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Purpose
i

The purpose of this report is to present the findings of the
. seismic survivability study performed on the General Motors !
' MP-45 diesel generators, at LILCo's Shoreham Station. Seismic

' survivability is defined as the ability.of a mechanical or
~

4

electrical component to remain structurally intact and operable'

following an SSE level earthquake. All of the essential compo-
nents that are located in the system have been addressed in one
of three sections of this report. Each section deals with a spe-
cific group or type of component.

Appendix B addresses all of the accessory components that are not
an intricate part of the engine assembly. A list of all of the
essential mechanical components that are located in the system
can be found on pages 12 through 19. This list contains both the
accessory components as well as the intricate engine components.
Appendix D.1 addresses the engine assembly as a whole, as well as

j all of the components that.are bolted directly to the block. A
; detailed list of these components is included on pages D.1.34

through 3.1.42.

The electrical switchgear and control instrumentation are/~'\ addressed in Appendix C.2. A list of these components is also
i k- / included in Appendix C.2 and can be found on pages C.2.3 through
; C.2.15.1. The equipment is separated and listed by panel.

Appendix C.2 contains a detailed finite element analysis of the
" worst case" electrical panel. The analysis was used to develope
elevated accelerations for the electrical devices mounted on the e

panels, as well as demonstrate that the panels will remain
structurally intact when subjected to an SSE level loading. Thea

results of the elevated response spectrum and base spectrum
comparisons can be found in Appendix A.l.
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Conclusions(' The findings from this study will be presented in two parts. The

Thisfirst part will address all of the mechanical equipment. and
includes the engine, the intricately mounted engine components,The second part willall of the remaining accessory componentsf
deal with the electrical devices.

,

Mechanical Evaluation .

in two

The mechanical components were analyzed for the most part, Appendix B addresses all of the mechanical
secticns of this report.
components that are not an intricate part of the engine assembly.
This includes all of the components that are not directly boltedA list of all of the accessory items can be found1

|
to the engine. All of these items, with the exceptionon pages 12 through 19.of the radiator bracing, water jacket pipe support, weld repairs
and panel supports; were found to be suitable to withstand an
SSE level earthquake and remain operable following the event.

!.

These conclusions are based on an analysis or evaluation of each
Modifications for those items listedaccessory item in the system.

above have been included in the recommendations section of thisThe equipment has been analyzed with the suggested modi-1

; report.
fi, cations and found to be adequate.
The engine assembly and all of its intricate components were also
found to be able to experience an SSE level earthquake and f unction| \ This was demonstrated by a combina-|
properly following the event.All of the components that were consi-tion of test and analysis.
dered to be part of the engine assembly are listed in Appendix D
on pages D.l.34 to D.l.42.

Electrical Evaluation
The electrical components and devices that were found to have an
existing seismic qualifications document that enveloped theA listrequired response spectrum for Shoreham, are qualified.
of the devices and the method of analysis can be found on pages
C.2.3 through C.2.15. The remaining electrical equipment was
a.' dressed using a study that was performed for the Nuclear

-

The study,Regulatory Commission entitled Subsystem Fragility.
NUREG/CR-2405, makes use of statistical techniques to obtain con-
fidence levels in the equipment's ability to survive an earthquake

Using the study and applying' it to the remain-on a generic basis.
ing components on the MP-45, we found that a 99% confidence levelThe study addresses both structural integrity and ..

was reached. To f urther supplement the study,operability of the components.a detailed check of the mcunting bolts on many of the instruments
All of the bolts were found to be acceptable andwas performed.

would remain intact during an SSE event.

|

_ _ _ _ _ _ _ _ , _ - - ,_ - _ _ _ _ . - _ __ ._ _ _ _
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'{- Recommendations

..

k

A - Radiator Support

The existing perforated channel sections running lengthwise on both

sides of the center line were found to be overstressed for both

OBE and SSE loads. Therefore, it is recommended that the addition

of two 3 in. I-beams (S 3 x 7.5) be made. The additional I-beams

should be attached to the side walls and placed in a position such

that they support the perforated channels at their mid-spans.
One of these new beams will be supporting the channel sections on

the f an side span, and the other will be on the engine side span

(see attached sketch). These additional supports will bring the

stresses within the allowable limits for both OBE and SSE load

g cases.

B - Switchgear Cubicle 1A Door Panel

The auxiliary switchgear Cubicle 1A door panel is used to support

a large number of electrical devices. As it stands, the panel was

found to have predominant frequencies in the high energy range of
l<

the Shoreham spectrum. In order to control excessive amplification

of ground motion it is recommended that the panel be stif f ened.

It was shown by analysis that the use of 2x2x1/4 in, angle sections
Thesewill provide additional structural strength to the panel.

reinforcements can easily be mounted to the front of the panel. |
' ,,

See attached sketch for the suggested locations.

O,-
|

- - - .,
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C - Engine Jacket Water Pipe Supports

The 3-1/2" diameter engine jacket water pipe running diagonally

with respect to the radiator units has two clamped supports;

one near the fan side wall and the other near the middle beam.
These items are corroded and should be replaced with a new and

improved design.

D - Batteries
Gaps existing between the batteries and housing walls should be

padded with elastic material preferably along the side ribs of
Complete filling of the gaps is not recommended,the batteries.

O some allowance for air circulation should be made.Q
(

E - Radiator Compartment Walls

Excessive corrosion was observed at several locations on the radia-
Thesetor compartment walls and integral structural members.

corrosion products should be renoved and the welds should be

re-worked to assure structural cor.tinuity.

F - General Observations During Master Unit Walkdown

During the walkdown performed on the master unit (Engine No. 2),
The cracks had beenthe aftercooler ducts were found to be cracked.

These crackswelded to stop any propagation but had reopened. ,,

! should be repaired again to ensure that further propagation will

It should be noted that these cracks are in an airnot occur.

duct and would not in any way cause the failure of the generator'~

i
1

|

1

l

|



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

.

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

-4TJ %(aSARGENT as LUNDY R _
II: b-Mg+D pgg, g* faffr-ggEN GINEE RS

Q) conesso y

(
-

-

(
F - General Observations During Master Unit Walkdown (Cont'd.)

system to operate. Slight weld cracking was also noticed near

the air turning box mounting brackets. These welds should also be

repaired to ensure that structural integrity be maintained. It is

recommended that a thorough inspection of all four of the engines

be performed and that repairs be made as reouired.

G - Equipment Requiring Confirmatory Analysis

The equipment listed below is in need of further analysis to con-

firm the findings reached in this report. These are components

that were determined to be acceptable based on sound engineering

judgement. The items are as follows:

;

I) Generator Cooling System

II) Air Turning Box

III) Battery Charger

IV) Exciter

V) Shutter System

VI) Enclosure

VII) Electric Starter Motors

VIII) Cable Buss Assembly

| It is also recommended that a detailed walkdown be performed on
|

Units 1, 3 and 4 to ensure that the critical devices are similar to.

those found on the master unit.
' v)

_, . _ _ _ _ _ _ _ - ,. _s._ _
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METHODOLOGY

* Develop floor response spectrum from the seismic time history
provided by LILCO.

* Compare this floor response spectrum against floor response
spectrum used in the seismic qualification of Emergency Diesel
Generator System for LaSalle County Station. (It should be
noted that the diesel engine used for LaSalle Station is same
model as the one used in LILCO's Shoreham Station) .

survivability of the GM-EMD engine by the* Prove the seismicmethodology provided at the end of this section.

* Analyze all of the accessory components that are not an intrica te
part of the engine assembly by simple hand calculation using the
upperboyndresponsespect{um.hisanagurglintegrity'andoperabilityStrue
as requ red, were pro en yt ys s.

on the worst case* Perform detailed finite element analysis
electrical panel to prove the structural integrity of the

Also, obtain elevated response spectrum at devicepanels.
locations which will be used for the seismic evaluation of thef~ electrical components.( j

* Compare and show these elevated response spectra are bounded
by the elevated response spectra obtained for the panels in(, LaSalle County EDGS.

* Raview the S&L data base to obtain seismic qualification
documents for some of the electrical devices and reference
this data.

* Provide a confidence levels for the seismic survivability
electrical devices by use of the NUREG/CR2405 document.

* Provide recommendations on required modifications on the
EDGS system.

EMD ENGINE EVALU.'. TION

The engine evaluation will be performed using a combination ofUse will be made of the existing work thatanalysis and test.
has been performed by GM-EMD and outlined in their E77-1 and
E77-1A reports.

,,
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II ofI) Test
'

The engine block and all of its internal components will bes

! \ ~ qualified in conformance with IEEE-344 (1975), Section 7,
paragraph 7.5 " Shock Testing." In this paragraph the ;

3
i

standard states that shock testing performed in conformance
with various military standards, "for example MIL-S-901C," ;

that can be shown to have sufficiently high accelerations,
<

'

!"far higher than earthquake levels," and sufficient duration>

can be used for qualification purposes. The Navy shock
testa referenced in GM's report E77-1 were carried out in
conformance with MIL-S-901C. The acceleration levels

; measured during the test (at the control point) were 100 to
200 g's in the vertical and 45 to 120 g's in the horizontal.3

,

j Required EPA levels to cover the LaSalle, Clinton and
i Shoreham plants are 0.3 g's in the horizontal and 0.775 g's
{ in the vertical. Along with the above-mentioned shock tests

there is also an extensive amount of work done by SWRI*to,

'
j determine resonant frequencies and operating loads for cer-'

tain components. In this documentation it is shown that thei engine is in fact a rigid structure, therefore, EPA levels
apply (this is true for the block and all internal components) .
Using both of the'above-mentioned reports along with some

j simple analysis showing the magnitude of inertial loadingi during operation, a strong case can be made as to the
j adequacy of the angine block and internal components. An ;; #

actual experience with running EMD engines during an earth-,

i
~

t

quake of magnitude 6.2 on the Richter scale will also be
!utilized to further substantiate the adequacy of thesei

,

'
i ;engines under seismic loads.
,

{ II) Analysis

k

In order to supplement the shock test sind address anyexternal components attached to the gine which may have4

j predominant frequencies below 33 Hz, the GM analysis out-
lined in E77-1A will be used. In this ~ analysis detailed

:

I

!
frequency calculations were performed and correlations
made between the shock levels and given responses to ani input of 3 g's in the horizontal and 1 g in the vertical.;

! This is done for each item found to be in the flexible :
range.

;

(
,

It should be noted that in order for the engine and engine i

components to survive the normal . operating loads 'of the,

j engine, they have been designed to have frequencies higher
!

than the engine vibration range and well above the seismic,

(Note - Previous finite element analysis has' provenrange.

structural integrity of the engines). ..<

t
:
1

1

i O
s

t * Southwest Research Institute
i

l
i

f
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LOG 9ADRBER SCHEas4 ,
<

i.................

wwxxVVE221
EXAMPLE: LOG NUeRBER 08 03 04 1400 REPRESENTS THE LILCO 20-CVLINDER ENGINE COOLING WATER ERPANSION TANK

j

VV - SU8 COMPONENT AND/OR SYSTEM LEGEND (CONT'DI f
*

ww - C1.IENT IDENTIFICATION ;.

...........................................
.......................... :10 . FAN08 - LONG tstate LIGHTING COespANY t9 - RADIATOR

SHOREHAM PLANT 92 - RIGHT ANGLE GEAR DRIVE
f43 - CEAR drive CDOLER ,

; 14 - INTAKE AIR SYSTEM | |
i l15 - ENHAUST GAS SYSTEM4

KR - teAJOR SYSTEM IDENTIFICATION ,6 - LUBE OIL SYSTEM g
................................ t7 - BOOSTER PUMP SYSTEM
03 - 20 CVLINDER Ete-645 ENGINE IS - CONTROL OR TRANSFDPleER PANEL SYSTEMS
06 - GE NE R ATOR 19 - D AY F UE L T ANK5 *

*

OT - AIR START 20 - LOCAL INSTRUesENT OR ENGINE GAUGE PANEL
f29 - COseMON SWITCHGEARS

22 - ELECTRIC START SYSTEM
.

23 - NOT USED
SU8 COMPONENT A80/OR SYSTEM LEGENDYV 24 - BATTERIES- ,

...................................... 25 - BATTERY CHARGER
C1 - SsLIC 26 - JUNCTION SOA
O2 - ENGINE 27 - SWITCH BOX !03 - ACCESSORY RACM 28 - SRACIM3 ASSEteLV, PUseP DRIVE SYSTEM
04 - COOLING WATER. RAOIATOR SYSTEM .

05 - NOT USED 2222 - GENERIC COsePONENT IBGENTIFICATION
06 - FUEL Ott SYSTEM ---------------------------------------- -

et - GENERATOR SEE ITEMS LISTED INSIDE
_

mmmp
08 - EXCITER $ E. y F .

09 - NOT USED .

M 3 *

; eio, ;

M. oXD e.

t a p .

M! *.

o,hE'o%SM
io a te

i' k
'

s
i @it\
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REVISION: O
PROJECT MateE: LILCO 1 SARGENT & LUsey

DATE: 12 JUN 84 g

PROJECT NO. : 6995-00 COMPONENT QUALIFICATION O! VISION PAGE 1 OF 7 r

CLIENT: LONG 15 LADE LICHTING CD. STATUS OF EDG5 MECHANICAL COMPONENTS
FOR LILCO MP-45 OIESE.L GENERATORS |

PART NUM8ER/ PHOTO'RAPHIC

LOG 94AEIER DESCRIPTION ORAwlNG NO. VENDOR LOC REFE6 4CE PAGE REFERENCE METHOO OF ANALYSIS
.......... .................................................. ... ................... ............................................,

.
. .

0803010000 SKIO. 20 cvLtloER ENGINE GM-EMD ON 8.9.10 STATIC COEFFICIENT PER
IEEE-344 (1975).

0003090100 ENCLOSURE.20 cvt. ENGINE POWER 575. ON 8.8.2 STATIC COEFFICIENT PER |
IEEE-344 (1975).

0803020000 ENGINE 20-645E4 GM-EMD ON D1 REVIEW OF GM E77-f 4 E77-1A. 1

0003020100 GOVERNOR A55*V EG8-to wOOOWARD ON D.1 REVIEW OF GM E77-1 & E77-1A. -

0903020200 COVERNOR DRIVE A55EM8LY 8163123 GM-EMD ON O.1 REVIEW OF GM E77-1 4 E77-1A. !

Ce030203OO FLYWHEEL A55'y RINGGEAR GM-EMO ON O.1 REVIEW OF GM E77-1 & E77-14. j
i

0903020508 CUAeO. FLvwHEEL. LHS 8369631 GM-EMO ON 8.9.22 STATIC COEFFICIENT PER ! t& COUPLING DISCS
*

IEEE-344 (1975). ;

0903020502 GUARD. FLVWHEEL. RHS 8361632 GM-EMO ON 8.9.22 STATIC COEFFICIENT PER ,

IEEE-344 (1975). |
ON 54 8.9.24 OETAILEO OYNAMIC ANALYSIS. . g

0903030000 RACM. ACCESO#f 4

I

0803040100 FLER CONNECTION. ASST 55381-3.4 ON 8.7.2 STATIC COEFFICIENT PER
IIEEE-344 (1975).

WATER JACMET PIPING I

0903040109 PIPING. SCH 40 ENGINE SKETCH GM-EMO ON 5.6.55.56 8.7.20 STATIC COEFFICIENT PER
IEEE-344 (1975).

OUTLET TO RADIATOR
0903040103 ADAPTER. WATER OUTLET 8363280 GM-E MO ON D.1 REVIEW OF GM E77-1 & E77-1A.

*

ENGINE TO H-M PIPING
0903040f04 PIPING. RADIATOR TO GM-END ON 7 8.7.20 STATIC COEFFICIENT PER ,,,n

IEEE-344 (1975). ** -- a
I N <y= p~n~

OP93040tO6 PIPING. COOLER TO WATER 8367825 GM- E 8s0 ON 82 8.7.20 STATIC COEFFICIENT PERLUBE OIL COOLER -

IEEE-344 (1975). 2i 2

GM-EMO ON 8 8.7.20 STATIC COEFFICIENT PER .9 h ePUMPS (2) (TEE) 8359018 GM - E MO

0803040107 PIPING. ORAIN IEEE-344 (1975). Q LJ n

0903040108 PIPING. IOMeERSION HEATER
GM-EMD ON 9 8.7.20 STATIC COEFFICIENT PER b c

IEEE-344 (1975). 4 ?
%

ojF|~gy(30803040109 PIPING. COOLING SYSTEM GM-EMD ON 57 8.7.20 STATIC COEFFICIENT PER
IEEE-344 (1975).

GM-EMO ON 90.11 8.7.20 STATIC COEFFICIENT PERVENT
0803040110 PIPING. ERPANSION TANK IEEE-344 (1975). ig;4

%ypGM-EMD ON 82 8.7.20 STATIC COEFFICIENT PEROVERFLOW
0803040111 PIPING. EXPANSION TANK IEEE-344 (1975). g

70 WATER PUMPS ENGINEERING EVALUATION- y
GM-EMD ON

0803040401 SUPPORT. WATER JACwET SEE RECOce8ENOATIONS
PIPING IN RAO!ATOR ROOM h;

0803040608 PUMP. WATER. LHS R248341 GM-EMO ON D.1 REvlEW OF GM E77-1 & E77-9 L.

0903040602 PtSep. WATER. RHS 824834e GM - E MO ON D.* REVIEW OF GM E77-1 & E77-tA.

0803040603 PIPING. WATER PUMP R346691 GM -E MD ON D.1 REVIEW OF GM E77-1 & E77-1A. .

.e

R.,
-
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PROJECT NAME: LILCO 1 SARGENT & LUNDY REVISION: O

PROJECT NO. : 8995-00 COMPONENT QUALIFICATION DIVISION DATE: 92 JUN 84

CLIENT: LONG ISLAND LIGHTING CO. STATUS OF EDGS MECHANICAL COMPONENTS PAGE 3 OF 7

FOR LILCO MP-45 DIESLL GFNERATORS
!

PART NUMBER / PHOTOGRAPHIC

LOG NUMBER DESCRIPfl0N DRAvlNG NO. VENDOR LOC REFERENCE PAGE REFERENCE METH00 OF ANALYSIS
.................................................................................................................................., ,

'IEEE-344 (1975).UPPER
0803060309 FUEL DIL TRANSFER PUMP. VIKING DN 20.21.22 8.2.2 STATIC COEFFICIENT PER ;

IEEE-344 (1975).LOWER
0803060310 FUEL OIL TRANSFER PUMP. DELCO CN 20.21.22 8.2.2 STATIC COEFFICIENT PER 'IEEE-344 (1975).LOWER I
0803060311 FUEL DIL TRANSFER ASS'Y SMETCH 20.21.22 8.2.9 STATIC COEFFICIENT PER

IEEE-344 (1975). ,

MOUNTING FRAME
0803060500 STRAINER. FUEL SUCTION 952080 MARVEL ON 24.25 8.2.55 OTHER-SEE REFERENCED SECTION [

ENGINE CD.
0803060501 STRAINER. FULE TRANSFER 152080 MARVEL 23 8.2.55 OTHER-SEE REFERENCED SECTIC,N '

,

SYSTEM ENGINE CO.
0803060502 FILTER. FUEL TRANSFER 1750-105A COMMERCIAL 8.2.46 STATIC COEFFICIENT PER

SYSTEM (2) FILTERS IEEE-344 (1975). .

0803060600 PUMP, ENGINE ORIVEN FUEL 8410219 GM - E MD ON D.1 REVIEW OF GM E77-1 & E77-14. !

l

0803060701 PIPING. FUEL OIL PUMP TO ON D.1 REVIEW OF GM E77-1 & E77-1A. g
*

MANIFOLD
. T

0803060702 PIPING. MANIFOLD TO ON D.1 REVIEW OF GM E77-1 & E77-1A. { ,

MANIFOLD INLET
ON D.1 REVIEW OF OM E77-1 & E77-1A.

0803060703 PIPING. MANIFOLD TO
MANIFOLD OUTLET

0803060708 PIPING. SUCTION STRAINER ON 24.25 8.7.20 STATIC COEFFICIENT PER
IEEE-344 (1975).

TO FUEL PUMP
0803060800 FUEL OIL MANIFOLD 8 9059 GM-EMD ON 8.2.60 STATIC COEFFICIENT PER

IEEE-344 (1975). :
ASSEMBLY SMETCH

080306C900 FILTER. FUEL OIL 831121 GM -E MD ON 8.2.60 STATIC COEFFICIENT PER
IEEE-344 (1975).

ASSEMBLY SMETCH

0803061000 LINKAGE ASSEMBLY. GM-EMD ON D.1 REVIEW OF GM E77-f & E77-14.

INJECTOR CONTROL ROO 8.2.70 STATIC COEFFICIENT PER y.N., y p
0803069100 FUEL OIL CROSSOVER IEEE-344 (1975). so ,s. g ;g

*~ *MANIFOLD ASSEMBLV
0803101000 FAN. RADIATOR COOLING 8-tOS-8AL MOPPERS 8.3.50 STATIC COEFFICIENT PER

E }!Q $IEEE-344 (1975). .

8.3.50 STATIC COEFFICIENT PER " |Q "'

0803109100 FAN SHAFT 11982-17 %SIEEE-344 (1975). t

0803 tot 410 DUNLAP SHUTTERS 9001 DUNLAP B.3.83 ENGINEERING EVALUATION. h % G
4!

*

htpf
0803101120 SHUTTER CONTROL MP-9750 BARBER 8.3.64 STATIC COEFFICIENT PER

IEEE-344 (1975). 9il y DCOLEMAN N
% ~$ $0803101130 TEMPERATURE CONTROLLER TP-222 BARSER C.2 ENGINEERING EVALUATION.

g$@$
COLEMAN

8.3.60 STATIC COEFFICIENT PER
0803101140 REAR SUPPORTS. SHAFT SKETCH IEEE-344 (1975). :|

8.3.50 STATIC COEFFICIENT PER *90
0803101150 FRONT SUPPORTS. SHArf SMETCH IEEE-344 It975). %

-g:
.,.,

f"I
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PROJECT NAME: LILCO 1 SARGENT & LUNOV REVIS10N: O ,

PROJECT NO. . 6995-00 COMPONENT OUALIFICATION DIVISION DATE: 12 JUN 84 .

CLIENT: LONG ISLAND LIGHTING CO. STATUS OF EDGS MECHANICAL COMPONENTS PAGE 4 OF 7

FOR LILCO MP-45 DIESEL, GENERATORS y

!.
PaRT NUMBER / PHOTOGRAPHIC ,

LOG NUMBER DESCRIPTION DRAWING NO. VENDOR LOC REFERENCE PAGE REFERENCE NETH00 0F ANALYSIS ;

................................................. ........... ... ................... ............................................. ;. . . .

0803110000 RADIATOR ESL-150-5tB D&M B.3.35 STATIC COEFFICIENT PER i
IEEE-344 (1975).

0803140100 FILTER. AIR CLEANER SKETCH FARR ON 29,30 8.5.20 ENGINEERING EVALUATION.

ASSEMBLY
0803140400 ENGINE AIR TURNING BOX SKETCH ON 29,30 B.5.23 ENGINEERING EVALUATION.

|
060314060s TURBOCHARGER GM-EMD ON D.t REVIEW OF GM E77-9 & E77-1A. *

0803940701 LHS AFTER COOLER DUCT 8460334 GM-EMD ON D.1 REVIEW OF GM E77-1 & E77-14

0603140702 RHS AFTERCOOLER DUCT 846C309 GM-EMD ON D.9 REVIEW OF GM E77-1 & E77-1A, ,

0803150100 EXHAUST. SILENCER 23-3902 UNIVERSAL OFF B.5.8 STATIC COEFFICIENT PER j I
'

IEEE-344 (1975). .

k
0803450200 EXHAUST, DIFFUSER 8366591 GM-EMD ON B.5.17 STATIC COEFFICIENT PER l

IEEE-344 (1975). I
*

ADAPTOR
0803t50209 TURBOCHARGER EXHAUST GM-EMD ON D.1 REVIEW OF GM E77-9 & E77-tA. |

t
DUCT

0803t50300 ERHAUST STACK AND 604tF09007 POWER SYS. ON 8.5.2 STATIC COEFFICIENT PER i
'IEEE-344 (1975).

$NUBrER
0803150501 EXPANSION JOINT, PETWEEN 8408955 GM-EMD ON D.1 REVIEW OF GM E77-1 & E77-SA.

CHAMBE#5 (4)
0803150502 SCREEN / TRAP ADAPTER 8482700 GM-EMD ON D.t REVIEW OF GM E77-1 & E77-1A.

0803t50503 EXPANSION JOINT,TO TURBO 8408987 GM-EMD ON D.1 REVIEW OF GM E77-1 & E77-1A.

CHARGER
0803150519 EXHAUST. REAR CHAMBER 8424247 GM-EMD ON D.1 REVIEW OF GM E77-1 & E77-tA.

0803150512 EXHAUST, INTERMEDIATE 8424336 GM-EMD ON D.1 REVIEW OF GM E77-1 & E77-1A.

REAR CHAMBER
0803150513 ERHAUST, CENTER CHAMBER 8424323 GM-EMD ON D.1 REVIEW OF GM E77-9 & E77-1A.

DNQ
0803950514 EXHAUST, INTERMEDIATE 8424336 GM-EMD ON D.t REVIEW OF GM E77-1 & E77-1A.'*g S.:9 Fi

*

FRONT CHAMBER '

0803150515 E3HAUST, FRONT CHAMBER 8422468 GM-EMD ON D.t REVIEW OF GM E77-9 & E77-14. ,

'

0803160100 STRAINER. LUEE OIL 8186637 GM-EMD ON D.t REVIEW OF GM E77-1 & E77-tA. ..

I N! .*
0803160200 COOLER. LUBE Ott SKETCH GM-EMD ON B.1.62 DETAILED DYNAMIC ANALYSIS.

0803160300 FILTER. MAIPi LUBE DIL 23800-86L COMMERCIAL ON 8.1.92 DETAILED OYNAMIC ANALYSIS. 9
FILTERS h 4D4

0803160500 PUMP. LUBE OIL (MOTOR) 8933-A DELCD ON B.t.2 STATIC COEFFICIENT PER g
IEEE-344 (1975). . Q4

CIRCULATING (PUMP) VIKING *

0803160700 FILTER. SOAK BACK 1750-tOSP COMMFRCIAL ON B.t.16 STATIC COEFFICIENT PER %p-

*, ,

3
;

*
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PROJECT NAME: LILCO 1 SARGENT & LUNOV REVISION: O
6995-00 COMPONENT OUALIFICATION DIVISION OATE: 12 JUN 84PROJECT NO.

.15 LAND LIGHTIFC CO. STATUS OF EDG5 MECHANICAL COMPONENTS PAGE S OF 7
CLIENT- B OW.

FOR LILCO MP-45 OIESEL, GENERATORS
1

PARf NUMBER / PHOTOGRAPHIC

LOG NUMBER DESCRIPTION ORaVING NO. VENDOR LOC REFERENCE PAGE REFERENCE METHOO OF ANALT515 . i
t g......................... ............. ........... ... ................... .............. ............................... . . . . ...........

