04

0. 21

0.45

0.50

0.60

0.55

0.10

0.46

0.28

0.27

0.46

0.17

0.14

Note:

~Ke

~a

~b

~by

p

All element numbers refer to Figure 1.

computed axial stress

computed bending stress about axis 2

computed bending stress about axis 3

axial stress permitted in absence of
bending moment

bending stress permitted in absence of
axial force





TABLE 5

INTAKE STRUCTURE CRANE

PERIODS OF VIBRATION AND PARTICIPATION FACTORS,

LOADED CASE

Participation Factor (%)

Mode

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

Per iod
(sec)

0.929

0.481

0.351

0.304

0.276

0.274

0.155

0.149

0.097

0.070

0.066

0.057

0.056

0.051

0.050

0.048

0.041

0.039

0.038

0.035

0. 033

0. 032

0. 031

North-South
Directi'on

36.3

0.3
1.0

15.5

4.4
5.0
3.2

11. 8

0.3
3.9

1.7

2.3
1.0

3.7
2.9

0.7
0.4

0.5
1.3

1.5

0.9
1.2

East-West
Direction

0.3

71.6

5.8

0.2

0.3
0.1

0.1

1.6

0.3
2.3
4.5
0.2

4.1

0.1

1.4

3.1

1.7

1.0

Vertical
Direction

0.3

0.9
7.6
0.8

26.9

24.3

0.2

0.3

1.0

1.5

0.3
4.6
7.0

0.7
0.1
3.0
3.6

1.4

3.5

8.3
2.3
0.8
0.5





TABLE 6

INTAKE STRUCTURE CRANE

MAXIMUM DISPLACEMENTS,

LOADED CASE

Nodal
Point

6

8

10

12

14

16

18

20

North-South
Direction

(in.)

0.12

1.10

0.17

2.65
0.92
1.74

2.31

2.85

East-liest
Direction

(in.)

2.31

2.36

3.29

3.29

3.30

3.30

3. 30

3.29

Vertical
Directi on

(in.)

0.03

0.19
0.05

0.45
1.36

2.03

1.40

0.73

Notes: l. All displacements are measured relative
to the base of the crane.

2. All nodal points refer to Figure 1.





TABLE 7

INTAKE STRUCTURE CRANE

MAXIMUM MEMBER FORCES

LOADED CASE

Element

1

2

6

8

10

ll
13

15

17

19

21

22

Axial
Load

(kips)

143. 5

177. 4

135.2

162.1

Moment

14'kip-in.)

'8
15,952

16,058

31,144

30,720

1,339

30,745

41,085

41,085

32,637

3,263

Moment
Hs

(klp-in.)

618

4,357

594

4,357

1,339

1,933

4,153

2,789

2,025

2,259

2,870

5,496

5,536

Note: All element numbers refer to Figure l.





TABLE 8

INTAKE STRUCTURE CRANE

MAXIMUM STRESS RATIOS,

LOADED CASE

Element

1'

4

6

8

10

11

13

15

17

19

21

22

0.08

0.10

0.07

0.08

0.47

0.47

0.63

0.63

0.02

0.45

0.60

0.60
0.48

0.05

0.06

0.41

0.02

0.10

0.06

0.14

0.10

0.07

0.08

0.10

0.19

0.19

Total

0.06

0.41

0.57

0.67

0.76

0.71

0.16

0 55

0.67

0.68
0.58

0.24

0.19

Note:

~Ke

fQ

fp

fp

All element numbers refer to Figure 1.

computed axial stress

computed bending stress about axis 2

computed bending stress about axis 3

axial stress permitted in absence of
bending moment

bending stress permitted in absence of
axial force
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f. The coil of the 2HH9 Containment Spray Signal Timing Relay was

connected to a 120 VAC supply via a switch "H". A normally

closed contact was connected to the direct readout recorder to

monitor its operation and contact chatter. See Figure 10-26G.

g. Two linear variable displacement transducers were installed
near the top of the switchgear to measure the maximum vertical
and horizontal displacement of the switchgear structure. This

measurement was taken as an input to the design of the

earthqu'ake joints of the bus ducts.

The main contacts of the power circuit breakers needed not to be monitored

since no chatter of any kind is possible.

K. M. Skreiner Ph.D prepared the statement below regarding monitoring of

circuit breaker contacts.

.Dr. Skreiner is the Manager of General Electrics Department of Applied

Physics and Mechanical Engineering. He is also the Vice Chairman of the

llorking Group 2.5 (Seismic qualification) of Subcomnittee 2 (Equipment

galification) of the Nuclear Power Engineering Coomittee which prepared

IEEE Standard 344-1975, Recommended Practices for Seismic Qalification of
Class IE Equipment for Nuclear Power Generating Stations.

Statement on Monitoring Circuit Breaker Contacts

Class IE circuit breakers are required to perform..normally before, during and

after the SSE event. This may require any or all of the functions of opening

and closing on command or remaining open and closed to be demonstrated

depending on the Class IE function of the circuit breakers. One method of

evaluating the functional performance directly is to monitor the electrical
continuity through the primary breaker contacts.

Docket g 4-Zg5 3 2.3
Control 8g Ql 2+ 0

~igi~gDg ~RI of DocllIzlcn'5

REGULATORY370CKET FlXP

(October 1978) 10-44e Amendment 70



'E



However, it should be noted that industry standards for circuit breakers

rated 1000 volts and above, specifically ANSI C37.04-4.5.2.4, require that
circuit breakers must be able to close, latch closed, carry and interrupt
high levels of short circuit currents. During the type tests to 'demonstrate

this capability the magnetic forces which act on the primary contacts of
circuit breakers far exceed the forces during an SSE event. Therefore it
can be reasoned that it should not be necessary to monitor electrical
continuity through the primary contacts during SSE testing.

A preferred method of evaluating tjle circuit breaker status is to monitor the

contacts of the auxiliary switch„ is operated by the circuit breaker mechanism.

The contacts of the auxiliary switch are much more likely to experience
chatter or changes of state. Monitoring the auxiliary switch has the

advantage of demonstrating the status of both the circuit breaker primary
contacts and the contacts of the auxiliary switch itself.

10.3.26.6 Test Results

The equipment was subjected to a total of 37 runs in both the side to side

and front to back orientation. Table IV of the Test Plan (HYLE Test Report

58255-1, Test Procedures 3642, Addendum 1) shows that only 24 conditions
needed to be met. And of these conditions 1, 2, 3, 4, 14 and 15 were low

level sweeps.

The following table indicates the runs during which a given condition was

met.

(October 1978) 10-44f Amendment 70
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ROUGH DRAFT
san.

10-17-78 g
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125 VDC Distribution Panelboard, (ITE DC SWITCHGEAR)

This electrical-switchgear consists of a three section, welded frame construction

cabinet with a 125 VDC bus arrangement, 3000 ampere input fuse from the battery,

and two 600 ampere molded case input breakers for primary and backup battery

chargers. A 600 ampere draw-out breaker from the main bus supplies the circuit

breaker panelboards. The circuit breaker panelboard consists of molded case

breakers rated for 20 to 150 amperes. This equipment is located on El 115'0",

area H of the Auxiliary Building. The center section of the SWOR has a SV-

S
Undervoltage Relay which picks-up at 125 VDC as the bus voltage increase,

A'27DCB21).This relay would drop out at 90/ or 112 VDC signaling bus undervol-

tage, alarm only. The center section also has a 0-150 VDC range voltmeter.

This voltmeter and the battery charger voltmeter during this switchgear testing

read the same voltage 132 VDC the Battery Charger output setting. At this same

time the battery charger ammeter read 50 amperes output, before, during and after

the seismic testing. The 125 VDC bus also has a white light to indicate bus vol-

tage, a W minalite,

The 125 VDC Distribution Panelboard is required to continuously distribute 125

VDC power to plant DC loads (power, control protection', instrumentation, and
1

monitoring before, during and after a seismic event.

Xn order to assure the performance of the safety function specified in 10.3.5.2.3

above, the following specific test criteria shall be met:

I. Circuit breakers shall maintain their position before, during,

and after the seismic event; no circuit breakers are required to

Ig; ii'lgiiIIw"'j )tIi'", )

ij u

operate during the seismic event.

Mt<~. ""~ > ~'>~Vec)

~~ ~~ 4Qy>~
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2. The following components and positions shall be monitored:
1

a. Breaker 72-2100 (I.T.E. KM 2B600); 12) VDC Bus input breaker,

fed from the Battery Charger'uxiliary sCitch con%acts (see

figures 10.3.5.2-1 and 10.3.5.2-2) to ensure the breaker main-

tains its closed position: (50 amperes shall be flowing thru

this breaker during energized tests)

(1) Terminals 17 and 18: Closed

(2) Terminals 19 and 20: Open

(3) Terminals 21 and 22: Closed

b. Breaker 72-2102 (I.T.E. K600); monitor the following auxiliary

switch contacts (see figures 10.3.5.2-1 and 10.3.5.2-2) to

ensure the breaker maintains its closed position. (50 amperes

shall be flowing thru this breaker during test. Battery

Charger Ammeter read 50 Amperes, Battery Charger Voltmeter

132 volts, and 125 VDC Swgr Voltmeter read 132 volts, observed

visually.)

(1) Terminals 9 and 10: Open

(2) Terminals 15 and 16: Closed

c ~

(3) Terminals 5 and 6: Open (no overcurrent alarm)

Undervoltage Relay 27DBG21 Mestinghouse SV type 125 VDC.

Monitor the following contacts to verify that bus voltage
\ ~

is maintained during and after the test: (SV Relay should

pick-up at 125 VDC with the voltage going up. Drops out at

112 VDC on undervoltage).

Contact Terminal 2 and 3: Open

d. HE2-B070 I.T.E. Molded Case Circuit Breaker. Visually monitor

the status of this breaker to verify the breaker remained closed

(Breaker had a load bank load on it equivalent to about 34 amps

of the 50 amp charger output.)

1
4
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e. HE2-B020 I.T,.E. Molded Case Circuit Breaker. Viuually monitor

the statu's of this breaker to verify the breaker remained

closed. (Breaker had a load bank load on it equivalent to

about 16 amperes of the 50 ampere battery charger out'put.)

f. Verify that the 0-150 VDC voltmeter indicates that the bus

go

was continuously energized during and after the tests.

(Visually observed bus voltmeter at 132 VDC.)

Verify that the white indicating light stays on, indicating

that the bus was continuously anergized Auring and"after the

test. (White light stayed on all the time when 1st turned

the battery charger and hooked in the 125 VDC Wyle battery

until the battery charger was tripped and the battery dis-

connected.)

103 25- e

2.

Mount the 125 VDC Distribution Panelboard, SD-21 on the seismic test

table in the same configuration as in the power plant as shown in Wyle

Report No. 58255, Appendix I, Test Procedure 3642, dated November 30,

1977, pp. 41.

Supply 125 VDC power to the 72-2100 input breaker to bus No. 2l.by the

P,G.& E. 125 VDC Battery Charger, ED-21. Supply 50 amperes by the

Battery Charger (read battery charger Ammeter) to load bank Item 4

thru'he Switchgear.

3. Supply 125 VDC battery power (Wyle 125 VDC battery) to the bus on the

supply side of the 3000 ampere bus fuse.

4, Connect the 70A and 20A output breakers in panel SD-21 to the P.G.& E.

resistor load bank with approximately 16 amperes at 125 VDC on the

5.

20A breaker and 34 amperes at 125 VDC on the 70A breaker.
'I

Close breakers 72-2100, 72-2102, and the 70A and 20A load breakers.

Energize Battery Charger, ED-21. (Everything observed visually to read

correctly before seismic shaking.)





6. Perform multi-axis, multi-frequency seismic testing per the RRS in
t

Wyle Report No. 58255 dated April'9; 1978, pp. 255-280.

7. See figures 10.3.5.2-1 and 10.3.5.2-2 for testing set-up.

The equipment was energized during all the seismic tests, 5 OBE's and 2 SSE's

in the Z-Y and X-Y axis. The components listed on Table 10.3.5.2-1 were Mhn.

monitored before, during and after the seismic tests. No malfunction of any

of the components occurred during the tests. All contacts of auxiliary switches

and relays remained in the equipment energized position during all tests. All

breakers remained in the proper positions during the testing. Indicating meters

and lights on the front of the panelboard indicated that the bus remained energized

during and after the test. (Also meters on battery charger indicated a load of

50 amperes was on the battery charger.)

Results are listed per sub-paragraphs of 10.3.5.2.4 - Test Plan & Criteria:

No. breakers tripped open. 132 VDC output of the battery charger did

not change. Battery charger ammeter continually read 50 amperes. If
either breaker: 72-2100 or 72-2102 had tripped the Battery Charger ammeter

would go to zero with 72-2100 tripping (no load), or to nearly zero with

72-2102 tripping, (this would cut out the distribution panel load &

the load bank & would only charge the Wyle Lab. Battery).

2a ~

(2)

(3)

Closed auxiliary switch contacts remained closed.
1

Open auxiliary switch contacts remained open. (this contact

is for alarm to 4aee)- Jf;<, <. -;

Closed auxiliary switch contacts remained closed.

2b. Both Battery Charger Ammeter maintained 50 amperes & Battery Charger

Voltmeter and the 125 VDC Swgr Bus Voltmeter maintained 132 VDC. Breaker

did not trip to indicate loss of load.





10-17-78

2c ~ The SV relay picked-up as the battery charger energized the switchgear

with breakers 72-2100 and 72-2102 closed. (125 VDC). $t no, time during

the testing or after the testing did the SV ™ . except when the

breakers or the battery charger was tripped off. SV did not pfck-up

2d.

during the energized time to indicate a drop in voltage below 112 VDC

setting of the gV re1ey~ g~ SU M
( $ ~~ ~+~ qQ++,~ see,sL.~~~ Rg g hg;

If breaker had tripped off the batte~ charger output would have dropped

by the amount of load bank resistarice lost with open breaker.

2e ~ If breaker had tripped off the battery charger output would have dropped

2f.

2ge

by the amount of load bank resistance lost with the open breaker.

At no time by visual observation did the DC SWOR or the Battery Charger
~ r >

Voltmeter, reading drop, when the switchgear and Battery Charger were l

energized and the 125 VDC battery connected.

White light stayed on indicating bus potential.

Following the seismic tests, the SD-21 Distribution Panelboard was shipped back

to Diablo Canyon Unit 2, its functional performance was tested and verified,

and it was placed back in service in the plant.

10.3.5.2.7 - Conclusions

A 125 VDC Distribution Panelboard (SD-21) from Diablo Canyon Unit 2 was tested by

a multi-axis, multi-frequency seismic simulation described in Wyle Report No. 5825$ ,

April 19, 1978. pp. 255-280. This panelboard is identical .to the other five

125 VDC Distribution Panelboards installed in Diablo Canyon Units 1 and 2. The

test results described in 10.3.5.2e6 above demonstrate that the test criteria

specified in section 10.3.5.2.4 are met, and thus that the equipments'afety

function has been demonstrated during and after seismic testing to the RRS based

on the postulated 7.5M Hosgri event.

Thus it is concluded that the Diablo Canyon Unit 1 and 2 125 VDC Distribution

Panelboards are qualified for the postulated 7.5M Hosgri event in accordance

with IEEE Std 344-1975 and NRC Regulatory Guide 1.100.
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The 125 VAC failure relay PLR-1, was seismically tested with the c'harger

nergized, and the normally closed contact picked up in its normal

operating position of normally open. The seismic tests did ~ot cause

this contact to chatter shut to give false indication of a loss of A.C.

power, nor did the contact close to indicate 480/120 VAC power failure.

4. During the seismic testing the 125 VAC Manual Control Relay did not

chatter, and thus did not cause the battery charger to switch from auto-

metic to manual 'control. The 125 VAC Manual Control Swttch dtd not move

from the Charger on Automatic Control position.

5. The 125 VDC low voltage relay, 1VRA, did not change state to indicate

a loss of 125 VDC output. N.O. contacts which are closed when the

charger is operating, did not chatter nor did they open to indicate loss

of 125 VDC output. Table 10,3.3-1 shows the functional performance of

6.

7 ~

8.
9.

these devices 'during seismic testing.
All left front door indicating lights showed proper indication for all con-
ditions. On when required to be on~and off when required to be off.
On all energized tests the charger ammeter showed a continuous output of 60
amperes.
On all energized tests the charger voltmeter read 132 volts continuously.
On all de-energized tests the charger voltmeter read 125 VDC, the Hyle
Battery Voltage, and the charger ammeter read 0 amperes.

10.3.3.7 Conclusions

Battery charger ED-21 from Diablo Canyon Unit 2 was tested by a multi-axis multi-
I

frequency seismic simulation described in Hyle Report, Number 58255, April 19, 1978,

pp. 288-293. This battery charger is identical to the other nine battery chargers
t

installed in Diablo Canyon Units 1 and 2. The test results described in section

10,3,3.6 above demonstrate that the test criteria of section 10.3.3,4 are met, and

thus that the equipment's safety function has been demonstrated during and after

seismic testing to the RRS based on the postulated 7.5M Hosgri event. On this

basis the Diablo Canyon Units 1 and 2 battery chargers are qualified for the

postulated 7.5M Hosgri event in accordance with IEEE Standard 344-1975 and USNRC

Regulatory Guide 1.100.
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BAT'."~.T CHARGER - TABLE 10.3.3-1 ~ g /0( ~/7g

~ g I
';.l,'.:-.'.;.-.'-',~"-. '„i"" t'"j;.~",".:,":., SWITCH~ RELAY'POSITION'OR CONTACT 0 OPEN C~CLOSED—

I
'1ST OBE,A;..". "j 2ND 'OBE'~.': ~ 3RD OBE 4TH OBE. '.. 5TH OBE . 1ST SSE, ..2ND SSE 3RD SSE

'".)

DEVICE:,:; -.;::;:,'., ';.'. '; SW."NO., X-Y. Z Y.'X-'Y, Z Y:„X-Y 'Z Y-'-Y Z Y ~ X-Y Z"Y X-Y. Z-Y XY Z>

~j. 52 21 I0 ToEB
: .PJ3-B175—

t,
I ~ ~

J

';.'KR'
~ 'i 0 ~

~ 0';:-
'C

'„0':" .'.0 '. '0 '
- C:.

~ E

C. C . C' C -:.Q: Q

I. ~ ~

; - ', 72-21 I.ToEG."..
KH 2 8500 BKR 0 '0' 0 ~ 0 0 C C C' C C 0

~
~

~ )
I. pLR '1 125 VAC

PAILURE RELAY
N,Ca C .C C 0 0 0 0 0 0 0 0

N.OG 0 0. 0'. 0 0 0 C' C C 0 0

< PLR-2 125 VAC
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Intake Stt. Item A3 (Supplement)
SER fI7, 3.8. 5. 4. 4 (2)
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" DIABLO CAÃYON UiVITS I & 2
''"" A"rue~+ 2&tW2fg

INTAKE STRUCTURE
P ATHh'AY TO AS'4 P L>P S

The auxiliary salt-water system'is described in FSAR 9.2.1 and the

intake is shown in Figure 9.2-2.

Piers supporting curtain wall. are overstressed. The consequences

o this are nil from several viewpoints. The attached sketch shows

some possible modes of extreme collapses of wall. Our conclusion is
that there is insufficient volume of concrete to plug all pathways

h

to pumps. Some factors to support this conclusion are:

1. A C'uillotine-type drop of the curtain wall would have to seal
1'ke a gate for the entire face of the intake (over 200 ft. in
length). An equivalent area of a 24" pipe/unit in 6,000 ft. of
face is all that is required. The back-flush effect of the water
in the mai.n cooling water lines above sea level (ten times the
sea water volume in the intake) will clear face.

2. A Rubble-mound type plug would have to fill the entire auxiliary
salt-water bay and have a porosity of less than coarse sand (0.4

3cm per second). This is not possible since there is insufficient
volume o concrete involved.

3. Domino effect of wall collapsing bar'rack, which hits traveling
water screens, w'l be retained or deflected by walls of gate well.
4hH e i t is possible for debris to get into pump bay, the pump bell
is 8.5 ft. above the bottom and near the back wall. Approach velocities
arc less thorn 1 ft/sec. Thus, turbulant 'suspension of debris large
enough to damage empellor is not possible.
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Devic ~ fr"I,",~ th<: subp'nel were connected to appropriate power sources and

~ monit(1'<.~ p<~~ a.-„'~achm.nt "G." fhe" devices are listed in Attachment "H."

10.3.6.6 Test Results

The test specimens demonstrated their abilities to withstand without com-

promise of structure or safety functions the simulated seismic environment

of seismic random biaxial motion performed to the required response

spectra. The output field current was visually monitored and did not fluctuate
during the test sequences.

10.3.6.7 Conclusion

One Diesel Generator Excitation Cubicle and pertinent parts of the Control

Cabinet of Diablo Canyon Unit 2 were seismically tested by a multi-axis,
multi-frequency seismic simulation described in MYLE Report Number 58255,

dated April 19, 1978. The. equipment contained devices representative of
the contents of all Diablo Canyon Unit 1 and 2 Diesel Generator Control.
Thus qualification'ill apply to all Diesel Generator Exitation'Cubicles
and Diesel Generator Control Cabinets.

The test results presented in section 10.3.6.6 above demonstrate that the
test criteria are met, and thus that the equipment's safety function has

been demonstrated during and after seismic testing to the RRS derived from

the postulated 7.5M Hosgri event.

It is therefore concluded that the Diablo Canyon Units 1 and 2 Diesel Gen-

erator Exitation and Control Equipment are qualified for the postulated
7.5M Hosgri event in accordance with IEEE Standard 344-1975 and USNRC R.G.

1.100.

(October 1978) 10-48
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10.3.11 Instrument Power AC Panelboards

The instrumentation power panelboards (AC) are mounted on reinforced concrete walls

five feet above the 115 ft. floor elevation of the Auxiliary Building. The panel-

boards were previously qualified for DDE accelerations (at the average elevation of

120 ft.) of 1.19g east-west, 1.41g north-south and 0.27g vertical. (The front-to-

back direction is north-south.)

In March 1976, the P.G.& E. Department of Engineering Research, in situ tested one

of the Instrument Power AC Panelboards, PY-22, (DER Report 7333.141-76), and deter-

mined that the panelboard (as a whole) and the panelback (as a component) have no

natural frequency below 33Hz, and that the mounting plate (above the breaker assembly)

has a resonance frequency of 30 Hz. This mounting plate has been modified on all
panelboard with centerline supports to the back panel per the recommendations in

A

the above report. The circuit breaker assembly has no resonance below 33 Hz, There-

fore, the circuit breakers would be subjected to the unamplified accelerations of the

wall on which the panelboard is mounted. The wall mounting can resist up to 18g

acceleration in any direction.

For the Hosgri 7.5M event, at the Instrument AC Power Panels, the floor accelerations

are: 0.92g Horizontal and 0.56 g Vertical. At a wall location 5 ft. above the floor

at 115'levation these accelerations would be 1.00 g and 0.6 respectively.

In April 1975, Wyle Laboratories tested a single pole and a two-pole circuit breaker

identical to those used in these Instrument AC Power Panels (Hyle Laboratory report

No. 53744-2). ZPA of these tests were (on the average) 2.8g horizontal and 1.5g ver-

tical, applied simultaneously. The circuit breakers were monitored electrically

during the Hyle tests and did not chatter or malfunction. For these reasons it
can be concluded; ~ that the Instrument Power AC Panelboards are qualified for a postu-

lated 7.5M Hosgri event in accordance"with IEEE Standard 344-1975 and USNRC R.G. 1.100."
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Docket g
BLI 29 SENSITIVITY OP THE NONLINEAR COt1PONENT

+'5at - fDocument TIPiE HISTORY AHLAYSI S TG THE
REGUXdiTOiRYDOCKET FILE T ICE HISTORY BASE INPUT
~ie~c ~ sh l~ ~ +~i„~Vr~

'The time history used for the analysis of CRDH and fuel elements are based

on building kim history response from input applied at its base. The building
motion is predominately controlled by its fundamental mode at 13.8g Hz (the
interior concrete of the containment building). This fal'Is within the
important frequency range of the modes of these components (i.e., 2 to 20 Hz).
The building actually f'i'Iters and amplities the base input motion over this
frequency range. Since the building model is linear and the base input
time history is random, its dynamic response is a function of the building
dynamic characteristics. Consequently, in the frequency range of 2 to 20 Hz

the'building response motion should not be affected by different time history
input i'hich matches the Hosgri response spectra. Therefore, there should

.not be any significant effect to the componant nonlinear time history analysis
results if another time history input consistent with the Hosgri spectra at
the base is used as input.

In addition, the Hosgri response spectra are smoothed, based on several
actual earthquake records. There is extremely low probability that any
future earthquakes affecting Diablo Canyon Plant would have response spectra
reaching the Hosgri magnitude for all frequencies within the frequency
range of interest (i.e., 2 1o 20 H..). The input time history at the base is
generated to match the Hosgri response spectra with 'limited number of points
falling slightly below the smoothed Hosgri spectra. Therefore, since the
time history envelopes the Hosgri response spectra, any time history resulting
from a potential earthquake with equal or less magnitude will have a response
spectra that is enveloped by the Hosgri spectra. There is no need to further
'consider any input variations.

I

Finally, giv"n the stress ...argins the components have maintained, and the
large magnitude they have qualified for the DDE condition as discussed in
Amendment 50 to the FSAR, the use of. a different base time history input
should not have any material effect on the conclusions reached for these
components.
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HOSGEI RE-EVALUATION OF"DIABLO CANYON .

CONTAINMENT BASE MAT (ITEM A7)

General Descr'i tion
Containment base mat is' 14'-6" thick circular reinforced concrete slab. ,The

center portion around the reactor pit'has a,depth of 36'-0". Reinforcing has

been placed in two perpendicular-directions (E-W, N-S) and arranged such that the

walls of the reactor pit'orm a grid of four main:girders. The base mat and

reinforcing steel is shown in Figures 1 and 2.

The base mat was originally evaluated for the Hosgri earthquake on a load com-

parison basis. The oyerall'oading in the governing Hosgri and LOCA combination

is only 2.6% greater than the loading, used 'in. the original DDE + LOCA analysis.
Thus, on the load comparison basis, the 17% increase in allowable reinforcing
stress resulting'rom the use of actual material'strength is adeq'uate to accomo-

date the 2.6% load increase due to the Hosgri earthquake.

Hos ri Anal sis
A detailed analysis of the containment base mat has been performed using the

SAP IV program, considering 'the Hosgri loads in combination with other applicable
loads. The load combinations analyzed were:

a) Dead load + LOCA + Horizontal seismic +Vertical seismic ~u

This combination'produces"the maximum positive;moments.

b) Dead load + Horizontal seismic + Vertical seismic down

This'ondition produces the maximum moments.

Anal tical Model

The analytical model consists of a grid of orthgonal beams as shown in Figure 3,
each representing a- corresponding strip'of slab and reinforcing identified on

construction drawings. (See Figure 3)., The containment shell and crane wall. are

represented as beams with increased bending stiffness to model the effect of wall
depth.



~«<~g~rt
IPISHOQ

8P~ 'lU')OG IO „.~<.Olla(f
Kls'1 l::)LOOQ MOTE.T TO:IH



The foundation is'epresented by compressive spring elements,(po tensile
stiffness}. Each spring stiffness is based on tributary area of foundation

.'it represents. This model represents a refinement. of the'simplified,model

used in a previous submittal dated September 29, 1978 which gave the results
'for load combination b) ~

Results

1) Maximum positive moments are due to load combination, a);.. These moments

are given in Table 1. All moments are within the acceptance limits in
Chapter 4'f the Hosgri Seismic Evaluation Report.

2) Load combination c) controls negative moments. The refined model gives a 6%

reduction of negative moments — from 1530 k-ft/ft to 1439 k-ft/ft — the

latter value is 3% below the acceptance limit.
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VERIFY FORNJLA USED TO CHECK TENSION IN ANCflOR BOLTS

fb =—2M
NRAb

US%
0+ w~

e0. oF Pace.
AvoRonS

where

Tank overturning moment

R Tank radius

N Number of bolts

Ab, =
. Bolt cross sectional area

fb = Bolt 'tension stress

Axial Tension in tank shell due to M.

Mfs =—
Z

where

~ R2t = shell section modulus

t = shell thickness 'hen fs M

~ R2t
Ct

The cross sectional area of all the bolts is equivalent to the shell. cross
.sectional area or:

Asfs = NAbfb

but As = 2 77 Rt

there fore
NAbfbfs =—
2rf Rt

then
M NAbfb

~tp R t - 2 rt Rt

there fore

fb = 2H
NRAb

P 0 0045k.

r es ~ ~ w ~ = ~



P

'I



d Pa47 I 5 1/IS

'SUBJECT

'

PAC IF IC GAS AND EL ECTR I C COMP ANY

GENE RAL COMPUTATION SHEET(-
Paar.o >~ Yoa-
~irzpc + 78&45 .

5HEET NOe OP SHEETS

JOB 7 40 ~ ~ )

SILE,j
C

LOCATION
\

E

MAOE BY +' ~~ OATE ~ ~ +F CHECKEO BY APPROYEO BY

6z 1l iV

z5

I/
0

7 'o9



'll

II



S~T IS 3/4$

-r

SUBJECT

PACIFIC GAS AND ELECTRIC COMPANY

GENERAL COMPUTATION 'SHEET
P//A8C.O CP AJ yO/J

nJ

SHEET NO+ OF SHEETS

NOFILEf
LOCATION

MAOE BY ~ '~ t ~ OATE I ~5~ +~ CHECKED BY APPROVKO BY

/. 0

/'0

/H

0





4~71$ l/45

>OBJECT

PACIFIC GAS AND ELECTRIC COMPANY
JOB gO i-'EN'ERA L COMP U TATI ON SHE ET

>188~ CAuYo&
ZTVrWGK FHwl~

APPROVEO BY





42&1 I3 3/Q

SUSJECT

PACIFIC GAS 'AND ELECTRIC COMPANY
JOS

G,E N E R A L C 0 M P U T A T I 0 N S H E E T =-
"ILE.J-™0',.

„LOCATION
DiÃBL.o CAe oW

6
/~5'..~

MADE SY DATE 7 CHECKED SY APPROVED SY

6

A7

0



It



4~7 'I 5 3/45

5UBJECT

PACIFIC GAS AND ELECTRIC COMPANY
JOB NO

G E N E R A L C 0 M P U T A T I 0 N S H E E T "'"'
LOCATION

8/A c0 ~ N DhJ
y JC

'." +AOB BV OATS 22- &'
CHBCKEO BY APPROVED BY

.8 2



qh 4

II



42&7 IS 3/IS

.SUBJECT

PACIFIC GAS AND ELECTRIC COMPANY,

GENERAL COMPUTATION SHE ET
4l 8~o QA-v oV

SHEET NOe OP SHEETS
JOB 1 NOi

LOCATION

S'

MAOE BY r ~~ OATE ~ CHECKEO BY APPROVEO BY

r Q.

4'I



nr



". SUBJ KCT

PACIFIC GAS AND ELECTRIC COMPANY

GENERAL COMP UTATION SHEET
drpaLo

Cavy'HKKTNO. OF 'HKKTS7—
1 NOFILKj;-

LOCATION

h'II

APPROVKO BY

~ ~

0





~0~715 3/SS

SUBJECT

I

PACIFIC GAS AND ELECTRIC COMPANY.

GENERAL COMP UTATION SHE ET
'r88c.O&bvYonJ

~iM6&
VH&rV'HEET

NO+ OF SHEETS.F
woe 1

=LOCATION

MAOE BY ~~ DATE ~~+ ~ CHECKED BY APPROVED BY

6 6



C
I



42&7 IS 3/4S

SUSJECT

o

PACIFIC GAS AND ELECTRIC COMPANY

GENERAL COMPUTATION SHEET
OrABM CA~ o

SHEET NO+ OP SHEETS

sos 1 NOo

LOCATION

$70/ERG< D/1/lJES
) M*~g ~y G I ~AfQ oaTE ~+ ~A ~ 7S cHgcKBo BY APPROVEO 8Y

y/





12:4715 3/4$

5USJECT

.....-. 7
PACIFIC GAS AND ELECTRIC COMPANY

JOS 1- NOGENERAL COMPUTATION SHE ET
LOCATIONDid/~ ~wyod .

MADE BY '~~DATE ~~ +~+ 7 ~ CHECKED BY APPROVED BY

00





hC&7 I5 7/4$

5UBJECT

,„„,„. 8 .„"PACIFIC GAS AND ELECTRIC COMPANY ''oe
GENERAL COMPUTATION'SHEET., ', ""'f

LOCATION

Hrgd'C,O MAJYOnl
~ 7 gILP6< ~/1NKS

By O'A~ OATE Zf ~ 77 CHECKEO BY *PPROVEO BY

r0

.47
1



Ib

Ib



Sg&'2 1 S 3/45

SUSJECT

PACIFIC GAS AND ELECTRIC COMPANY

GENERAL COMP UTATlON SHEET
DlABco G'-bv YOAJ

SHEET NO» 'F SHEETS

~OII 1 NoFILE
J'LOCATION

fr
~ MADE IIV DATE CHECXEO OV APPROVED GY

2 7

o<

0/8

Oi

h





SR 41 IS 3/4$

SUBJECT

PACIFIC GAS AND ELECTRIC COMPANY

GENERAL COMPUTATION SHEET
S/A8'co c~w+0&
~l'ggQ rHNIQ

SHEET NO. OP SHEPTS/
JO8 1
PI LE

LOCATION

DATE ~. ~l . +E CHECKED 8Y APPROVED 8Y

78vl<

/
Cg



II

0



dC&73$ j/4S

SU8JECT

4

PACIFIC GAS AND ELECTRIC COMPANY

GENERAL COMPUTATION SHE ET

~88(.O 8Am oV
avM~G< rM/IV

SHEET NOi OP SHEETS

JO8 1

LOCATIOH

MADE 8Y i 'g(L DATE W ++ CHECKED 8Y APPROVED 8Y

3 7

C



t

4



02-41I5 3/iS

SUBJECT

(,:
MADE SY

PACIFIC GAS AND ELECTRIC COMPANY

GENERAL COMPUTATION SHEET
- Dr88c.o &In'yonj-

QVE CCA GE 7HhJl<S
OATE ~ d~ 7 CHECKED BY

SHEET NO. OF SHEETS

JOB

LOCATION

APPROVED BY

/C



~ '



oaWV IS 3/IS

SVSJECT

PACIFIC GAS AND ELECTRIC COMPANY

GENERAL COMP UTATION SHEET
DI48<O AN Did

~/cQ

SHEET NO» OF SHEETS. y
JOE >NOFILEf
LOCATION

R', QA/ldL. „,~KM CHECKED GY C APPROVED IIV

IIS

l
O

3.





02&7 I 5 SOS
T

5HEET NOe OP'IIEETS

SUBJECT
'

