
Nine Mile Point Unit 1

Equipment gualification

The Electrical Equipment gualification Program for Nine Mile Point Unit 1

is an on-going program b'ased on qualification evaluations performed in
accordance with the Department of Operating Reactors'Guidelines for
Evaluating Environmental gualifications of Class 1E. Electrical Equipment
in Operating Reactors". As such, evaluations performed are subject to
revisions reflecting new data input and quality assurance reviews.

Table I attached lists the reports being provided as requested-by Franklin
Research Center. In some cases, the reports have been updated and the
more recent reports are being'rovided. The reports upon which our
earlier submittal was based are available for review. Conclusions of the
more recent reports may effect the qualifications status of certain
components from our earlier submittal. Niagara Mohawk is currently
reviewing these updated reports and will provide revised system/component
evaluation -work sheets and additional justification for continued
operation, if appropriate, by April 2, 1982. Identified below are those
components whose qualification status may be subject to change:

Manuf.

ASCO

Component

HUA-90-405 Type 546

Sept. 81
Status

qualified

Possible Change

Assessment Ongoing

Fisher Electropneumatic
Transducer

40 Year Life Assessment Ongoing

Kerite

Limitorque

Cable

Valve Operator

gual ified

gualified

Assessment Ongoing

Assessment Ongoing

Namco

Rosemount

Position Switch

1151 DP Transmitter

Microswitch Position Switch

gualifed Assessment Ongoing

40 Year Life Assessment Ongoing

Not qualified Assessment Ongoing

In addition, Table II attached, summarizes Franklin Research Center
requested information concerning TMI-NUREG 0737 Action Plan/Equipment
installed at Nine Mile Point Unit 1.
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TABLE I
Equipment Qualification Reports

REPORT REQUESTED BY FRC

NUS Report 1961-0005

NUS Report 1961-G080-001
Including G.E. Letter Number
G-EN-8-18 dated 2/24/78

Burndy Test Report TD-78-595A

NUS Report 1961-A383

NUS Report 1961-G049

NUS Report 1961-A382

NUS Report 1961-N007

NUS Report R369-001

Laurence Bulletin for Series
500 8500 HP Two-Way Rotary
Shaft TypeSolenoid Valves
Issues and Drawing 42600E

REPORT PROVIDED TO NRC

NUS Analysis - 1961-0005-001
Environmental Qualification of D.G. O'rien
Connectors

NUS Analysis 1961-G080-001-Rl
Environmental Qualification for G.E. Type EB

Terminal Blocks at tNP-1 and G.E. letter
Number G-EN-8-18 dated 2/24/78

Burndy Lab Test Record 79-601A
For YA, YA-DTW, and QA-B Type Uninsulated
Terminals

This should be NUS Analysis 1961-A382

NUS ANAL-G049-001
Assessment of O.Z. Gedney Electrical Connectors
Serving a Safety Related Function

NUS Analysis 1961-A382-001
Assessment of At1P Terminal Connectors Serving
A Safety Related Function

NUS Analysis 1961-N007-001
Environmental Qualification Assessment of NMKO
Limit Switches Series D2400X and SL3

NUS Analysis 1961-R369-001-Rl
Environmental Qualification of Rosemount 510
DU Trip Units

Laurence Bulletin 500 and 500 HP Issues

EQUIPMENT AFFECTED

4 Pin g8, 19 Pin 816

EB-5, EB-25

QA-B

AMP-Ring Tongue Terminal
Connectors and Butt Connectors

Type XL 8 XW

Ring Tongue and Butt
Terminal Connectors

D2400X and SL3
Limit Switches

Rosemount 510 DU Trip Units

500 and 500 HP Solenoid
Valves





TABLE I (cont'd)
Equipment Qualification Reports

REPORT REQUESTED BY FRC

NUS Report 1961-A499-001

Micro Switch Test Report
Ltr-24407 2/24/77

NUS Report 1961-M302

G.E. Letter G-EN-0-164
dated 10/16/80

NUS Report 1961-R369-002

NUS Report 1961-F080

NUS Report 1961-F130

BWR Equipment Qualification
Summary QSR-44-E-01

BWR Equipment Qualification
Summary QSR-96-A-03
October 16, 1980

G.E. Report 126-62
January 15, 1975

REPORT PROVIDED TO NRC

NUS Analysis 1961-A499-001
Environmental Qualification for Asco Solenoid
Valves Model 8300 Series

Micro switch test report LTR-24407 dated 2/24/77

NUS Analysis 1961-H302-001
Environmental Qualification Analysis for Hiero
Switch Model 11LS1

G.E. Letter G-EN-0-164 dated October 16, 1980

NUS Analysis 1961-R369-002-Rl
Environmental Qualification of Rosemount
1151DP Transmitters

NUS Analysis 1961-F080-001-Rl
Environmental Qualification Assessment of
Fenwal 17002-40 Temperature Switches

NUS Analysis 1961-F135-001
Environmental Qualification Assessment for
Fisher Type 546 Electro-Pneumatic Transducer

BWR Equipment Qualification Summary QSR-44-E-01
G.E. 551 Pressure Transmitters

BWR Equipment Qualification Summary QSR-96-A-03
October 16, 1981 - Asco 8300 Series S.V.

G.E. Report 126-62
Environmental Testing of HSS/RV Air Control Valves

E UIPMENT AFFECTED

8300 Series Solenoid Valves

Model llLSl Limit Switch

Model 11LS1 Limit Switch

G.E. Motors

Rosemount 1151DP
Transmitters

Type 17002-40 Temperature
Switches

Type 546 E/P Transducer

G.E. Type 551 Transmitters

Asco 8300 Series Solenoid
Valves

Asco 8300 Series Solenoid
Valves





TABLE I (cont'd)
Equipment Qualification Reports

REPORT REQUESTED BY FRC

BWR Equipment Qualification
'ummaryQSR 111-A-Ol

October 14, 1980

Bechtel Power Corp. File No.
10855-E117 (9)-42-1

BWR Equipment Qualification
Summary. QSR-010-A-01

NES Document 81A0636 Rev. 0
7/15/80

NES Letter 5152-008

REPORT PROVIDED TO NRC

BWR Equipment Qualification Summary ill-A-Ol
G.E. ECCS Motors

Bechtel Power Corp. File No. 10855-E117 (9)-42-1
(Applicable Section)

BWR Equipment Qualification Summary QSR
010-A-01 03/28/78 - G.E. Terminal Blocks

NES Document 81AD636 Rev..O 7/15/80

NES Letter 85152-008 7/18/80 from M. Jaworsky
(NES) / L. McNeer (NMPC)

EQUIPMENT AFFECTED

G.E. Motors

G.E. AKD-5 Circuit Breakers

G.E. Terminal Blocks
EB-5, EB-25

Radiation Information

Radiation Information





HUREG 0737
CLARIFICATION

ITEM TITLE

TA E II
TMI ACTION PLAN

EQUIPMEHT INSTALLED AT NINE MILE POINT 1

DESCRIPTI OH

AP P ROX IMATE
EQUIPMENT

INSTALLATION DATE

II.B.2

II.E.4.2

Reactor Coolant Vent

Plant Shielding

Post-Accident Sampling

Valve Position
Indication

Containment Isolation
Dependability

i. Modified Power Supplies to
Existing Reactor Head Vent System
Isolation Valvesii. Will Provide New Emergency Condenser
Vent to the Torus

Relocated Existing Instrumentation and
Solenoid Valve to Areas of Lower
Radiation.

Installed Post-Accident Sampling System
for Reactor Coolant Sampling.

Installed Acoustical Monitoring System
for Relief and Safety Valves.

Installed Hew Isolation Valves for Post
Accident Sampling Line and Torus to
Radwaste Pump Downline.
Ho provisions for Isolation of Vent and
Purge Valves Provided.

Spring 81

June 82

N/A

Jan. 81

March 80

March 82

Generic
BWROG Position

II.F.1 Accident-Monitoring
1. Noble Gas ttonitor

2. Iodine/Particul ate
Sampling

Effluent Monitoring System to be Installed Jan. 83

Effluent Monitoring System to be Installed Jan. 83

3. Containment High
Range Monitor

Installed Containment High Range
Radiation Monitors

Jan. 82





NUREG 0737
CLARIFICATION

. ITEM TITLE

TABLE II (cont'd)

TMI ACTION PLAN
EQUIPhlENT INSTALLED AT NINE MILE POINT 1

DESCRIPTION

APPROXIMATE
EQUIPMENT

INSTALLATION DATE

5. Containment Water
Level

Installed Torus Water Level
Instrumentation

b. Containment Hydrogen Ho Action Requ'ired

4. Containment Pressure Installed Containment Pressure Monitors Spring 81

Spring 81

N/A

II.F.2

II .K.3

Instrumentation for
Detection on Inadequate
Core Cooling

Final Recommendations
BSO Task Force

Installed Fuel Zone Level Instrumentation Jan. 82

14. Iso. Condenser
Isol. Mod.

19. Interlock Recir.
Pump Modification

None

None

Hone Required
Per NRC-SER

Hone Required
Per NRC-SER





NUS CORPORA TION
CONSUL TING DIVISION RECORD OF S YS TEMJCOMPONEN T ANALYSES

FILE NO.: NO. OF PAGES:

4 dW oM-os Z5.
CLIENT:

7

NUMBER OF VOLUMES
OF COMPUTER OUTPUT:

PROJECT NO.

ANALY S TITLE:

AUTHOR: /

PURPOSE OF ANALYSIS:

SU ARY OF ANALYSISPROCEDURE AND RESULTS:

d~r 'f~
n

DATE COMPLETED: VER IF ICATION REQUIR ED:

~ES Q NO

ANALYSISREVIEWED AND ACCEPTED: (DISCIPLINE MANAGER)

ANALYSIS: BY: (FILE NO.]
Q SUPERSEDED

Q SUPPLEMENTED

DISCIPLINE MANAGER: DATE:

NVS 202 10 REVISED 01MP'~fy CO 2C 12/77/
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NUS CORPORA TION
CONSUL TING DIVISION RECORD OF ANALYSIS VERIFICATION

FILE NO.:

ANALYSISTITLE:

d d5.-BoW PAGE OF

)Pi&~~.~

AUTHOR:

W4 cP.
VERIFICATIONSC PE (CHECK AS APPLICABLE):

NO, OF PAGES: NO. OF VOLUMES OF COMPUTER
OUTPUT:

~METHOD OF ANALYSIS

Q ASSUMPTIONS

Q INPUT INFORMATION

Q COMPUTER CODE APPLICATION

Q CHECK OF SAMPLE CALCULATION

~OT CHECK OF MATHEMATICS

~REASONABLENESS OF RESULTS

Q COMPLETE CHECK OF MATHEMATICS

Q PARTIAL INDEPENDENT ANALYSIS

BUDGET: (APPROXIMATE) DESIRED COMPLETION DATE:
MANOAYS

DESCRIPTION OF VERIFICATION-ACTIVITIES,FINDINGS AND RESOLUTION:

(P u 3 g PIPE
c~. (c -I.." c'.~ ~-<-"J

g g7 ~+, ]
~/Lac,„.

MII
,< vs-- =a m~ *~?)

Xc - e)~~ '

BUS 203A 10 REVISED 0181
(Formerly CD-2911/ 12/771
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NUS CORPORA 7!ON
CONSUL TING OIVISION ANALYSIS VERII=ICATION CHECKLIST

ANALYSISTITLE:

~~MM~+i~ &4s

ANALYSISFILE NUMBER:

gA'~- glr wS
INDICATE"YES, NO, OR N/A (NOT APPLICABLE) FOR EACH ITEM AND INCLUDE

IN ANALYSISPACKAGE WITH RECORD OF ANALYSISVERIFICATION YES NO N/A

METHOD OF ANALYSIS

IS THE METHOD USED APPROPRIATE CONSIDERING THE PURPOSE AND TYPE OF
ANALYSISAND THE USE AND ACCEPTABILITYOF THE RESULTS (Ia., MARGINTO LIMITS)? GV D
IS THE METHOD IN ACCORDANCE WITH CODES, STANDARDS, AND REGULATORY
REQUIREMENTS?

HAS THE METHOD BEEN EMPLOYED ELSEWHERE IN INDUSTRY OR IN LICENSE
APPLICATIONS?

D

ASSUMPTIONS'

ARE ASSUMPTIONS NECESSARY TO PERFORM THE ANALYSISADEQUATELY DESCRIBED
ANO REASONABLE? D
WHERE NECESSARY, ARE THE ASSUMPTIONS IDENTIFIED FOR SUBSEQUENT
RE-VERIFICATIONSWHEN THE DETAILEDDESIGN ACTIVITIESARE COMPLETED? ~ a
INPUT INFORMATION

ARE THE INPUTS INTO THE ANALYSISSTATED ANO THEIR SOURCE IDENTIFIED?

IS THE INPUT INFORMATIONFROM THE LATEST AVAILABLER EV IS ION TO THE
DOCUMENT?

IS THE STATUS (PRELIMINARY,CONCEPTUAL, ETC.) OF THE INPUT SOURCE IDENTIFIED
FOR LATER CONFIRMATIONOF THE VALIDITYOFTHE INPUT?

ARE THE INPUTS SUFFICIENT CONSIDERING THE PURPOSE OF THE ANALYSIS?

aV D.

W a
D

D;

COMPUTER CODE APPI ICATION

ARE ALLCODES USED IDENTIFIEDALONG WITH SOURCE, COMPUTER TYPE, INPUTS,
AND OUTPUTS?

HAS THE CODE BEING USED BEEN ADEQUATELYVERIFIED?

IS THE CODE SUITABLE FOR THE PRESENT ANALYSIS?

DOES THE COMPUTER MODEL (NODING. TIMESTEPS, ETC.) ADEQUATELYREPRESENT
THE PHYSICALSYSTEMS?

REASONABLENESS OF RESULTS

IS THE MAGNITUDEOF THE RESULT REASONABLE? D D

ARE THE DIRECTION OF TRENDS REASONABLE?

PREPARED BY: DATE)

NUS 204 10 REVISK00181/F~ CCL308rv. //
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Page 1 of g

PINAL ANALYSIS REVIEW CHECKLIST

Project 4/Project Title Client ~~/Q
Date:

Analysis Pile Title:

Analysis Pile Number:

Checklist Item— Yes N/A

2 ~

3.

Unique Analysis Pile Number assigned to the file.
a

Analysis recorded on CD-60
C

a. pages numbered

b. total pages specified

c. all pages dated

d. client identified on each page

e. correct file number on each page

f. author(s) specified on each page

g. subject specified on each page

h. verifier initials on each page

Analysis Pile includes:

a. client identification
'.

analysis file number

Ce

de

e.

ge

analysis title
author(s) identification

description of the purpose of the analysis

discussion of the general method of analysis

identification of input information source

identification of input information status

i. major assumptions used in performing the analysis





Date: Pllg8 2 Qf 3

. j. important references, including material properties

k. identification of specific versions of codes used

1. detailed calculation

m. listing of computer input

n. -. microfiche of computer output

o. summary of results.

4 ~ Record of analysis provided onn CD-28

5 ~

6.

All applicable entries on CD-28 correct.

All referenced NUS internal memos inc3.uded in analysis file.
7. All referenced telecons included in analysis file.
8. Separate computer output labeled with analysis file number.

Record of analysis file verification on CD-29.

All entries on CD-29 completed and correct.

ll. Item (7) of CD-29 completed and comments numbered

12. Verification checklist CD-30 included.

13. Computer code used verified per QAI 3.5.

14. Corrected items crossed out clearly enough to show on
Xerox copies.

15. List of input information and major assumptions checked
for commpleteness.

16. Documents Complete (Page Count)

17. Documents Legible and Reproducible

18. All Documents Identified on Index Received

19.. Documents Properly Paginated

20. Documents Identified to Project/Item

i~ za. All Unsatisfactory Conditions Resolved (List)





Date Page 3 of 3

Revjeved by: PJ
Date
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Table 1 $4ggg.g<)

ELECTRICAL PENETRATION CONNECTORS REQUIRED'O HITXGATE AN ACCIDENT

PENETRATION ELECTRICAL CONNECTOR CONSTRUCTI(

Penetration
Number Service

Pin Front Hid Rea:
Construction insulator Insulator Ins

, X-E178D
X-E178H

Core Spray IV 40-01
Power'ore

Spray XV 40-01 Control
4-'1819t'I'.16'DPEDIAL

HOPE
DIAL

GHG
DIA!