FILTERS IEEE-344 (1975). { t
'

0803f60800 PUMP. SCAVENGING 8029579 GM-EMD ON O.1 REVIEW OF GM E77-1 & E77-tA.

0803160900 PUMP. MAIN & PISTON 8380573 GM-EMD ON O.1 REVIEW OF GM E77-1 & E77-tA. g

COOLING
0803161000 FILTER. TUR80CHARCER GM-EMD ON 31 0.1 REVIEW OF GM E77-1 & E77-1A.

0803161100 SEPARATOR. LUBE OIL C-23656 FARR ON O.1 REVIEW OF GM E77-1 & E77-1A. f

0803161101 LUBE OIL SEPARATOR CODER C-42525 FARR ON O.1 REVIEW OF GM E77-1 4 E77-1A.

0803169200 LUBE 014. EJECTOR CM-EMD ON O.1 REVIEW OF GM E77-9 & E77-1A. .

,I
ASSEMRLV

0803t61209 TUBING. EJECTOR' GM-EMD ON O.9 REVIEW OF GM E77-1 & E77-tA. g

f080316t202 FLEK CONNECTION. GM-EMD ON O.1 REVIEW OF GM E77-1 & E77-1A. 9
i

0803169300 PISTON COOLING PUMP 8360555 GM-EMD ON O.1 REVIEW OF GM E77-1 & E77-1A. | |CONVOLUTEO

PIPE EL80w
0803161400 PIPING. STRAINER PIPE 8360557 ON O.1 REVIEW OF GM E77-1 & E77-1A.

ELROW
080316t500 P! PING. STRAINER TO GM-EMD ON O.8 REVIEW OF GM E77-1 & E77-1A. '

SCAVENGING PUMP
0803tst60t VALVE. BAtt. 8354227 GM -E MO ON 8.f.98 OTHER-SEE REFERENCEO SECTION

l

0803861703 VALVE. CHECM ON SOAKBACK 8366533 CM-EMO ON 8.1.90 OTHER-SEE REFERENCEO SECTION

FILTER
0803861704 VALVE. CHECW ON TURBO 8366577 GM-EMO ON 8.1.87 OTHER-SEE REFERENCEO SECTION

080316t705 VALVE. RELIEF. INLET TO 316C-t-30 MEPNER ON B.1.103 OTHER-SEE REFERENCEO SECTION' nuOn i
FILTER

5
% "3 y?m PPRIMARY FILTER

0803161707 VALVE. RELIEF FILTER 8320705 EMD ON fl . t . 60 OTHER-SEE REFERENCEO SECTION
|E l 2

0803161800 STRAINER. 'V' SARCD ON 32 8.1.69 OTHER-SEE REFERENCEO SECTION - '9 R
%i n

0803168903 CAUGE & TUBING ASSEMRLV. GM-EMD ON 8.1.29 STATIC COEFFICIENT PER N$
IEEE-344 (1975). N .

'

0803862002 SwtTCH & TUB'G ASSEMBLV. 8362040 GM-EMD ON C.2 SEE ELECTRICAL SECTION !MAIN LUBE PRESSURE
o. $1 h

CRANKCASE PRESSURE ''

0803162005 SWITCH. CRANKlW. LOCKOUT 9012-ACW-29 SOUARE O ON C.2 SEE ELECTRICAL SECTION *g
ikt

0803 62209 PIPING. V STRAINER TO GM-EMO ON 33.34.35 8.7.20 STATIC COEFFICIENT PER Qg
IEEE-344 (1975). QSOAK BACM FILTER Q8 ! i

*

'r'
'

1
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REVISION: O
SARGENT & LUNDYPROJECT NAME: LILCO f DATE: f 2 eJUN 84

COMPONENT OUALIFICAil0N DIV1580N PAGE 6 OF 7PeOJECT NO. : 6995-00
CLIENT: LONG ISLAND LIGHTING CO. STATUS OF EDG5 MECHANICAL COMPONENTS -

FOR LILCO MP-45 OIESEL GENERATORS

.

PART PRJW8ER/ PHOTOGRAPHIC *

DRAW 1NG NO. VENDOR LOC REFERENCE PAGE REFERENCE NETH00 OF ANALYS15
LOG 94JRRIER DESCRIPTION ..............,............... .................................. .............................,.

.
,

*

0003 t62202 PIPING. SOAK 8AC8C FILTER GM-Ew3 ON 8.7.20 STATIC COEFFICIENT PER...................................
IEEE-344 (1975), f

TO TURBO FILTE!'
0803162203 PIPING. PUMPS TO V GM-EMD ON 37.38 8.7.20 STATIC COEFFICIENT PER

IEEE-344 (1975).

0003162204 PIPING. ENGINE TO CIRC GM - E MD ON 39.40.48.42 8.7.20 STATIC COEFFICIENT PERST R AINE R
IEEE-344 (1975). !

GM-EMD ON 43.44 8.7.20 STATIC COEFFICIENT PERPUMP ,

08031622O5 PIPING. SCAVENGING PUMP IEEE-344 (1975).

0803162206 PIPING. LUBE OIL FILTER GM-EMD ON 45 8.7.20 STATIC COEFFICIENT PERTO DIL FILTER
'

IEEE-344 (1975). '

GM-EMD ON 48.47.48.49 8.7.20 STATIC COEFFICIENT PERTO Ott COOLER ,

080316220T PIPING. LUBE Ott COOLER IEEE-344 (1975). .

I1

0903t62200 PIPING. FILTER INLET GM-EMD ON 50 8.7.20 STATIC COEFFICIENT PER ITO STRAINER IIEEE-344 (1975).

0903162301 FLER CONNECTION. NEAR 55381-1 AERDOUIP ON 50 8.7.2 ! STATIC COEFFICIEN' PER !FROM V ST R A INE R
IEEE-344 (1975). ;

'

0001162302 FLEX CO*MECTION. Ott 55381-4 AERDOUIP ON 49 8.7.2 STATIC COEFFICIENT PER *

6

CIRC PUMP
IEEE-344 (1975). '

COOLER TO STRAINER
0003180100 CABINET. ENGINE CONTROL SICETCH OFF 8.9.2 STATIC COEFFICIENT PER

IEEE-344 (1975).

0903190300 CASINET. GOVERNOR AND 604tFttOO2 POWER SVS. OFF C.t DETAILED DYNA 4IC ANALYS!$.

GENERATOR CONTROL 8.2.56 ENGINEFRING EVALUATION.04
0803190900 OIESEL FUEL DAT TANK

0803200000 PANEL. SEOUENCE CONTROL 604 Ft9001
PCwER SYS. ON C.9 DEYAILED OVNAMIC ANatv515.

0803200200 PANEL. DEAOLINE CONTROL 604tF11001
POWER SYS. OFF C.9 DETAILED DYNAMIC ANALYSIS.

AND MASTER ERTRA C.t DETAILED DYNAMIC ANALV515. *

0903210100 COMMON SWITCHGE AR EN-

0903270900 se0 TORS. ELECTRIC START 1109758 DELCO ON 8.4.3 STATIC COEFFICIEPT PER u u :e n'CLOSURE AND PANELS
IEEE-344 (1975). 2 '3 = at* '' P

ON B.4.16 STATIC COEFFICIENT PER
0803220600 BRAcatET. ELECTRIC IEEE-344 (1975). ZI 2

STARTER se0 TOR. LHS 8.4.18 STATIC COEFFICIENT PER %9! .9
ON

0803220700 BRACKET. ELECTRIC IEEE-344 (1975). tAf n
ST ARTER 880 TOR. WHS 8.4.2 ENGINEERING EVALUATION. h. $

0R03220800 SATTERIES

OR06010000 GENERATOR 8323894 GM-EMD ON 8.6.2 STATIC COEFFICIENT PER !

IEEE-344 (1975). oY!
-** M d.ON C.2 ENGINEERING EVALUATION.

:#
0906080000 EECITER

8.6.16 ENGINEERING EVALUATION.
0806090000 INERTIAL AIR CLEANTR 29659 FARR ON s.

f W8.6.16 ENGINEERING EVALUATIDN. %8366082 GM EMD ON
OR06090100 StowfR %

.e
*

-
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APPENDIX A.1

RESPONSE SPECTRA COMPARISON
i

._
j

.

Purpose:

Objective of this calculation is to compare the base and elevated
response spectra for OBE and SSE load cases obtained for the EDGS
for Shoreham station with corresponding spectra used by S&L
previously for similar equipment and components.

Conclusion:

Comparison results indicate that spectra used by S&L previously
for similar equipment and components, conservatively envelope the
spectra obtained for Shoreham EDGS in the frequency range of interest
.for all load cases and directions considered.

References:

-f 1) Base Time History Record, (Mag. Tape Supplied by LILCO) S&L
Tape Save Library No. 07542, Dated 5-7-84.

2) COD File No. 011392, Rev. 00, LaSalle, Clinton OBE 2%, SSE 3%
Horizontal & Vertical Base Response Spectra for EDGS, Date
5-31-83.

3) COD File No. 009249, Rev. 00, Generic OBE 2%, SSE 3% Horizontal
& Vertical Final Envelope, Elevated Response Spectra for EDGS,
Date 8-10-83.

4) EMD File No. 008028, Rev. 00, Review of Seismic Qualification
Retport for Diesel Generators; Equipment No. 0,1,2DG0lK
dated 4/19/77.

5) Appendix ''C.1(b)"Results of Time History Analysis of the Present
htport.
(Applicable Computer run microfiche copies included)

Analysis - Base Response Spectra:

Base response spectra in horizontal and vertical directions for load
cases of OBE and SSE are obtained through the execution of S&L computer
program RSG (program number: RSG097050565) with Section 4.2 options.

I 1) wabThe acceleration time history record supplied by LILCO -(Ref .
follows for various load cases and directions:h modified as

V

_
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'

\g- OBE - Horizontal: Multiply accelerations by 1.

OBE - Vertical: Multiply accelerations by 2/3.

SSE - Horizontal: Multiply accelerations by 2.

SSE - Vertical Multiply accelerations by 4/3.

These time history records are individually input to RSG and response
spectra curves are obtained. A total of 80 separate periods are
used for the computations. These periods include the standard 70
distinct periods suggested by NRC. Plots of the individual spectra

and the corresponding time history records are presented in the
The corresponding base spectra curves used forfollowing pages.

similar equipment and components Glef 2 & 4) by S&L are also plotted
Ason.those graphs with dashed lines for comparison purposes.

seen from these plots, base spectra obtained from the present
SSE-Horizontal and Vertical casesanalysis for OBE-Horizontal,

are enveloped by S&L spectra in the frequency range of 0.5 Hz to 500.
Hz, and OBE-Vertical case is enveloped in the frequency range of 1.

_Hz-500. Hz with significant margin of conservatisai. None or

the equipment that was analyzed in this study was found to have
any predominant frequencies in the range below lHz. For this

the frequency range below lHz will not affect thisreason,
analysis. The following Table lists the Run ID and date of

i

) the applicable computer runs for the present response spectra com-
s_/ put.ations (Base) and microfiche copies are included at the end of the

report for reference purposes.

Computer Run List
Fiche
Orig.
No.

Run ID Date Subject

SIKS 5/9/84 OBE-Horizontal, Base Reponse Spect. 1

SIKA 5/10/04 OBE-Vertical, Base Response Spect. 1

SIEC 5/10/84 SSE-Horizontal, Base Response Spect. 1

SIKB 5/10/84 SSE-Vertical, Base Response Spect. 1

..

*

O
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~) Elevated Spectea Comparison.

.

-[/\,
- Envelope of the elevated spectra for horizontal and vertical-

direction of OBE and SSE load cases obtained through the time
history analyses _(see Appendix "C.l(b)" sof this report for details
-Ref. 4) are given on the following pages. The Shoreham curves
on these plots are the envelope of the spectra obtained at nodes
15,16 and 60 of the cubicle 1A door panel model. The dashed
line curves on these plots represent the generic final envelope
of elevated response spectra (Ref. 3) used by S&L previously
for similar equipment and components. As the comparison indicate,
S&L curves envelope the Shoreham curves in the frequency range
of 0.5 Hz to 500 Hz with a significant margin of conservatism.

Summary:

S&L response spectra curves for OBE and SSE load cases in horizontal
and vertical directions for the BASE and for the ELEVATED locations
of EDGS envelope presently obtained corresponding Shoreham repsonse
spectra curves in the frequency range of interest with significant
margins.
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SARGENT & LUNDY
O MEMORANDUM OF CALC No. COD-014046

REV. 00 DATE 4/1/84'

/
TELEPHONE CONVERSATION PROJ. No. 4995-00

* PAGE B.1.14
_

Date: 5/17/84

Time: 1:00 pm

David Wright og Sargent & Lundy
Person Called:

(Name) (Company)

LILCoCharlie Gangone ogPerson Calling:
(Name) (Company)

Shoreham 6995-00
Project: Project No.

Identification of the Lube Oil Circulating Pump and
Subject Discussed:

Fuel Oil Transfer Pump Assemblies

O -

\ /
V)

Summary of Discussion, Decisions and Commitments:

Charlie (LILCo) provided the following information:

Lube Oil Circulating Pump Fuel Oil Transfer Pumps
Upper Lower

Mfg. - Delco Mfg. - Delco Delco

Model - B6733-A Model - A9916M1 020908CC
i

Frame - 184 Frame - N/A N/A

Serial - D67 Serial - G63 N/A
Type - CS CC

This information was obtained from the master unit (Engine #2).
.-

Dw/eg

Charlie Gangone - L1 Leo

'[9 I JJ. Sinnappan - 30
!cc.U9 AEM/APD/DMW - 30

~ Y'

Signatureg

File: CQD-014046 - 30
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SARGENT & LU N DYO
MEMORANDUM OF CALC NO. COD-014046

TELEPHONE CONVERSATION hp
0
, NO. 5

PAGE B.1.15
>

.

Date- 5/17/84

Time: 2:00 cm

Person Called: David Wright of Sargent & Lundy

(Name) (Company)
,

Jim Miller of Delco ProductsPerson Calling:
(Name) (Company)

shoreham Project No, 6995-00Project:

Subject Discussed: Electric Motors Model B6733-A and A9961M1

O -

V -

A

b

Summary of Discussion, Decisions and Commitments:
*

The following information was provided by Jim (Delco)

Model No. - B6733-A Model No. - A9916M1

Frame - 184 Frame - 56

Serial No. - D67 Serial No. - G63

i Horsepower - 1 H.P. Horsepower - 3/4 H.P.
1

Estimated Wt. - 100 lbs. Estimated Wt. - N/A

Shaft 0.D. - 1.125 in Shcit O.D. - 0.5 in. or 0.625 in.
' (consult Nema Standard)

..

Jim also stated that bearing to bearing dimensions could be estimated
I

| p from a Nema chart of standard frame sizes.

(\)''
DW/eg p

#'
l ')[') c.(M

J. Miller - Delco
! J. Sinnappan 30 L

AEM/APD/DMW - 30 Signature

File: CQD-014046 - 30
.
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| TELEPHONE C0!!VERSATION.

. .

(g -

. .

Date* 3/15/84

' '

Tirne: 11:30 am
.

,

.

.a

Person Called: David stravhorn or Mar: h Instrument Co.
(Company)(Name)

,

.

Person Calling: David Wrioht or sa rnen t- r. Lundy

(Name) (Company)

Project: Lasa ll o/cl i nton Project No. 65d e-w/4 5 3^-2 2*

Subject Discussed: nosian Dirrensinns and critaria on the Mode) J-4958

*canna

.

m
= ~

(
af

Summary of Discussion, Decisions and Commitments: *

Dave D: arch) stated that the J-4858 gauge is designed and built to

. conform to ANSI B.40.1 standards. He also stated that the volume

of the bourdon tube for the 4858 can var'/ by as much as 25i,. The
__

'

following desiifn dimensions were provided b'/ Dave at my request.

(See attachment) -

. .

*

DM/en .,

M. Mohaghtgh - 30 D. Strayhorn - :-:arsh Instrucc ' :, .

G3 J. Sinnappan/P. !!1 cpu - 30
,

',i ] cc- Ar.:'/J.PD/D::'.:,- 30|

T-| COD File - 30 a ,
l (uN 6'J '- .

,
_

Sigr.:,1 :: - s..

COD-012325pg

|.
se- -



_

. . ~ . - - . -...

. . . . . -

_

_
. . . - . . . ,

. . . . . . . -. . . .. ,,

date 3/is/ 81-

~

Pa3e z. 4 A ,
n' 4.

V .

Manufacturer /Model Number - Marsh /J-4858 CALC NO. CGD-014046
,

REV. 00 DATE 6/1/84(. Mounting - stem mounted from the bottem PROJ. NO. 6995-00.

PAGE B.1.58,

Total Weight (Dry) - 5-3/4 ounces
-

Stem Size - 1/4 in. NPT *

Stem Material - Copper Alloy i
,

Stem Inlet Hole Diameter - 1/8 in, min., 3/16 in. max. 1

I
Bourdon Tube Haterial - Copper Alloy
Bourdon Tube Thickness - 1/16 in to 1/8 in.

Bourdon Tube Arc. Length - 1-11/16 in. ,

Bo'1rdon Tube X-Sect - approximate circle, 7/16 in. O.D.
Dial Size - 2-1/2 in.
Maximum Rated Pressure - 300 psi

.

b

*

i. -

|

cQ - -

;

-

y i
-

. .

.

e
,

.

.

*

G

.

'.

f%
~

iy.!

.

--e + e w =m-- m -ee.
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CALC NO. CQD-014046 *'

MEl.!0RANDUI,1 OF REV. 00 DATE 6/1/84*

PROJ. NO. 6995-00- n
-

TELEPil0NE CONVERSATION PAGE B.1.59
2- (' s )' .

-

.

:
- .

.\ ~
.

.
.

Date: March 27, 1984

10 30 am*

Titne:-,

,

,.

' er' son Called: Milt Dixon MarshalltownP of
(Name)

,
(Company)

"

David Wright ggtPerson Calling: g

(Name) (Company).

6548-30/
Project: Lasalle/clinton 4536-32Project No.

Subject ' Discussed: Marshalltown Pressure Gauge, Figure 23 and Figure 24-F

with Dial Ranges 0 - 100 psi, 0 - 300 psi, 0 - 160 psi and 0 - 240 psi.

('|.: -
'

,

-r
|'p-
; si
t

Summary of Discussion, Decisions and Commitments:
.

The following infornation was orovided by Mr. Di':on :

FI '.it #- ~' .L F; .ucc 2*- F-

Approximate Wt. .L/2 los. 2 lbs.
Stem Site 1/4 in. 1/4 in.
Stem hole 1.D. G.15 in. 0.16 in.
Mounting Screw U/A 0.23 in. (hole sics)
Stoza Mcterial E/.truded Brass Forged Brass

| Bourden m:be ?''torial Phosphor Bronze Ph o c oh<.,r oronze

Mr. Di::en stated that anv infor:ation recard!.c the size. r.- se-t f c -

or thic): ness of the Bourdon tubo '..es cennidored roorictnrv

infornat. ion and cot:1d not he released.
-

.
.

DM/cg ;

'

A

/ ~h e- M. Dixon - Marshalltown Mfg.
'

'

'

r

i[ J\ S. A. Ah;nad - 30
,

, , ,

__, a d,g) ) ! i , .' k- AEM/APD/D'.. - 30 . ' ''

D3 U.!a:UTO i

p;;,. COD-013106 - 30 -

.

.

. 4m . * = * . ** ..
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,
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PROJ. NO. 6995-00* -

.
'O

. PAGE B.1.85
. .

'. Date: 3/4/84*
' .

l,

, .

. Time: 8:45 am
., ,

,

.

i Mark webx ,g Sargent & Lundy' . .
Person Called:

(Company)'

. (Name) ,
,

.
,

J e Radle Sarco -(215-79"I-5830)*

Person Calling: ,g-

(Name) (Company)
,

Lasalle/clinton Project No.6 54 8- 30 /4 5 36-32Project:

Subject Discussed: Sarco Type IT Pipeline Strainer (l" NPT)

-

.

i

'

r
,

N, . ,

sJ
.

Summary of Discussion, Decisions and Commitments:*

i Mr. Radle provided me with followinc data Dertainino to the subiect

|
strainer

.

3

i _The thrends on the cup are American National Standard 11-1/2

i . .

1.660 in. and minor dia. 1.4877 in.threads eer inch with 0.D.
.

- -

Thn um11 th 4 rlen n = = m t- the r rntr h vnninn. c: 4 /'49 in - and tho innpr

'
diameter at the same region: S 1-1/2 in.

*

- .

4

'
..

. .

j MLW/eg
'

f ,

'

{
'.'

cc'y D. Wright - 30'

.

J. Radle - Sarco,,

|| -AEM/APD/MLW - 30 Am* a -

~/ Sigtfature.

,

File enn n)1AAh *

- _ _ _ . _ . _ _ . . _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . - - _ _ . _ _ _ ___ _ ___ _ __
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p ! Liquid, Gas or'

Stea m,
y lic:vid, Gon or Oll,

, Oil only at 150 F '
<

-
; Mos. Temp. $gI '

Standard i lion.5 hock e Moz. Press.

' .I.k
'r

lloily N Sinus,
.

Nori. Shock 8 4 * ''"Mnn. Pr.
is Mos. Temp. k,f l'f.lG,,,f,,., _

M. fgelt.1 f Connections Insfi 'l Of PSIG P.i :(I .

IT Cuit levn y ' crc:wed d % to 3 d _ 250 |! 406 h_ 300 ''

, ,

flanged |-
2 tc> 12 125 353 I 200|i1f.125 Coitfrun

n !,
100 .340 | 15014 to 18

3
.. . . . . I 2 to 12 L 250 I. 406 500

.
<

i
8 -Ar.250 CostIron - tinnged

i i Id io 18 I 200 0' 390 300- _ . ,
. - . . ~

,

--
[I % to 3Sueweda

B1
'

Bronze - 250 406 400Swant [ ~ % to 3 i,

,

,

Bf.lSO '. 8tonie flor.ged 2 to 8 | 150 [ 406 225,

B F.40 y Bronze | Flange d ( 2 to 8 I, 300 || 450 ] $00
-.- .

.,

Screwed and '' |t i i
CT l, Socia Weld } % '* 7 i -{0 t 650 1480 $Cuit Steel L

.
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,__...._! I
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MODEL DIM MODEL DIM. MODEL DIM. MODEL DIM. MCDEL OfM. MODEL dim. OlM.

NPT JIC A B C D E F HEX.SIZE

% % 104 25/n 204 18%: 304 2'%: 404 th 504 2"/n 704 2"/n "he

% % J06 ,2Fe > 206 2' % 306 28'/m 406 2% 506 2"h e 706 24he uhe

% % 106 3% 208 28 % 308 3% 408 2% 508 3% 708 3% 1

% % 140 3% 210 3%: 310 4%a 410 2"he 510 33%: 710 3s g, gg

% % 112 4% 312, @% 312 45 % 412 3% 512 4% 712 4% 1%

1 1 116 5 216 4% 4016,. 51.%a, 416 4 516 5% 716 5%: l' %

1% 1% 120 * 220 * 320 * 420 4' W 520 * 720 * 2%

1% 1% 124 * 224 * 324 + 424 5% 524 * 724 * 2%

2 2 132 * 232 e 332 * 432 6% 532 * 732 e 3%

.

"

|f - )-
'

l~~~ ' , | |~ " ) I_' } l

: -a E, C' - b _:- En
~

tt : -

- aw na. =- ,, - .s. .. v. .-
_

.-t. . e. ...e., 1.6. a t.m., tom. e. t m. v.6. i. tiin. v.,, .
e.,... i.6.

(, SIZE MODEL dim. MODEL DIM. MODEL Ot M. MODEL DIM. MODEL , DIM. MODEL DIM. OfM.,;

NP1 JIC G H I J K L HEX.

% % 904 2%: 1104 2% 1304 2'%: 1504 2' % 1704 2% 1904 2"ha "he

% % 906 2% 1106 2' % 1306 2% 1506 28 % 1706 28%:- 1906 2"he '%

% % 908 22%: 1103 3% 1308 3' % 1508 3N 1708 3% 1908 22%: 1

% % 910 35/n 1110 3"he 1310 3"/n 1510 34 1710 3% 1910 3'%: 1%

% % 912 3"he 1112 4% 1312 4'% 1512 4% 1712 4% 1912 4% 1%
4 %: 1316 5% 1516 4' % 1716 5 1916 4"ha l'%

8

i 1 916 4% 1116

1% 1% 920 5% 1120 53%a 1320 6% 1520 * 1720 * 1920 * 2h

th 1% 924 5% 1124 6'In 1324 6h 1524 * 1724 e 1924 * 2h

2 2 932 6"/n 1132 7'%: 1332 8%a 1532 * 1732 * 1932 e 3%

UIC - Female tube Connection (SAE Compat. bien - Arrow indicates direction of FREE FLOW
Legend. MP1 - Male pipe tntead (Dryseal) Dimensoorts in inen.s

FPT - Female pipe inveaa (De seal) * - Consuu Factory for avoiracihty
JtC - Male tube conn.ction i E Compatioles

__
-yg---

_ _ TION MATERIALS)
If no service is specified. Standard Type #1 will SIZES ANO CONNECTIONS.

{0NSTRUC
{ 'be furnished!" "'' q- 33,noa,d - as snown above. There are no

CODE LETTEMSPECt": CATION
A Anodized alununum alloy g , OPE, RATING ,CONDlTIONSj mounting limitstions

A *ido variety of SAE and other comrnon port| B Commercial brass Standard Working Pressure -- 3000 psi configurations are aino availacie to croer.
C Cadmium plated steel Production Proof Testing availacio to 10.000 psi
D Stainies siest (Type 303) - CONSULT FAC10RY. ORDERING EXAMPLE

All standard springs are made of stainless steel. Standard teniperature range. 40 F to 300 F. Select base number from doove tac's Attact(
code letter indicanng desired constructior|

CONSUL.T FACTORY FOR ALTERNATE Special Kep.O-Seal Check vaives for entreme maretaal Show t.uid senrice by first dnn num

S1RVICE APPLICATIONd.-
operating conditions are also available. CON. ber Add becond Cash numDer 60 specily nonMAM 'O- ._

SULT FACTORY. standard cracking pressure.
PALVE CRACK & RELIEF PRESSURE 5'.--*it'S'IEnded - GEeral purpose oils and Standard Cracking Press,ure ,Mo 2 pssf EXAMPLE:lubricants. hydrauhc oil, air, water.