PACIFIC GAS AND ELECTRIC COMPANY

GENE RAL COMP UTATION SH E ET

Srggeo CAu og
~~~ 6E 7%9/M

9 oML,...~5oa. 7F

"OB " NOPILEj "
'OCATION

APPROVED BY



i'

,,Ik, k /fan



S le I Couplings for Steel Pipe
Style 38 Steel Couplings for Steel Pipe 14" OD and Larger—Sizes, Specifications

fj.; '.5c(.
I+ ~,

;,,c 'I

t'

I

PIPE (Steel)

Nom.
Outside

Site Diameter

(ID) (00)

14.000
14.000
14.000
14.000

16,000
16.000
16.000

18.000
18.000
18.000

20.000
20.000
20.000

22.000
22.000

24,000
24.000

MIDDLE
RING i

Thickness
and

length
(A 6 8)

r/< xs
ihx7

yi~ x 5
/is x7

r/< x 7
yiix7
thx7
i/ix7

yiix7
y,x7
r/ix7

yiix7
y,x7
r/ix7
y,x7
r/< x 7
y x7

BOLTS.s
Number,
Diiinetir

and
Length
(06 E)

8-yi x 8'h
8-yi x 10ih
8-'Yi x 8'h
8-yi x 10'h

10-y x10ih
10-yi x 10th
10-y x 10'h

10-yr x 10'h
10-yi x 10ih
10-y x 10th

12-/j x 10'h
12-y x 10th
12-yi x 10'/i

14-y x 10
14-yi x 10'h

14 y x 10
14-'y, x 10ih

WORKING
PRESSUREi

lbs.'er

sq.in.

SIO
SI0
633
633

449
S57
664

401
498
594

Diam.
(H)

18
18
16'h
18'/i

20
20'h
20'/ii

22
22ih
22'/i ~

24'/ii
24yii
24'Yi~

26
27

26
29

OVERALL
DIMENSIONS

Length

u)'ith

13'h
10'h
12i/i

13'h
12'/i

13ih
12i/i

12'3'h

12i/i
12yi

12%
12%

12yi
12yr

Length

(L)''h

9'h
7yr
Sy,

9'h
9'/i
syi

9'h
sys
9'h

9'/i
syi
Sys

9th
9'h

9'h
9'5

WEIGHT
Approx.

Shipping
Each
(Lbs.)

51
60
62
71

70
80
98

75
91

111

86
104
122

98
141

105
153

ITEM
COOEf
for

Ordering

0106
0107
0108
0109

0115
0117
0118

0129
0130
0131

0134
0135
0136

0138
0139

0141
0142

Above. 16" OD Style 38, showing
IObolt construction supplied also
for the 18" OD size. All other
sizes from 14" OD through 24"
OD have the same design, the
number of bolts increasing with
s'ize to assure adequate gasket
compression.

30
30
30
30
30

36
36
36
36
36

42
42
42

48
48
48

54
54

30.500
30.625
30.750
31.000
31.000

36.500
36.625
36.750
37.000
37.000

42.750
43.000
43.000

48.750
49.000
49.000

54.750
55,000

r/< x 7
yiix7
y,x7
ih x 7
ihx 10

r/< x 7
yiix7
y,x7
'hx7
ihx 10

ys x 10
ihx7
ihxlo
ys x 10
'hx7
ihx 10

ysx 10
ihx 10

16-y x 10
16-y x 10
16-yi x 10'/i
16 yi x 10ih
16-y x laih
18-th x 10
18-yr x 10
18-yi x loih
18-ys x loih
18-y x 13'h

20-y x14
20-yi x 11
20-ys x 14

22 yi x 14
22-y x ll
22-th x 14

24-yj x 14
24-yi x 14

201

298
392
392

211
281

34'h
34th
35yi
36
36

40ih
40'h
4ty,
42
42

47y<
48

53yi

59+
60

12ys
12+
12i/i
12i/i
1Sih

12yi
12+
12'h
12th
15'h

16th
13h
16th

lsd
13th
16ih

16+
lsy<

9'h
9'h
9'h
9'h

12%

9)k
9'h
9'h
9'h

12+

12'h
10
12th

12'h .
10
LRih

13
13

133
145
190
226
258

162
176
226
252
306

313
287
353

354
326
401

401
447

0147
0148
0149
0150
0151

0155
0156
0157
0158
0159

0162
0163
0164

0167
0168
0169

0172
0173

60 61.000 ih x 10

66 67.000 ih x 10

26-y x 14

30-yi x 14

241 66

72

16+ 13

16yi 13 545

0175

0179

5987872 73.000 ih x 10 32-yi x 14 lsyi 13
\ 'ew o'Qy~~~~ cw1r~~ "w ''I l ','" F

0181

C r

Full information on other sizes will be supplied upon request.
Dimensions are approximate, given in inches, and shown in section view on page 6

'MIDDLE RINGS thicker or longer than those listed can be supplied. Details and prices on request.
1

*BOLTS furnished as standard are shopcoatcd steel. Plated or coated bolts can be supplied if specified.

'WORKING PRESSURE. The working pressures shown were determined on the basis of Barlow's formula using a working stress eqval to one half
the minimum yield of the middle ring material.'ovpiings for higher pressures can be furnished. Where pipe„movement out of coupling might
occur, proper anchorage of the pipe must be provided.

'DIMENSION 3 (maximum) will be eqval to Dimension "E plus t/z (approximate bolt*cad thickness) If all bolts are Inserted from one side of
Covplina.

*

'DIMENSION L (overall length exclusive of bolts) is taken with bolts drawn up finger tight."

aCODE designates standard bkrck covpilngs equipped wnh Plain Gaskets and shopcoated bolts. Dresser AL~D rxiatcd covpllngs can be supplied
if desired. Details on request.

~ ~

NOTE: Specifications of all prodvcts shown ln this catalog are svblect to change without notice. PRICES will be supplied on request.

1
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outer ends of the gaskets. Tightening the
bolt draws the follower rings toward each
other, compressing the gaskets in the
spaces formed by follower rings, middle
ring flares and pipe surface. This efFects a
flexible, leak-proof seal.
Dresser Couplings are carefully engineered
at every point. Middle rings and followers

COUPLINGS MAY BE FURNISHED

have ample strength to maintain a con-
stant, even pressure against the gaskets.
The wide outer rim of the followers pro-
vides added rigidity. Gasket sections are
made generous enough to furnish more
than adequate sealing surface and "pack"
between coupling pipe. Dresser bolts and
nuts are of high grade, high strength steel.

DRESSER AL-CLA+FACTORY-COATED

MIDDLE RING

h

"r

Style 38 snd Style 40
Coupling Gasket cross
section.

This section furnished
for StaMB and Stab-
39 'Covpitngs.

.4 '

OUTER RIM

INNER RIM

GWSRET g
RECESS

REINFCIRCINGA
PGCRET O

Cutaway view of Dresser Covpling,
showing working principle and
illustrating shape and relative po-
sition of component parts. Insets
show detaib of parts.

Note: Where pipe movement out
of the coupling might occur, pro.
per anchorage of the pipe must be
provided.

~ s '

'rp+ ~
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XX. XNTRODUCTXON

The follow ng tests were carried out at or under contract
to Acme-Cleveland Development Company, the research center for
Acme-Cleveland Corporation. The switches tested were manu-

factured by Namco Controls, an Acme-Cleveland Company. The

tests were carried out in order to test limit switches to the

provisions of XEEE Standards 344 ('75), 323 ('74) and 382 ('72).
These standards pertain to Class lE safety-related equipment

for use in nuclear power plants.
The tests consisted of the following parts:
1. k1eat aging for 200 hours at 200 F.

2. Mechanical aging for 100,000 actuation

cycles under electrical load.

3. Xrr'adiation to a level of 204 megarads of

gamma radiation.

4. Seismic testing to a maximum of'.52 g's

in the 1 to 35 Ikz range.
r

5. LOCA testing to a maximum 340 F at 70 PSXG.

XXX. SAMPLE 1DENTXFXCAT10N

From the model EA-180, Type 23, series nuclear switches,

one switch with part number EA-180-11302, Rev.-D, was

selected for test purposes.

The test facility reference identification number is

$ 61.

Xn order to verify that the short travel mechanism was

not subject to seismic failure, one switch with part $,EA-

180-14302, Rev. C, was selected f'r testing through the

seismic stage. See Appendix F.

Page 2 of 10
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The test facility reference identification number for
this switch was $/83.

IV, TEST PROGRAM

The test program will be presented in the order in which

it was performed. Throughout the testing the following
equipment was used to determine the performance level of the

units . A megohm meter measured the resistance between con-

tacts when open. A test circuit measured the load current

between contacts when closed. This circuit consisted of a

100 volt DC power supply, appropriate voltage and current

meters, and a load bank set to pass 86 milliamps in parallel
with a small current (6 ma) neon light.

Initial inspection. Open and closed circuit performance

was measured and recorded for purposes, of providing base

line data. These measurements were not used in the selection

of switches for test. Normal quality control inspection

had been performed prior to shipment.

Heat aging. The heat aging test consisted of holding

the unit suspended over water in a tank at a temperature

of 200 F for 200 hours . During the time of this test, the

conduit opening of the switch was sealed so that the humid

air could not penetrate into the switch via this route.

Mechanical aging. The switch was subjected to 100,000

actuation cycles in order to simulate the normal switching

functions of the unit during its lifetime. The actuation

was accomplished by a cam mechanism operating at 70 actuations

*See Appendix E for calibration dates.
+Heat aging conditions Mere taken from ANSI Draft Standard N278.2.1

(Draft 3, Rev. 0). The correlation betveen these conditions and
the qualified life is not known.

Page 3 of 10





per minute. The electrical'oading during this part of the
X

test was 500 milliamps at 100 volts DC.

Irradiation. Irradiation was performed by Isomedix, Inc.
Their certification is contained in Appendix A. Irradiation
was carried out to a le'vel of 204 negarads. Gamma radiation
from a cobalt 60 source at 1.25 Hev. was used. The irradiation

. was carried out at a rate of one megarad per hour.

Seismic testing. Seismic testing was performed by Dr. Ed-

ward J. N'alter and Associates. The complete description of
apparatus and procedure is contained in Appendix B. Single axis

tests were performed in each of the three axes. The test spectrum

used is given in Table I. Note that either acceleration or

displacement may be the independent variable.

TABI.B I
SEIS."fIC TEST SPECTREA (INPUT NOTION)

1-4 Hz

4-10 Hz

'0-20

Hz

20-35 Hz

Peak Acceleration

0.6-9.52 g's

9.52 g's

9.52 g's

Peak to Peak
Displacement

12 inches

0.45 inches

Seismic Testing — Cross Coupling. All of the parts and assemblies

of which the switch is comprised may be classified into three categories

depending upon the geometric constraints upon their movement within the

unit. The first category is components free to revolve about an axis

but which have balanced angular masses about that axis. The second

Page 4 of 10
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category is components which are free to rotate about an axis within

a range the limits of, which are 9 to ei,ther side of a principal axis

of the switch. The third category is parts which are constrained to

linear movement in a line whi.ch is within 9 of a major axis of the.

switch.

Components falling in the first category are: the contact lever

assembly (83) and the rocker arm (65). As the angular moment of

inertia for each component of this class is balanced about the ceritral

axis, vibration will result in no torque about the axis. Therefore,

it is not necessary to consider these components in the analysis of

cross coupling.

Components belonging to the second category are the lever shaft

assembly (94) and the latches (19).

The parts belonging to the third class are the contact carrier

plate assemblies which are located at the ends of the contact lever

assembly (83) and the roller assembly (75, 80 and 81).

The linear motions of category 3 components except (75, 80 and

81) and the tangential motions of the category 2 components are all
within 9 of the Y axis. Therefore, a vibration with a deviation of 9

from the Y axis would cause a higher G loading along the direction of

motion of these components than motion directly along the Y axis.

Therefore, the G levels used in single axis testing should be multiplied

by a factor of .98 (i.e. cosine of 9 ) in order to compensate for pos-0

sible effects due to multi-axis vibration.
0

Movement of components (75, 80 and 81) is within 9 of the X

axis. Therefore, it could cross-couple with the Y axis movements of

Pape 5 of 10
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'he other category 2 and 3 components. The X axis movements of (75, 80

and 81) cannot cause any Y axis movements directly. It can, however,

allow Y axis movements of (65) and {94). It is shown below that movements

of (94) cannot occur at 10 g's due to the preloaded force of spring (107).

E

Preload>
Force
(107)

Weight
of Non-
Cylindrical
Parts of
(94)

Weight
of (Sl)

Total
Off Axis
Weight
(s+c)

Mechanical
Advantage

Effective
Weight+~
(DxE)

Minimum g
Loading for
Movement
{A/F),

3,220 gm 53.9 gm 12.9 gm 66.8 gm 133.6 gm 24.1 g's

In order, to determine that movement of (65) due to cross coupling

was not a factor in these tests a separate test was run with components

(75, 80 and Sl) completely removed. This conservatively simulates any

cross coupling between components (75, 80 and Sl) and (65).

Due to the above considerations cross coupling is not considered

limiting in this unit and, therefore, single axis vibration testing is

considered suitable.

It can be seen from the data in Appendix 3 that the

switch used in the present qualification was not used in "

the seismic qualification. Switches ~j32, 33 and 45 which were

included in the seismic testing are internally identical
to the switch ~j61 covered in this present. qualification.
The only difference between switch $ 61 and switches 32, 33

and 45 was the material for O-rings, lubrication and

gaskets. Tt was not considered necessary, therefore, to

*Blueprint specified minimum.
*+Allmass is conservatively assumed to be concentrated at the

end of the lever shaft assembly.
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> take new seismic data on the present switch. In order to

simulate the condition of a switch which has undergone a

seismic event switch $ 61 was seismically conditioned by

subjecting 'it to all vibrations contained in the seismic

tests. Electrical load was applied during these vibrations,

however, the performance of the switch was not monitored

during this conditioning (see Appendix C).

LOCA Test. The temperature pressure profile for the

test is given in Fig. 1

The first four days of LOCA testing was performed in a

chamber of 12" height and 8" diameter. The switch was mounted

in the chamber in a horizontal position such that the lever

shaft pointed upwards. The switch was attached by means of

a threaded pipe. Teflon tape was used for sealing the pipe

threads. This pipe ran through an 0-ring type feed-through

in the chamber. The electrical connections from the switch

were run through this same pipe. Actuation of the switch

was provided by a rotary feedthrough in the top of the chamber.

The switch was subjected to a caustic spray during this

portion of LOCA test. The flow rate of the spray was 230 cc's

per minute providing the necessary coverage of .015 gallons

per minute per foot of cross section. The pH of the'pray

was maintained between 10 and 11. The spray was composed of

boric acid, water, sodium thoiosulfate and sodium hydroxide,

and was recycled during the entire time, Spraying was

initiated- following the second transient temperature rise.

Page 8 of 10

>'<The recorded pressure temperature data is presented on
pages G-ll of Appendix D.





The switch was transferred from the high pressure chamber

to a low pressure chamber following the first four days of the

LOCA test. It remained in this low pressure chamber for the

rest of the 30 day LOCA period. During this part of the test

the switch was sprayed with distilled water which was con-

tinuously recycled.

Two data acquisition methods were used during the LOCA.

The temperature was recorded on a strip chart recorder via a

thermocouple. During the transient sections of the LOCA the

digital readout from the thermocouple, as well as the reading

of the pressure gage, were recorded on video tape. The data

is recorded on scenes 611 and 612 of this tape which is on

file in the library of Acme-Cleveland Development Company.

The switch was actuated ten times during the peak level

of the second transient of the LOCA and at other times as

noted in Fig. 1. Data were taken twice during the second

peak level and at the conclusion of the test,

V. RESULTS

During all phases of the test, the open contact re-

sistance of the switch remained above 50 kilohms. The

closed circuit current remained within two milliamps of

the specified load. During seismic testing, the trip
point (with l-l/2 inch arm) varied by .108" or less:"

for all units seismically tested.

Detailed performance data are presented in Appendices

B, D and F.

*.0625" for standard travel switches.
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VI. CONCLUSIONS

Switch f/61 representing revision level D of model

/GAEA-180-11302 maintained a 50KJl open circuit resist-

ance with all other performance satisfactory during all
sections of the test.

Switch P83 representing revision level C of model

ffEA-180-14302 maintained trip position within .108" of

original with all other performance satisfactory through-

out all sections of the test performed on it.
The tests were carried out from June of 1977 to

January of 1978.

ELS:JJP:ij

March 3, 1978

~See Appendix F.
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November 9, 1977

Mr. EQward L'. Solem
Metallurgy Engineer
Acme-Cleveland Development Co.
625 Alpha Drive
Highland Heights, Ohio 44143

Dear Mr. Solem:

This will summarize parameters pertinent to the irradiation
of two switches per your Purchase Order of October 12, 1977.
The units were identifieQ as switches 59 and Gl ~

The units vere placed in a Cobalt-60 gamma field such that.
the dose rate vas ~ 7 Mrad/hr. The units were exposeQ for 291.5
hours, yielding a minimum do e of 204 megarads.

The samples vere rotated and turneQ during exposure to
obtain the most even dose distribution. Irradiation was conducted
in air at ambient temperature and pressure. Radiant heat fxom
the source heated the samples somewhat, but the temperature did
not exceed 110 P as indicated by previous measurements on an oil
solution in the same x'elative position.

Dosimetry was performed using an Atomic Energy of Canada,
Ltd. (AECL), Red Perspex system with Type.BC-2 readout.
Calibration of the Perspex i.. made by AL'CL using Ceric dosimetry
traceable to the U.S. National Bureau of Standards. Xsomedix
regularly cro s-calibrates its AECL system with an inhouse
Harvell Perspex system, and ma);es semi-annual calibrations
directly with HBS, using the NBS Radiochromic Dye system. A
copy of the dosimetry correlation report is available upon request.

Xrradiation was initiated on October 7, 1977 anQ completed
on October 24, 1977

'CY:iy

Jonathan CD Yo ng
Production Manager

leomad f)c Inc. ~ 25 Eastmtlns f3oad, Parsippany, New Jersey (201) O07-4700
Mntong Addtt tube 1 otl Olftcn Attu 'lrl, r utstoltuny, rntw Jurtoy 0100t4

CI I ICAG 0 D I VIS I 0 t4 ~ 1 or8 Nu0to Ave. Motion etovo, Illtnot~ c0000 P IP) 000t 1100
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SEISMIC (jUALIFICATIGt'3 TEST

OF

LItlIT CONTIlQL S!!ITChES

June 19)7

Prepared for
t<AVCO Controls

An Acm. -Cl cvel anc'..oi~p=ny
Jeffcr'on, Oh';o

P~l t (1 ll '.]Ii/;1 I( i//1('/''j „'t,< <r '('/t)l(Y

~ l'i(~i'ir(i<v!;!/if;..r:u„'ilt 'i'/'.%'/(i'l.".

~ ~ a»4 ~ ~ ~ ~ '
~ ~ ~.,»»~, ~ v4svk» r». s ia a ~s+ ~ ~ ~ ~.s4 e» .~ s i o v





Br'. Sihvirrn'g 1ValtcI .( Associates
Vibr'a(~res atrrf S~uurf Civtsrrltaufs

P.O. BOX 171 ~ CHESTEBLAMD, OHIO 4402G ~ TELEPllONE: (21G) 729.7115

1 PUBB)SE

Four Limit Control Svitches manufactured by NPJ~iCO Controls were

subjected to a seismic qualification test for Class 1E equipment to be

used in nuclear-powered electrical 'generating plants. The four switches

are a rep>csentative sample of E0180-11502 and ZA7llO-80100 limit, svitches
and the seismic test results vi.ll bc considered as representative of the

characteristics of each svitch series ~ The tests involved single-axis
sinusoidal vibration in each of three mutually perpend.icular axes para3.lel

to the major dimensions of the svitch, in accordance with 3EEE @2-1972,

)2j-1974, and ~44-1975. The test program was conducted by Dr. Edvard J.
)lalter and Associates at the John Carroll University Seismological Labora-

tory, Cleveland, Ohio. NAllCO rep) esentativcs were present during various

stages of the tests and monitored parts of thc test, program.
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2. XDIZTXFXCATXONOF SWXTCHES

The follow5.ng switches were subjected to the seism5.c test
procedure. All switches were manufactured by NQ>CO

Switch Sample
Number

Switch No. $2 Snap-Lock. Limit Switch
EA180-lip~02
Ampere Rating
Volts AC DC

125 20 5
250 15 1 5
480 10
600

NAI!CO Controls
An Acme-Cleveland Company
Cleveland, Ohio U.S,A.

Switch No.

Switch No. 45

Switch No.

Siritch No. 58

Same as Switch No. ~~2

Same as Switch No. $2

Snop-Lock. Limit Siritch
EA7lqO 80100
Ampere Rating
Volt.s AC DC
~ 125 20

250 15 1.5
480 10
600

NNJCO Controls
An Acme-Cleveland Company
Cleveland, Ohio U.S.A.

Same as Switch No. $8





'Thc test eguipnent consisted of two different shake tables.
Thc first shake table was a mechanical device for large amplitude-
low frequency vibration. Maximum p ak to peak displacement was twelve
inches, giving a single amplitude of six inches. Displacemcnts down

to 0.2$ inches single amplitude could. be achieved. The mechanical

shake table was used. to test over the frequency range 1-20 Hz. The

second device was an electro-dynamic shake table for small amplitude-
high frequency vibration. Peal: to PeaI; displacement up to 0.4 inches

could be achieved. Thc electrodynamic shake table was used. to test
over the frequency range 20-$ g Hz. 13oth shake tables were monitored
for wave form by an accelerometer mounted on the table.

During the test procedure the switch was energized electric-
al3y with l2p volts DC at l/2 amp. anQ monito eQ continuously for
contact opening of 2 milliseconQs or greater. The switch was tripped
from the Normally Closed (NC) position to the Normally Open (NO) and

back during the test procedure and. monitored for contact opening.





L4"

4. SEISliXC TEST PROCEDURE

Each switch was individually mounted on the shake table wi.th one

of its major axes parallel to the direction of table mot,ion. After comple-

tion of this test the s~rii.ch was reoriented on the table with its second

major axis parallel to the table motion, and similarly for the third major
axis'pecial fixtures for roounting the switches and activating them had

to be fabricated.

Part I - Resonance Search

In each orientation each switch was subjected to a continuous sine
sweep from 1 to $5 Hz at a rate of one octave pcr minute. This sino sweep

was run as follows:
Frequency

Hz

1«10
10 ~sr>

Displacement
inches

1.0
0.01

Part II - Fragility Test

Xn each orientation, each switch was subjected to a sine dwell test
in 1/5 .octave banQs over the frequency ranges 1-5g Hz. The switch was vib-
rated for a minimum of 60 seconds at each dwell point, beginning with 15

second.". of vibration in the unactuated position. The switch was then actu-
ated by a manual tripping device and vibratecl for ~ seconds in the actuated
position. After this, the switch was released by the manual tripping device
and vibrated for 15 seconds in the unactuated posit,ion. The switch was the
double throw type.

During tf>e vibrat,ion test, the s~ritch contacts werc monitored for
opening by a light indicator circuit. If the light inQicator circuit sig-
naled a contact opening, the duration of opening, was then monitored on an

oscilliscope. The criteria i'or seismic failure was a contact opening of 2.0
milli-seconds or greater. 13oth the Normally Open (NO) contacts and the Nor-

mally Closed (NC) contacts were monitoreQ during the tests.

The trip anglo of each swii.ch was also monitored during the vibra-
tion test. This was done by monitoring the switch angle position on the
o"cilliscope. Thc variation in the trip angle position should not exceed

0.060 inches while being subjected 4o the vibrat,ion test ~





Thc dwell tost was run in 1/) octave bands at the following

frequencies and vibration specifications.

Frequency
Hz

1.0
3'25
1.6
2 0
2-5
$ .15
4.0

Dwell Points

Vibration Sp cifications

1( f(4
Displacement - 12.0 inches pp.

giving 9.52 g's
at 4 Hz

5.0
v

8.0

4 < f ( 10 - acceleration '9.52 g
Displacement. - 8.0 inches pp.
Displacement - 5.0 inches pp.
Displacement - y~.0 inches pp.

10.0
12 ~ 5
16.0
20.0

loi( f g 20
Displacemont. - 0.45 inches pp.

25.0
p~2. 0

20 < i' i5 - acceleration 9.52 g
Displacement, - 0.4 inches pp.

The table motion was con trained to specific displacements as

specified or as xequired to produce the specified acceleration. Nave

shape was monitored by an accelerometer mountod on the table. The

planes of vibration relative to the switch configuration are shown in

the following Qiagram and. each switch was subjected to 54 distinct
vibrat,ion tests ~





5. TEST HESVLTS

All switches performed with no malfunctions in the sine sweep

from 1 Hz to $5 $1z. Also, no resonances were observed Quring the sine
sweep test.

Xn the sine dwell test of 60 second duration during which the
switch was actuated and released, no malfunctions were observed.

The test circuit did indicate a reaction to a small voltage
change which when monitored on,t,he.oscilloscope was less than.2.0 milli-
seconds and hence not within the definition of switch failure.+ The

various frequencies for each switch at which such an inQication occurred

is shown in the following table.

f
Hz

1.0
1.25
1.6
2.0
2 ~ 5

Swit ch

X

4.0
5.0

8.o
10.0
32.5

20.0
25.0
y2.0

All the above switch contact openintp were of duration
less than 2.0 milli-seconds.

+See Ay>pcndix for details ~
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The trip position of each of the switches remained within the
required limit and at no time deviated from the original position by

more than 0.060 inches at the end of the two inch arm. Xn fact, the
changes noted were small compared to the tolerance limit

The test results are facility limited and therefore do not indicate
the ultimate capability or the vibration level at which switch failure will
occur. Each switch was sub)ected to 54 distinct vibration tests which

lasted for 60 seconds or greater so that minimally each switch was vibrated
for y4 minutes. Checks for freguency and wave shape a'nd other manual opera-
tions extended the total vibration time'y perhaps a factor of two or three.





6. c01$ GLUSXOIG

The lait control switches performed satisfactorily without
failure when vibration tested in accord with thc specifications pre-
sented. herein.

No contact opening of 2 milli-seconds or greater occurred during
the tests.

No xeson«nce frequencics were noted. duxing the test.





7. GEHTXFXCATIQN

The undersicned certif'y that this report presents a true account

of'he tests conducted and the results obtained.

:7

Qirard J. Mal er, Ph.D.

p/A~M>pi-'i- -'4 j~).i
.Z'hvardJ. Malte., Jr.

James DiSiena



C



EQUXHANT USED

I

Cali@~ie Elcctiodynamic Shal:er, Model B44

Mechanical Shake Table

Tehtroniz Storage Oscilloscope Type 564

Shurc Brothe) s Accelerometer Model 62CP, calibrated August,, 1977

33zmh-Clevite Recorder Harl'l





~ ~
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Br. Sifivard g 1Veltcr 4 gssrjeirrtss
Vl6MflP/1 lffllfS01llflf CNfsl(ll'lilt)'s

P.O. BOX 171 ~ CHESTERLANO, OHIO 44026 ~ TELEPHONE: (216) 729-7415

Vibration Tests of Limit Control Switches
NAMCO Controls
An Acme-Cleveland Company
September, 1977

Switch Tested
Switch Iio. 32 - EA 180-11302

Vibration Tests

The purpo. e of the test was to determine whether cross-coup" ing
would cause the switch t;o trip, and thus fa.'il. The roller and spring
were removed and the switch was vibrated in the X-component. No

failures w'ere observed, during the test procedure. The displacement,
maximum frequency, and g-loading at which the switch was vibiated are
given in the following table:

Displacement
inches pp

12. 1
10.1
79
6.3
5.0
4.0

2 ~ 5
2;0
1.6
0.5
0.4

Frequency
in Hz

5.0
5 '
6.5
6.7
702

10.5
12.5
14.0
16.0
21.0
22.0

Acceleration
g S

13.6
32.6
32.0
13,4
11.6
10.6
17 5
19.8
19.8
20.3
11.0
9.6,

Test results indicate that failure due to cross-coupling in the
X-component did not occur.

:r?'(r,.:wR—~.(4. /P.Zw
D1I ~ 1"Dli'fJID J. li'AL''El< AND ABSOC3'ATES

October 5s 1977





ACI¹C'-CLCVCLAf~lDDEVCLQPMCN7 CQMPANY

Behavior Of The Test Circuit

The test circuit was designed to detect switch openings

of more than a pre-set time. 1 or the purpose of these tests

the time was set at 2 milliseconds. During the seismic tests

it wa reported that the circuit was triggering. Therefore,

personnel from Acme-Cleveland Development Company observed the

situation.
It was found by use of an oscilliscope that the circuit

was responding not to contact openings but to small changes in

voltage due to increases in contact resistance as the contacts

moved over one another. Although the decrease in voltage may

have lasted for. considerable times, no contact openings of more

than 2 milliseconds were observed in that instance. At that

point it was decided that whenever the circuit was triggered

the oscilliscope would be used (by Dr. Edward J. Halter & As-

sociates'ersonnel) to determine if there was a contact opening

of more than 2 milliseconds or not.

E. So cm Date
Metallurgical Engineer
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Vi(aa(i a na'if Srvo~rf &r~sulteats
~ ~

P.O. OOX 171 ~ Cf /ESTER LAND,OH to 4402G ~ TEL EPHONL". (21G) 729-74.1 5

~ v

Vibration Tests of Z.imit Control Switches
~ NMCO Controls'n Acme-Cleveland Company
'ovember 1977

SVXTC1IES TESTED

Switch No. 59'A 180-11/02
Switch No. 61, EA 100-1132 +

VXBRATXON TESTS
~ ~

v ~

v
~

~ 'v

The switches were sub/ected to the following tests:

X - Fragility Test

~ ~ ~

Frequency
)Js

1.0
1 25
1.6
2.0
2 '
) 15
J),0

5 ~ 0
6.y

:,8.o
10.0
12 5
16,o
20.0
25,0
$2.0

~ Vibrat'ion
Specificati.ons
Displacement - 12.1 inches pp
giving 9.52 g's acceleration
at 4 )iz.

Acceleration 9.52 or greater
Displacement - 8.0 inches pp
Displaccmc»t - 5.0 inches pp
Di.splaccment - $ .0 inches pp
Displacement - 2.0 inches pp
Displacement - 0.45 vinches pp
as above
.as above

Displacement - 0.>(0 inches pp
giving acceleration 9.52 g's
or grea1,er.

+ This switch was'manufactured to,a bill of materials
corresponding to model EA-180-11/02,

~ ~

~ \

~ 4

~ ~

~ v ~
~ v ~ 0

~ ~ ~ ~ ~ ~ I ~ ~ ~
~ ~ ~, 0 ~ ~ ~ ~ ~





XX - P3ant induced Vibration Simulation

The switches were vibrated, at a non-resonant frequency, 100 llz at
an acceleration 1.$ g for a total of 10 cycles, one third of the
total cycles'in each compo»ont, X, Y, and Z.

Component

X
X
Z

Frequency
><z

'00
100

. 100

Acceleration
g s

1.$
1.$
lsd

The switches wore tested. in each of three mutually prpendicular,
directions parallel .to the major axes of the switches. Xn each orienta-
tion a fragility dwell test and a plant induced. vibration simulation
test wore made.

r

The Qwe13. test was run for a minimum of 60 seconds duration, beginning
with 15 seconds of vibration in the unactuated position. Tho switch was
then actuated by a manual tripping device anG vibrat,od for $0 seconQs in
the actuated. position. After this, the svitch was released by the manual
tripping device and vibrated for 3.5 seconds in the unactuated. position.

Pe plant induced vibration sirsulnt:ion test; uas run for a minimum
of'0 cyc3.es in all three components. Each component, X, Y, and Z was

subJectod to onc-third of he total numb r of cycles, o.g. 1/$ x 10 cycles.

The switches wore double thrower typ and were energized electrically
at 125 volts at 1/2 amp. Quri.ng the tests ~ Each switch vas subjected. to
51 Qistinct vibration tests, >IG of these at a minimum time of 60 seconds each
and throe of these at a minimum time of 56 minutes each.

C/l'dYddo~ .. lo(7(rr
JNe FsD'iIAliD J./UALT)mB Ah'D ASSOCXATES

November, i'7

~ ~
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J-7l~ PROTOTYPE~ PRODVCTION

HEAT AGING
Page 5 of 16 E g~

SIJITCH 8
EZ10

HODEL g EA180-11302

FROM 9-22-7 -3-77 COUNTS

TIME

3:45 PH

7:30 AH

DA4

9-220

9-26-

9-27-
9- 2 8-

9- 29-

9- 30-

10- 3-

I

TEMP .

200 P

Duzog

st 1 loc

ny su

wash

geste

rs in

usin

tead

stai less

f Bel eville .

ELECTRICALS LOAD - 1.086A Is 100 DC

Meggar
2 4

Con cia

I 3

INITIAL
FINAL
OTIIER

Inf Inf Inf Inf .086 .086 .086 . 086

( ontinue on baclc
INTERIOR EYJQCI NATION OP TIONAI

GASI'I,"TS:

CONTACTS:

BLOCK:

0-RING:

GREASE:
+I'nf. Open ontac resis ance bove .000 N gohms

Page 1 of 15 'txnuc on ac c
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DATE 10-3-77

~PROTOTYPE
~PRODVCTION

HEAR CYCLING

Page 6 of 1651~
SHITCH P

MODEL g EA180-11302

EZ10607-23

g OF CYCLES 1

CYCLE RATE

METHOD

0,000

RPi~f

l LOAD .5A 100

Roll r on ever

CO NTS

rm wo afte 30K ycles.

ELECTRXCAL 7 KASURENENTS; LO .086$ 8 10

XNITXAL

FlNAL
OTHER

Inf

~Me gar
3 2

Inf Inf

I

Condu

4 fl
Inf f. 086 086 .086

mph
4

.086

XNTF. NAL EXAMXNATXON OPT IONAL Conti n bacnue o

GASKETS:

CONTACTS:

BLOCK:

0-RING:

GREA SE:

Pa8e 2 of 15 continue on hack)
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DATE 10-26-77

~ PROTOTYPE

~PRODUCTION IRRADIATXON

Paae 7 of 16 Ck8
SWITCH g

PfODEL 6 EA180-11302

.EZ10607-23

IRRADIATED AT: Is medix Inc.

FROM 10-6- 7

ENERGY LEVEL 1.25 Hev

TO ( 10-26)

SOURCE cJ

77 . TOTAL XRPADIATION I 204 Head.

balt 0 I 'ATE . 7 HI.ad/hrl

ELECTRIDAL MEASURElfENTS

lfe @ax

LOAD ."086A IC 100 (IDC

(Conductiv'ity (amps)
CO&fENTS

d swi ches or

XNITIAL 10-5-77 Inf
FXNAL 10-26-77

OTllER

Inf Inf Inf . 086 .086 .086 086

ra a on, K.

INTERIOR EXAlfIllATION (OPi IONAL

Gaskets:

CONTACTS:

BLOCK:

O-RING:

GREASE:

COI IMEl~<TS Cont.

Pape 3,of 15 continuo on back)
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DATE 11-15-77

~ PROTOTYPE~ PRODUCTION , SEISHIC TESTING

page 8 of ld j g~
SMITCH P

ODEL y EA180-11302

EZ10607-23

TESTED DY: dward Malte & As ociat s

REPORT REF.:
IE E Sta lard 3 3, 34 and 82.

GASKETS

.NTER1<AL E )UOGNATXON: (OPTI ONAL)

CONTACTS

BLOCK

0-RING

GRF.ASF.

en+4. V'1 S

Elec.rical

~He ar Cond Ictivi
1 3

Before seismic
After seismic
11-15-77

Inf Inf Inf Inf .086 .086 086 .086

Page 4 of 15
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DATE
11-15-77

J-7l~ PROTOTYPE~ PRODUCTION

~A..E (g
LOCA 9

LOCA TEST

Page 9 of 16c.g~
'VXTCHg

HODEL g EA180-11302

EZ10607-23

PROFILE REF.: IEEE stands d 323 and 3 2

CAUSTIC SPRAY. I l A0H I Borici Acid,i Sodiufthiosjlphat J CAUSTIC

THEORETICAL FROi l TIYiE TO T.Et<P, PRES S. FLOH TE1P CO)'RENTS

PROFILE 1 120 P

340

P.epe

340

320

250

2 sec

10

5 min.

3 hrs
2 hrs.

t Ste s 1, 2, 3 6

2 hrs.
3 hr

3.5d s

225 F

328 F

340 F

120 F

320 F

250"F

250 F

;17 PS1 Diff
70 Ps

Caustic spr

40 PS Diff
25 PS

10 200 26 d s
''

200 F 10 PS

'.RNALI F.XA!AINATIO l (0 'TIONAL)
GAS)iETS: Botto

ottnmt wa
t)e

ask
at
T

t e cen

gasl: t was racke l at t
Qo T

ws ~

rque thousi
i~io
er,sc

remo
:l'x su
to reorquebri

ie cen cr hoi sing
e scr ws wa.

sw>?
rove t p scr

uppor
J.O lb.
QC.M3l

8 to

liat .r dro s wer in
inches Thc .op
LB@'
13 lb. 'nches

CO!iTACTS: The onta s av ~s~'d | o ~e gE

BLOCli: The ontac bloc was r asona ~lcl an bu the lock l ad mo

0-RING The
nn th

rins ~ as in ood c nditi
shaf and -ring.

>n and was r si 1 ice

GREASE: The ease as r sent o the 1idin

scurf

cec ~

OTllER: The b
switc

icked hen r movedot c
appe; red r asonab y cle

from ~he s





DATE 11-15-77

J-7I

L0CA y

0

PAf,E 2 SMITCH 8 61
EA-180-11302
EZ-10607-23

L'OCA TEST LQAD .086A 8 100 VDC
I

LECTRICAL MEASUREMENTS

TIl1E DATE
ELAPSED
TIljE

Meggar Conductivity (a
I 3 I2 mps)

4 COi RANTS:

9:30 Af 11-15-77 Inf Inf Inf Inf .086 .086 .086 .086

w tc
chamb

OUU04

9:45

10:25

10:40

11: 05

11:20

11': 25

12:15

12:40

2:05

2:15

3:35

4:15

4:35

4:40

4:50

5:25

6:20

7:55

10: 00

10:55

11:30

12:15

7:35 A

7:40

9:00

10: 30

ll:15

12:15

6:00

8:00

10: 00

f 1 11-16-77

900M

Inf
lpN

80H

110'f

130M

150M

Inf

OOK

60M

.75H

100M

110'1

100."f

120M

14IOH

140M

j.QQQH

, nf

150'.1

100."f

30H

50'

70'1

Inf

lptj
30M

90:1

L30';j

30.'f

30H

.80M

80'f

80H

1.000M

300M

OOH

Inf

I~

70) j

80H

DOHi

3pi'f

50M

Inf

1.5H

5QH

8P

OOH

104

OPM

40H

501 1

50if

OOOH

300M

900'1

Inf

900.'1

Inf
150.'1

80:1

120M

130! 1

150'

Inf

40'.f

130:1

90.1

20H

30! f

20H

7Pi 1 ~

70H

7011

000M

900.'1

Inf

.086 .086 .086 .086

Switcj in c amber.

Prehe t 250 F

120 F

340 F

130

120

120

340 F ~2nd s fkc)
340 f

320 F

250 F

~I, KZQ ttiP250oF ware.

250 F
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DATE 11-17-77

J 7t

PAGE 2 StgITC)) g 61
EA-18011302
EZ10607-23

LOCA g LOCA TEST LOAD .086A 9 100 VDC
I

ELECTRICAL"MEASUREMENTS

TIME
ELAPSED
TI))E

Meggar
3 1 2

x (
l C1 I 3

Conductxvxt am a)
COM!')ENTS

12:00 «1 11-16-77 Inf Inf Inf Inf
250ot':40

A. 11-17-77 N N N N .086 .086

8:40

11:30

2:45 P

3:30

6 00

8:00

10:00

12:00

N

N

N

N

N

11-13-7

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

~ I

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

7:35 1
N N N N N .036 .OS6 .086 .086

10:00

12:15

1:30

3:00

3:55

6:00

8:00

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

10: 00

12:00

7:30

11-19-7
N

N

N

N

N

N N

N

N .086 .086 .036 .086

N

N

N

9140

10:30

~ I

N

N

N N

N

N N

N ~ I

N

N

N

N

N

12:05

12:50

N
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inst:all in
>n t act
>NS wh
t:he l

rcs s
n rory

i>rc

N

N

;ance
«+v~n
sulc

N

N

n fiit1
I le s!
:nd tc

N

N

CC17 WBRth f onith
1>erat re LO

n 1n
hi!h

A.

c an
tern >c

N

H)C C
aturc'

sese
nd

S1%TC
<t!<'l. t CT>
chambe
nntact
'«ti sure
1

mp. r mOvef)

out 0

currc lt
1<OCA o

12-16-77 I50K 50K 50K 50K .OS6 .036 .036 defter.036
I

OCA t 'fit

Tli> t'
oyer 0
after 1

Open cc'nt
ammctnwaxx
0~tH< nlr.<
emovin8 fr

ict. Le

() n fin
Ma~~fi

Icn't

il) <>PC

8 .'03
~tg h

''I<'te

1

lhhk3~
Cl'OSS

urren
dtit)t'ore

>para r
d

the o

@II .

iilr<ta 1

n'e all
!.<1 th

lc',n co
!

CKt'nN
Prea.

2 .hfi
tacts~u

tM~"
tho

ure c~f a
w<rs 2

0025
t>e'll c
1>ambel
at»her.

and
5 o

0025
nra.n-
to 5

no le,
. f !fJIJ

. 0035
rm
K ohm.

k~ae
gamp

c cont

appl.

. 0035
anm-

on tl
cgurr
aft@ I

"fXVII>
C't S

rrr .Ch
in@ th

Page 7 oZ 15





I ~ ~ 1

~ ~ ~ ~ ~ ~

~ ~

~ I

~ ~ ~ ~

I I ~ I ~ I

I I ~ ~

I

I I

I I

~ ~

~ ~ ~

C ~ ~





+ ~

~ I

~ ~

I I

I ~ ~ ~ ~ ~ I

~ ~





~ o

~ ~

~ I

~ '

~ ~ ~

~ ~





DATE 11-17-77 PAGE 6''t?XTCH P

LOCA,',< LOCA TEST

10:00 PILI

ELAP>ED
TI~I."

11-1 77 .50-25I3

PRES.
l)g
25-76

uR.".

CI)amb'

LO!
r

200

TF':tP LEVE
CAu~~iC tiATK

10. 1

~~ <.".N S

12:00

7:35 AN

12:15 PN

1:30

3:00

3:55

6:00

8:00

10 00

21-1I.77 50-25

6-3/8'

I

~ m 12:00 A!f

7 30 All

9:40

al-a9-I (7

6 II

II lt

12:07 P-'I rop em
Switch w

~ p 'casu
s ve'r clea

U < (

ansi e

1-10 PN

1:45

3:45

7:35 AN 11-2)

-77

-77

150 Fl

i
2OO'0 PS 96X slale

I~

0 I-
and temp

2
'

ratur . cIam) er.

21-23-778 40

3:45 PN

5:05 Pit

II
CI

0

89 C I8 PST o 6(y

12:05 AN 11-2/f-77 12 PS 952
I I

i «The calibration indicattes that this instrumen'tareads seven IPSI t< o hiI<rt-
I

I
I I
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DA~E 11-28-77 PAGE. StrZTCH -'.f 61

LOCA >~

ELAPSED
DAT

LOCA TEST

TEii+g fPZe.S~UK
CAu„ |:C i)A~

Ph C. ~IViENaS

7'55 Ai.f

8:00

11-28

~ n

77 98 C

94 C

i'11 t ~
+'2

PSI

10 PS

92'Y

Shut doWll ystem spray n t vorking.

12:30 F."f

2 00

3:45

7:45 AYi

12:45 PM

1:15

<355
7:35 Qf

i 3:50 PM

o 7:35 Alf

3:55 PM

7:35 A'.f

3 50 PM

7 45 A.f

3:30 P"f

755AM
3:45 PIf

7:50 A!f

3:45 PIf

8:00 Aff

3:30 PM

8:00 Aif

11-29

11-30
~ I

12-1-)7

12-2-

12-3-

12-5-

12-6-)

940C

94 C

~ I

RO PSi 962

n

Acti ated

Backlto teg

Systc back to

witch spindle

p. an pressur

temn.

n 14t day E LOCih.

i I I

2 00 Pif tch 59 dropped temIi. t I F for 3/2
m

~





DATE 12-8-77 PACE. 8 St?ITCH P 61

LOCA ~

EL('ES ED

LOCA TEST

S S IIP
CAU".TXC ".iATF:.

L fr» Pn YiK3 S

2:30 PYI 12-8- 7 94 C 0

Ir r
I

eIZ

3:40

8:00 lQ1

11:CO

3:00 Pli

7'3> h~f

3:00 PI.I

7:45 h'1

~ 3:00 P:(I

8:00 I'11i

3:00 P11

p 7 45 AH

3:00 Pli

12-9",77

12-13-77

12-1 477

12-1 -77

12-lz-77J

~ I

60 C

94 C

PSi

i0 PSI

~ I

I ~

Hose-broke

Ial'Pif
C uf ~ yV. frMar, ll-a

I ~

tern duriII8 theon syg
iif i.Q

6-77 4
if u «V Lf'I

nstcad c Thur

night}
I

da 2-15- 7.

7 45 A".1

8:30 A'.I

12-1 -77
I ~

II, I ~

I ~ Rem/ve switch f. I
om chambh ra

The witch held 3 larg amou t o. -..J >istur when remov ng th pipe from I he

conn ctor nd. )he no(sturc «as e Ipaetf rlae leaf «Ir«I.
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December 19, 1977

quALXI'XCATXON OP LrEE STANDARD 323, 3l«AND 382 USING
WHSTXNGHOUSE LOCA PROFXLE LTMXT SWXTCII 7,'61

The switch pa.,sed the heat aging, wear. cycle, irradiation,
seismic and hip)a pressure LOCA test. Checlcing the switch on
12/16/77, afte): the low pressure and temperature LOCA test
at 10 PSI and 200 ).', the open contact resistance was 50 Kohms.
TI>ere was a 2.5 to 3.5 Milliampere current lealcage on the open
contacts. The closed contacts passed .086 amps current.

The switcl> was heat aged at 200 F in a high humidity chamber
fxom 9/22/77 to 10/3/77.

The open contact resistance on a hfeggar instrument measured
above 1000 Megohms (j:nfinity) before and after the heat age
test and the closed contacts passed a current of .086 amps
at 100 volts DC.

Thc switcli was weax cycle te ted for. 100,000 cycles at 70 RPM
using a cam to accelerate the lever arm, The load on the switch
was .5 Amps Q 100 V.D.C. The switch was wear tested from
10/3/77 to 10/4/77.

The open contact resistance was over 1000 ldegol~~s (3:nfinity)
arid the clo ed contact current was .086 amps befoxe and after
tl>e t es t.
The switch was irradiated at Xsomedix, Xnc. from 10/6/77 to
10/26/77. The switch was irradiated at Xsomedix, X~c,
t~ii:)i a cobalt 60 source. The total ixradiation appl ed was
204 Hrods with an energy level of 1.25 Mev. at .7 Mrad/hour
rate.
The open and closed contact resistance and current were the
same value as before tlie test.
The switch was seismic tested by Dr. Edward J. Walter & Associates.

The seismic tests consisted of resonance scan, fragi.lity te
t'nd

plane induced vibration simulation.

The switch was LOCA tested on ll/15/77 in a hi.gh pxessure chamber
and on 11/19/77 was rcmovecl from the chamber and installed in
the los; temperature an<1 pre .,ure chamber until 12/15/77. The
LOCA was extended to 12/16/77 because thc low pressuxe and
temperature chamber was down for. repair for. part of a day.

The open contact xesistance was above 1,000 Meohm (Infinity)
before bot)i LOCA spi)ccs of 3~i0 F and 70 PSI differential pres-
sure, but w)e'en the temperature and pre. sure wer'e at the maximum
tlic resista»cc dropped to a low of 10 Mcohms on the first spilce
and 8001(ohms on tlic second spilcc.

Page ll~ of 15





When the chamber temperature was decreased to 250 F the open0

contact resistance was 900 Megohms.
l

The pipe that held the lead wires to the exterior connector
was removed exposing the interior of the switch to the outside
atmosphere surrounding the chamber. The resistance then in-
creased beyond 1000 Megohms (Infinity) and remained above 1000
Megohms until the switch was removed from the chamber and
installed in the low temperature and pressure chamber.

The switch lever arm was activated on the 14th day of the LOCA
ll/29/77 while in the low pressure and temperature LOCA 200 F
and 10 PSI. The activation was according to IEEE specifications.

The switch was removed from the low temperature and pressure
chamber at the end of the LOCA on 12/16/77.

When removing the sealed connector pipe moisture had entered
the switch around the contact blocl but there was no enough
of moisture to drip from the switch.

The closed contacts passed .086 amps 'current and there was a
slight leakage of current, 2.5 to 3.5 Milliamps across the
open contacts.

The resistance across the open contacts had dropped to 50 Kohms.

The switch was bubble tested with 12 pound of air and there
was no detection of leakage.

The open contact leakage current dropped from 3.5 Milliamps to
.5 Milliamps after applying the 12 pounds of air to the switch.

The torque to remove the top cover screws wa 8 to 13 lb.inches
while the torque required to remove the bottom cover screws
was 4 to 8 lb.inches.

The top cover gasket was moist and had a tacky substance on the
inside surface bridging from one center screw hole to the
opposite center screw hole.

The bottom gasket was cracked at the center housinp support and
moisture was present in the bottom housing. There is a pos-
sibility that leakage occurred at one or both bottom cover
screws at the connector end of the switch. When the gaskets
dried they became very brittle.
The contacts had a residue on these surfaces but were reasonably
clean. The contact block was also clean but held film of moisture.

The boot cracked when removing it from the spindle.

The spindle shaft 0-ring was in good condition and was resilient.
The oil was present on the shaft arid O-ring.

The grease was present on all sliding surfaces.

J. J. Patsey
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E UIPHZIxT

Tektronix Model 564 Oscilliscope (Time Base)

Shure Model 62 CP Accelerometer

Seismic Test Circuit (Time Base)

teston Model 912 A. C. Ammeter (Ser. $j1943-27)

Biddle "Negger" Model 8679APJ.i

4'e ton Hiodel 912 A. C. Voltmeter (Ser. (<93607/26)

ki~eston Hodel 912 D. C. Voltmeter (Ser. q<93851-26)

teston Nodel 912 D.C, Ammeter (Sc.. ]/96127-26)

CALIBRATED

9/6/77

7/77

8/10/77

7/22/76

10/14/77

11/14/77

ll/14/77
11/14/77

Brool':s Flow Inter Yiodel 110-05F1BIA (Ser. $ 760QH66892) 9/14/76

Broolcs Flow Heter Model 1110-05F1A1A (Ser. fj7708li37890)

U, S. Pressure Gauge"<

Thermocouple and VEH Type 2809 Digital Readout
(Ser . $ 9028)

Sears P).essure Gauge

Video Logic Video Tape System (Time Ba e)

Thermometer

Thermometer

Hiarsh Master Gauge (E0252B)

ll/18/77
ll/21/77
8/ll/76

ll/19/77
11/19/77

ll/19/77
ll/19/77
12/2/76

>'The calibration indicates that this instrument reads
seven PSI too high. See Appendix D, pages 8-11.
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Those switches of the EA-180 series which contain a short

travel mechanism differ internally- from the standard travel
versions in some respects. It mas, therefore, felt that it was

necessary to test a short travel model up through the seismic

portion of the test in order to verify that the internal mechanism

of this switch was not subject to seismic failure.
The tests conducted were the same as those conducted on

the switch fj61 in the body of the repoxt except that the LOCA

tests were not performed.

The short travel switch which was tested ($83, Hodel EA-

180-14302, Rev. C) maintained optimal electrical perfoxmance

t:hroughout all portions of this test. During the seismic test-
ing the trip position of this switch was observed to change-

as not:ed in the seismic report. The maximum change was .107"

and the direction of change was such that the switch would

actuate earliex in t:he trippi.ng cycle than it had prior to the

seismic test ing ~

Cross coupling tests were not necessary for this switch

as they were for the long travel mechanism. This was because

the parts Jj75, 80 and 81 of the normal long txavel mechanism