X-E179A
X-E1798
X-E179E
X-E179F

Clean-Up
Clean-Up
Clean-Up
Clean-Up

Return IV 33-01 'Power
Supply IV 33-02 Power
Return XV 33-01 Control
Supply XV 33-02 Control

.4/8
4''8

19)p16
19''16

HDPE
HDPE
DIAL
DIAL

HDPE
HOPE
DIAL
DIAL

Gs
sf'HG

DIA:

DI='='-E188G

X-E188H
Electromatic Valves NR10SC, NR108D
glectromatic Valve NR'OSF

19ir1 6
19(16

DlAL
DIAL

DIAL
DIAL

DIA'IA:

.:.-E1890
Z-E189H

Core Spray IV 40-09 Power
Core Spray IV 40-09 Control

4 Ji'3

19/16
HOPE
DIAL

HDPE
DIAL

GHG

DIA'<-E202-H

Hain Steam XV .01-02 Control 19916 DIAL DIAL DIA

K-E210-B Core Spray IV 40-10 Power
X-E210-E Core Spray IV 40-10 Control

4~78
19 <f1.6

HDPE
DIAL

HDPK
DIAL

GHG

DIA'.-212A

'-212E
Hain Stcam IV 01-02 Power
Hain Steam IV 01-02 Control

4g8
19/16

HDPE
DIAL

HDPE
DIAL

GtsG
DIA'
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T b e 1 (Continued)

ELECTRICAL PENETRATION CONNECTORS RE UIRED TO MITIGATE AN ACCIDENT

) a.

yl
'j00 ~ )~i QZ

PENETRATION ELECTRICAL CONNECTOR CONSTRUC'I

i Ill C.)Q I- 4I it]
C

ii CL 0 U P„'enetration
Number

1

1

j:C-E228E
s i'.-E228G

X-E228H
i

] Z-E220A
i X-E229E

Service
r

Electromatic Valves NR108A NR108B
Electromatic Valve NRl08E
Hain Steam IV 01-01 Control

Main Steam IV 01-01 Power
tiain Steam XV 01-01 Control

Pin
Cons true tion

19 jj16
19 jj16
19 jl16

4 j,'8
19 jjl6

Front
Insulator

DIAL
DIAL
DIAL

HDPE
.DIAL

Mid
Insula toz

DIAL
DIAL
DIAL

HDPE
DIAL

Re
Inst

DI
DI
DI

Gi-

D1

:C-E231D
X-E231EE

Core Spray XV 40-11 Power
Core Spray IV 40-11 Control

4jf8
19816

HDPE
DiAL

HDPE
DIAL D3

! X-E233A

]: ?'-E233B

K-E233E

.%-E233F

Reactor Shutdovn
38-01 Power
Reactor Shutdotwi

-38-13 Power
Reactor Shutdown
38-01 Control
Reactor Shutdown
38-13 Control

Cooling System Supply .IV

Cooling System Supply IV

Cooling System Supply IV

Cooling System Supply XV

41''8

19016

19 j~i16

HDPE

HDPE

DXAL

DIAL

HDPE

HDPE

DIAL

DIAL

D3

D3

EIDPE
DIAL
GMG

Material Abbreviations

High D t;sity Polyethylene
Diallyl Phthalate
Glass Impregnated Melamine

s

First Number
Second Number

Pin Construction

Number of Pins (Cont
Pin Diameter in AMG
(American Mire Gaug<
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FIGURE 4-12A

LOSS OF COOLANT ACCIDENT
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FIGURE 13-128
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DRYWELL PRESSURE

STRETCH POWER

30

C9

20

CL

NO CORE SPRAY

10

~ I

CORE SPRAY

1

C:
10 102 103

TIME AFTEL - -'CIDEIIT SEC





MAR
CORPC3RATIQN

' . CLIENT

SUBJECT

Page~+ of

DuTE +

B

Checked By

g g Ar s Q ~~) (cg s"3

"Io



l



MWH
CORPC3RATIC3N

CLIENT

SUBJECT

FILE NO.

Page+~ of

DATE

Z;"~gk~>BY MN
Checked By



4
I



I

\

CORPORATION

C cLIENT

'UBJECT

M&K
FILE NO.

Page~ of

DATE

Checked B



Ar



I'age~of

CORPORATIC3N OATE

CLIENT

SUBJECT

FILE NO.
/

ZS+ ddS-N BY C~Z- M~~

-Checked B

~~AZ ~

g +0

~x -.
~* P+

Z4d ~P

C C >MAL
). 7~ g~ cZ4a

~2 ~ d D ~~M ~ M Boa'cg sup~ip ~

7~ ~t,~~Ma

. 7Z~

as-o . CQ ~a.~y)

'7- /<
/W y&nA ~~~ ~c,~~

cZ MQ~ 4 0 ~p
cA~ ~<M c/ N.5 w~~~J /M
rt?~e.~ r (;En ~+ ~ Apc~A~ <M~ ~p

u 4
~4n» 8+dZ 1'I)





MAR
CC3RPC3RATIQN

Page~ of

DATE

CLIENT

SUBJECT

FILE NO.
~i i/~~a(X d~-r/~BY rE

Checked By~

0'



4



M&K
CQRPC3RATION

Page~+ of

DATE

t CLIENT

SUBJECT

- cRFILE NO. '+ ~ «~» BY
m)

Checked By

~ gma.

,u.M~
~r4cngnu/c ~~V

~~ xm~~ /
~~8



I
P



~AH
t QRPC)RATION

~ 'LIENT /YWP +
SUBJECT

Page of

OATE

FILE NO. -~<=' -<>~ BY

DR o Checked By





~%K
CC3RPQRATIC3N

Pag~ af

DATE

CLIENT WP D
SUBJECT

FILE NP, . >Ps' +~~~BY r <J n

)
~Checked By

,y
~a»~ +~Op+(,g, (+7@( 5»gyp)

C5)





~%K
t QRPORATtC3N

Page ~of
DATE

CLIENT

SUBJECT 7

FILE ND. ooEm~BY l c ~ ./- "cg /. 7.,~Or
s

Checked By

4V CA) = ~ /S.h~~~. ~/"//7;)-eV.X E7 /~)

Bod p 6's/zx.q'y'~)
6( = 43 > 4 57 pro z 7/z»s./is =o 7zt )IT,

~oS 'e CWo.»/ 4)
di = g.5 DSX>os'hrs g W/g»bohr'g ~ FOXY o~.

2 P/ geo -s/o ~ d./o z~o
(j)

z w= 4 NA'zo /'7/rg ll.is7zlos)(//oq c/r/-./Jo2.y'p)

$ 43 4 svA I
QO + "p „~ ~ SLOoo/ +'O m~

Xa9 +~ ('o-~+,)





MAR
CORP QRAT1QN

Page~~ of

OATE ~
CLIENT

SUBJECT

PILENO. >/'~ » -o4Y ~ |'-<- ~~~=-=
)uR Checked By

+35 . ZO eX/'PC /l'.d~/X>O + ~ C /'/o~ '// /MO '//)3

G. MZa< x @geo M = ~s-~g.~~ /

///Py;) = '8'.gz7g~o- ( /7i ) —7 Z. S'//3 C 9)

8 ~ 'F CY».v"/ /)
- d~ = W~g. ~XniS p ~gpqz~Xis= ~. C<9<K~.

1

g,' Qo3 W P8X2. '/y'-)
c c'= > Z'/3'1g>o~/rs X ~/77oogrs =9>5 ~z.~.

9 ~ ZP~ 2> +o =Pl 5~*
8~= >r~.~2 ~«gc~~><~~ )g~y<» z<- <y>,. </g)

6<= ~. gX~p// ~~» ~/<o l/~- ioy 3'z //'.

Zn/'Czi) = '8'g~'7Xs~ ( /Ti) >< <5'7/ (=~')

5oZ W Cgo~. A'"/e)
gO9/ o g~ /r./'5 /Y ~ /~///7// 3 Jrg = g. + + ~ D Qj'.

S~~ a: ~ wo3 8 C3>z. v'y Ag
>3 X2.D his Y +>~//7loli = $ 2>Z ~ 3gg~.





~ ~ ~HA
CORP C3RATIQN

page2Z of

DATE

CLIENT

SUBJECT

FILE NQ.
/ Migd d~ Ar BY

Checked By

fzla,8s/-go= f~fu 9z/.~.
y ~~ C"/)

ay~.zrV~r C C ;—„',~ ~g(+y,. zz- i'»z,~~)7

P->xtx ~- x /p~ = <<>I 75 Ars ~





CQRPQRATIQN

0 .'LIENT AP~
SUBJECT

FILE NO.

Pageos~ of

OATE ~
<a od~BY liEr

Checked By

5X2o





5I

E

Pag~> of

DATE

. 'LIENT f)LEND 4 $ P P<c PP. By

'r' " L--~~'"-~-- ~ Checked By





M&K
t ORPQRATIQNr CLIENT

SUBJECT +
FILE NQ.

Pageos+ of

DATE

42'- d&adXBy il Ct" 4.:4 ~+~~

~~ Checked By





300 F/52 T072 psig WITHIN IOS

0
288 F/41 TO 61 psig

280 F/34 TO 54psig

2
5

60
5 262 F/22 TO 42 ps(g

m 250

(Aj

I-
K
EAj

L
X
4J
I

200

225'F/15 psig (MIN)

~2ID F/'Sprig(MIN(

~ 200'F/6 psig (MIN)

185 F/5psig (MIN)

150

VESSEL
PRE HEAT
150'F/
1.5 psig

NOTE: SEE SECTIONS 3.3
AND 3.4 OF TEXT FOR
SCHEDULED TIMES OF
ELECTRICAL ENERGI-
ZATION AND INSULATION
RESISTANCE MEASURE-
MENTS

RESTABILIZE AT 150 F

160'F/5 psig (MIN)

140'F/5psig(MIN)

0 10 22 0 10 70 80 100 200 400 500 1000 3200 21,600

TIMER RESET TO ZERO
ELAPSED TIME (2)

105

figure 6. Specified Temperature and Pressure Profile
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BEN ERAL ~G ELECTRIC

:~ c:
GENERA1. Q.ECTRIC COMPANY, 25 COMMERCE ORIVG, CRANFORO. N.J. 07016

~ Phone (201) 467-5400

G-EN-8-18

lNSTALLATI0 N A ND

~ SERVlGE ENGlNEERlNG

DEPARTMENT

February 24,1978

Mr, D,A. Ross
Jersey Central Power and Light Company
Madison Avenue At Punchbowl Road
Morri.stown,N.J. 07960

T .. Crimmons
J'adden

Pinelli
Tipton

J. Carroll'~))pter

Q

bl.Y( 89 ~~~~

SUBJECT:

Reference:

QUALIFICATION OF EB TERMINAL BOARD . gEt:g]ga SER~~avic~~Et-
7-Hag~ OPERAilO-

(1) G.E. Quotation 5414-TY-12-EN-1
(2) Test report by RM Schuster, 11/6/73,

"Terminal Block LOCA Test for Electrical
Penetration Assemblies"

(3) NRC IE Bulletin No. 78-02, 1/30/78,
"Terminal Block Qualification"

Dear Sir:
An autoclave test, (reference 2) for General:Elecgric
terminal block CR151B showed that performance.wah
not siginificantly effected by high temperature,
pressure and humidity experienced under LOCA..condi„-tions;

P I

There i.s very little difference between CR151B and7
EB terminal boards. They are made of the same mater-ial (cellulose filled phenolic) . They are of
similar physical size and mechanical arrangement..

. The phenolic material used will tolerate radiatio~n>
doses well above that expected in the drywell due tp
a LOCA without significant mechanical degradation;
Both can accomodate wiring up to size ANG510. Both
are rated at" 30 amp continuous, 600 v. The CR151B6
is a molded one-piece board, while the EBS is fabrica-
ted circuit by circuit.





~
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GENERAL O ELECTRIC

MR. D. RaSS .Page 2 February 24,1978

These corn arisonp 's and analyst.s together with the
type testing (reference 2) might be used to ar ue
qualification allowable under XEEE 323.

eric r~p~~s~~tatio~ of d~~ig~ varia-

~)

The terminal boards for the MSXV solenoi d va lve and

d 'h fe o operate in
e zrsC few seconds of a LOCA

containment pressure reaches 2 si
when

valves have appl' power dur

e V., MSXV closure is the saf
'mi h b 'd h h

o reach the MSXV's

'owever,if Oyster Creek has ex osed

n enc osure should satisf an
NRC may have re thrminal brmina 'locks, see Reference 3.

Xf you should have anlett 1er, p ease contact us.
ny questions relative to thi,s

Very truly yours,

H, Popow, Nuclear Service Manager
X&SE MECHAN ICAL & NUCLEAR





Terminal Block
LOCA Test

For Electrical Penetration Assemblies

).'.Y'GiHE".Rii'(G SEP.'PlCE.~

SOUTHERN OP'iRAT/QNS

P

By

R H. Schuster
11-6-73

General Electric Company

BWRSD - C6I Engineering
Peripheral Equipment Engineering





1.0 PURPOSE

The purpose of this test is to determine the effect of the high
temperature, pressure and humidity experienced during a LOCA on
C.E. and States type terminal blocks.

2 0 REFERENCES

Letter from Bechtel Pover Corporation to Mr. M. E. Olson dated
August 31, 1973- h'

0 StP6RRY OF RESULTS ~oR-

3.1 Results '

This test demonstrated that during MCA conditions the insula-
tion resistance on both types of terminal blocks vould decrease
from greater than 1010 ohms to approximately 2x10 ohms. After
completion of testing the insulation resistance vas 4.0xl09 ohms.

3 2 Conclusions

The results of this test shoved that if the terminal blocks vere
sub)ected to LOCA conditions their insulation resistance can be

4expected to drop to approximately 2.0x10 ohms. Hovever the
terminal blocks vill almost fully recover to their igitial values
of insulation resistance once the steam environment is removed.
Each type of block shoved no deterioration after testing except
for some slight.discoloration of the phenolic material-

4~0 TEST PROCEDURE

4 l Test Circuit Dig ram

~ o

XR
Rack ..-- Seal

~P

Sea3. ~
Terminal Block-"

Pressure Vessel
~ ~e

Temp Probe

Seal

Temp
Controller

Voter

~Cal Rod Heater





4.2 Des cri tion o f Tes t

Two ad)acent terminals of each terminal block were connected
to an IR rack with 816AWG vire passing through two sealed
ports in the pressure vessel. (See Test, Circuit Diagram)

I

The insulation resistance was measured between the 2 terminals
with 500 vdc power supply at ambient condition. The terminal
blocks vere then subjected to the LOCA condition as 'shovn in
Table l. The insulation resistance vas recorded at least once
a day and at each significant temperature condition during the
test. After completion of the 10 day test the cover vas re-
moved and the vessel was left open for 36 hours before final
insulation resistance measurements vere recorded. See Test
Data Sheet for specific values.