/, #2 Standard - Kerosene, fuel oil, gaschne. Opponaf' Cracking Pressures - Relief checks 408C .1-25
) aromatic fuels and hquitied petroleum gas $ psi. to psi. 25 psi.50 psi.and 65 psi normally |t, Usee stepner Butietin a1244 6 for added deta.ts stocked intermediate settings to 150 ps to or. Base Model Crackin.
cn alternste fluids temperature, and seal rlata der Consult current price sheet for details PiessureNumber
When ordering. De sure to specify type of ser- When ordering non standard cracking pressurer @SI)

add desired pressu e sethng espressed en PSI Matenal Coderuce desired Signify by attacning standard type
number as dashed suflia to model number as second dashed suffia to part nurneer - SEE Fluid Service
See order eaample ORDERING EXAMPLE

at eest m enoouct s coisaanv . w. g 6tsnontie avt villa ,asu et noisi . 3 2 3rs 6x. . enu 2P ui.as
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ki ZERo PRESSURE HIGH PRESSURE HIGH PRESSURE*

REVERSE Flow CHECKEod- No Flow FULL FLOW

. 1(1
' Relaaed seal ring and gentle seal-to. Seat fieses to close off all external Seel stiii hold.ng enternal leakage now

t .. poppet contact guaranless low pres- leekatse around and cap. Enclosure also flenes around poppet. Higner
n sure seating and ehminates valve protects sesi ring. prevents seal dis- pressures signten tne seal. LEAKAGC

i; , chatter, placement. ZERO.

<J,

,s

q *p 5 Positive leak tight sealing 5 Full flow with low pressure drop

bp a Positive action at very low pressure a Long life - easy maintenance
| -(

~ M Freedom from vibration and chatter

The Kep O Seal Flexible Seal Seat * Valve de- control with long service life and simple -
sign enjoys an enviable world wide reputa- easy maintenance. Seat " wire drawing" com .1

; '; tion for ingenuity and excellence in positive mon to conventional valves has been com-
..

control of all kinds of fluid and gas systems. pletely eliminated by the Flexible Saal Seat'
n. ., J First developed th,ough incredibly detailed design as the seat closes around scratches.
4, laboratory testing, this design has been ap- dents, and other irregularities and effectively

j'V plied through the years to hundreds of thou- prevents even the smal!est leakage past thej
sands of control situations - some simple seat. All Kep-O-Seal Valves have generous

h and some very complicated. Our seat design, flow passages, heavy internal wall sections,
utilizing a carefully engineered combination and low rate springs, for safety, ef ficiency and

;
- - of metal to metal and resiliant seal contact, extra long service life. Kep O-Seal in line
y has been incorporated in a broad family of valves, Kepsel Cartridge valves, and Kep-O-

1

I related in line and cartridge type control Lok valves are well designed, carefully manu-
I valves. All Kepner valves provide very positive factured, and competively priced.

".1
'k; . Mepner Products Company owns and oper-"

| '"/
~

,,{! I5 ates this completely modern production%' r 1 . . - __
- 7=- ev . .

! facihty located in a northwestern suburb ufrI,. -

e . h .0 se)I,. .'
.* _-

Chicago. We are equipped to manufactureh 0 =. -
.

^^' " "
. every machine part used an our product,,

3,,s
- . ~ . e.e .. .

,) hne Ouahty Controlesindependently super.
,,,,,,,

h-
, vised, and manufacturing methods are con-Ad
i stantly improved to keep pace with techa

* *

ff .pd p nical advances in the rnetal working lip,

|'-
dustries.

_ _ p 'y}.ff ,

*., } { Our laboratory is equipped for development

|f ,g g', , )j .. "
, hydrauhc and pneumatic systems This test

4 .

vy
.

and production testing of high pressure,

/ \ ,

/ J ,I g facihty is fully rnstrumented for high and
.

,; g
, . Q. ) .

A' .t,;
- low temperature entremes. pressurizedg ,, f/f ; j fluid and gas flow, and very high stabc. %. 5. jij ',,

'

e '' pressures 11is also equipped for high pres-**
3 "y,' , , ,

8 sure cyche endurance tesung
i ,

: aL- H li u AC_5- _,,,,.w'. *

. . . . . ..:.e anc.suntoin ot .s e . eaoowcis c.o .... . m aus.oai. .a v,ua e... s ss,s.

-
.

.

-- r- -.w -e. . _ _,,.,v.
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PROJ. NO. 6995-00
'

PAGE B.1.116. .

.

.

Date. 3/30/84..

.

Time. 9:00 am..
.

Person Called: David Trommeter Kepner Productsog -

(Name) (Company)

Person Calling: Mark L. Weber og Sargent s Lundy
(Name) (Company)

Project:. Lasalle/Clinton - Project No.65 4 8-30/4 536-32
Subject Discussed: Kepner Check Valves Figures 106C-1, 212C-2, 316C-1-30

| -

.

\ /- .
-

-

(-
.

'

!f'i - - .>
%

.

.

'

Summary of Discussion, Decisions and Commitments:.

.

Mr. Trommeter provided me with the following data pertainiria to the
__ subject valves .

'

1060-1 212C-2 316c-1-30
.

_ SorincT: O.D. (in.) .40 .39 .6? .61 1.007

ufro rii n mo to r (in.) .029 .048 .110i
'

_Mo. c'f active cofis 10 B . '4 5.1

_ Thickness of nonnet at nose fin.) 7/32 23/64 7/16 '

Thickness of poppet are approximate valves measured off of drawings.--
.

, Q,p.,
,.

| i EW/eg .

-U
cc' D. Wright - 30 .

.
-

j D. Trommeter - Kepner ,

; AEM/APD/EW - 30 j f, j
//ul-7 M u

'

'

i/' Signature
i: :5. . cnn u3.. -- -

,

-, ._. - .-- - , .
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S ARGENT & LUN DY.

-

/( ' CALC NO. COD-014046

.

MEMORANDUM OF

k,1REU.
-

TELEPHONE CONVERSATIC 00 DATE 6/1/84( (, ,

PROJ. NO. fpp5_og j'

P PAGE B. J . !! ? |
.

L-
.

.

.

Date. 3/16/84-
.

,

Time: 1:15 pm-
..

:
-

\. .

Person Called: David Trommeter og Kepner Products *

(Name) - (Company).

Person Calling: M^rk r. wehnr og sargent & Lundy
(Name) (Company)-

.
-

Project: Lasalle/Clinton - Project No._6 54 8-30/4 5 36-32

Subject Discussed: Keoner Check jajygs
.

a

Floure 1060-1, Piaure 212C-2, Figure 316C-1-30
,Q m . * *

GJ
(/

|
'

.

Summary of Discussion, Decisions and Commitments: '

|

_Hr. Trommeter (Kepner) provided me (St.L) with the following data
_ Pertaining to the subject valves: '

*
,

Ja

Fig. 106C-1 Fig. 212C-2 Fig.316C-1-30

; . . . .

| _ Valve nody O.D. (in.) 0.800 1.430 1.800
.

_ Nom. Wall Thickness (in.) 0.150 0.233 0.220
.

t ,

,' -MLW/eg ^-
-

CC'y D. Wright - 30 '~
.

D. Trommeter - Kepner - -

/ ILLI.AEM/APD/MLW - 30
'

'

./ Signature

_

__ f pngnisay _7.-- _ ___
g_ _

_ _ __ , _ _ _ _
," _,

- . .
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SARGENT & LUNDY '_.

MEMORANDUM OF CALC NO. COD-014046
REV. 00 DATE 6/1/84

TELEPHONE CONVERSATION PROJ. NO. 6995-00,

l. PAGE B.1.118 0{ S././/f
FmAL

'
'

Date: 3/15/84-

, - -

.

Time: 1:00 pm-
.

\ .

*

Person Called: Norm Engstrom Kepner Products Company,g
(Name) - (Company).

Mark L. weberPerson Calling: ,g Sargent & Lundy

(Name) - (Company).

Project: LaSalle/Clinton Project No. 6548-30/4536-32

Subject Discussed: Kepner Check and Relief Check valves

Figures 106C-1, 212C-2, 316C-1-30
,

.'|
'

-
.

(,
w

'

Summary of Discussion, Decisions and Commitments:

Mr. Engstrom supplied me with the following data pertaining to the
_ subiect valves.

Figure 106C-1 Fig. 212C-2 Fig. 316C-1-30

Wt. of spring (pz.) 0.05 '0.30 0.90

Wt. of poppet (oz.) 0.20 1.35 3.65.

i Pressure area (in,2) 0.099 0.41 0.85

Spring rate (LD/IN) l'.55 .6.5 38.6
_

- -
, ,

,

.

89
.

cc- D. Wright - 30
N. Engstrom - Kepner *

, AEM/APD/MLW - 30 fm[/, J,.[.

Signature..
,

C0D-013404 - 30p;g.
,

_. - - . _ _ _ _ _ _



m a __ _ a s , - ----- ,--- -- ,

,p,m e-t e pme WWM "4N44 9 - s--- +-- MEh *M*** 4* -" *

O

k*
I Mt e I

I

h-N
e .

,
' D' {Q p

L .. . . _ _

P
e

N

i

I
|

hh
.

4

f

|

l

i

p==

|

|

*
e

|
i

i

1
,

| '

! l
,

,1

. , . ,.,--,, .. .. , , --- ,. - ,,,,, - - , , - - - . . - .- , . - , . , , . , , , , . - - - , ,



. __ _ -. -

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

CARGENT Q LUNbY
E N GIN E E R S

CHICAGO

.c

s.

'

. : .

B.2 FUEL OIL SYSTEM

CALC NO. COD-014046
REV. 00 DATE 6/1/84
PROJ. NO. 6995-00
PAGE B.2.1

..

. - -_ - - . _. . .



|.'~
- - - . _ . . _- .- ._ __ _ _ _- -- - - - .. -.

|

CALC NO. CQD-01<006-
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[, Safety-Reisted Non_Sofety-Related
;

UA'C ^*
(

Propered by k ) /Ilh ) l)[4# Date f'//t[8k( Client

Project Renewed by h '
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Prej. No. Equip. No. Approved by Date
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.
.

.

\ ' Calc. No: CQD. - 3
Rev:.-_ page _. _ 7 Date- 3/15/81
Proj. No: -- .

t Page 07_ _
-

Time: 11t30 nm
j ,

e

Person Called: David stravborn of Mar-h inntrument en.
-

(Name) (Company)

Person Calling: David Wrioht of s n ro e n t- s. 7. undy
(Name) (Company)

Psoject: tn <:n '11 a /cl i n t e n Project No. C "' d I'- ? 0 /1' ' "-:' 2

Subject Discussed: Bcr l'in nimenrinne n nti criterin on the fioriel 1 1"'"

caunc
__

_ _ _ .

'
~

.

p -

-

J --

''

Summary of Discussion, Decisions and Commitments: *

Davo (!!a r.* h ) stated that the J-4050 nauge in denigned and iniilt. t.c

conf or m to ANSI h. 40.1 otand.ardu. lin alf.o ntated that the voluno
-

of the bourdon tubo for the 48"aff c in vary by no riu c h a . '' ',". . The

fo11owir.1 doulun dinwnalonr. ucre pr ovide d by Davo at sny riutuu:t .
-

(f;eo a t.t achment ) '

_

-

.. . . - .

.- .

DU/c q

M. f tcl..aq hi..q h - lu D. U t a .iyhor s. - !!.i::c h lin.t r .' , :. . *

(,' g J. Si nn .pp..n/P . tilupa.: - 30 *

cc- Al':1/M te/ LC.1 - D f. (

nin}|L}..).
30COD l'ilo -

.1
.

. .

:a. ....iw r o ,

C0 0- 01.' li .'' S,,
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,

Manufacturer /Model Number - March /J-4858
Mounting - stem mounted from the bottom
Total Weight (Dry) - 5-3/4 ounces

s

Stem Size - 1/4 in. NPT -

*
Stem Material - Copper Alloy .-

Stem Inlot iloie Diameter - 1/8 in. min. , 3/16 in, max.
Bourdon Tubo Material - Copper Alloy

Bourdon Tubo Thickness - 1/16 in. to 1/8 in.
Bourdon Tubo Arc. Longth - 1-11/16 in.

Bourdon Tubo X-Soct - approximato circ 1c, 7/16 in. O.D.
Dial Sizo - 2-1/2 in.

Maximum Itated Pressuro - 300 psi

tale. N; CQ0 ... .... . I

Ru:- . Date-
hoj. No-
Pye Of

,

|O -

&: '

.

e

.

.

e

1

l

l
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. . . .
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[h

'o



r
. . . - - . . . . . -. - - . ~ - . .

MEMORANDU!.t OF

TELEPil0NE CONVERSATION
( .

.

CALC NO. COD-014046
REV. 00 DATE 6/1/84 March 27, 1984D8l'.PROJ. NO. 6995-00
PAGE B.2.45 10: 30 am,,

,

e

' Hilt Dixon MarshalltownPerson Called: ,g
(Nanic) (Company)

,

David Wright S&LPerson Calling: og

(Nasae) (Company)

6540-30/
I.asalle/cl int on 4536-32Project: Project No.

Subject Discussed: Marshalltown Pronsuro Cauga, Piquro 23 and l'jouro 24-P

with Dial Rangos 0 - 100pai, 0 - 300pni, 0 - IG0pai and 0 - 240nr1.

b
n ~
;

3
.

t

'' - Summary of Dist.ussion, Decisions and Commitments: .

The ft.11cuino infc.rnation un't r.rovi d..d by tir. D i :*oti t

__ Pi nts es* ?_ y, ,f_Lp. r e, 2 4 - l~.

Apps oxiin.i t u h t. . 1 / 2 1 1.,s . 2 lbc.
T.t en. S i m 1/4 in. 1/4 in.
S tear, hu s e A . U. u T.a in. 0.10 is. .

-

!!.auntin 1 ::ct ou M/A 0.23 in. ( hr. l o n i :'c t
S t en. !!aturini C::t rud.:61 b ra t, J. l'Orgt d brat.t:
litio,Idnn inte, tiit t ri il Phn.thair firon o PhnrQue h i n t n'e _

.

Mr. D i xon c.t a t .,d t h ir aity in f ort,. it lon re <n t di t.0 tho a l :'n , x .e it it.:.

.o r_ilij,dn..r : of thts kno rtion t ula. t t:i n ente:i w ,ml_tirnrri.,tary

in t orrut ion .ind enuld not be r i l o i a.<: d .-

IM/09
9

( ,*) 11 e r..h.,11 I van lit e . j {'cc- 11. 1)l::ol. - >

O. A. Ahim.d - 30 .
hl.ll/h M ),'.Al - *b ,_n,g(, 's #

, 1, ,. s .

......i... ,

e

c00-012106 - 10Fih .
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ThermolinkChris Eckberg ,gPetees Called:
(Name) (Coopesy)

ssLDavid Wright ,gPereos Calling:
__

(Neme) (Company)

shoreham 6995-00
Project: _

Project No.

Design Dimensions of the Thermolink Model 78V10091-Subject Discussed:_: _

874 Immersion Heater
'

-=

y'
.

-

.

g
-

.

Summary of Dioceselee, Decielons one Commitmente:

The following data was provided by Thermolinks

Shinnina Wt. (incl. c, tate) - 125 lbs.
Nostle Sizes - 1-1/4" sch 40 standard pipe
Ehmil Elze - 5" sch 40 standard nine
Mounting Brackets - li4* plate
molt Hole Eine ;. 9/1(* O.D.

Note a The oyggit dime,ytons of the heater described were almost

identica(_to those nn EMD drawing no. EMD-8398082. Thermolink

also stated that the heatingl{1_,(n the units were inter-'

-

-

changeable with all.of EMD (CM) units.
.

. . .
,

DW/eq

b$ Eckberg
30

) cc- Thermolink '.

P. Miepas - d / M'
'

i' -

Ar.M/APD/DMW - 30'

5ignatuG+

*NFue:
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TELEPHONE CONVERSATION ,-
, ,

I Date. 5/29/84

Time: 2:30 pm

Parson Called: David Wright og Sargent & Lundy

(Name) (Company)

Morrison KnudsenKen Lewis ogPerson Calling:
(Name) (Company)

6995-00Project: shoreham Project No.

Subject Discussed: Diesel Generator Exhaust Stack Model No. 6041F09002

(-
_ .

.

Simmary of Discussion, Decisions and Commitments:

The following information was provided by Mr. Lewis:

* Height: 83 in.

Body 0.D.: 37.5 in.

Nozzle Height: 8 in.

Nozzle O.D.: 20 in.

Material: Hot rolled carbon steel
'

Thickness: 11 Gauge with a 7 gauge reinforcement at the nozzle
section

Note - The dimensions noted above are for a similar stack which may .

-

not be on every engine.
I

* Top of silencer to top of stack.

((- ,

Ic- Dw/eg

K. Lewis - Morrison Knudsen Q p
J. Sinnappan - 30
AEM/APD/DW - 30 Sagnatmg

File: CQD-014046 - 30
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TELEPHONE CONVERSATION

.

|.

W'' '' ''"

Calc. No: CQD.
Time: 2:15 pm .

rof. No:
Page. . . . . . .. Of . . . . . . .

Universal SilencerJohn Harris ofPerson Called: (Company)
(Name)

SsL (cod)Andy Wisniewski og
Person Calling: (Company)

(Name)

Shoreham Project No, 699F-00
Project:

Desion Specifications for Oualification of
Subject Discussed:

Universal Silencer 20" Exhaust Silencer. P/N

WAS 22-3902.
_

(
Summary of Discussion, Decisions and Commitments:

The following information was provided by Mr. Harris:

Mounting Slot Size: 3/4" width

Mounting Bracket Thickness: 3/8"

Shell Thickness: 10 gauge

Mounting brackets attached to body by fillet welding all around

Component Weight: Approx. 1700 lbs.

-

The information provided shall be used for equipmentConclusion:
..

qualification. .

DW/eg

J. Harris - Universal Silencerh D. Wright - 30
V cc. AEM/APD/AW - 30 kwa-

-

O Signature

CQD-014046 - 30
y
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1g
Adepler Outlet Flange

-

-F-N
,

'

[kh \. k --

2 i-( f. _ _ I ,' ; ia . . A
- .. __

*p E
E

[ y

I Ci ri iD '

s : t
.T L;

i, ty >

WW W~

h .. -- w;

Fete d All I.elt et Right
F ea AIAda ter Base innge C I

I*~ * 45*(I35 Inc. AngIc) 9tP 9tla El

) Turn Angle Froen Vertical (P

CL Outlet Facing Irp Fore or Als Fore or Art - Isft or Right "U

m LongitudinsI Lond t - Man. *l4. (kg.) 300(136) 3tNI(I36) 300 (136) 300 (I36) O.
,

"t,3 Transverse l.osd (F.) s t. *lh. (kg.) 30n0:1361) Jtumil368) 3000(1361) 3rnm(3361) |Il

e Vertical Load (F,) Mez. *1b. (n g.) 10tN1(454) 10tM)(454) 300(363) 1000 (454) d'

E 3.3 l , * .33 IV 3.31,*.33IV 3.31:e * .33 lie 3.3 F, + .3317,+
- Z

Combined Loading of F,. F,. A F, FA lotNI F A In00 1.25 FA W FA M.

d' 8-64 * E4C 16-645F48 8445E4C 16-645F45 8445E4C 16-645F49 8-645E4C 16-645F48

A F9C A I 98 A T'9C A I 9R A li90 A l'985 A E9C A F9R

D ENGINE MODEL 1244514n 20-6451-4 5 12-64514n 20 645F4n 12 4451416 20445r4R 12-64514n 20-6458:4nO
j

7 A I vil A I 911 a l'911 A l'9tl A Fvis A 1915 A r9tl A I 9Il
m
$ Dimensions in inches (mm) 20 22 20 22 T20 22 20 22 I

e A - Outlet Die. I.D. (508) (559) 00R) (559) (50E) (559) (50s) (559)
-

I
E R - Outlet f lar.ge o.D. 27 8/2 29-112 27-112 29 l/2 271/2 29 112 27 1/2 29-l/2 ~

I71 (699) (749) (fe99) (749) (699) (749) (699) (749 w

35 27-1/4 25 27-114 25 - 271/4 25 27-l/ l 'U 'll :8 Q$, C- Dol Circle - Dia.
(635) (692) (635) (692) (635) (692) (635) (692) D "o 2 go

D - Rolts (not furn.) No. - Hole Sire 20 - I-3f l6 20 - 1-3/ R 20 - I-3/16 20 - 1-3/8 20 - I-3116 20 -I 3/R 20 - I-3116 20 - I-31 f4 4 * Oy *

(30) 05) 00) _ 05) 00) (35) (30)__ 05) gg oze 'ZCO
! F.- Outlet Finnge 26-l/2_ 26-l/2 231/4 23-3/4 18-29/32 22-11116 20-9/16 20-9/16 j

4/8 *

Vertically from Rase (673) (f73) (f43) (f43) (480) (57fil (522) (522') _ ff i
*

0 0 10 814 10-l/4 16-l/2 16-l/2 28 2A gO* i'

F-Outlet Flange 12'dII (2f*) (419) (419) (711) (711) *k g8, '

llorirontally from lle9e k eme ; t

M C '

I crat' ne of 'luehorfiarger IInit 1%nge-
t. m W - Adapler Base Finnpe ( Al.l.) 32 3/4 a 9-9/32 I lange laec above (crankshaft 70-3/4 (1797 mm) $($u

(M32 mm a 236 mm) *

b Rolts - llole Sire (Rolts Furnished) is - 9/16 Ilance.(of rest finishrd face
o(g

-

(14 mm) of engme 2219/64 (566 mm) es S
a*==

3* '..

.! *,* *NO1 F.: Maximum permissible loading an enhaust nutics llanges . individual and not occursinr tagether-

CC

l
.

-

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

Date. 5/14/84

Time: 1:30 pm

S&LDavid Wright ofP;rson Ca!!ed: (Company)
(Name)

LILCoCharlie Gangone og
P;rson Calling: (Company)

(Name)

6995-00
shoreham Project No.

Project:

Generator IdentificationSubject Discussed:
.

I

A
0 ; -

ks' = .

Summary of Discussion, Decisions and Commitments:
having the

Charlie identified the generators as Model No. A-20-0,

following serial numbers:
71-H3-1056

*67-F4-1003

70-J3-1007

73-K3-1128

* Note - The F4 portion of the number was hard to see and could

have been F7.

..

DW/eg
|

[~] ,, . C. Gangone - LILCo t .

'

/
J. Sinnappan - 30 jgg / Af''

AEM/APD/DMW - 30 -

Signature

r00-014118 - 30p
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5/16/84Date:

4:00 P.M.Time,

COD-014098

Electro-Motive Div.M. Fleckenstein og
Person Called: (Company)

(Name)

S&LS. A. Ahmad ,,
Person Cs!!ing: (Company)

(Name)

Shoreham p,,;,c, g,, 6 9 9 5-00
Project:

EMD Diesel Generators (S. No. 63610-63611)Subject Discussed.

Generator Dimensions
s

l

D
(qv) z .

Summary of Discussion, Decisions and Commitments:

Mr. Fleckenstiera gave the following dimensions relative to the
cenerator sketch prepared by D. M. Wright of S&L, which I delivered

to Mr. Fleckenstein on 5/14/83.
Air Gap 0.4"

Shaft Dia. O the outboard bearing 4.725"

N ft lenoth between O.B bearing

and cearbox coupling 62.1"

8100 lbs.Weicht of Rotor

'

.
.

6
n. M. Wricht -30

b ) cc: AEM/APD/SAA-30( t-N/ COD File -30
-
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Date: 5/14/84

10:30yg .

L.I.L. Co. j

Person Called:
Charlie Gangone ,g

(Name) (Company)

S&LDavid Wright ,gPerson Calling:
(Name) (Company)

Shoreham Project No. 699 5-00Project:

Dimensions for the Engine / Generator W-SectionSubject Discussed:

k

Q =

Summary of Discussion, Decisions and Commitments:

Charlie stated that the beam was approximately 16" high with a

flange thickness of approximately 1".

1

DW/eg

|-

J. Sinnappan - 30 '

I cc.
t C. Gangone - LILCo 7

,

( AEM/APD/CMW - 30
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APPENDIX C.la

MODAL AND RESPONSE SPECTRA
I.

FINITE ELEMENT ANALYSIS OF AUXILIARY

AND DIESEL GENERATOR SWITCHGEAR

CUBLICLE INSTRUMENT PANELS

Purpose:
,

To objective of this analysis is to determine the dynamic
characteristics of the door panels of the switchgear cubicles
1 and 1A using finite element modelling techniques and sub-
sequently determine the stresses and deflections.

I Conelusion:
,

The Auxiliary Switchgear Cubicle door panel is too flexible in
its original configuration to adequately support the equipment
mounted there during the specified seismic event. Reinforcing
the panel with L2x2x1/4" angle stoch stif fens the panel so that
its dynamic characteristics are similar to those of the Diesel
Generator Switchgear Cubicle door panels. The reinforced Aux-
iliary Switchgear Cubicle door panel has a lower first natural
frequency than the Diesel Generator Switchgear Cubicle panel
and supports more and heavier instruments. The reinforced Au.:iliary
Switchgear Cubicle panel was therefore used as a conservativc
bounding model for calculation of the maximum displacement and
panel stress for all panels due to an SSE event. The maximum
stress in the panel was calculated to be 990 lb/in2 and the maximun

7stress in a reinforcing beam was 1222 lb/in . The maximul.
Instrument deflection was 0.033". These values are well below
allowable levels. The reinforced Auxiliary Switchgear Cubicle
panel and the Diesel Generator Switchgear Cubicle panels are
therefore qualified for the specified seismic events.

References

1. Field sketch prepared by I. T. Kisisel, attached as .

Figures 3 and 4.
g

(* 2. Long Island Lighting Company, Drawing Number H-8113-1

(3 Revision 1 4/25/84. !
~

( )
'' 3. Sargent & Lundy Structural Ahalysis Program SLSLP,

Program No. 097.130-6.6.
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Introduction: "

The inst'ument panels of the Auxiliary and Diesel Generator
Switchgear cubicles support electrical instruments that areThesenecessary for the operation of the diesel generators.
generators must function during and af ter seismic events.the instruments during andThe panels must therefore support
after seismic excitation and not amplify the motion to an I
unacceptable level. The maximum displacement of the panel and

These conditionspanel stress must remain at safe levels.will be shown to be satisfied by finite element analysis.

Method:

Electrical controls for the four diesel generators at ShorehamFour identical panels arc mountedare mounted on five panels.
on Diesel Generator Switchgear Cubicles individually dedicated
to one of the diesel generators and the fifth panel is mounted

Two finite element modelson the Auxiliary Switchgear Cubicle.
were constructed to model both panel configurations. Figures

The numbered locations in Figures 1 and 2 indicate1 and 2.
the locations of the instruments whose mass and mass centerdistance from the center plane of the. panel (eccentricity) were
included in the model. These values are shown in tables 1 and 2.
The instrument eccentricities, panel measurements and panel(\ (Referenceconfigurations were obtained from field measurements.

(N >)
1, Pfgures 3 and 4). Dimensions not shown in those figures werejs

obtained from reference 2.
The sides of the panels are stiffened by a section of plate that
was rolled to form a stiffening rib. The top and bottom of the
diesel generator switchgear cubicle panel are stiffened by a
one inch section of plate bent to a 90 degree angle to the panel.
The structural ef fects of these stif feners were raudelled by beams(Section 2)whose properties are representative of these sections.