(see page 5 of the main body of the report) are not present in

t:his switch, and part 62 which replaces these parts is not sub-

Q ect to TAovement in the X axis.
Xt was not considered necessary to LOCA test this switch

because short travel versions of the switch covered in the main

body of tl>is report will be built with identical sealing

mechanisms (i, e. gasl<ets and 0-rings) to'witch ~<61.

Page 1 of 11
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March 1, 1978

TEST IQR SPORT TPAVEL Sh>ITCH f83-51, EZ1067-51/EA18014302

Switch,",83-51 is equivalent, except for the latching mechanism,
to the standard version E710607-15, $53, which passed the
qualification test on November, 1977.

Switch $~83-51 was subjected to and passed heat aging, life
cycling, irradiation and seismic testing.
The switch has molded silicone (Moxness) top and bottom cover
gasl<ets, three (3) Belleville washers under each top cover
screw, EPDM O-ring, D.C. 550 silicone oil and Nye 734-'A
grease as the lubricant. The switch spindle has no boot.

The swi.tch was heat aped at 200 F in a hiph humidity chamber
from 12/23/77 to 1/1/78.

The open contact resistance on a Hegpaz instrumen'. measured
above 1000 megohm (infinity) before.. and after the hea.,i ape
test and the clos ~. co';itacts passed a current of .086 amps at
100 V.D.C.

The switch i;as wear life cycle tested for 100,000 cycles at
70 E;PM u"ing a cam to QcceleYate the lever arm. The load on
the switch wa .5 amps O 100 V.D.C. The test was from
1/3/78 to 1/4/78.

After the wear cycle test the contact resistance was over 1000
megohm'infinity) and the clo"ed contact current was .086 amps.

The wi.tch was irradiated at Xsomedix, Inc. from 1/12/78 to
1/31/78.

The switch was irradiated with a cobalt 60 source. The total
irradiation applied was 204 Nrads with an energy level of
1.25 Hev. at 1,2 Hrad/hr. rate.
The open and closed contact resistance and current were the
same value as before the irradi.ation test.
The witch was seismic tested by Dr. Edward J. i)alter &
Associates from 2/1/78 to 2/13/78,

The seismic tests consisted of resonance scan, fragility test
and plant induced vi.bration simulation.

After the seismi.c te.,t the open contact resistance was above
1000 megohms (infinity) before and after the seismic test the
closed contacts passed a current of .086 amps at 100 V.D.C.

The test program 'for switch $ 83-51 was completed on 2/13/78.
The data is attached. pe

(-'L)
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DATE 12/23/77

J 7l

~PROTOTYPE
~PRODUCTION

BEAT AGING'age 12 of 16 CP~
Sll?TCB '8

~iODEI P
EA-180-14302

EZ1060751

FFOq 12-23-77

TXHE

12:30 PN

9:35 AN

DAI

12-23 77

12-26 77

12-28 77

12-31 77

1-3-7

E moved

I

TEM

200 P

switcl

-78

Latch
cover„
Ttie g
The b

. the

ng me

screw
sRCC
ttom
ate.

CO!!tu!F.NTS

hanis ~ shfrt tr
were torgudd to

uIged .OX6" from
asket had a .044"

e pla
ulge

e.
rom

vel. he to
0 lb.i

El.l:CTRICA7.S, LOAD- .086At 8 100 vnc

SNIT'.
FIN AX

OTBEF,

Inf

1
beggar

Inf.
2 4
Inf Inf

I

Condu
Ict:iviC» (a

7
I

..08G .08G 086

n,p>3
4

086

( ontinue on bacl~c

INTERIOR EMl!IHATIO!i (OP TION/le
GASKETS:

CONTACTS:

BLOCK:

0-R'LNCi-.

GREASE:

Page 4 of ll Cont nuo on ~ncnt





DATE 1-3-78
Page 13 of 16
SHITCII g

~PROTOTYPE~ PRODUCTION
NEAR CYCLING

MODEL g Ehl80-14302

EZ10607-51

g OF CYCLES

CYCLE RATE

0,000 : LOAD .5A 100 C COMOc NTS

METIIOD C

EI.EC'I'RXCAL IKASURI:NENTS; LO 6 100 VDC
I

~IIe gar Conduc txvx~t (arms/

INXT1AL

FINAL
OTIIER

3 2 4
Inf Inf Inf Inf 1.086 .086

2

.086

.086'ASliETS:

XHTEI<MAL ATXOIHXAHXN (OP TIO~'„AL Conti.nue o n bac k),

"CONTACTS:

BLOCIi:

0-RING:

GREA SE:

P fllage 5 o (con tenue on back)
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DATE 1-31-78 Page 14 of 16 Cg~
SWITCH 8 83-»

@PROTOTYPE

HPRODUCTION 1RRADIATION

NODHL g EA180-14302

EZ10607-»

IRRADIATED AT: Iso dix, nc.

FROM 1-12-)8 TO 11-31- J8 TOTAL IRRADXATXON ! 204 ))rad.
ENERGY LEVEL 1.~25 Hcv! SOURCE Co'balt 60 > aaaua RATE l. 2.))rad/)!r.~" ~ ~ ~

ELECTRlDAL HEASUPil)EHTS

lfegpar
LOAD

4

.086@ 8 $ 00 DCI
T ~ I(Conductivity (amps)

4

COMMENTS

INITIAL
FXNAL

OT)IER

Inf Inf Inf In f. .036 .086 .086 086

INTERXOR E>J>MXl'ATION (OP'l'XONAI
Caskets:

CONTACTS:

BLOCK:

0-RX1'G:

GREASE:

COlQ)ENTS (Cont.

Page 6 of 11 continue on b ick)
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I ~i C3 lVlEelÃ

l'ebruary 6, 1978

Nr. 3>dr.ard T~. Solem
I>etallurgy ?'ngineer
Acme-Clevelalld Devel(>p neat Co.
62) Alp.'1B, Drive
Highland Elcight.,s, 0?lio ~4145

3)ea1 jI."'olei::l
This i.ill 'umt".Pari e pa.'.Brneters pertinent to the irradiation of

three's

itche ))c'1. )'oui pltlrchase order noc 3C 9 j2 I4g date.d JGnuary 12g
1978, 5'he u1}its y!ere identified ( s sv.itch<:s 81Ag 82Ag and Gp.

The sv!itches acre p3.ace(t in a cobalt-60 gaInma fie3.Q Bt a dose rate
oX'.2 lfr:.0 per hour. The'svritchcs v!ere exposed for 170.0 hour
yic3.din~~ a Ilinimum dose of 204 megarads,

, XJo GiltletJ.'y '9!Bs per fGrit'ed llsil)g Bn Atomiic Finergt'y ol CBnada ItimiLe(l
(JIi:CX~) Red I'ersp x.syste.n Mich Type 1'G-2 rcadou" . Calibration of
thc I'erspex is made by AZOIC using Ceric dosimetry traceable to thc
U.S. National 33urc-.au o Stando.:.Qs. Xsolnedix regularly cross-
calibrat(ls .its AZCI system v!ith a11 inhousc Ham!ell Perspex system,
and make" semi-annual calibrations directly wit)1 NHS, using the NHS

HB(7 t.ocllro)li1 c: i)ye 'ystem. A copy of the do. imetry correlation re-
port is available upon recprest.

Xrradi"'tion i;Bs conducted in air at ambient temperature BnQ pressure.
Radi .nt heat from the ource heated the samples .,omewhat, but the
temp rature did not exceed 100 7, as indicated. by previous mea"urc-
ments on 'n oil solution in the same relative posi1;ion.

Xrradiation v!B." initiated on January 1~kg 1978, and u,as comp3.eted
on January 26i 1970.

Yours very truly,

athan C. Youn(!

(
Pro(juction f Bnogcl.

JCY/mr

Iearmocfig( inc:. ~ 2.'i En'Imnn Bond, Pnr Iispnny, Now Jnrsny (201) 097-4700
Lss>l»>p hts>t> ~ st' osl Olltt' Ilt>s 1 tr. I' t ~ >t>t>a>>y. N»>> J>>>s»r rtlvgs

CIIIC/s(ao DIVIGIOI4 ' rtgb Hatt>» hss, Ltt»tt>tt Otoss, Itt>t>ol~ Ct>ps'112) Ot4 stCO
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DATE

~ PROTOTYPE~ PRODUCTION SEXSHIC TESTING

Pa pe 13" of'6 g y~
SMITC)f 9

MODEL a EA180-1430

EZ10607-51

TESTED BY:

Dr. Edwar 'Halt r % A socia es

RFPORT REF.: Stan ard 3 3 34 and 82

GASliETS

.NTER1 tAL E2/0<INKTION ONAI )'OFTI

CONTACTS

BLOCK

0-RING

GREASE

Cnm O.'NTS

Elec rical
Mep Cond ctivi y (am s)

Before seismic 2-

After seismic 2-1

,-78 Inf
-78

Inf Inf Inf .086 .086 .086 .086
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Br. Srhvnrrf g lttnttsr .( 3ssnsintss
Vibratile rvuf Snazzy Pivisultauts

P.O. BOX 171 ~ CHESTERLAND, OHIO 44026 ~ TELEPHONE: (216) 729 7415

* Vibration Test of Limit Control Switch
i~iCO Cont> ols
An Acme-Cleveland Company
January, 1978

Reference

A detailed description of the vibration testing cguipmcnt and. test
procedures is given in our report of Junc, 1977, Seismic Qualification
Test of Limit Control Switches, prepared. for NAifCO Controls.

QUBREhT SMXTCH TEST

Switch No. 83, EA 180-3.4/02
I

VXBRATXOH TESTS

The switch was subjected to the following tests:

3: - Fragility Test

Frequency
Hz

1 0
1.25
1.6
2 0
205
5 15
4.0

5+0
6.y
8.0

10.0
32 ~ 5
16.0
20.0

Vibration
Specification
Displacement — 12.3. inches pp
giving 9.52 g's acceleration
at 4 Hz.

Acceleration 9.52 or greater
Displacement - 8.0 inches pp
Di"placement - 5.0 inches pp
Displacement - $ .0 inches pp
Displacement - 2.0 inches pp
Disploccment - 0.45 inches pp
as above
as above

Displacement - 0.40 inches pp
givinc acceleration 9.52 g's
or greater.

Page 9 of 11





II — Plant Induced Vibration Simulation
The switch was vibrated at a non-resonant6frequency, 100 Hz at
an acceleration 1.y g for a total of 10 cycles, one third of
the total cycles i» each component, X, Y, and Z.

Test Procedure:

Thc switch was tested in each of three mutually perpendicular
directions, designated X, Y, and Z, parallel to the ma)or axes of
the switch. In each orientation, the fragility dvell test and the
plant induced vibration simulation test were made.

In the Fragility Dwell test the svitch contacts were monitored.
Both the Normally Open (NO),contacts and the Normally Closed (NC)
contacts vere monitored for seismic failure by means of a light
indicator circuit,. No seismic failure occurred during the tests.

Thc trip ang3.c of the switch vas also monitored during the
test at, both tlute normally Open (NO) contacts and the Normally Closed
(IlC) contacts. The Normally Open (NO) cont"cts werc monitored first.
The switch was actuated a".d sub)ected to vibration for a minimum of
)0 seconds. Next, the Norma3.1y Closed (NC) contacts werc monitored.
vith the switch unactuated and subjected to vibration for a minimum
of $0 second..".. Total vibration time v"s a minimum of 60 seconds.
This procedure wa, rcp=atcd for each frequency of the fragility
dwell test e

The trip position remained within 1/16 inch throughout the
test procedure with the followinc three exceptions:

Changes in Trip Position
which exceeded 1/36 inch

Y comp ~

Frequency
Hz

16
25
>2

Total Change
5n inches

.107 early

.090 early

.107 early

Page 10 of ll



~,

TI



In the Plant Induced. Vibration Simulation test, the switch was
vibrated at a non-resonant6frequency, 100 llz, at an acceleration of
l.g g, for a minimum of 10 cycles. Each component, X, 7, and Z was 6sub)ected to one third of the total number of. cycles, e.g. ljg x '0
cycles.

The switch was a double throw type and was energized electrically
at 125 volts at 1/2 amp. during the test. It was subJected to 51 dis-
tinct vibration tests, 48 of these at, a minimum of 60 seconds each
and three at, a minimum of 56 minutes each.

DH, EDVBD J. 1'ALTilA A}tB ASSOCIATES
1"ebruarv, 19'(0

Page ll of ll
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SCIENTIFIC SERVICES 4 SYSTEMS GROUP
WESTERN OPERATIONS, NORCO FACIUTY

REPORT NO. 58314

PAGj NO

1.0 REFERENCES

Pacific Gas and Electric Company Contract No. 5-28-78 dated 30
June 1978.

1.2 - Pacific Gas and Electric Company Test Procedure for Seismic
Qualification Testing of a 14-Inch Motor-Operated Valve, Revision
2, dated July 1978, included herein as Exhibit I.

1.3 IEEE Document 344(1975), "IEEE Recommended Practices for Seismic
Qualification of Class IE Equipment for Nuclear Power Generating
Stations".

2.0 OBJECTIVES

2.1 To test the structural integrity and substantiate the operability
and performance of a 14-inch, double disc motor-operated gate
valve and its accessories by shaker table testing.

1.2 To qualify seismically this valve and similar valve-actuator
assemblies of the Diable Canyon Nuclear Power Plants (Units
1 and 2) for the seismic inputs associated with the postulated
7.5M Hosgri event.

3.0 TEST SPECIMEN

3.1 Valve

Manufacturer: Darling Valve Company

Model: 14-inch — S70DD (weld end, outside screw yoke,
double disc, with Limitorque operator)

Series: 300 lbs.

Material: Stainless Steel ASTM A-351, Grade CF-8M
Minimum Yield Strength: 30 ksi

'Modulus of Elasticity: E ~ 29.2E6 psi
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3 ~ 2 Stem

Material: 17-4 PH Stainless Steel
Yield Strength: 100 ksi
Tensile Nodulus of Elasticity: E ~ 28,5E6 psi

3.3 Actuator

Limitorque, Type SNB, Size 0

Serial No. 95918A

Motor by:

Frame:

Volts:

Peerless Electric

P12M

220/440

Amps: 14/7

Cycles: 60

Phase:

HP: 2.6

RPM: 1750

Torque:

Insulation:

40 lb. ft.
Class B

Degrees C: Rise 75
Ambient 40

Duty: 15 minutes
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3.4 Yoke

Manufacturer: Darling Valve Company

Z.D.: D3132 6LWCB Pool 16VM54SD

Material: ASTM A-216 Grade WCB

Minimum Yield Strength: 36 ksi
Modulus of Elasticity: E = 27.9E6 psi

3.5 Limit Switches

Manufacturer: NAMCO

Model: Snap-Lock D2400X-ST2

3.6 ~Hei tte

Valve Empty:
Valve full of water:
Mounting Brackets (two):
Total weight:

3000 pounds
3400 pounds
1450 pounds each
6300 pounds

4.0 TEST PROCEDURES

4.1 Receivin Ins ection

Upon receipt at Wyle Laboratories, and prior to any testing, the
specimen was visually examined for evidence of damage. Specimen
identification information was checked with the shipping document
for completeness and conformance.

Results of the visual examination, and specimen identification
information are recorded on the receiving inspection data sheet
included in this report.

-4. 2 0 erational Test

4.2.1 The. manual to electrical mode of operation was performed as follows:

1. Declutch the electric motor by pushing the lever to the
direction of the arrow.
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4.2.1 (continued)

2. Turn the handwheel two to three full turns and verify that
it is engaged and the valve stem moves.

3. Energize the motor and verify that the latch releases
automatically and the clutch engages the motor to the
drive train.

4. Repeat Steps 1 through 3 above four more times. Record
the results in the test data table.

4.2 ~ 2

4.2. 3

The valve was then pressurized to 350 psig with water to simulate
operating conditions.

The actuator was operated electrically for one full cycle (open/
close) and the baseline data recorded for comparison with the
performance at other stages of the test. The time history of
motor volts, amperes, and watts was recorded. Time was recorded
in seconds for a full open/close cycle and the maxima of volts,
amperes, and watts, The test data table was completed.

4. 2.4 After the completion of all dynamic tests, the tests of Paragraph
4.2 were repeated and the data recorded for comparison. Step 1

of Paragraph .4.2.1 was performed once.

4.3 S ecimen Mountin

The valve was bolted to two bookend type fixtures (Reference
Figure 1). The fixtures were welded to the test table.

4.3.1 Functional Setup

The valve was pressurized to 350psi with water (Reference Figure 2).
The position of the valve was indicated by connecting a light bulb
to each limit switch.

The voltage and current were recorded on a visicorder and the
wattage was recorded on a wattmeter.. The results were recorded
on the test data tables.
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4.3.2 Instrumentation

Tri'axial accelerometers were attached at locations AO through A7
of Figure 1. The data was recorded on magnetic tape.

PGandE furnished and installed the 27 strain gages shown in
Figure 7. It was PGandE's responsibility to monitor and record
the strains and reduce the strain gage data. The measured
stresses're shown on the test data tables included in this
report.

4.4

4.4.1

In ut Excitation

Resonance Search

With the valve in the closed position and pressurized to 350 psig,
a low level (0.2g) frequency sweep search for resonances from 2

to 35 Hz at a sweep rate of two octaves per minute was performed
in each axis.

The resonance search was repeated for each principal axis with
the valve in the fully open position. The position of the
valve disc (valve fully open/closed) did not affect appreciably
the natural frequency in each case. No resonances below 35 Hz
were detected in the vertical (Y) axis. The following table
summarizes the resonances of the valve/actuator assembly.

'

TABLE I
VALVE ASSEK3LY NATURAL FREQUENCIES

Axis of Excitation Natural Fre uenc (Hz)

X (Pipe centerline) fx = 29.8
Y (vertical) No resonance C 35 Hz
2 (Orthogonal horizontal) fz = 30.2

If no resonance frequencies were detected in a direction of exci-
tation, w'e proceeded with the qualification testing per Paragraph
4.5.



l



SCIENTIFIC SERVICES E SYSTEPAS GROUP
WESTERN OPERATIONS, NORCO FACIOTY

REPORT NO.

PAGE NO

4.4. 2 For each resonance between 2 to 35 Hz the mode shape (response)
and per cent of critical damping were determined.

The mode shapes (responses) at fx = 29.8 Hz and fz ~ 30.2 Hz
were determined from the relative amplitude and direction of
the accelerometer indications.

The accelerometers on the shaker table (AO in Figure 1) were
used as reference. They provided the baseline of phase and
amplitude for the other 21 accelerometers shown in Figure 1,
Page 12. The amplitudes were normalized and in conjunction
with the phase they gave responses for both modes (fx = 29.8 Hz
and fz = 30.2 Hz) which resemble the typical deflection of a
cantilever beam consisting of segments of different stiffness.
The yoke and the neck of the valve bonnet were the most deflected
segments.

There was no evidence of significant torsional response of the
valve assembly. Figure 5 shows the typical response of the
valve assembly for the mode corresponding to fz = 30.2 Hz.

The per cent of c'ritical damping associated with each mode was
measured by the band-width method (Reference Section 3.5.1.2
of Reference 1.3.) See Figure 6.

4.4. 3 The spectral plots recorded during the test and used for the
determination of the per cent critical damping are part of this
test report. '(Reference Pages 22 through 27.)

Table II shows, the experimentally determined damping values.

TABLE II
EXPERIMENTALLY DETERMINED DAMPING VALUES

Forcin Direction f (AO) (A5) B

fx=29.8 0.3
fz 30 ~ 2

$ p 3
(O. 2

4.5
5.4
7.6

1.20
1.75
2. 50

f
(AO)=

(A5)~

eigenfrequency (Hz)
steady state acceleration, (peak amplitude, measured
at location AO, see figure, Page 12) (g)
steady state acceleration (peak amplitude, measured
at location A5, see Figure, Page 12) (g)
per cent critical damping
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4.4. 4 We repeated Steps of Paragraphs 4.4 ' and 4.4.3 above with the
valve pressurized and the disc of,the valve at its fully open
position.

4.5 Sin le Fre enc Tests

4.5. 1 The valve-actuator assembly was exposed to a series of single
frequency sine beat tests at the test frequencies indicated on
Figure 3,. and at the natural frequencies detected during the
resonance search. The excitation at each frequency was in the
form of sine beats of ten oscillations per beat. The peak
acceleration was the required input motion (RIM) value shown
on Figure 3.

Each sine beat test lasted for a maximum of thirty seconds after
the prescribed acceleration (RIM) level was reached. During the
X and Y axes time was changed to twenty seconds.

During each sine beat test the valve operator was energi'zed. At
the end of the shaking, the Limitorque motor was stopped for motor
cooldown before proceeding to the next sine beat test.

The next sine beat test was started with the valve stem at the
position left at the end of the previous shaking cycle. At the
end of its stroke, the stem direction of movement was reversed.
The stepwise open/close attempts of the valve actuator were
continued until all sine beat tests per axis were completed.
PGandE provided a motor controller for the reversal of direction
of the actuator motor and technical assistance for the hookup.

The motion was applied at the same frequencies and acceleratioris
on each of the three orthogonal axes separately.

NOTE: The input motion was not limited by accelerometer A4
(to 6g) or strain gage indications (90% yield) as the
test procedure (Reference 1.2, Par. 6.1) stated.
Instead the full RIM values were used per Figure 3 ~
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4.5.1 (continued)

All sine beat tests were performed with gradually applied input
level of excitation. The input was applied at approximately
one-third and two-thirds of RIM before full RIM'values were
applied. Continuous monitoring of stresses was the responsi-
bility of the PGandE Engineer.

4.6 Multi-Fre uenc Tests (Biaxial)

The actuator was exposed to a biaxial multi-frequency test motion
which when analyzed for each axis produced a test response spec-
trum (TRS) which envelopes the required response spectrum. The
required response spectrum (RRS) is shown in Figure 4. The test
was performed with one horizontal axis combined with the vertical
axis, and then repeated with the orthogonal horizontal axis com-
bined with the vertical.

Independent (non-phase coherent) multi-frequency motions for the
horizontal and vertical axes were used. The duration of each test,
with simultaneous function of the valve actuator, varied between
twenty and thirty seconds.

There were five OBE tests before each SSE. (Although the postu-
lated 7.5M Hosgri seismic event is not the SSE for the plant, where
SSE is referred to in this test xeport, or in the IEEE Std. 344,
the seismic inputs associated with the postulated 7 'M Hosgri
seismic event were used.)

The results of the test, were presented in terms of the TRS at two
per cent da'mping for comparison to the RRS (Figure 4). The results
of the test were also presented in terms of the TRS at two addi-
tional values of damping: three per cent and four per cent.

5.0

5.1

TEST RESULTS

Receivin Ins ection

Thre was no visible evidence of damage to the test specimen upon
receipt at Wyle Laboratories. Receiving inspection data sheet is
included in this report as Page 20.
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5.2 Operational Tests

Operational test data is recorded on the tes" data tables
included in this report as Pages 28 through 105. The para-
graph cited in the test data tables corresponds to the para-
graph in the test, procedure (Reference 1.2).

5.3 Resonance Search

A visual examination of the test specimen upon completion of
each sweep showed no physical damage had occurred. Plots made
to determine damping are included as Pages 22 through 27.
Resonances are listed on the appropriate test data sheets and
they are summarized in Table I.

5.4 Sin le Freauenc Tests

During the 24 Hz sine beat test in the 2 axis, the Limitorque
actuator was was damaged. The actuator was repaired, and multifre-
quency testing was started per PGandE request. Upon completion
of testing in the X-Y axis single frequency testing was resumed
at 24 Hz in the X axis. A visual examination of the test speci-
men upon completion of testing in each axis showed=no further
damage had occurred'ue to testing. Data recorded during test-
ing 's recorded on the appropriate data sheets.

5.5 Multifreauencv Testin

During the second OBE in the X-Y axis, the vertical exciters of
the shaker table. hit the stops, causing damage. to the Limitorcue
actuator. The damaged parts we e replaced and tes ing was con-
tinued. A visual inspection of the test specimen upon completion
indicated no further damage had occurred due to testing. Plots
of the TRS and RRS are included in this report, together with a
set of response accelerometer plots for one OBE and one SSE in
each axis of the test.

The time to open or close the valve without shaking was measured
about 65 seconds. During the vibration test the open or close
time remained essentially the same.
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5.5 (continued)

The power drawn by the electric motor of the valve operator
was slightly lower when the valve when shaking compared to
the power required to open or close the valve under steady
state conditions. The number of times the motor was ener-
gized was in excess of 150 times.

The numbex'f shaking cycles the valve was subjected to was
much higher than that recorded. (i.e. instrument calibration
and table calibration)

A test fox'ightness of valve after all dynamic tests had
been completed was performed with no change noted.

5.6 Additional information, such as test plots, equipment used,
functional data, accelerometer locations, and test setup
photographs are included in the following pages.
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~<«<7d< s"~rrcP ZH«f~< ggr4R@uw go675 ~ ~
/407 < P~P g~Ect< r agqoS oF QCC, goes~

FoR v/YLE.:

FoP. PggE: f1~(





TEST Ho.

TEST DATA 74BLE Repo~tNo. 58314
Page No.

>ATE-:~ z-7r TIt E''8= 7

/de 5 PIC 5&iS~f< ~ZbU

lEST RESPOI4SE 5PECTROH: Ft') ZPA
PEAK = —'||

SHAKING TtHE:
AC 0 ToR

QTo
~D TA

se.conJ:s 3 o—Vohs

~c x = 'IN@.ttz

RU.equi Tive. =

$YlS

ACCORDED ACCELERATIO~ t.$)

Aq AsAo A> A~
Acc ELERa PFIZER

LDCATlog
GAGE Ho.
Dip.aCTioA
STP.EM +

% YIELD

8 Ax lMUM

S,

ECOR.BED STRESS (psi)
Ss



l



TcsT DATA >eeLE

TEsT Ho. 2
pnsm.'-~

DATE:<-s-pg TIVE'. /W: o I

TEST RESPOI4S& gPECTR'OM: Fi)

SHAKING 'TINE: 8~ seconds

AC 0 'T0R

2- t'A

Vohs
Am

'DTAeAax

RU A%i Tive. = Qe t-

AWIS

M I 3 ACCORDED ACCELERATIOH (g
ACc El ERaH E VER

Ao Ag A~ Az hq As A7

LOCATION
QAQE Ho.
DIP.ECTi oA

MAXIMUM ECO RUED BT ESS (psI)
S3

(o t(

STeaw(+
% '/IBL'D

NQ TES

'04G2 ~ 90 u

lg95
Se7 o

5920
9,7 o

FOR 4YLE.:

Fok PggE: 7X



l.

l



v- ~

~ 'IEL, r . 'vvr.a,;v '„iv,wvvv~ri.wW~ Wr r r 'gr '~r W 'rrr~)J,'ii~rwvw*V4'~

Vr.'FST

DATA TaeLE R eportNo.

Pa eNo.

58314

53

TEST Ho. p s- DATE: ~ ~ g-pp TlHE: y~;gg
@+RA

ZeP

TEST RESPOI4SE 5'PECTROM.'i)

g o 5M

Z PA
PEAK =

SHAKlhl6 Cl'HF: ~ s«o<D
Ac 0 T0R

0 o

V~n = a Vohs

7z A~

coax = 6 HOLttZ

RU.Nli T|ane. = QO ~ec

ECORDBD QCCELERATIOH ($)
Av,is Aq AsAo A)

Acc ELERa Yl ETER
R7

MAXIMUM ECORDED GT ESS (psi)
LDCAT/0A
GAGE Ho.
0lP ECTl OQ

% /lELr

HQTCS:

S~ S4.

&97o
zt,a /

5s S7
27

FQR ~Yu..
PgeE'



I



TEST DATA TA8LE
Pa e No.

TEST ~o. ar DATE.: p ~~ ~ TlHE: I, ~ ~q

58314

@AHA: C ~
C7 JS

TEST RESPOI4SE S'PECTgQH: Fi~

(2a spy)

PEAK =

SHAKIhl6 TINE: » se.conds

AC 0 ToR
GTo

=gg~ VO4S

7/ Av
coax = >>ac 'ggggz

~Uiiai Tirma = g D wee

EcoRDBD AccELERA rioH (g)

AVIS A
Acc ELERa~ E.TQR,

A~ A~ A~ As

STREsG +

% '/lE L'D (O,9g 'o
+oi5'g+

FQR wpLE.: t

FOR Pg(E:



I



''" " ' '"'- '' '. " "'"' " '''""""'" '' ""R'ep'ortNo..' '58'314''""'" '

TEST DATA ABLE rage No.

TEST HO. Z p DATE: P-Z,~-m TlHE'. /i:e j
,/ARA,: 4. z

c HH ~ - MEr~ e. RA

C o

TE-ST RES'FOHSE 5'PECTROH: Rg z.FA =

PEAK =

SHAK)H6 TlHE: zo Se.co~as

Pc 0 T0R
QTo

Viyna = D Volts
= Ws A~

nnax /cad Wtt\tS

Rv s%,i Tiane. =

ECORDBD ACCELBRN IoH ($)
4'AIS

Acc El ERoH EYER

NAxiMQM ',Eco RUED Dl Ess (psi).

LDCATloA 5,
QA6E Ho..—
DlP.ECTiOA

% YlEL'D

HQTES

'3+ Z790
7 9 0 t0.9S o

S7

+o <5

i'3 4 o





'TEST Ho, zs

'Re/i'ort No'. '

'5831'4'EST

DATA TABLE Pagg Np,'6
DATE: p'-z.t.-7s'INE': gl': p

P>gA:
~74 ogS Z — A.yry 5'c

/swan

e

TEST RESPOt4SE SPECTRL7H: Fi)

SHAKlH6 TIME: ~. se.cond.s

ZPA
PEAK =

Ac 0 ToR

~DTA

'Vw =Wzo Vohs

A~x =War A~

Pints
RU.>nl.i Vice. = P 0 < c

4Xls

M 8 ECoRMD AcCELBRATloH (g)
A c t- E L E R a N E. wE R,

Ao Ag Ax Az Aq As

LocATioH
aAcE N0.
0~PE:CYioA
sTREM'
% YIEL'D

NQTES:

MAXlMUM R,ECoR.@ED ZT ASS (ps()

LC,C o

27

No<5
t$ + o

FoR WYLE.;





'Report No. 58314"

TE5T DATA TABLE Page No. 57

TEsT Ho. zq DATE:p-~~-rs TINE: II; ~~
fP.PA'a 4 2.

o gZ „Z — 6)(/4'SiSAIC Au Do W

lEST RESPOHSE 5'PECTROH: Fi~

SHAKiNG TlHE: <. se~o~ds

-2-PA
PEAK =

Ac 0 TOR

0 TA

'V~ = o Vohs

A~ x = 7Z A~

nnax = OAK(ts
Rumaki Tive. = Ag Dec

ECQRDBD ACCELE~ATio" ('II)

Axis As s A7Ao A) A~ A~ Aq
Acc El ERaKE TER

NAXIMQM..R,ECORDED DT ESS (psi)
LOCATE ~H 5,

D~P.EcTioA

% Y~EL'D

HQTCS

NZ a

+0
l5'~

S. 8+ Sz Ss S7 S8

FOR VIYLE:

Fop. PgjE g'





C

TEST DATA TABLE
Pa e No.

t'Ago ~

77+ a - Z.-' a W /WM/

Tlat&: l~:z

o

TEST RESPOI4SE gPECTRVH: FicI

SI-IAKIHG TINE: >o seconds

2 PA
PEAK =

Ac 0 TOR V~ = aa V()I|t:s

A~x = gs- Am

eAax — +acr W'Ngs

Run~i TI~q. = g 8 se c

QUIS
Accct FRoHE.TER

Az AqAo A<

M 3 ACCORDED ACCEI ERATIOH (g)

LQCATlcA
QAQE.H0.
DIP ECTl 04

MAXIMUM ECoRQED QT ESS (psi)
S~ Sz Gs S7

% YIELD
l9 53&
lt.3 o 48.9 ~

<0 8<(

30.0 o

ta+$ 5 iz +io 92
85'O,95.

o ~





~ » h 'V'J ii~ hh'' hCfh «hJ('h" 4 C'~4 ~h ~' iD~~ tWkelaLCl('VAJ11&Ah 'h 'V~A~~AA44W1~' ' '4
h

~ ~

TEST DATA TABLE

TEST Ho. zg DATE.: p ~g pp VlHE: [t ~ g
PA RA.:.4 z.

do M M-'

TE ST RESPO14SE 5PECTROH: R)FJJL4~h)

SHAKlhl6 Tl'HF: ~ seconds

Z.pA -("8g

Ac 0 YoR
OTo

D TA

A~ax

= 4'dD 'Vohs
= g.S'~

m)ax = r Vlmtts

Ruwu Vive. =

acoRr ED hccELERATi~H ($)
4Y, lS

ACc. El &Ran E

MAXIMUM R;ECoR6ED aT ESS I'ps')

LOCATION
CAGa H0,
DLP.ECTiOA

Ss 84. Sz Ss S7 S8

sTazM +

%'/ieLr
9Q

'7.& o

'965o
l(s 0,%





~ ~

TEST DATA TABLE

4

~
"" ~ 'c

TEsT Ho. y DATE: ~, » TIVE:
PARA '-'~ <

S S

lEST RESP014SE $ 'PECTR'OH: RcIp~,kIIJ8 z.pA =".,-"

PEAK = —'5

S H AKIN6 TINE: z~ seconds

Pt 0 ToR V~ = + x Vohs

~DTA eAux Ivo VJM<gs

RU.MLi Tive. = ZeC

ECORMD ACCELERATioH ('g)

A'AIS
Acc. ELERaH EwER,

A> W~
*

Ws

<A<IMOM RECoRDED GT ESS (psi)
LDCATlcH
QACE Ho.
DiP.ECTioQ
sTaEM +

%YIELD,

NQ'TES

'++8.

S3

lS Io o

48($
. lIo. l o

1$ ~s

87go
Z9.2 a

Ss S7 SB

lf.o o

FOR W'/LE..

Foe PI,-g E: 1(





~ '

s "kg s ~ w '» a»W» da 4» s -w»»» sP»»'»»s»» '»' ~~l »'4~v v»~

»
~ ~ ~ ~ ''

TEST DATA TABLE

'TEsT Ho. ~> DATE: ~ ~ ~ pg Tlat&:(q

2. l Z. Ages / Z-Ew
j

TEST RESPONSE 5PECTROH: R)

SHAKING TIVE:a Seconds

ZPA
PEAK =

'o

Pc 0 'TOR V~~ = V~hs

A~ax
en ax

A~

4u~t~

AY IS

Ru~ai TIee. = —Ze C

ECOROBD ACCELBRATloH (g)
Acc Et ERaN EVER
Ai Az Az 'q

~ 1

5
~ 7

7 6

"'Ax IDIOM'ECoRUED GT ESS ('psi)

LOCATION
aAcE Ho.
DlP ECY1 04

S3 84. +g 56 S7
27

smE.M +

.YIELD

HQTES

'IC5 7&t2.

Si7' '2li7 ZB4 'o
9Q 5o
(22 o

FoR W.YLE.



I
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Al~ g I 4klh WA 14'L LAC "~ NANT r ~ 4 h4V VW- ~ ~ ~ ~ ~

TEST DATA
Report No. '8314

T4BLE

'TEsT H 03'

R'A' ~ /

DATE-:p- z~-ps 'Tlat&: ( q,'yz
'R-A gjs

TEST RESPONSE SPECTRVH: Fi -2 PA

SHAKIhl6 %WE: <~ Se.co~cLs

Ac 0 ToR U~n~ = W~c Vohs

A~ x = C.g Am

mme j Zo Vl5,448

Ruwu 5|~e. = Q Sec

ACCORDED ACCELERATIOH ($)
4'A IS Ao A< Aq As s A7

/.g sa. o

Acc ELERaY E TER

I. 0 I.

.s

MAXIMUM R.ECOR.bED DT ESS (psi)

LoCATl0H 5,
GAGE Ho.
DIP.ECY~OQ

ST~E.M+ ssc~
.,l$ .9 o

lo

to too2.

Z9.5
4oBe (0 99o
H.G e 96.5 'o





t ~ ~

~ 'r» ','»/»<»»»s»l »»N4 ~ a a C les ' '»J 1»»»» 9 JaA~W»C4efv ~ 'kai4t~lV 4h vl4&JA» 1a ' aAah ~ ~ »

~ ~
*

ReportNo.
58314'EST

GRATA TAeLE

*
1 ~ ~

TEST Ho. gg- DATE: p zg q~ 'TlHE:tK
iz,'r

&~ac.'

'TEST RESPOt4SE SPECTRUM: Fi)

SHAK'lH6 TiNE: ~ o se.cond,s

zpA
PEAK =

Ac 0 T0R

~DTA

'V~m = Vohs

A~ x =g7 Am

7S VIV.its

RU.NLi Time. = ZeC

Axis Ao Ag A~ Az Aq As

M 8 EcoRMD AccELBRATioH (g)
ACc. El Ega~ EVER,

2 9
52 . L/.O

Q. 0

IZ 5 t'4 5

/% ~ 6
/~. 5

zV O

17 S
3'.

g'AXIMUM

ECOCIDE& QT ESs ("psi)

'OCATlSH

GAGE Ho.
QlP.ECTlOA
STREW +

ago plELD

Noses:

ll Sop
920 o

Ss
LO

ZS l57
64,9 o

Sg Sg

tO lOS 2g gZO

35, Sz.7

SS S7

|" 570
Z(.9. o

FOR 4YLE:
FGR Pgg E





TEsT Ho. yg
9zg7sg

~r~z i3

TE.ST RESPOI4SQ SPECTRE)H: Fi)

SHAKING TINE: z- seconds

- Z.PA

PEAK =

Ac 0 ToR
pro

V~ = z Vohs

A . = g.g~A~
encxx = W NKC<

RU.nai Tive. =

ECORMD ACCELERATiOH ('$)

$ 'AIS A
ACC Et ERoY &TER

Aq As
f.o

I. Z
Z. I Z-'2 ~ 6 37- 6

MAXIMUM ECOR6ED DT ESS (psi)

LOCATION
QA6E Ho.
DIP EcT1 04
sTREM + -ti 7SC l4 003

S3

iS SiO

l9

7679 2.7 i 56

S's S7 S8

% YIELD

NQTES:

t06.9' 256 '~ 30.9 o

FoR SYLE.:





~ 0 ~ I

TEST DA'TA TABLE'
'I 1

A

Tssr H o. ~> DATE.:7- a c - ~p 'TLUTE'. ~~.~

1mI . c']
Z +EAT's) .

A s o h Z, F lou'ZZ

TEST RES'POHSE QPECTRPH: R~ %PA
PEAK =

SHAKiHt- Ties:
Pc 0 TOR

OTo

se cond.s

Inn = 5d Vshs

A~ x = g.ap Am

enax = / 7S Wg.4fZ

RvQQi Tf~~ = ~ zc

4'AlS

ECORMD ACCELERATIOH ($)

A) A~ R~ Aq As
Ac|- ELERoK EVER,

tg I V

z~ 2 9 /o.o

5 20.
2 g Ig. o g. o
Ig 7 j7. Z.I 0

zoo

NA'XlMUM ECo R.BED ST E.SS (psi)
Lo'CATlOH 5
aACF Ho.
QlP ECYl09

o/0 ylELD

. NQTES:

lZq 90+
.ss.s %

Zi +83
SB7% ss) % tSo.z o

55+8 4'38o
I 8.5 o l W.G

FOR W7LE-'





TEST DATA TABLE evo~e ~o. 5s3i4
66

TEST Ho. gp DATE: ~< >s

'Tlat&:
/c3o

QO H2.
/ HML4

TE-ST RESPOI4SE SPECTRLPM: Fig - Z,PA

SHAKIHC VINS: k s~co~ds

Ac 0 ToR V~ = Z blahs

Ae~x = 4.< Am

nS ax ~ %Junc

A'A IS A

Rum.i Time. = 6 ~e. c

ECORDE:D RECCE I ERQTIOH ($)
a C c C L. E. R o H E. TE R

~I. 5 8.9
/,o

V O 3.4 i5(
'20 ~ Z 7
zz. g zx.o z5 o

Lo'CATlOH

aAt EN0.

NAXI+U&1 R,ECORDED GT ESS (pgi

Ss 84.
ll l3 I+

D~PaCTlOA
STREW +

.% YIEL'D
3569
3+go

l8 l9S 3e %72. IH lt."2

o 8% l o 472 o l86.3 o ZC. o

~ 8&o 64+3 87o. 730 o
CS,z p 2+.3 Po

H~TE~ < +7 p p 7Qzp A p7z p p.ocJR, 5 (NF JZATs $ v
7 ~ V4 ~~8 gyWSfZ. Co'~w ~~/ ~F W

FOR W'/LE-:



I



Repo'rt No'." 58314

TEST DATA TABLE

TSST Ho. ~Z DATE.: p < >< Tt~e'<.,

PARA-'. 4 ~ I

TE'sT REsPot4sE PPEGTRPM: FicI

SHAKiHC -TiHC:>- Se.co~&

-

GAPA

Ac 0 ToR
QTo

. ~DTA

Vnn = 7o Vohs

~ax = ~ VJgggz

Rumaki Tive. = ~~ 5 haec

ECORMD ACCELBRh'TIOH (g)

Axis Ao Ai A~ Aq
Ac.c.c<FRc KF TER

.I'.o 2 z.

/.8'.7-

2.I 0 7./

2.M. Z.'9 7

zc C

5 ~ 6

/

<AXlMUM R,ECORDED ST ESS (PSi)

LDCATlcH
QAQE Ho.
DlP.ECT104
'sTREM +

% YIELD
NQTES')

5> S~
3

981& 1@1 140 St 9~
87.+ 'o 4g,5 e S8,7 o

170 $2.

SG.5 o

Sz Gs
(g, 2'L

So @ST 56+8
los 2 'b.S

, 458o
(+.6 'o 20e3 fa

FOR eYLE.

Fok 'pg» E; g'7/(



l
~



t

TEST Ho. q

TEST DATA TABLE
Pag eNo

DATE-:7 «» Tl~e':,.
z.gsw>

. 2-PA
PEAK =

58314

68

o

SHAKIHC VINE: W Seconds

Ac 0 T0R

~urw

V~n = c Vohs

7c Am

gentxx = g Vlg(ts
Ruwu gl+~ = g. <ac

AVIS A) R~ Aq As s'7
ECo RDBD ACCE LE RATIo H ( g)

Acc El ERR'TFR,
3 s 0 z~.o

MAXIMUM R,ECoR.DED QT ESS I'psI)

LDCATloA
GAGE N0.
DlP.ECTi 04
STREW + 78M.

l2

-(0 $69 io&8 ~49o

Gs S7

NQYES

Zi 0 Z9I 'u l3,Ic' 3LG o

FOR SYLE.:

Fan PI,-4E: I l





TEsT Ho. q t

TE5T DATA TABLE
Pag eNo.

DATE: 7-2<-zs- 'TAHE'. (r: rs.

A- A.'
z D'PA7-~

3 ~h'~ mw 8EA7< +* 4 w'5=.
C

TEST RESPONSE SPECTRgH: Fi~

SH'AKiHG TiHE: g se.coeds

Z. F'A

PEAK =

Ac 0 ToR

D TA

V~m = S V()hs

Ann ax = 7.'0 A'I

Ru.eaiP. Tive. = M ZeC

Av,is

M i 8 &CORDED ACCELERATiOH t,$)
Acc El ERoKE

Ao A)

2.0

3 7 /5 7

tg.z

NAXIMQM ECoRDED ST ESS tpsi)
LocATlOH S,
BRACERO. s <+

Dip.E:anode

STREW + 39la
% /IEL'D &5.6

HQTES:.

il 5o9
~,O o

S3

l'7 7l7
W3.2 o CSC u

Ss 5's

Zo 79Z aoSo
Cn3 l o 88. 8 o

9358

FGR SYLE.:

Foe. Pg4E: g'i/



r
k

-I

g



~ . r
~ ~

' ' «'/-'- ~
' s«* A' .«'4" ~ ~ ~v" 4« ' v ' 0 ~i rr»'r« ',k4 r v», v'" I i A '««:a~a" HATE r Wr'L «VJ

ReportNo. '8314
TEST DATA TABLE

g
70

TEST Ho. ~z. DATE.: p ~ p~ TlHE". (r: z>
( ~~+7$

pA gA. j j 3 Z 8'< F A.p'gs pc/44 ZPwac, 5/MS gEAQ

'TE.ST RESPOl45'E APE CTRLH'. Fi)

SHAKING VINE: 0 Seco~ds

ZPA
PEAK =

Vw = 4'ohs
A~ x .o A~

AXIS Ro A) A~ Rz

Rumaki Tie+ = QD sec

ACCORDED ACCELERATIOH ($)
Acc. ELERaY ETER

/4 )2
Z.o z 5 Ml ~ 7

20.

9, / J'z.
<.3 5 V
Zgo c'9Q

I
I
I
~

LDCATloH
QA6E Ho.
DIP EcTi 04

MAXIirIUM R,ECORDED DT ESS (psi)
5) 5> Ss

.% '/IELT)
$ 563 i9 Col 24 692.

MA o 57.8 o CS.Cn o

Io 458 30 /san
95 5 o (09.'Z o

NQ TES: 0 I'~6~<'E+ 'o+'74<7 BLo<~C. '/tO)C 5'cvl7 e.p~<

PuP To )Ac v g 7 lug Sc QE.GALS ~oRgg~g pc~q

FOR
W'tLE-'oP

pge'F.



I

I
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DATA Page No. 71

~ '> l ~ l l»k ~l ra ~ I I"r r r! r A«rr w r,«ra ir «roti «'s«r 'I r ~ «J ~ 4E d ««A 4 A~r~4W~ 4 4H,,W

Report No. 58314

E

'TEST Ho. p g DATE-: p-z(-p ~ TlHE: zs': ~~-

4R/l-: 4 I sr~r- Ec A.)(/5 B~

TEST RESPOl4SE SPECTRVH: Fl')

SHAKING 'TlNE: z- seconds

Z F'A

PEAK =

AC ToR

D~TA

'V~ =W o Vohs

A~ x

nnux = zd c> WMtts

Ru.~ai Tive. = w2) ze c

M 8 ECORMD ACCELERATIOH ($)
Acc E<ERoY ETER

l.5
I. 7.

A~ Az
I 7

Q
0

iV z.
WS ~V P !I.
t'|..S. >~ i 8'.9

n -6

7/ 6

LOCAT)<H
GAGE Ho.
QlP ECTl 04

.MAXIMUM 'CoRDED DT ESS (psl)
S3

- 7

STPESC +

% YIE L'D.

NQTES:

57oo
O'I e 'o

iS 0~3
4+.a, .

2+ ~7l
69i't o

9928
3$ l o 103,2 % Il.2 o

FOR
+YLE-'OP.

'Pg(E: g
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~

k



4 p» 41» iVC»» A~» 4» i ' 44 V( i ' V'Wl&~at»»~Nal »A,

I,

Report iVo. 58314

TEST DATA TABLE .„.. 7z

TEsT Ho. ~ ~ ppgE.-:7 ~< Tit E

P !c I Sa7- 2- Z-
'o

TEST. RESP)HSE SPECTRVH.'Ft') .......

SI-IAKIhl6 Tl'HE:~

2 F'A

PEAK =

Ac 0 ToR V~ = 8'o Votts

Ajax

@Ajax

RU.Yl~l T|CtLQ. =

ZCORr ED hccELER~'Tlo~ ($)
AXIS Ai A~ R~ Aq As

/ 70

+cc. zL.ER'aY E. TER,

7Z .Ql.lr .35~ 2Z
1 zo 9D

~ 65
2D

f. 2/

NAXlg.ug ECOR'bED ST ESS (Psl)
L'OCATlgQ

c ACE N0.
DlP.E.CYi OA

sTREM(+
ago ylELD 97 o

S3

l55 o

-3786
lQ,C fo

Sz Ss S7





r, ~ ~ - ' ' "
~>!'k rr», W 4 ~ '~ s'r ~ ~ ~ ~ ~ ~ r Iravr W 4v, »Wr v wi~ ' 'rlv, 'avvriai ~ > sN rn ~ ' d4 ' ' vr ''aa~Hs ~ i', *

'TEsT Ho. 4/~

Report No. 58314
TE5T DATA TABLE

DATE.: p z, p< TIHE: «.,
'

4

TEST RESPONDS'E SPECTqgg: R~

SHAKING TINE:z.~ seconds

~ ZPA
PEAK =

'c

0 ToR
QTo

Vennel.

= 4rX'OltS
A~cx = 7/4 AqO

~mx 1 so VJIX<fz

RU.MLi Time. = Q Qe c

ECORDBD ACCELBRATIQH ($)
SKIS A~ Rz AqAo Ag

A C C E f E R o Yt E. TE R.
s Rp.zg'9S].58'- S9

~ 7/ . 5o
|.73 z,. (b

~ w5 ~ 3

z is ]z <sS
z ~ Zo l ~ 7v

~I /W7 e$5

"MAXIMUM. ECORDEB DT ESS (Psi)
LoCATlOH

6.ACE Ho.
D)P.ECTlOQ

STaEm +

ohio y(E LD

NQTCS: ..

9o7 o

Ss
l3

-530l
7oo

S4- Ss
l5

-379r 92 85
N.7 o ll 0 o

FOR WyLE.

FOP. Pg(E: 1 (



l
l

l

l



R eport No. 58314

TEST DATA TABlE

TEsw Ho., DATE.: z, Tl~e:o: <

Srars'A.7 4'HZ

TEST RESPouSE SPECTRQH: Fi'~

SHAKING TiHE: > seconds

Z. PA
PEAK =

Pc 0 ToR
= Wsa Vohs

Am

«nax = o s VIM(ts

Raeai g;z — Qg ze c

acoRraD AccEt ERAwiow Cg)

Av,is Ao Ai Aq As
(<z ~dY I~5'~

A C c. E L. E R o H E TE R

w.7 270
g d

2. e z (f< z Y z7
7k ~Z'. 3''

.:N'AxlMUM RECORDED STRESS '(psi).

LDCATloH S,
c ACE Ho,
DlP ECYl04
STt.'EM + -It's'c

.13 l5 zo<ZI

l4 475 774a -'379@ Sso<

s~ s. S4. Sz S6 S7 S8

% yiEu M)7.0 ',

.HQTEs:

WZ, o zl 5 127 o ((.7

FOR Wy,LE.;

FOR Pgg E



I

i



Oct '. p,« ' «I whAt wl »« ~ ««<««df 'r». ~ v h«h«vh «w .~ ~ »rw«lw '»'» «» « 'S '.~» <'~sr r«» «««~'«„««,

« ~ 0
«

««

TEST DATA TABLE
ageNo.

TEST Ho. ~7 DATE-:g z.z-Zg Tl~+: (I: s-s-

I ~"

TEST RESVOVSa SPECTuue:R~

'HAKl@6 1 lHE: zo se.coeds

. >t'A

Pc 0 'ToR

~~QTo
~DTA

V~ . =Vsc Vohs

A~~x = d.g Am

nnax =
OO VlatfS

RU.Nl.i Tj~~ = QD zoic

EcoRDED QccEl ER+TIOH C'ml)

AXls Ao A) A~ Rz Aq As
Acc. Et ERoY EVER

75'$ 47 t'

~ 7

z 3/ M/5
3 7

p. 7z)

$ .0Q I y. I
~ 4 ]t ~ p

M AX l l«l 0 M E C 0 R.D E 9 BTR E SS (Ps i)
LocATtoH
ahcE Ho.
0lP.ECTt 04.
STREW +

%YIELD

NQ:TES:

5, 8< S~

toC.9 o G>.t o 9+9 o

-

+Lail

So5g

t&9 o 20Z

S7

FOR +YLE..

FOR PEKOE: g



I



TEST Ho. yp

TEST DATA TABLE
R e por t No. 58314

Page No.

h'Z SINE

TEST RESPOI4SE SPECTRL3H: Fi)

SHAKiH6 .TlME:2~ seconcLs

ZPA
PEAK =

o

Ac 0 ToR
QTo

Vw
'

o Vohs

Anna.x .
= .Q5 A%n

s~ Vlm~t:s

RLLlW,l TfQ. = cPJ ZC

ECORVPD ACCEI ERATiOH (g)
Acc Et Egos &TER.

/.o 4
Ax Az Aq As

.Q/ 1.(5 225 305
s A7

~~Y 8'.P
.70 V/0'ud

- $ 0 /.>0 /.50
V.- Z~ Z. ~a

MAXIMUM ECoRDED ST ESS (psi)
LOCWTI|LH S,
QACE Ho.
DIP E|"Tl04
STP.E.M +

% YIELD

HQTES

'> S~ 84.
7 8 la

S8SS - &0~I -H'm
(0.7 o Z7.5 o N.7 D

g.O

Wo88
H,6 o

FOR WVLE.:

Fog 'pcs'.





TEST DATA TABLE
Rep ort No. 58314

Page No. 77

TZST Ho. gg DATE-: Z-z~-~< T~~E'r~:«

gA,'.1 z ~rug SA7
X

TE ST. RESPot4SE SPECTR'(3M.'Fi)

SHAKlhl6 TlHE: z ~ se.cords

Z F'A

o

Ac 0 TOR
'V~ = c Vohs

A~ x 4.9 Am

. ~DTA encxx = 45 V(Mtt'8

RU:O'Il,j Tirg~ = Q s~ C

EcoRnaD hccELFRATjoH (g)

AYlS
A C c. E L E R a Y E TE R.

Aq Aa
z Sz Z-Z

2 7
~ Gt

s-S
~ of (/5 V. gS

g. So
~3a

NAXIMQM RECORDED GT ESS (psi)
LOCATl0 g
aACE N0,
Qlp E,CTl 04
STaem +

g.ylEL9

HQ TES:

Si Ss 84. Sz 56
l3

525 l - 7994 -3'796 3723

tas, zo.s . m 7/. Iz,+'~

FQR W'/LE.:

FoP 'Pgg'E /



I

I



TEST DATA TABLE
Report No. 58314

Page No. 7:8

TEST Ho. ~< DATE.-:7-z~-7~ TIVE: pO: z~

A RA: C'I l</+~

TEST. RES'POI4SE SPECTQQH: Fi)

S H AK I H 6 TW E:2o seconds

Ac 0 ToR

- ~DTA

V~ ~ = <zc Vohs

A~~x = d.8 Am

enax = /8 S WlXttZ

RU.whip Tive. =

ECOLE< ED ACCELERATIO~ ($)
4Y IS.

Ao
ACc Et Egad ETER

.So

~ 51

zan'oo
I tz. ( zg

~-Vs
Q Sv

lg 3

NAxlMUM R,ECoRDED ST ESS (psi')

LQCATloH 5,
QA6E Ho.
0 lP ECTl 04

% YIELD

NQ

YES'67'5Zt3 u

S3

-w (8%

ZSS p

8+ Sz Ss S7

l8.7 fo l&5 o

F0R W7LE.

Fog Pge'E: g7





'TEST Ho.s )

Report No'. ~ '583 l'4

TE5T DATA TABLE ~ ~, 79

DATE: 7 g~ pg TlHE':
(q:gp'dE

4

SHAKING VINE: ~o seconds

Ac 0 ToR

PEAK =

Vohs

~DTA

A~ x

RU.ox.i %Ice, =

-A~
%lmts

M 3 ECORMD ACCELBRATloH ($)
Av ts Ao Ai A~ Az Aq As

ACc Et Egos EVER,
- '95
33

/.2 9 .7o
3'b 3'0

t zZ Z.gS
~ /0

.ps

l. 7 0 7o

7 (0

LQCATicH
6A|;e No.
DlP.ECTi 04
sTREM +

c3
Ss Sz S8

'l5 l9 z.l

~ AX l MOM R,ECo R.DED QT ESs ps>

ogo ylELD

HQTES'z,g
'c > 5.5 l2..7 % to,7

'OR

WYu.:





} ~ 'eport
TE57 DAT'A TasLE

58314
'0

AA'A.'II' EA7

TEST RESPOl4SE SPECTRVH: Fi)

SHAKihl6 ViNp:zo scca&

ZPA
eEAK =

Ac 0 'ToR V~ ~ Vohs

Amex = . Am

nnux = p' VJKtis

l4lVfll'iffs.=

acoRvBD hccELBRATioH (g)
A c c. E < E R a Y E. TE R
Ag Rz Az - Aq As

~ 7~ t 5'~ t f7 s>5 .Sl zo S'
~ $

' 7 @go $ 75 g 5
~ 70 ~ '~ I <~

7 7o

.MAXIMUM RECQRDED 4'TRESS (psi)
LocATlog
QA6E Ho.
DIP.E:cTi OQ

STREW +

Ss 84. Sz

558o '-8370 "6<@t 4088 5986

S7 Sa

% yiE'Lr

NQ YES:

LS.S o Z$ .'LS p L'5.9'3.t" fu Zo.o





TEST DATA TABLE
Report No. 58314

Page No 81

TEST Ho.~z DATE: 7 ~> -~~ 'TlHE:

Al 4. I 2. A'~ Mr M EEA7

'TEST. RES'FO!4SE. SPECTRUM'f) ...

SHAK'Ihl6 TWE:<o~e.~ords

Z. PA

'o

P C TOR Vm = a Vohs

A~ x

~ax
RU.a~i Tive. =

N~< 8 E;CORr>E;D ACCELERATlOH (g
AXiS Ao A)

/ 5'S /./ CJ

ACc Et Eeoc E TER
r5.5

z. gg
s. Mz- . gz. -7/

+. r'a
I.25

n
(.7o

t,.e 0
5'a )9- 0

NAXlMUM ECOPDED ST ESS (psi)
LoCATl0H 5
9A6E Ho. 2.

DlP EcT(04
STRE& + (zec5 -z30(
%7IELT ((~,e G~ 3

NQTES:..

'-(70(9

+7.% o

- 3796 5548
(z,7 (85 o

Ss S7 S8

FOR +YLE.'





'Report No'.'"
58314'-'EST

DATA TABLE ~ g,~,. 8P

TEST Ho. ~ DATE: 7- z p-7~ Tt~E: I<: z
RBs~~+~t- wEAacH s'g~z sc E~P g pygmy

~ i 'Z-."~:s.lj z ":-2 c'~v-'~'iw " ''e"; z c-=''VAL-6E;:cbsz

'TEST. RESPoi4SE SPECTRVH: Fi~
4

SHAKiNG TlHE: s ~ se.~ords

z pA
PEAK =

Ac 0 T0R

D TA

V~ = Vohs

A~ x

~U 8%.i Tfee. = Z|- C

4'A i S
ACcEl ERMINE

Rs AqAo Ai A~

M~ 8 ECORMD ACCELERhrioH (g)

MAXIMUM R,ECo RUED STRESS (psi)
LocATlcg
GAGE Ho.
Dip.&Cubi04
sT~Em +

% '/lEL9 ZS.( 'o
lO+Cok

C 9,( o

t&sS9
Sl.5 't 3 'o

Sz Ss

to &o4
94.0 o

S~ Ss

HQTES:

Qo<IA.VCCan .un'.

FOR O'YLE..

FOR Pgg E:



l



Page No.

TEST Ho. ~"~- DATE: g-zp- pp TlHE: gg.g p

hs ~, p','~ ~ v I « ~ h, ~ I ~,s I!~~ ~ " «e; )l p«'~ w «~r.~)wl 's ~««A el «« lp as1444~'&41+v ««' ««+@~Jr ~o>Lv 4

" .."".:Repce t No.. "58314 .

TEST DATA TABLE .83-

A .'*
~

RZsow~~w SSAEch' o 2.C- 5"Ac vE
z. ear'aw gg 8PEN

~~sT «svo~s~ spEcTqq<, F;~ Z,PA
PEAK =

SHAKING" T
Ac 0 Top

GTo

s<<onds

A~ x

'Iohs

~U~Ri Vive. = ZeC

ECORDBD AccELBRpTigg ('g)
ACcE[ E~~g E~E~

Ro P,, P,g

. NAXiMQQ EgoggED
LoCATlgg
GAGE No,
DlP.ECTl 04': —.
STP.E.M +

%VlE1 a

HQTCS

'gESoV~Ac ~,

2[

Zl.s', c,g,g ', It.Z o l8.0 %

784 l -lO c oZ -.3358 gag g

S's 57

F0R WpLE.





tr t',r I r ~ L err t. 1'tt r r r !«r rr r A» rarer 'r rt» '
~ '» tt o ~ r» tr't»t~44'~t '

"r t " r = r ~ r" ~ ' r, „~ ~ r»»r r, " Qgpp~tNO, r t 583/,4;', t

TEST DATA TABLE p~geNQ

TEST Ho.~g DATE: 7-zz-zs TI~~+- /z ~z
2@= 7s- h'.

~ 2. C.

TE-ST RESPOl4SE SPECTRVH'i) Z F'A

PEAK =

SHAKiH6 TlHE:
Ac U ToR

se.cords
Vohs

RU.NLi Tice. = ZeC

Axis
ACc ELERaW F

Rz AqRo Ag A~

N i 9 ECQRDBD QCCELERATIOH (g)

NAxlMUH ECO RUED <TRESS (psi)
LQCATlog
&ACE No.
DlPEcTl'04

'Tt'.ZSC
+

Ss S4. S7

FOR eYLz:





TEST DATA TasLE
Report No.' 58314'5

TEsT Ho. mP DATE.: v-~r-)p TIVE: z~ ~q

f 5'7 O8 * 2- Xis'Xrs~ie. 4.''

'TEST RESPONSE SPECTRUM.'i~

SHAKING 'TINE: ~. seconds

'o
ZPA

Ac 0 ToR
GTo

V~n = c Vohs

.~Am
~ax = o %letty

14wl.i Time = g9 ze c

ECoRDED ACCELERhrioH (g)

Axis A C c. C L. E. R a N E. TE R.
Ao Ai Az Az

MAxiNuN EcoRr ED ZTRZSs (ps,)
LOCATION 5,
GAGE H0.
DlP ECTl 04
STREW +

% /lELV

NQ7CS

S2. S~ S4. Sg 5'g

FOR SYLE.:

Foa. PgjF: 7



I



TEST DATA TA8LE
Report No. 583 l4

TEsT Ho. ~s DATE- ~ 7-z ~- r~ T~ ~E- IS"'

TEST. RESPoI4SE SPECTRVH: Fi)

SHAKING VINE: /5 se.~o~ds

-ZF'A = g
PEAK =

AXIS

Pc 0 ToR
H~To

Vw = o Volts

Annex = 7./4 Am

~w VJm~t~

Ru,wu 5i~~ = /5 ze c

EcoRr BD hcCELERATIoH ($)

Aq As

NkX IMUM R,ECOR15ED ST ESS (psi)
LoCATlpg 5, 5> S~ 84.
~ACENO. z. s
oipacT~ow
5TPFSC + -(z ii3 <8 484 LL,095 90@6

oyo'/ling)

So S7 S8





,,«k ««r ~ ~ f >'r p 6 «qi a, ««rot a w '( ~a «Ala 8> i' ~V o44 4M<««C«AC4+'~~~ace~««w,'L

I'EST

DATA TABLE

TEs T Ho.~ DATE.: 7-z s'- p~ TlHE: lo,

MQ/ 5 Af 1 c )4 tel

TEST RESPoHSE SPECTRVH: Ft')

S H AK I H 6 VI H E: 2. ~ se co~ds

2 PA
PEAK =

Pc 0 T0R
GTo

V~ = o Vohs

el ax

RU.8%i Tive. =
o VJu.~t~

Gee

AXIS

ECORDBD ACCELERA'TIOH (g)
AC.c ELEC+ F

A. A> A~ R~ A~

MAXIMUM RECORDED BT ESS (psi)
LoCATi<H g, g> S. Sz 56 S7 58
GAGE H0. s
DlP.Eel 04

lo

STRES~ — l9 9OQ "lQ '59t -ll55& -6570

% YieL'D n.c 5 +5.5 'o 3c.9, st 9 'o

. HQ:TES:

l(,o fo

FOR WYLE.:





TEsT Ho.g o

TEST DATA TABLE. Report No. 58314
Pag eNo. 88

DATE: p'-gg -pp TlHE: go,g]

7A'BE MM/5'mI c Q'L&ga
j

TEST RESPOhlS& SPECTRUM: Fi)

SHAKlhl6 TjME:zo se.coeds

Ac U ToR
QTo

D~TA

'V~
.

= V()hs

A~ x

enax s oVJ<<gs

RU.ii'iij T(rg~ = g Q Be.C

EcORDBD hccELERATjOH (g)
AC.cEl EpaNE.

Ao A) A~ As ~ Ay

LoCaT~cu
QAQE Ho.
Dli'.ECYi04

MA<(MUM RECORDED ST ESS (psi)

Co ct

sTzEM +

% YtEL'D

- 8789
2+.4 o

29Zo
9,7 'o

F0R WYLE.

FOR PggE:





c

TE5T DATA TABLE Report No. 58314
Page No. 89

TEST Ho. DATE: 7- z s'- r8" TlHE:

~I8'p~ g'- p'j5 MErs~le 'kA~&M

'TEST RESPOl4SE SPECTROH')gg/lO~II/

SI-IAKIhl6 'TINE: » second.s

Z PA
PEAK = 9

Ac 0 TOR Vw c Vohs

VJu.<ted

Rulai TI>e. =

AXIS
Acc. ELERoY &TER

Ao A) A~ Aq As

M 8 ACCORDED ACCELERATIOH ($)

MAXIMUM R,ECOR.DED STRESS (psi)
LOCATlSH 5, Ss S4. Sg 56
QA6E Ho.
DlP.ECTi OW

% '/IIELD

NQ TES:

iz,|-o %

lO

- 823)
ZC3 o

Za Z 1

292o
S.7'o

FOR eYLE.:

Fan Pg4E:





TEST DA'TA TABLE
Page No.

58314
90

'TEST Ho. g w DATE: ~-zy 7p TlH~

>Ra.'4 ~
4 ~ ~ Q'/s N /c

. -"o

TEST RESPOt4SE SPECTRVH: R~ z.rA =

PEAK =

SHAKIhl6 TINE: z~ s~~oncLs

Axis

Ac 0 ToR,
QTo

V~a = c 'itahS

A~~x 7s Am

Aq As s A7

nnax = 5'o VIH<ts

RU.ii%i 1 ice. = 8 <~<

ECORDED ACCELERATIOH ($)

~
~ NAXIMOM ECoRDED ~TRESs (psi)

LOCATiOH 5,
QA6E No.
b~pE:moQ
STP.EM '+

% YtELs

NQTES:

t07 o

Ss S4.
lo

-7394
25.5 o

20 Z/

292.o

9.7

Sc S~ Ss

F0R W'tfE-:/

FOP. PggE



I

I

I



» ~ ~ ., t a ~ »»... qi y ~w >,» v gal»'* vw) v ',s "'»wa' v'» Pc ~Vms»kvÃa'v' 's z»»»i. ~ .

TEST DATA TA8LE'eport No. 58314

VEST Ho. gp DATE:pz 7g- . TlHE: [t', (o

ssH r~ P(l MAAJ

ZEST RESVOl4SE SPECTauV: Ry ~/PiP

SHAKlHG l lHE: 2 Seconds

ZPA
PEAK = —

Q

Ac U ToR
QTo

V~ o Vohs

'A~ax = z~s- Vlmts
Rumaki lice.= 8 sec

ECORMD ACCELBRATlOH ('g)

Axis ACc Et ERaN EVER,
Aa 'Az Aq As

LOCATION

NAxlMUM ECo RUED BTR ESS (psi)

GAGE Ho. + .7 S iS

% YIElD l3,4 /o SS.O ~ 97 ai&,S o

DIP.ECT~ 04
STPESC + m,443 6975 -i2 97+ -292o

20 2f

5(tO
i7.0





TE5T DATA TA8LE
R eport iVo. 58314

92

TEST Ho. <v DATE-.: 7 z r vr Tlat&:

ls:+'E-ST

RESPOt4SE SPEI TRVH'. Fi~

S H A K l H 6 Vi 8 F.: 2D se.coeds

'o
ZPA
PEAK =

Pc 0 TOR 'l~n = 7o 'Itohs

A~~x =
. A~

AYlS A

RU.nai Tive. = ~
acoRoaD AccELERh>los (g)

ACc El ERaY ETER,
A| R~

|. ok
~ /0
~ I Z

~ /V
~ I Z. ~ t

.2
~ 2Q

~ So

NAXlMUM ECORDED DT ESS (psi)-
LoCATlog
QAQE Ho.
DlP ECYi04
STREW +

% '/IIELD

HQ

TES',

S~ 84,

-Z'7Z 0
7,4

S7 58

FOR WJLE.

FOR 'PggE;





II

TEST DATA TABLE
Report No. 58314

TEsT 8 o. gK DATE: 7-zr-rt TIME". ( S. s-~

p gh.''I $ 1&E 8E+7-
Sgl 5

h2 ~

TE-ST RESPONSE 5'PECTRVH: Fi~ ......

SllAKlHC Tlat: ~o s<~~ds

2-PA
PEAK =

Ac U ToR V~~ = o Vahs

A~x =d ~~A~

QXlS

RU.NUg Tive. =

FCQRDED QCCELBRATIOH ('II)
A c c. E i E. R a 8 E TE R

R. A, A~ Rs An

~ I Z.

Iqt i Z
.zo

z,O TS
,'55

2 t'.

/. OO
.03 . z~ -4o

MAX'lMUM ';ECoR.D+D ST <'Ss (Psl)