TABLE 1

TEMPERATURE 7
PRESSURE PSIC

260 320

21 75

340

103

320 260

75 ~ 21

100 100

DURATION

4 ~ 3 Test E ui ment

1.5 days 1.5 hrs 3 hrs
RELATIVE HUMIDITY Z 100 100 100

4.5 hrs 8 days

Pressure Vessel
IR Rack
Chromel Alumel temperature probe
Temperature Controller

B
States Co. Terminal Block-type N.T.
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r/t' TERMINAL BLOCK

TEST DATA SHEET

INSULATION RESISTANCE Oft%
DATE

10-10

10-10

10-11

10-12

10-12

10-12

10-12

10-12

10-13

10-14

10-15

! 10»16

0-17

10-18
~10-19

10-20

10-22

TIME

Pretest
820:15 hr

TEHP F

70

260

814:04 hr 340

815.10 hr
320'18:30

hr 320

807:00 hr
808:00 hr
808:00 hr

260'60'60

808:00 hr 260

808:00 hr
808:00 hr
808:00 hr

260

260

260

820:15 hr
260'os

t. Tes t 70'P

808:10 hr 260

809:30 hr'20
811.04

hr'40'RESSURE

PSIG

0

21

21

103

102

?5

75

22

21,
22

22

21

22

22

G.E.
1010

Start. Test

2.2x10 4

2.2xlo 4

2.2x10 4

1.9xl04

4 ~

1.9xl0
1 9xlO4

2.2xl0 4

2.2xlo 4

2.2xl0 4

2.4x10 4

2 'x10 4

2 4xl04

42.4x10

End Test
3 5xlO9

STATES

1010

2.4xlO 4

2.4xl0
2.6x10 4

2 4xlo4

2.4xlO4

2 4xl0
2.4x10 4

2. 4xlo4

2. 4xlO4

2. 5xl04

2 4xlO

2 5xlO4

2 5xlO4

4 4xlO9
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December 5, 1979

To: Daniel International

Attn:

Re:

Leon Galemore

Nolf Creek Nuclear Facility

Burndy YA and YS tin plated copper compression connectors, when properly
installed, will be certified for a qualified life of 40 years.

*

This is based on our excellent proven field experience of 45 years on
sizes 4/0 to 1000 kcmil and 35 years on sizes smaller than 4/0 and on
the folio»ing applicable references.

1. Thermal aging, Vibration-Seismic, Radiation Aging and a LOCA test,
Report No. TD79-601A.

2. Underiniters Laboratori.'es Test Report 3/31/41 per file E9498
(updated 9/7/77) .

3. Secureness, Heating and Pullout tests per UL486, TD77-571A.

4. 1000 hour Salt Spray and Room Aging test, TD69-511A.

5. Heat Cycle test per ANSI C119.4 (formerly EEI-NBfA TDJ162) TD75-530A.
This test was primarily for an aluminum stacking adapter requiring
500 heat cycles at a conductor temperature rise of 100'C. The YA
terminals were part of this test set-up and remained stable throughout
the test. This is far beyond any existing standard for copper connec-
tors.

The temperatures and pressures imposed on the Burndy samples during the
110 day LOCA test were significantly higher than those shown in paragraph
5.4.".4 of the Bcchtel Specification ~E01013. The Burndy test is there-
fore considered equivalent to thc 1 year profile specified.

The above data documents the Oualified Life of these connectors for 40
years in a nuclear facility.
These connectors will be certified that they »ere produced in a facili y
that complies »'ith 10CFR50 and 10CFR21.

hf. R. hlonashk in
Assistant Director of Enginccring
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LABORATORY TEST RECORD Ncf. TD 79 r>oiA

YA) YA-D7'l QD QA-B TYPE UNINSULATED TERh(INALS

THERhfAL CURRENT AGEING, VIBRATION-SEISMIC, RADIATION AGEING AND LOCA

Teat reqVOEted by. R. Lai on / /19 nothorizod fry
8 2 78 . . E. S. Rails

yorr oompforod fry. Eurndv 8 livia on'0 / 1 /19 79 rooorrfod fry R. C. Hack

CoPyof rfrfrmoonf raR.Lai,E.S.Raila,fl.R.<lonashkirfr lf / 19 /1979

Teif DQfQ Shgog

Ylang,

KlaN 1 2a, 1 5 roy d . E.S .Rail a Erd R R C

Reference 7

REQUESTING DEPARTh!ENT: Power Product Development
'

TEST REQUESTED: Thermal current ageing, vibration seismic ageing, radiation
ageing and a LOCA simulation.

PURPOSE OF TEST: To qualify Burndy YA, YA-DTÃ and QA-B type terminals to IEEE
Standards 323-1974 and 383-1974 for Class 1E equipment for
nuclear power generating st"tions.

CONCLUSIONS: The results of the tests showei the ability of the
YA,-YA-DTh'nd

QA-B t e terminals to meet the requirements of IEEE
Sta ar s 323-1974 and 383-1974.

hfATERIALS SUBhlITTED:

Uninsulated YA26 compression terminals, drawing no. SD79849
Uninsulated YA26DTb compression terminals, drawing no. SD79849
Uninsulated QA26-B clamp type terminals, drawing no. SA8947

Conductor: 2/0 stranded copper conductor with XHHllt insulation rated at 600V.

Tooling: Y35 tool, drawing no. SD32005

Dies: U26RT dies, index no. 13, drawing no. SD14385

TEST PROCEDURES:

YA26 terminals werc installed on both ends of two lengths of 2/0 stranded copperbuilding»ire with XHHl" insulation, 2 ft. long, aftc" removing the appropriate amount
of insulation from the conductor ends. Two crimps»'crc made on each terminal with a

'35tool and dic index no. 13 dies.

YA26DTi" terminals wore similarly installed on t»'o morc 2 ft. lengths of the same
conductor. Again t»o crimps »crc made on each terminal with thc same tooling.

QA 6-8 terminals»crc installed on both ends of t»o lcngtlis of the same conductor,
2 ft. long, after removing thc appropriate amoiint of insulation from thc conductor
ends. Using a torque»rc»ch thc niit on cadi terminal was tightcncd to thc rcco!nmcndcd
torque of 150 in.-lb.

Poao 1 of
'6
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ryd'

ein 'and Testin 'Procedures

All test assemblies were subjected to the following sequence of tests:

1. Continuity and Volta e Dro : The continuity of each wire-connector assembly
was verified, using a V.O.M., and then the voltage drop was measured from tera:i-
nal to terminal using a 10 amp measuring current and the 4-wire method of
measurement.

2. Thermal Current A ein : The six conductor-terminal assemblies were assembled
into a series loop by bolting together the appropriate terminals with steel
hardware. Included in the loop was a 3 ft. length of the same conductor from
which the loop was assembled, with terminals on each end. This length of con-
ductor served as a control conductor and, after attaching thermocouples to the
wire strands at the center of the control, the loop was energized with a cur-
rent sufficient to obtain a 100'C temperature rise above room ambient on the
control conductor. Current was then cycled through the loop as follows:

5 cycles, current on 4 1/2 hr., current off 1/2 hr.
10 cycles, current on 2 hr., current off 1/2 hr.
25 cycles, current on 1/2 hr., current off 1/2 hr.

PI* I*I * I **' *P**
4. Vibration-Seismic: The terminal on one end of each of the six assemblies was

bolted to the table of an electro-magnetic exciter and the terminal on the
opposite end of each was attached to a rigid support. Care was taken in mount-
ing the assemblies so that no slack or tension existed in the conductor.

After mounting, all assemblies were vibrated at a double amplitude of 0.050 in.
through the frequency range 5 Hz to 60 H" and back to 5 Hz within a minute.
The vibration test »as run for one hour on each of two axes mutually perpen- .

dicular to the axis of the wire.

P

6. Radiation Ex osure: The test assemblies were placed in a hot cell and exposed
to, a cobalt-60 source so that a total dose of gamma radiation of 224.9M rads
was reached at an average dose rate of 0.65hl rads per hour.

P

8. LOCA Simulation: The terminals on the six assemblics»ere attached to the upper
ends. of thrcacied stool rods, about 5 in. long. The rods»dere mounted vertically
on a fiber-glass reinforced panel. Series loops wore assembled by attaching the
appropriate terminals to the thrcadcd rods and securing them with nuts and
washcrs above and below the terminals. The panel »as placed in the tost chamber

', arm R '7A7 3A d A7
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LABORATORY TEST RECORD No. TDgLc 01A

(autoclave) an'd positioned so that the samples would not be exposed to direct
impingement of the chemical spray during the test.

Electrical leads required to energize the test assemblies were connected to
the appropriate test terminals and the opposite ends were routed through the cham-
ber penetrations. The. e penetrations consisted of piping filled with a two-part
electrically insulating potting compound which provided a pressure barrier seal.
All samples were subjected to an electrical continuity, test and then connected to
the various power supplies used to energize them during the LOCA test.

All assemblies were energized with a current of 171 amps and this current was
maintained throughout the test.

The LOCA test was run for 110 days according to the profile shown in Figure 1
with the.following exceptions:

During the first temperature/pressure/time transient, the test was aborted at
a temperature of 27S'F and a pressure of 40 psig because of excessive steam leaks
at the cable/chamber penetrations.

The leaks were repaired and the test was restarted.

Again during the first temperature/pressure/time transient, this time at a
temperature of 305'F and a pressure of 64 psig excessive steam leakage occurred ~

at one of the cable/chamber penetrations and the test was again aborted.

The penetrations were repaired and additional supports were installed to ensure .

their pressure integrity. 'fter completion of this modification, the chamber was
pressurized with air to the maximum operating pressure and each penetration was
checked for air leaks. None were observed and the test was restarted.

-The first temperature/pressur'e/time transient »as initiated. The chamber
temperature and pressure conditions of 300'F and S4 psig were obtained within 10
seconds. The required chamber pressure of 66 psig was obtained in 5 minutes. The
recorded time from 300'F to 3SS'F was 1 hour and 4 minutes. Tnc recorded chamber
temperature during this phase of the test was approximately 25'F lower than thc
actual internal chamber steam temperature. The chamber temperature was maintained
bet»een 300'F and 341'F for approximately 0 minutes while calibration of the
recorder could be checked. b'hen thc temperature of 385'F was reached, that tempera-
ture and a prcssure of 66 psig werc maintained for ll minutes.

The chamber temperature was then reduced to 340'F
45 psig and those conditions »crc maintained for 3.S1
4 hours at thcsc tcmpcraturc/prcssure conditions, thc
time transient was complctcd and the test chamber »as
and '0 psig.

and 'he pressure reduced to
hours. After completion of
first tcmpcraturc/prcssure/
allowed to return to )35'F

Form B 20/-38 4-67 6'





~ eum~~v
NO+WALK,C~NCCT'CU> OOOSet

LASORATORY TEST RB.ORD Na. TD "-"'"

The second ramp of the LOCA test was initiated. The chamber temperature and

pressure conditions of 300'F, 54 psig, vere obtained .'.n 10 seconds. The required
chamber pressure of 66 psig was obtained in 3 minutes. The recorded time from
300'F to'85'F was 37 minutes 50 seconds.

The remainder of the test followed the profile shown in Figure 1. The chemical
spray was turned off after 33 days. The test was terminated after 110- days.

Note: The chemical spray used for this test consisted of 6,200 ppm boron, SO ppm
hydrazine, 0.064 molar sodium thiosulphate mixed with demineralized water and
buffered to .10.S pH with sodium phosphate.

9. Post LOCA tests: All samples were examined visually for damage and/or degreda-
tion. They were then subjected to a continuity test and voltage drop measure-
ments.

RESULTS:
Visual Examination

Much of the tin plating had disappeared from the exposed surfaces of the YA26

and YA26DTN terminals. In the areas where there were no plating the copper had
discolored to an almost black color.

\

The QA26-B terminals were uniformly dark, almost black in color except for the
surfaces which had been in contact with other terminals or the securing hardware.

The exposed strands of the copper conductor were similarly dark in color.
There was no evidence of damage or degradation to the conductor insulation.

Continuity

All sample assemblies demonstrated electrical continuity when checked with a
V.O.M.

Volta e Dro

'Ihe results of the voltage drop measurements are shown in Appendix 1. The
resistance values for each measuremont were expressed as 'elative resistance by
dividing each measured valuo, corrected to 20'C, by the. nominal value for each
assembly. The nominal values were calculated by multiplying the length of each
assembly in inches by the nominal resistance per inch of the»ire at 20'C.
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The relative resistances of the YA26 and YA26DTÃ terminals remained constant
throughout the test. The resistances of the. QA26B terminal assemblies did exhibit
some increases after the radiation ageing but returned to their original level bythe end of the LOCA test.

SUMh!ARY: These results demonstrate the ability of all the samples tested to per-
form their intended function both during and after a LOCA accident.
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LABOPATORY TEST RECO".D No. TD»-6o~
UIPiK.'tT LIST

Some, or all of the equipment listed below was used to perform the tests
described in. this report.

BUDDY
EQUIPiiiT

NO.

DESCRIPTION MANUFACTURER MDEL CALIBRATION
NO FLUENCY

MDNTHS

17

135

139

141

142

Thermcnr eter, 0-120'F

Dielectric Strength
Test Set, 0-7500VAC

Current Shunt,
500A; 50 mV

Current Shunt,
200A, 50mV

Current Shunt,
10QA, 50mV

Current Shunt,
50A, 50mV

Taylor

Industrial
Instruments

Wes ton

Weston

Weston

Weston

Hi-Lite

9992

9992

9992

9992

12

24

150

Current Shunt,
20A, 50mV

Current Shunt
1A, 50mV

Weston

Weston

9992

9992

273

274

Vibration Exciter
and Amplifier 1200
force pounds

Altitude - Temperature
Chamber, 150,000 ft,
-125'F to +325'P

Conrad FH-27-5"5

C10E
H B Electronics 3402 N/A

N/A

12

278 Tensile and Compression
Tester
Calibration Weights

Instron TT-QQIl.6

10 lb

12

36

360 DC Regulated Power Supply
0-50V, 0-1.5A RB-50-],5 See Note (1)

Farm 0 207-38 )-67
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LABORATORY TEST RECORD No. TD»-60ii

'quipmentI ist continued

" BURNDY
EQUIEMiiT

NO.

DESCRIPTION HANUPACZ'URER MODEL CALIBRATION
NO ~ FRAU EiNCY

MONTHS

392 Digital Voltmeter Hewlett«Fackard 3440A/
3443A

12

398 D.C. Regulated Power
Supply, 0-50A, 0-20V

'-Harrison Labs. 6428A See Note (1)

438 Vibration Exciter and
Amplifier, 3200
force pounds

C 60
M B Electronics T 351 N/A

483

500

Aix'irculating Oven
60-300 C .

I

Current Cycling
Console

Volt 0&1 Metex

Os ciliatox'-Servo
Programmer

Blue M

Burndy

Simpson

Unhol tz «Di.ckie

N/A

260 'ee Note (2)

OSC-1/ '2
SP-7

POM-146BX 12

646 Accelerometer
0

Unholtz-Dickie 5D21-8 24

680 Digital Voltmeter
Calibra t ion Re ference
Module 1 Ser. No. 1177A00121
Calibre tion Ref erence
Module 2 Ser.No. 1177A1954

Hewlett-Packard 3455A
Hewlett-Packard 11177A

Hewlett-Packard 11177A

N/A
24

08247

08258

Salt Spray Chamber

Current Cycling
Console

Develco

Buxndy

2297 As Used

N/A

08264 Temperature Indicator Leeds and
Northrup

Speedomax As Used

NOTE: (l) Output checked with calibrated voltmeter and shunt before each test.
(2) This instrument is used for non-critical measurements only.

Form 0 207-3S ~-67
IIAAA. 9 Aj
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Appendix To TD 79-601A

Pages 1.1 and 1.2
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Observed.
Tonper- turo

7:ise
Wire
Size

50
100
225
400
650

~ ~
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~, 0

~94~8 '.,'. -6- .. l~~ch 51 1941
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~ ~ ~ I*
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~

~
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'. H-SULTS
I

Fi.e Joint bet<seen the connector and. ihe
tested ~r re +as intact at tho end of tvo hour of
operation.

~ I, ~
~ g (t Q~ ~ 4 ~

l ~I

~ ~

'~THOD
~ ~ ~

~ „4~

Samples havin."" completed the secureness
test vere .used z.or thfs te t. Terminal lu"s vere
connectec in pairs bac'.. to bach and cur;ent vas
passed, throu-'z to the connectors. Temperatures

.'.:~ere observec'. by means of thermocouples a" t~cnecL
to the connectors and. re~dines .~sere t"';.I'""-'"th'a
suitab e indicator until tno temperatures became

'constant+
I '- SULTS

~ ~

Pne tabl" helot "-ives the.. measured 'temoera-
ture rise in Qe~ees C- :n each case, the ma::" mum
temperature rise observed.. on a pair o< lu~s eras r »
cordcc..