Both panels are hinged on one side and restrained by bolts on the
The panel models were completely constrained at the boltother. thelocations and only rotationally free about the hinge axis at

The panels were modelled as structural steel.hinge locations.Panel stress due to seismic excitation was calculated by theThe horizontal response spectrum forresponse spectrum method. Thethe Shoreham SSE with 3% damping is shown in Figure 5.
response spectrum is for:tec' by decrecring the accelerationvertica] These spectravalues of the horizontal spectrum by one third.

were closely enveloped and combined with the first tcn modes of
the more flexible panel to calculate stress and displacement dueThe contribution of rodes higher than theto dynamic excitation.tenth was included by performing a pseudo static analysis for

-

the ZPA acceleration of these spectra and combining these resul cs
.

k_ with the response spectra analysin.
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P

cation f Weight Mass Eccentricit-

in Figure 1 Instrument (lb) (slugs /12) (in.)

1 Leading Vars Relay 55 10 .'0258799 3

Westinghouse CW 289B988A18A

2 Reverse Power Relay 67 12 .0310559 3

Westinghouse CW 289B988A09

3 Overvoltage Relay 10 .0258799 3

Westinghouse CVS 1875512A

4 AMM-WM-VAR Switch Allis 5 .01294 3.5

Chalmer Type Z10 14-174-60
3-501

5 CB Control Switch Allis 5 .01294 1.5

Chalmer Type 210

6 Voltmeter and freq. Switch 5 .01294 2.5
Allis Chalmer Type 210

7 Governor Control Switch 5 .01294 1.0
,T Allis Chalmer Type 210(

Selector Switch 7 .0181159 3.5

|8 Allis Chalmer Type 210

'

I

9 Voltage Control Switch 5 .01294 1.0 |
Allis Chalmer Type 210

Table 1: Instruments included in the model of the generator switchgear
cubicle (Fig. 1)
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(m. I

Ii

. cation # ,

Weight Mass Eccentricity

in Figure 2 Instrument (1b) (slugs /12) (in.),

1 Frequency meter Westing- 5 .01294 . 1.25

house S/M291B
2 AC Voltmeter 5 .01294 2.5

3 AC Ammeter 5 .01294 1.25

4 Kilowatt /Kilovar Meter 5 .01294 1.25

5 Differential Overcurrent 12 .0310559 3.0

Relays
6 Differential Overcurrent 12 .0310559 3.0

Relays
7 Differential Overcurrent 12 .0310559 3.0

Relays
8 Annunciator Reset Push- 12 .0310559 3.0

button & others
9 Auxiliary Unit Switch 6 .015528 3.0

& others
10 Recepticle 2 .005176 1.0

11 Single Pole Switch 1 .002588 1.0

12 Voltage Control Switch 5 .01294 2.5

13 Governor Control Switch 7 .0181159 3.5
.

14 Lockout Relay 7 .0181159 3.5

( ) 15 Relay (not in use) 7 .0181159 3.5

Switch (not in use) 5 .01294 1.0

9|/
16

_

Under Voltage Relays 10 .0258799 3.0.7 --

18 Under Voltage Relays 10 .0258799 3.0

19 Under Voltage Relays 10 .0258799 3.0

20 Watthour Meters 26 .0672878 3.0

21 Watthour Meters 26 .0672878 3.0

22 Terminal boards 15 .0388199 1.25

23 Phase shift transformer 20 .0517958 1.5

24 Frequency transducer 30 .0776338 2.5

Table 2: Instruments inc! 9ed in the model of Auxiliary Switchgcar
Cubicle 1A (Figul. 2)
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Results:'-

Modal analyses were performed to extract the first ten natural(Run IDfrequencies of the Auxiliary Switchgear Cubicle panel;

and the Diesel Generator Switchgear Cubicle paneli

5985H)
(Run ID S99SH) using SLSAP (Reference 3). The lowest natural
frequency of the Auxiliary Switchgear Cubicle panel was 3.352 Hz.The lowest g

This panel had nine natural f requencies below 25 Hz.
natural frequency of the Diesel Generator Switchgear CubicleThree natural frequencies were found below
panel was 13.34 Hz.The corresponding modes are shown in Figures 6,7 and 8.
25 H .

The Auxiliary Switchgear Cubicle panel model was reinforced by
simulating L2x2xl/4 angle attached to the front of the panel

top, across the panel at points 6 inches abovealong the sides,20.5 inches below the top, and 36.5 inches belowthe bottom,
The section of the model below the bottom cross bracethe top.

was neglected for modelling economy since no instruments areThe reinforced panel had a lowest natural frequencymounted there.
of 12.48 Hz. (Run ID S02SH). Three natural frequencies were

The first five modes of the reinforcedcalculated below 25 Hz.
panel are illustrated in Figures 9,10,11,12 and 13. The rein-

forced Auxiliary Switchgear Cubicle panel is slightly more
flexible, larger, and supports heavier instruments than theOn this basis, the reinforcedDiesel Generator Cubicle panel.("\
Auxiliary Switchgcar Cubicle panel was chosen to obtain the#^

\s,]/ maximum seismic response spectra for panel mcunted instrumentsi

and for the response spectrum analysis to determine the maximum
panel stress.

The response spectrum analysis of the Auxiliary Switchgear Cubicle
panel was performed using the first ten modes of the reinforced
auxiliary switchgear cubicle panel. The frequency range of these

modes was 12 4Hz to 41.94Hz. The maximum stress in the panel was
990 lb/in2 in the lower section of the pancl. (Stress computation

The maximum stress in a reinforcing beamincluded as section 3)2 in the vertical reinforcement on the bolted sidewas 1222 lb/in The maximum plate deflectionof the panel below the lower bolt..033" occurs in the lower section of the panel at location 21 ofof ;

Figure 2.

A table listing the computer runs made in connection with these
analyses and copies of the computer output in either microfiche or

;hard copy form is included in Section 4.
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m
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/ Section 2: Panel Stiffener Properties
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1) side Stiffeners |

.. .
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I

y o.s''

CJ75" .
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_ _ .: ri a

v
E

b f.0 " )
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t'
.34375 in2-Area = .125x(1+1+.75) =

Shear area, X direction = .125x(1+1) = .25 i"
Shear area, 2 direction = .125x1 = .125 in2

35 .0017904 in4Torsional inertia, J ' . x (1+1+.75) =.

Flexural Inertia about the XF. axis-

.125y .75)3Ixx = 2 (x 5 + .12 5x1 x ( . 4 37 5) 2) .524 in#+ =

| Flexural Inertia about the Z-Z axis
1

y , 2x ( .12 5x1x. 5) +. 75x.125x. 0625 .3806818 in.=

.125x2.75

Izz = 2(* + .125xl( . 5 . 3 8 06818) 2), .7 5 ( .125)I . 7 5x .12,5x+

4(.3806818 .625) .0340058 in=

,
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Section 3 Plate and Beam Stress Computation .

.

Run 10: S05 SH

1) Stress in rolled edge of the cabinet, beam section number 1
8

4
Moments of inertia: about axis 2, I2 = .053 in

4about axis 3, I3 = .034 in

Distance to outer fiber: bending about axis 2, C2= .5 in

bending about axis 3, C3= .38 in

or C3 = .62 in

C /I2 = 9.434 in-3Axis 2 bending: 2

C /I3 = 18.235 in-3Axis 3 bending (take maximum distance) 3

Area = .344 in2 ,

. Maximum Moments M2 = 47.05 in lb at element #6

axial force, P=1.929 lb*

s
M3 = 1.195 in lb element #16

axial force P = 4.89

Maximum stress from M element 16
2

"C F 2+ / Area = 448.02 lb/ino=

2) Stress i'n reinforcing L2x2xl/4 beams.

Moment of Inertia I= .348 in4
C= .592 in

or C = 1.408 in ,,
Teke maximum distance, C/I = 4.046 in '
Area A = .938 in2

Maximum Moment

M2 = 301 in/lb element 43
~

| P = 3.897 lb ,

I

"C + /A = 1222 lb/ino=

("') 3) Stress in panel plates ,

~' 6M 6/t2= 6 in- 2e = # 3 (.125)2 = 384tz
|
I

9
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|3) Con t' d ,

,

*

+h
~* ? +8 max * 2 2

yy = 2.488 lbin/in - !
, element 8 Mxx = 1.849 lbin/in M

2 2
'S = 3.973 lb/in Syy.= .6294 lb/inxx

2
S = 1.147 lb/inxy

2 22 = 956.02 lb/in T = 1.147 lb/inx = 713.989 lb/in ce y;

_.

2max = 956.03 lb/ino

yy = 2.403 lbin/inelement 13 M = 2.305 lbin/in Mxx
2 2

S = .4651 lb/in S = 2.726 lb/inxx yy

2Sxy = .6629 lb/in
22 = 925.478 lb/inx = 885.585 lb/in oo y

2'

t = .6629 lb/in,.

2max = 925.489 lb/in
~

o

element 20 M = 2.57 lbin/in M = .631 lbin/inxx
2 2

Sxx = 2.796 lb/in S = 2.206 lb/inyy

S = 2.974 lb/in2xy
22 y = 244.51 lb/inx =-989.68 lb/in oo

T = 2.974 lb/in

2
max = 989.6b lb/ine

.

e

' .I

O
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Section 4: COMPUTER OUTPUT -

.

Fiche
Original

Run ID Date Description No.

S985H 5/9/ 04 Auxiliary Switchgear Cubicle panel, Hard copy
modal analysis

S99SH 5/10/84 Diesel Generator Switchgear Cubicle 001
panel, modal analysis-

S02SH 5/11/84 Auxiliary Switchgear Cubicle panel, 001
reinforced panel modal analysis

S05SH 5/17/84 Auxiliary Switchgear Cubicle panel, 001
response spectrum analysis

.s

e
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.

.

!

, .. -,. .-. , . - - - , . . . -



. . ~

CAR 2ENTOLUNDY CALC NO. COD-014046 )
E N GIN E EDO REU. 00 DATE 6/1/84.

" " ' * ^ * * PROJ. NO. 6995-00
PAGE C.I.AfAPPENDIX C.1(b)

( TIME HISTORY ANALYSIS OF MODIFIED SWITCHGEAR

CUBICLE 1A DOOR PANEL
.

Purpose:
~

,

The objective of this analysis is to use the' base' time history
provided by LILCo in conjunction with the finite element model

of the selected panel (Cubicle 1A door panel in switchgear
~

housing) and develop elevated respons'c spectra at instrument

locations.

Introduction:

Using the available documents together with the-on-site walkdown

results, three categories of panels are identified as the most
,

[Oh fleRible structural components that may potentially result in

high levels of elevated response spectra. These categories are:

i) Switchgear, cubicle 1A door panel

ii) Switchgear cubicles 1, 2, 3& 4 door panels (identical)

lii) Generator and governor control panels (located in unit

housings)

Considering support framing, edge fixity conditions and panel,

sub-panel plate th,1ckness,. weight distribution and overall almen-

sions; the panels mentioned in the third category above are

excluded from_ detailed analyscs presently due to their relatively

high rigidity. Panels mentioned in the first two categories are

much more flexible and were' subjected to detailed Edynamic '

: ). analyses for comparison-purposes as mentioned earlier. Detailu'.

[/) finito einment analyses perforr.ied on cubicle 1.s door panel and
x-

cubicle-1 door panel indicated that the cubicle 1A' door'pancf

.

,-
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- 4f')T
was the most flexible structure in spite of the additional framing'

% *

and therefore, was selected for the generation of the elevated

response spectra through time history analysis.
!

|Analysis
b

Same finite element model that was used.for eigenvalue extraction

is also used for the time history analysis of the cubicle 1A

door panel. The time history record supplied by LILCo is con-

verted to various load cases by multiplying the acceleration

ordinates with the following factors:

@BE: Factor

1Horizontal -

Vertical - 2/3

SSE:

Horizontal - 2jm ,

4/3Vertical -

SLSAP structural analysis pro' gram with the NDYN = 4 option is-

used for analysis.

Two sets of analyses were performed, one for OBE loading and the

other for SSE loading. In both cases, ground motion (acceleration

time histories) are applied simultaneously in two horizontal and

and vertical directions.

Wilson Theta integration algarithm is applied for the analyses,
t

Two percent damping ratio for OBE and three percent damping ratio

for SSE load cases were selected. -Damping matrix coefficicnts
!

for the global mass and stiffness matrices are computed as ',

o.
follows:

'

v

i
. , . ._ . ,
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-

ki= wi

"
+ i

2 .

,,

! I-.-
'
Iwhere:

ki=Dampingratio !
'

O( = Damping coefficient for global mass matrix

)$ = Damping coefficient for gl'obal stiffness matrix
Wi = Natural frequency

i

For Wilson Theta algarithm, uniform damping ratio is used. !
|

Therefore, for OBE loading, the following are given:
I

\ ,2 = 0.02 (Uniform damping ratio)lOBE:
t

W1 = 78.42 rad /sec. (12.48 cps) {
t

W2 = 177.00 rad /sec. (28.17 cps) |,c
I :

2 x 78.42 x 177.00 (0.02 x 78.42 - 0.02 x 177.00) j_ ,

' (78.42)2 _ (177,00)2 j

p(= 2.174 *

|
3, 2 (0. 02 x 78.4 2 - 0.02 x 177. 00) ;

!(78.42)2 .(177.00)2

[h=0.000157 ,

!

and, for SSE loading:

kl,2=0.03SSE:

W1 = 78.42 zod/sec. (12.48 cpa)
-

i

W2 = 117.00 rad /sec. (28.17 cps)
-

and using same equations:

C( = 3. 2 61 ,

.

j3=0.000235,

,
en

x-)
.

-o
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* Selected integration time step wa's 0.004 sec. This step will

guarante'e at least an eight point representation of 30 Hz signal

which is the upper bound frequency of interest per provided input
data. .

Response acceleration time histories at each node of the model

- are saved on permanent disk files as follows:

- OBEload case save fi '.e: ITK*SH@@BE23.

- SSE load case save file: ITK*SH@SSE23.

.

Maximum absolute acceleration responses at each node are tabu-

lated in the following pages for OBE and SSE respectively.
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The NTRAN files are processed by program DATATRAN (S&L Program . , j

No.: DNT097193105) with option THXTRK to extract the saved time

history records at selected nodes appropriately formatted for I

response spectra generation. I

Acceleration time history records at nodes 15, 16 and 60 are

extracted in all three directions for further use. These nodes

represent the maximum response points on the structure and deci-

sion is based on the evaluation of maximum response values as

we ' ' as the mode shape plots presented earlier.

The elevated response spectra curves are developed through the

use of program RSG (S&L Program No. : RSG09705G:00) with Section

4.2 options. Extracted time history records are input indivi-

/''T dually alcng each direction and response spectra curves are
V

obtained. A total of 80 separate periods are used for the compu-

tation. These periods include the standard 76 distinct periods

suggested by NRC. Plots of the individual spectra are presentel

in the following pages for reference. Each curve is identif2ed

per load case, node number and direction. Also provided are two

time history plots at node 16 for OBE and SSE load cases in Z

direction (max. response direction) as examples of generated

time histories.

Response spectra analysis results at various nodes indicate that

no amplification in X and Y directicn takes place. In other

words, along the horizontal direction in the plane of panel, the
-

,

ground response spectra is preserved as well as in the vertical
direction in the same plane. Only significant amplification is

[ }
observed in the horizontal direction, perpcndicular to the picne
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( of the panel (Z-direction). Furthermore, response at node 16 in
.

( ) this direction is the most severe with the exception of the fre-

quency range 20 - 30 Hz. In this frequency range, maximum
!

response is observed at the node point 60 along the Z-direction.
iAs mentioned previously, envelope elevated response spectra covers ,

all these locations with their maximum responses at any frequency

range and can be gereralized for any equipment location conserva-

tively.
i

The following table provides a list of all the computer Run ID's
and dates of the applicable time history analysis and response

spectra generation. Microfiche copies of all these runs are

included at the end of this report for reference (one each, for

COD librarsy and for LILCo copies).
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I'" COMPUTER RUN LIST I. _ _ _ _ ,
.

Fiche
Orig.

Run ID. Date Subject No.
I

.

SIKP 5/12/84 OBE Time History Analysis 1

SIKX 5/14/84 SSE Time History Analysis 1.

SIKA 5/14/84 OBE Node 15-X Response Spectra Gen. 1

SIKB 5/14/84 OBE Node 15-Y Response Spectra Gen. 1<

SIKC 5/14/84 OBE Node 15-Z Response Spectra Gen. 1

SIKD 5/14/84 OBE Node 16-X. Response Spectra Gen. 1

SIKE 5/14/84 OBE Node 16-Y Response Spectra Gen. 1

SIKF 5/14/84 OBE Node 16-Z Response Spectra Gen. 1
'I

SIKG 5/14/84 OBE Node 60-X Response Spectra Gen. 1

O SIKH 5/14/84 OBE Node 60-Y Response Spectra Gen. 1

~

SIKI 5/14/84 OBE Node 60-Z Response Spectra Gen. 1

SIKp 5/15/84 SSE Node 16-X Response Spectra Gen. 1

SIKP 5/15/84 SSE Node 16-Y Response Spectra Gen. 1

SIKQ 5/15/G4 SSE Node 16-Z Response Spectra Gen. 1

SIKS 5/15/84 SSE Node 60-Z Response .cpectra Gen. 1
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h conclusion:
-

*

Using direct integration procedure along with the finite element
* 1

model, elevated response spectra curves for OBE and SSE loads

are obtained in vertical and horizontal directions. These

spectra represent the envelope of the maximum response. locations I

on the panels for each load case along corresponding directions.
.
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k. Control Instrumentation

The electrical control and switchgear equipment in Shoreham's
MP-45 diesel generator units are made up of both nuclear and
commercial grade components. Some of these components are quali-
fled by the use of existing seismic test reports. For the
remainder of the components, the findings in the Lawrence Livermore
National Laboratory Report NUREG/CR-2405, UCRL-15407, Subsystem
Fragility (S.M.R.P. Phase I) was used to establish an opera-
bility risk level for component f ailure due to seismic loading.
To further supplement the data from the above mentioned report,
an analysis of the mounting screws for some of the electrical com-
ponents has also been performed. This will ensure that the item (

will remain in place following an SSE level earthquake.
1
J

The static exciter has also been included in this section of the
report. Although NUREG/CR-2405 doesn't list exciters as a generic
category, it does list transformers, relays and other components
that are used to make up the exciters circuitry. A list of the
control instruments and a seismic reference for each was used
to identify the specific components found in the system.
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i GENERATOR 4 GOVERNOR CONTROL PANEL
\
l

Seismic |

item Reference
' -

. '.

No. Page Descrit,uon Manufacturer Model Reference

1. Voltage Vickers 35-D870-2 hTREG

Sf61460-A33 CR-2405
Regulator
(VR)-.

"

2. Gov. Peaking Woodward Cov. E!fD-031025
8270-342Load Cont.

Box (EG)
"

3. Gov. Cont. Box Woodward Gov. D!D-031025
8270-090(ECA)

"

4. Incremental Vapor Corp. 36530032-01
E!!D-8370794Load Relay

(ILR)
"

5. Low Load Relay vapor 36530082-01

(LLR) EMD-8370794

"

6 Breaker Aux. Vapor 36530082-01
Relay (52W) D!D-8370794(O -

\ ,) "

7. Ex.: iter Con- SQ-D Class Type EQ1281-62

tactor (EXC) 8504 (E:!D-8288736)
"

8. Adj. Resistor Ohmite 0960,B

(Volt Range)
"

9. Immersion Cutler Hamer A10D!ril,Part

Heater Con- A10D-1
Contact #624-2tactor
E!!D-8305991

"

10. Relay Generator Vapor D!D-E 263337
'

Voltage (GV)

DID-8263337 ."
11. Excitation Vapor

Relay (ER)
"

12. Breaker Aux. SQ-D D'D-8269705
Relay (52VX) (Class 7001)

'

i EMDB269705 ",
i 13. Idle Run & SQ-D
' Excitation (C1 css 7001) -

I Relay'(IRE)
"t

Alternating SQ-D D!D-8267274

h)|
v Overcurrent!

Relay (40 OC)
i- "

17'-30 u7 56915. Iransformer- .
. , -

- .. . ,-
- ..- an e n.a . . . . . . . .

.. .. . . .. *. .. . . . ..
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Itco Reference
N Page Descript ion Manufacturer Fodel Reference

- Fuses Bus.sman Non-6, ACC1 EDCS,

Non-15 LaSa12e ,

EMD-8004758
.

EMD-8382961 N1.' REC

17. Heater CR-2405
Overload
Switch
(OL)

"

18. Field Flashing Wes tinghouse Type SV
Model 1876094Cutout Relay

(FFCO)

.

(C) ..

U

.

%

.

.

.

(v
-

.

: . - *
.- ...,,
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=** ,, .** '

. , .



_

.. . . . _ . . . . .

'

Calc. h3: CQU * J '
ELECTRICAL DEVICES RtV:__ M Date:d /'T*
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SEQUENCE CONTROL PANEL page (. Z . 5 .0f -,*
*

a

Seismi-Referencey/
' Page Description Manufacturer Model Reference

No.

* MERCOR EMD-8380774 NUREG
1. Sequence' ..

CR-2405Annun.*

Relay (SEQ)
"

'2. Engine MERCOR EMD-8398985
Annun. Relay.

(EN)
"

3. Engine Temp. MERCOR EMD-8380774
Annun. Relay
(ET)
'

"

4. Low Temperature MERCOR DID-8380774'

Annun. (LTRA)
"

5. Normal Lock- Vapor EMD-8370706
out Relay

,

(NLO)'

"
6. Han Bearing Vapor Corp. UtD-8370794

Relay (MBX) Type 36530082-01

"
Excitation Square-D Type CO-5E/ -

|
~ Relay (ERY) (DID-8253244)

"
8. Excitation Square-D Type Co-5E

Relay (ERX) EMD-8253244

"
9. Oil Alarm Square-D Type CO-5E

Relay (OAD) (DID-8253242)

"
10. Excitation SQ-D Type Co-5E

Relay (ERS) DID-8253244

"
11. Zero Engine Squarc-D Type Co-5D

Speed Relay (DID-8253241)
'

(ZSR)

"
12. Pinion Failure Square-D Type CO-5E .

Relay (PF) (EMD-8253242)

13. Centrator
Breaker Annun. MERCOR D:D-8380774 "

Relay (CB)
.

"
14. Speed Sensing EMD DID-8398973

'

Panel (SSP)
I

"
k Breaker Relay Vapor DID-8365353

O (52V)
V "

16. Automatic Relay Vapor D!D-8419429
(AR)

', . ,. ;
.

. .

..- ..*.
. . ./ . .: , . r .. , , s, . , 9 ,. . , , c, , , , . . , . , , , -.. ,,,.* ,, . ,,

..

. . . < . - . % . n' .J n . .' V. .. :. ;?; . *, ' 'h,*. |a..'s*3 *.';| . ; s.g|: ; & !,q. r..: .' .s, ',.h* . . '. , e : , , .y .', . ;, -|g. 9 y . . ,. :
*

*
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,. ,/ , Page Descriptfon_ - Manufacturer Model ReferenceF~N Reference

-

EMD-8370706 NtT.EG >

t
Unit Start Vapor CR-2405l '/ . Relay (USA)

".

2422PC15A2Unit Shutdown ACASTAT
19. (EMD-8365352)Reley (UST)

,

Low Temperature Vapor ,
"

EMD-826333719. Relay (LTR)
"

DfD-8357415Starting Kelay Vapor
20.

Aux. (STRA)
"

DfD-8265353 ,Main Bearing Vapor
21.

Relay (MBR)
"

EMD-8365353Unit Start Relay SQ-D22.
(USR)

"
EMD-8414178

23. Pinion Failure
Switch (PTS)

"
DiD-836544 6

24 Selenium
Rectifier (CR)

"

Starting Con- SQ-D DtD-8268 542
(em) -

V tacter (ST)
"

26. Starting Con- Allis Chalmer EMD-8398382

tactor (STZ)
"

27. Field Flashing SQ-D EMD-8284295

Contactor (FFC)
".

28. Alternator Over- SQ-D D:D-8253242
current Relay Type CO-5E

(40-0CX)
"

29. Overspeed Trip SQ-D Class 7001
DID-8263337Limit Relay (OTL) -

"
Class 7001

30. Engine Speed SQ-D
EMD-8269705Relay (ESR)

"

31. Exciter Time . SQ-D D!D- 8233242

Delay Delay (ETD) Type CO-5E

"

32. Unit Start AGASTAT DfD-8398347 ',
Relay (USD)

"
DtD-8370794Unit Vary Relay Vapor

y 305300?2-01
(UR)

"

34 Overspeed Trip ACASTAT Hodel-1072NiC696
DD-0 394 347Relay (OTT)

'

.

F0scs' '.'. husienn pr'E 'Non210 'TDOS.*
'' .

'

3 5'.','
' '

' | .. .. . rg-9,0.50 ,3.e n <
-

. . :, ..:n .. . 1 . . , .
. .- ...s....,.

... ,
., ..

.. . . . ,
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BEADLINE CONTROL PANEL

\ "

N
Item Reference Seismic
No. Page Descript ion Manufacturer Model Reference

.
-

.,

; 1. Deadline Westinghouse EMD-8398310 NUREC

overload Syle-292B400A12 CR-2405
Current Relay Type SC1
(SC1)

"
i 2. Deadline Westinghouse EMD-8398310

Overload Style 292B400A12
Current Relay Type SC1
(SC2)

"
3. Rectifiers EMD-8365446

(CRS&CR9)
(CR)

"
4. Haster Aux. Vapor Corp. EMD-8370794

Relay (MRX) Type
86530082-01

"
5. Overload ACASTAT EMD-8398311

Timer Relay
| (OLT)

.-- "

Q Oil Alarm . Vapor Corp. Type 36530082-01
Aux. Relay EMD-8370794
(OADX)

"
7. Master Relay Vapor EMD-8370706

,

(dR)

"
8. Deadline Vapor EMD-8365353'

Relay (DLU)
|

| 9. Deadline Vapor EMD-8365353 "
'

Relay (DLT)

"
10. Reaynch Vapor EMD-8370706

Relay (RSU)
.

. .

|
-

.

-

.,

:. .. . . . . . . . . . . ... . . . .. .. .. .. .. ., . .. .. .. ... .
.

*

, , , . , . ' . . . . . . . . . . . .. ; .. . . . . , , . . . . . ;,:. :
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'G CONTROL PANEL 1

t{' !
v

Seis:nic

( o. Ref. Page Description Manufacturer Model ReferencetCa

EMD-8295944 hTREC.

1
Starting Stepping CR-2405
Switch (STS)

"

2 Breaker Relay SQ-D Type Co-5E
Auxiliary (52VM) EMD-8253242,

"

3 Starting Relay (STX) SQ-D Type CO-5E
EMD-8253242

"

4 Starting Relay ( . 1' ) SQ-D Type CO-5E
EMD-8253244

"

5 Starting Relay (STD) SQ-D Type co-5E
EMD-8253242

"

6 Fuel Transfer (FT) MERCOR EMD-8380774
Annun Relay

"

7 Enginer Speed / Fuel (EST) VAPOR EMD-8370794
Transfer Relay 36530082-01

/>1
"

T Starting Relay (STR) SQ-D Type CO-5E
8!
V EMD-8253242

"

9 Starting Relay Aux (STYA) VAPOR EMD-8227936
"

.0 Rectifier (CR37) EMD-8263244
"

EMD-8365961
.1 Battery Switch

"

.2 Starting Resistor (RE-ST) DYNAMIC EMD-8399521
CORP

EMD-8004555 (10A) "

3 Fuses
EMD-8004549 (15A)-

E'tD-9004548 (30A)
EMD-8267501 (70A) ,

EMD-8127052 (400A)
,

.