LoCATl<H
ADAGE Ho.
DlP E.C71 014

% '/IEL'0

.NQ
TES.')

8,7 'o

S3

-99Z9
iG.S '4

, ~

S7 SB

FoR WYLE.





h Xl « ~ ~ h ~ h flat ~ W«gW h'1& VL h Ph Ah 1 " M «hI I 1 ««h «4 «A
~ -

~
' ~ h

' ~' geporg No '833.4"
TEST DATA TABLE'age No.

TEST Ho, g 4'ATE'-; p g.q„p~ Tl~e': /p>s-s-
4 Ssw4,'.. r

TEST. RESPOl4S& SPECTRUM: Fi)

S HA KIN6 VlHF: za seconds
PEAK =

Ac 0 TOR
'V~ = 4- o Vohs

Ae)o.x = .g4 Am

nnax = r Vl(utz
RU.nai Tisane. = gD «o

M~< 8 EcoRDBD ACCEI ERATlOH (i3')

AXlS:

.z ~o
2 2

A< A~
~.PS ~.S

. z9
. ZZ-

~ z.d

Rz A<
z-95 3 3

..s g
~ 8
7

-3

A C. c. E C E R a Y E TE R

~ IX

MAxlMUM R,ECo RUED BT ESS (psi)
LoCATisH 5, S~ S. S~

Co 2l
DIP.ECT~OA .—

% YIELD

NQTES:

4@3+ - Sz'5l
l2.i, 2'.c,9

4otg

FOR SYLE.:

FOR PgO'E:





*
~ ~ ' 'I II t J w ~ g1 .,Ijg'NIVAL~' hj t ~ >e ~ J~~ ~

' ~lie ~ w ~i» ~'vs.m l "~

Report No.. 58314 ~

T EST DATA TABLE'age No. 95

TEST Ho. g 7 DATE-:7-zw-7e Tlat&: z~.'~ ~

P .eA ~i-
8z~~3

z." ~ ''E'mN '"

1 EST RF SPOt45'E SPE I"TK)H: R)

SHAKING TINE: %< seconcls

ZPA
PEAK =

Ac U ToR
QTo

Vwm = ~o Vohs

. z-A~
= gals-o VJm~tz

RU.Yl~ . Ti~lo = P-Q 4<c

ECOar>ED ACCELBRATIOH (g)

4Y lS
A C c E l E R a 8 E 'TE R.

~ 9$
3 0 7
|l3

.g5
.4o

~ 7/
~ /

7 6

/ $ z-g

.MAXIMUM ECORDED Zf ESS (psi)
LoCAT)oH
QAt"E N0.
D,lP ECT) OA

sTREM +

ol.ytELr

HQTES:

899
t(.7 r

Ss 84.
14 zo Zl

7(7o 75;8 p tQiC y CO,S o

FoR v/YL

Fok P$ 4E:



I

I

l
I

t'



TEST DATA TABL~
...: Report No; 583'14; "

TEsT H o. 4z DATE.: 7- TlHE: (~-. s-

78k/79'-''g(s ,n

C

TE-ST RESPOhlSE SPECTRL)H: Fics.

SHAKlhl6 TlME: ~a s«o~~s

zPA = g
PEAK =

Ac 0 'ToR

QTo

V~ = 4'zu Vohs

A~ax = d4 A~

nnax = 8 o VIK<ts

Rumi Tive. =

ECQRDBD ACCELFRATloll (,'mw)

AY lS A
~ 3

ACc Ef ER'oY ETER
Aa Rg Aq

.o l/.0
Y 0

~ 55 5o
~ 5 . g .Z

~ 6 I o /. Z- Z-7

MAXIMUM Q.ECORDED ~T ESS (psi)
LDCATLoH
QACE Ho.
QLPECT104
STREW +

HQTES:

i&A .

S3

8 l(9

36. 4 'o ~ey 0 ~

S7 Ss

FoR vlYL~

Folk Pg(F: P~(



t



TE5g Dp,gp TA8LE R~Port No. 58
ageNo., 97

TEST Ho. 4/ DATE: 7-zw-vs Tlat&: D .'op

F'zRA"4'I 'Stm8 BE's ": 2; x

!

TEST RESVovSE SPECl ate: Fi~

SHAK186 TlHE: z~ seconds

Z t'A
PEAK =

'o

Ac U TOR
QTo

D TA

V~ x = VohS

Annax = gg> Am

enux = I ~o Vl(ltts
RUQi T(~~ = g sec

EcoRDBD AccELERATloH (g)

/ o5
/ /0

3'Y ) o
'Z E zg

NAxlMUM ECORDED STRESS (psi)
LoCQ tgA
%AGE H0.
DlP.E:Cn OQ

7 9
Ss 84.

I7

STt.'E~ + |" 975'z 874 z92o 9'z lZ

Io Y(E.Lr l 9.Q $60 o -9.7% 22.( f

FOR 4YLE..

Fog. Pgg E;
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TEST DATA TABLE
58314
98

TEST Ho. Pc >ATE-.: 2-~s-rr T~~+: s-. »-
O'Z~7-

+RA-'"< ~"" "/'4 l+ ~ '*S~~6" ZEa> " A-X''

«

I

«

TEST RESPol4SE SPECTRVH: R~

S H A K l N 6 'Tl8 E: ~~ seconds

LPA = g
PEAK =

Ac 0 'ToR V~n =We~ Vohs

A~,
coax

= 7o Av
Vlans

AYlS
A c c. E f E R cr N E. TE R,

Ao . A) s R7.
3

.V I
7.F s 2.

5 70 ~ 1~ l/5 t i

MAxlMUM ECOFLDED GT ESs (psi)

~Un<i Tie+ = PD sec

M 8 BcoRDBD AccELERATloH (g)

LDCATiiH 5,
SAGE Ho.
DlPECAOA
STRESS +

% YiEL'D

HQTES:

Ss

+7@5 >9 i t2. -. 45RS
27,( o 9&,l o I'%t o 2&i', l0,7

FOR WYLE.

FOR 'Pgg:E:
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«« ~, «( fl «««AW, « ~, «4««aW' «Ag g t~~«1 «84« '« Ik«««k 4 I '4 ~~f~~kAQ'««I
««

TEs'T Ho, 7g

2. o h 2'
QC&rS

TE-ST. RESPONDS& SPECTRUM: Fig
« «

S H A Kiril6 TINE: Q 0 seconds

ZPA .=

PEAK =

4XlS

AC 0 ToR
GTo

Vnn = o Vohs
= 48 Am

~a~ =/87s %la(ts

Rungi Tim> = D sec

ECORDE:D ACCELBRPTiOH (g)

Az Aq As

t.OQ .72,

7-0 5 K
3 «

(7

3 «

MAXIMUM Q,ECORDED QT ESS (psi)
LDCATlsA 5,
QACE No.
DtpE:CTiO@

STPESC + Saos [0+gS

Ss 84.

% '/IEL'D

HQ TES:

Z.'9 ~ 29.l 'p [ 0.7

F0R +YLE-:





TEST DATA TABLE
R eport. No 58314

Page No. 100

l

Pare: 4 ( "'ZOLlz"' SiuF

TEST RESPONSE SPECTRl3H: R)

x- -A~

SHAK(HG TiHB:g Seconds

Ac 0 'T0R

QTo

~DlA
Ru.8%i Vive. = za c

ECORDBD ACCELERAT)OH ($)
ACC ELERoH ETER.

(-9 g9 (.gS
2 7

.I 9
S- (

~ 0

(U ( t/. o
/D. / .7S

p-I
MAXIMUM ECGRDED GT ESS (psi)

LoCATlog
GAGE H0.
DlP.ECYi OA

STREW +

% PIELZ

Ss 84. Gs S7 S8

FOR WYLE. i
FOR Pg4 E:
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Report-No. ". 583'14
'

TEST DATA TABLE 1 g, N,

TEST Ho. p> DATE-: 7 zp 7g. Tl~e: (g '. >s

A 't.

TEST RESPol4SE SPECTRUM: Ft'~

SHAK'ihl6 'TlHE: Q se.concLs

- 'LPA
PEAK =-

o

Ac 0 ToR

- ~DTA

'Vm
'

Vohs

A~x =S8 A~

en ax

Ruwu gl~e = g ~eC

$ 'A l S

M 8 ECORDBD ACCELERATioH (g)
A C C E L E R' ~ E. TE R,

zW 3.
V'-

V(
1.36 I ~ 52 I. 4S

(t l

MAXlHUM R,ECo<DED <T ESS (psi)

%7IELr

NQ7ES:

|". s o vz.7

LDCATioH 8,
QA6E Ho. z
DlP ECTi OQ

STt'-EM + 7osi zoic

S3

W 733
[30 o

&SOS 23 o$ 8 . 4234
29,7'o 74.9 ~ I+( g

S7 Ss

st sZ 39+'K
eo.4g t9.( %

FOR Vt'/LE.:

Fog PgjE:





'TEsT Ho. P

Report No. ''58314"

TE5T DA'YA TAMIL Fag e No.
102

DATE-: 7-z F-p~ TINE: tc; +s"
cp PEA-7'S

pp ~ '%~ 'z 5 w'2 A

'TEST RFSPOI4SE SPECTRL3H: Fi)

2 4 ze
P~~'5'PA

PEAK =

SHAKlhl6 TlNE: Pb seconds

Ac U ToR s 'Ahs
.~ A~

enax = /FED VIHtts

Ru.mi Tive. = ~D

4'AlS Aq AsAo Ai

ECOeDED hccELERATioH ('g)
Acc El Egad &TER

/ 7 rat ~ /
s5 .sS .y5

. 35 ~ v-9
3./ /o $

'0

MAXIMUM RECQRDED ST ESS (psi)
LOCATE <H

~ACE H0.
DlP ECTlOA
sT~EM +

ol.yiELr-

5, 5> Ss

l+ Zs 3l 7'+z79
l$ .l o 8~< o

-'74<s <39+~

S7 Ss

NQTES.'oR
vlYt
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\ -" Report No. '58314
TEST DATA TABLE ~~ge NQ 103

'TEST Ho.'7W DATE: p' g 7 'TlHE:

+RA' I. 32
p gEA7

s'E-ST

RESPOi4S& SPECTRUM: Fi'~

SHAKiHC ZiVV:z.a seco~ds

. zpA
PEAK =

Ac 0 ToR
QTo

M

V~ = o Vahs

coax =/ gO VllXttZ

Ruad.i Tive.= PD <~c

ECORDED ACCELERATiOH (g)

Av,is Ro Ai Az
l.f I W5
YS .V~ .ZS

Aq A,s

zV ~P

A C. c. E C E R a H E. TE R.

. zd'
'2 t mS l. 7

MAXIMUM .RECoRDED ST ESS (psi)
LQCATtoA 5,

97to5 '

flEL'D 2.6 o 27,l 'o

QAQE Ho.
DIP.Et"TiOA

STP.EM + basso

Ss S+
'l7

-is,caf 9~eg
4$ .4 il.o fo

e(os

Z.7.o %

56 S~ 58

F'R 4'/





Report No. „'8314
TEST DATA TABLE,...,. >04

TEsT Ho. DATE: -gg pp TlHE: (7,'

4f H u r

TE:ST. RESPONSE SPECTR'OH: Fi)

4u 8'i A

ZPA
PEAK =

, SHAKlH6 TlHE:
Ac 0 ToR

QTo

se. cond.s

V~ = Was Uohs

A~ x =Sr Am

encxx = 1878 VJNt'S
Qe t-„

ECORDBD ACCELERATlOH (g)
ACc. El Egos ETER,

Ro A< A~ AZ Aq

MAXIMUM ECORQED DT'RESS (psi)
LOCATION
SAGE.HO.
DlP.EcYi oQ
STREW +

% YIELD

Si 52. Ss Ss S7 Ss

FOR WYLE.,

Fok 'Pg)E:
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TEsT Ho. 7

''" R'eportNQ.' '583'14''

TEST DA'TA TABLE >zge NQ 105

DATE: ~„p~ T l HE': /~i

j

'TE-ST. RESPOASE SPECTRQH: Fi~ . 2-PA
PEAK =

SHAK~86 TlHF:
Ac 0 ToR

QTo

seconds

A~ x

RU~Ri Tive. =

Vohs

Qe |-

AY,lS

EcoROFD AccELERATloH (g)

RzAo . Ag A~
ACc. EL.ERoN E.TER.

NAXIMuH ECORDEB 'ST ESS (psi)
LOCATION 5,
aACE H0.
DIP.E:CTiOA

sTREM +

%'/IE 0)

Ss S4. S7

FOR W'tt





WYLE LABORATORIES

CUSTOMER Pg r 'C Job No. >g

Report No.

Page No.

58314

106

Full Scale

Operator
~ ~

Specimen /0" V~<v C

Date 7-28 >8'amping Z 3 5'xis of Test P P v'Ec7

RESPONSE SPECTRUM

~gg g p ~ s J 15'7 w - og1r

2 3 6 6 6 7 8 910 3 6 6 6 7 8 910 2 3 6 6 6 7 8 910

9

8

7

10

t ~ t ~

Ia

$ 0

~ ~ ~ ~

It I ~ ~ lt ~ I ~

I I
tt I I 1 10

t ~ t ~ I
~ I I III

\ ~ltt ~ I II'
t I I

~ I I \ I
~ t
~ I

~ tI'll It ~ t t

t t I ~

~ I ~ I ~ I
~ I t I I I ~ ~ \ I ~ ~ t ~ ~ t

t ~

t ~ t

I I' ~ I I I I I I

II I I I I

I I I t i 1
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WYLE LABORATORIES

CUSTOMER Pdf ~ Job No. Sg3rM

Report No.

Page No.

583l4

Full Scale
tt

Specimen /~J" V'ALuC

Control (4) Response ( )

Date 7-Z Damp1ng 8 3 S' Axis of Test P 8'b

I(~g 6 d 6 7 8 910

RESPONSE SPECTRUM

6 6 7 8 910

I ~

~ I

8-~ om

3 6 8 6 7 8 91

I ~

10
9

8

7

~ ~ ~ t

~ t t

~ ~ I

t ~ I I t ~

10

9
8

7

Ito

t ~ I I ~

~ t ~ ~

~ I ~ II ~ t I ~

3 Ill 10

~ ~

I I ~ II ~ ~ I I ttt ~ I t I t ~, ~ I ~ ~ I

0

~ t
~ I

~ I I I ~ ~ ~ ~ .tttt III
I I I II I II~ I

I I I I I I I I III

t ~ t ~

I II
I I I I I I
III I I I

~ at
~ I ~ I

I ~ I I I I I Pl

IIII I I I I 3 I

t ~ ~

I I I
2 10 F11EC1UENCY Hz 100 200 1000
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WYLE LABORATORIES Report No. 58~ 4

e CUSTOMER 7-~ Job No. S8~i Page No. 108

Pull Scale (r 0 g Accel. No. 9 Conttol ( 0 Response ( )
7 N >

1
~ t

1 7
a

~ (
a 1~

'i '. ', ~
'

~ . r> . l. ', ..',. s, ~

Operator NEKAArel S pecimen 5 A'~ ~

I Date Damping r( ~ Axis of Test

8'y

6 6 6 7 8 910

RESPONSE SPECTRUM
3 6 6 6 7 8 910

i E~<~gg SS'E
3 6 6 6 7 8 910

9

8

7

I/o
~ I l ~

10
9

8

7

2

~ I ll~

~ > I
~ I I

10'

I I I >I I I' I

I ~ ~

~ > ~ I ~

0

lJ
0

Iq(
~ ~ l I

I I
I> ~ I ~

I I I I
I ~ ~ >

~ I I
I ~ ~

~ ~ I l I ~ ~ . l
I I I I I III I

I I I IIII I II I
I I I II I III I

~ ~ I I ~ ~ I

II I I ~ I

~ ~

10 FREQUENCY Hz ) 00
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WYLE LABORATORIES
I

CUSTOMER e Job No. S 3i

Repor t No.

Page No. 109

I,

Full Scale /'67'
1 ~ ~ D ~

~

~

~

Operator

Date 7- Zg-

7&'ccel. No.
t

Specin1en ~4'" 4 >~
>6'amping

Z~ 3'

RESPONSE SPECTRUM

Axis of Test

*$<z<gx s~c-'

3 4 6 6 7 8 910 3 4 6 6 7 8 910 2 3 4 6 6 7 8 91

~ I

Control (4i ) Response ( )

10
9

6

7

2

i ~

i ~

t t ~

~ t ~ i
I I I I

i ~ t 7

~ I ~ I i ~ ~ I
i ~

t I ~ ~ ~ t

I ~ \ I
i t ~

\ I I
~ ~ I I ~

t I ~ I
~ ~ I tii ~ I

I i I ~ I I ill~ ~ I
~ i i
I t ~ I ~ t lli~ ~

~ t
I I I ~ I I

it ~ I
i ~ I I ~ I

i ~

I ~ ~ ~ I ~ t ' I I

0

0'

I I ~

i ~

I ~ ~ I ~ i
I I I I I

I I I I I
I I I I I I

IO

i ~ ~ ~ ~ iill ltl
I I I II~ I

I I I I I I I III

FREQUENCY Hz

~ ' t

I I II Iieet I
I III IIII I
I III III I

~ i ~ I ~ i i I i ~ i ~ ~ I ~ i

I I I I II I I ' III
it I I I
II~ I I I I
tlII I I I

I I 1

l00 440 / 000
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WYLE LABORATORIES

CUSTOMER Job No.

Report No. 58~14

3~+ Page No. 110

Full Scale . 0 g
a I e o 9

Operaror ES AA4

I ..., - S'- lpga

Accel. No. Control (Q Response ( )

Specimen /
Damping 2 Z% Axis of Test g 'lPIZ,

RESPONSE SPECTRUM ~f67 Q/
66676910 3 6 6 6 7 6 910 2 3 6 6 6 7 6 9101

9

6

7

10

I-
w

.Iz

~ ~ ~ t tt ~

t ~

~ ~ t ~ t ~ t
~ ~ I t ~

tt ~ t tt
III t lit

t ~

I I t II I I

I ~ tt
I I III

10

t ~ t ~ ~ . t ~ tt ~ ~ ~ ~ t ~ t I ~ t t ~ t t t ~ t t at I ttt t ~ttt I t ~ ~ ~ t t ~ ~ t t t tt ~ ttt ~ I I ~ ~ tttl tl I t ~ ~ tltt ~ ~

~ t
t ~

~ t t ~ t
~ tl t ~ tt

~ ~ t I ~ t It ~

It t I ~ t I t t ~

~ t t I I ~ t t t ~ t ~ ~ I
I I I III I I I I t tl

I I I I I I II I I ' I I I I I I I I I ll
Itll I I I

I I

II I I' I I I I I I I l I

litt I I I I I II II

FREQUENCY Hz
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WYLE LABORATORIES

CUSTOMER . W/2- Job No.

Repor t No. 58314

3iY Page No.

Full Scale
I

Operator

anping ~P/ Axis of Test I L/I f27

5
RESPONSE SPECTRUM 711 Sl Q / QB'Q

Date

Izob, 2 3 I 6 6 7 6 910 2 3 6 6 6 7 6 910 2 3 6 6 6 7 6 910

g Accel. No. ES Contxol ~ Response (

L~k44 Specimen /4 Pg 6 V+
-2P ~E

0
9

8

7

ll II I 10

6

0

V

~ t t ~ t
~ t

I ~ I I t
I I lttt

I I ll I ll

~ ~ t t ~ t
~ I I

10

~ t ~ t
~ t

~ ~ ~ t t
t ~ I I ~ t ~ t I I

~ t
~ t
t t ~ ~ ~ t

I ~ t t ' t
t ~ ~

t ~ t t

t 7

t ~ i

t ~

t t ~ t
t ~ ~ t ~ t ~ t tt It< t ~

I I litt I I I

t ~ t t ~ t ~ ~

I I I I I I

t ~ t
~ I I

~ t ~ t ~ I ~ t t
t ~ tt

~ t

I I I I I I III I I I I I I I I I Il'
I I I I 1

2 10 l00 200 1000FREQUENCY Hz
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WYLE LABORATORIES Report No. 58314

CUSTOMER Job No. Z~W Page No.
. 112

Full Scale lC 0 g

Operator i4 ~F2 A

Date

Accel. No.
/1

Specimen

Damping ~+SX Axis.of Test ~Z iP.

Control (+ Response ( ')

8bua * '""

ll/~Q 2 3 g 6 6 7 6 910 3 4 6 6 7 6 910 2 3 g

RESPONSE SPECTRUM ( K ~ (

6 6 7 6 91
10

9

6

7

~ I t ~ ~

~ I
~ \

~ ~ I
~ ~ l ~

I ~

10
9

6

7

6

I/,8 I t I 1

I ~ ~ ~ I ~ t t

10

~ ~ l ~ ~ t I ~ ~ I I ~ ~ I ~

I I t II ~ I I I I ~ I I I ~ ~ I I I ~ I II t ~ I I ~ l I

~ \

I ~ I
I l I t ~ I
l I Ill

I II~ I

I ~

I Ill
I I I IIII

~ I

I I I ltl
I I I I.'I

I ~ I ~ l ~

~ I I ~ II
I Ill I

I I I lt I

I ~ t
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WYLE LABORATORIES

CUSTOMER wE
Report No. 58314

Page No. ~gg
Full Scale O Q g

Operator /0 &An/

I . Data ii 7Z

Accel. No. Control (+
Specimen /4 ' d~

~/a'-'amping=

3 S % . Axis of Test

Response ( )

3 6 6 6 7 8 910

RESPONSE SPECTRUM

2 3 6 6 6 7 8 910 2 g 6 6 7 8 910

9

8

7

6

~ I

~ ~ ~ ~ ~ ~ ~ t ~ I ~ ~ I I I tttl t ~

10
9

8

7

i I I I 10

I ~ I ~ \ I ~ e I I I
~ I I I I

~ t 11 ~ ~ t t ~

~ Ill I
1'

I ~ It Itlt

t ~ 11 11 ~ ~ I t I ~ ~ I ~ ~ I ~ I ~ I ~ ~ I \ ~ t 11 I ~ ~ ~ ~ t I ~

~ I I I I I II I

I I I litt I
I Ill ill

1. I I I ~ 111 IIII
I I I I I I II till
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I I! I ilil It I I

I I I Itl I
III I I I
I I I I I I I

l000
I I I I I 1
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SPECIMEN

CUSTOMER

PART NO S I TEST BY

WYLK LABORATORIES

S/N

TEST: >~~> 'c g 4 Po

WITNESS

EQUIPMENT MANUFACTURER
MODEL

- NO. RANGE
WYLE
NO. LAST

CALIBRATION
DUE ~ AGCY.

co f'l3ooo

pod

bl /j-oo

/>" P4
ooo cFZ Jjo" o/

oo cF J
o II

I oo 0 cF l J

XE uo Co~r

c'Fw
c ygPPFA

iF c ppd+

JFRVcp cy M)R Q'Fj2 >WPP F+. Q 0

bio

c/4r

VJF

V/F'-

P/i>rdÃ

pu/rr/
dgocrt- JPFcrdue

nlgC

c NPPF>
c i/PPrk

g+Fc7MC
icy /s Z / o C n/N

iog VJr

FF rc
ggudZ

Fc /um dZ/PFA'P.~ n wiA P ZlZ gpo U Jg
SPFcr u~

gyve~
FR />3 7/s 70 PgioA UJF

u rA. J PF'

um J eg 7A'AX I'zz
J,oU O ~9 g/WZ )/

/,~ r io HZ. 1)'~7+'

~og
PA'oR

dJ cy~

W614C Qc

prX
/iFeSF'

c gP
rtFwdmm

c
S'R uFZ

7oo $8

z V/b

P'~ 3o " J'FC
= zv" JFc

guAd

Do a rona c azoic

-z7-)8

P- 7)- 78

VJc

P- z9-7

8 -z)- ~8

SHEET

%
JPd'c'F





WYLE LABORATORIES

CUSTOMER

PART NO

S/N

TCST:

CcE
E'E 2dC. Km5cD

/Pgc

SPECIMEN /~ /4 U4Lc/P
JOB NO.

DATE $ /
TEST BY

WITNESS

EQUIPMENT
MODEL

MANUFACTURER 'O.
S

RANGE
WYLE
NO. LAST

CALIBR ATION

DUE AGCY.

cdcc- o Jscd ltd

AccE e e/L4

c Z 744

4/~nbCM
4I/CA J

c/u//oc~

cruhoc t9
/c

4rukocrj

+us'cEC VP
/

C/u JI/o c.&4
r

4/uHoc,'TQ

Qu4047 9
/

: 7SB2/

7S'r..

'75 2/

->Boo

o -Joao c

oo

0 -/do

o -roon

7833

7 B

vsvz

73'o3

SCC

- 5'-7

+'-4/. 7

S'- S.78

0'-/a- 7

3-23 ~ 78

5 29 78

3 23~7

7 5-7

7- 9- 78

8-S-7

7- o-

4 z3- >5

8-2V-)8

-23-78

CE or,

go/
-2 /D

"Zor
- go/

CC LE<c uE<ccA.

c

LCc oW rc II„

co

C.d'Com wc..~

0/If 1 4'4

c e Jc'.O/I E'7EW
W 614 C

C/~//oc.<4
ro ice

Crm Hoc,vg
8/4
uw //ocr'0
/4~/ c4

7Sd z/

7$d 2/'.

7$ 'a z/

~ uw HD c.lV
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/c,WJE

.ue//oc fg

' CIZ/
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4/~/+ c.r
'/4
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Cf+po c r8

O J'
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0-r o &-
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-rooo &

-r ooCr

S>/

Sc.

78m v

71 )')

75

$-3 -)
5- -7

5'- Sr-7

5 c/ 7

s-ac/-

-2C/-)

S.-Z Cl-)S

S-2/->8
5- /-w8

8-3o- 7

8'-3/- )

8 So-)

8-e- )6
8'-~v-78

8-~t-)8

.8- z V-7g

- o-'78

8 3'o-)8,

SHEET

- gD/
A Zo

p o/'/

Q

- Z'/
JCE/ I
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CD ~

cA"





CUSTOMER

PART NO.

S/N

SEE ZE'C Mr S+

std'2FC. +Hgp

8% ~ PPg ~ wl
DATE

Crit/W'ESTBY

WITNESS

WYLE LABORATORIES TEST. S /S~r C.

fQUIPMENT

~cc

4E'ODELMANUFACTURER NO.

rr~rro c

0/4

RANGE

CVrue

WYLE
NO. LAST

-rl -7

CALIBR ATION

DUE

6-/6-7

AGCY.

e 7cF<

A c c w TwW

crcrrryc tk
0/mrF
4ou+o ct'9

Jr mi4''on f
/ r

cd Ho "+~
/4<I 8

5 2/.

5 21

0

Cr
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1. OBJECTIVES

1.1 To test the structural integrity and substantiate the operability
and performance of a 14 inch double disc motor-operated gate valve
and its accessories by shaker table testing.

1.2 To qualify seismically this valve and similar valve-actuator
assemblies of the Diablo Canyon Nuclear Power Plants (Units 1

and 2) for the seismic inputs associated with the postulated
7.5M Hosgri event.

1.3 To document the testing in accordance with this procedure.
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2. NAME PLATE DATA OF EQUIPMENT TO BE TESTED

2 .3. VALVE

Manufacturer: Darling Valve Company
I

Model: 14 inch - S70DD (Weld end, outside screw yoke, double disc,
with Limitorque operator)

Series: 300 lbs.

Material: Stainless Steel ASTM A-351, Grade CF-8M
Minimum Yield Strength: 30 ksi
Modulus of Elasticity: E = 29.2E6 psi

2.2 STEM

Material: 17-4 PH Stainless Steel
Yield Strength: 110 ksi
Tensile Modulus of Elasticity: E = 28.5E6 psi

2 . 3 ACTUATOR

Limitorque, Type SMB, Size 0

Serial No: 95918A

Motor by Peerless Electric

Frame: P 12M

Volts: 220/440

Amps: 14/7

Cycles: 60

Phase: 3

HP: 2.6

RPM: 1750

Torque: 40 lb. ft.
Insulation Class B

Degrees C Rise,75

Degrees C Ambient 40

Duty: 15 min.

CAUTION: The maximum allowable number of starts of the actuator
motor is 4 per hour. Allow at least 15 minutes cooldown
time between successive start attempts.
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2.4 YOKE

Manufacturer: Darling Valve Company

I.D.: D3132 6LWCB Pool 16VM54SD

Material: ASTM A-216 Grade WCB

Minimum Yield Strength: 36 ksi
Modulus of Elasticity: E = 27.9E6 psi

2.5 LIMIT SWITCHES

Manufacturer: NAMCO

Model: Snap-lock D2400X-ST2

2.6 Estimated weight of valve assembly flooded, without the mounting
brackets: 4000 lbs.

Test Laboratory to weigh the valve assembly dry and flooded.

2.7 Time to open or close the valve (one full travel of the stem),
about 70 seconds. Test Laboratory to measure and record the
exact time.





3. E UIPMENT PREPARATION

3.1 PGandE will ship the valve with the pipes and flanges welded, and
with provision for vent and drain outlets.

3.2 Test Lab to design and fabricate fixtures (mounting brackets) to
attach valve assembly on test table.

3.3 Inspect valve and actuator for possible damage during shipment
and handling, before installation on shaker table.

3.4 Assemble valve, yoke and actuator as shown in attached sketches
(Figures 1, 2, 3) .

3.5 Torque the nuts of bolts and studs to the following specifications
(with lubricated threads):

3.5.1 l-l/8" valve bonnet studs: 389 ft. lb.

3.5.2 1" yoke legs studs: 265 ft. lb.

3.5;3 3/4" actuator to yoke studs: 110 ft. lb.

3.5.4 1/2" motor to actuator bolts: 31 ft. lb.

NOTE: Check periodically, in-between tests, the tightness of
bolts and studs. Re-torque if needed.

3.6 Weigh valve assembly (valve, actuator, yoke, brackets) dry as well
as flooded with water. Record the weights.

3.7 Make all electrical and pipe connections to valve and actuator.
Test Lab to provide hydrotest gear to keep valve pressurized with
water at 350 psig. See Figure 9 for proposed piping and instru-
ment schematic.

3.8 Install and calibrate triaxial accelerometers at the points shown
on sketches (Figures 4, 5, 6) .

3.9 PGandE Engineer will furnish, install and calibrate the strain
gauges shown on Figures 4 and 5.
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4. PRELIYiINARY TEST DATA

4.1 Check manual to electrical mode of operation of actuator:

4.1.1 Declutch the electric motor by pushing the lever
to the direction of the arrow.

4.1.2 Turn the handwheel 2 to 3 full turns and verify
that it is engaged and the valve stem moves.

4.1.3 Energize the motor and verify that, the latch re-
leases automatically and the clutch engages the
motor to the drive train.

4.1.4 Repeat 4.1 four more times. Record results in
test data table (Figure 11).

4.2 Pressurize valve to 350 psig with water to simulate operating
conditions. Refer to Figure 10 for procedure.

4.3 Operate actuator electrically for one full cycle (open/close)
and record baseline data required for comparison with per-
formance at other stages of the test. Record the time history
of motor volts, amperes and watts. Give the time in seconds
for a full open/close cycle and the maxima of volts, amperes
and watts. Complete test data table (Figure 11).

4.4 After the completion of all dynamic tests:

4.4.1 Repeat 4.1 and record the data for comparison.

4.4.2 Check the tightness of the valve as follows:

4.4.2.1 Close valve, fill-up and vent both sides.

4.4.2.2 Pressurize the +x side to 350 psig.

4.4.2.3 Close the vent of the -x side.

4.4.2.4 After 10 minutes, read and record the
indication of the pressure gauges on
both sides.

4.4.2.5 The valve will be considered tight if
there is no indication of pressure
build-up at the -x side.





5. DEFINE DYNAMIC PARAMETERS

With the valve in the closed position and pressurized to 350 psig:

5.1 Perform a low level (0.2g) frequency sweep search for resonances
from 2 to 35Hz at a sweep rate of not more than two octaves per
minute. Record resonances, if any.

5.2 Repeat resonance search for each of the other two orthogonal axes.

5.3 If no resonance frequencies are detected in a direction of
excitation, proceed with the qualification testing per Paragraph 6.

5.4 For each resonance between 2 to 35Hz the mode shape (response)
and percent of critical damping shall be determined.

5.4.1 The level of the single frequency excitation applied
for each resonance shall not exceed that which causes
the stress at the lower part of the yoke legs (strain
gauges S3) to go above 90% of yield or the acceleration
as measured by accelerometer A4 to exceed 3g's, whichever
occurs first. (90% yield = 32400 psi)

5.4.2 Due to the asymmetry of the valve/actuator assembly,
torsional modes are possible and they should be
investigated.

5.4.3 Each mode shape shall be plotted with clarity and
with reference to forcing direction and the system
of coordinates as shown on the layout sketches,
Figures 1, 2, 3.

5.4.4 The percent of critical damping associated with each
mode shall be measured by the band-width method (see
IEEE Standard 344-75 g 3.5.1.2) .

5.4.5 The spectral plots recorded during the test and used
for the determination of the percent critical damping
shall be part of the test report.

5.5 Repeat Steps 5.1 to 5.4 with the valve pressurized and the disc of
the valve at its fully open position.





6. QUALIFICATION TESTING

6.1. SINGLE FRE UENCY TESTS

Expose the valve/actuator assembly to a series of single
frequency sine beat tests at the test frequencies indi-
cated on Figure 7 and at the natural frequencies detected
during the resonance search ($ 5.1). The excitation at each
test frequency shall be in the form of a series of sine
beats of 10 oscillations per beat with sufficient pause
between two successive beats. Refer to IEEE Std. 344-1975.
The peak acceleration shall be the Required Input Motion
(RIM) value shown on Figure 7.

Each sine beat test shall last for at least 20 seconds,
after the prescribed acceleration (RIM) level is reached.
Monitor and control RIM using accelerometer A2.

During the time of each sine beat testing, the valve
operator shall be energized. At the end of each shaking
cycle, stop the Limitorque motor. Allow time for motor
cooldown before proceeding to the next sine beat test.
See note under) 2.2 for duty of operator and allowable
starts per hour.

Start the next sine beat test with the valve stem at the
position left at the end of the previous shaking cycle.
At the end of its stroke, the stem direction of movement
shall be reversed. The stepwise open/close attempts of
the valve actuator shall continue until all sine beat
tests per axis are completed. PGandE will provide motor
controller for the reversal of direction of the actuator
motor and technical assistance for the hookup.

Apply motion at the same frequencies and accelerations on
each of the three orthogonal axes separately. Monitor and
limit the input motion to the actuator using:

(a) Accelerometer A4 located on the upper flange of the
yoke (it should not exceed 6 g's), or

(b) Strain gauge indications. (No stress should be
allowed to exceed 90% yield. See g 5.4.1 for yield
values).

All sine beat tests shall be performed with gradually applied
input level of excitation. It is suggested that the input is
applied at 1/3 and 2/3 of RIM before full RIM values are applied.
Continuous monitoring of stresses will be the responsibility of
PGandE Engineer.

At this point, re-torque the nuts of the studs per 3.5.





6. 2 MULTI-FRE UENCY TESTS (BIAXIAL)

Expose the actuator to a biaxial multi-.frequency test motion
which when analyzed for each axis produces'a Test Response
Spectrum (TRS) which envelopes the Required Response Spectrum
(RRS) shown in Figure 8. The test shall be performed with one
horizontal axis combined with the vertical axis and then re-
peated with the orthogonal horizontal axis combined with the
vertical.

Independent (non-phase coherent) multi-frequency motions for
the horizontal and vertical axes shall be used. The duration
of each test, with simultaneous function of the valve actuator,
shall be 30 seconds. Count the shaking time after the pre-
scribed vibration level is reached, as monitored by accelero-
meter A2.

There shall be 5 OBE tests before each SSE. For definition of
OBE and SSE tests, as well as for other terms used in this
procedure, see IEEE Std. 344-1975 g 2. (Although the postulated
7.5M Hosgri seismic event is not the SSE for the plant, where
SSE is referred to in this test procedure, or in the IEEE
Std. 344, the seismic inputs associated with the postulated
7.5M Hosgri seismic event„,will be used) .

The 5 OBE tests, each 30 seconds long, shall be done with
simultaneous, continuous opening/closing of the valve.

The results of the test shall be presented in terms of the TRS
at 2% damping for comparison to the RRS (Figure 8). The results
of the test shall also be presented in terms of the TRS at two
additional values of damping: 3% and 5%.





7. DOCUMENTATION

7..1 The valve test and the test data shall be treated as information
proprietary to PGandE. Information about the test shall not be
disclosed in any form to any third party without written approval
by the Diablo Canyon Project Engineer.

7.2 The test shall be witnessed by PGandE Engineers and USNRC staff.

7.3 All phases of the test shall be video-taped by PGandE crew on
3/4 inch color cassette tape with audio channel.

7.3.1 Each test run shall be announced briefly before or
during the execution. For example:

"Resonance Search in X direction" or
"Biaxial Random Input Test in the Y 6 Z axes," or
"Resonance dwell at 16Hz in Z axis," etc.

7.3.2 For scaling and perspective reasons, a person about 5'-10"
to 6 feet tall shall appear moving for a few seconds in
front of the test table with the valve fully instrumented
and ready to be tested.

7.3.3 Each test run shall be identified by a number. The number
shall be written with heavy red digits, about 6" high, on
a white 84"x 11" label. The label shall be placed on a
prominent position on the valve (or actuator, or test
table) so that it can be clearly seen and video-taped.
PGandE will furnish the labels.

7.4 In addition to video-taping, the setup shall be photographed in
color by PGandE crew from various angles of perspective.

7.5 The test data from the 8 triaxial accelerometers and all strain
gauges shall be zecorded on multi-tracK magnetic tape. One track
shall be used for audio signals, to record the announcement of the
test, first by its number (g7.3.3) and then by its brief description
($ 7.3.1) . PGandE will provide manpower, equipment and tapes for the
recording of the strain gauge data only.

7.6 For each test run, there shall be a completed table of the test data,
shown on Figure ll, supplemented with the appropriate spectrum
analyzer plots. Each plot shall indicate:

7.6.1 The test run number.

7.6.2 The required response spectrum and the test response
spectrum plotted for the same value of critical damping.

7.6.3 The % of critical damping.
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7.6.4 The axis or axes of excitation.

7.6.5 The scale of acceleration in g units.

7.6.6 The I.D. (number) of accelerometer(s) from which it was
derived.

7.7 After the completion of the test and the evaluation of the data,
the Testing Laboratory shall submit to PGandE two copies of a
draft report. The report shall contain:

7.7.1 Sketches or photographs of the test setup.

7.7.2 Brief description of the test.

7.7.3 Instrumentation diagrams (accelerometers, strain gauges
pressurization setup, etc.) .

7.7.4 Test procedures in accordance with this specification.

7.7.5 Completed test data table for each test run.

7.7.6 Plots of TRS and RRS for each run.

7.7.7 Table of resonances - if any - the associated damping for
each mode, and plots of the responses (mode shapes) per
Paragraph 5.

7.7.8 Identification of instruments and equipment used to carry
out the test: By Item Name, Manufacturer, Model No., Range,
etc.

7.7.9 Calibration history of instruments used.

7.7.10 Test results, comments, conclusions.

7.7.11 Sketches showing design details of the mounting brackets
(dimensions, materials, welds, weights).

7.7.12 The exact weight of the valve assembly as tested (dry and
flooded with water) .

7.8 PGandE Engineer shall return to Test Laboratory one copy of the draft
report with comments or approval.

7.9 After approval of test report, the Testing Laboratory shall:

7.9.1 Ship the valve and its accessories, properly protected,
back to Diablo Canyon.

7.9.2 Submit to PGandE 10 copies of the final report.

7.9.3 Submit the magnetic tape(s) with the test data.
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7.10 PGandE's Department of Engineering Research (DER) will reduce the
strain gauge data and transmit to Engineering 10 copies of stress
report to be incorporated to the report of the Test Laboratory.

7.11 PGandE's DER will transmit to Engineering the video-tape(s) and
the photographs taken during the test.
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INTRODUCTION

The safety related electrical equipment for Diablo Canyon Units 1 and 2

was originally seismically qualified in accordance with IEEE Std. 344-1971.

Recently the Diablo Canyon equipment was re-evaluated to newly established

criteria based on response spectra derived from the postulated 7.5M Hosgri

event. In the process of this re-evaluation, PGLE comoitted to perform any

additional testing on certain plant equipment to the spectra derived from

the postulated 7.5M Hosgri event and according to the methods for seismic

qualification of electrical equipment contained in IEEE Std. 344-1975 and
= ~

NRC Regulatory Guide 1.100. This additional testing has been completed,

and the results have been presented to the NRC Staff in several licensing

review meetings. At the most recent such meeting PGLE was requested by the

NRC Staff technical reviewers to provide summary information on the results
of these tests to facilitate the Staff's review. The attached material is
provided in response to that request. For each type of equipment tested,

the following information is presented:

1. Name of Equipment

2. Description of Equipment

3. Safety Function

4. Test Criteria and Plan

5. Test Procedure and Setup

6. Test Results

7. Conclusions

The equipment was tested in seven groups, with one seismic required

response spectra per group. The required response spectra is given in

attached Figures 1 through 7 of Wyle Test Report 3642. Complete test
results are given in Wyle Reports 58255 and 58255-1.

Table 1 lists the balance of plant equipment tested to the Hosgri seismic

spectra and to IEEE 344-1975.





Table I

GROUP I >4160 Volt Metalclad Switchgear

y4160 Volt Potential Transformer

Aital Relay Board

vEmergency Light Units

GROUP ll rDiesel Generator Excitation Cubicle

vf)iesel Generator Control Panel Door

Qiesel Generator Control Cabinet Sub-Panel with the following

items mounted on the panel:

1. Differential Pressure Switch (two)

2. Contactor (one)

3. Switching Tachometer (one)

4. Time Delay Relays (two)

5. Relays (four)

6. Industrial Control Relays (four)

GROUP III Ventilation System Printed Circuit Board and Power Supply

Ventilation System Relay Sub-Panel

Annunciator Components consisting of:

Power. Transfer Panel

Printed Circuit Boards (four)

Printed Circuit Board Rack

Constant Voltage Transformer

Power Transformer

Logic Power Supply

Auxiliary Logic Power Supply

Relays (four: two dc and two ac)





Table I

(Continued)

GROUP III
.(Cont'd.)

DC to DC Converter

DC to AC Inverter

Typewriter

GROUP IV DC Distribution Panel ~

Battery Charger )

Turbine Lube Oil Starter v

Fire Pump Controller v

Local Starter (LPF 37) <

Battery Cells (two)
v'ROUP

V Vital Load Center (480v) v"

Local Starter (LPG66),.

/'Circuit Breakers 100 Amp (two)
)i

�=Motor
Starters (seven)

Auxiliary Relay Panel (480v Bus 2H)

Auxiliary Relay Panel (Bus G)

GROUP VI Local Starter (LPF 36)~

GROUP VII Switcheis (six)

Am)eter
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PZGURE 2
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PZGURE 3
REVISION A

GROUP ZZZ VENTILATION SYSTEM RELAY-PANEL, VENTILATION
'YSTEM LOGIC PANEL AND MAIN ANNUNCIATOR

Auxiliary Building 140 and 128 feet
HORIZONTAL AND VERTICAL SSE

CRITERIA HOSGRZ EARTHQUAKE - 3\ Damping
OBE ~ 60% SSE

RESPONSE SPECTRA
~ 0 7 ~ 010 2 4 0 0 2 ~ 010 204 ~ 07001

10

I ~

I I ~ I ~ ~

~,

''
~

I I I I I ~

I I ~ I ~ I I I

I ~

~ ~

~ I I I

~ ~

I ~

10
0

0

1

~ ~ I I'' ~

I ~

~ I
I ~

~, ~

~ ~

~ ~ I
'

~ \ I
~ I 1 I

I I I ~ I I I

I'I I ~ ~

~ II I ~ ~ I

~ ~ ~ ~

10

0

2

I ~ I I ~ ~ ~ ~ I ~ I ~ I I ~ ~ I I ~ ~ I
I ,'I I ~

~ I I I I
I ~ I I ~ ~ I I III I ~ I I I

~ Illl I ~ ' l I ~ ( I ~ I
I ~ I
~ 1 I

II
~ / I II

~ I, II
~ I l ~ ~ II tl

eauuNn az





Test Procedure No. 3642
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FIGURE 5
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GROUP V FISHER CONTROLLERS IAXJQ STARTER LPG66 g VITAL
LOAD CENTER

Auxiliary Building - 100 feet
HORIZONTAL AND VERTICAL SSE - CRITERIA HOSGRI EARTHQUAKE
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FIGURE 6
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GROUP VZ Ltd@ STARTER LPF36 AND LIMIT SWITCHES
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FIGURE 7
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GROUP VIZ - SWITCHES AND AMMETER
AUXILIARYBUILDING MAIN CONTROL ROOM - 140 Feet
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10.3.26.1 Name of E ui ment

4160V Class IE Switchgear

10.3.26.2 Descri tion of E ui ment

The 4160V switchgear consists of three bus sections (F, G and H) for each

of the two Diablo Canyon units. The switchgear is metalclad, rated 250 MYA

interrupting capacity and 80,000A momentary. The circuit breakers are in
individual cells and separated from each other by a metal barrier. Doors

in the front provide access to the individual breakers and control wiring.
Doors in the back provide access to the 4.'I6 kV power connections. Pro-

tective relays, meters, control switches, indicating lights, auxiliary
relays and voltage relays are mounted on the upper portion of the front
doors. Potential transformers for sensing bus or feeder voltages are mounted

in back on top of cells F7, G5, H7, F12, G12 and H12, and in front and

top of cells 13 and 14 of each of the bus sections F, G, and H. All circuit
breakers are rated 1200A continuous with the exception of G135 which is rated
2000A.

The bus sections F, G and H are interconnected by overhead bus ducts. The

bus ducts do not have a Class IE function. However, their rigid tie to
the switchgear would have an effect on the switchgear qualification. For

that reason it has been decided to dynamically decouple the two by

inserting an earthquake joint at the point of entry of the bus duct into
the switchgear . The required amount of deflection the joint must provide
will be determined by the measuring the amount of horizontal and vertical
deflection, on top of the test specimen during the seismic test.

13.3.23.3 ~33 1 3

The 4160 VAC bus sections F, G, and H control and distribute electric
power to the engineered safeguard load.





The safety functions of the individual devices are as follows:

a) Power circuit breakers switch 4160V power on or off; either
incoming power from one of three sources, the station auxiliary
transformer, the stand-by start-up transformer and if necessary

the diesel generator or outgoing power for the engineered safe-

guard loads. The breakers must operate during a seismic event

if required to do so and must not change state inadvertently at
any time.

b) Overcurrent relays, designated "51" with additional bus and

cell designation, must not cause the circuit breaker to trip
inadvertently at any time.

c) Potential transformers must stay operative at all times and

provide a signal for control and instrumentation which is pro-

portional to the level of the high voltage bus or feeder to which

they are connected. llhile the transformer itself has no moving

parts which could compromise this safety feature the contact

fingers connecting the transformer windings to the high voltage

and low voltage terminals must stay closed at all times.

d) Voltage relays must sense the signal voltage of the potential
transformers to which they are connected. Their contacts must

open or close as required at any time. Contact chatter must not

prevent downstream devices from operating and conversely must

not operate downstream devices inadvertently.

e) The 2HH9 timing relay closes the breaker after time delay'on a

safety injection signal. It must operate during or after a

seismic event.

10.3.26.4 'Test Criteria and Plan

The test criteria and plan are detailed in the Test Plan for the Seismic

gualification of the Switchgear, Revision 2, dated July 27, 1978. The





test plan is now part of WYL'E's Test Procedure No. 3642, Addendum 1 and is
contained at the end of WYLE's Test Report No. 58255-1, dated August 22,

1978. The following is an abstract of this test plan emphasizing the

electrical criteria.

The object of the seismic qualification test is to demonstrate that the

Class IE switchgear retains it normal function, during and after the

seismic event. In addition, any non-class IE equipment must not fail in
a manner to jeopardize the Class IE function. To demonstrate normal

function of the switchgear all control circuits must be energized to

duplicate exactly during the test their normal state, and power must be

applied to the trip coils and operating mechanisms of the circuit breakers.

During the seismic event circuit breakers are tested in the open, closed

and in the actual tripping and closing operation to demonstrate the Class IE

function. As a backup, the state of selected relay contacts is recorded

for monitor ing purposes and also sometimes for chatter duration. However,

by itself chatter duration does not conclusively demonstrate normal function
or lack of normal function. If a relay contact is an input to a Class IE

device not located on the switchgear then the relay contact must be monitored

and the chatter or change of state record analyzed to demonstrate Class IE

function.

10.3.26.5 Test Procedure and Set-U

The test procedure and set-up are also detailed in the before mentioned Test

Plan, Revision 2, dated July 27, 1978.

Selected for the test were Cells H7, H8 and H9 of Unit 2 with front doors

from Cells H12 and H13 mounted on Cells H8 and H9 respectively. This

arrangement represented all the relay types installed in the Diablo Canyon

Units 1 and 2 Class lE 4160V switchgear. The devices on the doors were wired
~ to the cells to such an extent that all Class IE circuits were complete and

their function could be demonstrated.

Early in the test it was decided to remove potential transformer roll out
units from top of Cells H8 and H9 since their mass and motion appeared to





induce chatter of the switchgear relays. These potential transformers are

normally located on top of Cells H13 and H14. They will be permanently

removed from this location and are qualified separately.

The test specimen was 78 inches wide (3 cells each 26 inches), 90 inches

high and 75 inches deep.

The three cell test specimen was welded to a special base with the same

amount and type of welding as is done at the Diablo site. The base with
the test specimen than was welded to the test machine.

The seismic test sequence is shown in Attachment "A".

The switchgear and its devices were wired per attached wiring instructions
contained in Attachment "B".

Following are illustrations which expand on the test set-up wiring beyond

the termination points.

a. 125 VDC was applied to the switchgear DC bus energizing the
control and overcurrent protection circuits of all three cells.

b. 3 phase current and 3 phase 120 VAC restraining potential were

applied to the three 51 overcurrent relays of Cell H7. Single
phase current was applied to the 51 overcurrent relays of Cells
H8 and H9. This simulated the actual operating conditions of
these relays by normal 4160Y power flow. See Attachment "F'~

II
G

II
~

c. The same 120 VAC from "b" above a')so provided potential to the
following relays:

59HHGl, 59HKG2 Diesel Generator Voltage Relays

27HHBl 4160V Bus Undervoltage Auto Transfer Relay





27HHB2 4160Y Bus Undervoltage Diesel Start Relay

27HHTl, 27HHT2 4160 Bus Undervoltage

See Attachment "G".

d. The same 120 YAC energized the potential transformer on top of
Cell 7 and subsequently energized the whole high voltage portion
of the test specimen with 4160V providing the breaker of Cell 7

was closed. See Attachment "G".

e. All output contacts of the relays listed under "c" above were

connected to secondary devices to demonstrate or simulate their
safety functions. Contacts of the secondary devices were than
connected to direct readout recorder to monitor change of state
and chatter. Some of these secondary or auxiliary relays were

part of the Safeguard Relay Board. The relay board was standing

at the side off of the shake table. See Attachment "G".
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f. The coil of the 2HH9 Containment Spray Signal Timing Relay was

connected to a 120 VAC supply via a switch "H". A normally

closed contact was connected to the direct readout recorder to

monitor its operation and contact chatter. See Figure 10-26G.

g. Two linear variable displacement transducers were installed near

the top of the switchgear to measure the maximum vertical and

horizontal displacement of the switchgear structure. This meas-

urement was taken as an input to the design of the earthquake

joints of the bus ducts.

10.3.26.6 Test Results

The equipment was subjected to a total of 37 runs in both the side to side

and front to back orientation. Table IV of the Test Plan (WYLE Test

Report 58255-1, Test Procedures 3642, Addendum 1) shows that only 24

conditions needed to be met. And of these conditions 1, 2, 3, 4, 14 and

15 were low level sweeps.

The following table indicates the runs during which a given condition was

met.
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Run ~ Condition
5 5

6

7

8

9

'10

11

Comments

OBE SS/V Runs 5-11

All Breakers open, added Channel No. 1 to monitor

5HH13 relay contact in safeguard panel.

12

13

14

15

16

17

18

19

20

26

27

28

29

30

31

32

33

34

.35

36

37

10

11

12

13

16

17

18

19

20

21

22

23

24

SSE SS/V Runs 12-20

After Run 13 two elevated PTs were removed.

Vertical only
After Run 15 replaced HIg IAC 53 Relay in Cell 9

Overtest trip in Cell 8, IAC 66 Phase B target

OBE FB/V Runs 26-30

SSE FB/V Runs 31-37

Under test

Vertical only
Horizontal onl

For the evaluation of the Contact Chatter Data Sheets, WYLE's Test Report

No. 58255-1 pages 26 and 27, only chatter indicated on runs 5, 8, 9, 10,

ll, 16, 17, 19, 20, 26, 27, 28, 29, 30, 31, 33, 34 and 35 need to be con-

sidered. These are the runs which meet test conditions in the above

table. In cases where chatter accured during a given condition,
discussion is provided below.
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-,Run 5, Channel 3,
a-Contact of Auxiliary Switch, Breaker 52HH8-

Chatter was caused by inadequate wipe of the switch contact. After switch

mechanism adjustment, no further chatter occurred.

- Run', Channel 1, 5HH13 Relay Contact—

This indication of chatter was caused by noise in the electronics of the

monitoring recorder and not by chatter of the 5HH13 relay contact itself.

Referring to Attachment "G2" it is obvious that the rotary lockout relay

itself could not chatter since it was located in the relay board off of

the shake table. The test hook-up demonstrated that relay 27HHB2, located

on the switchgear, on sensing no voltage, would pick up relay 27ZHHB2,

located in the relay board, and that 27ZHHB2 in turn would trip relay

5HH13. This safety function was satisfactorily demonstrated during the

test sequences.

- Run 8, Channel 7, 2HH9 Timing Relay-

Apparently chatter is indicated on WYLE's data sheet; however an analysis

of the signal trace shows that a full separation of the closed contact did

not take place. The contact was closed definitely during most of the time

the relay was energized.and for that reason, it can be concluded, that the

relay would perform its safety function.

- Run 8, Channel 11,
27ZHHB2 Bus Undervoltage Auxiliary Relay-

The 27ZHHB2, located in the relay board, pulsated because of chatter of

the 27HHB2 bus undervoltage relay when sensing no voltage. However,

another contact of the 27ZHHB2 relay performed its safety function and

operated the 5HH13 lockout relay as described in Run 8, Channel 1 above.
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- Run 16, Channel 2,
a-Contact of Auxiliary Switch, Breaker 52HH7-

The spurious opening of this contact is of no significance. The auxiliary
switch mechanism needed minor additional adjustment.

- Run 16, Channel 12, 4HH14 Start-Up Auto Close Relay-

Chatter of this relay by itself does not adversely affect a Class IE func-

tion. The test setup was to demonstrate that the 27HHB1 Bus Undervoltage

Relay would pick up 4HH14 on undervoltage (which was demonstrated during

the test sequenc'es). Refer to Attachment "G2."

- Run 17, Channel 7, 2HH9 Timing Relay-

See Run 8, Channel 7, above.

- Run 17, 27, and 22, Channel 11,
27ZKHB2 Bus Undervoltage Auxiliary Relay-

See Run 8, Channel 11, above.

- Runs 17, 19, 20, 27, 32, and 33, Channel 12,
4HH14 Start-Up Auto Close Relay-

See Run 16, Channel 12, above.

The 4160V switchgear and the associated relays met the test criteria speci-

fied in section 10.3.26.4 above during and after the seismic testing while

being operated per the test procedure described in section 10.3.26.5

above. It is worthy of note that the equipment was subjected to more than

the minimum number of test runs for qualification, demonstrating that
there is a substantial margin in the equipment's resistance to seismic

damage.

No physical damage to the switchgear structure or the associated devices

was observed.
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Maximum horizontal displacement of the structure was measured to be .55

inches; maximum vertical displacement was . 2 inches. k