I
.. Current Permissible

ir; Temperature
Azoores RX se

..':-':,:.-..—.. YA60 6 p.o
XklC 11 -SO
YA28 ~0 .15 25.'A-e . 5oo 3.6 8
XA~ looo,, 3.8 ..; 25

~ L ~ ~ ~ ~

P7.'LT~OUT T" STS
l

~ ~ ~

After completin"- ih" secureness and heating
tests','ach ter. inalIlug vas subJoctcd io a direct
pull oohsocn thc conh"-ctor and the conductor. Also
follovin" tho s"curcnoss tesi tne Tyoe 2'T connec-
tors vcro to tod .-:sith tho ma'n cable upported ai

'.so points, on on each side of the tap, an" tension.
~ was oxeg.tod alon„"~ thc tc tcd viro. The Type YP con-

noctoro csc e te tcd;si ih line of force .zpro::imatcly
in linc ~iith boih cable-. T;".i value of th" tension
u od fo. ',ach connector depend..: on th wibc s" zo ao

~

~
. ind.icatcd. in tho folloirin;; table:

~ ~

~ ~

~ ~, ~ BI ~I ~ I' ~ ~ ~ ~ ~

I ~ ~ ~ ~ 1 ~

~ \ ~

~ ~

~ ~
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Q~QQD PV e e gp
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Asst.='l ctrical ="ngi~eer

~ ~

~ ~

~
~

r ~ ~
~ r

~ ~

~,

e ~„

* r
~ ~

e
~ ~

~
e

~ '

a ~ ~

~ e

+e 'eee~~ ~e

~
'i e

~ ~

~

''.

~~ ~ ~ ~

r ~ ~ ~

~ ~ e ~ e ~ ~

~ ~ ~ r ~ ~ ~ ~ ~

~ & — ~

~ ~ h
~ ~

aeboA 'erick lee eee f ~ er Jws

~ ~

- ~ ~:.'B.re Siz,e ..- Tension
.I.: ' .. YTQ or liCH, ': in Pounds

e ~

,; i'.".'.„. '': ":: ' '.'.,;.'.'' 100
e ~
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INPUT INFORMATION

Q COMPUTER CODE APPLICATION
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YES NO NIA

METHOD OF ANALYSIS

IS THE METHOD USED APPROPRIATE CONSIDERING THE PURPOSE AND TYPE OF
ANALYSISAND THE USE AND ACCEPTABILITYOF THE RESULTS (ia., MARGINTO LIMITS)? E 0 0.
IS THE METHOD IN ACCORDANCE WITH CODES, STANDARDS, AND REGULATORY
REQUIREMENTS?

HAS THE METHOD BEEN EMPLOYED ELSEWHERE IN INDUSTRY OR IN LICENSE
APPLICATIONS?

0
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ASSUMPTIONS
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RE.VERIFICATIONSWHEN THE DETAILEDDESIGN ACTIVITIESARE COMPLETED7
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IS THE STATUS (PRELIMINARY,CONCEPTUAL, ETC.) OF THE INPUT SOURCE IDENTIFIED
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0 0

0 '0 .Cf
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DOES THE COMPUTER MODEL INODING.TIMESTEPS, ETC.) ADEQUATELYREPRESENT
THE PHYSICALSYSTEMS?
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REASONABLENESS OF RESULTS

IS THE MAGNITUDEOF THE RESULT REASONABLE?

ARE THE DIRECTION OF TRENDS REASONABLE?
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Unique Analysis Pile Number assigned to the file.
2 ~ Analysis recorded on CD-60

a. pages numbered

b. total pages specified

c. all pages dated

d. client identified on each page

e. correct file number on each page

3 ~

f. author(s) specified on each page

g. subject specified on each page

h. verifier initials on each page

Analysis Pile includes:

a ~

b.

client identification

analysis file number

co

d.

e.

g,

h.

analysis title
author(s) identification

description of the purpose of the analysis

discussion of the general method of analysis

identification of input information source

identification of input information status

i. major assumptions used in performing the analysis
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3. (Continued)

j. important references, including material properties

k. identification of specific versions of codes used

1. detailed calculation

m. listing of computer input

n. microfiche of computer output

o., summary of results

4. Record of analysis provided onn CD-28

5. All applicable entries on CD-28 correct.

6. All referenced NUS internal memos included in analysis file.
7. All referenced telecons included in analysis file.
8. Separate computer output labeled with analysis file number.

9. Record of analysis file verification on CD-29.

10. All entries on CD-29 completed and correct.

ll. Item (7) of CD-29 completed and comments numbered

12. Verification checklist CD-30 included.

13. Computer code used verified per QAZ 3.5.

14. Corrected items crossed out clearly enough to show on
Xerox copies.

15.'List of input information and major assumptions checked
for commpleteness.

16. Documents Complete. (Page Count)

17. Documents Legible and Reproducible

18. All Documents Identified on Index Received

19. Documents Properly Paginated

20. Documents Identified to Projectt/Item

21. All Unsatisfactory Conditions Resolved (List)
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+ ASSUMPTIONS

JP INPUT INFORMATION

P COMPUTER CODE APPI.ICATION

P CHECK OF SAMPLE CALCULATION

Q SPOT CHECK OF MATHEMATICS

jP REASONABLENESS OF RESULTS

P COMPLETE CHECK OF MATHEMATICS
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INDICATE"YES, NO, OR N/A (NOT APPLICABLE),"FOR EACH ITEM AND INCLUDE
IN ANALYSISPACKAGE WITH RECORD OF ANALYSISVERIFICATION

ANALYSIS FILE NUMBER1

g<- 33 EP=

YES NO N/A

METHOD OF ANALYSIS

IS THE METHOD USED APPROPRIATE CONSIDERING THE PURPOSE AND TYPE OF
ANALYSISAND THE USE AND ACCEPTABILITYOF THE RESULTS (Ia., MARGINTO LIMITS)?

IS THE METHOD IN ACCORDANCE WITH CODES, STANDARDS, AND REGULATORY
REQUIREMENTS?

HAS THE METHOD BEEN EMPLOYED ELSEWHERE IN INDUSTRY OR IN LICENSE
APPLICATIONS?

o o

Q Q 0

0 0
ASSUMPTIONS

ARE ASSUMPTIONS NECESSARY TO PERFORM THE ANALYSISADEQUATELY DESCRIBED
AND REASONABLE? 0 0

0'HERE

NECESSARY, ARE THE ASSUMPTIONS IDENTIFIED FOR SUBSEQUENT'E

VERIFICATIONSWHEN THE DETAILEDDESIGN ACTIVITIESARE COMPLETED? o o . o
INPUT INFORMATION

ARE THE INPUTS INTO THE ANALYSISSTATED AND THEIR SOURCE IDENTIFIED? 0 0
IS THE INPUT INFORMATIONFROM THE LATEST AVAILABLEREVISION TO THE
DOCUMENT?

IS THE STATUS (PRELIMINARY.CONCEPTUAL, ETC.) OF THE INPUT SOURCE IDENTIFIED
FOR LATER CONFIRMATIONOF THE VALIDITYOF THE INPUT?

ARE THE INPUTS SUFFICIENT CONSIDERING THE PURPOSE OF THE ANALYSIS?

o

Cf 0
0

COMPUTER CODE APPLICATION

ARE ALLCODES USED IDENTIFIED ALONG WITH SOURCE, COMPUTER TYPE, INPUTS,
AND OUTPUTS? 0 0
HAS THE CODE BEING USED BEEN ADEQUATELYVERIFIED? 0 0
IS THE CODE SUITABLE FOR THE PRESENT ANALYSIS'7

DOES THE COMPUTER MODEL (NODING. TIMESTEPS, ETC.) ADEQUATELYREPRESENT
THE PHYSICALSYSTEMS?

REASONABLENESS OF RESULTS

0 0
0 0

IS THE MAGNITUDEOF THE RESULT REASONABLE7

ARE THE DIRECTION OF TRENDS REASONABLE?

0 0~ o o
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NVS 204 10 AEVISE0 0101(F~ CD-00 Ra. 1/





Page 1 af 3

Project 0/Project Title

Date:

PINAL ANALYSIS REVIEW CHECKLIST

Client

Analysis Pile Title: ~~~+ og

Analysis Pile Number: / 4 5
7c~wr~ Qo fc ops Ac /V/8

Checklist Item Yes '/A .

l. Unique Analysis Pile Number assigned to the file.
2. Analysis recorded on CD-60

a. pages numbered

b. total pages specified

c. all pages dated

d. client identified on each page

e. correct file number on each page

author (s) specif ied on each page

g. subject specified on each page

h. verifier initials on each page

3. Analysis Pile includes:

a. client identification

b. analysis file number

c. analysis title
d. author(s) identification

e. description of the purpose of the analysis

f. discussion of the general method of analysis

g. identification of input information source

h.'dentification of input information status

major assumptions used in performing the analysis





Date: Page 2 af 3

3 ~ (Continued)

important references, including material properties

k. identification of specific versions of codes used

l. detailed calculation

m. listing of computer input

n. microfiche of computer output

o., summary of results

4 ~

5.

6.

7 ~

8.

9.

Record of analysis provided onn CD-28

All applicable entries on CD-28 correct.

All referenced NUS internal memos included in analysis file.
All referenced telecons included in analysis file.
Separate computer output labeled with analysis file number.

Record of analysis file verification on CD-29.

10. All entries on CD-29 completed and correct.

11. Item (7) of CD-29 completed and comments numbered

12. Verification checklist CD-30 included.

13. Computer code used verified per QAI 3.5.

14. Corrected items crossed out clearly enough to show on
Xerox copies.

15. List of input information and major assumptions checked
for commpleteness.

16. Documents Complete (Page Count)

17. Documents Legible and Reproducible

18. All Documents Identified on Index Received

19. Documents Properly Paginated

20. Documents Identified to Project/Item

All Unsatisfactory Conditions Resolved (List)
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22. Remarks:
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ANALYSISTITLE: QN~g~~~~7PC PUWir iC+ 1?dig rfSS<~HT ANALYSIS FILE NUMBER:~+~i~ ~ ~ +4 ~~ ~~~i~~ p / -~cd ~-Od/
INDICATE"YES, NO, OR N/A lNOT APPLICABLE),"FOR EACH ITEM AND INCLUDE

IN ANALYSISPACKAGE WITH RECORD OF ANALYSISVERIFICATION YES NO N/A

METHOD OF ANALYSIS

IS THE METHOD USED APPROPRIATE CONSIDERING THE PURPOSE AND.TYPE OF
ANALYSISAND THE USE AND ACCEPTABILITYOF THE RESULTS (ia., MARGINTO LIMITS)7 tZf'

IS THE METHOD IN ACCORDANCE WITH CODES, STANDARDS, AND REGULATORY
REOUIR EMENTS?

HAS THE METHOD BEEN EMPLOYED ELSEWHERE IN INDUSTRY OR IN LICENSE
APPLICATIONS7
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'ASSUMPTIONS'.

ARE ASSUMPTIONS NECESSARY TO PERFORM THE ANALYSISADEOUATELY DESCRIBED
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COMPUTER CODE APPLICATION
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IS THE CODE SUITABLE FOR THE PRESENT ANALYSIS?
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FINAL ANALYSIS REVEEH CHECKLIST

Project 0/Project Title
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Analysis Pile Title: 04Vc<)c aH Sc8 f. n~rr ~<col re~P /~r IS(

Analysis Pile Number: / /'- ~ad -OO /
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1. Unique Analysis Pile Number assigned to the file.
2. Analysis recorded on CD-60

a. pages numbered

b. total pages specified

c. all pages dated

d. client identified on each page

e. correct file number on each page

f. author(s) specified on each page

g. subject specified on each page

h. verifier initials on each page

3. Analysis File includes:

a. client identification,

b. analysis file number

c. analysis title
d. - author(s) identification

e. description of the purpose of the analysis

f. discussion of the general method of analysis

g. identification of input information source

h. identification of input information status

i. major assumptions used in performing the analysis
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Date:

3. (Continued)

j. important references, including material properties

k. identification of specific versions of codes used

1. detailed calculation

m. listing of computer input

n. microfiche of computer output

4.

5.

o.. summary of results „.

Record of analysis provided onn CD-28

All applicable'entries on CD-28 correct.

7.

~ 9.

10.

All referenced NUS internal memos included in analysis file.
All referenced telecons included in analysis file.
Separate computer output labeled with analysis file number.

Record of analysis file verification on CD-29.

All entries on CD-29 completed and correct.

ll. Item (7) of CD-29 completed and comments numbered

12. Verification checklist CD-30 included.

13. Computer code used verified per QAI 3.5.

14.

15.

Corrected items crossed out, clearly enough to show on
Xerox copies.

Cist: of input information and major assumptions checked
for commpleteness.

16. Documents Complete (Page Count)

17. Documents Legible and Reproducible

18. All Documents Identified on Index Received

19. Documents Properly Paginated

0'0. Documents Identified to Project/Item

21. All Unsatisfactory Conditions Resolved (List)
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500HP
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DIRECT L SEMI.DIRECT OPERATED

lor—46 fuel Oil, Viscous 6 Unclean liquids, Sea Water

—(orrosive liquids 6 Gases, De-ionised Water

—Steam, Edible 6 Sterile liquids, Cryogenics

—Nr, Water, light Oils, fuel Goses, Solvents
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wd

Issue 3

FEATURES
tutTARY S(LAFT TYt'E utch ROTARY Igl'tDN SitAFT SFAL

iitxhar prossures cin be tlandled because ot ciw neet(sntcaL
~ evans»gv tn opining chu valve.

Cr»ic»r shut-ntf »liubilll ts schlaveJ bocsusst
((> » " ' ('( ' ( '(" d (
»nd hold ic closoJ, ind (2) che rocary sh»cc cypo nachintcal
advantage sllovs i servo er direct-closure interns s ri, in
opcton»l external spring, inJ or opctonal grivicy veixt(c on cho
lever co be in»called.

I,'III
l'»

~ " ~4PLt, II(.

Ftuid u»dt» ts concstnad tn ~ sspirics lover untc, ~av»
true chs w nsctc iotinutd tun»r, ind ivsy fr(xa Lhe cotl--
corrosive tluids ire handled safely; hoc fluids do noc appre-
ciably atfscc Che cotL

~ chorefore Csv»r tnsdverc»nc shuc du»us
occur is i rssulc of cotL tallur4; nO Chance ot fuel gases,
other CL»s(wsbts or»x tu»ivi Clutds isci tn n h»
inclosure dwt co iolenotd cora cubo bruiksge; viscous or ditcy
liqut44 cinnoc coul che solenoid plunger (cor4).

Ndnuat opening ga(I ilinusl closinf, is provided by Che
~xcernaL le(er tn cise of energency, Cor crial opericton, 4cc.

Vtsust valve rtcion tndtcscton is provtdad by che
postcton OC ch4 inhirsnc sxcsrllsl lever

NO NININDN PRESSDRE or NININDN FLO(t IRL((CNT
opens and closes fully dovn co 0 PSI.
Positive, quick accion ic ill pressures - no floicing

plscon or Jtaphrsgts fluccer due Co vicar hasxssr, back prcssure
surges, or succ1on effects (sultd conneccion becveen solenoid
and piscoa).

A I IAR A R or P Su EDFO - A ELEOTR
Elininsces dependence on cvo nedta Cor opsracing concin

uicy; »lininices eluccer ind cosrly tnscallscion of air Linea
and accessories; ALL(atnacos vorry of frocsn or plugged atr lines;
sit(stoic«s depend»nca on sceidy atr pressure Cor conscinc speed
of opersclon ill uleccric Rosary Shifc cype solenotd valves
upstldc4 ac eiiiilcislly che sess speed regardless ot Line pressuro.

FA t(A D VA VE 8(t
Iitgtwr scscic pressure rscings, greater screngch.