5

O
*'a ., .

5 .. ,'
. . . .*

4 e/ ,s .
,

1.?' .=?,. . , - . .,e,.",* ,) . 5
*

g . . . . . . .. ,*..,. , .,
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ELECTRICAL DEVICES Pare C, 2.'1 er,
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,

r*

k LINE SEQUENCE CONTROL FANEL
1

Seismic
ITEM REF.

.NO. PAGE DESCRIPTION MANUFACTURER MODEL Reference _*

a
:
i 1 Motor Driven (MRG) Woodward Part #8270-010 NUREC

Rheostat EMD-8366578 CR-2405

"

2 Deadline Stepping EMD-8295944*

Switch (DLS)
>

"

3 Plant Start Relay (PSR) SQ-D EMD-8253244
Type CO-5E

"

4 Resynch Relay (RST) SQ-D EMD-8253245
Type CO-5E

"

5 Deadline Relay (DLX) SQ-D EMD-8253242
,

Type CO-5E'

"

6 Deadline Breaker SQ-D EMD-8253242
Close Relay (DLBC) (Class 7001)

1

"

7 Resynch Relay (RS) SQ-D EMD-8269705

"
T Resynch Relay (RSR) SQ-D EMD-8297116

b "

9 Load Breaker Relay (52WL) Vapor DID-8370794
(365300S2-01)

"

10 System Breaker Vapor D!D-8370794
Relay (52WS) (36530082-01)

, "

11 Deadline Relay (DLB) Vapor EMD-8370794
(36530082-01)

"

12 Deadline Relay (DLZ) Vapor EMD-8370794'

(36530082-01)
"

13 Deadline Relay (DLR) Vapor FMD-8398823
~

.
.

4

.

*

.

.

0
|

4 i

O
, . . . .. .. .

. .. ,,
. .

.

, :,;,;* ,. :., y , . ..; . . a. . . . ;. ,; ; <:
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AUXILIARY SWITCHGE'AR CUBICLE 1A
,

;. : - - -

SeismicStyle,Ref.( a
No, Page Description Manufacturer Model Ref er enc e

1. Frequency Meter Westinghouse SIM291B (KX-241) Byron-

199A10 Seismic
CQD-012397

2. AC Ammeter Westinghouse KA-241 Zimmer
Seismic

*

E!D-000495

3. AC Voltmeter Westinghouse SIM281B (KA-241) Zim.er

460A12 Seismic
C:D-000' 95

4. Kilowatt /Kilovar Westinghouse SIM409C (KP-241) Zimer
711A63 SeismicMeter

D:D-0004 95

5. Dif f erential overcurrent Westir.ghouse Type co-11 CQD-007509 &
289B094A16A CQD-0036?SRelays

6. Watthour Meter General Electric DSE-64-701x3G64 6 ::UREG

DSW-66-700x71G7 CR-2405

"

(O Under Voltage Relay Westinghouse Type (CV-2)
-

V' 1875508A

"

8. Rotary Lockout Relay Allis Chalmer Type 210
14-174-716-501

9. Annunciator Reset Push Square-D Type TD Class 9001 EDCS,

Button LaSalle

10. Covernor Control Switch Allis Chalmer Type 210 NUREG
25-104-023-802 CR-2405

"

11. Voltage Control Switch Cutler Har:=er
"14961280-50-00412. Peaking Swith ,

"

13. Start /Stop Switch Cutler Ham =cr
"

14 Phase Shif t Transformers Westinghouse K5 1133788

"

15. Frequency Transducer West inghouse VC641

."16. Impulse Generater Cencral Elcetric Type D-41

.

"

| !, Immps General Electric 00857283
i m
l ! i ..

! !. Circuit Breaker for Strip
~

Heater and Light

"'

Clasr 700'.,
.Un' der * yol'tage Relay y. - Sq ua..r e-D

'"
! 19. ,. i i'a MOS 2 097 '"". . $ / .- T, .. *-

,

., ... i. ,, , . , , ,,. ....: ,

.
. e . .. . . . ,-.

- , ., ., . .. a . . . . .. .
,
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. . .

AUXILIARY SWITCHCEhR CUBICLE 1A, INTERIOR

SeismicStyle
, em .Ref. Manufacturer _No edl

Referenee ja'

h h Description

NUREC'
*

1. Fuse Compt. (Primary) CR-2405
9

2. Cont. Povet XFMR.
"

l

3. Terminal Blocks
, ..

4. Fuses (Secondary Bus)
..

5. Switch DC Control

.

'

x

%

* .

e

.

.

/m1
v/s

3

g . ,
+/ .* e . , *. .*g' , , , . . ..

., . ,a +; ,G' ' , ' - ./,* -- : s',..,
;*.* - *

, , , ' . . . , .
. * * * ,

,
.. .. ., , ,

* *'.. .. . .. * * *. :* - ~. o r s.*..,
..- .

,. . ,.. .
, ,,

,
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CENERATOR SWITCHCE5Ut CUBIC 1.ES 1, 2, 3 and 4 Page c.;. /1 Of

f
(

am Ref. Style Stismic
't

No. 'M Description Manufacturer Model Reference

1. Overvoltage Relay 39 Westinghouse CV5-1875512A NUREG
CR-2405,

2. Reverse Poser Relay 67 Westinghouse CW 2898988A09 a

f

3. Leading Vars Relay 55 Westinghouse CW 289B988A18A "

,

"
4 CB Control Switch Allis Chalner Type 210

14-137-631-501
"

5. AMM-WM-VAR Switch Allis Chalmer Type 210
14-174-603-501

"

6. Voltmeter & Freq. Switch Allis Chalmer Type 210
14-174-604-501

"
7. Stop-Start Switch Cutler Hamer

.,

"
8. Governor Control Switch Allis Chalmer Type 210

14-189-333-501,

"
9. Manual Switch Allis Chalmer Type 210

14-187-254 501

" i~ Voltage Control Switch Allis Chalmer Type 210.

14-189-176-501
i

"
11. Relay 42R099566

"
12. Fuses Russaan TR6 1/4 A

CENERATOR SWITCHCEAR CUBICLES 1, 2, 3 and 4 - INTERIOR

1. Circuit Breaker A(lisChalmer Type MA3508 hTREC
1200A, 4160V CR-2405
350 MVA94160V

'200 MVA?2300V -'

'
.

.

.

.

.

4

[,
L

. , * ,. .. . .. .......v, ,. .. . . . . , , , , ,, ,.

,. , !, . * , , . . . , , , . ' . , , , . . , . . , . . , . . . sq'. .
*

,, ,, , , , , ,,, ,, .,
,
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Calc. No: GQD '
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nECTRICAL DEVICES ggy. ce - g g.,.
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<

_
,,

E:I%?Proj. No:

TRANSPORMER PANEL PageG 2._!? Of | |
,

4
.

.

i\ Style Seismic"

yo Description Manufacturer Model Reference *

1. Current Transformer (CT) Type MCT1820DD hl' REG

(CT1, CT2, CT3, CT7) EMD-8376438 CR-2405
D:D-8376437(CT5, CT6, CT 4)

"

2. Potential Transformers Allis Chalmers DID-8365597

(PT) PTA PTB, PTC
. .

1

.

.

|
!
,

r

:

!-

.

.

.

.

.

' ' ' ' . ' ' *

, , , . . . .i .. g . ..- *- a . .- - -.,,.
,

,,..,,...6' . . . . . . . . . ,. .,. v . . ., . a ,. .. .;e ,:,..'''.** * ..
, .
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E1.ECTRICAL DEVICES ' Calc. NO: CQQ. - a6 |s
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Proj. No, Mn -j'f,{n, ^~

ELECT. CONFONENTS IN ENGIN: COMPARTMENT _

P3Re C. ~2. / '/ cfi
.

1

,,

Style Seismic*

Na Ref.
No._ g Descr iption Manufacturer Model Reference

1.' ' Engine Oil Temp. (TIO) G.M. DID-8031666 NUREC j

CE-2405 1

"

2. Shutter Cont. Relay (TRA) Square-D EMD-8253242

"

3. Shutter Cont. Relay'(TRB) Square-D D(D-8253246

"

4. Engine Temp. Switch Square-D EMD-8253246

(ESTD) Delay Relay
"

5. Engine Water Temp. (ETS) ASCo EMD-8323900
-

SW
i "

6. Low 011 Temp. SW (LOTS) Square-D BCW-353
i9

"

7. Shutter Cont. Temp. (TB) Square-D BCW-352

SW*

"

! 8. Isun. Htr. Temp. Cont. Square-D BCW-259

SW (TC)
"

9. Engine Water Temp. (TIW) G.H. EMD-8031666

i
!

.t

i

.

I

i
!

|

|

.

)
.

.

a

T

.

.

.

1

[
,

C

. .

... .. .. ..,., ; . , ., ,.*,. 6 * .**' , .' ' , ' , '
' ' '

. . ' . , ;, ' ! .. 3 , . * ' < . . ; i . ,,: , . , ,1 . . ',
' '

,'* .

....g ; *, ,, 8 ' ', . ; .- , , . , ' ' , , * . * . , '

. ,

* '' * ' .* . . . .. .-
. . . .

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



:. -- -

.. . _ _ _ . . . .

%Ic. ko: CQU _' / = > |

. Catt:,,ff,f/g'/,'ELECTRICAL DEVICES RtV: 60
Prof. x j.5".- C O...
Pne 7./CfofENGINE CONTROL CABINET ,

.

'k .a Ref. Style Seismic*
,

sio . Page Description Manufacturer Model Reference
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'

1. Timer Relay (T) Agastat EMD-8379659 NUREG

(SfW4134291) CK-2405

'"

2. Fuel Transfer Relay (FTC1)
"

3. Fuel Transfer Relay (FTC2)
"

4. Rectif ter (CRI) International EMD-8365446
Rectifier

4 "
5. Low Eng. Water Press. Square-D ACW5540 -

Switch (LWS) (D!D-8358933)

! 6. Main Bearing 011 Press. Square-D ACW5S4 0
"

Switch (MB1) (DtD-8358933)
,

"
7. Main Bearir.g 011 Press. Square-D ACWSS41

Switch (MB2) (D!D-8322641)

"
8. SW Imr.er. Heater

"
4 Start /Stop Switch

_

. "
SW Fuel Transfer

"
11. Main Bearing 011 Press. American D:D-8287507

Switch (MB1) Standard
i controis

"
, 12. Main Bearing 011 Press. ASco D D-8291840

Switch (MB2)

1

'
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5/21/84
.

LILCo - Shoreham Plant, 6995-00 ,.

.

Similarity Analysis

i

Subject Matter

AGASTAT Time Delay Relay
Model No.1072PHO696

Historyr .

Relay is from the old "2400" series design. This series has
been replaced by the "7000" series which is in use today at
LaSalle and other plants. The LaSalle seismic requiretents
envelope the requirements at Shoreham.

Similarity

2400 & 7000 Series
. Comparison

Parameter

1) Mounting Bracket No change

2) Overall Sized Weight No significant change
similar3) Coil & Contacts

Vendor Test Report - E7012/7022

LaSalle seismic Qualification - CQD-000845

!
'

.

.

|
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.
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?
g)

(
(

- ..: .s. : ,;....;.. ./.vj..:.....,;.,.. ; : . . ., . . . . ' ., ; '. , . . . . . . . . ,
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Date.

3:27 P.M. CET
Time:

I

.

AGASTAT (2011964-4400D n Alexander ,g
Person Ca!!ed: (Company)

(Name)
s t,L

R. Moery otPerson Caliing: (Company)
(Name)-

6995-00
LILCo Shoreham Proj.ect No.

Project:
1072PHC696 Time Delay Relay

Subject Discussed:

.

Summary of Discussion, Decisions and Commitments:
This part

The C696 denotes EMD division of GM as customer.
._

It was replaced
"1072PHC696" is part of the old 2400 series.

The mtg. bracket and dimensions arcby the current 7000 series.
Seismic qualification is

exactly the same on the 7000 series.
Aqastat Report #E7012/E7022.covered by

.

l

.
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Electrical Component Risk Evaluation
-

.
- .

Typically, electrical components used in safety related applica--

tions in nuclear generating stations are seismically qualified by
test where the Test Response Spectrum (TRS) envelopes the
Required Response Spectrum (RRS). In risk studies, a mean or 3

b. median fragility level of equipment, and the variability a out
this value, is established. Since fragility testing is rarely
conducted for neclear power plant equipment, it is difficult toTheestablish fragility levels above the qualification level.
subsystem fragility report uses a data base of military shock
tests of similar, of f-the-shelf equipment, to develop fragility
descriptons for 'several generic categories of con:mercial grade
equipment. A curve representing the frequency of failure, P,

'to a certain acceleration, A, is defined as f ragility curve.
The fragility curve for any component and its uncertainty can be
expressed in terms of the best estimate of the median value of the
fragility parameter to which the fragility curve is referenced.

lognormal distribution enables easy development andUse of a
expression of these curves and their uncertainty. With perfect

knowledge, (i.e, only accounting for the random variability, Bg) , f.

the frequency of failure, P (a) , for a given acceleration 'A,
f

is obtained from: p
4">= v

" !Pf (a) *I( ) (1)
B

0/m (see page 2-11 of NUREG/CR-2405) v

in which (.) is the standard Gaussian cumulative function, A is
the "best estimate" of the median acceleration capacity, and Bg is
the logarithmic standard deviation associated with the under-
lying randomness of the capacity. If uncertainty is taken into

account then:
V

= g ( 1"(AIAI) (2)P
f

Be
b (see page 2-8 of NUREG/CR-24 05)hg

in which Be = (BR . + Bc ) and Bu is the logarithmic standard .

deviation associated with the uncertainty of the capacity.
1

The electrical components in the control F3nels and switchgear
assembly can be grouped under certian " generic category" (see
Table I). A risk assessment is performed on all of these generic ,

categories and a 90%, 95% and 99% confidence level is calculated * |

for the acceleration capacity (see Table II) . Response factor is j*

defined as the ratio of the computed or synthesized test response
e' to the actual response of the component. In most designs, the cal-

[y culations, or the parameters used in synthesizing tests, are biasedj on the conservative side of the response factor will, in general, beb
greater than 1.0 and hence, the 90%, 95% and 99% 'g' confidence

levels computed in Table 1I are conservative values.
-

. . . , , . . . . .a s., g. . . . :.. . . . . . ,1 , ,. . | . ; g ,, .. ,, ...
.
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Pa2e Cc 2.217 Of . . .3 '

[Q The maximum ground acceleration level for the electrical control
,

,

\ .and switchgear assemblies was found to be 0.45 g's at any frequency .

(see attached plot of Shoreham's SSE at 5% damping) . Comparing
this value with the 904, 95%. and 994 confidence values, we can
clearly see that the e'lectrical contro1*and switchgear components
have a 90% confidence on the seismic requirements for these compo-.

The predominant failure modes observed in all electricalnents. Neitherand control equipment are relay chatter and breaker trip.
in failure of the,of these failure modes results,in all cases,

equipment to perform its intended function. They are, however,
functional failures which must be addressed by the system analyst.
Relay chatter is a functional failure mode that is self-correcting
after the vibratory earthquake motion ceases. By neglecting the
relay chatter, the confidence level for all electrical control
and switchgear components increases from 90s to 994 to remain
f unctionalaf t r experiencing an SSE level earthquake.
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\ ENGINE OPERABILITY
| i

<(
Purpose:

The purpose of this analysis is to present a summary of the seismic
qualification for EMD 20-645E4 engine.

!
I

Conclusion:

It is concluded that the EMD 20-645E4 engine is capable of func-

tioning properly during and following seismic disturbance.

Data and Assumption:

The data and assumptions in the analysis and tests are

documented in References 1 and 2 and the EMD

proprietary reports which are listed in References 1 & 2.

(~~\ -.

V .

..
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1) Seismic Analysis of EMD 645 Engine" - Report No. E77-1 dated
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i

Introduction!

The diesel engine is a ma;or component of the E orgoney Oiesel

| Generator System (EDGS). The function of the E015 s;s:cm is to

produce electric power in the event of an emergency. The diesel s

ongine drives a generator to produce the requiref icyc1 of electric

power. The engine has to be operable during and following a

seismic event. This qualification aspect is addressed in the

following sections.

.

4 .

:
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v
;
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(
pualification Methodology:

The qualification is based on combined testing and analysis as
follows:

1) Underwater explosions were used under the direction of the

U.S. Navy for shock testing of the runiaing engines (Ref. 1, N .

These tests were performed in accordance with the Military
Specification Mil-S-901C (Navy). The acceleration levcis in

these tests ranged from 100 to 200 q's in the vertical direc-

tion and 45 to 120 g's in the horizontal directien. The nav,*

high shock engine da. Jnalude some co.?ponents of h;ghe -

_ strength material than those used in this 3hcrchar p l a t. t
~

_

engano. The component of tho ?horeham engine can therefp.e-

be considerce .ualified to at Icast 1/3rd of :he above 'a'
level. The fact r of 1/3rd a s h a se d o n t he r a t i o o f 1', t i a t e

strengths of tho . ate tals L t. the two esses. 1:ence , o.r cr7:nc

can be considered qu%11fiv) for acec1(ration; cf 221 te C(1

in the vertical direction and 15g to 401 in t he hor i ren'.31
direction: OR tor a combined pec. of:

Combined SRSS 'g' = '[152+ 152+ 3'.2 a 29.2;;

The maximum required spectral 'g' l oa.!1 n g i na%. tot the itor< tar

plant is .55g (Ref. 4) . .to reo ve r , as sho.in tr Pef. 1, 26 1:
*

the majority of the engine corponents '' ave fundi e t i; f r c ', ; c n -
cies greater than and all the co po.* cats have funda.ents5,

"

f requencies greater than CH2-whe re tht' re C< r.f the arr li:M 1<
response spectra (Ref. 4, ends. Henci, the : - ?.e s t ';' ;cvc'.

to which any engine corr.onent can Le s2;;cete. xhr scie-*/ ;2i!'

will be less than 9 max *heres ,

-.

e
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Qualification Methodology:

1) Cont'd.

9 max = (1.5) (.55) (3) = 2.475 g

Modal Peak 3 Directions
Participation Absolute Sum

As discussed earlier, the actual least combined 'g' Icvel in the

test to which these components are qualified is 39 g. Hence,

it is consertatively qualified. We have a factor of safety =

39 '3y,jjg=15.85inthisqualification.

,
'

(
\ s)'

-

- ,

.

.

.

As discussed above, the accelerations as wo:1 ss the 1;rstion of

| ) t!,e ':s'cy (",:1,-S- 9 01C ) shock tests are u:,- . *cr *',ir. :t-
*

rc.;attej for seismse qualift:stio.. Men:c, t-( r ...r.- :s '

10 t-344 3ection 7.5 are fall / satisf162.



, _ _ _ _ _ _ _ _ _ _ _ _ _

4 g

>

i'Q _ .

SARGENT & LUNDY CALC NO. COD-014046
E N GIN E E R S FEU. 00 DATE 6/1/84cmcaso PROJ, NO. 6995-00

PAGE D.I.6

( s
.

Qualification Methodology: (Cont'd.)

2) An important source, further substantiating the seismic adequacy
of the EMD engine, is the actual experience with 16 and 20

cylinder engines during an earthquake in Hawaii (April'26,
1973). Reference 7 documents shtisf actory performance of

EMD engines subjected to this earthquake which r.eached a mag-

nitude level of 6.2 on the-Pichter scale.

3) An analysis is performed to calculate the natural frequencies
and critical stresses in.various engine components. This

analysis is documented in Ref. 1& 2. The analysis shows that

thebasicstructureoft.{.eengine, the crankcas,e and the oil ,-s
/ ;

'\s / pan are rigid - having all frequencies greater than 33 Hz. 'A
I ~ ~

total of 59 components for the engine were anal bed in detail.

This analysis shows that the 2c+3a1 'g'< level and the stresses
-n .

.

in the components f or a conse'r"a tive response spectrum ^ (Fi, g .1)- ~ ,
_

tith IPA of 3g are wcll below the test"'g' li els an( the
'

3 ..

allowable stresses for thh material respectively. As seen

3from Figure 1, the amplification factors vary from 15(= 7) to

1527(= .25) from the rigid to the flexible range. Hence, the con-.

servatism is quite adbquats.
~

s _.
Reference 3 (Table II-l in Ref. 3) lists the lowest identifiable
resonance frequencies from ih-situ.seasurements. These data

furhter confirm thelanaiyt'ically determined (requencies .

i '-.

,-s (Ref. 1, 2) . All frequencies deterninee c. tnis +a=*
,

, eport
t' i ( R e:' . 3) are greater than*S Hz ehere thclpeak-sof tne appi cab:SQ

i ' '
,, .

. -s -

response spectra ends; ( F; .;. 2 LL:1 an d .os t frequed.cles are :n the
.

. <

ZPA range. ~

..
-

.,u-,

___ _-_.. ____----_ _

*ga %
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' Qualification Methodology: (Cont'd.)
4) Response of the engine and selected accessories to impulsive

loads is measured in Ref. 5 by tests during operation of the
engine. According to this study, the maximum shock spectra

acceleration value at any frequency between 2 to 100 I!z

during start-up is given by:

'
S(f) = 0 't

*

where

f = frequency in Hz

5 = acceleration in g

<~s Now, at a frequency of 15 Hz corresponding to the running
_

'- - speed of 900 rpm of the engine, the shock loading during
start-up is given by

(.7) e(.0379) (15)S (f) , y,y4=

Hence, if we take the worst case when the engine is simulta-

neously subjected to both start-up shock loading and the seis-

mic shock loading, the maximum acceleration is gicen by:

g = 1.24 + 2.475 =-3.75gmax

Hence, in an extremely unlikely etent of start-up combi..ed eitP
earthquake, we still haee a factor of safety of 39 .

3.75 * lm''"' '

.

!

(

. . . - _. . - . . - . - - - . . - .- .
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('
Qualification Methodology:

5) A detailed finite element analysis of the engine assembly was
performed (Ref. 8, 9, 10) utilizing ANSYS computer program.

All critical components including the engine, the base, the

foundation bolts, bearing, shaft, generator, and exciter were

included in the finite element model. In this analysis it is

shown that the stresses and deformations for the engine
assembly are all within the code allowable limits. These

reports qualified the engine including all mountings, foundation

bolts and couplings for the input base response spectra givenin
F ig . 6 to Fig . 9. Since, as shown in these curves, the Shoreham

i

base response spectra are enveloped by the spectra for which,

- this qualification was done. the Shereham enginc including all

its mountings, foundation belts and couplings are adequately
qualified by these reports. It may be noted that in Tig. '

the slightly higher 'g' level in Shoreham spectrum is not

critical since no component frequency is as l o*.-: as 1 Hz.,

Based on Items 1 thru 5, we can consider Shoreham E:4D 2C-645E4

engine adequate - structurally and functionall' - Juring and
following an earthquake.

r

.

.

'
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! iv
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Vertical acceleration: 1g

Frequency: 1/3 Hz to 33 Hz

The first step in the analysis is to show that the beste structure cf
the engine, the crankcase P.r.d oil pan, ray be treated r.s a rigid
structure; that its fundacental ri:turni frecuer.:y is abcvc the hig'.:s;
ground loading frequency of 33 Hz. Fhen this is estat11sl.ed, it fol-

lous that the greerd at:elerr.tiens of 3 s's hori:cr.t:1 tnd 1 e vertice1
r.ay be treated as e single 'sho:L" leadinq of the sane r.agnitude for

the basic structure. Furthernors, the crr r.Letse util transeit t r.e
rend or v i brc tory ground ac c el e ra tiens :: s cr.tially ur.:ht r.;:d a s a '' fi cer
loading'' to the engine ccrper.cnts supperted by it.
The entlysis of each engine c:r;:nent supperted by the rigid cr:ricate
then deper.ds upon the fundtrer.t:1 naturcl frequer.:y cf thtt cort:ncat.
If this r.E teral f rcover.:y is abcVe 33 liz, the seisric 1c: ding cr. - r. e
corpu.cnt r:y be ttlen as L sir.gle sitch ic d cf 3 9' hcriz:nt:11y

and 1 y vertic:11y. If the furfu ent:1 otture.1 frer~en:y cf the cer-
t he r:n de. v i'.rt t ery '' fi c e r i ci di r.;" en t!.e

h ccr;n.t itils beicu 33 i32,/N pone sitt c she:L 1c:d, but r. : n tr;11-i; cr.t r:y again be reple:td by :
fled tr. t:1.c into ceco:nt the eficci ci res:r.:nce. T h e e r r l i .~ 1 c a t i c. c

1 by thich the 3 g horizentel r.nd 1 s vertict1 ficer ir-d is rulti;11.d.

is a fu':tior. of the derring in t': systtr, A cer.'tev:tive e::ir:.e
of this (tr;in; is 3 o f c r i t i e t.1 c te ; i n g . : n d : n i t i n L : s i s i t :. :.e*

s!.et.s ile anpitft:ttien inctor cs : furction of th: f u n: tte n t:.1
r.atural frequency of the ccrper.cnt.

The dete.ils of the cnclysis for each item f allau:

Ereire Crcnicase er.d Oil Pan
4

As trc.c in figure 1 right h:nd Cartesian ccordina.te systec is used
with ti.e origin at 1: gecretric cer.ter ci the crt.kshaf . Tcsitive

directior.s on the 3 : . s a r e e s 'oll te. s :

7., :r.i:11y ter.v . th: ::e ttery drive e .d; Y. verti: ally tir-
ward; Z, horize:.tc11y to:.ard the richt tr.n:..

The fund.- :- r. t 1 n: t u r:1 f r e .c e n u y o f t h a '.- t : t- c - : . .- strt:t r2 .::
.- : .ura s. s c s: ;13celtt'1cted t: sed upon the as u rtien th:t : ^

sui rert:d. uniferr.ly loaded p. iscrcic tcir uit; i v. . n c. f 15 0 '' . ).:
folic..ing pt.ysicci Cat: scre uscc for the ccrrutetton:

.

! Yottl r neine ,:eici.t .i 3 ,5 c c '
l ("'i E r.v i v c l e i.t c r e r. s - ?: . ::i: -.i r: T' 2 in.2
! V E q u i v.' i c c i w c r. : ef it.u ci: oi p. . r. :

5 f. . f 0.1 in.AIz =

34,*00 in.4 i
-

7. =
3 .. )
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Center of gravity of engine
X = -10" (touard the generator end of enginc)

;

15" (above the crantshaft centerline)
-

i-

Y=
-

Za O

The fundatental naturr.1 frecuency i s 81.8 H: . in the X-Y plare and T".5
Hz. in the X-2 plane. T he se irc tr.cies tetrg t!.out t i. i c e t r.e hi;.est
possible scistic excitction fret.utney preclude th: ressittitty of
resonance of the engine as a whcle.