As a result of this test the following actions will be taken: .

a) Potential transformers on top of Cells 13 and 14 of all 4160V

Class IE switchgear sections will be removed and relocated to a

separate stand next to the respective switchgear. Electrically
they will be wired to the switchgear as they were connected

before.

b) Bus duct earthquake joints will be installed in all joints at
'he top of the Class IE switchgear sections. The test

measurement will be used in the design criteria.

10.3.26.7 Conclusion

A representative sample of the 4160V Class IE Switchgear of Diablo Canyon

'Unit 2 was seismically tested by a multi-axis, multi-frequency seismic sim-

ulation described in HYLE Report Number 58255-1 dated August 22, 1978, pp.

139-323. Thus qualification of this sample will apply to all Diablo

Canyon 4160V Class IE Switchgear.

The test results presented in section 10.3.26.6 above demonstrate that the

test criteria are met, and thus that the equipment's safety function has

been demonstrated during and after seismic testing to the RRS derived from

the postulated 7.5M Xosgri event.

It is therefore concluded that the Diablo Canyon Units 1 and 2 4160V Class

IE Switchgear are qualified for the postulated 7.5M Hosgri event in
accordance with IEEE 'Standard 344-1975 and USNRC R.G. 1.100.
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TABLE'IV.'EISMIC'TEST'SE UENCE'DIABLO'CANYON'UNITS'1 AND 2
4.16 KV SOITCH EAR

Condition

1

2'3

5
6
7
8
9

10
11
12
13

Axes

SS
SS
V
V
SS-V

Horizontal
RM

ZPA Figure
g No.

.2

.2

.75 50Ã-l

1.5

Vertical
RM or RM + SB Sine
ZPA Figure Beat

g No. 'req.
'Hz.

~ 2
~ 2
.8 50$ -2

1.6 2 '7.1
9

10

Bkr.
Pos. Remarks

C 1-33 Hz-Sweep
33 1

II ll

1-33 "
33-1 " '

OBE

OC

COC 5
C 1 SSE
0 2
CO 3
OC 4

14
.15
16
17
18
19
20
21
22
23

FB
FB
FB-V

~%

505-2

1.5 1

pl

1;6 2

Rotate Sample 90
~ 2
~ 2
. 75 505-1, . 8

7.1
8
9

10

C 1-33 Sweep
C 33-1 0

C 1 OBE
0 2.
CO 3

,OC 4
COC 5
C 1 SSE
0 2
CO 3
OC 4

~Le end

RM - Random Motion
RM 8 SB-Random Motion with Sine Beat
ZPA - Zero Period Acceleration
SS - Side to Side
V - Vertical
FB - Front to Back
Bkr.Pos. - Breaker Movable Contact Position

Notes

The circuit breaker should be
lowered and re-raised after
selected tests at the direction
of the General Electric Company
Representative. At such times,
the PTRO's will also be opened
and inspected.

ATTACHMENT "A"





July 12, 1978

WIRING INSTRUCTIONS

DIABLO CANYON SWITCMGEAR TEST SAMPLE

4.16 KV-1200-250 MVA

A. Diagrams

Cell
7

8

Skematics

441356

Marked copy 441302

Marked copy 441307

Connection Diagrams

441589

HH53078

HH53178

B. Control Power Connections

Cell 7 (441589}

a) 2W-DC-125V-20A Supply, (+) to DC3, (-) DCl

b) 3W-AC-120V-3P-60 Hz Supply, Leg A to X5, Leg B to X7, Leg C to X6

4W-AC-5A-3P-60 Hz Supply, Leg A to CG4,Leg B to CGS,Leg C to CG6,
Neutral to CGl

Both supplies needed for'JCV Relays. Leg A, Leg B and "Leg C for
'oltage .and current sources are related to Wyle's gl, g2 and 0/3
respectively.
IMPORTANT The 39 120 volt circuit should not be energized when
primary compartment covers or panels are removed so that primary
conductors are exposed.. If interaction effects between primary
conductors and Wyle instrumentation can not be readily resolved,
the PTRO primary fuses will be removed to de-energize the primary
conductors.

c) Wyle is to provide a remote 3P switch to disconnect power.to the
59HHG 1 8 2(SV relay) coils. This switch will be open for the
majority of tests to simulate the Diesel Generators not being
energized.

d) Connect HO "Close" Push Button to B5 and B6.
Connect NO "Trip" Push. Button to DD7 and DD8.

e),Remove and tape ground leads from ground bus in rear of cell

;.Cell 8 witit Cell 12 door (53078}

:.a) 2W AC lg 5A 60 Wz .supp'ly., Leg '1 to C18,Leg 2 to CD4 (1AC66 source)
b) 3W AC 39 120V 60 Hz supply, Leg A to AK8, Leg B to AK9, Leg C to AK10(RA(

Jumper AK8 toAH15 and AK9 to AH16 (IAV)
.c).Connect NO "Close" Push Button in series with a NC 43 X HH12 contact to

DD4 and BB9, PGKE to provide connection details.
Connect NO "Trip" Push Button to DD4 and DD7. Jumper DD9 to EE1

d) Remove and tape ground leads from ground bus in rear of cell.4] ~ll~r
'14 ATTACHMENT "8". SH. 1





C. Electrical Monitoring
Cell 7 (441589)

52HH7 Aux. Sw. A contact GG5 84 GG6
3HHl lockout NO contact from Safe Guard Panel

. PG8E to furnish connection details for 3HHl relay to be
energized by the 59HHG 1 8 2 SV relay contacts.

Cell 8 with Cell 12 door (53078)

52HH8 Aux. Sw. A contact
27ZHHB2 W SG contact on Safeguard Panel

PG&E to furnish. connection details for 27ZHHB2 to be
energized from IAV relay

4HH14 W SG contact on Safe Guard Panel
PG&E to furnish connection details for'HH14 tn be
energized by the RAV relay.

Cell 9 with Cell 13 door (53108)

52HH9 Aux. Sw. B contact
52HH9 CI NO breaker raised
52HH9 CI NC breaker raised
2HH9 AGA NO

2HH9 AGA .NC

FF11 8i FF12

FF9 5 FF10

HHl 5 HH2

HH3 5 HH4

DE2 8i DE6

DE2 & DE4

B. Control Power Connections (Cont'd.)
Cell 9 with Cell 13 door (53178)

a) 2W AClg 5A 60 Hz., Leg 1 to C18, Leg 2 to CD4 (IAC53)

b) 2W AClg 120 60 Hz.,Leg A to AF15, Leg B to AF16 (gs A 8 B to IAV)
c) 2W AClg 120 60 Hz.,Leg A to AG9, Leg B to AG8 (gs B.8 C to SV)
d) PGKE to provide details for 120V AC energization of Agastat Relay.

e) Connect "Close" Push Bu'tton to DD9 and BB6
Connect "Trip 'Push Button to DD9 and BB9

f) Remove and tape ground leads from ground bus in rear of cell.

D. Non Electrical Monitoring

PG&E'o provide connection details to energize blue lights from
51X HH7, HH8 and HH9. HFA relays. Not class

1E.'5

(~ (P7F
/
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Potential Transformers 4160/120V.

10.3.30.2 Descri tion of E ui ment

The potential transformers are housed in a metal cabinet 26 inches wide,

22 inches high and 33.5 inches deep. The butyl molded transformer is
fastened to a roll-out slide which can be pulled forward with the cabinet
front. Contact fingers mounted to the stationary housing provide the

electrical connections to the primary and secondary windings of the slide
mounted transformers. The potential transformers are usually mounted on

top of the switchgear of which they are an electrical accessory. The

potential transformers discussed here were removed from the top of the

switchgear and will be mounted on a rigid stand and fastened to the floor
near the 4160V Class lE switchgear.

10.3.30.3 ~tf 3 tt

The safety function of the potential transformer is to provide a signal,
for control and instrumentation, which is proportional to the level of
high voltage of the bus or feeder to which it is connected.

10.3.30.4 Test Criteria and Plan

The potential transformer must provide the signal, proportional to the

level of high voltage it monitors, without interruption at all times.

The transformer itself has no moving parts which could compromise its
safety function. However, the primary and secondary contact fingers could

cause an interruption of the voltage signal.

The plan is to test the integrity of the contact fingers while subjecting
the potential transformer assembly to simulated seismic events in accordance

with IEEE Standard 355-1975.





10.3.30.5 Test Procedure and Setu

One potential transformer cabinet was rigidly bolted to a steel plate
which in turn was welded to the shake table thus simulating its future
installation at the plant. Two primary and two secondary contact finger
assemblies were connected in series and wired to direct readout recorder

for monitoring. See Attachment "A".

The seismic test sequence was the same as for the safeguard relay board

see 10.3.21.5. "Test Procedure and Setup" for the safeguard relay board.

The potential transformer was tested alongside the safeguard relay board.

10.3.30.6 Test Results

At no time during the seismic test sequences did any chatter of the contact

finger occur.

No physical damage to the equipment was observed.

10.3.30.7 Conclusion

A typical Potential Transformer Cabinet with its contents was seismically
tested by a multi-axis, multi-frequency seismic simulation described in
WYLE Report No. 58255-1, dated August 22, 1978.

The test results presented in section 10.3.30.6 above demonstrate that the

test criteria are met, and thus that the equipment's safety function has

been demonstrated during and after seismic testing to the RRS derived from

the postulated 7.5N Hosgri event.

It is therefore concluded that the Diablo Canyon Units 1 and 2 4160/120V

Potential Transformers are qualified for the postulated 7.5N Hosgri event

in accordance with IEEE Standard 344-1975 and USNRC R.G. 1.100.
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Safeguard Relay Boards.

10.3.21.2 Descri tion of E ui ment

The safeguard relay boards are steel cabinets 7'-10" high 3'-7" wide and

2'-0" deep. Mounted semi flush on their front are an array of electrical
relays, switches and lights. Doors in the back provide access to the
wiring and secondary devices such as fuses, test and cut-out switches, and

a timing relay.

Of the six boards installed in the Diablo Canyon Power Plant, five boards

are identical to each other. These are Safeguard Relay Boards F, G and

H of Unit 1 and G and H of Unit 2. Safeguard Relay Board F of Unit 2 has

the same physical outline but does not contain the diesel generator pro-
tective relays contained in the other five boards since there are only five
diesel generators at Diablo Canyon.

Safeguard Relay Board H of Diablo Canyon Unit 2 was chosen to be tested
to qualify all Safeguard Relay Boards. Relays of Board H, Unit 2 are
listed in Attachment A, "Device Table". The "Device Number" is PGandE's

designation of the relay. "Type" is the manufacturers designation. "Use"

indicates the application of the device in the plants electrical system.
"Schematic Diagram" is PGandE's drawing number where the device appears.
"Affect on a C'lass IE function" is shown with yes or no and explanatory
remarks.

10.3.21.3 ~Sf t 3

The Devices on the safeguard relay boards perform the following safety
functions:

0

a. Initiate start of diesel generators in case of loss of the off-
site stand-by power source and loss of 4.16 kV bus voltage.





I

b. On loss of 4160 volt„bus voltage, initiate transfer of the 4160V

bus from the station auxiliary transformer to the stand-by

start-up transformer, and if necessary to the diesel generators.

c. Stop the diesel generator and trip its output breaker on sensing

differential phase current.

d. Initiate start of the component cooling water pump on cooling

water low pressure.

The test acceptance criteria specified in section 10.3.21.4 below have been

established based on these safety questions.

10.3.21.4 Test Criteria in Plan

The test criteria are based on the evaluation of all devices on the

safeguard relay board as shown on the attached device table. The devices

shall not inadvertently operate or its contacts chatter during a seismic

event. If contact chatter occurs during the seismic testing, it shall be

evaluated to demonstrate that the equipment safety function is not comprised.

Devices which can have an adverse affect on Class IE function if they

malfunction during or after a seismic event, are discussed below.

a. Device 87HHG, Diesel Generator Differential Relay: Must trip
diesel generator and open 4.16 kV diesel generator breaker on

diesel generator differential current flow. Must not operate

inadvertently.

b. Devices 32XKH7, 32YHH7, 87XHHG, 87YHHG, 40XHH7 and 40YHH7,

Auxiliary Relays normally open contacts must not close (chatter)
during a seismic event. Such a contact closure could seal in the

respective auxiliary relay, and cause the diesel generator breaker

to open and in the case of the 87XHHG and 87YHHG relay could

cause the diesel generator itself to trip. The 87X and Y relays
must also operate during and after a seismic event.

c. Devices 4HH, 3HHl and 5HH13 Transfer-, Interlocking-, and Trip
Relays: Must operate during and after a seismic event. They

must not change state inadvertently at any time.





d. 27ZHHB2 4.16 kV Switchgear Bus Undervoltage Auxiliary Relay:
I

Must operate during and after a seismic event on contact closure
of the 27HHB2 bus undervoltage relay.

e. 62HH2 Diesel Auto Transfer Timer shall operate on demand during
a seismic event.

The following test procedure tests all the above requirements during and

after a simulated earthquake as required to qualify the equipment to IEEE

Standard 344-1975 and USNRC R.G. 1.100.

10.3.21.5 Test Procedure and Setu

The relay board was bolted to the seismic test machine to simulate its
rigid floor mounting at elevation 119 in the turbine building. Attachment
"B" describes the test mounting.

Two strain gages were installed on structural members inside the relay
board to monitor structural performance during the test as shown in
Attachment "C". The seismic test sequence shown in Attachment "D" was

modeled after the one for the 4.16 kV switchgear as described in Addendum

1 of WFLE's Test Report No. 58255-1, August 22, 1978.

The 'devices on the relay board were wired per attached wiring instructions.
See Attachment "E",

Following are illustrations which show the test setup wiring beyond the
termination points.

a. 125 VDC energizes the diesel generator protective circuitry
(see Attachment "F") and the automatic transfer circuitry (see

Attachment "J").

b. 3 phase current was applied to the circuitry of the 46HH7,

negative sequence. See Attachment "H".

c, Single phase current was applied to the 87HHG Differential Relay

via a switch to demonstrate the diesel generator differential
relay operation. See Attachment "H".



Id

H

I

I'



d. One normally open contact each of relays 87XHH7, 40XHH7 and 32XHH7

were wired to trip a 4.16 kV switchgear breaker to demonstrate

their function as outlined in the test criteria above. In addition
a second contact of each relay was wired to a direct readout
recorder to monitor chatter. See Attachment "F'.

e. Relays 4HH and 3HHl were wired to trip and reset via separate
switches. Relay 5HH13 was wired such that the operation of relay
3HHl conversely tripped and reset 5HH13 which simulated the inter-
action of these relays in the plant. In addition one normally open

and one normally closed contact of the 3HHl relay wer e wired to
the direct readout recorder to monitor chatter and indicate
change of state when operated. See Attachment "J".

120 VAC, single phase, was connected to relay 27HHB2, which was

mounted rigidly to the shake table by means of a stand. The

output contact was connected to the 27ZHHB2 relay in such a

manner that deenergization of 27KHB2 would pick-up 27ZHHB2,

energization would drop out 27ZKHB2. One normally open contact
of 27ZHHB2 was connected to the direct reading recorder to monitor
chatter and indicate change of state when operated. See Attachment
IIgll

g. 125 VDC was connected to the 62HH2 Diesel Auto Transfer Timing

Relay via a switch to demonstrate its timing function and that
it permits the 4HH7, Diesel Auto Transfer Close Relay, to be

energized which in'ur n initiates the closure of the diesel
generator breaker. A second contact of above switch was directly
connected to the direct reading recorder to indicate the start
of timing. - Relay 4HH7 was connected to a normally open contact
of 62HH2. A normally open contact of 4HH7 than was monitored on

the direct reading recorder to demonstrate the end of timing.
See Attachment "L".





10.3.21.6 Test Results

With the exception of anomalies discussed below for certain relays, all relays

met the test criteria specified in Section 10.3.21.4 above during and after the

seismic testing while being operated per the test procedure described in Section

10.3.21.5 above. It is worthy of note that the equipment was subjected to more

than the minimum number of test runs for qualification, demonstrating margin in

the equipment's resistance to seismic damage.

Contact chatter was documented on the Contact Chatter Log Data Sheet, WYLE's

Test Report No. 58255-1, pages 28 and 29. Of the runs listed, runs 4 through 8

met our front to back OBE conditions; runs 10 through 13 met our front to back

SSE conditions; runs 17, 18, 20, 21, and 22 met our side to side OBE conditions;

and runs 24 through 27 met our side to side SSE condition.

Chatter indicated on Channel 7 is caused by the 59HHG152 relay which is not .part

of the relay board and for that reason need not to be addressed here.

-Channel 1, 87XHH7 Differential Auxiliary Relay, Runs ll, 18, and 25.-

The relay contact chattered only after it had performed its safety function,

namely the tripping of the connected 4.16 kY switchgear breaker.

-Channels 2 and 3, 32XHH7 and 40XHH7 Auxiliary Relays, Runs 10 through 14.-

Momentary change of state of the contacts of the 32XHH7 auxiliary relays was

observed during a portion of the testing. This was demonstrated to be pulsation

of these relays due to chatter of the prime relays 32HH7 (Reverse Power Relay)

and 40HH7 (Loss of Field Relay) since the anomaly did not occur when the cut out

switches for the prime relays had been opened. This anomaly would not occur in

the event of a seismic event during plant operation, since these relays are

normally cut out.





Note that relays 32XHH7 and 32YHH7 are housed in one case and that they are

connected in parallel. For that reason all comnents apply to both relays simul-

taneously. The same applies to relays 40XKH7 and 40YHH7.

-Channel 6, 27ZHHB2 Relay.-

During the testing, pulsation of the 27ZHHB2 relay, caused by chatter of the

deenergized 27HHB2 relay was observed. Testing performed on, the 4.16 kV switchgear

(see Section 10.3.26) has demonstrated that pulsations of the 27ZHHB2 relay will
not prevent the pickup of the 5HH13 relay, and thus will not compromise the safety

function of power transfer of the 4160V bus from the station auxiliary transformer

to the stand-by start-up transformer, and if necessary to the diesel generators.

llomentary chatter of the 27ZHHB2 auxiliary relay during runs 10, ll and 13, when

the 27HHB2 prime relay was not deenergized, can be traced back to the high ZPA

level of the SSE test runs. During a high level seismic event, the seismic

protection system will cause the plant to shut down. The 4160V safeguard buses

would then transfer to the stand-by start-up source. Chatter of relay 27ZHHB2

would only expedite this transfer.

The evaluation of the strain gage traces showed that the structural members

of the relay board were exposed to stresses well within their design limits.

No physical damage to the relay board or its devices was observed.





10.3.21.7 Conclusion

Safeguard Relay Board H of Diablo Canyon Unit 2 was seismically tested by

a multi-axis, multi-frequency seismic simulation described in WYLE Report

Number 58255-1, dated August 22, 1978, pp. 92-138. This board contains

devices representative of the contents of all Diablo Canyon Unit 1 and 2

Safeguard Relay Boards. Thus qualification of this board will apply to all
Diablo Canyon Safeguard Relay Boards.

The test results presented in section 10.3.21.6 above demonstrate that the

test criteria are met, and thus that the equipment's safety function has
'eendemonstrated during and after seismic testing to the RRS derived from

the postulated 7.5M Hosgri event.

It is therefore concluded that the Diablo Canyon Units 1 and 2 Safeguard

Relay Boards are qualified for the postulated 7.5M Hosgri event in accordance

with IEEE Standard 344-1975 and USNRC R.G. 1.100.





DEVICE TABLE

SAFEGUARD RELAY BOARD "H".

Sh. 1 of 2

Device T e Use

Affect
Class lE
Function Remarks

Schematic
Dia ram No.

25HH

32HH7

46HH7

59HHU

IJS Synchronism Check

CRN-1 Reverse Power

COg Negative Sequence

SV Start-up Voltage

27HHU CV-2 Start-up Under Voltage

87HHG

40HH7

32XHH7

32YHH7

87XHHG

87YHHG

40XHH7

40YHH7

4HH

3HHl

5HH13

PS190XH

PS191XH

SA-1 Diesel Gen. Differential
KLF Loss of Field
AR . Rev. Pwr. Auxiliary
AR Rev. Pwr. Auxiliary
AR Diesel Gen. Diff.
AR Auxiliary Relays

AR Loss of Field
AR Auxiliary Relays

LORE Diesel Gen. Auto Transf.

Control Relay

LORE Diesel Gen Auto Transf.

Interlocking Relay

LORE St-up Auto Transf.

Trip Relay

SG Comp. Cool Wtr. Low

SG Press. Aux. Relay

27XHHB2 SG Bus UV.Aux. Relay

(st.-up 8 4kV Bus)

25XHH SG Synch. Check Aux. Rel.

62HHl TD-5 Start-up Auto Transf. Timer

no

no

no

no

yes

no

yes

yes

yes

yes

yes

yes

yes

Used during tests only .

Used during test only
Alarm only
Chatter will not produce

abnormal operation
Chatter could start
diesel. This is failsafe
Chatter will not produce 441354

abnormal operation
Monitor Aux. Relays

Used during tests only
Monitor NO contact
of 32YHH7

Monitor NO contact

of 87YHHG

Monitor NO contact
of 40YHH7

See 3HHl

441341

441356

441355

441354

441354

441356

441356 '
441356

441356

441356

441356

441356

441356

441354

no

no

Chatter would start
Comp. Cool. Mtr. Pp.

This is failsafe
Chatter would start
diesel. This is failsafe
Used during test only

441311

441311

441354

441340

yes Monitor 1NO 5 1NC cont. 441354

(typ. for 4HH 8 5HH13)

yes See 3HH1 441354

ATTACHMENT "A" Sheet 1





DEVICE TABLE

'SAFEGUARD RELAY'BOARD "H"

Sh. 2of 2

Device T e Use

Affect
Class 1E
Function Remarks

Schematic
Dia ram No.

4HH7 SG

27HHDC SG

27GHDC SG

27ZHHB2 SG

Diesel Gen. Auto Transf.
Close Relay

DC Contr. Bus UV Rel.
DC Contr. Bus UV Rel.
4kV Bus UV Aux. Rel.

27YHHB2 SG Same as 27XHHB2

4HH14X SG Start-up Auto Transfer
4HH14 SG Close Aux. Relays

62HH2 AGASTAT Diesel Auto Transfer

Timer

no

no

no

yes

no

no

no

Chatter will not produce

abnormal operation
Alarm only
Alarm only
Connect NO Cont. to
5HH13 and monitor trip
Same as 27XHHB2

Chatter will nor produce

abnormal operation
Chatter will not produce

abnormal operation

441354

441354

441356

441354

441354

441354

441354

ATTACHMENT "A" Sheet 2
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SAFEGUARD RELAY BOARD

GROUP I
C
B

24ff

78"

Test Machine

Bolt to the seismic test machine with
. eight 1/2.x 13 bolts, - .
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CONDITION AXES

SEISMIC TEST SE(UENCE
, FOR SAFEGUARD RELAY BOARD "H"

HORIZONTAL VERTICAL
.RM RM or RM + SB

ZPA FIG. NO. ZPA FIG. NO. SB
9 ' 9 Hz

REMARKS

1

2
3
4
5
6
7
8
9

10
11

FB
V

FB+V

~ 2

.75 50Ã - 1

1.5 1

~ 2
.8 50K - 2

1.6 2 7.1
8
9

10

1-33 Hz Sweep
1-33 Hz Sweep
1 OBE

2
3
4
5
1 SSE
2
3
4

ROTATE RELAY BOARD
90'2

13
14
15
16
17
18
19
20
21

SS
SS-V

~ 2
.75 50Ã - 1

1.5 1

.8 50Ã - 2

1.6 2 7.1
8
9

10

1-33 Hz Sweep
1 OBE

2
3

5
1 SSE
2
3
4

LEGEND:

RM

RM4SB
ZPA
FB
SS
V
FB+V
SS+V

Random Motion
Random Motion plus Sine Beat
Zero Period Acceleration
Front to Back
Side to Side
Vertical
Front to Back and Vertical (Biaxial)
Side to Side and Vertical (Biaxial)

ATTACHMENT "D"
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1. Name of Equipment Tested

~ Teledyne Big Beam 2S6N70-80 8 hour rated Emergency Light Battery Pack.

2. Description 'of Equipment

The Emergency Light Battery Pack is a metal chassis 8 hour rated

nickel-cadmuim battery with a battery charger and two 6 VDC sealed

beam lights.

3. Safety Function

The safety function of the Emergency Light Battery Pack is to provide

8 hours of lighting if the (3) redundant" normal AC, Emergency AC, and

125 VDC lights are lost due to seismic or fire in designated class

IE operating areas.

4. Test Criteria and Plan

The test criteria for this unit is that it perform its safety function

during, and after a seismic event. The unit shall demonstrate this as

foilows:

a) On loss of emergency AC power the unit will automatically

revert to the battery and light the sealed beam lights .

b) On return of AC power the unit lights will turn off and its

charter will recharge the battery at the high charge rate,

equalizing change rate or the trickle charge rate.

c) After testing the unit powered the sealed beam lights for

8 hours.

d) The battery charger recharged the battery in 12 hours.





5. Test Procedure and Set-Up

See the attached Procedure for Testing one Teledyne Big Beam 8 hour

rated Battery Back Emergency Lights Unit for Hosgri 7.5M. Before

testing, (2) 1/8 x 1 inch steel straps were placed across the top of

the battery and bolted to the mounting shelf using 1/4 inch threaded

rod with standard nuts and washers. This modification was done before

the seismic test to assure a successful test.

6. Test Results

This unit was run thru 10 OBE's and 13 SSE's and demonstrated that:

a) On loss of AC input the sealed beam units energized.

b) On return of AC power the sealed beam lights go off.

c) 'he unit operated the sealed beam lights for 8 hours.

d) After discharge in (c) above the charger recharged the battery

in 12 hours.

e) Attached find Test Run Data Sheet on the testing.

7. Conclusions

Based on the above test and functional qualification this Emergency

Light, Battery Pack is qualified as an emergency light battery pack

with an 8 hour rating, and rechargeable in 12 hours.

The same modifications are being done to the battery packs being put

into the plant as were done on this unit before seismic testing.





1.0 Procedure for Testin one.-Teled ne Bi Beam 8 Hour rated Batter Pack

Emer enc Li hts Unit for Hos ri 7.5M

1.1 Model No. 2S6N70-80

1.2 Before seismic testing hook-up the 120 VAC power circuit to the

junction box for conduit connection.

1.3 On first energizing with 120 VAC input observe which of the

following lights come on:

1.3.1 Red light only, indicating*a high rate charge (low

charge on battery)

1.3.2 Red and Green-light indicating an equalizing charge rate

1.3.3 Green light indicating a trickle charge rate (fully

charged battery).

1.4 Depress the momentary test switch for 90 seconds simulating power

failure. Verify that:

1.4.1 The amber indicating light goes off.

1.4.2 The emergency light comes on.

1.4.3 Read voltmeter under load and record the value.

1.5 Check the electrolyte level. Electrolyte level should be between

the top maximum "full" line, and the lower "add" line. If not,

record the level and adjust the electrolyte level.

1.6 Test Reference:

1.6.1 This equipment shall be tested to either the requirements

specified in the contract for seismic testing of the:

1.6.1.1

1.6.1.2

4 kV switchgear

or the safeguards relay board
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1.7 Mount the Battery Pack Emergency D.C. Light by its seismic type

mounting including the securement type mounting shelf to the

seismic table fixture simulating wall mounting of the unit.

Mounting to approved by P.G.K E. before testing.

1.7.1 Connect 120 VAC power to the unit with external to the

table means for deenergizing.

1.8 Perform seismic testing as specified in paragraph 1.6.1 or

1.8.1 Perform 5 OBE's and 1 SSE in the North-South direction

to envelope the RRS as developed for 119'l. Area A,

Turbine Bldg. for Hosgri 7.5M.

1.8.2 Perform 5 OBE's and 1 SSE in the East-West direction

to envelope the PSS as developed for 119'l. Area A,

Turbine Bldg. for Hosgri 7.5M.

1.9 During one OBE and one SSE in each direction perform the

fol 1 owi ng:

1.9.1 Deenergize the 120 VAC power input .

1.9.1.1

1.9.1.2

1.9.1.3

Observe and record the initation of the

sealed beam lights.

Observe the seal beamed lights for

continuous output.

Observe and record if the amber lights goes

off.

1.9.1.4 Take voltmeter readings if possible.

1.9.2 Reenergi ze the 120 VAC power to the Unit.

1.9.2.1

1.9.2.2

Observe and record the turn-off of the

sealed beam units.

Note and record if the amber, red, red and

green, or green lights come on.





1.9.3 Record any of the following during the test.

1.9.3.1

1.9.3.2

1.9.3.3

Leakage of electrolyte

Excessive deformation of Unit of its parts.

Recoranendations for additional structural

supports.

1.10 During the remaining four OBE's

1.10.1 Have the Unit energized by 120 VAC for 2 OBE test.

1.10.2 Have the Unit deenergized with the Seal Beam Units on

for 2 OBE tests.

1.11 After the seismic test and upon removal of the Unit from the

shake table deenergized the 120 VAC and run 8 hour emergency

light duration test.

1.12 After the 8 hour emergency light duration test reenergized the

120 VAC and recharge the Unit up with the 12 hour recharge cycle.

1.12.1 Observe and record times when the indicating light are

red, red and green, and green only.

1.13 The following conditions must be satisifed for the Unit to be

qual ified.

1.13.1 The Unit shall exhibit no observable damage, structural

or otherwise.

1.13.2 There shall be no electrolyte leakage indicated by

external moisture or change in level.

1.13. Upon deenergization of the 120 VAC the unit shall meet

the requirements of paragraphs 1.9.1.1, 1.9.1.2, 1.9.1.3





Upon reenergization of the 120 VAC to'the unit the

Sealed Beam units shall go off, the amber light shall

come on, and the red, red and green, or green light

shall come on indicating that the charger is operating.

Unit shall meet the requirements of paragraphs 1.11 and

1.12.





TEST RUN

DATA SHEET

RUN NO.

OBE

or
SSE AXIS

OBE F.B.-V OFF

SEALED BEAM LIGHTS AMBER

125 VAC-ON OFF

RED

OFF

GREEN

6.5

10

12

13

OBE F.B.-V 6 VDC-ON

OBE F.B.-V 6 VDC-ON

OBE F.B.-V OFF

SSE F.B.-V OFF

SSE F.B.-V OFF

SSE F.B.-V OFF TO 6 VDC ON

SSE 'P.B.-V 6 VDC ON TO OFF

SSE F.B.-V OFF TO 6 VDC ON

125 VAC-ON

125 VAC-ON

125 VAC-ON

OFF

125 VAC-ON

OFF

HIGH CHGE. ON

HIGH CHGE. ON

OFP

OFF

HIGH CHGE. ON

OFF

125 VAC-OFF OFF

125 VAC-OFF OFF

OFF

OFF

OFF

OFF

6.5

OFF 7

TRICKLE CHGE. ON 7

OFF

OFF

14

15

16

17

18

19

20

S.S.-V OPF

OBE S.S.-V OFF

OBE S.S.-V OPF

OBE S.S.-V OPF-6 VDC ON

OBE S.S.-V OFF-6 VDC ON

125 VAC-ON

125 VAC-ON

125 VAC-ON

OFF

125 VAC
ON-OFF

SSE F.B.-V 6 VDC ON-OFF — 6 VDC ON-OFF 125 VAC-ON

SSE F.B.-V 6 VDC ON-OFF — 6 VDC ON-OFF 125 VAC-ON

HIGH CHGE. ON

HIGH CHGE. ON

HIGH CHGE. ON

HIGH CHGE. ON

HIGH CHGE. ON

OFF

OFF

OFF

OFP

OFF

OFF

OFF

HIGH CHGE. ON-OFF OFF 6

21

22

23

24

25

26

OBE S.S.-V 6 VDC ON

OBE S.S.-V 6 VDC ON-OFF

SSE S.S.-V OFF

SSE S.S.V OFF

SSE S.S.V OFF-6 VDC ON

SSE S.S.-V 6 VDC ON-OFF

OFF

125 VAC-ON

125 VAC ON

125 VAC ON

125 VAC
ON-OFF

125 VAC
OFF-ON

OFF

HIGH CHGE. ON

HIGH CHGE. ON

HIGH CHGE. ON

OFF

OFF

OFF

OFF

HIGH CHGE. ON-OFF OFP

HIGH CHGE. OFF-ON OFF

7.5

27 SSE S.S.-.V 6 VDC ON OFF OFF OFF





10.3.6.1 Name of E ui ment

a. Diesel Generator Excitation Cubicle.

b. Diesel Generator Control Cabinet.

10.3.6.2 Descri tion of E ui ment

a. The Excitation Cubicle is a steel cabinet 90" high, 48" wide and
46" deep with a 56" high front door. It contains the series boost
exciter-voltage regulator .for the associated diesel generator.
Mounted on the door are various indicating instruments, indicating
lights, control switches, and pushbuttons. These are used to

. monitor and manually control the generator. The front door
permits access to the control wiring terminals and the low voltage
chassis. A bolted back panel provides access to the high voltage
chassis at the top and high voltage power connections with cur'rent
transformers below. A bolted lower front panel also provides
access to the power connections and current transformers.

b. The Diesel Generator Control Cabinet is 72" high, 30" wide, and
22" deep with a full front door. Mounted on the door are an

annunciator, various control switches and pushbuttons, indicating
lights, and a lockout relay. 'These are used to monitor and

manually control the diesel engine. The front door provides
access to a subpanel with various types of relays, a side panel
with more relays and a tachometer, and another side panel with
terminals for external control connections.

There are 5 diesel generator excitation cubicles and diesel
generator control cabinets at the Diablo Canyon Site. Three are
located in Unit 1 and two are located in Unit 2 next to the
respective diesel generator.





10.3.6.3 Safet Functions

a. The exciter - regulator provides and controls the field current of
the diesel driven generator to maintain the generator voltage within
the regulator band. The diesel driven generator provides power to
the engineered safeguard load in the event were all other power

sources fail.

b. The devices of the diesel generator control cabinet initiate and

control the start of the associated diesel engine on receiving a

start signal. The annunciator monitors the status of the diesel
engine system during on and off periods and alerts the plant
operator of any occuring malfunctions.

10.3.6.4 Test Criteria and Plan

a. The test shall demonstrate that the excitation-voltage regulator.
equipment and the devices of the diesel engine control cabinet
perform their safety functions during and after a seismic event .

The exciter-regulator itself is a static control device using
transformers, reactors, semiconductors, resistors and capacitors.
The exciter-regulator contains all silicon semiconductors and

no electrolytic capacitors. The exciter-regulator is not subject
to wear from moving parts and is relatively unaffected by

temperature, humidity, vibration, and shock. However, the total
assembly must maintain its integrety and function during and

after seismic events .

b. The devices of the diesel generator control cabinet must perform
their safety functions during and after a seismic event. The

cabinet was found to be rigid during earlier insitu testing.
For that reason only the devices need to be tested seismically.





The plan is to test the performance of the equipment by subjecting one

complete excitation cubicle, the door of one engine control cabinet with

all door mounted devices, and also typical relays of the subpanels to a

seismic simulation test. This shall qualify all excitation cubicles and

diesel generator control cabinets for their Class 1E functions to IEEE

Standard 344-1975 and USNRC R.G. 1..100.

10.3.6.5 Test Procedure and Setu

The diesel generator excitation cubicle was skip welded to a one-inch steel

plate which in turn was welded to the seismic test machine. Braces consisting

of four-inch square tubing were bolted using one-half inch bolts to the top

of the cubicle and welded to the test machine to simulate the cabinet bracing

to the concrete wall at Diablo Canyon.

The control cabinet door was attached to a four-inch square tubing fixture
using the normal bolt holes in the door hinge (1/4" bolts) on one side and

the door closing mechanism on the other side. Thus simulating its
in-service attachment.

The typical relays selected from the subpanel of the control cabinet were

mounted on a 1/4 inch steel plate, 68 inches high and 30 inches wide. The

plate was in turn bolted (four 3/8-inch bolts) to a rigid bookend type

fixture. Spacers were used on the bolts to maintain a gap between the test

fixture and steel plate. This was to simulate in-service attachment.

The selected devices were bolted to the steel plate using the same size

bolts that are in normal use. See Attachment "B". The size of the shake

table required two separate test set-ups. One with the excitation cubicle

and the control cabinet door and a second one for the simulated subpanel

with the selected typical devices.

The exciter-regulator was connected to 3 phase 4160VAC, 3 phase 120VAC,

and 120VDC per attached wiring instructions. See Attachments "C", "D" and

"E." All devices listed in Attachment "F" were monitored for chatter in

both the energized and deenergized state, switches were monitored in the

appropriate position.





Three switches of the control cabinet door (see Attachment "F") were

monitored for chatter in the appropriate positions. The annunciator was

observed for physical damage.

Devices from the subpanel were connected to appropriate 'power sources

and monitored per attachment "G." The devices are listed in Attachment "H."

10.3.6.6 Test Results

The test specimens demonstrated their integrety to withstand without

compromise of structure or safety functions the simulated seismic
environment of seismic random biaxial motion performed to the required
response spectra.

10.3.21.7 Conclusion

One Diesel Generator Excitation Cubicle and pertinent parts of the Control
Cabinet of Diablo Canyon Unit 2 were seismically tested by a multi-axis,
multi-frequency seismic simulation described in WYLE Report Number

58255,'ated

April 19, 1978. The equipment contained devices representative of
the contents of all Diablo Canyon Unit l and 2 Diesel Generator Control.
Thus qualification will apply to all Diesel Generator Exitation Cubicles

and Diesel Generator Control Cabinets.

The test results presented in section 10.3.6.6 above demonstrate that the
test criteria are met, and thus that the equipment'.s safety function has

been demonstrated during and after seismic testing to the RRS derived from

the postulated 7.5M Hosgri event.

1t is therefore concluded that the Diablo Canyon Units 1 and 2 Diesel

Generator Exitation and Control Equipment are qualified for the postulated
7.5M Hosgri event in accordance with IEEE Standard 344-1975 and USNRC R.G.

1.100.





DIESEL GENERATOR EXCITATION CUBICLE
GROUP II

36" 47 II

78"

Test Machine

Weld to test machine with
supports bolted at top.
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DIESEL GENERATOR CONTROL CABINET
GROUP II
Sub-Panel

B

~O
I

I

68"
4 bolt mounting

Support 'at or near
bolts only.

3 0 II

Control Cabinet Door

Piano hinge bolted to fixture l5ll

74 II

30lt
Door latch
Top a bottom
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WIRING INSTRUCTIONS

Seismic testing of series boost exciter D9067100

In voltage regulator 90-78600-100, connect temporary jumper across capacitor
C6 so that voltage regulator can be operated in steady s ate mode sensing
DC generator field voltage.

Connect resistive load to F+ F- terminals 0.60 to 1 ohm, 10 KW rating.

Apply +120VDC to terms B82 and B84. Apply minus side of 120VDC to terms 13
and 123 relays KlC and KlAC should pull in.

Connect 120V, 60 hertz, three phase, one ampere to terminals B16, B17, B18,
check that K3 pulls in.

Connect 4160V, 60 hertz, three phase bused for 10A. Terminals CT11, CT12,
CT13.

Adjust local raise lower voltage adjust for F+ F- voltage to 50 VDC and control
current ammeter to 1 to 2A during vibration.

Monitor following:

1)
2)
3)
4)
5)

F+ F- voltage (If K4 or Kl relays malfunction, voltage will change)
K2C contacts: should not close.
K3 (normally closed) contact should not close.
Contacts of air controller at its terminals 7 and 8 should remain open.
Monitor contacts of DR relay connected to terminals 16 - 22, 22 - 21,
19 - 20 of EGA for change or state, Also contact across 1 - 2 of voltage
regulator 90 78600 101.

The best test is to have the complete system operative, but this usually cannot
be done. This suggested procedure should evaluate the main functions. It
assumes that switch contacts are not affected by vibration, but relay contacts
are.

ATTACHMENT "C"
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DEVICE TABLE

DIESEL GENERATOR CONTROL

EXCITER CUBICLE AND CONTROL CABINET DOOR

Device

KWS-22 BE
907200

Use

Voltage Regulation

Affect on
Class IE
Pnncticn

Yes

Remarks

Excitation
Cubicle

P.G.G E..
Schematic
Dia ram No.

437665

DR-22

DSL-22

PB

Yes

S-1515A Droop switch Yes

Voltage Shutdown Push- Yes
button

437579

437579

437579

MASL
Man/Auto W-2

Voltage Regulator man- Yes
ual auto switch

437580

K-3 PR1 1AY

M493

MASL-22X SG

PR11DY

29-22 W-2

Field Flash cutout
Relay

Local Remote Switch

Field Flashing Contac-
tor
Voltage regulator
selector switch auxi-
liary relay

Generator Voltage
shutdown relay

Yes

Yes

Yes

No

Yes

437665

437579

437579

437579

437579

43-22 W-2 Auto-Test switch Yes Control 437579
Cabinet Door

43-DC W-2 Normal-Backup DC supply Yes
voltage switch

437579

SDR-22 LOR/ER Diesel Shutdown Lock- Yes
out relay

437580

ATTACHMENT
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DEVICE TABLE

DIESEL GENERATOR CONTROL

CONTROL CABINET SUB PANEL

Device ~Te Use

Affect on
Class 1E
Function

P.G.6 E.
Schematic
Dia ram No.

AR440

JWLR-22 ARD440

Oil level auxiliary
relay

Jacket water level
alarm relay

No

No

437674

437580

OPR-22 ARD440 Oil pressure auxiliary Yes
relay

437580

OCT 1-22 2412PD Engine crank timer Yes

CR1-22 MG-6 Engine cranking relay Yes

ESR1-22 ARD660 Engine start relay Yes

OCR-22 606B Over crank trip relay Yes

ESR2-22 ARD660 Engine start relay Yes

DCC1-22 5722 Undervoltage transfer Yes
contactor

2ADG-22 7012PF Annunciator timer relay No 437580

437579

437579

437579

437580

437580

437579

spare

PS-218

ARD660

J6-156

Jacket water pressure Yes
relay

Jacket Water pressure Yes
switch

437579

437579

PS-204 J6-156 Oil pressure switch Yes 437580

ATTACHMENT "H"





10.3.23.1 - Name of E ui ment

Ventilation Control Logic

10.3.23.2 - Descri tion of E ui ment

The Ventilation Control Logic consists of a rigid steel cabinet housing

2 hinged card racks each containing approximately 80 printed circuit cards.

The system utilizes solid state components to perform logic functions and

operate output relays and solenoid valves. There is also a power supply

with multiple outputs for each rack.

The logic system receives input information in the form of contact closures

from air flow switches and limit switches and actuates from motor control-
lers and solenoid valves which control air to position air flow dampers.

During normal plant operation some fans are running and a normal air flow

path is established. If ESF equipment should be called upon to operate,

the logic system will adjust the air flow as necessary to provide adequate

ventilation.

13.3.23.3 - ~3'3

The ventilation control logic must control ventilation fans and dampers to

maintain acceptable ventilation to Engineered Safety Feature equipment and

to direct air flow through charcoal filters on demand in order to reduce

plant emissions.

Momentary delays in signaled changes in the logic output during seismic

testing are acceptable, however the equipment must not be damaged by the

seismic event, and must assume the proper operating mode following the

seismic event.
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10.3.23.4 - Test Plan and Criteria

The following test criteria have been established to demonstrate that the

ventilation control logic will perform its safety function during and after
a seismic event:

1. The logic shall not be damaged by the seismic testing and shall
be capable of normal operation following the seismic testing.

2. The logic shall be tested energized with inputs simulated and

outputs monitored. The outputs shall not inadvertently change

state as a result of the seismic testing.

3. Multi-axis, multi-frequency seismic tests shall be conducted per

the RRS 'contained in Wyle Report No. 58255, pp. 182-197.

10.3.23.5 - Test Procedure and Set-U

1. Mount the hinged panel housing the printed circuit cards, and

the power supply rigidly in a manner equivalent to plant mounting.

See Wyle Report No. 58255, for details of equipment mounting

for test.

2. Apply 120 Volts AC to the power supply.

3. Apply 125 Volt DC to typical input converters and monitor output
signals on a strip chart recorder.

4. Conduct five OBE tests and two SSE tests.

5. Rotate the equipment 90 degrees, and repeat test with five OBE's

and two SSE's.

6. Test the equipment completely after the completion of seismic

testing to verify normal functional capability.





10.3.23.6 - Test Results

The ventilation control logic was undamaged by the seismic testing, as

verified by functional testing after completion of the seismic shaking.

The typical outputs monitored maintained the proper relationship to the

logic input during and after the tests.

10.3.23.7 - Conclusions

The Ventilation Control Logic cabinet from Diablo Canyon Unit 2 was tested

by a multi-axis, multi-frequency seismic simulation described in Wyle

Report No. 58255, pp. 182-197. This Ventilation Control Logic Cabinet is
identical to that installed in Diablo Canyon Unit l.

The test results in section 10.3.23.6 demonstrate that the test criteria
specified in section 10.3.23.4 are met and thus that the equipment's

safety function has been demonstrated during and after seismic testing
to the RRS based on the postulated 7.5M Hosgri event.

It is therefore concluded that the Diablo Canyon Units 1 and 2 Ventilation
Control Logic Cabinets are qualified for the postulated 7.5H Hosgri event

in accordance with IEEE Standard 344-1975 and NRC RG 1.100.
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VENTZLATION SYSTEM P. C, BOARD AND
POWER SUPPLY

GROUP ZZZ

l4 II

25"

SOII

Test fixture welded to test machine and test
specimens bolted to fixture.
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Ventilation Control Relay Panel

The Ventilation Control Relay Panel consists of rigid steel electrical
enclosure containing relays which provide interface between the Ventilation
Control Logic described in Section 10.3.2.3 and the 480 Volt Vital Load

Center described in Section 10.3.2.5. The panel is located in the Auxiliary
Building on elevation 128 . Analysis and in-situ testing has determined

that the cabinet is rigid.

Safet 'Function

Relays with a safety function are activiated by the Ventilation Control Logic

system and in turn provide 'start'ignals for ventilation fans. The fans

are not required to started or operated during the short period of the

seismic event. Therefore, if the equipment is capable of responding pro-

perlyy

and starting the required fans after the seismic event it will have

met its safety function. Other relays in this cabinet have no safety function

to perform. They provide undervoltage alarms only and momentary misoperation

has not effect on safety.

Test Criteria and Plan

The purpose of the seismic that is to verify that the equipment is capable

of performing its safety function during and after a seismic event.

The plan was to test a relay cabinet subpanel containing representative

relays of the type used for control of the ventilation system. Relay contacts

were to be monitored for contact chatter in both the energized and

deenergized state.

Five Operating Base Earthquakes (OBE) and two Safe Shutdown Earthquakes

(SSE) were to be applied to the equipment in each axis. Required Response

Spectra (RRS) developed for the plant location where the relay cabinet is
mounted were used. Random bi-axial motion was to be applied to the equipment

supports.





All testing was to be conducted in accordance with IEEE Standard 344-1975

and USNRC Regulatory Guide 1.100.

Test Procedure and Set-U

A relay cabinet subpanel was removed from the plant and mounted to the

shake table in the same manner as it is mounted in the field.