»vine ~ tusn»nc i»ski e Jue co dtscorcion of vaLvo
body snd ssiC vhsn ttwcstted vich overstia vrsnches.
I FA p doT su'LTot pxovlslottd»r d~(l ( ( ( ( d d
resJtly co lndtcaco valve postcton resocely or co accwce sn
at ~ ita or relay.

OSEt t OEO VALVE NTKRNAt. tnRTS
Eltntnsces ~ ctcktngl const ~ canc, lsictng ctghc shuc-otC.

ROTARY SHAFT TYPE
All vatt(os in chts bull»cin aro of che ROIARY SNAFT

TYPE, They ire basically Life, glube-ecyle vilves; hovever
Che lineir, Ltfcing icclon of cha solenoid plunger is Crine
iilcced chru ~ swctdsntcat idvancsge by viy of in excernat
lever ind RLTCARY shsfc sesL unlc, and chen is converced hick
lnco 4 Linear iccion Co lifr. che valve piicon (piete ind disc
off che soir.

Conpared utch»direct Lifcu pickless cypu solenoid valves,
vhtch are cruly sutcsble only Cor general purpose flutds iod
general pirpose ippltcactoni, eany nore fluids sn4 greater
ranges of pressures and cesplricures can be suit»bly twndlsd
vich Cho Csur»nca NOTARY SNAtrf cypa soieootd valves; in»ddtclon
greicar verssctltcy iod adspcibtltcy vlch respecc co varisctone
ind opcions are ~ Cfordad.

Pnsunicic, nocor- ~ snd solenoid-op»raced rsclprocsclng
scen valves (vhere Cha packing ts drsvn back ind torch vlch
each scroka) nottsatty require packing gland niinceninco, vt(tch
ts vlccually gttntnacad by che slight ~ closely guided ROTARY
sx(cion (20 30 aru) of cha skate aeaL untc on a twurence
ROTARY SttATT cyps solenoid valve.

NORMALLY CLOSED - ENERGIZE TO OPEN
Valve clos44 ln che nornsL posicton (d4 snergiced)

op»ns upon»nargicacton ot che solenotd (currsnc on)
Falls clos»4 upon Loss of currsnc.

NORMALLY OPEN - ENERGI2E TO CLOSE
Valve opsu in Che t(orts»L position (4«snergtisd)
- Closes upon enurgisicton of solenoid (currenc an)

Fails open upon Loss ot currenc.

SERIES 500 —DIRECT OPERATED
SERIES SOO sre puce Direct Op»raced valves; (raf»rrlng co che internal cunsccucctuu)

»hereto che solonoi4 Ltfcs chu full iree vilvs disc off Ct(e sesc sgilnic ctw full scsctc
lin4 prsssur4 utchuuc ch4 ild ot sn 1ncernil piloc snd vichouc 4 ntuiiaxs pressure or tlov
requtreaenc.

Ihu valv4 opeas ind closes fully dovn co 0 PSI Jifferenctal ind buch up»ntng ind clostnx
~ re inscincineous. Closing sp»sd ts «sssncially indepsndenc uf fluid vtscosicy, line pressure,
ur pres»uro drop ~ ernie che valve ~

I d

r

I

t
>u'

SERIES 500HP —SEMI-DIRECT OPERATED (NOT sttobIt)

SERIES SOONP srs SeaL Dlrecc Operated valves for liqulJ service only sc higher pressures
Chia Series SOO, The solenotd vlch che aid of ~ pr~ssure isstsc lifts cha full-area 41sc otf
chs s»sc against che cult scscic line pressure,

Nowver because of a solid conn«ccton b»cwen ctw valve disc and Cho solenoid, valve
~ ccion ts quick ind postclve ind no ntntaun pressure or flov ts required, snd chs valve scca
as ~ pire Dtrscc Op»raced valve ic lov pressures.

Viscous or unclean liqutdi csn be handled s»f»ly because che diinscer ot che first sciga
porc is 2S ~ $02 of cha dliswcer of chu natu porc rictwr chin being a ne»Jle sic»4 bls«4 orifice.
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Closod
(liwsgite cv otwn)

0 ~ 4 e

, Normally Opo
(csl«rats« cv ~ los«)

vALvg tuvf

QP/I4»„.47~
SERIES 500 CATALOG NUMBER PREFIXES

croute 8 62
grass 6

Stainless
Sc«sl

kegrtnJing

Resilienc 501L'A

520

521

$ LUCFI

SLING

$31

eronre g 62

8-61ervnse

Scalnless
Sceel

Nsnel

Rs.dr tnd tng

keiilisnt

R«gt ted lug

Resilient

$02NGl444

502 NSlCNA

$ 22

5220

$ 22kbN

$ 22Nesr7

5LINA

5 LILS>A

$ 12 NESC>A

5 1 2 Nh'iLCCA

$ 32

532 0

$32NLT

$ 3CNNC7

Scsel A216

Scatnless
A351SC«el

Typ 304

Scstnle 4
Sc«41

3L6 CFSN

Scitnless
Steel

Alloy-20

Scatnlsss
Sc«el

Scatnless
SC«el

Type 303/304

Scsinl«ss
St@@L

Type 316

St«tales«
Sce«l

Alloy 20

Res r inding

k«s tl t«nt

S per iu4 tug,

R«atltenc

RegrtuJing

Resili4nC

Regrinding

R«sill«nc

50906

506CACA

507WA

$29

$290

$ 26

5260

527

$270

528

528C

$ 19NA

5 L90(LA

$ 16VA

5tdcsck

51/NA

SL)CMA

5 LSNA

5 Lecctt

539

$ )90

$36

537

5370

$ 38

538C

Non«1
FKD

r/2 N
-Tee

Regrlnding

kss lllent

508ltlA

$08CCMA

$26N

528NO

stelbA

5 L87CSCA

$ 3«N

FOR SERIES 500HP, ADD "HP" TO APPLICABLE SERIES 500 PREFIX ABOVE

I . 2-02 20 ( WW. I I~
sre also svsllsbls ln scsw stc«s consulc factory.

I
' 112 I I I I I/ I

(sol«nold usgnect«psrcs sc«noc wcc«4 by ch« tluid.)
~FR ~DC/0~use 4 closely guided, rounded swc«L Jtsc,

lapp 4 iu for I.ighc shuc oft.
~tt IIIQ(I~DCC Duos ~ Tpg> Class Ill1 44 TFK> V icon

Iuc«gral (icsndarJ). Inserted sa4 scelltce-cac«d
siics sr« ilsv 4vstlible

)W b(INNET FCANCL 0 Rthc SFAL b(usa> TFK> Vie«4 ~ n«c«L,

..222 ( l. *I
int u«cat.

OPTIONAL FEATURES
Usivy 4ucy, SPVC or Dtvt> tOr r«note

tndtcicton ot valve position or co «scuse« in ~ i«su or
r«liy; conte«ca rscod up co 20 wsps 9 tL5/60 AC or 10 sap«
(«125 Lc; fot valve closed ind/or valve open. Add ITS«
Co suffix on 1'sge 3.

I( To 4iscovrste Ca«paring utch, or
elaine.up vf th«valve a«chant>a, anJ/or co prevenc
dlrocc conc«re utch cha wscbet or corrosive saut«ac.
A44 "LC" co wffla oa Page 3. Opctunitty «vill«bi«
vtth L«xsn vin4ov.

~s: I+~L(>cr Fur swktnx solenolJ conswcctons vithin che
sot«not(l vnclosurs A44 Ig cu soft tx on l'st«3

lvlx cslct !No lsvlcl To Lol4 or loch vilv« ln ~ >tuicsd or
«i(wally overttd«4 position, AJJ LD'o suffix on 1'sgs> 3,

(«A«L(~nk~cL .'u Nish ~ oetgl t on «st«rail l«vsr co i«sist
recure co swnsst or litt sile twctctun Cor 444iclonsl
reliability fr(s> gtivicy. lisxtauss pr«>seta cspsbllicy wy
Jitter cunsuls. Ciccory. Add ICS" Co sufCix vn Fsge 3.~* « I IJ I
sec«>sv oswu wwsglisJ Cor iny r«sun. ksc(sssws>d«4 vich
vt>sws or vurlsia Liquids, ur vhsn sbssocss>t pre«sue«
wrgvs or vole.>sv dip> can be sxpscc«4. Sspirico unic
loc psswl aounclslg

NATERIALS TRACEASILITCI RADIATION RKSISTIC(C COILS 6 SFALS
St(OCR 4 VlbkATION RESISTANT CXN(STRUCTIONS 6 CERTIFICATICR(S

~IK~K~I/RFS standard vtch (Lv NPT coadult connecctin
(except six« T9 - 3/4" NPP, site TLO - 1").

Pl SQST IAURBECE LXPIDSION PROOF ENCLOSURES ARK FN APPNNKD
FOR CIASS I CROUPS AI 8> C 6 00 DIVIS ION I
Cons«le ticcory toc CLASS 1 CROUP C arses sad solenoi4 sita TLO.

~ll Ils S>fe Rife
A«blanc 'T>ss Fluid Tea

Class P tnsulicion (scd.) LAOF 2 OOF 4

PCIe«9 U tnwL>ciws 215F $ $OF

llowv«r clw set« i«slur«cures for 4 speelfla sppitcicton
J«psn4 on in overall consldsricion of che actual usx,
saut«ac iu4 CLVLJ C«up«recur«4> che cusp«recur«rte«uf chs
cotl Co be us«J,.rsng«of aypll«J volcix«sad nicuci of
hisicJO«s it«i, LC iny console ticcocy tor che «if«
csups. Cor yswr ippltcicloa. Also, hlghet cusp>recure«
csu be ha(ill«J tn sou« cases.

biswl on tlui4 cssstwrscure of LSOF ot 1«ss.
bss«J on fluid c«np«recure oC 21$ F or less,
bss«d on subt«nc csupsracure of 40C (104F).

Jcandsrd coils sro uststprootts(g-Varnish dipped, vscuun
Laptsgnsce4 snd baLed. Nstd«4 Class P ot Class N coils
fo't gr«4C«t 'tealscince Co uotscur«

~ fungus «OJ phystcil
dwssgo ara avatlible. Scsndsrd cotta sra tor conctswOua
ducy (24 hour ooactnuous snergttecton> vtch a xi«un scesdy
«coca coil swap«recure vichin rating ot class oC tnsulicing
Is>cert«La used).

STAN(nkn VOLTACESI 0/10, II I/O/I/I, 2 II/I/20, 11 'II>(20
440-440/40 Vole«/hc.

D.C, . A$ or 2$0 volts.
Och«r volcskes/ttsqu«not«s SP«ctal «locctt«al eh«racier
lactea csn b« furnish«4 (Prescore Llsctugs nsy Jiff«r)-
cwssulc C«story.

Irx(NTINC All valves su>st b« aounc«4 vlth che solenoid tn ~

Verttc'1, uptight poslcivn. Noritoncal pitw uwnctng is
scsuJir4 inJ should 6» uc ills«4 ubcnsv«r posslbl«. For
vscclesl pips uuuncing «JJ 'Vv co prefix ilwv«enJ specify
2>s(oclwr ilov t ~ upwr4 vr Jiwu/ird ~ lssiliw(c valve 4isc
ls r«co>>send«4, Pot ttutc«4 bsidtsa>S ~

«J4 "Cu Cv
lwrltoncsl pips no«acing prelis «cove for invert«4 vilve
body,
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CATALOG NUM8ER SUFFIXES —4. C. I/OIT4('IFS

CATAII<n
'lcIFSR
kl'frit

I trg
sftr.

CLASS 6 TkTE
Ftl0

LetcifdTlntIS SERIES
500

SERIES
500 HP

kiAXIIRrlnre'N Its;
I'llkrFRF'iftAI, PRfSSI'Rf. rx<l,t-

NnfD
fill.r.

Cy
FIR tt

PA) Ital PRESSURES-

0'll
IA
11

20
21

lC~ 26
262

tfix
9

292

31
S 12

34
3(i
38
')Rl

398
40
41

413
li1 4

42
44
li5

47
49
50

I/2"

I/2 N

I /2 N

)/4"

3 /4 ~ i

IN

)lvl Screw J
I'«X) ficreve I

)nn ficrewd
AIVI fitraw,d
)IXI Scrcwd
Snn Scr«ve J

300 Scrrveh
Sc raved

SOO Sereved
,llXI firr«veJ
Ifn Ftanx«h
150 Fin<is«d
1$0 Flanlcd
300 F11nged
JOO Flnnxcd
Snn Screw 8
Jnn Screw J
300 Scrcwd
600 Scr«ve J

If0 Fiance<I
150 Flanx«d
150 Flanted
)nn flanxed
)00 Flanged

Jnn Screved
)00 Screwd
300 Screw.d

1$0 Planted
150 Planted
150 Flanged

Ifllrfii
AIN)

265
fnn
I I5
22$

20

"150
)<XI

8$
Ifn
'215

1$ 0
Jno

f
15

13$

)0
15

135

15
135

lt
JO
)f
12
30
75

115
J15

I /5
275

)2$
Ann

50
LLO
250

lin

250

CI
nl
Dl
EI

DI-
E(

CI
Dl
EI
11

DI
EK
17

FI
11

Cl
Dt
f.l
Tl
DI
E(
T1

EI
11

DI
EI
Tt

DI
EK
11

I.C
1.4

1,4

2.)
2.)
3.0
S.n
3.0
).0
3.0
),0
:I .0

J.n
3.0
6,8
6,8
C,R
A.A

4.8

10
In
10

10
10
IO

llii 11«tines sh<N<n are Int>ndrh to Indicate Nur Curr«nt
~«Irtr«<n atsn 11rd cllnblllty )tio presser« "I.itlnr. Of a
Rlv<» vlf(lx Ina«bcr vill J«fvnd I» an overall consL<t«ra
tlon of tbn .iCtu*l fires ice ranxl., attuel tespcralurn
ringe, natl'r(nls selrctlon, anblrnt trap«return rance (for
DC volt1rra) ~ Viscosity rsnri, ant nthet speci(lcs for a
Pcrtlcular arpl Lent(<», In other wl is, nll valves vith the
~ «Ne Su((lx Ixs«bcr nra not nscccacrLLy "ratehv at the
s<axb<vn openinr. JLC(«rentlel prassure (iflire atevn. Viere-
forn ALNATS Anl SR or Srtn A ~ lt ri'il
ten rslnra col<all.lone anh consult factory (or Itic pressure
rntinr, for 7<nit .ippllCatiOn.
Ttic ffturca ctNN<n r«present the naxbvan differential rtea-
suro thn valve can ba o n«d a alnst (nax. Slee pressure
illnus tho a<in. Outlet pres»ne vh«n the valvn ls closet).
A high«r Inlet prl Scure can be han<ileJ Lf a cotrecpnndlnr
hlrher ho<a<stress pressure exists vhnn,the valve ls closed.
All valves vill hold clnaeh at rr<ergrncy pressures greatly
excccdlnx the figutca shovn I<accuse ttie line pressure anh
floe are abave thn seat, ten)lag to clots ttie valve. Nov.
ever. In a fev ca«as, thn ca(n oplratlng Pressure la lblltad
by the pressure trop«lature tsbl«s of ANSI 816.5, 816.15, or
RI4,74 (ln th«an cases litotes are tkaac I nn ~ 20 to kino F
fluid tcv<rnrature),

All rrcssuras are baaed nn n valve being furnlsheh vlth ~
continuous J Ity Coll (rated (or 24 hour, CI»tlnu<NIS enet
Rttntlnn or frequent cycllns).