The en'.:ine is r.runted to the base with tuo 1"-S bolts of GM 2E0 (5'EGrrde 5) irtterial at each of the fcur .our.;ing 7:dt. In coditica, r:

1" ditretcr dn.cis e.re used at earh of ti.< f.o vc:r r tr. tin; ::5. It

has been suf ficient in this analysis to r:Le th:- ccr scrsit ve t s p.";-
tien thct c11 lo:d is carried by the Leitr.. U s i:.9 t he sc re r,?c s i t ::,.
of the shock 1 cads riven ab:ve (3 ' t;' L' in the hori:::.t:.1 dir -:ti:: .cf
1 "g" verticcily) the r:7. f r ue tctal stress in ccy t:lt is :C,':0 r:i

sati ft:terv Lei..- 1cs: ;!.cn one-t: t-f c i_s This stress 1:) t e r.s i o n . ci tiri t e ter.s il e . s treng th, c f 126,000 p:t and cr.ly 4:3 cfd t h c T- t r. i- r -
t he 5 2 ,C L'J p s i 1.:i n ir;en yi e l d p o i n t .

g

Turt t:r t recr- - - - - - - -

The felicuing excerpt is from the 1905 !!ish Stock Study, referer:e 4 5.

''In the c1:sti: lettice r.as point ryster an:1rred, th2 tert::h -;;r
cv - .-: ss cc til:vt- f--

wa s .c..t.. t.' r e. d . a..s . a . s i. r. e ". 2 r. e .s s r e i n :
*

.

the t-rd t- i ". r c' rei e -ire. At thi: pti.-t, s ..it ! .;rc:. :... -. ..

~Ti tTr " T r a s s o f Cha e n t i r e t u r b o t i.t r p : r , t e c ordi r :.t e t y sit- . :,c
place.i with ti.a X direction ptrailel te the re:ct i x i s , 11.2 Y c'ic.:-
tion vertical, c,nd the 2 direttien .l.ori::tt:1 i n t r e l e t: r:.1 d i r : : t i : r .

. !: susre'ref etThe total veicht of the turbe hareer nf 1G7E c:v:d:
this inart poirt.B.4E5 in. out f r c- t !.e t tu ' : : t . r ;:- r J r i . c g : a r h : , ' r .
on a cantileversd support having a se:tisn r; cr.: ef ir.0-tia alca. 17:
7-axis of 150.0 i:n.4, a sortinn r ur c r. t o f i r e r t i c c '.v u t t h e 1 a x i >

-

4190 in.4 an an'ea ir ,the Y-2 plcne cf 25.3 in.i. :r.J t rc::les T

P.S.I. Pclar r r: ts at:;. the .. Y, and 2Vtlasticity of 20 X i t

c:. c : :.irc c ' v t . r. s ! . CE*, t.nd 7 % fr.l'.. :::.' v:::r: t h ;1 y. Ti

turi.:c h:rger ra s co .' idered a: a s t y. d:;rc c T f r c e d e r y t t -- ..c

l i n : a r e n d i: r t i e r. ?.1 . c c c i : r : t i e r. s .. : r : ::- ..r:d :. rut th .e :..s..
'

The cl o:L c:c:.icra ti:ns for t i.ich th- t: .:!:rt c -as tv.i u .- -c :
.

it.0 c due to n eitstic viLr'ticn 7t!;: ; '/l C- ; r: d :...'-
.

,irpart i g ;. p . , T ! : 2,c:.:i.* *;- + ,, .
;- -

*

c l. 1v.c r i t 5
g 3) :; i: ' 0 c . . . . . n t: 1 0 0 : i i :. $. e r. ., ci t

- - - ,

, ,
-

.
..- .

, '

\> im.: rr. t:. ?cr Ue ;is<rt:.:< .: .: .. -...:. ;

|
.

. !

|

.

- . , . , , . .
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Following maximum accelerations were given:

Torsinna).
Direct Linear, G Freo., F2 r a df_s,e c_. Freq., iu

X 127.42 221.73 2331.44 191.04

Y 162.85 148.10 1393.46 221.73

2 84.36 221.73 3099.58 221.73

As the entire turbo:harger was considered to be a p:ir.t ress cc".-
centrated as its cer.tcr of gravity in the shccl cc putaticr.s, the
ct.ove eccelerations are thcLe experienced at the terlotbr. ger
center of grrvity. These acceleretions c:t struitar.crusly and t.re
a result of en exterr.a1 shock to the er. tire di:sel cr.;ir.e ir. th:

(~T verticci Y direction. They represert the total rer.;;ns: c i t r.s
g_,) t tIH.o c h a r g e r due to both its esn citsticity .nd to that of the en-

tire diesel engine. Corpu t a t i c r.s f o r e v.t e rn:-) s h c : i s i r. _ t i e X t r. d
2 directions did not rescit in as great a response es that of the
Y directi:n.

In ently:ing the cor. onents of the turbochtrger, these ecceler?.titr:s
kerc directly applied to the cer.ter of grevity et the cerrencr.i>
invc1ved, and the inertie loads which vere t icn te cet t n r : v. m tr e

icer.tcr of gravity calculated. These trectic i::ds t.Fich crc t: 50c
or. cor :ner.t :. eights of the T-16 : rt::t :r : r e r s e .f 1:. d t_ -

rir.e ti.e lording on the various tuttoct:r;2r cc s:n nts, z*.c fr:-
these loadings the stresses ent: deficer.t;.6 o f t h e c c.r p e r. e r. t s i: - r e
calculeted." ',

The above study shows ghat the natural frec,ucncy of the turt::t:rstel ,

is far higher than thet.rtnge of seisr.ic exci.ctions. It, i t : r : f o r e . .-
outlifies as a rigid cr ;cner.t, ard is rigit:1; reurted te gr:urr.
The equivalent single shock loedi.:;s of an c.tr thq::! e itill, th:r'

_-
.

fore, he 3 "c's' t r. thE horizor.tel direc ticc. Or d cr: '' g " s . e t i t : l l y .
The ef fect of carthe;:!.c indu::d fort. " " tr : t: :! .r.;c r i ; '. ::

.

negligible inasruch'es ti.ese seisric 1: A d i rg : cre cr.ly a vcr, t all
fraction of the ettet1 high sh::!. it:f; 2;;I .2d to the s tr'.: . ',e .

i
_T_u_c 1 r i t t e r .

| ''N The f9:-1 filter is ra.r..cJ rr th. ;c:;s: :y ' .; - " . - , ' , '-

(V '
,

'

t ' ' 1/ *. - 7 0 (" T L o l t s e f c." r ; : (tAE Cr .- r i .. i . Y'.
'

. .. .

! 5

i .

b
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structure between the fuel filter rounting and ground is tr.l en to
be infinitely rigid. T h e c a l c u l a t e d r.a t u r,t.1,._f.r e_e,u e n c y o f t h e f e e l
fil t er e s s embly ~i s 17. 2 Hz , Since tais fc11s .,1 thin the c te c-- ~

.