Fan control relays ElSR and SlSR are typical for safety related relays and

were monitored for contact chatter.. Each relay had one normally open (N.O.)

and one normally closed (N.C.) contact connected to the chatter detector
set at 2 milliseconds. Undervoltage relay 27-11UV also had one N.O. and

one N.C. contact monitored for chattered.

The Test Response Spectrum (TRS) was developed which enveloped the RRS

(see Wyle Report 58255, pages 150-156 and 162-168). Fine OBE and three
SSE test runs were then conducted. During two OBEs and one SSE the relays
were energized. The subpanel was then rotated 90 degrees and the test runs

repeated.

All relays were tested for satisfactory operation after the testing was

completed.

Test Results

Ho physical damage was observed or detected and no relay contact chatter
was detected in either the energized or deenergized state.

Conclusions

As a result of the above described testing which demonstrated satisfactory
operation of the relay subpanel and the relays it can be concluded that
the Ventilation Control Relay Cabinet is qualified to perform its safety
function during and.after a Hosgri fault seismic event.
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GROUP III

2 Oil Test Fixture

Four mounting bolts

Fixture support at mounting bolts only.
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10.3.1.1 Hain Annunciator Com onents Tested

The following Main Annunciator Components were tested on a biaxial seismic

test table.

1. Constant Voltage Transformer - Sola 820-22-159

2. Power Transfer Panel

3. 50 R02-SCO-Kl

4. 50 R02-SCO-K2

5. Power Transformer

6. Logic Power Supply

7. Aux. Logic Power Supply

8. DC to DC Converter

9. DC to AC Inverter

1.0. Typewriter

11. Printed Circuit Bd

12. Printed Circuit Bd

480 VAC/120 VAC

- RIS-RA-189

117 VAC/125 VDC in 117 VAC OUT.

- Sigma Relay, 115 VAC

115 VAC inputs pick-up the relay.

- Sigma Relay, 115 VAC

115 VAC inputs pick-up the relay.

- Signal Transformer Co. 8120-20

120 YAC input

120 VAC output.

- RIS RA-875A

117 VAC in.
- RIS RA-897A

117 VAC in.
- RIS-UNK AN 159

125 VDC input

+12, -28, +125 VDC output.

- Lorain MBA 102 Hl

125 VDC in, 117 VAC out.

- IBM 735 Selectric

Ser. 8926026740.

- RIS 139B-Reflasher Module.

- RIS RA847-Input Module

10 N.O. contacts.





13. Printed Circuit Bd

14. Printed Circuit Bd

15. Printed Circuit Bd

16. Printed Circuit Bd

17. Printed Circuit Bd

18. Printed Circuit Board

Card Tray Rack

19. 62R2-24 VDC

20. 62R2-110 VDC

- RIS RA848A-Input Module

10 N.C. contacts.

- RIS RA849-Input Buffer Module.

- RIS RA851-Status Memory Nodule.

- RIS RA852-Sequential Memory Nodule.

- RIS RA853-Oscillator and Interface

Nodule.

- RIS 1009-273.

- Sigma Relay-24 VDC

To Monitor Annun. Power.

- Sigma Relay 110 VDC

To Monitor Annun. Power.

The above components were judged to be the most limiting components in the

Main Annunciator from a seismic standpoint based on in-situ inspection and

testing at the site.

The solid state RIS RA-800L system was added to this annunciator in event

of drum failure. Alarm No's are available on loss of Drum and English

Print-Out.

The Hain Annunciator is located at elevation 128'0", area H, of the

Auxiliary Bldg.
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The Main Annunciator functions to provide alarms to the plant operator

on plant conditions. While the Hain Annunciator has no direct safety

function, it has been designed and qualified as Seismic Class I equipment

to minimize the potential for confusion of the plant operators during and

after a seismic event. The information necessary for the operator to

diagnose plant conditions and take any manual action required is provided

via position lights, status lights, monitor lights and gages displaying

the key plant process variables; thus the Hain Annunciator is not required

even for operator information.

Nevertheless it is desirable to have accurate alarm information conveyed

to the operator via the Hain Annunciator during a seismic event, and to

have the Hain Annunciator functioning normally after a seismic event,

such that any spurio'us alarms generated during the seismic event can be

easily cleared and the remaining alarms and their sensors evaluated.

10.3.1.3 Test Criteria and Plan

The test criteria and plan for the individual components tested are as

fol 1 ows:

1. The Constant Voltage Transformer mounting shall be tested during

the seismic shaking.

2. The Power Transfer Panel shall be operated in both the By-pass

mode with 117 VAC in and 117 VAC out, and also in the Auto Position

for input power (117 VAC in shall be removed, the 125 VDC inverter

shall automatically supply 117 VAC out). The unit shall be





switched to auto position during the 4th and 5th OBE and the

1st SEE. The unit shall be demonstrated to perform the above

functionally during and after the seismic test.

3. The Sigma Relay, 50 R02-SCO-Kl shall be cycled before, during

energized test, and after seismic testing. The relay contacts

shall be monitored for contact chatter.

4. The Sigma Relay, 50 R02-SCO-K2 shall be tested the same as item

3 above.

5. The Power Transformer shall be energized during the seismic

testing. The output shall be monitored before and after the

seismic test. Any change in output shall be recorded.

6. The Logic Power Supply, RIS RA-875A shall have 117 VAC input.

The input power shall be turned on and off twice during the

deenergi.zed tests (1st, 2nd, 3rd OBE, and the 2nd SSE) and the

output voltages observed. During energized tests with 117 VAC

input (4th, 5th OBE, and 1st SSE) the output voltage shall be

monitored.

7. The Auxiliary Logic Power Supply, RIS-RA 897A shall be tested

8.

the same way as item 6.

The DC to DC Converter RIS-UNK AN 159 shall have 125.VDC input

and its outputs shall be+12, -28, and+125 VDC. During 1st,

2nd, 3rd OBE and 2nd SSE unit to be deenergized. During the 4th

and 5th OBE, and 1st SSE unit to be energized, "and the -28 VDC

outputs monitored for voltage. Before and after seismic tests

the Unit shall be functionally tested.





9. DC-AC Inverter, Lorain WBA 102 Hl shall be mounted as in the

actual equipment. 125 VDC in shall be applied and the output

monitored for continuous 122 VAC output. The unit functions

continuously, and shall be energized continuously before, during,

and after the seismic testing.

10. Typewriter - IBM 735 Selectric shall be mounted on the seismic

table to simulate on site mounting. Four mounting screws shall

be used to attach the typewriter to its mounting platform. The

mounting platform shall be rigidly attach to roll out side rails.

The side rails shall be rigidly locked and attached to the

structural steel mounting rails on the seismic table to simulate

the cabinet mounting at the site.

An IBM, On Line Selectric Analyzer, OLSA, shall operate the

typewriter before the tests. During the seismic shake on the

table the typewriter shall be powered. Between shakes the

typewriter shall be actuated manually by its keys. After the

shake the typewriter shall again be operated by the IBM, OLSA.

ll. Printed Circuit Board, RIS 139B-Reflasher Module shall be

inserted in the Printed Circuit Board Card Tray Rack, RIS 1009-273.

Common voltage inputs shall be supplied by the logic power supply

and the board shall be energized during energized test run. The

printed circuit boards shall be returned to Diablo Canyon and

tested and operated as before being shipped to Wyle Laboratories.

12. Printed Circuit Board, RIS RA 847 Input Module for 10 remote N.O.

circuits shall be tested the same as item 11.

13. Printed Circuit Board, RIS-RA84A, Input Module with 10 N.C.

contacts shall be tested the same as item 11.





14. Printed Circuit Board, RIS-RA849, Input Buffer Module shall be

tested the same as item 11.

15. Printed Circuit Board, RIS-RA851 Status Memory Nodule shall be

tested the same as item 11.

16. Printed Circuit Board, RIS-RA852 Sequential Memory Module shall

be tested the same as item 11.

17. Printed Circuit Board, RIS-RA853 Oscillator and Interface Module

shall be tested the same as item 11.

18. Printed Circuit Board Card Tray Rack RIS-1009-273 shall be

mounted the same as in the Hain Annunciator on the shake table.

The Printed circuit boards listed on items ll thru 18 shall be

inserted in the card tray during the seismic tests and energized

as stated above.

19. Sigma relay 62R2-24 VDC shall be monitored for contact chatter,

unenergized during 1st, 2nd, 3rd OBE and 2nd SSE, and energized

during the 4th and 5th OBE and the 1st SSE.

20. Sigma relay 62R2 110 VDC shall be tested the same as Item 19.

Test Procedure and Set-V

1. Mount the Annunciator tested components in the same configuration and

orientation as in the Diablo Canyon plant, (See Myle Report No. 58255,

April 19, 1978, Test Procedure No. 3642, dated November 30, 1977,

pp. 29-37,)

2. Supply the required inputs and monitor the outputs or contact chatter

as required per the test criteria.





'Com onent ~In ut Out ut or Chatter

Power Transfer Panel

50 R02-SCO-Kl

50 R02-SCO-K2

Power Transformer

Logic Power Supply

Aux Logic Power Supply

DC to DC Converter

DC to DC Inverter

Typewriter

Printed Circuit Bds

117 VAC/

125 VDC in

115 VAC in

115 VAC in

120 VAC in

117 VAC in

117 VAC in

125 VDC in

125 VDC in

125 VAC in

Constant Voltage Transformer 480 VAC in 120 VAC out

117 VAC out

117 VAC out

Contact Chatter

Contact Chatter

120 VAC out

Monitor on
Direct Rendant
Recorder

-28 VDC out

117 VAC out

Manual typing

RIS 139B

RA 847

RA 848A

RA 849

RA 851

RA 852

RA 853

62 R2-24 VDC

62 R2-110 VDC

24 VDC in

24 VDC in

24 VDC in

24 VDC in

24 VDC in

24 VDC in

24 VDC in

24 VDC in

110 VDC in

Various

outputs

tested on

return to

plant

Contact Chatter

Contact Chatter

3. Visually monitor the input and output on meters or record on direct

readout recorder.





6. Results of Tests

The tested components on the Annunciator were run through the series of

OBE's and SSE's and the results are as follows:

l. The mounting of the Constant Voltage transformer was adequate

for the seismic tests.

2 ~ The Power Transfer Panel operated as required in the By-Pass and

Automatic modes during and after the seismic testing.

3. The Sigma Relay 50R02-SCO-Kl did not chatter when cycled during

and after the seismic testing.

4. The Sigma Relay 50R02-SCO-K2 did not chatter when cycled during

and after the seismic testing.

5 . The Power Transformer did not have a loss of output during or

after the seismic testing.

6 . The Logic Power Supply, RIS-RA 875A did not show any loss of

7.

8.

9.

output on the direct readout recorder.

The Auxiliary Logic Power Supply, RIS RA 897A did not show any

loss of output in the direct readout recorder.

The DC to DC converter, RIS-UNK AN159 had a continuous -28 VDC

output during and after the seismic test.

The DC-AC Inverter, Lorain MBA 1021-1 had a malfunction on the

1st series of test. After repair at suppl iers facil ity and't

Wyle Laboratories the Inverter operated continuously at 122 YAC

out during .and after the seismic tests.

10. The typewriter - IBM 735 Selectric operated manually between

seismic tests and after the testing by the On Line Selectric

Analyzer.





11.-17. The Printed Circuit Boards item ll through 17 were not damaged

during the seismic tests when energized with co+non voltage
'L

inputs from the logic power supply.

18. The Printed Circuit card tray rack, RIS-1009-273 with all the

above card inserted retained the cards without damage during

the seismic tests.

19. The Sigma relay 62R2-24 VDC contacts did not chatter during the

seismic testing.

20. The Sigma relay 62R2-110 VDC did not chatter during the seismic

testing.

The above components performed their functional requirements before,

during, and after the seismic testing.

7. Conclusions

1. The Main Annunciator components were tested by a multi-axis

multi-frequency seismic simulation described in Wyle Report Number

58255, April 19, 1978, pp. 143-213. The test results described in

section 6 above demonstrate that the test criteria of section 4 are

met, and thus the tested components operability has been demonstrated

during and after seismic testing to the RRS based on the postulated

7.5M Hosgri event. On this basis the Diablo Canyon Unit 1 and 2

Main Annunciators tested components are qualified for the postulated

7.5M Hosgri event in accordance with IEEE Std. 344-1975 and USNRC

Regulatory Guide 1.100. The Main Annunciator rigid cabinet qualifi-

cation for the postulated 7.5M Hosgri event in accordance with

IEEE Std. 344-1975 and USNRC Regulatory Guide 1.100 is documented in

paragraph 10..3.1 Main Annunciator, page 10-10a - 10-10b of Volume III
of the Seismic Evaluation of the 7.5M Hosgri Earthquake.





2, All the equipment listed under items 1 through 20 above have been

returned to Diablo Canyon and retested at the site. No malfunction

was detected in the equipment. Equipment has been placed back in

service on the Unit 2, Hain Annunciator or placed in spare stores.

3. The DC-AC Inverter, Lorain MBA 102Hl {3) identical units, 2 in Unit 1

Main Annunciator, and the second one in Unit 2, Hain Annunciator have

been checked for proper mounting of the SCR mounting panel and proper

clamping by the mounting screws.

4. The typewriter mounting at the plant has been modified to match the

mounting on the seismic test table.

5. The printed circuits boards have been retested at Diablo Canyon. No

malfunction was detected. The boards have been returned to service

in spare stores.

6, The Printed Circuit card tray rack has been returned to service on

Unit 2, Diablo Canyon.





MAIN ANNUNCIATOR
TWO TRANSFORMERS

GROUP III

6ff

Four 5/16" bolts

Four 1/4" bolts





MAIN. ANNUNCIATOR
INVERTER

GROUP III

4 II

15"

Test specimen bolted to
fixture





MAIN ANNUNCIATOR
POWER TRANSFER UNIT

GROUP III

l9 II

Test specimen bolted to fixture B
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POWER SUPPLY
GROUP ZZZ

18"

Unistrut welded to
fixture. Specimen
bolted to unistrut.

12"

10"





MAIN ANNUNCIATOR
LOGIC POWER SUPPLY

GROUP III

Top

Front

l9ll

I-

~ ~

Test specimen bolted to fixture





MAIN ANNUNCIATOR
AUXILIARYLOGIC POWER SUPPLY

GROUP III

19"

Test specimen bolted to fixture





MAXN ANNUNCIATOR

PRINTED CIRCUIT BOARD RACK

GROUP III

II

Front

l9II

Test specimen bolted to fixture.
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HAZN ANNUNCZATOR

AC ZNPUT RELAXS AND SOCKETS
GROUP ZZZ

~ Dummy Weights B

Relays (2)

'

B

Four mounting
bolts

.062" aluminum panel

20 ll

Panel bolted to fixture; test
specimens bolted to panel.





GROUP III
MAIN ANNUNCIATOR

SIGMA RELAYS AND SOCKETS

B

Relays (2Q

Dummy Weights

~ .105" aluminum
panel

19"

Panel bolted to fixture; test
specimen bolted to panel.



I

II



GROUP ZZZ
MAZN ANNUNCZATOR

TYPEWRXTER ASSEMBLY

1 6 II

Test Machine

24"

1-1/2 x 1-1/2 x 3/16
angles; 4 places
Welded to test
machine; type-
writer assembly
bolted to angles.

2Q It

Fixture four corners only
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10 a

125 VDC Distribution Panelboard, (ITE DC SWITCHGEAR)

This electrical switchgear consists of a three section, welded frame construction

cabinet with a 125 VDC bus arrangement, 3000 ampere input fuse from the battery,

and two 600 ampere molded case input breakers for primary and backup battery

chargers. A 600 ampere draw-out breaker from the main bus supplies the circuit

breaker panelboards. The circuit breaker panelboard consists of molded case

breakers rated for 20 to 150 amperes.'his equipment is located on El 115'0",

area H of the Auxiliary Building. The center section of the SWGR has a SV-

S
Undervoltage Relay which picks-up at 125 VDC as the bus voltage increase,

(27DCB21). This relay would drop out at 90% or 112 VDC signaling bus undervol-

tage, alarm only. The center section also has a 0-150 VDC range voltmeter.

This voltmeter and the battery charger voltmeter during this switchgear testing

read the same voltage 132 VDC the Battery Charger output setting. At this same

time the battery charger ammeter read 50 amperes output, before, during and after

the seismic testing. The 125 VDC bus also has a white light to indicate bus vol-

tage, a W minalite.

The 125 VDC Distribution Panelboard is required to continuously distribute 125

VDC power to plant DC loads (power, control protection, instrumentation, and

monitoring before, during and after a seismic event.

In order to assure the performance of the safety function specified in 10,3.5.2.3

above, the following specific test criteria shall be met:

1. Circuit breakers shall maintain their position before, during,

and after the seismic event; no circuit breakers are required to

operate during the seismic event.
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2 . The following components and posi tions shall be monitored :

a. Breaker 72-2 100 (I. T .E . KM 2B600) ; 12) VDC Bus j.nput breaker ,
~ «~ J~ ge,(~~i~

fed from the Battery Charger'uxiliary seitch con(acts (see

figures 10.3.5.2-1 and 10.3.5.2-2) to ensure the breaker main-

tains its closed position: (50 amperes shall be flowing thru

this breaker during energized tests)

(1) Terminals 17 and 18: Closed

(2) Terminals 19 and 20: Open

(3) Terminals 21 and 22: Closed

b. Breaker 72-2102 (I.T.E. K600); monitor the following auxiliary

c ~

switch contacts (see figures 10.3.5.2-1 and 10.3.5.2-2) to

ensure the breaker maintains its closed position. (50 amperes

shall be flowing thru this breaker during test. Battery

Charger Ammeter read 50 Amperes, Battery Charger Voltmeter
I

132 volts, and 125 VDC Swgr Voltmeter read 132 volts, observed

visually.)

(1) Terminals 9 and 10: Open

(2) Terminals 15 and 16: Closed

(3) Terminals 5 and 6: Open (no overcurrent alarm)

Undervoltage Relay 27DBG21 Westinghouse SV type 125 VDC.

Monitor the following contacts to verify that bus voltage

is maintained during and after the test (SV Relay should

pick-up at 125 VDC with the voltage going up. Drops out at

112 VDC on undervoltage).

Contact Terminal 2 and 3: Open

d. HE2-B070 I.T.E. Molded Case Circuit Breaker. Visually monitor

the status of this breaker to verify the breaker remained closed

(Breaker had a load bank load on it equivalent to about 34 amps

of the 50 amp charger output.)
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'e. HE2-B020 I.T.E. Molded Case Circuit Breaker. Visually monitor

the status of this breaker to verify the breaker remained

closed. (Breaker had a load bank load on it equivalent to

about 16 amperes of 'the 50 ampere'attery charger output.)

f. Verify that the 0-150 VDC voltmeter indicates that the bus

was continuously energized during and after the tests.

(Visually observed bus voltmeter at 132 VDC.)

g. Verify that the white indicating light stays on, indicating

that the bus was continuously:energized'during and'after the

test. (White light stayed on all the time when 1st turned

the battery charger and hooked in the 125 VDC Wyle battery

until the battery charger was tripped and the battery dis-

connected.)

103525- Tes

2.

Mount the 125 VDC Distribution Panelboard, SD-21 on the seismic test

table in the same configuration as in the power plant as shown in Wyle

Report No. 58255, Appendix I, Test Procedure 3642, dated November 30,

1977, pp. 41.

Supply 125 VDC power to the 72-2100 input breaker to bus No. 2l.by the

P.G,& E. 125 VDC Battery Charger, ED-21. Supply 50 amperes by the

Battery Charger (read battery charger Ammeter) to load bank Item 4

3.

4.

thru the Switchgear.

Supply 125 VDC battery power (Wyle 125 VDC battery) to the bus on the

supply side of the 3000 ampere bus fuse.

Connect the 70A and 20A output breakers in panel SD-21 to the P.G.& E.

resistor load bank with approximately 16 amperes at 125 VDC on the

20A breaker and 34 amperes at 125 VDC on the 70A breaker.

5. Close breakers 72-2100, 72-2102, and the 70A and 20A load breakers,
~,

Energize Battery Charger, ED-21. (Everything observed visually to read

correctly before seismic shaking.)
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6. Perform multi-axis, multi-frequency seismic testing per the RRS in

Myle Report No. 58255 dated April 19, 1978, pp. 255-280.

7. See figures 10.3.5,2-1 and 10.3.5.2-2 for testing set-up.

The equipment was energized during all the seismic tests, 5 OBE's and 2 SSE's

in the Z-Y and X-Y axis. The components listed on Table 10.3.5.2-1 were either

monitored before, during and after the seismic tests, No malfunction of any

of the components occurred during the tests. All contacts of auxiliary switches

and relays remained in the equipment energized position during all tests. All

breakers remained in the proper positions during the testing. Indicating meters

and lights on the front of the panelboard indicated that the bus remained energized

during and after the test. (Also meters on battery charger indicated a load of

50 amperes was on the battery charger,)

Results are listed per sub-paragraphs of 10.3.5.2.4 - Test Plan & Criteria:

No. breakers tripped open. 132 VDC output of the battery charger did

not change. Battery charger ammeter continually read 50 amperes. If
either breaker'.72-2100 or 72-2102 had tripped the Battery Charger ammeter

would go to zero with 72-2100 tripping (no load), or to nearly zero with

72-2102 tripping, (this would cut out the distribution panel load &

the load bank & would only charge the Wyle Lab, Battery).

2a. (1) Closed auxili'ary switch contacts remained closed;

(2) Open auxiliary switch contacts remained open. (this contact

is for alarm to Annun)

2b.

(3) Closed auxiliary switch contacts remained closed.

Both Battery Charger Ammeter maintained 50 amperes & Battery Charger

Voltmeter and the 125 VDC Swgr Bus Voltmeter maintained 132 VDC. Breaker

did not trip to indicate loss of load.
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2c. The SV relay picked-up as the battery charger energized the switchgear

with breakers 72-2100 and 72-2102 closed. (125 VDC). 4t no time during

the testing or after the testing did the SV ~ick-up except when the

breakers or the battery charger was tripped off. SV did not pick-up

during the energized time to indicate a drop in voltage below 112 VDC

setting of the SV relay.

2d.

2e,

If breaker had tripped off the battery charger output would have dropped

by the amount of load bank resistance lost with open breaker.

If breaker had tripped off the battery charger output would have dropped

2f.

by the amount of load bank resistance lost with the open breaker.

At no time by visual observation did the DC SWGR or the Battery Charger

Voltmeter, reading drop, when the switchgear and Battery Charger were

2g.

energized and the 125 VDC battery connected.

White light stayed on indicating bus potential.

Following the seismic tests, the SD-2'1 Di,stribution Panelboard was shipped back

to Diablo Canyon Unit 2, its functional performance was tested and verified,

and it it was placed back in service in the plant.

10.3.5.2.7 - Conclusions

A 125 VDC Distribution Panelboard (SD-21) from Diablo Canyon Unit 2 was tested by

a multi-axis, multi-frequency seismic simulation described in Wyle Report No. 58255,

April 19, 1978. pp. 255-280. This panelboard is identical .to the other five

125 VDC Distribution Panelboards installed in Diablo Canyon Units 1 and 2. The

test results described in 10.3,5.2.6 above demonstrate that the test criteria

specified in section 10.3.5.2.4 are met, and thus that the equipments'afety

function has been demonstrated during and after seismic testing to the RRS based

on the postulated 7.5M Hosgri event.

Thus it is concluded that the Diablo Canyon Unit 1 and 2 125 VDC Distribution

Panelboards are qualified for the postulated 7.5M Hosgri event in accordance

with IEEE Std 344-1975 and NRC Regulatory Guide 1.100.
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SWITCH,. RELAY POSITION, OR CONTACT

0~OPEN CENCLOSED

TABLE RUN NO.
I

1ST OBE 2ND OBE 3RD OBE 4TH OBE 5TH OBE 1ST SSE 2ND SSE

DEVICE SW. NO. Z-Y X-Y Z-Y X-Y Z-Y. '-Y Z-Y X-Y Z-Y ~ X-Y Z-Y X-Y Z-Y X-Y

72-2100, I.T.E.
KM 2B600 BKR

BKR C C C C C C

TERMINALS
SW.

17 & 18 C

AUX. TERMINALS
SW. FOR ALARM

19 & 20 0 0 0

TERMINALS
SW.

21 & 22 C

27DGB21 UV
RELAY W SV

2&3 0 0

72-2102 I.T.E.
K600 BKR

C' C

AUX. OVERCURRENT

SW. ALM. TERMINAL
5&6 0

TERMINALS
SW.

9 & 10 0

TERMINALS
SW.

15 & 16 C. C

HE 2B070 1.T.E.
. CIRCUIT BKR

BKR

HE 2B020 I.T.E.
CIRCUIT BKR

VOLTMETER
0-150 VDC

VDC 125 125 125 125 125 125 125 125 125 125 125 125 125 125

125 'IDC BUS
INDI-"ATINGLT. ON ON ON ON ON ON ON ON

.
ON ON ON ON ON ON ON





GROUP ZV
DC SWITCHGEAR CABINET

78 It 38 It

Test Machine
/

Test Machine

Test specimen will be welded to the test machine with
supports bolted at the top.
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ROUGH DRAFT
10-10-78

10.3.3.1 Name of E ui ment'Tested

Battery Charger, ED-21 (Exide UPC 130-3-400, 400 amp.) of Unit 2 Diablo Canyon

was tested on January 31, 1978.

10.3.3.2 Descri tion of E ui ent

The battery charger is a welded frame construction 2 section cabinet with solid-

state components. The charger provides rated direct current continuously at a

voltage smoothly adjustable from 125 to 140 volts. The charger has a locally

mounted voltmeter, ammeter, d-c undervoltage and overvoltage relays for alarm,

adjustable controls for both normal and equalizing charge settings, and an equalize

timer manually adjustable from 0 to 24 hours. The charger has a SCR Failure

Pilot Light, AC Power Available Light, AC Power on Light, Fuse Failure Light, and
" /

a Manual Control on Light, all on the left front door.

10.3.3.3 Safet Function

The safety function of the battery charger is to provide 125 VDC power to the 125

VDC bus, and to provide 125 VDC charging current to the bus battery during any

condition of plant operation, whenever the charger output breaker is closed, and

also the input breaker is closed and being supplied with 480 VAC.

10.3.3.4 Test Criteria and Plan

The test criteria for this battery charger is that it perform its safety function

during, and after a seismic event. The charger shall demonstrate this as follows:
4

1. The charger shall provide continuous power to the 125 VDC bus 21.

2. Monitoring of the following devices shall be performed to verify proper,

continous operation of the battery charger:

a. Monitor Power Input 480 VAC circuit breaker 52.21 in the

closed position to verify that breaker remained closed

during and after seismic testing (monitoring of breaker to

be done visually to 'see that it does not trip if closed or





close if 'open during .the seismic tests). Monitoring is also to

be done by visual observation that the A.C. Power on Light does not

go off during energized testing. Monitoring shall also be done by

the chatter detector channels, channel 8 NC contact of relay PLR-1,

and channel 9 NO contact of relay PLR-1.

b. Monitor Power Output, 125 VDC circuit breaker 72-21, in the closed

position to verify the breakers remained closed=during and after the

seismic testing when the charger is energized. Monitor that the breaker

remained open during the times the charger was deenergized.

c. Verify that the A.C. failure relay, PLR-l, contacts did change state

d.

when the charger was energized, NO contacts switched to NC, and NC

contacts switch to NO.

Verify that the A.C. fuse failure relay, PLR-2, contacts did not

change state when the relay was in the normal deenergized condition.

Also verify that the contacts did not change state when the charger

was energized or deenergized.

e. Verify that the 125 VAC Manual Control Relay, Normally Open contacts

did 'not change state during the seismic shaking and switch Battery

Charger Control to manual. Verify the normally open contact did not

close and light-up the On Manual Control Light on the left hand

front door of the charger.

f. Verify that the 125 VDC low voltage auxiliary relay contacts did not

change state indicating a loss of 125 VDC output. (The LVRA relay

coil drops out when the LVR, 27DC/21, coil voltage drops below 120

VDC and opens its contact in series with the LVRA coil to bring in

the alarm.) On drop of 125 VDC output to 120 VDC the LVR relay

would pick»up.





3. The seismic test spectra (RRS) are contained in Wyle Report 58255,
I

April 19, 1978, pp. 288-293.

10.3.3.5 Test 'Procedure and Setu

1. Mount the 125 VDC Battery Charger ED-21 on the seismic test table in the same

configuration as in the auxiliary building 115'levation plant location.

2. Supply 480 VAC power to the input side of the 52-21 input breaker.

3. Connect the 125 VDC output breaker, 72-21 to the 125 VDC load bank.

4. Connect the Hyle Laboratory 125 VDC battery to the output terminals of the

battery charger.

5. Connect a Normally Closed contact of the A.C. Failure relay, PLR-1, to the

chatter detector.

6. Connect a normally open contacts of the A.C. Failure relay, PLR-l, to the

chatter detector.

7. Connected a normally closed contact of the A.C, fuse failure relay, PLR-2,

to the chatter detector.

8. Connect a noramlly open contact of the A.C. fuse failure relay, PLR-2 to the

chatter detector.

9. Connect a Normally Closed, and a normally open contact of the manually control

relay, MCR to the chatter detector.

10. Connect a normally closed contact of the Low Voltage Relay, LVRA, to the

chatter detector.

ll. Close breakers on the battery charger in the following sequence.

a) Close the 125 VDC output breaker 72-21, first, to supply dc control

signal to the control unit, and to charge up the output filter capa-

citors.

b) Then close the 480 VAC input breaker 52-21.





12. Close resistor bank toggle switches until the charger is loaded with 60

ampere load.

13. After energizing the battery charger and loading the charger deenergize the

charger, before. doing item 14 deenergized tests.

14. Perform the seismic tests with the battery charger deenergized during 1st

and 3rd OBE and with the charger energized during the 4th and 5th OBE and

the 1st and 2nd SSE.

15. After the seismic tests deenergize, energize, and again deenergize the battery

charger to verify the charger functioned normally after the seismic testing.

10.3.3.6 Test Results

The battery charger was run through the test series with the following results:

1. The input 480 VAC breaker 52-21 remained closed during and after the
I

seismic testing, During all periods when the battery charger was energized,

output LVR and LVRA relays remained energized. If the charger had tripped

off the LVRA relay contacts would open and give a undervoltage alarm.

Undervoltage on the secondary of the 480/120 VAC control voltage trans-

former (AVT) caused by the 480 VAC breaker 52-21 tripping would close

auxiliary (a) contact of 52-21/a, and pick up the coil of PLR-1 (AC

failure relay). This PLR-1 coil would in turn close the NO contact

connected to channel 9 of the chatter detector, and open the NC/a

contact connected to channel 8 of the chatter 'detector. This did not

happen on any of the energized periods of the battery charger.

2. The output 125 VDC breaker, 72-21 remained closed during and after

the seismic testing. LVRA contact monitored by the chatter detector
1

channel 14 did not open and alarm an output undervoltage during any
P

battery charger energized testing.
~C,





3. The'125 VAC failure relay PLR-1, was,. seismically, tested with the charger

nergized, and the normally closed contact picked up in its normal

operating position of normally open. The seismic tests did not cause

this contact to chatter shut to give false indication of a loss of A.C.

power, nor did the contact close to indicate 480/120 VAC power failure.

4. During the seismic testing the 125 VAC Manual Control Relay did not

chatter, and thus did not cause the battery charger to switch from auto-

matic to manual control. The 125 VAC Manual Control Switch did not move

from the Charger on Automatic Control position.

5. The 125 VDC low voltage relay, LVRA, did not change state to indicate

a loss of 125 VDC output. N.O. contacts which are closed when the

charger is operating, did not chatter nor did they open to indicate loss

of 125 VDC output. Table 10.3.3-1 shows the functional performance of

these devices during seismic testing.

6. All left front door indicating lights showed proper indication for all

conditions. On when required to be on and off when required to be off.

10.3.3.7 Conclusions

Battery charger ED-21 from Diablo Canyon Unit 2 was tested by a multi-axis multi-

frequency seismic simulation described in Wyle Report Number 58255, April 19, 1978,

pp, 288-293. This battery charger is identical to the other nine battery chargers

installed in Diablo Canyon Units 1 and 2. The test results described in section

10.3.3.6 above demonstrate that the test criteria of section 10.3.3.4 are met, and

thus that the equipment's safety function has been demonstrated during and after

seismic testing to the RRS based on the postulated 7.5M Hosgri event. On this

basis the Diablo Canyon Units 1 and 2 battery chargers are qualified for the

postulated 7.5M Hosgri event in accordance~with IEEE Standard 344-1975 and USNRC

Regulatory Guide 1.100.



I



ez

BATTERY CHARGER - TABLE 10.3.3-1

SWITCH, RELAY POSITION OR CONTACT 0~OPEN CENCLOSED

TABLE RUN NO.
I

C

1ST OBE 2ND QBE 3RD OBE 4TH OBE 5TH OBE 1ST SSE 2ND SSE 3RD SSE

DEVICE SW0 NO. X-Y Z-Y X-Y Z-Y X-Y. '-Y X-Y Z-Y X-Y X-Y Z-Y X-Y X-Y Z

52-21 I.T.E.
FJ3-B175 0 0 0 0 0 C C C C C C 0 0

72-21 I.T,E.
KM-2-B500 0 0 0 0 0 C C C' 0 0

< PLR-1 125 VAC
FAILURE RELAY

N.C. C 0 0 0 0 0 0 0 C

N.O. 0 0' 0 0 0

i PLR-2 125 VAC
FUSE FAIL. RELAY

N.O. .0 0 0 0 0 0 0 0 0 0 0 0 0 0

N.C. C C C

MCR, ROWAN

TYPE E 125 VAC
N.0. 0 0 0. 0 0 0 0 0 0 0 0 0 0

N.C. C C C C* C

27-DC 21
LVRA

N.O. 0 0 0 0 0 C C C C C 0 0
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Test specimen will be bolted to the test machine.





10.3.5.1.1 - Name of E ui ment

125/250 VDC Motor Control Center

Descri tion of E ui ment

The 250 VDC Turbine Lube Oil Pump motor starter is mounted in the 250 VDC

Motor Control Center. The Motor Control Center is a four section welded

construction control cabinet; it is welded to floor plates at elevation

115 ft. in the auxiliary building. The Motor Control Center also contains

three other, 250 VDC motor starters similar to the Turbine Lube Oil Pump

motor starter.

The starter consists of a vertical panel, on which are mounted the

following components:

a. Input power breaker 72-2008; Westinghouse adjustable magnetic

only HLA 2700 TM breaker.

b. Four contactors that apply progressively lower starting resistance:

1. Contactor 42-2008; 3 pole, 250 VDC contactor ITE Type A103G12.

2. Contactors 18A2008, 1882008, and 18C2008; (2 pole, 250 VDC

contactors) ITE Type P102Fl.l.

c. Time delay relays that time out to energize both the contactor

to shunt out a portion of the starting resistance and the next

time delay relay, 2A 2008, 2B 2008, and 2C 2008; Agastat Type

2412 PN.

The input power breaker is normally closed. When the Turbine Lube Oil Pump

is signaled to start either by low lube oil pressure or by a manual start,
contactor 42-2008 closes, -applying voltage to the motor armature through

the full series starting resistance, and time delay relay 2A 2008 is

energized. When relay 2A 2008 has timed out, it energizes contactor

18A 2008 to shunt out a portion of the starting resistance and energizes





the next time delay relay, 28 2008. This sequence is continued until all
the starting resistance in series with the motor armature has been shunted

out. The operation of the starter is shown schematically in Figure

10.3.5.1-1.

Safet Function

This equipment has no direct safety function. However, during a seismic

event the starters must not apply full voltage to the D.C. motor before

it has had time to accelerate. Otherwise, a current surge could result
in damage to the motor and voltage dip on the D.C. bus.

Test Criteria and Plan

The functional test criteria for this motor starter are as follows:
t

1. The contactors shall not close during the seismic test except when

r'equired.

2. The timers shall not initiate and time out except when required to do

so during the seismic test.

3. The contactors shall drop out, and motor starter shall trip out when

signaled to stop.

4. The motor starter functions described above shall be demonstrated

during, and after the seismic test.

The test plan is to monitor, visually or electrically the following during,

and after seismic testing to simulate 5 OBE's and an SSE with the multi-
axis, multi-frequency inputs applied to envelope the required response

spectra described in Wyle test report 58255, April 19, 1978, pp. 214-239.





a) 42-2008 Contactor stays open during shaking, closes when

energized, stays closed when energized, and trips off when

deenergized.

b) 18A 2008, 18B 2008, and 18C 2008 shall be monitored the same as

item (a).

c) 2A 2008, 2B 2008, 2C 2008 shall be monitored the same as item (a).

Testin Procedure and Set-U

1. Mount the Motor Starter in the same configuration and orientation as

in the Diablo Canyon plant, (See Wyle Report No. 58255, April 19, 1978

pp. 570-571 for test mounting).

2. Supply 125 VDC to the input terminals of the input breaker 72-2008.

3. Provide a 125 VDC rated switch for energizing or deenergizing the

42-2008 contactor coil to simulate starting and stopping signals.

4. Visually monitor during seismic testing the proper sequence and

timing for closure of the motor starter contactors and timers.





Test Resultsl

After mounting on the seismic test table, the starter was functionally
tested by applying 125 YDC control power to the input of the starter
breaker 72-2008, then manually closing this breaker. The manual switch

on the test set-up was closed to provide a signal to start the motor.

Contactor 42 energized, starting the time delay relay sequences. Upon

completion of all contactors closing, the manual switch was returned to
open and the motor starter returned to its motor tripped state.

During the 1st, 2nd, 3rd, and 4th OBE and the SSE in the X-Y (east-west

and vertical plant orientation) the starter was observed in its motor-

tripped state. The timers, relays and contactors did not close or chatter
to inadvertently start the motor starter sequences during the seismic test.
The starter did not operate in its deactivated state during the 1st, 2nd,

3rd, and 5th OBE, and the 1st SSE in the Z-Y direction.

During the 5th OBE and the 2nd SSE in the X-Y direction, and the 4th, 5th,
OBE's and 2nd SSE in the Z-Y direction, the manual switch was closed

energizing contactor 42 and started the time delay relay contactor

sequence. Upon completion of the sequence, the stop switch was opened

releasing all the contactors. The entire sequence was completed before

the end of each 30 second test.

Upon completion of the last SSE, the manual switch was again closed and

the starter run through its sequence and again, deenergized.

The above seismic and functional testing verifies that this representative

direct current motor starter was not inadvertently activated by the seismic

shaking. Functionally, during a seismic event, the starter would remain

off, would start the motor if switched on in the automatic position or

manually, and would trip off if switched automatically or manually.

Table 10.3.5.1-1 shows a list of components contained in this starter and

sumnarizes their functional performance during the seismic testing.

1. Detailed test results are contained in Wyle test report 58255,
April 19, 1978, pp. 214-239.





Conclusions

The results of the tests of the 250 VDC Turbine Lube Oil Pump motor starter
subjected to a multi-axis, multi-frequency seismic simulation bounding the

7.5H Hosgri event have demonstrated that the test criteria specified above

have been met.

Thus it is concluded that the 250 VDC Turbine Lube Oil motor starter is
qualified for service in the Diablo Canyon plant for the 7.5M Hosgri event

in accordance with IEEE-344-1975 and USNRC Regulatory Guide 1.100.
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TABLE 10.3.5.1-1

SWITCH> RELAY POSITIONs OR CONTACT
0~OPEN CENCLOSED

TABLE RUN NO.
1

f
1ST OBE 2ND OBE 3RD OBE 4TH OBE 5TH QBE 1ST SSE 2ND SSE

DEVICE SW. NO. Z-Y X-Y Z-Y X-Y Z-Y X-Y Z-Y 'Z-Y X-Y 2-Y X-Y Z-Y

72-2008 W ADJ.
, MAG. ONLY BKR

BKR c e C C

42-2008 I.T.E.
A103G12 CONTACTOR

CONTACTS 0 0 0 0 0 0 0

2A2008 AGASTAT
2412PN T.D. RELAY

CONTACTS 0. 0 0 0 0 0 0

18A2008 I.T.E.
CONTACTOR P102Fll CONTACTS 0 0 0 0 0 0 0 0 0

2B2008 AGASTAT
2412PN T.D. RELAY

'CONTACTS 0 0 0 0 0 0 0 0 0

18B2008 I.T.E.
CONTACTOR P102Pll CONTACTS 0 0' 0 0 0 0 0

2C2008 AGASTAT
2412PN T.D. RELAY

CONTACTS 0 0 0 . 0 0 0 0

18C2008 I.T.E.
CONTACTOR P102F11 CONTACTS 0 0 0 0 0 0 0





GROUP ZV
l25-250vdc M.C.C.

TURBZNE LUBE OZL STARTER

Top 24"

20ii

Test specimen bolted to fixtur
20N

Fixture 4" tubing





10.3.4.1 - Name of E ui ment

Station Battery and Racks.

10.3.4.2 - Descri tion of E ui ment

Diablo Canyon Units 1 and 2 each have three identical batteries each made

up of 60 CM) Inc. LCU-27 cells installed in battery racks at the
115'levationin the Auxiliary Building.

The battery racks have been braced such that there are no natural fre-
quencies below 35 hz, and such that they are structurally capable of
withstanding 3.0g Horizontal and 0.65g Vertical accelerations.

The average operating current on a typical'iablo Canyon Battery bus is
about 100 amperes. In actual operation this current is supplied by the

battery charger and the battery is floating on the charger and connected to
the bus. If the battery charger should trip the battery would supply the-
100 amperes.

10.3.4.3 - Safet Function

The Station Batteries must provide nominal 125 vdc power to supply the
station dc loads in the event that the ac source to one or more battery
charger becomes unavailable.

10.3.4.4 - Test Criteria and Plan

The following test criteria have been established to demonstrate 'that the

station battery will perform its safety function during and after a seismic

event.

1. The cells shall provide continuous current output, at a steady voltage
during and after the seismic test. Voltage to be read on a digital volt-

meter and visually observed. Use a l resistor for a load.





2. Battery cells shall not be damage'd by the'eismic testing.

3. Two battery cells shall be tested. The battery cells shall have an

. current load on them during the seismic testing. A

1 ohm load shall be used on the two cells in series, or an approximate

current of 3.4 amperes shall be established.

4. The battery shall be able to accept charging current after the seismic

tests.

5. The battery shall meet its discharge requirement per IEEE-Std-450

after seismic testing.

10.3.4.5 - Test Procedure and Setu

1. The two battery cells to be tested shall be mounted in a rigid test
fixture to simulate their service mounting. The test fixture to be

used is the same test fixture used in the earlier test at Myle

Laboratories (.4g SSE test) on June 18, 1978, except it was modified
to satisfy the postulated 7.5M Hosgri Earthquake requirements, and

also to simulate as closely as possible the existing battery racks at
Diablo Canyon Units I and 2. Side diagonal braces and side rail
shims were added to the test fixture. The test mounting for the cells
is illustrated in Myle Report No. 58255, dated April 19, 1978,

pp. 577 and 578.

2. Testing shall be performed using the multi-axis, multi-frequency test
inputs described in Wyle Report Number 58255, dated April 19, 1978,

pp. 240-254.





3. The two batteries shall be connected',in series to'-1 ohm load. Use

the standard battery straps and bolts-"and nuts .provided with the
60 cell battery.

4. Monitor the current and voltage of the two cells before, during, and

after the seismic tests.

10.3.4.6 - Test Results

The two battery cel,ls functioned as required during, and after the seismic

testing. The batteries provided a continuous current flow at 3.4 amperes

through the 1 ohm resistor. The starting two cell battery voltage was

3.79 vdc and ending 'two cell battery voltage was 3.75 vdc. Before test and

before application of the 1 ohm load the two cell battery voltage was

4.12 vdc. After the test and after disconnecting the load the battery
volts was 4.07 vdc. Voltage was measured by a digital voltmeter continuously,

before, during and after the testing, and observed visually.
The cells tested exhibited no damage and they have been returned to the
Diablo Canyon Unit 2 Battery 21. A discharge test of Battery 21 will be

performed with these two cells included to verify that the cells will meet

their discharge and charging requirements after the tests.

Following the previous test of two identical cells to qualify the station
batteries -to the 0.4g DDE (See Wyle Report No. 43255-1, 6-18-76) the test
cells passed an eight hr. rated capacity discharge test and were then

recharged to their original capacity.

10.3.4.7 - Conclusions

Two C8D, Inc. LCU-27 station battery cells have been tested by multi-axis,
multi-frequency 'seismic simulation as described in Wyle Report No. 58255,

4-19-78, pp. 240-254. These cells are identical to the other cells contained
in the 6-60 cell station batteries in Diablo Canyon Units 1 and 2. The

test results show that the test cells continued to supply dc power at the





average load during and after seismic testing to the RRS based on the

postulated 7.5M Hosgri event. The cells were not damaged by the test.
Discharge testing following this seismic test will be completed at the

Diablo Canyon Site by October 27, 1978; however discharge and charging

capability following a seismic event has previously been demonstrated

on two identical LCU-27 cells tested earlier (see Wyle Report No. VL-762-02,

August 4, 1976.

On this basis it is concluded that the six Diablo Canyon station batteries
"are qualified for the postulated 7.5M Hosgri event in accordance with
IEEE-Std 344-1975 and USNRC RG 1.100.
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Two cells, GhD type LCU-27, identical to the Diablo Canyon
I

~ Unit 1 and 2 battery were tested as follows:

,1. hfter filling, forming and conditioning the specimen
cells, an 8 hour capacity discharge test was conducted
in accordance with 1EEE 450-1975 directives. This is
shown as discharge number 4.

2. Seismic testing was performed per Vyle
Laboratories'eismic

Test plan 541/4024/ES, dated 16 June 76, Rev h.
Seismic Test results are provided in Myle Report No.
4yaq~-1.