R 8 FR FRF %t consult (sctory for speciale ~ or I
- Sr cl(y o fractional (reduced) fort Slee, vhete flov
rate ls of secondaty blrortonce.

si'.e Dlllctbi scrlca 700 and linn fo't Nalalally Reset
Direct Operated Rotary ShsCt type solenoid valves.
- Sea DIILetln Series 600 Cor higher-pressure Scnl Direct
Operated Rncery fihafc type solenoid valves,

509
51

$ 6
58
fe
61
63
l<4

11
12

15
76

71

82
RS

8$
86

89
90

e2
93

9h
942

91
o)l
e8
982

99
992

IN

I I/CN

I I/4N

300 Flat<Red
Snn F lanced

Jnn Scr«wa
300 Scrrwd
300 Screveh

1$0 F Isnged
150 f lanced
150 f lang«d

I ll2N

I I/tn

250 Screwd
2$0 Screved

150 fianxeh
150 Flanccd

I I/O N 300 Flanxed

2N

2 ii

2N

2 I/tv

2 I/2N

250 Screved
2$0 Screwd
Lfn Planged
150 flan( ed

300 Flanged
300 Fla need

250 Screwd
2 SO Screved

150 F lanced
150 Flanred

2 I/2N 300 Flsnted
150 Flan( ed
150 Finnish

3 Ii SOO fleeced
)00 Flanged

150 Flanged
150 I'lensed

300 flanced
SOO I'lanced

I I/CN 300 f longed

30
15

20
4$

8
20
4$

45

Lt
25

lt
25

25

10

10

LO

18

6
12

6
12

10

$
10

5
10

90
2$0

2$
10

11$

25
70

175

17$

$0
125

50
125

It5
40

LID

40
ILO

110
17$

20
7$

ln
75

75

100

1$
100

fn
100

EK
17

OI
El
11

DK

F.I
T7

EI
T1

E'I
Tl
T7

EI
T1

El
11

11
19

TIO

19
TIO

19
110

19
110

IO
10

1$ . 5
'I

5 .5
15.5

1$ .5
IS,5
15.5

1$ .5
2 2 . f
22

22.$
22.5
22.5
40
cn

40
40

40
40

63
6)
63
63

90
en

eli
96

140
160

175
175

T(SIPERATLIREs standard s«lxtssan fluid tenpcraturet 550f
Standard nlnbnae (lulh tenparatutet fnf,

aithouxh varlstlons ~ rn vade in the standatd consttuctlon
Cor tcnpnrsturea vlthln this ranla, Ihcrcfora, A~tfi

A ',F~IA r. cellolc, valves cor
higher tliapetaturea anh cryoR«nice 1m acallable consult
(1ctory,
teat SKRES - All valves have f'ull dlalcter poets except
su(lines l6, 17, 20 4 21.

'~E'ltlRCC~ »« io
Rrvncn d ll«val gronte bodleal Class 2$0 Screved,

Clos<i lfn d 300 F»nx<«J Clat Caco (ff).
Stainless Steel, Steel, ktonal bodlast Cl ~ aa JOO l,

600 Screved, Class 1$0 4 300 (lanced, raised face (RF),
futt ve'ld ot socket veld cor»actions ate also avails

ble, Add «Au<Nor "SNN to ecreved «ndc suffix up to I)IN pipe
site and to (lsnfed.ends anf(lx I)N to 6" pipe site.

Class (40 (longed, silver bracing ends (fcuale socket
or union), snd ttIL-F 20042 (longed ends are also ovailable-
con&llt factor/

STAIt:LESS STFJ<L STttL 4 teNEL YALvES Sctewd ends sre
standard up to I 'ipe alta only. Stainless steal type
304 body ls standard for all screwd.enls stccl body
valves

\ « i, < N ii
cion, ana pricing oC options, Ic need not be steel(lail.
CORRFVT ncxv - Inru«h and holding currents depend c» valve
~ lail

~
soll nold ~ leal ivitilent wlpcreturc (DI vnltaxes) ~

voltage/fre<tuency and other alectricaL chatacterlstlcs nf
the coll selected, Consllt factory fot specific dots.

n <<w - ii « i ii.
Pago 4 ior tlov forlntlae.

SKF. PACE 4 for listings (or O.C. voltages.
fitt I'ACC f fot A.C. Jblenalons.

TO SPEC'IFT A CATALOC htlNRF'R - Cce<bine the cstslcg n<s<tler
ptef is iten fsRC 2 vlth thc catatog nunber su(fix (ron
~ bove; e,g. $ 0041424, JOONA CSN, 500MA24FSTR, etc

I N

LIurrnce vtlvvs sre constantly being Lnprovad. SpcclClestlons. features, availability, etc. nay chsnxv vLthout prior notice.
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BULLETIN
SERIES
400
500HP

Leave 5

)xyrtt Tliv opening pressure cap bilicy ot a solenoid
valve vich a D,C.-volcoge coll I~ ~ Ignitlcsntly
dvpeadvnc ou aabieac cttaperscura, 'Lliarvfore, ~MA
ADVISE or spicIPY Youx ACTUAL aubienc cvnperacure
range. ~Cgures shovn ars based on 40C (104f),

FDR NOR))cLLY DFEN YALvES D c oNLY ~ftlxsa
have a nuch higlier difterancial pxvswte csp)blllty
Usiilg vli ~ Leuc)lace coUscriicc loll along vicli cLIe inlet
prvaauru being ~ YYLLed Uadernvath the valve aesc~h
holding pover ot D.C. solenoid holds clvt valve closeJ,
pressure evade to stun che valve) ~ Consult factory tor
J4c4ila,

SKK PACK 3 FOR AODITIONAI. NOTES OUNCE

- YRESSURES
TIZLPERATURES
PORT SIZES
TYPE CONNKCtIONS

- SOLENOID SIZE
CURRENT DRAM

Cv ILDM RATINGS
STAINLESS STEEL, STEEL, & Ig)NKL VALVES

CATAMC
NUNKKR
SUFFIX

09 uc
092 DC

16uC
17 DC

20uc
2 LDC

22 DC

26UC
262 uc

PIPE
SIZE

I/4 II

I/2"

I/2 il

ClASS & TYPE
KND

Cu&NLLTIONS

300 ScruvvJ
300 Scruved

300 ScrvvvJ
600 Scrvvvd

300 Scrvvad
300 Scrvved

300 Screved
300 Screvvd
300 Scruvsd
600 Screvad

)Uuiu)CC OL ENI)x:
OIFPKRLICIIAL I'RKSSURE

SERI E5

500
7$ Pgl

SERIES
500 HP

175
3$ 0

75
L7$

10

75
350

suLK.
NO ID

SIZE

c
u
E
T)uc

RA rlhc

1,4
1,4

1,4
1.4

2.3
3.0
3.0
J.U
3.0

288 uc
29 DC
29Z Oc

31UC
312 DC

I/2 Ii
150 f1anged
150 Flanged
150 FlaugvJ

300 F landed
300 Fl sliced

40
75

275

75
3$0

I.O
3.0
3.0

D

K

T7 DC

K 3.0
TIDC 3.0

36oc
3800
3 eluc
39800
4000
4LDO

3/4 v

3/4 lt

300 Scrawd
300 Scrvvv 8
300 Screve J

150 FIangod
150 Planted
150 Planted

8
35

160

35
160

50
Ief
600

50
16$
275

u
K
T7 uc

D
K
T7 oc

6.8
6,g
6.8

6.8
6.'8

CATALOG NUMBER SUFFIXES —D. C. VOITl()IS

v)R toRHU1As (Approx., for eacinaciag only.)

Lt~~ IIIIIN
2

pressure / CY)L

drop — specific gravity
(PSI) Cv

vhsre specific gt4vic)F 0t vacsr 1,0

I *N F.ll,
pressure (460 + t) (spac. gcsv.) SCYN

0

drop
(PSI) itaiec gaud» pressure + 15 1360 x Cv

413 DC

4 14oc

42 uc
44OC
4$ DC

47 DC
49oc
SO DC

509 DC
Slue

5 euu
58OC
59 DC

el Dc
63OC
64uc

3/4 II

I I/4U

1-1/Cv

300 Pleaded
300 PlaageJ

300 Scc«vsd
300 ScreveJ
300 Scrvvvd

150 flange J
1$0 fiiuigitd
150 Pl auged

300 Flange J
300 Planged

300 Scruved
300 Scrvvvd
300 ecruved

Lf0 'Flange J
150 tlauged
If0 flange J

3$
160

5
12

75

5
12
75

12
75

5
45

f
4f

16$
600

15
40

ZSO

I"
35

250

3$
250

10
2$

175

10

L75

r)uc
0
K
T7 uc

D
K
TIDC

T7DC

D

T7 uc

D

E
T7 OC

10
10
lu
10
10
LU

10
10

lf.5
15. 5
L5.5

IS. 5
15. 5
'if.5

vhara specitic gravity ot alr 1.0

F))R STEANC

praaaUrv
(

Ib/lir 2

drop N specific volans
(YSI) ( (fr /Lb) / (63 x Cv

ORDERING DATA

65oc

7 Iuc
72 oc

7 5OC
76 DC

77 uc

83 DC

L I/4U

1-1/2 v

I I/2N

1 1/2U

2 II

2 ll

300 F lunged

250 ScruvvJ
2SU Scruwd
150 Flsngod
1$0 Plunge J

300 PLaagoJ

2SO Scrvvsd

150 Ylsngvd

45

2
25

2
2$

25

10

LO

L75

10
12$

10
12$

125

Iiu
110

Troc IS.S

K
'r7UC

K
T7 oc

2Z.S
22.5
22,$
22.5

TIOC 22.5

TIOC 40

TIOC 40

Pull Catalog Nvaber (prefix + suttix 0 opcioa 4Jders)

tips Sire a Cv

Nax. Opening Oiffarancial Pressure, aad )Ctx. Inlvc
tressure (ACTS)AL)

LiqulJ or Cas Naadled

Viscosity, Spsciftc Cravtcy, Concvncracioa, Cleanr

PLuid & Anbivnc Teaperaturvs (ACIUAL)

Plov Race I Nvx. Ailovablv Pressure Drop, if uaporcsnr.

Valvu oodyt Inner parts d Disc narerial ~ dealrvd
Class 4 Type of etvi conrleccioaa

for Norironcal or Vetcicsl Pips )vtunrtngl

Type of Solenoid Enclosure (if explosion proof,
specify Class $ Croup snd/or nature ot hacard)

I Volcagu & Frequency

Nax. Tuse On and traquaacy of Operaclon

Solenoid Insular los Class

87 DC
ge uc

89oc
90 DC

92 oc
93 DC

9eoC
962 Dc

9/uc
972 DC

98DC
982 oc

99 DC
992 DC

2 II

2-1/2"

2-1/2"

3 It

3 Il

4 ll

4N

300 YL4)tgvd
300 Y lance 8

'ISO 8 'raved
250 Screve J

1$0 Plvngvd
150 tluncud
300 tisuged
Lfu f1vuged
150 Ylsnaad

300 Yiaude J
300 tlavgvd
150 Plaaged
150 F longed

300 Fisnged
300 PianguJ

10
lg
0

12

0
12

LO

5
LU

5
10

I lu
175

20
7$

20
75

75

75
100

75
100

50
100

50
100

True
TVuc

T/ uc
TVuc

29 DC

Tluhc

Tvuc
TLOuc

79 Dc
Tl0 DC

T)oc
TLODC

40
40

63
63

af
b)

96
96

lau
I eo

17$
175

Suvtaary Of Applicacion and/or ehecch ot Syscen

Opcionsl or Special teatures
For your convvaivncv, wu OUR Solenoid Valve usta

S)IVVC lur cIAAPLLLng Chv above cnfunetclon, cv 0VVV
cine inr

Mrlcing 4 a peciticaC ion
Requesciag price 4 delivery

Requesting sdJiciunal Literature
or a coaplecv catalog

SEE tACE 3 lur Listings lor A.C. VOLTACES
SKE PACK 6 for O.C. diaensiona.

TO SPECIFY A <ATA)4)c huxxf k Cuubinv the catalog nuubvr prviix
fton Pago 2 vich chv cacslog nUabvr 4Uffix frou shovel
u,g. 500UAZCDCI 500MAZCDCSMI SOCUAICDCPSTSI ~ CC.

AREA CODE 201

568-5471 R. G. LAURENCE
kt

CQ., I
12d N, SUMMIT STU

P.O. BOX 181,
FINAFIF, N.I. IlillVIA
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NUS CORPORA TION
CONSUL TING DIVISION RECORD OF SYSTEMICOMPONENTANALVSES

FILE NO.:

1 St-A<V -~r
NO. OF PAGES:

Zl
NUMBER OF VOLUMES
OF COMPUTER OUTPUT:

NA.
CLIENT:

HPR~ReR eeHeu~ A~~R ~~ro< PROJECT NO.:

I06I
ANALYSISTITLE:

I af: T' '8 /m

AUTHOR:

PURPOSE OF ANALYSIS: r ibr
vE'f]

co Cr ~

SUMMARYOF ANALYSISPROCEDURE AND RESULTS:

~ 7a r/~

A7 Cc Pc.

AC4<

7~ ~AMCs

n.r

c7 ~r a7

DATE COMPLETED- VER IFICATION REQUIR ED1

Q] YES P NO

ANA IS REVIEWED AND ACCEPTED: {DISCIPLINEMANAGER)

c
DATE:

ANALYSIS: BY: (FILE NO.)
P.SUPERSEDED

P SUPPLEMENTED

DISCIPLINE MANAGER: DATE:

HUS 202 10 REVISED 0181
gonnaIV CO-2C t2/TIJ
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N-AS CORPORA TION
CONSUL TING OIVISION ANALYSIS VERII=ICATION CHECKLIST

ANALYSISTITLE:

INDICATE"YES,, OR N/A {NO APPLICABLE)," FOR EACH ITEM AND INCLUDE
IN ANALYSISPACKAGE WITH RECORD OF ANALYSISVERIFICATION

ANALYSIS FILE NUMBER'~/

YES NO N/A

METHOD OF ANALYSIS

IS THE METHOD USED APPROPRIATE CONSIDERING THE PURPOSE AND TYPE OF
ANALYSISANO THE USE AND ACCEPTABILITYOF THE RESULTS {Ia.,MARGINTO LIMITS)7 C3 0
IS THE METHOD IN ACCORDANCE WITH CODES, STANDARDS, AND REGULATORY
REQUIREMENTS7

HAS THE METHOD BEEN EMPLOYED ELSEWHERE IN INDUSTRY OR IN LICENSE
APPLICATIONS7

ASSUMPTIONS

ARE ASSUMPTIONS NECESSARY TO PERFORM THE ANALYSISADEQUATELY DESCRIBED
ANO REASONABLE7

WHERE NECESSARY, ARE THE ASSUMPTIONS IDENTIFIED FOR SUBSEQUENT
RE.VERIFICATIONSWHEN THE DETAILEDDESIGN ACTIVITIESARE COMPLETED7 0 Q

INPUT INFORMATION

ARE THE INPUTS INTO THE ANALYSISSTATED ANO THEIR SOURCE IDENTIFIED7

IS THE INPUT INFORMATIONFROIVI THE LATEST AVAILABLEREVISION TO THE
OOCUMENT7

IS THE STATUS IPRELIMINARY,CONCEPTUAl., ETC.) OF THE INPUT SOURCE IDENTIFIED
FOR LATER CONFIRMATIONOF THE VALIDITYOF THE INPUT7

ARE THE INPUTS SUFFICIENT CONSIDERING THE PURPOSE OF THE ANALYSIS7

0 0

COMPUTER CODE APPLICATION

ARE ALLCODES USED IDENTIFIED ALONG WITH SOURCE, COMPUTER TYPE, INPUTS,
AND OUTPUTS7

HAS THE CODE BEING USED BEEN ADEQUATELYVERIFIEO7

IS THE CODE SUITABLE FOR THE PRESENT ANALYSIS7

DOES THE COMPUTER MODEL (NODING, TIMESTEPS, ETC.) ADEQUATELYREPRESENT
THE PHYSICAL SYSTEMS7 0
REASONABLENESS OF RESULTS

IS THE MAGNITUDEOF THE RESULT REASONABLE7

ARE THE DIRECTION OF TRENDS REASONABLE7

PREPARED B

Q 0 0~o a
DATE:

$7
NU$ 204 10 IlEVISEO0181
/Formerly C~ Rn. 1/





NUS CORPORATION
'ONSULTING DIVISION RECORO OF ANALYSIS VERIFICATION

FILE NO.:

ANALYSISTITLE:

/PA /1c2f CP~~

PAGE I OF

AUTHOR: NO. OF PAGES: NO. OF VOLUMES OF COMPUTER
OUTPUT:

VERIFICATIONSCOPE (CHE AS APPLICABLE):

~METHOD OF ANALYSIS

H-ASSUMPTIONS

INPUT INFORMATION

P COMPUTER CODE APPLICATION

P CHECK OF SAMPLE CA(.CULATION

~OT CHECK OF MATHEMATICS

~EASONABLENESS OF RESULTS

P COMPLETE CHECK OF MATHEMATICS

P PARTIAL INDEPENDENT ANALYSIS

BUDGET1 (APPROXIMATE)

MANDAYS

DESIRED COMPLETION DATE:

ri ZF <4
DESCRIPTION OF VERIFICATION-ACTIVITIES,FINDINGS AND RESOLUTION

y/ / g / p w~ ~~c.~~ 0 ~~P

NU$ 203A 10 REVISKO 0181
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SUBJECT:

reliminary Evaluation of LS ~ HS ~C PT ~ and Series 2 Typ
Under Electrical Aging, Environmental Aging and Seismic Vibration Tests.