''--- i b'1"e s e'i st i c e x'c i ; t t i o n t h e e t f e c t'i d Eli[1 c s iioTE- I o d~tT1Ti---poss
~~~

have to involve the ' ficor leadins" times the appr:prc:te er.plifica-
tion factor in order ;o tale into account the p:ssibility of a

resonance associated with the prolorged earthquate. Frc= Fig. 2,
it is seen that the a ltfication is equivalent to 2.2 giving a
load of 6.5 9's exially. Inasr.uch as the cer.ter of grcvity of the
filter assembly is 7 inches belev: tre e:unting bolts, it is the
axici corponent of fi:Or 1ccding which is relever.t and the totti
effective single she:s load will be the 6.5 s's. The highes t bolt
loading will occur t. en this equivtler.t sheck ictdir g ccts in the
positive X directier., pu11tr.g the. filter tsserbly away from the

-

engine. In order te :ttermine the c11ct. chic icacir; on the belts
in "g's", we cbstrve tr-ct each fastener uty be 5:iely iccded to its
prepertitnate linit :- " proof s trer.;th" cr 13,f 00 l bs. Sir:e the
cer.teriina of the b:* ts is 11/16" telcu the upper edge of the r.:ent-

hs)
irc~fi tr ;c the renen etpability of the reunting is 16,700 ir.:h lbs.

(, for~th'. t? bolts. s a l l e r. . bl e s h o c !: lo:d is icer.d to be C7 g's," corptred with the max' mum scistic shock loading of 6.5 9's.
At t' r >.frut loadir; of 0.5,c's, the bendir.; r: tr.t et the ;:vern-
in; se: tion of the b a:Let castgru is cr.itulated to I 1:~0 in-lb.
cnd the $ 2ctier. roit':s to be 0.2i5 in.3, ;,er. c, th: ir; :cd tend-a

ir? stre.s at the s+::icn of the tr::1.t it 5,500 rsi, less ti.:n
1/2 ci tne f atigue s; :ngth of 14,0:3 psi fer t i'. 2 r:teri 1, E!'54 0,
o f n.!.ich the bricLet *t r, a d e .

C f a r. l s h a f t System

The 1: vest f t. n d a r c r. t 2 ' frequency of the crac.Lshaft syr.ter will invciva
ihtt ; ortion a t the it .erator er.d of tl.e c i a r,i.L ia i l t i. i c h c v a r r a r:s s
the rear ra ta beuri ; e.nd supports the fly.; hec 1, ring cear, c.9d
anpre>u;ately ene-E2'~ of the ur.fcht o f t r.e c e r.e r a t e r rntnr. Thir.
freqdcocy is calcu12:st to be E6.5 iii. , call'a t .c the sci st..ic rang a ,
based upon the foli: ..g,assurptions.

a) The portie : the crtnLshaf t in c.uestir.n ray b2
simulated 'e t 7.5" uniferr di:rcter .tur.J s'h:ft:.

acting as 2 'i.3" long cantilever be:r, huilt-in I
'

it the res.- lin becrir.c cr.d re.0ivi.e c c . . c. a r. - |
*

trated ver: ::1 lead ct'its free cne.' Ti.: T i c:. i h12 l(,s ccupiing c: . ' c c r. d c f t h e c ' ' '. : en: s a-
.

I-

( ) tic 11y :ar: :cer.t et thir, iet:;ien.
v
s

.

g %
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The natural frequency may be calculated by the super-
position of two mass systers acting on the centileverb)

|first, a concentrated lead of 4.170 lbs. at
the free end of the beam and second, the uniforrrlybeam:

distributed weight of the bean itself,

power Assembly piston. piston
The primary moving parts of the power assembly are theIn cn operating engine the
carrier. piston pin and connecting rod.
forces on these cceponents are predartrantly those attributable to easThere-

pressure. while the inertia forces provide only a r.inor input. fore, dynctic effects due to seismic cy:1tation will be insignificentThe natural frequency is cal-
as far as induced stresses-are concerned. One spring re:rescr.ts itt
culetcd on the basis of two springs in series. bending of the crani.shaf t between adjccent rain 'betrinc su: ports tad

itself. The effect'ive ress
the other spring is the connecting rodhas teen te. ken cs the cor.plete piston csserbly plus the entire'c: nect-

,

Eased on this assurption, the calecio.ted nataral fre:utt.c'v is
l|cnce, resonance due to s'eisticing rod.

415 li:. far above the seismic ranSc.
( q excit-ction cannot occur.
1 4

-

Erhtust Yalve Gear
sets cf three idcr.-

The c:,h;ust valve gear consists of tro indeper.dentEach set of three sprin;s is s;;rned by a v:1ve
tical L; rings u:ch. actu;te tP2 valves s trui tent:a:ly.cssembly which serves tsbridr2 t r ?. r ; -node of this set of three springs is era of pcr-The f und:rentr.1 is c< 1culated slation 13rallel to the cylinder centerline. .hich<

1 fra-For a single vaive and spring the fundar2ntcl natur:29.94 HT.
quency is 31.9 Hz.

a ' spring-nass" free vibration systerThe exhaust valve is not e fcreeIt is held in a preloaded configurati:n by a sprin; excrtingSeistic loading cannot exceed the ' gr- .d
of 117 lb. upon the valve.
loads" specified above and will result in a force cf less then C .

for the single valve assecbly weight ccep:nent tencing to unscat a

valve.
.

Overspeed Trio Arsenbly_

The fund: rent:1 netural fr'equency of the ever; peed trip asserbly is cli-
23.7 112 Although this it. within the ran;2 cf pt:st'le.

cultted cs
c a r t h e.u c l.e f r e qu ; n : l e s . t hp,, r_e :. ;.r.f r f..J r. n r o t e : c u r . L t .1.'. '- .r :_N.! " JJi .

p. ...t s e.r bi. v.._ i s ri.o t. : c._t i n c. as a<:ari.r<-r...-- 0 .: "i: . . . i t .- U . .i.r .

tri : - ._ . .

.-
--

f'')N
. r:-

- rAs n;.cified in tscirtcrin.: T or.t I n.; t eu: i':- ' T *. '_ .
'

c is eet e t 1 M ::r . ti.e n u n:.i ..n ; r .c : .. . ' . : ;; hi: .- . .
..

-

( 11.0 cvurs;2cd tri ill r. t !c :c'.it . s' : .e : -(. '. :- :' 1 r . .

''

i s 1 . :,a th:n the ;vcl er.t o i t u0 T...:. 1| t ;h t h : :. 3 ; : ..;,.4 ..

.

%
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wil1 have a net preload of 41 lbs, on the overspeed trip pawl at the
900 P. Fit operating speed. This 41 lb. force would have to be overco .e
by seistic forces for unseatir.; to occur. The v n.frem seismic load
possibic for the system of 1.E4 lb. is only 5.2 l b. , ba sed on a r.ax-
inum acceleration of 3 s's horizontal and 1 g vertical. !ience unseat- i.

ing cannot occur and a " spring-r:sss'' system cannot be forced.
'

Other Encine Corconents
The attached table lists the edditional engine corpenents which have
been analyzed for natural fre: encies as well as for the dynamic stren;tr.
of the con;cr.cnts and of their reunting systens. These cerronents in-
clude the ut.ter purps, heat exchangers, severner, lube oil cu p,
scavenging pur.p. late oil straince, and turt,cch:rger oil filter. The
fundar.cntc1 f requency for each cor.;)cnent tas calculcted in each ccercin-
ate direct. ion. In the tabic the static weight of each cc ;cnent r. :d
the definition of the bolting syster attaching the cceponents to the
engine are clso given for reference.
It is noted that t.11 fundarentti freo,uencies in this te ble cre higher
than t!.e f requency range prc' ced by cartt cu:h::s. Ticr.:fere,resonantj.

( e>.ci-tation due to scisnic shschs for any cer;cner.t listed in the icbic
g will-not occur.

Q
,

4

The bolts evalueted for strength in the table I.re these that hel;i tnes

'. . ' c :, . p e r. e n t : to the acetssory ' rive h:::ir.; cr 10 the carstr.ft driv: 1.tus-
P;p, 'i r.g . cc'ec;v cy o f the btits th:t Lcid tht:e ho*. sing s rigidi: to thaTI:2

' h.', 'crentcc sc h.s Loen qualified in the cceruttr i tciy:is for the i.igh shoc ,
.

) ;' engine, reference f2. y,

[ The structural castings of each of ti ese ccrpen:nt' tre r.uclified fcr
seisr.ic lo: ding by tne follering inter; ret tion of the actual !.cyy high-
shocl. test results, as fc11cws:

n) The lievy high : hock comp:*.ents were of E"5/.3 ductilei

iron having an ultirate ter.sile strer.;th cf 60,0C0 p;i.
Ecch of these entponents ue s :,ubjected to nu ercus shock
loads in randor. hor'zontal dir:ctior.3, the 1 cast of
these loads being 45 9's, cnd no fcilures occurred.

.f,d .. b) The cor:cnonts for cur sicnerd er.gf r es are r!de of \. ! '"! *IA . ' ~ '-

EP.511 c:'t tren,.havine a n t i t ir.: t e : . L ii c s t r t r i.h i '' *' "... .,g # .Y of 20,0 ;si. Tc s ir.Li c a sei s-it i r . l i r. :- f o r t i. .: s e : '0-
~

'; ..N rigid et :,nen t s , t he b i sto s' p:t s i bl e hori z e r.tcl I[
..

7 shock it. ; to bc sustcined u111 be 3 <;8 . j
*

.,.g ~ ,

Q,, ) Uc e g n:.l u f t.
''

9
t h:.t t '.e S t..n'! rd e r r i n : c:-~. c:': r : r i ;. t i t . * :

( 1 :. g ; *.i t!. u t e r. i i ' r 9 , m r <. > . the .r. .- c - . . - i. . -: ,i :
, *

:.a

y E.;r.! ac i t. 'o rs .d r.trer.5, ; ; i r. 5 o i .. ; ' h t ; ;. s t -.;<*- i .-. -.

f'1 c f d S t r e h s V il l h 0 1.n ..07tgp 4. !, ; ,3 ,i. .. *;;, .,,cj,. ;,.;r. gL; j f. , 7 *,'

,
.

' i psi eicio: to icnsile :trer-:.h.
L _.

.
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S,ugma ry

'In the conclusion of this report, it should be pointed out that the
high shock engine was developed in accordance with the l'.ilitary Spcci-'

fication Mil-5-90lt and was tested based on a test procedure approvec
!

by t he fiaTAT7h-tyy tyd . In that test procedure, the severity and
s h \ number of undcrwater explosive shocks!j tiie instrumentation and the
sj M.cncine operatinc conditions durine the test were L11 specified. T h'c

' te s t re s ui~t's' whle ti i e re d ocume n t e d in the listed references have shown
~

r

g/

h ,,$)tha t the instrurenta tion ret.istered the dynacic in;:uts rar ging f rom
-

100 t o 2'0:' g ' s 'i n t h e v e r t i c a l direction end t.5 to 120 g's in the~

horizontcl direction, depending cn the pcrticuler explosion and on
pf' j. where t he instru' enta tion s a s rounted.

r

i, .

I.nspections were t'ade duringi6

g .,N and Liter the testir.g and it wa s noted thtt there bas tio sigr.iiica .t
V,,,'[ d ecge, r.or any eclienctions. it.e res.'lts freu these high tFcek tests

' Q\ Vt.e cc ir.terpreted in a conseryctive rar.ner for out- standard cr.;inei
i'

I g ,, uith the conclusion that seismic loading uculd not affect the nor.ral f u ". c -
7 tion of the standard er.gine. -

I n c :' d i t i o n , cetual operating experience with our standard 20-cylinder

ey tn-in;s was experienced in c Hr..aiit.n cc.rthquate i.hich Uas registered
ni c_ rc a g r. i t u d e o f 6. 2 o n t h e f. i c h t e r S c :l e a n d is docu.er.ted in the,-

g

(Q[
tLO:e cnt r.cs fur.ctiened satisiccterily''"y c t t n c h e d re p o r t . It is seen that i/

,th.Ovch this rajer scistic distrul;r.cc.

O' In vicu Of the analysis ateove it is concluded ti.'t cur curre.t sin.dcrd
g, .t 2 0-C ' 5 e ng i ne ung e s t i cr.a bl y r;ual i f ies f cr se i : ic l o a c. i ng . On this
.;,, ' . i L : r i t , the c r.t t re l i n e o f '.3 5 en g ine s i s f ou nd to be 4.;:l i f t e d f or
,,,3 \ sci'ric locding.'
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T ABl.E
20-045E4 (Industrial) Engine Aopendages Properties -

! | I Fundamental Dynarife
! Over:1 ng Degrens ti .- t u . c i i: . c: i r n c i- ( il7. ) fic. of Mounting Shock That
I h'? i g h t cf Go;ts 1, 001t Founting Bolts- - - '

! Co,ponerts (Ibs.) Freedom' X-a..is Y-axis Z -a.i i s fla te ri a l s Can Withstand

| . c ': : - % -, 155 3 * 310.45 94.48 (G)1/2-20 Utif 176 G's
'

j (i. : ' t I;c r ';) i Gl1280 .

t
.,

- _. --

:1:- > r Pun;> 155 3 * 379.~s ,! 221. 4 G (6)1/2-20 UNF 182 G's
; ( : i ..:. i.: ak) j G;1200 ;

-

.

' r. c ;;. ,c rl 232 3 * 148.09 77.1 (11)i/2-20 Case Side 88 G's '" ...
..

| ' ? - i . :. - :; j |
GM230

_ _ _ _

:
_

148.09 ;I 77.1 (3)7/16-14 Turbo Side 6C G'sf .' . :. : i : cin.- aa r 232 3 *
;

Gi1300. .',II}": . :;r ::: ) i ,
,

_

101.22 ! (6)1/2-20 U!iF 10 G's
'

| 3 183.79v: . a .- 100 *
'

CM26J
| - ._._ f n

(10h2-20 UtiF 103 G'sI . c'.e 111 i 235 3 * * .150.65,

| GM2110i ri: ;. ,
,

_

., '
'il ! 70 3 ' 212.G0 223.93 223.93 (17 )1/.? -2 0, ( 2 )1/2 S tud s t 204 G's I

I Gii2;'.0 SAE 1117 (*
'
....i- r

I J'- r
'

-

-i.p .I 273 3 | 94.43 | 150.07 loi.22 (10)i/2-20 Ui'F ,3oon 121 G's-

.i . . .; s | | | Gr1200 g y Q j!' |
.

;- - -

: . , ;.m c_. - o -

' , . - 8 400 5 3Ei.73 |374.0 | 3 4.", . 0 | jggo----_. _-.
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| | -O * I

| i.3 j
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I SAE 1117 omi..
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(2) Detailed results of computer output (8 volumcc)
including:
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Input Data
Mode Analysis
Main Structure, Deflection and Stress Analysis
Engine Appendage Do) ting Analysis .

Acc. Drivo Housing Strecs Analysis
Cam Drive Housing Stress Anal.vsis

-

,(3) Heavyweight Shock Test of Electro-Metive Div., General
Motors Corporation Main Pror.ulsion Engine for 1.ET 1179Class Vessels (16-6 4 5E5N) U412-67-192, by General Dy-

b
_ namics, June, 1967.

i') (4) Instrumentation for Heavyweight Shock Test of Electro-
-

!!otive Div. , General M:.tcrs Ccrporntion I'.ain Frepu.s ien
Engine for LST 2179 CIAss Vassals U412-57-792,,

by G:ner-1Dynamics, July, 19-67.
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ation of The EMD Diesel Engine Turbochstger by Electr:- .J
Metive Divisien, June, 1066. (

_.(6) Calculations on High Shoci. Turbocharger Corponents $97594
,
.

by Electro-Motivo Division, June, 1956. f/
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(7) flavy High Shock Qualificatie:: Tect !! del 16-045E5NMarino Engine by E2ectro-Motive Div., August,
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1967.
%\^(C)

Elorilef503-!!ighShochDyna.icForces,195C-1966.j[l
(9) Ins trurenta tion for !!cav.w i ght TS:.e!. Test c f ::'o ct 0-Motive Div., Gv.C 750 174 .\.C. Diccel G norator Fet for
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tram mm July IS. 1933
J- Chen dc- *wowm E77-la*um m:

r:enen: Engine Design,

,

s.J2ncr: _ SUPPLEMENT P.EPOPT CN SEISMIC ANALYSIS OF El'D 505 ENGINE

This report supplements report E77-1 Seisniic Analysis of EMD 6 5Engine, dated 3/14/77.

As cor.cluded in report E77-1, the EMD 645 series engine will
functitn properly when subjected to a seist.:i: cisturcance. Tnis
hcs bcen thor:ughly confir ed, hc.ever, even tnou;r ..any .inor -

cor ;.or.c n ts 5.e re no t analytically incluced i r. tnat rc;crt, they viereq n'. iiicd experir:cntally in hisn s. hock tes t as well as in rail
r, e r .* i c e .

.

Sirru the is;uance of report' E77-1, it has beer widt-ly act?- .ed.
t h i. t L P.7 engir.c s a re cons i ce re d ca:a bl e o f wi th s ta r. :i r.; e s e 's.-':
c i. e . ... s..e.r . . * =. n u s e o' #. o r n " e. l . . - .=.s2. .r s * .> '. '. . a. s . .> a. '. .- ...14...'*.4..r..s... . . . . . . .

R e c t s t l y., $ uthwes: Research Ir.s ti:ne (5. ) cc iled a list of
,. .

. .

f,si

V,
c .i . . . .~. i n.. s. ...

s. t. s. . , e. e. .r. .u,.
, e s;+.-...s. . , , .......<2. i ,.

3 ..
_

.

- - .w.. . . .

1...,.... ... . .. .

f t:nctionality of Our engine if subjec ted to a severe seis.ic excita-
' . ,. e.

t i n t- .'s r c l e t te r to H.M. Arbuchic t, .: . F . L'nrun f 5.;'' c.tc;
10/ f/t2 cn :Se subjec t "5 L:-i: C n'i ~ n .: t i :,: c ' E ";' ! .: 5 E ;' J." " ) .

.

T:,i : list inclu-;ed rajor and -in:r : . ;;re .:s f wqici all raj:rMd :r.;. r:i nor ccmponen t s . tere a n:ly:c:. i n re::rt E U-1 T:eref:re,5. d t.0.ld like to see the re;;rt u:.:3 ted. E" ha: c *2:d tec> r ' the analysis to cover sevcral a:diti:r.ai :.: .;r er.:s cadref1 ct the significant CFan;at race sir.:e :~.er. ~.e M I list
. rcont: ins 53 i te- s. 10 thic list, E ". acdc' 5 additi:. cal areas

c' li r.g a t o ta l o f 5 3 i t er.s a l t: g e th e r , s.n i .:n .ei l l cover all t r. e
con; r.cnts for the 5 5 engine cr.d ecke a cor plete rep rt.

To tris te the rep rt. sore criteria and guidelir.es used in re:or:
E77-1 were felicwed for the analysis. These guidelir.es incic t ; .e, , l cwi nt; :.

di

'

+'.

.

11 Tit t 2 0- : yl.in d.:: i.15 cn-i;;c is "::: I: : . . * i y :. t.'. : .' i t|: :,: :cti:c 4;:c 4c; 645 ce
.dh te *: c L c e::a s ;..,: a i :cani c * (|:c ic .;c t ..n3 c ,: d g '. . .: : : :

u;~.c: :zs . T .a , .c.:: :. ; u i i .'i c.. .:i:,:. . c f .ti. c !

,

2 h- C f.. .(..: 2 : :CId?;C C " C C M d ,! { 5 - Q G.! U . ; /. c ! cdd * M :. /,.16 c O g,
.

. . , .. .
1

I/.(1 '.b C C IO: '.y Cd C 4 ' O:C4.
,

,

l
-

,

\
t' 8
h ! . .
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.
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%

1) The crankcase and oil pan are considhred-as a ..e saucrute.The an:tysis of cach engine correncnt sare:rted by the ccsc and ~

pan cither dircctitj or indirchtly is based cn an assu'ption
that ti;c mounting systen will transmit 'the Acndces vibr:tcry
ground ccccicration esscnticiitj unch:nged as a,,fiocr to: dingto the engine components. ..

. <,

s,
3) The analysis of cach engine component,'supportci by the rigid

crankcasc dcycnds upcn the fundamental n: tut:i f cqucacy ci
that ccep:ncr.t. If the natukal f acqucncy cf thc '::epenentis fcund tc bc greatc than 33 Uc,"c singic shoch lead cf

,3 3's hericental and i g vertic: C edstd bc the ecxinue sciacic
loading that could bc.cxcrtcd.cn the corpencnts.~ Yhcrcierc,
the ccepencnt er systcc woutc be cu:lified s3 e.icou:tc since ,

it was designcd to sustain a lot $.i3 er shoch ic:d as picvedh
,

in th e high shock hs ts. '' ',

.

L'hcn the ce"p r.cnt 'has a h: tut:i I t c q u e r.c re l ~ : c t th:n 33,Hc
which f ails within th e:.t:ng c * c f fissibic s ci:.r.ic ctcitatiir.,
additi: cal an:iysis ba s ed ca -crp'.:pti:tc :~plific:.tica 'f ac'ic -.

'

to ' tc.f.c in te a ccc:.nt th c' p?s sih.ii.ty o f '.cs: ni,' cc c s a c ci:d
with the prolcagcd carthquake will bc pt:fcrect spccific:lly.

_

,

4) In addition, th c ' c h a d b e e n s c r e de s ig n c h a n; c ', m'.' :~ c c f 'c.'.],
- .

_

* cQ cnginc cctp cents since thc.issucccc cf tcp:'.c il7-1, Tifis
pac:cet rey::t has t: hen that int: .:cc:unt :ad %2iicces & c

.

Z:te:t changes which significan tly c 'f cct Jhc cc-rencr.t c: '

s s tcr: n:!.u t:i f:cquency and-the incrti: it: iia; duc.tc weight
c :c :2 c. - -- -

-
- .-

.

.

The a t t a ch ed ta ble s ur6a.H:cs the results for -all the afore enti- ct
,

~

59 .i. t e r _t_e.s. The table contair,s three c'slu ns , t.he firs t lis ting tNe- ..

I *% second sta ting the method of healific:. tion br. sed on!,

ci ther t.W ytical resul ts or egerit ental da ta. 2n:: the third listin;-cor.ents and conclusions. P.cViewing the retil ts f ro-. the tabl e,
i t c a n ::e s e e n t h a t a l l c r.g i n e c o t.c o nir. ts a r.d s y s t er.s c a n w i th s t a r.d
a seisric disturbance without failure. fiote that the boltingsy t. t r. nf tha ent,- .nen tP!r d sys ters wi~th na tural f recuency high*.r
than 33 Hz, were not analyzed individually,because they are r. rc .nsn.
adequate for-seisr.ic qualification based oo fiavy high shock testing. "
During the !iavy high shock ' testing, E Q en;ir.t .

enecentered thed
loeds of at leas t 45 c'srin both vertical. and' horizontal direc tic *.t:i th no f:ilure occurring. ' - -

. . - . s
,

In light of the informa tGn included in this re:',r(Tnd C"D rer:rt ''.
E 7 7 -1, i t e t n ' b e c o n c l u.ie d t h a t E.'C 's 20- 0 : 5 d. r i o du .;i t n s t . - - "

( 0 s e t t .~. i e disturb r.cc sit? cut :!fc: Wr- t 4 L : r. u , *, t Ltj c i '. . . ~

i
CnC n? and, bcnte, so dcEL t h e e n t i r c 'l i n e r f E ''' 5 4 5. C n ;, i n e s .

d . - x,.

. ,.

d ,\.. 6 ?*g. j ''

,'%
' d

'avg

\ ! fsw ~_ ** ( / +
,t s s

*
'

a w 'g
' , *

''
4

,'% *' ^

%g_ , _ _ _ ~
---

y ,
,
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Item1 j Item .
.;. ! Description Method of Qu$lification Comments and Conclusions

E

.

1. Tu rboch a rge r EMD calcula tions (see Ref. 1). Previously qualified for
; seismic operation per Ref. 1.
I.

2. Turbocharger oil EMD calculations (see Ref. 1). Previously quali fied for
> ~

filter
seismic operation per Ref. 1.

,

!3. Turbocharger filter EMD calcula tions , na tural fre- The oil supply manifold is
|oil supply manifold quency f 1004 IIz (see Ref. loca ted inside the cam drive ;

=n'

2) and also qualified by Navy housing and is rigidly mountec !
,

, ,
. g high shock test (see Ref. 1). on the crankcase end plate. (_| -v. '

If -
, ,The natural frecuency is so j-*

.
'' - hiqh that seismic resonancei

]
4 '.

'

- /-
wiil

,
'

i never occ,ur.
,

,

| ';
, *

1 C- Af tercooler (heat EMD calcula tions (see Ref. I). Both right and lef t bank ;
I,

,er. changer) The af,tercoolen nctural fre- applica tions previously quali.,
.. f - ,c.uency calcula tion was made I, fied for seismic operation

-

, tii th the afterconier duct,,

per Re'f. 1., , *
; .s

, _1,t e m 5 , cs a s y r. t en . They were
*

i
, ta l e.o qua l i f,i ed by fla vy h i gh

-

; I s h o'c k te". f, ( s e e l'e f . 1). g..a
,

e 1 e ,

! . ,- _ ._
,

! I' '

#
*

.* ..- .5. | ,.ftd cocier duct < Seef! tem 4.
,

--'

,r See item 4*

l_- , ! -p- -- - -. aI | < A f tercooler w"a ter,
,

,

,, ,,

l. 6. Pouer -Sys tems calcula tions , Natural frequency greater: discharge line / natural frequency fn = 217 Hz than 33 Hz; tiierefore, scismit|. ./ (see Gef.,-3). resonance will never occur.
, ,

, 2.

. 7 ;. _ . . x. . .- ,

/. .

.

.
- i * >E * f *o 390a -

00-G669 *0N ' coda
b8/I/9 3100 00 *A3a
9bObl0-003 *0N 37V3

_ ._-
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Ita, Item '
!

... N . .. 'Jescription Method of Qualification Comments and Conclusions -

!
'

i .

e i,

I

| Aftercooler witer EMD calcula tions , na tural fre- Na tu ra l frequency grea ter7.
discha rge "Y"-flange quency as a sys tem wi th pipe than 33 liz; therefore, scis-!

assembly f 169 Ilz (see Ref, mic resonance will never=
n'

2), occur.

, i
i 8. Af tercooler wa ter Power Systems calculations, Na tural frequency greater than

inlet line natural frequency fn= 127 Hz 33 Ilz; therefore, seismic
(see Ref. 3). resonance will never occur. ;

,

|
| !

.
'

i9. Exhaust duct LMD calculations and Navy high The exhaust duct is part of ishock-test (see Ref. 1). the turbocharger. The natur-
4

'

I *

al frequency of the duc t was
| previously calcula ted wi th

'| the turbocharger assembly '

l (see Ref. 1).,

4

| | 10. Ai r s tarter motor EMD calculations, natural f re ' Natural frequency grea ter that
i | quency fn = 464 liz (see Ref. 2). 33 Ilz; therefore, seismic

,

j resonance will never occur.
i t i
!- I ;

; | 11. t f.;r s tarter motor E.*10 calcula tions ( the bracke t Na tu ral frequency greater than, 1

! b ra ck e t is rigidly mounted on the oil 33 Ilz; therefore, seismic
'

| pan) natural frequency for the resonance will never eccur.,

; i.are bracke t fn> 1000 liz.
. ita tu re 1 f rer;uency wi th iro tors
"I ! In place fn= 130 llz.,

L_ . !. .In
4

*

i
*

.

9E*f*o 39Vd00-G669 ON g,ogg'

j l'8/l/9 31M1 00 .n3g;

9b0t!0-00'J *ON 3393| -
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item Item
!;c . Description Method of Qualifica tion Comments and Conclusions

* ~
.

.

| 12. Lube oil s epa ra to r EMD calculations: Items 12-15 Natural frequency greate: thz
calculated as a system, na tural 33 liz; therefore, seismice

| frequency f = 299 Itz. resonance will never occur.
-

n'
|

13. Lube oil separator See item 12. See item 12.
bracket

;

14. Ejector end See Item 12. See item 12. I

.

15. Ejector chamber See Item 12. See item 12. f
I '

16. flanged flexible EMD calcula tions, na tural Natural frequency greater the
tube frequency fn = 537 Ilz (see 33 IIz; therefore, seismic,

| Ref. 2). resonance will never occur.
1.

17.' Air line E -10 cal cul a tions , na tural fre- Na tural frequency greater th.
'

quency f = 493 Ilz (see Ref. 2). 33 liz; therefore, seismicn,

i resonance will never occur.'

I
s

.
,

|
. .-
'

I 18. i Flywhccl (ring gear EMD calculations, natural fre- Pla t u ral frequency greater th. ,

! | and coupling disk) quency f > 75 Itz (see Ref. 2). 33 liz; therefore, seismicn

|
Also see Ref. 4. resonance will never occur.

I.

| |
!
*

i :/ . Crank'. haft gear Qual i fied ley Na vy liigh Shock Previously qualified for> .

; ! lest (*.ce Ref. 1). seismic opera tion per Ref. 1,

'.
.

9E*i'O 39Vd
00-G669 *0N *P0dd i'

'p8/1/9 3100 00 *A3d
9k0kl0-003 *0N 37V3 |-

-_ _ _ _ _ _ -
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| . tem | f I. tem4a |
Nr. ,. Description Method of Qualifica tion Comments and Conclusions-*

g-_
" 20. No. 1 idler gear Qualified by Navy liigh Shock Previously qualified for

Test (see Ref. 1). seismic operation per Ref. 1.
.

21. : Turbocharger drive EMD calcula tions: gear and Na tural frequency grea ter that* ,

gear spring assembly calculated as 33 tiz; therefore, seismic
a system, linear natural fre- resonance will never occur. i

.

1000 llz (see Ref.quency f = ' 'n
2).

,

I
t

| 22. Spring assembly
,

See Item 21. |
' See I tem 21.

s *

|
.

'

23. | !!o . 2 idler gear Qualified by Navy liigh Shock Previously qualified for
Test (see Ref. 1). seismic operation per Ref. 1.

!
__

-
.

!
F

'' 2.*,. Camsha f t drive gear EMD calculations (see Ref. 1). Prev'iously qualified for
seismic opera tion per Ref.1.,

I
<

.

i 2 .~. . Exhaust chamber The exhaus t chamber is rigidiy Previously qualified for
i mounted to the top of the seismic operation per Ref. 1.
j crankcase and was quclified by
, ! Navy fligh Shock Tes t (see Ref. 1).
I i

[- - -

75. i Exhaust chamber EMD cal cula tiores , na tura l fre- Previously qualified for
| c..paasion joint cuency in > 3400 llz (see Ref. seismic opera tion per Ref. 1.*

| 2) and alsn qualified by fla vy
liigh Shock l e '. t ( s e c !!c f . 1)..

-
.-. . - . - - . . . - - . - - . - - . n - ze g a 39y3 -

00-G669 *0N *P0dd
b8/l /9 3190 00 *A38
9bOPIO-003 'ON 37V3
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Iten Item.

'
. .: . Description Method o f Qualification Comments and Conclusions ' ,

__ i

F7. Adapter Qualified by Navy fligh Shock Previously qualified for -

;

Test (see Ref. 1). seismic operation per Ref. 1. ,
,

~l 1 i
i 1

28. Adapter to turbo- Qualified by Navy liigh Shock Previously qualified for |
-

4

charger (expansion Test (see Ref. 1), scismic opera tion per Ref.1. j
joint)

|.

!

!

29. Engine ramps Ramps have no effect on engir!
operation. -

,

i | .

1 i 30. Viscous damper EMD calculatico (see Ref.1). Previously qualified for

| (harmonic balancer) scismic operation per Ref. 11 -

'
! l

' -

! 31. | Governor EMD calcula tions (see Ref. 1). Previously quali fied for;

i | .
seismic opera tion per Ref. 1

t j_.

i i

{ 32. ! Governor drive Qualified by Navy liigh Shock Previously qualified for
Test (see Ref. 1).. seismic opera tion per Ref. 1.

, ; ,

[.

; 13. Governor drivc Qualified by Nav y liigh Shock Previously qualified for
gear Test (see Ref. 1). seismic opera tion per Ref. 1

t

|--
!

S t, . Injector control Ef'D calcula tions, na tural fre- All na tural f requencies grea-
linkage quency for t h t- shaft fa = 235 er than 33 liz; therefore,

:1 z . fur the lever fn = 122 Itz, sei wic resonance will nevr:r,

[ | . and for the control rod fn occur.=.
,

| 97 Ilz (see Ref. 2).-

, ______

; gg*1*C 39Vdj -

00-G669 ' 014 * 008d ~~
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1:cm . Iten
tip . ,, Description Method of Qualification Comments and Conclusions' ['

,

__

35. Fuel oil filter EMD calculations (see Ref. 1). Previously qualified for
scismic opera tion per Ref.1

.

36. Scavenging oil pump EMD calcula tions (see Ref. 1). Previously qualified for
seismic operation per Ref. 1

i

37. Fuel pump -Navy liigh Shock tested (see Previously qualified for :

Ref. 1). seismic operation per Ref.1 i
!n

| . 3 ?. .
i

Main lube oil and EMD calcula tions (see Ref. 1). Previously qualified for ,

;

piston cooling pump seismic operation per Ref.1*

g '

,

.
I

| 37. - Oil strainer EMD calcula tions (see Ref. 1). Previously qualified for
scismic operation per Ref. 1 |; j ,

*
? ;.

:

40. Fuel oil manifolds EMD calcula tions,' natural fre- Natural frequency greater th
quency f = 121 li z ( s ee R e f . 2 ) . 33 liz; therefore, seismic .

n
I resonance will never occur.

| |'

t
"

| 41. Pipe assemb'y, fuel EMD calculations, na tural fre- fla tu ral frequency greater th
| | pump to fuel oil quency fn = 72 Itz (see Ref. 2). 33 Itz; therefore, seismic4

| manifold resonance will never occur.

1 I I

*

6c 1 0 3Ovd
00-G669 'ON *COdd

ps/g/9 3190 00 *A38
- 9p0#10-003 *0H 37V3
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Item Iten
;;o .

| Description Method of Qualification Comments and Conclusions',.

:
i

)12. I Pipe assembly. EMD calculations. natural fre- Na tural frequency grea ter thflanged block to quency f = 466 !!z (see Ref. 1). 33 liz; therefore, seismicnfuel manifold and-

valve assemtly resonance will never occur.
i

43. Fuel oil c rc.ssover Power Sys tems calculations, Natural frequency greater th|
|

manifold na tural frequency for the 33 liz; therefore, seismic jassembly fn= 167 Ilz (see resonance will never occur. i '

Ref. 3).
!.
!

44. L'a ter pump EMD calculations (see Ref.1). Previously qualif'ied for !
.

. - scismic opera tion per.Ref.1, !
; i

e

1 .

-; 5 . Wa ter inlet elbow Power Sys tems calcula tions , Previously qualified by Navy.

| na tura l frequency fn= 167 IIz liigh Shock Test also (see
g (see Ref. 3). Ref. 1).
*

.

:
| 1 -