Upon return of the specimen cells from Hyle Laboratories,
boost charging followed by an 8 hour capacity discharge
test was conducted in accordance with IEEE 450-1975-
This is shown as discharge number 5.
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CONC LUSIOiV

It is demonstrated that the specimen .cells suffered no reduction

of capacity as a result o" the prescribed simulated seismic

environment for the Diablo Nuclear Power Plant, Unit 0 and 2.





10.'3.25 VITAL LOAD CENTERS

10.3.25.1 - Descri tion of E ui ment

The Vital Load Centers {480 volt MCC, bus, F, G and H) consists of draw-out

modules containing combination motor controllers or feeder breaker s. These

modules are arranged in vertical stacks with vertical stacks bolted together
to make a line-up. Electrical bussing is provided both horizontally between

stacks and vertically between modules. Each combination motor controller
.consists of a molded case magnetic-only circuit breaker, contactor and

overcurrent relay. Feeder breakers are simply molded case thermal-magnetic

circuit breakers. The Vital Load Centers are located at elevation 100'n
the auxiliary building.

10.3.25.2 - ~Sf F

The Vital Load Centers must provide power on demand for Engineered Safety.

Features equipment. The major loads are electric motor operated valves
and ventilation fans. In orderly accomplish this basic function, feeder

breakers must remain closed, contactors must close on demand and remain

closed, and overload relays must not spuriously operate to interrupt power

inadvertently.

10.3.25.3 - Test Plan and Criteria

The specific test criteria to be met in order to demonstrate that the

equipment safety function is assured during and after a seismic event
are the following:

a. Feeder breakers must remain closed during and after the seismic

testing.

b. Controllers must close on demand, and only on demand, and remain

closed during and after the seismic testing.

c. Overload relays (except for those bypassed per NRC Regulatory

Guide 1.106) must not inadvertently interrupt power to the load.





'I

10.3.25.4 - Test Procedure and Set-U

One vertical section from a Vital Load Center was removed from Diablo

Canyon Unit 2 for seismic testing. Each NEMA size controller and repre-
sentative feeder breakers will be placed in the vital load center section
and seismically tested.

1. Mount the Vital Load Center vertical section to the test„ table to
simulate field mounting by welding at base and rigidly supporting
at top.

2. Mount three Size 1 reversing controllers, used for motor operated

valves, in the vertical section; fill the remainder of the section
with typical equipment that will not be monitored during the tests.

3. Connect and monitor each controller as shown in Figure 10.3.25-1.

4. Perform multi-frequency, multi-axis seismic testing to the RRS shown

in Hyle Report No. 58255, Appendix I, pg. 19.

a. Run three OBE test with the equipment deenergized.

b. Run one OBE test, energizing all "forward" contactors.

c. Run one OBE test, energizing.all "reverse" contactors.

d. Run one SSE test, energizing the "reverse" contactors.

e. Run one SSE test with the equipment deenergized.

f. Run one SSE test, energizing the "forward" and "reverse"

contactors 3 times each.

5. Rotate equipment 90 degrees and repeat steps 3 and 4.





6. Mount NEMA Size 2 reversing and non-reversing controllers, NEMA

Size 3, 4, and 5 controllers, and two 100 amp feeder breakers in
the vertical section.

7. Connect and monitor each device as shown in Figure 10.3.25-2.

8. Perform seismic testi ng with inputs as described in 4 above:

a. Run five OBE tests with the equipment deenergized.

b. Run two SSE tests with the equipment deenergized.

c. Run one SSE test with the equipment
energized.'.

Rotate equipment 90 degrees and repeat steps 7 and 8.

10. Check normal functional operation of each controller and feeder

breaker on completion of the seismic testing.

10.3.25.6 - Test Results

With the exception of the anomalies discussed below, all Vital Load Center

equipment met the test criteria specified in section 10.3.25.4 during and

after the seismic testing while being operated per the test procedure

described in 10.3.25.5 above.

During the initial tests it was determined that the draw-out modules

required additional hold down brackets to eliminate excessive movement
E

during the seismic testing. Hold down brackets were fabricated and

utilized throughout the complete test sequence.

During one SSE one N.O. and one N.C. auxiliary contact on the size 4

controller chattered. Analysis determined that the axuiliary contacts

are used only for indication. This chatter could at most result in

momentary actuation of indicating lights. Momentary actuation of

indicating lights during seismic shaking, with the contacts and indicating

lights returning to proper status on cessation of the seismic motion has

been judged not to have unacceptable impact on plant safety.





In addition, one N.C. contact chattered with the size 2 reversing
controller deenergized. This effect has been analyzed and determined to
present no degradation of any safety function. The primary reason for this
is that all safeguards initiation signals are sealed-in until manually

reset. Therefore, if the N.C. contact chattered and momentarily caused a

motor operated valve to stop, (a fraction of a second) it would imnediately
resume travel as directed by the safeguards initiation signal.

10.3.25.7 - Conclusions

A vertical section of the Vital Load Center was tested, with each NEMA size
controller and representative-circuit breakers installed, by a multi-axis,
multi-frequency seismic simulation as described in Wyle Report No. 58255,

pp. 318 to 410. Based on the components tested and the test procedure

employed, these qualification tests are judged to be bounding for all
Vital Load Center equipment.

The test results described in 10.3.25.6 above rely upon additional
hold-down brackets to maintain the integrity of the draw-out module stacks.
These additional hold-down brackets have been provided in Diablo Canyon

Units 1 and 2 Vital Load Centers to ensure that the test results are

applicable.

The test results described in section 10.3.25.6 above demonstrate that the
test criteria of section 10.3.25.4 are met, and the equipment's safety
function has been demonstrated during and after seismic testing to the RRS

based on the postulated 7.5M Hosgri event. Thus it is concluded that the

Diablo Canyon Unit 1 and 2 Vital Load Centers are qualified for the postu-

lated 7.5M Hosgri event in accordance with IEEE Standard 344-1975 and USNRC

R.G. 1.100.
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GROUP V
VITAL LOAD CENTER

FAN COOLER STARTER — UNIT NO. 1
4 x 4 x 1/4" square tubing

17"

18"

12"

l-l/2 x 1/4 x 74"
angle

Two places

70 I1

U Channel
Top and bottom
(Not shown 'on top)

1-1/4 x .105" U Channel
Four places

NOTE: Fan cooler starter from Unit 2 will be mounted on l-l/8 x 3-3/8 x .105"
angle and supported in the same fixture at top, bottom,- and middle.





GROUP V
VITAL LOAD CENTER

SINGLE CELL CABINET

72"

/ / /
Test Machine

/ /
Test Machine

24" 24 lt

Test specimen will be bolted to the test.
machine with supports bolted at the top.
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10.3.25A VITAL LOAD CENTER AUXILIARY RELAY PANELS

10.3.25A.1 DESCRIPTION

The Auxiliary Relay Panels are rigid sheet metal enclosures houring

auxiliary relays for the 480 volt Vital Load Centers F, G 8 H. There is

one panel per bus and each panel is mounted adjacent to its associated Vital
* Load Center. Relays included are control transfer, sequence timers,

overcurrent by-pass and feedwater control signal isolation relays. Two

sizes of panels are employed one 48 inches by 36 inches and one 48 inches

by 24 i nches. All are 16 inches deep.

10.3.25A.2 ~Ef F

The safety function of the equipment is dependent on the relay application.

Control Transfer Relays: These relays transfer control of certain safety
related equipment from the control room to the Hot Shutdown Panel. Their-

safety function is to stay in their normal position and maintain circuit
integrity.

Sequence timers: These timers receive safeguards actuation signals and control

the starting of the containment Fan Coolers. Their safety function is to

actuate correctly and maintain the integrity of connections and circuits.

Overcurrent Bypass Relay: These relays provide overcurrent bypass signals

for motor operated valve controllers in accordance with USNRC Regulatory

Guide 1.103. Their safety function is to close on a Safety Injection
Signal.

Feedwater Control Isolation Relays: These relays provide Train A and

Train B isolation for start signals to the Turbine Driven Auxiliary
Feedwater Pump. Their safety function is to start the AFP when required by

the Solid State Protection System due to Lo-Lo Steam Generator level or

Reactor Coolant Pump bus undervoltage.





10.3.25A.3 Test Criteria and Plan

The test criteria to be met in order to demonstrate that the safety function

is assured during and after a Hosgri seismic event are as follows:

2.

3.

5.

All components must remain intact and maintain circuit integrity.
Control transfer relays must remain in normal position and contacts

must not transfer.
Sequence timers must pick up, time out and operate contacts

normally.
Overcurrent bypass relays must close and remain closed.

Feedwater control isolation relays must close on loss of off site
power. Relays need to be closed by the time the diesel generator

has restored voltage to the 480 volt vital load center.

10.3.25A.4 Test Setu and Procedure

Two relay panels, one of each size, were removed from the plant and sent to

Wyle Laboratories for testing.

Test Setup:

2.

3.

4.

5.

Mount relay panels to rigid support on test table. Mounting to

simulate normal in-service attachment.

Connect one N.O. and one N.C. contact of relays 43X-2H-1 and

43X-2G-49 (Electroswi tch LOR) to chatter detector.
Connect one N.O. and one N.C. contact of relays 2H1, 2-2G-64 and

2G2A (Agastat time delay relay) to chatter detector.

Connect one N.O. contact of relays CIAX-H and CIAXl-G (Cutler-

Hammer Type M) to,chatter detector.
Connect one N.O; and one N.C. contact of relay K632AX (Cutler-

Haraner Type R) to chatter detector.





Procedure:

2.

3.

4.
5.

6.

Run three OBE* tests with all relay coils deenergized.

Run two OBE* test with all relay coils energized.

Run one SSE* with all relay coils deenergized.

Run one SSE* with all relay coils energized.

Rotate equipment 90 degrees, maintaining connections and mounting

and repeat steps 1, 2, 3 and 4.

Verify that all relays work properly and all circuits and

connections have remained intact.

"All Test Response Spectra to envelope Required Response Spectra.

10.3.25A.5 Test Results

All test response spectra (TRS) are given in Wyle Test Report 58255, pages

454 to 475. All relays performed satisfactorily, exhibited no chatter and

maintained all connection and circuit integrity.

The relays were not switched during the seismic test runs. Agastat timers

and other similar relays have been swi tched during other tests and have

operated satisfactorily. In addition, the forces generated by the electro-

magnetic operating coils excede by many times the .forces generated by

seismic accelerations. Seismic forces are vibratory in nature and at very

short intervals pass through zero and reverse in direction which would allow

or aid in relay operation.

10.3.25A.6 Conclusion:

As a result of the testing conducted as described in section 10.3.25A.4 and

the results described'bove the Vital Load Center Auxiliary Relay Panels

are seismically qualified, in accordance with IEEE Standard 344-1975 and

USNRC Regulatory Guide 1.100, for service at the Diablo Canyon site.
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10.3.25B FAN COOLER MOTOR CONTROLLER

10.2.250.1 ~0

The Fan Cooler Motor Controller is a two speed circuit breaker type
combination rmtor controller. The complete controller is an integral part

5

of the Vital Load Center described in section 10.3.26. High and low speed

contactors are NEMA size 6 and 5 respectiv'ely. The equipment is mounted

in full heighth section of the Vital Load Center. There are five con-

trollers, two on Bus F, two on Bus G and one, on Bus H.

10.2.252.2 ~Ef I
F'he

safety function of these controllers is to control the flow of power

to the fan cooler motors. Design calls for all fans to run on slow speed

upon receiving a Safety Injection Signal (SIS). The Fan Cooler Motor

Controllers are designed to switch operating fans from high to low speed

and start non-operating fans at low speed upon receipt of an SIS.

10.3.258.3 Test Plan and Criteria

One Fan Cooler Motor Controller was to be removed from each unit at Diablo
Canyon sent to Wyle Laboratories for seismic qualification testing.

The test criteria to be met in order to demonstrate that the safety function
is assured during and after a seismic event are as follows:

a) Circuit breaker must remain closed during and after the
seismic test.

b) Slow speed controller must be capable of cloqing and

staying closed 15 to 25 seconds after receiving an SIS.

c) Time delay relay must be capable of picki ng-up and timing out.

NOTE: Low speed overcurrent relay is bypassed upon initiation of SIS.
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10.3.25B.4 Test Procedure and Setu

1. Remove typical Fan Cooler Controller from plant.

2. Mount controller on test table in a manner simulating field
mounting. See HYLE Report 58255, Appendix 1, pg. 46.

3. Connect 440 volts through circuit breaker and contactor to
440V-6V transformer. The secondary was connected to a strip
chart recorder.

4. Run three OBE tests with the controllers deenergized (open).

5. Run two OBE tests with controllers energized (closed).

6. Run two SSE tests with low or high speed controller
energized (closed).

7. Run one SSE test with controller deenergized {open).

8. Rotate equipment 90 degrees and repeat steps 2 through 7.

9. Verify equipment operability prior to placing in service.

10.3.25B.5 Test Results

The Fan Cooler Motor Controllers meet the criteria specific'd in section
10.3.25A.3. No unwanted operation was detected during the test. All
breakers and contactors stayed closed as required.

10.3.25B.6,. Conclusions

The testing has demonstrated the Fan Cooler Motor Controllers are capable

of providing control for the fan motors.





Although the contactors were not switched during the test there is no

reason to anticipate they would not close as required as the closi ng forces

greatly excede the seismic forces. In addition the seismic forces reverse

very rapidly which would allow closure.

Size 5 contactors were switched satisfactorily during the Vital Load Center

Tests. Thus it is concluded that the Diablo Canyon Unit 1 and 2 Vital Load

Centers are qualified for the postulated 7.5N Hosgri event in accordance

with IEEE Standard 344-1975 and USNRC R.G. 1.100.





10.3.8 FIRE PUMP CONTROLLER

10.3.8.1 -
~O

Th'e Fire Pump Controller is a circuit breaker type combination motor

controller. It is equipped with a manually operated bypass switch. A

pressure switch is provided to automatically start the pump should low

system pressure occur. The cabinet is 90 inches high by 30 inches wide

by 25 inches deep.

10.3.8.2 - ~ff 8 01

The Fire Pump Controller provides no direct reactor system safety function.
The Fire Pump Controller controls the power to the fire pump motor. The

fire pump provides fire sys'em water pressure as a backup only to the

reservoir. The safety function is therefore that the equipment be capable

of operation after the seismic event.

10.3.8.3 - Test Criteria and Plan

The following test criteria has been established to demonstrate that the

Fire Pump Controller is able to perform its safety function during and

after a Hosgri seismic event:

81

1. The equipment should not sustain any damage which

renders it inoperative:

2. The equipment should be capable of starting the fire
pump after the test. Operational testing shall
demonstrate this.

The seismic testing shall be multi-axis, random frequency tests conducted

in. accordance with IEEE Standard 344-1975 and USNRC Regulatory guide 1.100

using RRS developed for the equipment plant location. The Required

Response Spectra are given in Wyle Laboratories Report 58255, Appendix I,
page 18.
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10.3.8.4 - Test Procedure and Set-u

One Fire Pump Controller was removed from the plant and sent to Wyle

Laboratories for testing.

Set-up:

1. Mount controller on test table simulating field mounting.

2. Connect 440 volts, 1 phase to circuit breaker input.
c

3. Connect air pressure to pressure switch sufficient to

open switch and deenergize contactor.

4. Connect the following to chatter detection: ITR(N.O.),
ITR-TD(N.C.), DVR(N.C.), ICR(N.C.)$ 3TR(N.O.), CONTACTOR

(AUX. N.O.)

5. Run five OBE and two SSE tests (reduce pressure to actuate

controller prior to one OBE and one SSE)

6. Rotate equipment 90 degrees on table and repeat steps 1

through 5.

'

7. Test equipment to verify proper operability prior to

placing in service.

10.3.8e5 - Test Results

No physical damage was observed as a result of the testing. Relays ICR,

3TR and the auxiliary contact of the main contactor demonstrated chatter
during one SSE. As control power was available and no undesirable actuation

occurred, the chatter presents no problem.
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Functional testing has verified that -the equipment is capable of starting
the fire pump after the seismic test.

10.3.8.6 - Conclusions

One of two Fire Pump Controllers from Diablo Canyon was tested by a multi-axis,
random frequency, seismic simulation as described in Wyle Test Report 58255,

pp. 217-224 and 229-234.

'he test results in section 10.3.8.5 demonstrate that the test criteria
specified in section 10.3.8.3 are met and thus that the equipment's safety
function has been demonstrated during and after seismic testing to the RRS

based on the postulated 7.5N Hosgri event.

It is therefore concluded that the Diablo Canyon Units 1 and 2 Fire Pump

Controllers are qualified for the postulated 7.5N Hosgri event in accordance

with IEEE Standard 344-1975 and NRC RG 1.100.





GROUP ZV

PZRE PUMP CONTROLLER CABZNET

TEST MACHZNE

Test specimen will be bolted to test
machine with supports bolted at the
top.
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10.3.14 Local'Starters

Local starters are non-fused, disconnect type combination motor controllers
housed in small sheet metal enclosures. Local starters are mounted in the

area of the motors they control and are fed power from the Vital 480V Load

Center.

Each local starter consists of disconnect switch and motor controller. Four

units control tank heaters and do not have overcurrent relays. There are

a total of 18 local starters fed from the vital busses.

The local starters are used to control electric power for the following
functions: ventilation fans for electrical equipment, auxiliary salt
water gates operators, tank heaters, lube oil pumps for component cooling
water and charging pumps, and spent fuel pool pumps. None of these are

required to perform any active function during any seismic event. Their
safety function is, therefore, to be able to perform their design function
after the seismic event.

10.3.14.3 Test Criteria and Plan:

The criteria was that the equipment should maintain its state during the
seismic testing and that the equipment be capable of operation after the

seismic event'.

The testing was to be conducted in accordance with IEEE Standard 344-1975

and USNRC Regulatory Guide 1.100 with support accelerations greater than

the RRS developed for the location of the equipment.

po





..10.3;14.4 Test Procedure and Setu :

, Representative starters were removed from the plant and sent to Myle

Laboratories for seismic testing.

Test Setup:

1. Mount starter to rigid support on table according to the

applicable mounting shown in the attached Myle Test Procedure

3642, Figs. 23, 30 and 33. This mounting simulates field
mounting.

2. Connect starter auxiliary contacts, one normally open and

one normally closed and also a relay contact (N.C.) to a

chatter detector.

3. Connect 480 volts through disconnect switch and motor

controller power contacts to 480V-6V transformer. Connect

transformer output to strip chart recorder. Refer to the
diagrams given in the Attachment.

Procedure:

1. Run three OBE tests with controller coils de-energized.

2. Run two OBE tests with controller coils energized.

3. Run one SSE test with controller coil de-energized.

4. Run one SSE test with controller coil energized. Repeat

test for both high and low speeds on two speed starters.
P

5. Rotate equipment 90 degrees on table.

6. Repeat steps 1, 2, 3, and 4.

7. Verify equipment operability prior to placing in service.
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10.3.14.5 Test Results:

All local starters met the test criteria specified in section 10.3.14.3.

No contact chatter or interruption was detected. All Test Response

Spectra enveloped Required Response Spectra.

10.3.14.6 Conclusion:

Representative local starters were tested by a multi-axis multi-frequency

seismic simulation described in Wyle Report 58255.

Based on the equipment tested and the test procedure employed, these

qualification tests bound the seismic requirements for all local starters.

The test results described above show that the test criteria and the

equipment's safety function have been demonstrated during and after seismic

testing to the RRS based on the postulated 7.4N Hosgri event. Thus it is

concluded that the Diablo Canyon Unit 1 and 2 Vital Load Centers are

qualified for'he postulated 7.5M Hosgri event in accordance with IEEE

Standard 344-1975 and USNRC R.G. 1.100.
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GROUP lV
LOCAL STARTER LPF37

20"

2 ltd 9 II

Test specimen bolted to fixture





GROUP V
LOCAL STARTER LPG66

44tl

Five mounting bolts
Test specimen will be bolted to fixture.





GROUP VI
LOCAL STARTER LPF36

9N 6N

Four mounting bolts
Fixture support, only
near bolts.





1. Name of E ui ment Tested

Main Control Board Components tested were the following:

Vertical panel:

a) Control Switch Module, 13" deep, with one Westinghouse Type

W-2 control switch and 3 indicating lights.

b) One indicating meter, Mestinghouse Type VX 252

c) One selector switch, Oil Tight, Cutler-Hammer Type 10250T,

3 position, maintained right, spring return from left to
center with 1 - 2 pole N.C. and 1 - 2 pole N.O. contacts.

d) One Control Switch Module, 6" deep, with llestinghouse Type

OT2 control switch, 3 position, maintained right, spring return
from Left to Center with one 2 pole N.C. and one 2 pole
N.O. contacts, also with 1 red and 1 green indicating light-.

Bench Board Section:

a) One Control Switch Module with 1lestinghouse Type ll-2 cont'rol
switch and two indicating lights.

b) One selector switch, Oil Tight, Cutler-Hammer Type 10250T,

2 Position, maintained, with 2 N.C. & 2 N.O. contacts.

c) One control switch module with Westinghouse Type OT2 control
switch, two position, with 2 N.C. contacts, also with one

red and one green indicating light.
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2. Descri tion of E ui ment

The Hain Control Board Components listed above are mounted in the
Vertical Panel and the Bench Board Section of the Hain Control Board.

These panels are part of the all welded frame of the MCB. The panels

are .25 inch thick steel.

None of these components perform an automatic safety function. The

safety function of these Main Control Board switch components is to
remain in the normal operating position or the maintained position,
during a seismic event.

The indicating meter is used for indicating class I levels (i.e., Steam

Generator level, etc.). Its safety function is to maintain its reading

during a seismic event.

4. Test Criteria and Plan

The test criteria for the Main Control Board Switches and indicating meter

and lights are that they perform their safety function during and after
a seismic event. The components shall demonstrate as follows:

1. The control and selector switches shall maintain their
position and continuity of contacts in:

a) Mode 1, Switches in position turned too far left,
counterclockwise, and allowed to come to rest in
their normally position left turn, or their spring
return to center position left turn, or their spring
return to center position.

b) Mode 2, Switches in position turned too far right,
clockwise, and allowed to come to rest in their
normally positioned right turn position or spring
return to center position.





2. The switch modules shall maintain their structural integrity
during the tests.

3. The indicating meter shall maintain its mid-scale readings.

4. The Switch contacts shall be monitored for chatter, if any,
during the seismic tests.

5. Test Procedure and Setu

l. Mount the switches and meter on the seismic table in the same

configuration as in the Main Control Board in the Auxiliary
building 140'levation.

2. Connect the Normally Open, (N.O.) contacts, of the switches to
chatter detection with approximately two volts across the contacts.

3. Connect the Normally Closed, (N.C.) contacts of the switches

to the chatter detector with approximately 1.5 microamps flowing.

4. Set the chatter/transfer detector to monitor 2 milliseconds or
greater change of state.

5. Connect the meter to a power supply and visually observe the meter.

6. Test Results

The switches and meter were run through the series of seismic tests with

the following results:

1. During the 1st, 2nd, 3rd OBE's and the 2nd SSE in both X-Y and

Z-Y axis the switches were tested in Mode 1 without any contact

chatter of the N.O. or N.C. contacts.

2. During the 4th, 5th OBE's and the 1st SSE in boty X-Y and Z-Y

axis the switches were tested in Mode 2 without any contact

chatter of the N.O. or N.C. contacts.

3. The switch contacts, N.O. or N.C., are tabulated below:

4. The switches and modules retained their structural integrity.

5. The indicating Meter maintained its mid-scale readings during and

after the seismic tests.





Switch

Vertical Panel

Mode 1

N.O.. N.C.

Node 2

N.O. N.C.

Westinghouse Type W-2
in 13" deep module 0 C

Cutler-Hammer Type 10250T 0 C

Oil Tight

Westinghouse Type OT2 0 C

Oil Tight in 6" deep module

C 0

C 0

C 0

Benchboard Section

Westinghouse Type W-2

Cutler-Hammer Type .10250T
Oil Tight

Westinghouse Type OT-2

0 C

0 C

0 C

C 0

C 0

C 0

6. The switches operated as required after the test.

7. Test documentation is shown in Wyle Report 58255 dated April 19,

1978 on pages 509 through 529.

7. Conclusions

The test results show that the items tested perform their safety function
under Hosgri seismic criteria and meet the requirements of IEEE Std. No.

344-1975, and USNEC Regulatory Guide 1.100.





GROUP VIZ — Switches and Ammeter

0
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Test specimens will he secured in the
1/4-inch steel plate using the in-
service hardware.
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10.3.21.6 Test Results

With the exception of anomalies discussed below for certain relays, all relays

met the test criteria specified in Section 10.3.21.4 above during and after the

seismic testing while being operated per the test procedure described in Section

10.3.21.5 above. It is worthy of note that the equipment was subjected to more

than the minimum number of test runs for qualification, demonstrating margin in

the equipment's resistance to seismic damage.

Contact chatter was documented on the Contact Chatter Log Data Sheet, WYLE's

Test Report No. 58255-1, pages 28 and 29. Of the runs listed, runs 4 through 8

met our front to back OBE conditions; runs 10 through 13 met our front to back

SSE conditions; runs 17, 18, 20, 21, and 22 met our side to side OBE condi tions;

and runs 24 through 27 met our side to side SSE condition.

Chatter indicated on Channel 7 is caused by the 59HHG1&2 relay which is not part

of the relay board and for that reason need not to be addressed here.

-Channel 1, 87XHH7 Differential Auxiliary Relay, Runs 11, 18, and 25.-

The relay contact chattered only after it had performed its safety function,

namely the tripping of the connected 4.16 kV switchgear breaker.

-Channels 2 and 3, 32XHH7 and 40XHH7 Auxiliary Relays, Runs 10 through 14.-

Momentary change of state of the contacts of the 32XHH7 auxiliary relays was

observed during a portion of the testing. This was demonstrated to be pulsation

of these relays due to chatter of the prime relays 32HH7 (Reverse Power Relay)

and 40HH7 (Loss of Field Relay) since the anomaly did not occur when the cut out

switches for the prime relays had been opened. This anomaly would not occur in

the event of a seismic event during plant operation, since these relays are

normally cut out.
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Note that relays 32XHH7 and 32YHH7 are housed in one case and that they are

connected in parallel. For that reason all comments apply to both relays simul-

taneously. The same applies to relays 40XHH7 and 40YHH7.

-Channel 6, 27ZKHB2 Relay.-

During the testing, pulsation of the 27ZHHB2 relay, caused by chatter of the

deenergized 27HHB2 relay was observed. Testing performed on the 4.16 kV switchgear

(see Section 10.3.26) has demonstrated that pulsations of the 27ZHHB2 relay will
not prevent the pickup of the 5HH13 relay, and thus will not compromise the safety
function of power transfer of the 4160V bus from the station auxiliary transformer

'o

the stand-by start-up transformer, and if necessary to the diesel generators.

Momentary chatter of the 27ZHHB2 auxiliary relay during runs 10,, 11 and 13, when

the 27HHB2 prime relay was not deenergi zed, can be traced back to the high ZPA

level of the SSE test runs. During a high level seismic event, the seismic

protection system will cause the plant to shut down. The 4160V safeguard buses

would then transfer to the stand-by start-up source. Chatter of relay 27ZHHB2

would only expedite this transfer.

The evaluation of the strain gage traces showed that the structural members

of the relay board were exposed to stresses well within their design limits.

No physical damage to the relay board or its devices was observed.
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DECOUPLING OF THE REACTOR PRESSURE
VESSEL WITH THE SUPPORTING INTERIOR CONCRETE STRUCTURE

To further substantiate that the coupling effect is small at the Reactor

Pressure Vessel (RPV) elevation, two floor response spectra (Figures 1 and 2)

have been generated for a decoupled interior concrete structure model and a

coupled RPV and the interior concrete structure model, respectively.

I

The interior concrete structure model is ideal ized, from the Diablo Canyon

design, by a five mass stick. The RPV model is a simplified one degree-of-
freedom system where its natural fre'quency matches with the fundamental mode

of the Diablo Canyon vessel. The RPV model is'attached to Node 2 of the
interior concrete structure model at the vessel support elevation by the
spring of the vessel model.

The time history input used is a synthesized time history which is consistent
with the Blume's Hosgri response spectra.

As can be seen from Figures 1 and 2, floor response spectra for the decoupled

(Figure 1) and the coupled (Figure 2) model are very similar, indicating
that the coupling effect at this low elevation is very small. Nore

importantly, a close examination shows that the response spectral magnitudes of
the decoupled model (Figure 1) is consistently higher than the coupled model

(Figure 2) in between 0.05 to 0.40 seconds, and is equal at all other natural
periods. This shows that indeed the decoupled model is more conservative,

In summary, the floor response spectra generated using the Diablo Canyon

design fully demonstrates that the decoupled analysis conducted is
conservative.
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Intake Str. Item A3 (Supplement)
SER //7, 3.8.5.4.4 (2)
October 4, 1978

DIABLO CANYON UNITS 1 & 2
INTAKE STRUCTURE

PATE<AY TO ASH PEPS

The auxiliary salt-water system is described in FSAR 9.2.1 and the

intake is shown in Figure 9.2-2.

Piers supporting curtain wall are overstressed. The consequences

of this are nil from several viewpoints. The attached sketch shows

some possible modes of extreme collapses of wall. Our conclusion is
that there is insufficient volume of concrete to plug all pathways

to pumps. Some factors to support this conclusion are:

l. A Guillotine-type drop of the curtain wall would have to seal

like a gate for the entire face of the intake (over 200 ft. in
length). An equivalent area of a 24" pipe/unit in 6,000 ft. of
face is all that is required. The back-flush effect of the water

in the main cooling water lines above sea level (ten times the

sea water volume in the intake) will clear face.

2. A Rubble-mound type plug would have to fillthe entire auxiliary
salt-water bay and have a porosity of less than coarse sand (0.4
— 3cm per second). This is not possible since there is insufficient
volume of concrete involved.

3. Domino effect of wall collapsing bar rack, which hits traveling
water screens, will be retained or deflected by walls of gate well.
While it is possible for debris to get into pump bay, the pump bell
is 8.5 ft. above the bottom and near the back wall. Approach velocities
are less than 1 ft/sec. Thus, turbulant suspension of debris large

enough to damage empellor is not possible.
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1. INTRODUCTION

This report summarizes the dynamic seismic analyses of Class'.1 outdoor
wa'ter storage tanks of Units 1 and 2 of the Diablo Canyon Nuclear Power

Plant for the postulated 7.5 magni tude (M) earthquake on the Hosgri faul t.
The plant is located in San Luis Obispo County, California, on the coast
near Diablo Creek. A site plan is shown in Figure 1. The tanks were
originally investigated by PGEE for the 0.40g Double Design Earthquake
(DDE). Subsequent to the DDE analysis, it has been necessary to re-
evaluate the plant for the postulated 7.5M Hosgri event.

The outdoor water storage tanks which are considered Class 1 structures
are the Refueling Water Storage Tanks, the Firewater and Transfer Tank
and the Condensate Tanks. Each tank consists of a steel liner and a

proposed concrete cover. The Firewater and Transfer Tank, in addition,
has an inner steel tank.

The reevaluation of the tanks has been accomplished according to the
February 8, 1977, Diablo C'anyon, +ecification foe Seismic Bedim of
Major S&uc~es foe 7.bM Hos~ Ecu'5hquake. Maximum shears, overturning
moments and shell forces were calculated at specific nodal point elevations
of the mathematical models of the tanks. Based on the resul ts of this
investigation, stresses in the existing steel liner were checked and the
required steel reinforcement in the concrete cover was determined.

The investigation being presented here consisted of two sets of analysis.
Initially, an axisymmetric model, which ignored all non-axisymmetric
features in the tank, was made and analyzed using a4 AXIDYN computer pro-
gram. The AX I DYN dynamic analysis run for effects of horizontal earth-

Wluig
quake considered ~-structure interaction approximately. Secondly,
a three-dimensional half-tank model, which considered the non-axisymmetric
vault opening in the concrete shell, was made and analyzed using the com-

puter program SAPIV . For the latter analysis, loads due to horizontal3

earthquake were partly based on results obtained from the AXIDYN analysis
and were analyzed as equivalent static loads.





The tanks were analyzed for effects of gravity loading, hydrostatic pressure
and the two horizontal components and one vertical component of the 7.5 M

Hosgri ground motion. The di fferent loading condi tions, parti cul arly the
eFfects of horizontal ground motion, are discussed in subsequent sections.

.The finite element models used and the results of each analysis are dis-
cussed in Sections 4, 5.2 and 5.4 of this report. Modeling, loading and

stress calculations are provided in Appendices A, B, C and D.

Results of the analyses presented here were used by PGGE to design the
foundation. PGGE's foundation design calculations are presented in Appen-

dix E. Soil properties used are based on the findings presented in the
4report by Harding-Lawson.
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2. DESCRIPTION OF TANKS

The Class 1 outdoor water storage tanks are located just outside the Fuel

Ha'ndling Building. They were designed for the DDE as steel tanks, that
is, without concrete cover. The present plan is to provide a concrete
cover which varies in thickness from three feet at the base to twelve
inches up to mid height, then eight inches up to the dome. The existing
steel tanks are anchored to the foundation base slab. In addition, studs
will also be provided to tie the steel liner and the concrete cover to-
gether.

To.nbs
There are two Refueling Water Storage ~; one to service each unit
of the plant. Each Refueling Water Storage Tank is forty feet in diameter,
and is intended to store water up to a depth of 51.75 feet. The

tanks'verall

height is approximately 58 feet. The thickness of the steel
liner varies from 0.578 inch at the base to 0.25 inch at the dome.

The Firewater and Transfer tank, intended to service both Units I and

2 of the plant, is made up of two concentric steel cylindrical tanks
connected by a common dome roof, and a concrete cover on the outer tank.
The inner cylindrical tank, called the Firewater Tank, is 32.67 feet
in diameter and made of steel plates with thickness varying from 0.802
inch at the base to 0.375 inch at the top. The outer tank, called the
Transfer tank, is 40.0 feet in diameter and made of steel plates with
thickness varying from 0.627 inch at the base to 0.25 inch at the top.

The structure configuration of the Condensate Tank is similar to the
Refueling Water Storage Tank. Each of the two Condensate Tanks is
forty feet in diameter and is intended to store water up to a depth of
46.5 feet. The thickness of the cylindrical steel liner varies from 0.60
inch at the base to 0.25 inch at the top. The dome is made of 0.263 inch
plates.
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On Figures2a, Fc, and 2tI are shown typical sections of the Refueling Water

Storage Tank, Firewater and Transfer Tank and Condensate Tank, respectively.
Thicknesses of the steel 1 incr plates are indicated. Figure 2.j shows the

14-foot x 14"foot vault opening in the Refuel ing Water Storage Tank

concrete shell. The vault openings in the other tanks are slightly
smaller.

The steel plates in the Refueling Water Storage Tanks are made of SA-240

Type 304L plates whereas the steel plates in both Firewater and Transfer

Tank and Condensate Tanks are specified to be SA-516-55 to SA300 plates.
The concrete cover will have a minimum compressive strength of 4,000 psi

at 28 days. The concrete fi 11 under the existing base slab will have a

minimum compression strength of 3,000 psi at 28 days.

4



r



3. ANALYSIS CRITERIA

Two different postulated 7.5H Hosgri free-field smooth ground response

spect'ra have been developed for the Diablo Canyon Nuclear Power Plant

site: one by URS/John A. Blume 6 Associates, Engineers (URS/Blume),

and another developed independently for the staff of the United States

Nuclear Regulatory Commission (NRC) by Nathan H. Newmark Consulting

Engineering Services. Figures 3 and 4 illustrate the Blume and New-

mark 0.75g free-field horizontal spectra for 7C and 54 damping, respec-

tively. Also shown in the figures is the 5C damped 0.4g DDE free-

field spectrum. The vertical input to the outdoor water storage tanks

was taken as two-thirds of the 0.75g horizontal free-field ground

spectrum.

3 +
Comparison of the Blume and Newmark spectra on Figures 4 and g shows

that the Newmark spectrum is generally higher than the Blume spectrum.

Thus, for the analysis of the outdoor water storage tank, only one set

of analysis using the Newmark spectrum was made.

3.2 D namic Effects of a Horizontal Earthquake

The behavior of liquid-filled ground supported tanks subjected to horizon-

tal seismic excitation is a complex problem. G. W. Housner presented an

approximate method to determine the hydrodynamic pressures developed when

a rigid cylindrical tank is subjected to seismic motion. A. S. Veletsos

and V. Y. Yang offered modifications to Housner's approach to consider

the effects of tank flexibility. In their paper, Veletsos and Yang

presented an approach to analyze a tank-fluid system as a single-degree-

of-freedom system by assuming that the system vibrates in a fixed
configuration along its height. The investigation being presented here

was based on the Veletsos and Yang approach. A half-sine vibration
configuration, the most conservative of three configurations suggested

by Veletsos and Yang, was used in the analysis.





Due to a horizontal earthquake, three types of dynamic load are generated

in a tank-fluid system. They are:

1. Structure inertia forces which are associated with
structure mass;

2. Impulsive pressures exerted by the fluid on the tank;
and

3. Convective pressures also exerted by the fluid on the
tank.

Impulsive pressure represents the effects of the portion of the liquid
which moves in unison with the tank, whereas convective pressure represents
the effects of the sloshing action of the liquid. Both structure inertia
forces and impulsive pressures are dependent on the,.structure vibration
configuration and on the accelerations produced on the walls of the tank

during the earthquake. ~ Impulsive pressure, including the derivation of
the equivalent fluid impulsive mass, m ff, is further discussed in the

eff'extsection. Discussion of convective pressure follows.

3.2.1 Impulsive Pressure

Hydrodynamic loads consisting of impulsive and convective pressures caused

by a horizontal earthquake were calculated by A. S. Veletsos and J. Y.

Yang who investigated the effects of a horizontal component of ground

motion on circular cylindrical tanks, fixed at the base, of a radius a

and a height H-, and filled to a height H with a liquid of density p. The
s

surface of the liquid was considered to be free. The fluid was considered

to be incompressible and inviscid, and only linear effects were investigated.
Distortion of the tank cross section was not considered.

Veletsos and Yang gave the following equation for the impulsive component,

p , of the hydrodynamic pressure exerted on the tank wall:0

p (z, 0, t) = C b (z)pH A (t) cos 6
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in which C is a dimensionless coefficient, b (z) also a dimensionless
0

function and defines the pressure distribution along the height of the

tank and A (t) represents the pseudo-acceleration corresponding to the
0

natural frequency of the tank-fluid system for the assumed mode of vib-

ra'tion.

Veletsos and Yang plotted the pressure distribution function, b , for
0

tanks with values of H/a of 0.5 and 3. The b values used in the present
0

investigation were interpolated from Veletsos'lots of b .
0

The factor C in Equation 1 is a function of the ratio of the mass of the

structure and the contained liquid, and is defined in the following

equation:

X X,S X,R
m m + m

m m m
w w,x + w,R

The symbol m in this equation represents the effective mass of the
X

structure-fluid system for a rigid body motion of the tank, and m and
X,s

m , represent the components contributed by the structural mass and the
X,R'iquid mass, respectively. In an analogous manner, m represents the

effective mass of the system when vibrating in a deflection configuration

specified by the function g(z), and m and m are the components
W~s W~R

contributed by the structural mass and the liquid mass. These quantities

are defined by the equations

H

m = u (z) g(z) dz+ m Q(H )
0

(3)

m
wqs 0

I'') <'(z) dz + m (4)

in which p (z) is the mass per unit of height of the structure without the
X

liquid and m is the mass of any concentrated roof loading that may be
r





'resented at z = H
s

Assuming that the tank-fluid system vibrates in a half-sine curve config-
uration along its height, values for m and m based on Equations 3x~5 W~S

and 4 respectively, are calculated. Values of m and m were determined
x,R W~X

from the m
<

and m
<

plots made by Veletsos and Yang for tanks with
x,R Wqk

different H/a values. With values of C and b known, the impulsive pressures
0

could now be calculated.

3.2.2 Convective Pressure

In their paper , Veletsos and Yang also gave the following equation for the

convective pressure pk, exerted on the tank wall by the sloshing motion of
the liquid:

pk ( , 8, t) = k(z) Ak(t) P H os 8

k=1

where

2 a cosh(Xk z/a)
ck(z)—

A<
-

1 h cosh(Xk H/a)
(6)

and Xk are the zeros of the first derivative of the Bessel function of
first kind and first order. Ak(t) is the spectral acceleration which

corresponds to the natural frequency of the liquid in sloshing motion.

The individual terms of the series in Equation 5 represent the modal

contribution of the portion of the liquid in sloshing motion. Veletsos

and Yang showed that effects for larger values of H/a, particularly of
the component associated with the second sloshing mode, are concentrated

near. the free surface and the values of c2(z) are substantially smaller

than .those for c (z). Consequently, for the analysis being presented

here, only effects of the first sloshing mode were considered and convective

pressures were analyzed as static loads.





3.3 Gravit Load and H drostatic Pressure

Gravity load refers to the self weight of the tank whereas the hydrostatic
pressure at a point is equal to the product of the liquid density and the

height, h, of the liquid. Both gravity load and hydrostatic pressure are

static loads and are constant around the circumference of the tank. The

net inplane shear and torsion due to these loads are zero. The hydrostatic
pressures which were input to the computer program are calculated on A-9.

3.4 Vertical Earth uake

It was found that the fundemental mode of the empty Refueling Water Storage
Tank in the vertical direction is 0.033 second. Thus, it was assumed i ni-
tially that the tank and the fluid act as a rigid mass during vertical mo-

tion so effects of vertical earthquake were obtained by scaling the stresses
caused by gravity load and hydrostatic pressure by 0.5 (2/3 of maximum hori-