PURPOSE:

Provide information concerning switch performance during electrical aging, environ-
mental aging and seismic vibration to demonstrate a switch capability under the
applicable portions of XEEE923 and IEEE344.

CONCLUSIONS:

The "LS", "HS", "Ci'fC", "PT", and Series 2" switches demonstrated their abilities
to perform their intended switch function throughout the selected tests. It is
the intention of this report to provide information concerning switch performance
in the areas of Electrical, Environmental, and Seismic 'Vibration testing. Product
acceptance or suitability must be established by customer review of this infor-
mation in conjunction with his application requiremerfts.
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E'EST

SE UENCE

1. Basic Measurements

2. Electrical Life (Initial Aging)

3. Environmental Aging

4. Basic Measurements

5. Electrical Life (Extended Aging)

6. Basic Measurements

7. Seismic Vibration

8. Electrical Life (Function Verification)

9. Basic Measurements
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TEST DATA:

This test wes initiated on 19 August 1975 by R.P. Hadley. One of each of
the following Catalog Listings was received for testing.

Catalo Listin
LSA2B-1D
LSDlA
LSQ051
PTP22BB
PTH2214CCC
2C203 with 239
2C206 with 2D33
911BGDOllMC with 2 PTCC
910CGF511 with 4 PTCC
1HS1

Date Code

7524
7534
7533
7519
7519
7527
7532
7440
7542
7531

GENERAL ENGINEERING COMMEiiTS:

These tests were initiated because of a variety of customer requests for
"Qualification" to IEEE 323 or IEEE 344.

Qualification or acceptance under these specifications is a function of individual
customer requirements. Obviously we would not have specific information available
under such a wide variety of possible test .conditions. The Evaluation Laboratory
(MICRO SWITCH) was asked to conduct tests that would show switch capabilities
under simulated IEZE 323 and IEEE 344 test conditions. This information could
then be submitted to the customer for approval. The test information acquired is
contained herein.

TEST E UIPMENT:

The MICRO SWITCH Evaluation Laboratory maintains records of test equipment, labor-
atory identification, and as applicable, equipment calibration. The equipment
used, conducting the tests reported herein, was examined prior to each use and
validity of calibration period verified. The test equipment used was as follows,

E ui ment

Characteristics Fixture»Micrometer
Characteristics Fixture — Protractor
Force Measurement » Scale

Pilot Lamp Indicator
(7.5 VAC, 0.170 ampere)

Megohm Meter
Voltmeter 0-250 VAC

0-250 VDC
Ammeter 0-10 amps, AC

. 0»50 amps, AC
0-100 amps, AC

Ammeter 0».5 amps. DC
0-5 amps, DC

Laboratory
Serial No.
LAB-

None
None
5-22
5-2
20-16

4-55
4-152C
4-15D
4-9C
4-121
A-13
1-161
4-143C

Frequency
of

Calibration
As used
As used
3 months
3 months
As used

3 months
6 months
6 months
3 months
6 months
3 months
6 months
6 months
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Equipment (Cont.)

~Eui ment

Industrial Analyzer
Inductor DC, MIL-I-81023

Operation Recorder

Oven 100'F to 500'F

Pyr-0-Vane Controller 100 to 600'F

Humidity Chamber
Recorder Controller - Dry Bulb
Recorder Controller - Wet Bulb
Vibrator - 5-55 Hz. - Mechanical
Linear Actuator 1-250 per min.

Rotary Actuator - Motor
Chatter Detector

Laboratory
Serial No.

4-86
10-24E
10-24G
18-7H
18-5C
18-1
1-12
1-12B
1-12D
8-14C
8-14B
8-14D
1-19B
8-16B
8-16
2-2
0-81B
Table D

Table E

Table H

1
ll-18D
20-79

Frequency of
Calibration

,.6 months
NA
NA
NA
NA
NA
NA
NA
iNA

3 months
3 months
3 months

NA
3 months
3 months
6 months

iNA

NA
iNA

NA
NA
NA

3 months

TEST PROCEDURE:

Unless otherwise. specified, all tests were conducted at room temperature, pressure
and humidity.

BASIC MEASU$~ENTS:

A. CHARACTERISTICS:

Switch travel characteristics were measured (when applicable) using a micrometer
fixture graduated in .001 inch increments or a protractor fixture graduated in
1 degree increments, whichever was appropriate. The switch actuator was moved
at a slow uniform rate (approximately .002 inch/second or 2'er second) using
a manual drive. Switch circuits were monitored for continuity throughout switch
travel using a pilot light circuit (Lab 20-16) operating at 7.5 VAC and .170 ampere.
Although switch characteristics measurements were not applicable to manually
operate devices, switch function was verified using the pilot light circuit.

Operating forces (when applicable) were measured using a scale (Lab No. 5-2 or 5-22)
moving the actuator at a slow uniform rate. The scale was graduated in 1/4 ounce
increments. Circuit continuity was, as noted above, monitored throughout the switch
plunger travel.
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B. INSULATION RESISTANCE:

Insulation resistance was measured at 200 VDC. Equipment accuracy limited the
range of readings fzom 1 megohm to 100,000 megohms. Points of measurement were
as follows:

1. Mutually insulated terminals of the same pole for those poles scheduled for
electrical tests.

2. Terminals to grounded case (when applicable).

ELECTRICAL LIFE (A in ):

The object of this test was to apply sufficient mechanical and electrical opezations,
on typical 125 VDC and 125 VAC loads, to approximate switch conditions following
a 40 year mechanical and electrical service life. For each switch type we selected
a service life that was compatible with pzojected switch use in the application.
The operational life and loads selected do not necessarily reflect maximum switch
capabilities. The life and load conditions selected were typical of those en-
countered in various customer specifications and applications at this time.

This test was divided into three sections. The fizst was the initial electrical
aging of the samples, intended to represent a 40 year life. The second was an

oveztest following environemntal aging. This was intended to vezify sustained
electrical function following accelerated degradation of the switch dielectric
materials. The third was verification of switch operation following a simulated
earthquake condition (seismic vibration).

Operational details for the various switch listings are shown on the charts titled
"Electrical Test Parameters." One sample of each catalog listing was subjected
to the specified load conditions following initial "Basic Measurements", "Environ-
mental Aging", and "Seismic Testing". Each switch operation was monitored on a
suitable chart type recorder. These charts were reviewed to verify proper switch
operation throughout the life tests.

ENVIRONMENTAL AGING:

The environmental aging portion of the tests consisted of three cycles. Each
cycle included Thermal Aging, Humidity Exposure, and Sinusoidal Vibration
conducted in that order.

A. THERMAL AGING:

Each switch construction and its related materials were examined carefully to
determine the maximum temperature at which the switch could survive, without
significant deterioration of materials or performance, for a period of at, least
700 hours. The temperatures selected were =intended to pzovide an accelerated
thermal degradation which would approximate a 40 year period of switch use Iinder
normal operating conditions. Obviously we do not have 40 years of experience
accumulated on the switch listings tested. As a consequence, Aging Temperatures
weze based on our engineering judgements and available information. We vill not<

and have not attempted to justify ouz judgements. At this time we could not justify





ELECTRICAL TEST PARAMETERS

Catalog
~tistio
LSA28-1D

Current
~Volta a ~Ao arts
125 VDC 0.25 Ind.

Inductor or
Power Factor
MIL-I-81023

Actuation
~Te Rate

Linear * 6/min. 1-2,
7-8»

N.C.
N.O.

Circuit Tested

LSD1A

LSQ051

PTP2288

125 VAC M60-86 Ind.
125 VDC 0.5 Ind.

125 VDC 1.1 Ind.

M22X-828%

MIL-I-81023

MIL-I-81023

Linear
Linear

I.inear

30/min.

6/min.

6/min.

3-4,
1-2,
7-8»
3-4,
3-4,

N.O.

N.C.
N.O.
N.Os» Block /Il
N.Os» Block //2

PTI12214CCC

2C203, 2D9

125 VAC M60-86 Ind. M22X-828X

125 VAC 5 Res.

125 VAC M7.5-81.2 Ind. M14%-833%

Linear

Linear

Linear

30/min.

30/min.

30/min.

1-2}
5-6,
3-4,
7-8,
1-2,
4-6,
7-8,

N.Cs» Block //1
N.Cs» Block //2
N.O. Block //3
N.Os» Block /I3

N.Os» Basic 81
N.Os» Basic /12

N.Cs» Basic /l3
10-11, N.C., Basic //4

2C206, 2D33 125 VDC 0.25 Ind. MIL-I-81023 Linear 6/min. 1-3,
4-6,
7-8,

N.O. Basic 81
N.Os» Basic 82
N.Cs» Basic /l3

10-11, N.C. Basic //4

9118GDOllMC, 2 PTCC 125 VDC 1.1 Ind. MIL-I-81023 Linear 6/min. 1-2,
5-6,

N.Cs»
N.C ~ }

Block //1
Block /l2

910CGF511, 4 PTCC

111S1

125 VAC M60-86 Ind.

M7.5-81.2

250 VAC M30-83

125 VDC .5 Res.

M22%-828X

M14X-833%

M20X-830%

Rotary 6/min.

l.inear 6/min.

1-2,
5-6,
3-4,
7-8,
5-6,

N.Cs»
N.cs»
N.Oa}
N.Os»
N.Cs»

C-N.O.

Block /ll
Block 82
Block //3
Block 83
Block /!4

M — Make or inrush load parameters.
8 — Break or current interruption load parameters.
N.O. — Normally open circuit
N.CD - Normally closed circuit

m ~I}
m ~

o v
4
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the cost of complex verification tests. We can only offer our tests for customer
consideration and/or acceptance.

Each of the three test cycles consisted of a minimum of 235 hours exposure at
. the selected temperature. The total exposure time in all cases was in excess

of 700 hours. The thermal aging was conducted in circulating air ovens with
uncontrolled humidity. The individual test temperatures and exposure times
are shown on the „chart, titled "Environmental Aging -'hermal Aging".

B. MOISTURE ABSORPTION:

This portion of the Environmental Aging test was included to evaluate tlIe
properties of materials as they are influenced by the absorption and diffusion
of moisture. Absorption of moisture by many materials results in swelling, loss
of physical strength and degradation in dielectric properties. These affects
are further magnified by thermal aging. It was, therefore, logical to include
such a test in our Environmental Aging.

Each switch was subjected to a minimum exposure of 48 hours duration at 104'P and
95 to 100 relative humidity foLlowing each cycle of thermal aging. A 48 hour
time period was considered sufficient to allow material saturation for the
material volumes used in the tested switch listings'.

h

C. VIBRATION (SINUSOIDAL) AGING:

. The purpose of vibration aging was to impose mechanical stresses on the switches,
compensating for those introduced during shipping, installation and service life.
These stress factors are variable in the customer applications. Having -no clear
definition of vibration aging parameters from IEEE 323, the author selected a
sinusoidal vibration having a frequency range of 10 to 55 hertz; The harmonic
motion had a displacement as specified in the chart titled "Environmental Aging-
Vibration Aging". The entire frequency range from 10 to 55 and back to 10 hertz
was traversed in 1 minute, the frequency being varied uniformly between these
limits as per MIL-STD-202E, Method 201A. Each switch, mounted by its normal
mounting means, was subjected to one half hour of vibration in each of its three
major planes, following each of the three "Moisture Absorption" cycles. The total
vibration time was four and one half hours. Since the purpose of this test was
to provide mechanical stress, we did not attempt to monitor switch contacts for
separation or transfer. Pollowing each vibration exposure the switches were
examined visually for breakage or deformation, and mechanical function was verified
using a pilot lamp load (Lab No. 20-16).

SEISMIC VIBRATION TESTING:

The seismic vibration portion of this switch testing was conducted at Acton
Environmental Testing Corporation by B. Esposito on 8 December 1976. The following
section of this report concerning these tests was extracted from the Acton report
number 12762.
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At this time we have no well defined requirements concerning switch performance
during vibration. This must be specified by the individual customers. There-
fore, we decided to monitor contact separation or transfer as applicable, report
the duration of any separation or transfer and let the customer determine if
the switch performance would be satisfactory in his application.

A. TEST MOUNTING:

The ten switches were mounted to an aluminum test fixture which was securely
attached to the small biaxial table of the Acton Enviornmental Testing Corporation
(AETC) 45'iaxial seismic test facility such that the fixture had a transmiss-
ibilityof 1.0. the switches were attached to the test fixture in a manner
similar to actual field mounting. The mounting configuration of each switch was
as follows:*

Switch

1. LSA2B-1D

2. LSD1A
3. LSQ051
4. 1HS1
5. PTP22BB

6. PTH2214CCC
7. 2C203

(2D9)=
8. 2C206

(2D33)

9. 910CGF511
(4-PTCC)

10. 911BGD011MC
(2-PTCC)

Mountin Confi uration
2 Allen screws through switch to auxilary mounting plate and
4 allen screws through this plate to the test fixture.
2 allen screws through switch to test fixture.
Same as LSA2B-lD.
2 allen screws through switch to the 3/8 inch angle fixture.
Panel type mount, cross section of 3/8 inch angIe fixture reduced
to 1/4 inch for mounting.
Same as PTP22BB.
Panel type mount, cross section of 3/8 inch angle fixture
reduced to 1/8 inch for mounting.
Panel type mount, cross section of 1/4 inch angle fixture
(furnished by MICRO SWITCH) reduced to 1/8 inch for switch
mounting , angle fixture attached to test plate using 2 allen
screws.
Panel type mount to the 3/8 inch angle fixture.

Same as 910CGF511.

* Refer to included photographs.

B. TEST MONITORING:

The ten switches were visually monitored for any evidence of mechanical damage
or deterioration.

The switches were monitored with accelerometers by AETC personnel to determine
their mechanical response. Data from these accelerometers was recorded on
visicorder chart paper. The five monitoring accelerometers and one control
accelerometer were mounted in the following locations:*
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Accelerometer
Number Axis Location*

Vertical
Vertical
Vertical
Vertical
Front-to-back
Vertical

On Switch 911BGD011MC
On Switch 910CGF511
On Switch LSQ051
On Switch LSA2B-1D
On fixture angle,
On fixture plate (control)

MICRO SWITCH personnel ~ired the closed contacts of switches LSA2B-1D, LSD1A,
LSQ051, 1HSl, PTP22BB, PTH2214CCC, 2C203, 911BGD011MC, 910CGF511 and the open
contacts of Switch 2C206 for monitoring of contact chatter or false closure by
means of a 10 station detector provided by MICRO SWITCH. The MICRO SWITCH detector
had four ranges of detection as follows:

* Refer to included photographs.

~Ran e Na.

1

2
3
4

Detection
In" excess of 10 microseconds
In excess of 100 microseconds
In excess of 1 millisecond
In-excess of 8 milliseconds

C. RESONANCE SURVEY:

A resonance survey using a sinusoidal input of 0.2 g's (vertical and horizontal
peak acceleration). at frequencies of 1 through 35 Hz. was conducted at a sweep
rate of 1 octave/minute. The input was applied to the small biaxial table of
the AETC 45'iaxial seismic test facility in the following sequence:

Test No.