**G. .' Engir.e crankcase Qualified by vendor. Qualified for scismic opera-
-

'

! r,re,sure detectcr-

i tion by vendor.'

?

17. Pipe, s tra irer to Power Systems calculations, Natural frequency greater th
j scavenging rump na tura l frequency f 167 Hz 33 112; therefore, scismic=

| | (see Ref. 3). resonance will never occur.
n

*
I ,

'
,

*.
. Op*1*G 39Vd,

00-G669 *ON *COdd
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| Iten Item
.. t ,-

' i;; . . Gescription*

Method of Quali fication
-

Comments and Conclusions

48. Piston cooling elbow The piston cooling elbow is Natural f requency grea ter thanrigidly mounted to the crank- 33 11z ; therefore, seismici 4

( case and cylinder liner. resonance will never occur.Experimental tests shew that* '
the na tura l frequency fn =
1200 to 1400 liz.

ijt

:
--49. Strainer cibow EMD calculations, na tural fre- Natural frequency greater than3 quency fn = 2556 Ilz (see Ref. 2). 33 fiz; therefore, seismic

) resonance will never occur.+

-

50, shutdown solenoid EMD calculations, natural fre- Ro ta ry s troke solenoid, linear
:

quency fn = 395 llz (see Ref. 2). acceleration will not affectfunc tion; also na tural fre-
quency grea ter than 33 liz;
therefore, seismic resonance*

will never occur. t

{
|- ,

51. 'da ter ou tl e t !

f' adcp ter
Power Sys tems calculations , Na tural frequency' greater than

!
t

| na tu ra l frequency f > 67 Itz 33 I!z; therefore, seismicn8 (e.cc Ref. 3).I ' resonance will never occur.
\ \
' *52. Overspeed trip E"O calc ula tions , na tural fre- Natural frequency grea ter than1:ous ing a nd cover quency for cover fn

'

;63 liz; 33 liz; therefore, seismic=

natural frequency for housing resonance Will never occur. i
.

a nd co ver a sser.ibly f n > 1000
11 7 (see Ref. 2). i

|_
4

_ _ . _ _ _ _ . . .
. l,

ib i o aova
00-G669 *0N 'rOdd
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1.__ | Description Method of Qualification Comments and Conclusions .

, e

.

33. Accessory drive EMD calcula tions , na tural fre- Natural frequency greater than
heusing quency for the housing assembly, 33 liz; therefore, seismic

f > 1000 liz (see Ref. 2). resonance will never occur.n

i4. llater manifold EMD calculations, natural fre- Natural frequency greater than
quency fn = 562 Ilz (see Ref. 2). 33 liz; therefore, seismic !

resonance will never occur.

'

L5. i Water jumpers EMD calcula tions , na tural fre- Natural frequency greater than
quency fn = 1620 IIz (see Ref. 2 ). 33 liz; therefore, seismic |resonance will never occur.
9 }

6. Turbocharger lube Power Sys tems calcula tions , fla tu ra l frequency greater than
oil soak back.line na tura l frequency fn = 67 llz 33 liz; therefore, seismic

(see Ref. 3). resonance will never occur.
*

)
I7. Crcnkcase top deck Power Systems calculations, Na tural frequency greater than

'

oil drain line na tura l frequency fn > 67 llz 33 Ilz; therefore, seismic
(see Ref. 3). resonance will never oc:ur.i.

8

5. Terbocharger soak Qualified by Navy liigh Shock Previously qualified for
back pump test (see Ref. 1). seismic operation per Ref. 1. j

. -
6

| I'

2. "ater pipe assembly, EllD calcula tions, aa tural fre- Natural frequency greater than fbe:::cen wa ter punps quency fn = 119 Hz (see Ref. 2). 33 liz; therefore, seismic
, resonance will never occur.
| _ . ._ . _ _

_,

- ,,.; O 399d.
'

.ON rOdd
00-G66? nadgg

p8/1/9 3
9e0V10-OO3 .ON 3W3

-_____ - __ - . --



. _ _ . _ . , _ , _ . _ _ _ . . _ _ _ . . . . _ _ ~ _ _ . . _ _ _ _ _ . . . . . ~ . . _ _ _ ._ .- ._ _

:. _m . _ ._- _
1 , , _ , _ _ . . _ _ . _ , , _ _ . _

; . .

I~ - e.--. , . . . . . _ , ... ..

.
*

.

,!
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PROJ. NO. 6995-00'
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O. Effect of the h'avaiian Earthe.uake of April 26, 1973
.

Upon DO Power Generating sets Located in the
Hawaiian Islands.

.

.

Introduction

7.s c nanufacturer of diesel engine generator sets,
Electro-P.otive Divisien of General M tors Ce poration h:s
been requested frequently to rupply eviden: that these sets,

can successfully withstand seisric sh::ks ci the frecuen:y.

and arplitude usually produced by certhqu.kes. Several
*

approaches 1-ight he pursued to deran tre.:e the ability of
these units to withstand seisric chork. C:.. very offe:ti'.'2
n.ethod involves doeurentation of the effect of a r.hjer carth-
quake upon such units.

-

On April 26, 1973, c r.ajor er.rt!.yunke o urred in theHawaiian Islands. On that d c, thir*cen (13) p: var gar.ratir.;,/ ^ X, sets which had been nanuftetured by .150trc+:*otive M v:.cier.L~j. .- vere it.stelled in three r.:.!or utili ty .e tur: .c on th? isler.d:\ of Heunii, !' :ui, and D. uni . All c.. t;. se ti .rtccr. un .s wercii

subjected to the shocks and afterr.ho:hs prcd. red by this;

carthe.uake. .

.

Obiectives.-

The objectives of this report :.u: tu:.-fold:.

-

1. To describe the r.aj : e a r t h .*: t c w'.i r'.. o ccu r r e :'. OrApril 26, 1973 at 10 : 2 6 : .? . 0 :::.w ! ' t.r. s t Ar.d. f. t i r.e .
2. To describe the effect c! thi c..c thquake upon t'D

power go:sertting v.t: lo: .t.d cn t!.o ir.inndu cf
Havali,!-aui, and Lt. uni.

. .

De s c ri p t i on o f t h..e A..n. r i l 2 6 . M.- 7 3 E. . r..t.? .m .F..o.-
_ - -

The April 20, 197 3 c t.r thqu:':0 * :3 c f c:o; .i'..:13 1. 2 c r...

the T.ichtcr foate, a:.3 i s u; i c . .. o r .
ic : . :'d c: : . i .t v d :'19.00 1: orth: lor.gitude 15 .10 tu r . , . . r t ! v. north.ar: cn*

.

of }awail 1:1>.n', nea !!u n t :: u , .2 ,. .- . e l: 10 r il e *., .r:.of !!ilo.
.

.',,

>
.

*

h ). s . s...... . . . . .*(.. . . . . . . . .. . . . , . . .
,x . . . .. . .. .. ..,i....

pr e p:. r <. '. by R * " : ' e .~ r : : : . - ) . . . . .. . . .
*

* '

Cc ol t' :i .:: Sv.'.. , :a' c u . .. . . o *. . .- '

'

z. ts i. .
. . . ..

.

D
L

,
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De.scription of the April 26, 1973 Eartheur.ke (Continued)

questionnaire card canvass. This account categorires the
dar age wrought by this earthqual.e a : rding to the relative
seir.mic intensity, begir.nin; with Intensity VIII en the
island of Hawaii, and concluding with certcin cer...:nities
on } cual Island in which the ehrthquake uss not felt. A
copy of this report is contained in the lippendix.

.

It is anticipated that additional infor- ation vill be*

pul. dished by the U. S. Geological Curvey rcistive to Streng-
P.otion Instrurental F.csults of the Earthquake of ;.pril 26,.

1973 and aftershochs.

E!D Power Genera tine Se 's 7. ora ted in the- 1M .rs i d a n 7 '. 't .d t

fit the tir.e of the April 26, 19I3 carth: t%c, therc w re
en thirteen (13) 12 D -r ctuf .:tur: d p:t :r er: : : ting s ett. .. n - '

- stalled in t he linwaiit.n Islands. !.; cv .a (11) verc ::P-4 5
P t.etc which in:1.d2 ? oM 20-C'it? f.. gin * r.nd two (2) were.

\ S36Gl cets which include P.a.!.1 1C-557 ;'s e..gines.

Since the ear th::u .he , three (1) c 'ii . !:nt.1 EO !:P-4 5
genera ting s e t s h ave be en 1..s ta l..'.e.d on ;!. i ci t.nd n:. rawaii.
A co..>3e'.". lic'.

" ".".3 P v .- C r . . . .- '. .'. . ; - .. . ., t v. . . '. s . . 4. ." s. . . . . . . . .

the Hwaiir.n Isi:nd:: i s she.r.1 in 'It b l . 1. C: the t :ci cf
r.i>: teen (16) E.':D g 2 n e r c. t in g re t s , f e u ; t c : .: (1/) 1,ctr. are
D:D P.adel 1:P-45 sets.

De s c.r i o t i e n e.f T.''.D l'?-/ 5 G:.n n r a.t. i.r ..P t- - - -- . -

General P? tern Electro-!bt!.v2 O! viri?n .trufactures en
!!U Type power pinnt, derignnd fc,e the ci -ific p..::...c cf
providing AC p: . er at 4150 velt::, 3 pi ' F e , CO cyc..c f0r
}- . ). in g , cpinn:ng reserve, nn: ; .::: h d .. . . r c t i or. ; : .41-
) 1 plants are capabic cf c ni.tien nt lever v:lte.;c and
f.....uen 3 . . s . n. . o.n. < . . r. s. 4 . 3..........e...e, . t . ., . . i . .4 . ... . . . . . .. . . . , . ...

.

. ..:. .

e,. . t >, o . a . . ... . u.
a ,:,. ~. . a . , v. . . . ...( .s..., . . . . . . . . .

. . ..c,..,.. . . . ._ .. . .. . .. . . . .

r; illy, f ull 10::d c. : ->.ti:n n ; : -| c .S. i s t. t t e
*

. . . . . c-- .:G -.

It. ate)y 3 rinut.cs aiter a st,v.: c!: .s ' : r n e c..:.1 top::r.'.h:.

on t.ho r.u-':c: uf unitn t3 3 ny ucc<. .h , ::.t |.r
' '

. :.:...

for fact nteir's, full 1 : - |. t"-- .ica i...
-

. .:' _
. . .

; thnu; 6 cr. y '- ' .' .: . c : . >. - 4; .

- r '- - - --- -

;; p-, < . . . a u s. . . . . . . .<
- * . .

.

.s ;
,

.
, . ..g. . .. .

p:a:eln in th. : i t .,:h
,

.r;. . r. .

.

A
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Description of EMD MP-45 Generatin- Set

Each MU type power plant consists of from one to five
MP type diesel driven generating unit:. An 1F-45 genc:iting
unit consists of a shid r.ounted enclosure housing a 2C-f 4P4
diesel engine directly coupled to a Model A20C synchrer.ous
cencrator, and the recuired engine rupporting auxiliaries,
such as oil coolers and filters, an engine cooling water
system, an engine exhaust snubber, a fuel sys:cm, an engine
control panel, and an electrical control cahinct. The-

generating unit outline is shewn in Figure 1.-

The control ecuiprent ne:cssary for cc pletely auto-
Inatic operation of the MU type p: war ple:.t is heuted in the
switch gear station regardless of th2 nu.ber of gencrt. ting
units in the instcilatica. An outlinc. of the :witchge_
station is contcined in rigure 2.

'

-- A typical site Icyout end typicci foundt. tion crre.npe-
t isent are contained in ri:'urc 3..

(
With respect to the types of foundation: utili::ed in tr e,,

linwaiian Islands, the three (3) MP- 4 5 ur. i t s c:. .'.a u s :. c. rc - .
conventicnal railr ad ties ex:c:pt for the tw.it:ng:..: 1:t :n
which is r ounted en a reinfor:o:1 con:rcte rinb. rigur . 4
c'epicts the throc (3) MP-45 ur.it: r. d. r wi t -r . ..: s tr.: i ::. O f
Kauni riectric Co., located at F e, r t J.11cn. '. h e t'.. o ( : )
S36GA units are not s h o ,.1 in thin r!.otegraph.

All of the MP units and swit ch;ca.r rtatio:.s on the is-
lands of 1:2waii and !::ui are rountc. cn reinfcreed ena-fo t
thich concretc sit.bs , essential'.y c:; de.:d..tci in ri gurc. 5,
an actual construr: tion drawing. "h thr:0 (3) M.'-43 unit..

8ite of the !!ilo Elcetric Light Co. , .Ltd. , loc!.ted at Fai: e t
(1:amuela) on the island of Hawcii is sh:wn !.n Figure C.

The reinforced con rote sicb: are cim.rly tho..n in
Figurc 7, which is a ph:tM rcph t;h.:n of the Mr alt en, ". su:.
site of Maui Els.ctric C:,., L t d . , i' e : } o .c. . 1:. .; t a : 1 c.t . :.n o f
the first of three 1:P 5 uni'.s in 1Hl. A i. r , a;: :,wn i;. t h a .
switchgear station. . .

.

( . p e f.g . ,. s r e*. f,...t . ' . , p .. 4i. r . -*

c. :
. ...... : . .:. . i ' }a-n e- . . . ...a.J. .: t... ..=:t- .

-1.

. . . .. .a. ....b _P r.e .. . .- . . n.s . : ... ...n....i

*; h :: f c:17. in s :- *is c: '' n . r,f r .' .. -
-

. ..-.
, .

< e.u ~<.a, v.,...,a.....,e....
.

<< . . , ., . ..o. .. . .
.. .

. . . . .

( . i . . .1 .~ r c r c : . , :- - -

4 .e
- - .

.. . ..

n r.d * : c . v 1...- t :: -: . e. . . . .

' *
-

,. . . .
. , . .

$ .'e*. c. #*f ' , ) @ .! $ $, f} 1Of . ' . ,v. . -

v , __

*
. ,w ,



,
,

.. .. . . . . .~ . . . . - - ~ . . ..

.

i
;
'

..~ , . _ _

.

* CALC NO. COD-014046
REV. 00 DATE 6/1/84

Page 4 PROJ. NO. 6995-00
' * *

PAGE D.1.48.s .

t
-

.

.

. . .

.

'

On the Island of Hawaii
.

Out of a total of five 1:P-45 units installed on the is-
Innd of Hawaii in the !!ilo riectric Light Company's syric..,
two of the three units (;13 and (14) ist 1:sirca vere operating
et 10 : 2 G ;.", 1spril 2 6, 19 7 3, each carrying 2,500 1:W. Fhan*-

- . 4 i' the carthquake hit, these two MT-45 units, along with a s:c::.
and a hydro unit werc ). nocked off tha Jine, cresting t. Icss

*
. - r. -

* * ' .'' of about one-third of the sys cr. 10 d capacity. '.ne t13 and* -

(14 Uair.ca units tripped, presu: ably on over-current relay.-

At 10:3G /di, the elect ic cor..ane c. ave an "all'' unit.

ctnrt signal. The (12 unit at ir ir.ea cud the 210 uni: st |a

liilo came on line (fast start), carrying 2500 MW u ch. ' he
'

(15 unit ct }ii]o had a high ep ad dif fer. ntial rs'...y tar';;
r.howing .'.nd f ai] Sd to cer :: cn line nt th:: tire, p:ssib'.y
due t o the car th:;:ake, since it vss not en line during nc

(g't cc.rthquche. It was reset later.._
t /
p

i ht 11:25 t.", the (13 and (1t. units et Uair.ca vere rer:t.'

' 'this was done by an electric cer .a.ny erpinyce vh was ci112d
out, sinco the units are ur.atti ..ded j a the r.orning. Cn'.y t.' 2
(14 unit was put on line at 2,500 :~.i, .~ollew! ng 4- 10 rinu.
idic period. .

Coveral days af ter the carthquaha, two D:D cervic' cn-
'

gineers c..fe o tho::cu;h incp: etica ci the ! U sitec r.t dilo
and Mci:-on and could find no evident r; . dunge0- rh ! !L' .-

~

of the pos:er units or switchscar. Furthen ore, ns..e cf the
sla. : ucre cracked..

No repairs vero needed on the MP45 units. C..ly the re'.ys
ucre checked cni reset. 1.11 u n ?. t c v:: r t operctad :.r. isi :-
torily Inter. in electric cc. puny official also st.. nod th :
4. b, r v cs..*.r 1. n n . 4 .2 e n. e n. ei

. .% r s.. s .. . . . ,* s- m. n. 1 o s. + > n. .v. o. .i.* %. s.o. . . . e. .
.

*
. c.. . -..- ... ... . . . . . .

forced concrete slabs.
.

On the In1cnd of Maui,-

.

.

Thrco !:r-45 units wre ins c:lled On th: ',s1' .i : f *"i
$ n ( }n, f . , .. < v. . L. - . .4. r....,.......... .. . . . . . . s. . &. .. .. , , -... . s . . . . . .. . . .. .. .. . . . . . . .

,o o .r. t... ,,. ..:y a...,, , .
. . . , . ... e. i . ...s.... .. . .. ..

. - . . , ;.
. . ... . . .

.. .

! 1o . . t i e.i . i. . . : . i : v ; . '. - ....: ..
'

-

. . . . . , .
: (33.....,...<.. .

. . . .,..

Uho., y c e ' :: ~ el: L ? .. m .; ..!~.- ',U- .
.

-
'

-
. .

u ,n , , i. v.. . v. ,.. r.. . . . ..,.4.. . . , . ... .

. ... .

cc.. p:m y ~. .: . . - . c d h. r >u: ,- c : .; .. ., .. .
. . .

. . . - . . .-...; -u . 4. . i . . . . ,....!. .. ... . . . . .. . . .. . . . .
h
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On the Island of Kauni

on the Island of Knuai at the tir.e of the April 26, 1973
earthquake, there were three MP-45 units end two S36GA units
installed in the Kausi Electric CO.pany't. rysten at Pcrt Ellen.
One of the MP-45 units was shut down at the tine. All other
units were running, including the systcm steam plant.

An EMD field service engineer was present at the MU site-

at Port Alloa and was inside ene of the MP-4 5 units at the*

tino of the earthquthe. F.e was not aware of the eirth::a).e
until advised by the electric cor cny p;rtannel af;er he
er.crged fren the unit. There were no rep rted prcble 3 vith
the MP-45 or S35GA units, either electrically o- r e c).a n i c a ' ly ,-

~

as a result of the earthquake.

'\
.-
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DD Power Generatir.3 Sets l

'.

Located in the Hwaide.n Islands

Customer Delivery Engine Ge.t ntor Gen. Set l'..it E n i - - :." '
DDLocaticn Unit No. Date !!odel MO iel F.odel L s b u:...;!!Au?,II Hilo Electric Light Co., Ltd. , . . . .

Mainea-
}:anuela 12 8-70 20-645E4 A200 11P4 5 2500 27L;

13 2-72 20-645E4 A200 MP45 2500 27E:14 2-72 20-645E/. A20; MP45 2500 27!;ranocle.ca-
Hilo 15 6-72 20-61.!E4 A200 1:P45 2500 2 's i L16 6-72 20-C45E4 A200 l'. P /, 5 2500 2 ', 5 *.IN

VJ' 9-73 20-045E4 A200 1 P45 2500 271

m

1:ailua-t
:ona

3-74 20-045E4 A200 1:Pt. 5 2500 27;*.
3-74 20-645E4 A200 lP45 2500 2 '/ 5 '. .

I'.'H - 1:'ui Electric., Ltd. .

113alcea
10-71 20-G45E4 1.200 MP45 2500 27;;
6-72 20-045E4 A200 MP45 2500 2 7 :-
7-72 20-G45E4 A200 l'.r4 5 2500 275C

.

.

d'L Unual Electric Co.
Port Allen 3-6? 16-507:24 ;.15 C

S3601. '6 ' ?--

4-G4 1C-507D4 1.150 S3GL
.

'
* 2 ; ; .'--

5-C0 20-C45E4 A200 !!P45 2500 7 7 ' *.

'

*

fn
i ! 6 - C .' . 2" C'.5:'.' Aa 0 !. .' i. L' T~..I ^'

5-51: 2 0- C. ' ;;./. 1,? r c ! r : ~, 2;; .s '/
.

.

.

O
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26 April, 30:25:2S.O.1.:ena.ity Vill . C'.en:Macd.-

creaked strongly. Loud earth noiscs. 7:ces t.nd bashes shxsh; veh!:! ss,
g( ,

<

.
- *

rod:cd. Ground cracked; 3=dslides; water dis.urbad C.im=cys, to:r.b-,
,

.
.

stones, elevated water :a..hs, etc., cracked, twi::cd, amd ove.:.=ed..

.
.

.

*

Hr nging objects swang violent 3y. 5:nal! ebjec:s c':if:ed, ove:- J=ed, a .d

fell. Plaster cracked, broke, c d fell.'Damnge mo'erate. Groc:d: Level,
. .

.

.
.

-
. ,

..

s)oping. ...- '. * *. . .,.

.

'.
.

. . ... . . . . ..
.

.

Ookala. Felt by ar.d aw-der.ed nl: it, co: .ma:ig; frid.:c .ed m.'.ny (shser.::..

..,
. -

. .. .z
. . -

standing in cid, o::-story waad fr.r.e buildl:g). Wi: dows, dos s, :::1.

s.. - .

.

dishes rett 2cd. Fain; c r:h ::ise's. Trees cr:: 12.::hes shook; v&ic!cs red:::i..
.

.. . . -
.

. .

c:on .3 c . -1 e.,. y. . .a...u.. .s. w. , v. . ex (.u. ~. n.a. . e . u. - ~-,~ s , t .,. . ..' s *m .~. ~. s ,
.... s, .

. .. . .. -.

(h3
-. .

; clevend water t: .hs, etc., twisted trd o.cr:.:=ed. H1:;ing cbjn:s ; g

.

. .

moder::ely. 5:n.11] objec:s cidf:ed, over.urned, r.ed icil. F:=?r.:re shi! :d.,

.

.

.
. P1 s:,, c ....., w...u..,...,.,.,-.,,... -...e.. g..a-..

. ,...,,a. e-- .w.. . -

--...,-..~.s.r.....~ . . . . --.a . - - . . - - --.-.-
.a--

. .
.

..

s!Idr.ly off foundatie :. Ground: Cravelly, 12.- :1.
. .-

* *
.

. ., .
r . .

. ' s:.

f.. ., ,} Q 3 f r.1. g b,. , g, y.*~- \= y.. *. r*- , . } =. r'. .f =.* c3. .. s.. r A = " } E_( * *m. ..~. . n* .- *- ~ .;,,e-.p r m_s1 m...t..-
- .

*
, .. .- .. , - _ . . , ..

.
. . . . .

. ..
(observer c::c. ding in old, one-s;ory v.o d frr.:ne b::iiding). 'lli .d:a.s| d:.ua,

.

.. .
. .

. . ' , ' '
a d dishes rattled; bci]c'.img rumbled. I.md card noises. Trees c:d h:6 s,

|
-

.. .:.... . . . . .. .
. .

.

.shM:; veh!:les rocked. Ground cred:ed; P- "" *^s; v.a:e di.e. .:rbed. -

. ...

. . . . . . -
'* '

-

Chinu:cys, tornbs: anes, wa:cr : .t.s cred::d =d over.nzned. iia:1. ,; ch; ::: ''

.

. . ..
. ..

, .i sv.ung vio!c;;:ly. Sr.ull objec:s shi.':ed, over Jned, and fell. Fur:Irma s?.li : C
.

-
. .

.

.-- .
.

.
.

end broke. Plas:cr cr:.:'.ed, brok:, and fdl. S*m:'n..s cr::h:d. 7.:c' P.;h:'d.-

m
i .

* , .

. h.- Da:. v'': gict.t . Uro.m': S; cit.g. -
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.

' .. . .. .

-

i

Papaikou (:bo.:: 6 ):n nor:h of Hilo). Felt by, swd:enad, re.d frijf.:ened an in
i (s ..' 1

commurJ:y. '"farJe in a sense." Obse:ver s::sfieg en firs: Co:r cf cid,,
.

. .
.. .

two-storf wood frame hdiding. Ylindows, doors, and dishes rc:. led.
-

.

.

, . .- -

Douding swayed ear.:-west. I.oud carth noises. Trees and bm.;hes shcok
.

.
. . .

.

and swayed; v:Idcles rocked. Ground. cracked; 3 dslides; water dismrb.:?...

,
- .

.. . .
.

.

3 Main waterline broke; cesspool caved in. A11 boUow td e cc:::::e s.eps
. . ,

. . . .s . , . . .. . . . .
...' ,'

crund.ed a:0 feU to the gnx:d. Hs:y g chjet:s swang violer:2
.

.,

7 cc :-wes..,
.. . s. . . . . . . . . . .

.
. . .

.. .

j. - * . .. ... .

. SmaU obj :ts overm: ed and I-U; an obje::s on sh:Ives feu. Fer..j=re
.

.

t,. . . ... . . . . . . . .
.. .

I .... .-
.

shifted and overa:::cd. Plast:r brc'.e and icH. Tiindows cr d:ed. F: =i -
.

.'

j
.

. . ~.

. . . . . , . . . .. -
. . . . . . .. .

ti.on in, yc a. s>.ct
<- .

cm. w.. .. c . ...,s.n..v 5.,aco..r:.....a...y
a . .. . s . ., e . . . . . . . .. .c ,. . <. .

.

.. . . .. .
. . , .. . . .

.
.

(% . ..

s
_ c r~. chs . Tioo .^. ir m. ~. s *.. ' . . . . .~ s ~. . ~v =. '..(.~. ~. . .' . . ~. '... .n. . ...e.".n ~. . ,~. u . .~. ~. .

.
.

.
. . .. . . . . -.y .. . ~; .

.

Press reponed s:me hcmes were r.h-J:en loose from fou.:'.: dors. Fr:.:: d::: .-
. .

.

. . . .
.,..

.
. . .

,
o.r on ,ys. .~..

c c . ,. .' .~ *. .^. ,", c " .. .'. m' - - 1. d .n.- d.'.. . . .* . ' . O.~. . r e.,. o . . .~. - . v. ~
.

.. . , . . .
, . . . . . -' . . , .

s 'sn t e d a t ~1 ".,. .. .... ~. p ' c ~s,2 .". * *, .~. ' .;, " e.. '. a
v.~.. . ~. r . . ~;.- L .' .' c . .n ..;. .. ~ .'. . .m. . .. . .~.

. .

. .
. .

. .

....u. . ... .
-

damas: to v.nter11:es. Tne ir.os: severe sm:ctarel pr:Mems to s:7.co!s
. ......... .

.
.. .

.
. . . . . . . .. .-. . . ... .

. . . .

occurred a ?.e K.m..icc .no!c S . hec 1 at Fapai:.:ou, cna tf the hrrdes; hi::_-. .s.
.

,

. . . .

.

..
.

. .
.,. . ... . . , .. .M. '

'Ibe. roof dropped 'I to 10 c:n sad a ceiling w rp crpene' h2:Teec: the : co
,

. .. . .

*. . - . . .

. . . . . . . . . .. . - .
. .. .. . s c. ..:. ..

piincipal sections of the mab building. Greeni Red clay type cf so!!, Icyt!. ,
- . ..

,
.
.

....
. . . , . .. . . . . . . . . . . . . . . .

..

.. . . . ..; . ... . . . . . .- -

Pepeckco. Felt by, av,2kened, and fri .htened 2D in c3 r.:- uni:7 (:6:ervers waJ.de; .
.

. .

. ..-
.

. . ;. . r ... i '.. ..-

shting, and st.-ding in w:::!-h:! t, c:e .;tnf centre:e til b.:it.:Ing). Vi! .rc ;,
.

.

,.. . .. * . . . , . . - . . . .. . , .. . *doors, and d:shes ini:!:d. Loud cars noir.cs. ~a r...s .,. .a.1. 0 ^ ~. s- s . . . .:.l, . . .. . . ..
. s
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a.cd watc2 1.r.hs sh .J:en s.verci, . S:anc wall ovenurr.ed. Ilan.;ir; ebjects
.

. .
-

.

.
,

.
. .

.

swang vio::r.:.:y. Small objects C.i.' ed, ovezwar.ed, and feu. I ur .!:ure.

..
.

.
*

shifted, over ur :::d, r.nd br:k:. F:cster cracked, broke, :d feu. E;Us: g
-

, , . ,
, ,

.. .

.*
.

.

cracked ced sc: JcJ. V.*Lndows cr::1.ed. Damage moderate. Grou:d: Com-.
,

. , .

. . . .
. .

.., pact, IcVel. -

.....
. .

.
.

.
.. . .

-
.

.

. : k.' . Tate _n.sliv VII:
,

.' -

Honokna. Felt by an and fri ;'.tene:' me.ny in commre.ity (observer worki::s it,
. .

. . . . .

I
. . one-story wood in .e Nildirg). V.'in ows, doors, and dishes r . !cd. E.dd-

- d,. . .
.

. . .
. .

g.:g .e w ..,.. ,.s an d e .' . -~. . d a s 12. ... ,.' . .* * wo .I d c ." .,- s a. . 1.r. > e. : *. o.:.e..'s .
..

. , . . .
. .' . .

. u. .s

. . .
.

.

,c. s. ,.s .,.o ,. . ,a.. G o. . a. c . . a i . . a.3 u.a e. . s. ., . .. p.: .,.. . .. s. . a s. ., t w
s.. .

. .a.... c. . . .. . . . . . . . . , . . ... . . . .. ..
.

.

..: . .: .m *

c on , s c. . a. c.3 . . ., . . ., . . .a *. '. . t .'. . . . .s'. ~ .'. ". ' o ". .' . .". .- . .'. 12. . .,-"., c ' ". . . ss, .
,

..
. . . . . . . >s .

.

.

,
-

sw. ..g yn. . ., ..
.. ,. .c... .n. e :n.-m. .e._.e.,a, c.a c . .. a, a. n y. pa..:. ~...e..rs.,...

s e. . ,- . ... ... . .. . . . .

.
. . . . .

. . .

. p33 ,.,.cr.c: d, b. v- k. a , .... .*. .' .e ' - s . . , . .b. . :.' .". . . . m. : ... ^ . w s c .e. ' . ' . _ .' . . .-. . . .,. .. . . . . - _. .
... . . .

. .. . .

..:...
. . . . .. . . . . . w gc.,.,f. p ._ moe . . c . . . . .a. C . . .e- ~. , P.u" . c' : , 1 ~. 5 c'. . 'r . s s
p . s

. .. ... . .
. . . . . m. . .

. . . .
. .
.. .

. . . . . - .

re,, o e u' t '. ~ S m.. t ~. c .'.n. .'. ... u~, c , . . '. 3 ,v ~ '. ., .~.3 . . 1. .. '. er. . .- . .c .v .~. 1.. . :
, . . _.

-

.. . . . .. . m *
. . . . -

. . . . . . . ,
.: ,

.
. .

.. , . - .} age. At the Honokas School, c e:rricity e.! ..ater veer: c'f for a v.t le: s:-. .::.
.

-* . . ~ . . . . . .

,

. . .
. . . . . , . . .

.

.
.

:,

pn. p3 n. ...yu. 3 c5 5 } c -n.a . cu e <.~. e. s : . ~, r.- . v...6 .a m.y o. .-c .. c s' .3 o .~. .crg.. ,. .s .
. , a

. . . , . . - . , . ~~ ':. .
: ::, . - , .

* . . . . . .
.

.. .
.

.. .

:f.:. '- Iooking cracks.
* .

*
.

. ' . . . -
.*

. ... ,. .. . -.?? - . .
. .

* * . ...:. T.anuela.
*

Felt by observer sisc.'2:; i vieu-Nih. one-storf brick b.:ile.i ;. I : .1. - .
,

. . . , . . . . .
.

.. ...
.

,:.'.. - I .- carth noisco. Ground cracked; k:ds:id:s. C.i:an .ys sud tcmb:,t n.s crn:':.:.I,.
..,

. :.. , . ..
.

.s. . . s . .
. ,.

".'...' * . .. twisted, and overturned. . . .. . .... .
- * *. *

... .
. ... ..

m
.

.- .- .
.
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.

/ y
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( one-story wood fr:.::.: r'o!! ding with con rc:e Do:r). Windows c!>

-

} 3rs, a-d,.

dishes rc: led; bMd .g crenhed loudly. Loud car:h noises.

H3 ses shed::
.

trees ned bushes sh:,.k: vehicles rocked.
Hnnging ob.ie:ts sme:r, 3...-u .

-

ately. SmaD objec::
, ..

shifted, overturned, cad feu. Ferr.i:ure s.~%..a.
.

.
s

Plaster cra:hed be:v:cen ccUing and 4. ads.-

D:r.23: sli '.t. Croard: C:r.-S.

pact, level. Press rep ,rt:d damage at the )*dokikiola C urch was es:i
.

'
-

mated at 575,000.,,

-
.

,-
- -

Keakea]:
. .

.

, . 23 Scht,ol. Sch ,,1 b.:Uding F. :i water tz:
9. sh!!:cd c: feard:hns ( rc :).

- -
.

Kohnja. Press reported c'..=:ce :: the J'22:a Hi;;h S:h: 1 was*
. .

.

es::= :ed at.

c -

v20,0's.;

-
.
.

. .. .

.
b u, ..^. <. ',. o ' .

F .4. * y' , . .. . . .',. e .. . .* ,
s .

.
'. _- . .
.M 3. - .. .' .- U .i.a c v. . . . . . "_- ' . ,- ( .'. ." . . . ..-2....

. - --.
g'

.

.

s.' t:i.v .<n c' '. ~ " - b> .". ', c.. .- .~.. sr> .'. . a .': .3) . . . . .. .'.o .,*srr ~' " '

. .

6t .
. n .- "*

E_'_"_.''..,~. . - . .

. . sway 0:'; v..li sv ay:d. JA.:d canh n:ises. SmMI chjects fv1-~~; vier
,

.

j,, ' books, t. d pa,rers c: ci.cif.
' . v res,.

Fur :!: re shif: .d. I. the Ln - -/. v- ,2 sc. . ,
. .

;
' press reponed & mace a: th: co.

n = uni:j-se.ho:1 Iihrtry was es:Imw:d c.:-

$25,000. Nearly all c; the new jt37 7./ ceiling p: ds f6u a.(i: 6 2 cf the. ...

} .. ' .
.

minor celur.as was rpn:.1.3so, there was much shatter!:3 cf y *.
..

, ,

' . , , facing mahal. ss pre}c,.
. ..

. ' . ~ ' . . .:- .. , . . . ..
.

. -

< . ~ . 1, '. . ,./
.

. .

h'.alv.0:ona E-idge (' brth Kohaia dis::ict). Press repened
,.:s .

,...- ' .
,.

,-..
. .

chr_?.g2 to th: hr: '_:., - - .

was es:imated a: 420,0:3. s..
.. .

. . . .. . , . .
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one-story wood frame Nil).ing). Windows rat Jed. Load canh raises.

.
.
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Dn' slides. To .bstc:es crc:13e,.

twisted, and ovenun: d. Hangiag obhets sw.:rg vicies:Jy Sm ll.
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a objects.

fell. Fum!ture shi! :d. Win:!ows cracked. Ground: P.od:yInping.,
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at the.
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. we no: iced old sicae walls snroundin; a pas:.::c were ensmbled a.:d had
!j .. i .

fallen southe:st--tov.ard Hilo." Ground: 5:e:p, cast slope or !bles e2.

.

- Crater. - -
-

..
. .

-

.,

..

.' Hana Dis ri:t (east Maui Island area). Press repo:.ed pap:ya trees werc ):::3d:2d.

.

;- down in ce H:na 'disdet. .--,

.
..

-
. .

-

H: uuJa. Fri fitened ma.ny in commurJ:y (observer sit-ing 12 old, f.[:!y we!J.buil;,
.

one-story brick b.dJdin;;). I'ai.: card noises. Vehic!:s rod:2d. U: der-. .
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ground pipeline broke. Ground: Compsc:, Jevel.
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l'ealchchua Day. Ir;ocks icd (press). PAGE D.I.71.y . .

.
. . .

Kundsto.m. Water tr:.k almost ovenurned b.ress).
'

''
.

.
.. .

1/.aul Ish:d (Wes: 1. Sui-P :1 Highway). Press reponed rocks icU c t'.e Wes:
.

. .

.' . .

hhul-Pali lii@wny..

.

hbuca Kea Deach Hotel (South Koh:!a dis:rie:). 2.'c:h piar*.er fell hress).

. Naalchu. Fel: by and frig.:eaed nu in community (cbs:rver wa'J-leg in v:eu-
'

b.:ilt, one-ston woad frame b ild:g). Wind ,vis, doors, c d dishes n:.1.:t.

.. .

Joudly; bu136 g crecked very Joudly. J. cad eanh noises. Trees and 1.:che:
.

-

.
shcok; vehicles ro:ked. II.u,,ing objcc:s sv.;::g r..cde:..tely. S= Cl cbje: s.

. .

. .

shifted and ovenur:4ed. Ferni:tre s',il:ed. D::mep s!!;ht. Ground: C.m~.

O
( - pact, Icycl.

__

'. b'2.ilos Surf Hotel. (?ress) is coaph of via:e: pipes breke, some 1erkare. W:: :4
.

.

.

oycr cetr:.=:e to Cro..: ?.::.= \;ere cr:.:1cd. S me s:es:s n . cc: side.T

.

.. - Damage ycr/ ri! ht.3
'

. . .

Paauilo. Fel: by and ici;;':::ned nu in comrau .iry (c' n:'.er cer' :: m d2 L w :1-
-

* '

bailt, one-stoq h:Uding; g?nered merch:: disc store).*'Windov.: , d es, t.-d -
'

dishes rattled. I.oud ear:h noises. :-!anging cbjec:s sv.vng vie:cr:'y.,

S:-- ',

.

'

objects shined nnd fen; sh ses broke. F.:rni::re. chif.ed. W:.lis crac'::-l.
-

.

. .

Plaster crecked, broke, ced fe!1. D;rr:ce moderate. Grourd:
- - .

.
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'
-

Pchos. Felt by ar.d fripscaed all in com:n*: Ir/ (2:: r.er ci::ing It w21'-hu:.. ..,,
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was estimated at 0503 (press). .

,

Poh21 aloa (abaut 431 m dae wesi c' hue). Press reper ed there was ab::: a
.

- .

0.6-cm crack rurudas across r;-:Wh:v FiMd, an old Army : Irs::.,:. *Inere
.

.

also was minor damage et the 70s: Exc.5 ange and Chb; bo: les fe:2.s-

Pu=N-ko. 2.iuch merchr.lise fell from s:cr:. shelves (oress).

Volcano. Fel: by cbse:ver st:nding in well-b.:ilt, o::-s:ory wxd fr:..ne be.ild--

.
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