zontal ground acceleration, i.e., 2/3 x 0.75g = 0.50g). This assumption was

used in the axisymmetric phase of this investigation.

At the present time, there is no accepted procedure to analyze the ~
motion in a tank due to a vertical earthquake. To consider the possibility
that the fluid may not act as a rigid mass during vertical..motion, an ampli-
fication factor of 2.0, 'i.e., the acceleration at zero period of 0.5g is
amplified to a value of 1.0g, was used in the non-axisymmetric phase of
this investigation. Effects of vertical earthquake were then obtained by

lOL pl.essa} e
scaling the sum of the dead and hydrostatic stresses by 1.0.

3.5 Load Combination

Responses due to the two horizontal components and one vertical component

of the 7.5M Hosgri ground motion are combined by the square-root-of-sum-
of-squares (SRSS) method. That is:

H
1

+ HE2) + (VE) (7)

where EQ = total earthquake response

HEl, HE2 = the responses due to the two horizontal components

of the ground motion, respectively, and





VE = response due to the vertical component of the ground

motion.

Each of the responses HE and HE2, is obtained by taking the absolute sum

of the responses due to structure inertia forces, impulsive pressure and

convective pressure.

The total load used to calculate stresses is obtained as follows:

TL = DL + HS + EQ (8)

where TL = Total Load

DL = Dead Load

HS = Hydrostatic Pressure, and

EQ = Earthquake Response, and defined by Equation 7.

3.6 Allowable Stresses

3.6.1 Reinforced Concrete

The capacities of'einforced concrete structural members were determined

in accordance with "Structural Analysis and Proportioning of Members - Ulti-
mate Strength Design" given in ACI 318-71, escept that unit load factors
were used for combining loads.

3.6.2 Structural Steel

The capacities of structural steel members other than plates were based on

the seventh edition of the American Institute of Steel Construction (AISC)

Code. The capacities of strucura'I steel plates were based on ASME Boiler8

and Pressure Vessel Code, Section VI II, Division 2.
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4. AXISYMNETRIC ANALYSIS

4.1 Refuel in Water Stora e Tank

4.1.1 Finite Element Hodel

The basic axisymmetric finite element model used in the analysis of the

Refueling Water Storage Tank is shown on Figure 5. The tank is assumed

fixed at the base. The model consists of 30 nodes, 29 steel shell elements

'and 29 concrete shell elements. The steel shell liner and the concrete

cover were modeled as axisymmetric shell elements parallel to each other.

The global coordinates (R,Z) of the nodal points are given on A-l.
Material properties for steel and concrete are given on A-2. The model

was used to analyze for effects of gravity loading, hydrostatic pressure,

structure inertia forces and hydrodynamic loads consisting of impulsive

and convective pressures caused by a horizontal earthquake. AXIDYN, a

computer program for the static and dynamic analysis of axisymmetric

structures by the finite element method, was used in all the analysis

runs.

4.1.2 Anal sis Ap roach

Due to horizontal ground motion, structure inertia forces and hydrodynamic

pressures (consisting of impulsive pressure and convective pressure acting

on the tank wall) are generated. For the analysis being presented here, the

combined dynamic effects of both structure inertia forces and impulsive

pressures are determined in one computer run. Effects of convective pressures

are determined in a separate run. This two-step procedure is done because

the frequency differences
motion are expected to be

would be negligible. The

is obtained by taking the

between the tank motion and the liquid sloshing

large, thus, coupling between the two motions

total effect caused by a horizontal earthquake

absolute sum of the results of the two runs.

To be able to determine the combined dynamic effects of both structure
inertia forces and impulsive pressure in one computer run, the met'hod

adapted here is to determine an equivalent effective fluid (impulsive)
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mass m ff, add it to the structure mass, and subject the tank with the
eff'ombined mass to the horizontal earthquake. The resulting stresses would

thus include effects of both inertia forces and impulsive pressures.

The impulsive pressures as calculated from Equation 1 act normal to the

tank wall, and the magnitude varies over the circumference as a cosine

function of the angle 0 from the direction of the applied ground motion.

The impulsive pressure, p , variation around the circumference is shown
0

in Figure 6. Initially, the procedure adapted in the dynamic analysis

of the Refueling Water Storage Tank for impulsive pressures was to simulate

the computed impulsive pressure in terms of an equivalent shell with mass

density p , thickness t, and radius a, but no stiffness.

e'rom

Equation 1, the effective fluid mass, m „, causing an impulsive
eff'ressure,

p , can be expressed as follows:
0

po
m = —=Cb (z) pHcos6eff A o

0

By definition, the mass of a shell per foot of circumference per foot of
height is

eff e
(10)

Therefore

po
p e A0

and

pe

C b (z) pHcos 6 p0 0 (12)

where p is pressure for A equal to a unit acceleration.
0 0

The above equation for the equivalent fluid density, p, was used in the

e'alculationson A-7, assuming a shell thickness of 0.25 feet. In the final

12-





computer run, however, the fluid inertia (mass) were assumed attached to

the concrete shell elements. The equivalent fluid inertia (mass) pre-/
viously calculated were therefore modified as in the following equation,

so that the fluid density would be based on a thickness that is the same

as'he corresponding concrete element thickness:

t
P = Pe e t

mod c

where t is the thickness of the concrete element. The concrete plus fluid
c

element mass density is obtained by adding the concrete density p and the
e

fluid density, p e
mod

According to Equation 9, the equivalent mass m ff varies as cos 6 over theeff
circumference. However, the computer program AXIDYN used in the analysis
assumes an axisymmetric structure thus requiring a constant value of m

eff'ereinafterdesignated as m ff, over the circumference.
eff'he

constant equivalent mass, m ff is defined as follows:eff

(14)

k
The horizontal pressure, p , exerted by a constant equivalent mass, m

eff'n

the tank wall due to a horizontal acceleration is given by:

k
ph m ff A

and is showh on Figure 7a as a constant pressure over the circumference. The

horizontal pressure ph is analyzed by AXIDYN as the sum of two components:

(1) a radial component, p , (see Figure 7b), which varies over the circum-
I

ference as the cosine function of the angle 6 and (2) a tangential component,

p (see Figure 7c), which varies as the sine function of 6. Figure 7d showst
the resultant pressure, ph, and its components p and p . From Figure jd andr

13-





from Equations 14 and 15, it follows that:

p ph cos 6 = m ffA cos 6 = C b (z)pHA cos 6
k

r h eff 0 (16)

and

p p sin 6 = m A sin 6 = C b (z)pHA sin 6
k

t h eff o (17)

Note that the impulsive pressure defined in Equation 1 and shown in Figure
6 is equal to the radial pressure defined in Equation 17 and shown in

Figure 7b. The tangential pressure, p , shown in Figure 7c is an additional
loading being considered here. Thus, because of the use of a (heavier)
constant mass m ff instead of an m ff which varies with cosine 6 and alsoeff eff
because of the additional effects of the tangential pressure shown in

Figure 7c, the procedure adapted here would give conservative results.

The impulsive pressure determined from Equation 1 represents only the

contribution of the mode being considered with A (t) representing the spectral
0

acceleration corresponding to the assumed mode of vibration. It was therefore
necessary to determine and consider contributions of all significant modes

of vibration. Calculations for the impulsive pressure defined by Equation

1 are given on Sheets A-3 to A-7. A value of C equal to 1.37 was

determined. Calculations for the fluid density, p , are given on Sheet A-S.
e

mod

With the combined structure mass and equivalent effective fluid mass as input,
a dynamic analysis of the tank for effects of structure inertia forces and

impulsive pressure was done using the computer program AXIDYN. The response

spectrum modal superposition approach w'as used with a cut-off period of 0.30

seconds. The periods of vibration and the percentage modal participation
factors obtained are summarized on A- 17. A damping ratio of 0.07 was used

for all the seven (7) significant modes.

Studies indicate that consideration of the foundation and soil flexibility
would lengthen the periods of vibration, mainly that of the fundamental node.

To consider this lengthening of the fundamental period of vibration due to





the foundation and the soil, the peak ground spectral acceleration is used

as the spectral acceleration corresponding to the fundamental mode of vibra-
tion no matter what the value of the fundamental period is.

Only the combined structure inertia forces and impulsive pressure loading
caused by a horizontal earthquake was treated as a dynamic load. The other
loads, such as gravity, hydrostatic pressure and convective pressure loads,
were analyzed as static loads. Effects of vertical earthquake were obtained
by scaling the results of the analysis for gravity loading and hydrostatic
pressure by 0.5.

The calculations for convective pressures, based on Equation 5, are given on

A-10 to A- l3. The fundamental period of the sloshing motion of the liquid
was calculated to be 3.65 seconds (see A"l2) and, for ll damping, the cor-
responding spectral acceleration is 0.17lg or 5.51 ft/sec . Note that the
fundamental mode of the tank motion has a period of 0. 144 seconds (see
A-17). As expected, the frequency difference of the tank motion and the
sloshing motion of the liquid is large, thus, the assumption that coupling
between the two motions is negligible is justified.

4. 1.3 Discussion of Results

Longitudinal forces and moments, circumferential forces and moments, and

in-plane shears at critical points in the steel liner and concrete cover
obtained from the analysis runs are sunmarized on A-18 to A-21 respectively.
The summary indicates that the impulsive pressure loading and, to a lesser
degree, the hydrostatic pressure loading, contribute the most to the total
forces and moments. Moments in the steel liner are negligible. Longitudinal
and circumferential forces and moments due to the impulsive pressure loading
are plotted on A-22 to A-25.

Preliminary design of the concrete cover and checking of stresses in the
steel liner were made using the results of the axisymmetric analysis.

4.2 Firewater and Transfer Tank

The Firewater and Transfer Tank model, shown on Figure 8, is analyzed for
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effects of gravity loading, hydrostatic pressure, horizontal earthquake

and vertical earthquake. The same analytical procedures used in the analy-

sis of the Refueling Water Storage Tank are used in the analysis of the

Fi.rewater and Transfer Tank and are not discussed here.

The Firewater and Transfer Tank model and analysis results presented here

are based on the preliminary sizing of the thickness of the concrete cover.

Thickness was changed original ly the 12-inch section starts approximately

8 feet above the base. Based on the analysis results of the Refueling

Water Storage Tank, the concrete cover should have a 12-inch thickness up

to the mid-height of the tank, which is about 25 feet above the base.

Modeling, loading and stress calculations are provided in Appendix B. The

basic axisymmetric finite element model used to analyze the Firewater and

Transfer Tank is shown on 8-1. The steel sections and the concrete cover

are modeled as axisymmetric shell elements. The model consists of 46 nodes,

27 concrete shell elements and 45 steel shell elements. The exterior tank

is assumed fixed at the base whereas the inner steel tank is considered

pinned at the base.

Two loading conditions are considered:

1. Case 1 where both inner and outer cylindrical tanks are
filled with water up to design level; and

2. Case 2 where inner tank is filled to design level while
the outer tank is empty.

A set of analyses for effects of hydrostatic pressure, horizontal earthquake

and vertical earthquake is made for each case. For the first case, hydro-

static pressure, impulsive pressure and convective pressure are assumed

exerted by the fluid on the outer tank only. For the second case, hydro-

static pressure, impulsive pressure and convective pressure are exerted by

the fluid on the inner tank only.

Because fluid impulsive pressure was being exerted essentially only on the

exterior concrete tank and because large inertia forced will also be
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generated on the concrete shell, damping of 7C, which is the NRC Regulatory
Guide 1-61 specified damping for concrete structures, was used in the Case

1 dynamic analysis for the combined effects of structure inertia forces
and impulsive pressure.

For the case 2 analysis, however, large inertia forces will be generated
on the concrete shell while impulsive forces will be also eating on the
interior steel tank. Thus, a modified damping value was calculated to con-

sider the lower damping value specified for steel structures. NRC Regula-
tory Guide 1.61 specifies 4C damping for steel structures.

Based on the first mode, the modified damping 'value was calculated using
the fol lowing:

cm $ 2 + cm $
2 Xc chic s s s

cm $ + cm $c c s s
(18)

where

m, mc s

c s

The modified damping value,
Mass of the concrete and steel shell elements,
respectively, and

NRC Reg. Guide 1.61 specified damping for con-
crete and steel, respectively.

The calculation on Sheet B- gives a modified damping value of 6.34. Because

there is no spectrum specified for 6.3C damping, the more conservative 5r,

damped Newmark spectrum shown on Figure 7 was used in the Case 2 analysis.

Longitudinal forces and moments, circumferential forces and moments and in-
plane shears at critical points in the two steel tanks and concrete cover
for Case 1 and Case 2 are summarized on 8- to B- . The more critical of
the two sets'of total forces and moments were used to check critical sec-
tions in the tank. The summary indicates that the impulsive pressure
loading and the hydrostatic pressure loading contribute the most to':the
total forces and moments. Moments in the steel sections are negligible.
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The maximum stress intensity at each steel liner section is determined and

compared with the allowable stress intensity at the section on sheets 8-

and B- . Calculations indicate that the steel sections are adequately
designed.

Comparison of the design forces and moments for concrete elements, given
on B- , with those given on A- for the corresponding preliminary Refueling
Water Storage Tank model, indicate that the values for the former are less
than for the latter tank, that is, at corresponding concrete elements.
Therefore, the same steel reinforcement provided for the concrete cover
of the Refueling Water Storage Tank will be adequate for the Firewater and

Transfer Tank.

4.3 Condensate Tank

The structure configuration of the Condensate Tank is very similar to the
Refueling Water Storage Tank. Both tanks have the same inside diameter.
The height of the structure, as well as the design liquid depth of the Con-

densate Tank, is less than those for the Refueling Water Storage Tank by

5.25 feet. Because of the similarity between the two tanks, it is felt that
analysis results of the Refueling Water Tank should apply to the Condensate
Tank. The steel plates specified for the Condensate Tank are slightly thick-
er and made of stronger material than those for the Refueling Water Storage
Tank, thus, they should be adequate. A concrete cover with steel reinforce-
ment, the same as those specified for the Refueling Water Storage Tank,
would also be adequate for-the Condensate Tank.
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5. NON"AXISYMMETRIC ANALYSIS OF THE

REFUELING WATER STORAGE TANK

5.1 Purpose

In the earlier dynamic analysis, the tank was assumed to be an axisymmetric

shell structure and was analyzed using the AXIDYN program. That analysis,
however, did not take into account a 14-foot x 14-foot vault opening in the

concrete shell. To get a clearer understanding of the stress distribution
in the concrete and steel shell elements around and in the opening area, a

more comprehensive three-dimensional model, with thin shell elements, and

including the concrete shell opening, was made and analyzed using the

computer program SAPIV. Loads were applied statically.

Two distinct features of the SAPIV static analyses of the tank were (1)

the consideration of the 14-foot x 14-foot opening in the concrete shell,
and (2) the simulation of the impulsive pressure exerted on the structure
by applying normal fluid pressures, that varies cosinusoidally along the

circumference. The impulsive pressures were calculated using the square-
root-of-sum-of-squares (SRSS) values of accelerations obtained from the

earlier AXIDYN analysis.

5.2 Finite Element Model

Symmetry of the tank about the centerline through the opening was utilized
and only one-half of the tank was modeled. Quadrilateral shell elements

were used to model all steel and concrete members except for the concrete
framing around the opening. Beam elements were used to model the heavy

concrete framing. The three-dimensional half-tank model is shown in Figure
It consists of 427 nodes, 360 steel shell elements, 348 concrete shell
elements and 13 concrete beam elements. The tank was fixed at the base

against all six degrees of freedom. Because of computer program restrictions,
and for modeling convenience, a small one-foot diameter opening was left at
the crown of the dome.
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Appropriate boundary conditions at the plane of symmetry of the tank

structure, i.e., at nodes located on the z-y plane (see Figure 16),
were determined by the nature of loading considered, i.e., whether the

loading is symmetric or anti-symmetric. Dead load and the horizontal
earthquake along the z-z direction are loads symmetric with respect to the

z-y plane. On the other hand, horizontal earthquake along the x-x direc-
tion is anti-symmetric with respect to the z-y plane.

For symmetric loading, joints on planes of symmetry are restrained such

that they displace only in those planes. Thus, for dead load and hori-
zontal earthquake along the z direction, joints of the y-z plane, for
example, were allowed to displace only in the y and z directions and to
rotate only about the x direction. For anti-symmetric loading, joints
on planes of symmetry were compelled to displace in an anti-symmetric
manner. Thus, for the case where the horizontal earhtquake is acting along
the x direction, joints located on the y-z plane were restrained against
translations in the plane of anti-symmetry and rotational normal to the

10plane. This modeling technique is discussed further 'elsewhere.

5.3 Analysis Approach

Using the SAPIV three-dimensional model, a new set of static analysis
runs was made to determine the effects of gravity loading and hydro-
static pressure. Calculations for the hydrostatic pressure input to the

program are given on Sheet

Effects of convective pressure caused by horizontal ground motion were

observed to be small in the AXIDYN analysis, and, thus, were not considered

significant to require a new analysis using the SAPIV model. The seismic
forces due to horizontal ground motion, thus, principally consist of: (1)

the lateral forces due to the impulsive pressure, and (2) the lateral
forces due to inertia forces.

The SAPIV model was analyzed for the two cases in which the horizontal
ground motion acts: 'firstly along the x.-x direction, and secondly along

- 20—





the z-z direction. Calculations for the effects of structure inertia
forces and impulsive pressures were simplified by using the accelerations

obtained from the earlier axisymmetric analysis. Loads due to structure
inertia forces were calculated by multiplying the mass of an element by

the corresponding acceleration obtained from the AXIDYN analysis, and the

results then applied statically to the SAPIV model.

ln the earlier axisymmetric analysis, impulsive pressure was input into
the AXIDYN program in terms of an equivalent impulsive mass density. This

method did not allow for a cosine 8 variation along the circumference of
the tank. For the SAPIV analysis, the cosine 9 variation in the fluid
impulsive pressure is taken into account.

A plot of the variation of the impulsive mass density along the height of
the tank structure is shown on the left hand side of Sheet No. . The

impulsive mass density plotted is for 6 equal to zero and based on a unit
acceleration. On the right hand side of Sheet No. , is a plot of the

SRSS values of radial accelerations obtained from the earlier AXIDYN

analysis. Corresponding SAPIV nodes and AXIDYN nodes are also indicated
along the vertical axis of the plot.

From Equation , the radial impulsive pressure acting on an element can

be expressed as follows:

p = p t A

where

p = As defined in Equation , and
varies as a cosine function along the circumference

t = The assumed fluid thickness
A = The acceleration of the element based on AXIDYN results.

0

The calculations for the impulsive pressures acting on the steel and concrete-

shell elements are given on Sheets and . These impulsive pressure loads

were then applied statically to the model shown in Figure , and analyzed

using SAPIV.
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5.4 Discussion of Results

Direct stresses and moments, obtained from the SAPIV analysis runs for
dead load, hydrostatic pressure and horizontal earthquake along the x-x
and z-z directions, at critical points in the steel liner and concrete

cover are given on Sheets and . The vertical earthquake responses

correspond to an amplification of ; that is, from the zero period
acceleration of 0.5g to a value of 1.0g. The vertical earthquake responses

are thus equal to the sum of the dead load and hydrostatic pressure analysis
results.

Table and give the stress intensity values at critical points in
the steel liner section, including the concrete steel opening area. The

allowable stress intensity is exceeded at two sections in the concrete
shell opening area. To take care of this overstress, a 1/4" plate is
welded to the existing section where the overstress occurs.

The concrete cover, including the concrete framing around the vault open-

ing, was designed for the more critical of the two analyses (axisymmetric
and finite element). Design calculations are given on Sheet and

A typical section of concrete cover, showing the required steel reinforcement,
is shown on Figure 4. Steel reinforcement details for the concrete framing
are shown on Figure
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DIABLO CANYON UNITS 1 R 2

F I RENTER TANK

NAXINUN STRESS INTENSITIES IN STEEL ELENENTS

Nodal
Points

Plate
Thickness,

inches DL+ HS
DL + HS

+ HE + VE

Haximum
Stress Intensity, ksi

DL + HS
DL + HS

+ HE + VE

A 1 1 owa b I e
Stress Intensity, ksi

46 — 43

43 — 40

40 — 37

37 — 34

34- 28

28 - 22

Ron:

0,813

0,688

0,625

0,531

0.438

0,375

8,20

5. 59

5,20

4,59

3. 89

3,17

21,49

17,85

16,37

17.64

20,51

18,13

18,3

18.3

18.3

18.3

18,3

18,3

21,96

21.96

21.96

21,96

21,96

21,96

DL — DEAD LOAD

HS — HYDROSTATIC PRESSURE

HE — HORIZONTAL EARTHQUAKE

VE — VERTICAL EARTHQUAKE
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DIABLO CANYON UNITS 1 a 2

TRANSFER TANK

',lAXINUN STRESS INTENSITIES IN STEEL ELEMENTS

Noda 1

Points

1- 6

6- 9

.- 9 — 12

12 — 15

15 - 33

Plate
Thickness,

inches

0,627

0,522

0,417

0,313

0.250

DL + HS

3.63

3.55

3,39

2.70

1,6'3

DL + HS
+ HE + VE

16,2?

16, il9

1it.76

1?,63

8,76

Maximum
Stress Intensity, ksi

DL + HE
DL + HS

+ HE + YE

18.3

18.3

18,3

18,3

18,3

21.96

21,96

21,96

21,96

21,96

Al 1 owabl e
Stress Intensity, ksi

Roe

DL — DEAD LOAD

HS — HYDROSTATIC PRESSURE

HE — HORIZONTAL EARTHQUAKE

VE — VERTICAL EARTHQUAKE





DIABLO CANYON UNITS 1 8 2
CONDENSATE TANK

NAXINUN STRESS INTENSITIES IN STEEL ELENENTS

Plate
Thickness,

inches
DL + HS

DL + HS

+ HE + VE

Maximum
Stress Intensity, ksi

DL + HS
DL + HS

+ HE + VE

Al 1 owab I e
Stress Intensity, ksi

0,600

0.500

0,398

0.297

0.250

3,84

5,07

4,87

4,26

2,89

20,66

21,24

21.11

18,78

14,31

18,3

18,3

18.3

18,3

18,3

21,96

21,96

21,96

21,96

21,96

8axz

DL — DEAD LOAD

HS — HYDROSTATIC PRESSURE

HE HORIZONTAL EARTHQUAKE

VE — VERTICAL EARTHQUAKE





DIABLO CANYON UNITS 1 8 2

CONPARISON OF FORCES AND NONENTS

IN CONCRETE ELEMENTS

BETWEEN REFUELING WATER STORAGE TANK

AND FIREWATER AND TRANSFER TANKS

Nodal
Point

Force/Moment
K/K-F

Refuel Water
Storage Tank

Firewater and
Transfer Tanks

22

(18 FoR

FRT TANKs)

LONG,

CIRC,

LONG,

CIRC,

SHEAR

LONG,

CIRC,
LONGs

CIRC,
SHEAR

LONGs

CIRCs

LONGs

CIRCe

SHEAR

LONG s

CIRC,
LONG.

CIRCs

SHEAR

LONGs

CIRCs

LONGs

CIRCs

SHEAR

FORCE

FORCE

NoM.

NoM,

FORCE

FORCE

NOMs

NOMs

FORCE

FORCE

MoM.

NOMs

FORCE

FORCE

NOMs

NOM.

FORCE

FORCE

MOM,

NoM.

206,6
46 F 1

83,9
16,7

102.9

168,8
40,8
37,5
7,6

95.4

139,3
63.1
5,1
l,l

89,9

125,6
57.0
4,2
1,0

90.8

3,6
41,9
1,7
0,5
4,6

157,3
31,5
72,5
14,5
87,3

160,4
46,8
25,0
6,9

82,9

103,1
68,6
5,0
1,1

74,7

86,2
56,6
2,2
0,6

74,6

2,6
31,9
3,4
0,6
5.8
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1. I NTRODUCTI ON

This report summarizes the seismic analysis and structural design evaluation
used in reviewing the intake structure crane of the Diablo Canyon Nuclear

Power Plant for response to the postulated 7.5M Hosgri earthquake. The 50

ton gantry crane travels on rails running north-south along the entire
length of the top deck of the intake structure. The crane, designed for out-

door and marine environment service, is used for handling pumps, motors,

traveling screens, gates and bar racks during routine equipment maintenance

and overhaul. A trash rake, mounted on the ocean face of the gantry, is

used for routine cleaning of the bar racks.

The Intake Structure, which serves both Units 1- and 2, is a seismic Class I I

structure and was originally designed under seismic criteria which called
for seismic forces to be determined on the basis of an equivalent static
force coefficient of 0.20g with a one-third increase in allowable stresses.

However, because it houses the four Class I auxiliary saltwater pumps, two

for each unit, it was reviewed for the postulated 7.5M Hosgri motions. Ex-

cept for the relatively small auxiliary saltwater pumps, safe shutdown in

the event of a major earthquake disturbance is not considered essential for
any part of the structure or its four main circulating water pumps.

The evaluation of the crane has been accompl ished accoraing to the February

8, 1977, Diablo Canyon, Qecification foe Seismic Revive of MaJ'o2 Stmc~es
fo2'. 5M Rose Eazthquake. A modal superposition response-spectrum dyna-

mic analysis was performed through the use of finite-element model repre-

sentations of the structure.

This report contains a description of the salient structural features of
the intake structure crane and a presentation of the analysis criteria,
mathematical modeling and results.





2. DESCRIPTION OF STRUCTURE

The Intake Structure Crane is a three-dimensional bolted and fabricated
structural steel gantry crane with trolley. It is 40 ft tall and 100 ft
long, spanning 88.9 ft between rails in the east-west direction with the

upper girders cantilevered a further 11 ft. The trolley is supported on two

5 ft deep steel plate box girders at 14.5 ft centers which in turn are

supported by tapered box section legs which are inclined to 26 ft centers
at the lower end. Each lower end tie acconmodates two bogies which to-
gether contain one driver wheel and three idlers.

The structure was designed in accordance with Standard No. 6 of the

Association of Iron and Steel Engineers. Members not covered by that
Standard were designed and fabricated in accordance with the current Speci-
fication for the Design, Fabrication and Erection of Structural Steel for
Buildings by the American Institute of Steel Construction.

The gantry crane design load is 50 tons'rection, startup, and initial
operation of the crane were performed at the job site under the direction
of a qualified engineer from the Manufacturer. The crane was given a load

test at 1.25 design load. The hoist mechanism includes an 8-part tackle
of 1 1/8"g galvanized wire ropes.





3. ANALYSIS CRITERIA

General

The basic approach to the 7.5M Hosgri evaluation of the intake structure
>rane is outlined in the February 8, 1977, specification. The evaluation
for seismically-induced forces was performed with the crane in a typical
parked or operating position, and for the situation with and without the

rated operating load.

Stress evaluation for noncontinuous members was undertaken according to
AISC Specification, Part 1 (Elastic design), with the following exceptions:

Allowable bending stress, Fb»

Al lowable uniaxia I stress, F:"

code computed value)

F = 36 ksi
y

1.7 F (F is the

Allowable shear stress, F + F /iP
y

This is merely equivalent to determination of the elastic limit instead of
a working stress approach which is consistent with application of the postu-
lated Hosgri 7.5H seismic event.

Strength determination for continuous members was undertaken according to
AISC Code, Part 2 (Plastic design), with the yield strength of F = 36 ksi.

y

Seismic Inputs

The horizontal base motion input applied to the intake structure crane at
the crane rail was the structurally modified structure"specific, 7 percent
damped horizontal response spectra developed for the intake structure from

the Biume and Newmark 0.75g free-field ground spectra, by spatial averaging
of accelerations, a method dependent on shear-wave velocity and structural
foundation size.

The vertical input was taken as two-thirds of the 0.75g, 7 percent damped

horizontal Newmark free-field ground spectrum.





Modelin Parameters

Modal damping equal to 7 percent of critical was used in the Hosgri analysis

of the intake structure crane. This is in accordance with the currently

accepted Regulatory Guide 1.61 reconmendations and is further substantiated

by conclusions of a URS/Blume study.4

The adopted breaking strength for each wire rope was 48.5 tons. The elastic
modulus was 1,200 ksi.

4





4. METHOD OF ANALYSIS

Linear three-dimensional finite element response spectrum analyses were

undertaken using the SAP IV structural analysis computer code. The model

consisted entirely of beam elements and mass was applied at appropriate

modes (Figure 1).

The model was subjected to dead and seismic loading, with and without hook

loads. Seismic loading in the horizontal direction corresponds to the New-

mark elastic spectrum for 7 percent damping and t = 0.04 in the east-west

direction and the elevation 17.5 ft modified response spectrum derived from

the equivalent Blume spectrum in the north-south direction. Crane inertial
forces are limited in the north-south direction by sliding response with a

coefficient of friction, p = .25, for each braked wheel (1/4 per side) .

Seismic loading in the vertical direction corresponds to 2/3 of the Newmark

free-field elastic spectrum for 7 percent damping which was again more severe

than the equivalent Blume spectrum.

The resulting N/S and E/W responses and the vertical seismic results were

combined on a SRSS basis. This total effect was in turn combined with dead

load and hook load.

For the case with operating load nonlinear analyses of the crane with the

cable suspended hook load were undertaken for vertical motion using the

DRAIN-2D computer code. The model is shown in Figure 2. Structural damp-

ing of 4 percent in the first two modes was adopted for these analyses. Pen-

dulum motion of the suspended load was also determined using DRAIN-2D and

the response spectrum method. Resulting horizontal loads were insignificant.

-5-





5. DISCUSSION OF RESULTS

The natural periods of vibration and participation factors for the north-
south, east-west, and the vertical response spectrum analyses of the un-

loaded and loaded crane, are summarized in Tables 1 and 5 respectively. In

'accordance with the requirements of the NRC, only those modes with associated
periods of vibration greater than or equal to 0.03 sec are considered signi-
ficant for response computations. The fundamental frequencies of the system

in the north-south, east-west, and vertical directions are 1.1 Hz, 2.1 Hz,

and 5.6 Hz, respectively for the unloaded system and ep 1.1 Hz, 2.1 Hz, and

3.6 Hz respectively for the loaded system.

The predicted seismic-induced displacements for the unloaded and loaded

system are summarized in Tables 2 and 6. The maximum estimated displacements
in the east-west

mately 3 in.
and north-south direction) are approxi-

Maximum bending moments and axial loads for the crane legs, girders, and end

ties resulting from the SRSS combined effects of the separate response

spectrum analyses added directly to the dead load effects for the unloaded

and loaded are shown in Tables 3 and 7 respectively. The ratios of the

computed bending moment and axial stresses to allowable values are shown in

Tables 4 and 8. For any member, the ratios are additive to obtain the
combined stress effect. None of the combinations result in a ratio greater
than 1.

Shear stresses were insignificant in all members.~~ The element and node

numbers shown in the tables correspond to the computer model shown in Figure
1. Stability analyses of the crane indicated uplifting and possible over-
turning in the north-south direction where sliding was prevented.





6. SUHHARY

The results presented in this report are intended to provide information re-

garding the seismic adequacy of the intake structure crane under the postu-
lated 7.5H Hosgri earthquake motions.

Results of the seismic analyses show that the intake crane is capable of
carrying its maximum rated load of 50 ton without overstressing of any

structura'I members or the hoist cable.

Sliding of a few inches can be expected along the crane runway during the
postulated earthquake. If the crane is parked at the end of the runway, and

sliding is thus prevented, seismic overturning moments may cause overstress-
ing of the anchors, although in this position the unlikely event of over-
turning might result in the crane falling into the ocean which does not

pose a risk to the function of any safety related equipment.
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TABLE 1

INTAKE STRUCTURE CRANE

PERIODS OF VIBRATION AND PARTICIPATION FACTORS

UNLOADED CASE

PEP,IOD PARTICIPATION FACTOR (I)
MODE (sec) N/S DIRECTION E/W DIRECTION VERTICAL DIRECTION

1 0.924 39.3 0.3

2 0.481 0.3 72.2

3 0.349 1.2 5.7

4 0.304 17.4

5 0. 181 0. 9

6 0.177 0.4 0.3

7 0.155 3.0 0.1

8 0.148 13.1 0.1

9 0.097 . 0.2 1.7

10 0.070 " 4.2

11 0.066 1.9 0.2

0.057 2.4 1.8

13 0.055 1.4 4.8

14 0. 051 4. 0 0.2

15 0.050 3.1 0.1

16 0.048 0.8 4.1

17 0.040 0.6 0.8

18 0.039 0.1 0.1

19 0.037 0.8 0.1

20 0.035 1.7 1.6

21 0.032 1.9 0.6

22 0.032 0.6 3;4

23 0.031 0.6 1.5

0.4

0.7
'.7

0.2

19.2

25.4

0.6

0.4

2.0

0.3

5.1

10.1

0.8
0.1

4.1

6.1

2.0

7.6

8.8
0.7

0.5





TABLE 2

INTAKE STRUCTURE CRANE

MAXIMUM DISPLACEMENTS

UNLOADED CASE

NODAL
POINT

NORTH-SOUTH EAST-WEST VERTICAL
DIRECTION DIRECTION DIRECTION

(in. ) (in. ) (in. )

6

8

10

12

14

16

18

20

0.09

0. 56

0.12

1.35

0.47

0.94

1. 22

l. 45

2.21

2.26

3.28

3. 28

3.28

3.28

3.28

3.28

0.02

0. 10

0.03

0.23

0. 60

0.78

0.60

0.43
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~TABLE

INTAKE STRUCTURE CRANE

MAXIMUMMEMBER FORCES

UNLOADED CASE

ELEMENT

1

2

4

6

8

10

11

13

15

17

19

21

22

AXIAL
LOAD

(KIPS)

79. 8

98. 9

75. 8

91. 7

MOMENT

Mg
(KIP-IN)

6

6

13187

13302

25507

25003

991

25179

15035

14647

26032

2057

MOMENT

Mp
(KIP- IN)

463

2223

444

2223

991

940

2493

2536

1712

1712

2153

3946

3951





TABLE 9
INTAKE STRUCTURE CRANE

MAXIMUM STRESS RATIOS

UNLOADED CASE

ELEMENT f>(F fbi]Fb ~/Fb TOTAL

1

2

4

6

8

10

11

13

15

17

19

21

22

0.04

0.06

0.04

0.04

0.39

0.39

0.52
0.51

0.01

0. 37

0.22

0.21

0.38

0.03

0.04

0.21

0.02

0.05

0.04

0.09

0.09

0.06

0.06

0.08

0.14

0.14

0.04

0.21

0.45

0.50

0.60

0.55

0.10

0.46

0.28

0.27

0.46

0.17

0.14





TABLE
5'NTAKE

STRUCTURE CRANE

PERIODS OF VIBRATION AND PARTICIPATION PACTORS

LOADED CASE

MODE

1

2

3

4

5

6

7

8

9

10

ll
12

13

14

15

16

17

18

19

20

21

22

23

PERIOD
(sec)

0.929

0.481

0.351

0.304

0.276

0.274

0. 155

0.149

0.097

0.070

0.066

0.057

0.056

0.051

0.050

0.048

0.041

0.039

0.038

0.035

0.033

0.032

0.031

36.3

0.3
1.0

15.5

4.4
5.0
3.2

11. 8

0.3
3.9
1.7

2.3
1.0
3.7
2.9

0.7
0.4

0.5
1.3

1.5
0.9
1.2

0.3
71.6

5.8

0.2

0.3
0.1

0.1

1.6

0.3
2.3

4.5
0.2

4.1

O.l

1.4

3.1

1.7

1.0

0.3

0.9
7.6
0.8

26.9

24.3

0.2

0.3
1.0

1.5

0.3
4.6
7.0

0.7
0.1

3.0
3.6
1.4

3.5

8.3
2.3
0.8
0.5

PARTICIPATION FACTOR (%%uo)

N/S E/W VERTICAL
DIRECTION DIRECTION DIRECTION





TABLE 4
INTAKE STRUCTURE CRANE

MAXIMUM DISPLACEMENTS

LOADED CASE

NODAL
POINT

6

8

10

12

14

16

18

20

NORTH-SOUTH
DIRECTION

(in.)

0. 25

1.10

0.31

2.65

0.94

1.79

2.31

2.85

EAST-WEST
DIRECTION

(in. )

2. 33

2.38

3.29

3.29

3.30

3. 30

3. 30

3.29

VERTICAL
DIRECTION

(in.)

0. 05

0.19

0.07

0.45

1.59

2.38

1.63

0.83





~TABLE

INTAKE STRUCTURE CRANE

MAXIMUM MEMBER FORCES

LOADED CASE

El EHENT

1

2

6

8

10

11

13

15
'7

19

21

22

AXIAL
LOAD

(KIPS)

143. 5

177. 4

135.2

162.1

MOMENT

H2
(KIP- IN)

8

8

15952

16058

31144

30720

1339

16439

41083

41083

19779

3248

MOMENT

H3
(KIP- IN)

618

4357

594

4357

1339

1933

4153

2789

2025

2259

2870

5496

5536





TABLE S

INTAKE STRUCTURE CRANE

MAXIMUM STRESS RATIOS

LOADED CASE

ELEMENT /Fa ~/Fb >/Fb TOTAL

1

2

4

6

8

10

11

13

15

17

19

21

22

0. 08

0.10

0.07

0.08

0.47

0.47

0.63

0.63

0. 02

0.24

0.60

0. 60

0. 29

0.05

0.06

0.41

0.02

0.10

0.06

0.14

0.10

0.07

0.08
0. 10

0.19

0.19

0.06

.0.41

0.57

0.67

0.76

0.71

0. 16

0.34

0.67

0.68

0.39

0.24

0.19
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INTRODUCTION

The manipulator crane for the Diablo Canyon Nuclear Power Plant was

seismically analyzed for a Hosgri earthquake. The crane is used inside
containment and is used to handle fuel assemblies, thimble plugs, and

control rod drive shafts. The crane runs on rails located at the

operating deck level (Elev. 140 feet).

A three-dimensional linear analysis was performed using the Mestinghouse

Electric Computer Analysis (PECAN) Finite Element Program to determine(1)

deflections, loads, and stresses for dead weight, operating and seismic

loads. These results'were then compared to the allowables from the AS".K

Bailer and Pressure Vessel Code . Section IIIDivision 1 Article XVII-2000(2)

for Level D service limits.





II. ANALYSES CRITERIA

A. Load Combinations

Level D Service
h

Trolley and Monorail Hoist at Center Span

DW + OL + SSE

DW + SSE

Trolley and Monorail Hoist at Travel Limits
DW + OL + SSE

DW + SSE

where:

DW ~ Dead Weight of Equipment

OL ~ Operating Loads

SSE ~ Safe Shutdown Earthquake

B. Elevation Criteria
Level D Service

The structural stresses resulting from the loadings
in Section A are not to exceed the Leve1 D service
,limits for linear elastic analysis as specified in
the ASME Code.





TIE ~ MATHEMATlCALMO"ELS AND ANALYTICALMETHODS

A. Modeling
A detailed finite element model was made of the Manipulator
Crane structure using the PECAN computer code. The structure
was supported at the four wheels which were modeled as

hinged supports.

Member sizes were determined from manufacturer's drawings

and as-built sketches.

B Method of Analysis
A. Dead Height and Operating Loads

Dead weight and operating load stresses were determined

using the static analysis feature of hECAN. The

stresses were stored on tape for later use.

B. Seismic Loads

Seismic stresses were determined using the Reduced

Modal Seismic Analysis option of MEGAN for each shock

direction. This option uses the response spectrum

analysis technique. The spectra are 7X damping

~ curves developed from the Newmark spectra at an

*elevation 140 feet in containment given in'the
Hosgri report . 7g equipment damping is in(3)

(4)accordance with the NRC Regulatory Guide 1.61

for bolted construction. Dynamic modes for each

shock were combined by SRSS method with con-

sideration for close spaced mode being accounted

for in margins of safety. The results from the
three directions were then combined by SRSS and

added and subtracted from'the static results to
obtain the peak cyclic values.
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IV. RESULTS

The initial analysis revealed a few areas where the stresses exceed allow-
ables. These were the monorail structure column points, the bridge trucks ~

'ndthe cable support to~er.

The excessive stresses in the monroail structure were due to the

lack of crossbracing on the structure. This caused excessive bending

in the individual columns and an overstressing of the points attaching
them to the bridge trucks. This problem was corrected by the addition of
cxossbracing to the structure.

Overstressing in the bridge truck was caused by the low torsional constant

from two open channels back to back. This was corrected by locally
boxing in the channels to increase the torsional constant.

The cable support structure was overstressed because of
bracing used as well as several shop modifications made

members due to interferences with other equipment. The

fore, redesigned along with other interfering equipment

structure.

the type of cross-

to the structural
tower "was, there-
to strengthen the

The modified crane was reanalyzed to determine the effect of the modi-

fications on the response of the structure. The results confirm that
all the main structural members and points are adequately designed for
the Hosgri Earthquake. The maximum stress ratios for these members

are given in Appendix D.

High stress ratios were found in certain secondary members of the structure
such as the bridge back handrail and trolley floor support, however,

these were caused by buckling and the loads are not large enough to
separate them from the structure nor will their failure adversely
affect other stxuctural members.
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GENERAL ARRANGEMENT DRAPING





' ~

',r
~ ~

~ I

~ ~

~ I ~

e ln

I ~
A

'
~ .."...':.

$

~ I
~ ~ ':., '

~ (.»r;, I

I ~
'

~ II:'' '
d

A--

I
~ 1

i
e

"I

g
r

~ ~

~ 1

~ I

'e

el

3
gX

If 8

d~
~ 5

ra

LOLIOOLNe CIC

A

I ~

~ I ~

I
I

~ ~

~ ~
1

e
~

e

I

* ~

~ ~

»

e

'pe

~0 I ll

( le
~ A Oe»(»%0 (Jhe(R»I

se LL4eehAL ~

orcALIJR teceeR CI ,fCo o
I

~atcA OAIKL ce

o lrs'.l'

I

1 ~
p

l~( I,J(

~NbTC e

l,llen ICICCCJOPOCA AIL'(,CCAeSC(S &tees
IOLLv Aa (KNO i ceheAK LL~

eec»JetcA (LAIL I'ch), 0 ores ec t+Ct
+pAARCV W,+LIIO Crh CA J III
+Al~ (LA ACLV P LSCL Oh LtelaAJ
CAI~ PMC fllLO Jltth~ O»O ~tfth I

IOOU.CT TRLerrl
LINIT sel ~ ~ltr

~
*

Cfe»JLL ll, JO ~ ~

~ I

CAIlk»

LO (»1

~ eh ha Al ~ (

~ I ~ 1

~ l

I

"~ma-L'i.

~ Ieeeeee»c

~ ~

~ ~ 1
fh

'lC LL»CR 5'(CCCICCR theeOOIICl~'ll ~ I~ Ie 4CJL ICehhlele~
~ ~ 'e ~ Ae ~ ~

VIVUM QIIOCIIHC CQIPPKR

terCC A\14+q

JACJ Ctree'J ~

e

*e

!
~ '

~ ~ '

r((AR CLIIC/
~h 'ehe ~ ~ 10

ILLA. CLecrc Irtao -oooo Las
IO»CA ~ ICLCO

S PWAOS
-Ea ctccc

+~A~
OSIe. Cte( etl~ re(7P OOS CLJI I

It C

A

C L1
I'e»

I 1 ~

~'CL
I .ALCL

~h ee ~

II~ ~ Lh
I

I " ICC IOOI

fl hl

ceto e oowt mum's LOKLrco ILA cCLAII()

~ ~

1
~ ~

~ h

A'

I((heh I ~ I~ 'I Jl('ll'J
~ 'l Celt 11
C I ~ ~ R 1K'

f. 'e»he ere 'I~ e'I Jh ~ er
~ ~ 1': t
.:.J I-f .

1'ICJI(% erel ~ 1 c
I A lh» 1(

~ J I L ~ »1

y»(At fIPVL liCCtt Qfrl
'-

"

I ~ I ~

f'at=
Q jNf.'kfl. I,R,f LI'I f.IZ; I)i

f



~ '



APPENDIX B

SEISHIC RESPONSE SPECTRA

INTERIOR STRUCTURE OPERATING FLOOR ELEVATION
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APPENDIX C
I
'I

MANIPULATOR CRANE

SUBSTRUCTURE GEOHETRY PLOTS

'(WZCAN)





Figure C-1

Monorail Structure

(( NOsARAll StRV(fan% '$>l&'~JC'hR( >~a.( ) Wf)5NI(

1. Monorail Beam
2. Monorail Brackets
3. Monorail Columns
4. Monorail Bracing
5. Bridge Trucks





Figure C-2

Back walkway, Girder and Drive Support
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—
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1. Back Girder
2. Bridge Drive Support
3. Bridge Drive
4. Back Walkway
5. Back Handrail





Figure C-3

.Front walkway and Girder
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1. Front Girder
2. Front walkway
3. Front Handrail





Figure C-4

Trolley and Mast Support Tube
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Trolley Trucks
Trolley Drive Support
Fuel Hoist Support
Mast Support Beam
Mast Support Tube
Floor Support
Trolley Drive
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Figure C-5

Cable Support Tower and Mast
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~ 1. Tower Corner 'Angles
2, Tower Lacing Angles
3. Pulley Support Channels
4. Gripper Tube
5. Stationary Mast'. Fuel Hoistii Cable





APPENDIX D

MANIPULATOR CRANE

CRITICAL ABER STRESS RATIOS





TABLE D-1

MAXINJM YiBER STRESS RATIOS*

Member Descri tion

Stress Ratio for
Cases Anal zed+*

Monorail Beam
Monorail Brackets
,Monorail Columns
Monorail Bracing
Bridge Trucks
Back Girder
Bridge Drive Support
Front Girder
Trolley Trucks
Trolley Drive Support
Fuel Hoist Support
Mast Support Beam
Mast Support Tube
Tower Corner Angles
Tower I,acing Angles
Pulley Support Channels
Gripper Tube
Stationary Mast

l
I

4

~ 35
.15
.44
.40
.19
.46
~ 90
.25
.41
.38
.40
~ 52
.11
.26
027
.53
~ 22.
.26

.32

.15

.43

.30

.18

.45

.88

.24

.40

.37

.29

.41

.08

.18

.21

.20
~ 22
.19

.16

.15

.45

.40

.21

.44

.75

.42

.59

.55

.43

.51

.11
.26'30

.50

.28

.26

.16

.15
,44
.39
.19
.45
.88
.24
.40
.37
.29
.40
.08
.18
.21
.20
.22
.19

* Stress Ratio is the ratio of calculated stress divided by the allowable.
**Cases anaIyzed are listed in Section XI-A, Page 2.
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