1
2
3
4

Biaxial Direction
Front-to-Back & Vertical
Left-to-Right & Vertical
Back-to-Front & Vertical
Right-to-Left & Vertical

D. SINE BEAT TEST:

The sine beat test consisted of
horizontal peak acceleration as
Figure 1, limited by 20" DA and
to be performed at any resonant
well as at 33 Hz . The test f'r
with a sufficient pause between
The sine beat test, performed in

amplitude modulated sinusoids with a vertical and
shown in the attached Generic Rim Specification,
90'-'/sec. piston velocity, The sine beat test was
frequencies found in the "Resonance Survey" as
a given frequency was 5 beats, 10 cycles/beat,
beats to preclude any superposition of motion.
the following sequence:
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Test No. Biaxial Direction
5
6
'7

8

Right-to-Left & Vertical
Back -to-Front & Vertical
Left-to-Right & Vertical
Front-to-Back & Vertical

E. MULTIPLE FRE UENCY TEST:

A bi'axial multiple frequency excitation was applied to the switches for a period
of 30 seconds per test. The horizontal and vertical input level of multiple
frequency excitation was such that the Test Response Spectra (TRS) computed at
Q 10 by a Spectral Dynamics SD321 Shock Spectrum Analyzer would envelop the Re«
quired Response Spectra (RRS), Figure 2, limited by 20" DA and 90"/second velocity.
The input was applied 6 times in each axis, 5 OBE's followed by one SSE.

OBE — Operational basis earthquake
SSE - Safe shutdown earthquake

The multiple frequency test was performed in the following, sequence:

Test No. Biaxial Direction

9
10
11
12

Front-to-Back & Vertical
Left-to-Right & Vertical
Back»to-Front & Vertical
Right-to-Left & Vertical
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TEST RE UI~TS
BASIC MEASUREMENTS:

I
A. CHARACTERISTICS AND FORCES:

All switches are required to function mechanically and electrically both before
and after completion of the test program.

Characteristics and force measurements were applicable only to the switches
shown below. The requirement limits were as follows:

Pretravel
Differential Travel
Operating Force
Release Force

LSA2B-1D

15'ax.
7'ax.
4 in. lbs. Max.
N.A.

LSD1A

.070" Max.

.015" Max.
4 lb. Max.
N.A.

LS 051

15'ax.
8'ax.
4 in. lb.
N.A.

ifax.

1HS1

.065" Max.

.020" Max.
.10 to 22 oz.
4 oz. Min.

N;A. «Not Applicable

B. INSULATION RESISTANCE:

There were no requirements established in IEEE 323 concerning the dielectric
properties of insulating materials. Therefore, M.selected the requirements of
MIL-S-8805C, paragraph 3.9 which specifies 1000 megohms minimum.

ELECTRICAL LIFE (A in )

The electrical life requirements for s~itches would be a function of the application
and must be specified by the individual customers. After reviewing customer
specifications and discussing this problem with several customers we selected
the following:

All switches. must complete all phases of the electrical testing without any failure
to make or break the electrical load in proper sequence. The life requirements
for the various portions of this test were as follows.

Initial Life Test:'0,000 operations minimum
Extended Life Test: 10,000 operations minimum
(Following environmental Aging)
Final Operation Verification: 10 operations minimum
(Following seismic vibration)

ENVIRONMENTAL AGING:

The switches shall be mechanically and electrically functional following environ-
mental aging and there shall be no visual evidence of product deformation or
damage.
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SEISMIC VIBRATION'.

Following the seismic vibration test the switches must be mechanically and
electrically functional and have no visual evidence of damage.

There is, at this time, no requirement concerning contact stability during
vibration. As a result we monitored the switch contacts for separation or
transfer as applicable to the test circuit and recorded the results. The
customer must determine the product suitability- for his application.

We must point out the fact that most switches of the types tested would be
controlling relay, solenoid, indicator lamp and resistive loads which are
not normally sensitive to contact disturbances in the 1 millisecond or less
range.

TEST RESULTS AND TEST RECORDS:

BASIC MEASUREMENTS:

The test records are found on pages 25 thru 35

All switches except the 2C203 met all of the basic measurements requirements
throughout the teat. As noted on page 32., basic switch number 4 of 'the 2D9
module attached to the 2C203 actuator failed during electrical life testing
following environmental aging. The s~itch life was exceeded rendering that
basic switch inoperable. Therefore, no further basic measurements were
recorded on that basic switch.

ELECTRICAL LIFE (A in );
The test records are found on pages 25 thru 35 .

As above, all switches except the-2C203 met all of the electrical life requiremen'ts.
Basic switch number 4 of the 2D9 module attached to the 2C203 actuator failed to
function after 46,178 operations on a 125 VAC, 5 ampere resistive load. An X-ray
photograph (radiograph) of the basic ~ch showed severe electrical erosion of
the s~itch contact areas which upset the balance of the snap acting mechanism
resulting in failure to operate. In other words the basic switch had exceeded
its electrical life capabilities. No further electrical tests were conducted on
this basic switch, although it was not physically removed from the 2D9 switch
module.

I

ENVIRONMENTAL AGING

'he

test records are found on pages 37 thru 39 .
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All of the swtiches met the test requirements since all were electrically and
mechanically functional following the test and there were no evidences of
switch deformation or damage.

SEISMIC VIBRATION:

The test records are found on pages 40 thru 66.

All switches met the test requirements since all were electrically and mechanically
functional following test and there was no evidence of switch damage.

Contact distrubances in excess of 10 microseconds were noted on the following
switch listings.

LSQ051
910CGP511 with 4«PTCC blocks

This is reported on pages 41 and 42 . The significance of such contact disturbances
in customer applications must be resolved by the customer.
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q~azzY ASsmVZlCE
RECORD

INSTALLATION AND

GENERAL ELECTRIC CO.. 6 VREELAND RD. ~ FLORHAM PARK. NEW JERSEY 07932
Phone (201) 622-3960

SERVICE ENGINEERING

DEPARTMENT

G-EN-0-164

October 16, 1980

gQ'-<'IIa 0 cc: T. M. Crimmins
T. E. Tipton
D. A. Ross

,Pp ggI)gzg

'Mr. Yosh Naigai
Jersey Central Power & Light Company
Madison Avenue at Punchbowl Road
Morristown, NJ '7960

Dear Mr. Naigai:

Enclosed find one (1) copy of Environmental Repor t, and Non-tIetallic
Materials information, which is the last page of the Environmental
Report.

This Report covers the following motors:

1." Core Spray Pump'Motors - Model No.'K828848C7
S/N: CC8364478

CC8364479
F88358720
F88358721

2. Core Spray Booster Pump Motors - Model No. 5KSI8841C45
S/N: — EC8365470

EC8365471
EC8365472
EC8365473

3. Containment Spray Pump Motor - Model No. 5K818842A103
S/N:, AC8361224

AC8361225
AC8361226
AC8361227

, The above information has been reviewed by San Jose Engineering.

If you have any questions concerning the enclosed information, please do
not hesitate to phone this office.

Service Manager-Nuclear,

GCN:ALA:jmh

M/A
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ENVIRONMEG'AL REPORT

Furnished to
GE/NEBG,
San Jose, California
Reqn. 529-HR151X
By The
Large Motor 6 Generator Department
General Electric Company
Schenectady, Hew York 12345

October 1980
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FORWARD

This report is prepared for the sole use of GE/NEBG, its agents and

subsidiaries as an aid in the qualification of the General Electric

Company motors supplied for use in the Jersey Central Power and Li'ght

Company's Oyster Creek Nuclear Power Plant.

Use of the data contained herein-by other than GE/NEBG, its agents

or subsidiaries or for any other than the indicated purpose is prohibited.

A portion of the data contained herein was extracted from reports

prepared for the Large Motor and Generator Department of Schenectady, N.Y.

by Dr. W. Nelson and Dr. J. Fleck. These reports which are proprietary

cannot be made available in their original form but, upon request, repre-

sentatives of GE/NEBG may review copies available at the Large Motor and

Generator Department.





SCOPE:

This report endeavors to provide information which will assist GE/NEBG

in determining the environmental qualification in accordance with NEBG

Specification 22A2928 Rev. 2 dated 4/14/71, for the following motors:

GE Kodel No.

5K828848C7

Serial No.

CC83644781 479
FB83587201 721

Core Stray Pump Motor

5K818841C45 EC8365470, 471
EC8365472, 473

Core Spray Booster Pump Motor

'KS 18842A103 . AC8361224, 225
AC83612261 227

Containment Spray Pump Motor
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SECTION I
DESCRIPTION OF MOTORS

Qgcimotors~eovere~tH~Meport~are~xizoztal;-.sq~i'e~~'g~niH~-"~

mr-.~~GeqeXato~ep!~n~W™W
" os% The motors have oil ring lubricated sleeve bearings

which have served the utility industry for more than 40 y'ears. These bear-

ings are self equalizing with ambient pressure fluctuations., The rotors

have rugged dependable aluminum squirrel cages with integral end rings

and fans.

The motors are (1) located outside of the containment and the environ-

mental conditions specified are similar to, or perhaps less severe than

found in many power plant applications in which General Electric motors
\

have been used for more than 40 years, and (2) similar in design to other

General Electric motors supplied for and used in safety related applica-

.tions of nuclear power plants.





SECTION II
INSULATION SYST~

- WIT1RRf eneXfie~w4th..the+et ter".'-'-'7'~in~th~deE<

l~gpp,,
~7~

r.egnated:". '--mat-'-~a-

s stem. A sealed system especially suited for moisture resistance

and high humidity. ~descri tion-. of;.."Custom;Polyseal",-.is.contained.'Xng

This insulation system was evaluated in accordance. with IEEE-275

"Evaluation of Systems of Insulating. Materials for A-C Electric Machinery

Employing Form-Round Preinsulated Stator Coils". Details of the test are

given in Section IV of this report and the

as 8~~ on F~g~~

ter,"~in the~del. number~haver

been hui3. with a random,.woun~Ka oz'co construction which is thence.

impregnated, with epoxy-varnish,hand bake&t~remhe-system These

machines although rendering considerable resistance to moisture and

humidity are not classified as ".sealed" insulation systems. As with any

insulation system, sealed or not, periodic measurements of the winding

~ insulation. resistance to ground (with power cables disconnected) is recom-

mended. If the resistance is less than the recommended minimum value in

*Registered trade of the General Electric Company.
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the instruction manual, corrective action should be initiated. This

could include re-impregnation treatments of the winding system.

The motors have been designed with special lower than standard

temperature rises so that when operated in the specified high ambient

of 148 F (65 C), the winding temperature rise of 35 C at rated load

combined with the 65 C ambient does not exceed the=total design temper-0

ature of 120 C for the

Referring to Fig. 8'5 at 120 C, insulation life corresponds to 530,000

hours which exceeds 40 year life 24 hours per day, 7 days per week of

operation. Aging therefore does not mechanically. or electrically de-

grade the insulation system.
I

Similarly the "A" model number motors have been designed for a

50 C rise in'a 70 C ambient for a total temperature of 120 C but these0 0 0

have been .supplied with a Class "F" system which is normally rated at

145 C.

The subsequent sections of this report have been prepared and are

made part of the IEEE-323 Topical Reports prepared by LMGG for motors

furnished under todays standards for CLIE Safety Related Equipment and

are attached to this report for informational value.
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SECTION III — RADIATION RESISTANCE OF THE CLOS IE MOTORS

SECTION III
RADIATION-RESISTANCE OF THE CLASS IE AOTORS

Radiation resistance data for motor insulation systems, either as

complete windings or motorettes, is largely limited to high temperature

Class H silicone insulation system used in equipment for military or

government applications.'uch equipment is usually exposed to accumu'a-

ted radiation levels in the order of lx10 rads or greater. The combi-9

nations of silicone resins, mica and glass insulation used in these sys-

tems have proved themselves in these environments.

The maximum integrated radiation dose over the 40 year operational

life of the Class IE motors as covered by this report, is Xx10 rads.6

This is 0.1X of that required of the aforementioned Class H silicone,

mica, glass systems. The basic insulation material being used on the

Class IE motors is glass and mica. Epoxies are used as impregnating

resins, instead of the silicone resins, but individual tests of epoxy

resins show radiation tolerance up to lx10 rads before indication of9

'amage.

k-"~920-" cated=-that=th~sulation resistance

ts.=of.-the;"ClKXOK.POXZSEAL"-'.C~8'-'Epoxy-VPT; chica ~u.
system-ia-.such, thar,.no-..effective damage results from an integrated, dosage

7~of.,lx10 ~ roentgens (ref .-Zig 'W:of.the Append%a).





SECTION III - RQ)IATION RESISTANCE OP THE- CLASS IE MOTORS

Table IX shows that the integrated motor design radiation dosage of

Ix10 rads over the 40 year life of the plant is below the "threshold6

damage dose" for the component materials of the, insulation system. Th~@

'th~tur~

au~osage"-"rate"'of"5%0=~ds".p~ur"lf or aa,,int~erated.radiation-"dosm~

0 "exposure occurre&a~om"'temper'ature~%-"k

After exposure, the sample was examined. No change was detectable

in any of the material - the surface of the coil section remained very

hard. Voltage breakdown of the ground insulation of the 460 volt coil
8after 2x10 rads exposure was 14,000 volts, which is more. than 6 times

.the'voltage endurance Level required by HUACA for a new motor having a 460

'volt insulation system; This, test was'onducted in 1972 by the .GE Company

Nuclear Energy Division at Vallecitos, California.

The component material evaluation and the irradiation test of an in-

sulated coil sample confirms that no mechanical or electrical degradation

of the insulation is to be expected from an integrated radiation dose of

lxLO rads. RadiatfazreffectsRKe efore need.noC"bewnsidezed-,in-evaluat-
0

ing motor li'fe a~he.-effects..of. a„:~nic..incident at or near end-of, life-





MATERIAL USAGE O'HRESHOLD DAMAGE DOSE REFERENCE

Hica Hat Wrap
Mica Paper
Polyester Film (Mylar)
%olyqsgg~i~Unfilled)~ ..

Hica Hat Tape
Mica Paper
Glass Fiber

polyester-Resin--(Unfilled)
Polyester Film (Hylar) . ~

Glass Tape

Epoxy Resin

Alkanex Film

Polyglass (DPG)
Polyester Filaments (Mylar)
Glass Filaments

Polyester Glass Laminate

Permafil Glass Rope
Glass Fibers
Polyester /csin (Vnfkllqg)
Polyester Resin (Glass

Filled)
Glass Roving

Glass Fibers
Formvar Resin

.Polyester Resiq ]Uogg.led)
Polyester Resin .(Glass Filled)

Dacron Felt
Fthylene Propylene Rubber

Glaskyd Holding Compound
Polyester Resin (Glass Filled)

Light Turbine Oil
Scotcnply 1002

Epoxy Resin
Glass Filaments

Coil Ground Insulation

Coil Ground & Conn. Insulation.

Coil Armor 'gape

Stator Minding Impregnant

Turn Insulation
~ Turn Insulation

Wedges, Fillers a Separators

Coil Nose Bracing

Ties

Top.Filler & Bracing

Power Cables

Coil Support Bracing

Bearing Lube (Sleeve Bearing)

Bearing Insula'cion,

ix108-ix10>0 Rads (C)
4,4xl06 Rads* (C)

x108 ixl010 Rads (C)
6.5xlO>0 Rads (C)
jgiQXJka'de 0~
4.4x106 Rads* (C)

6.5xlO>0 Rads (C)

2xl09 Rads* (C)

4.6xl07 Rads (C)
C

~ 4.4xl06 Rads* (C)
6.5x10>0 Rads (C)

9.5xl08 Rads~ (C)

6.5xlO>0 Rads (C)
Mxl0~5..egg~~~

' 9xl08 Rads* (C)

6.5xlO>0 Rads (C)

~5x105 Radar--(CP
9xl08 Rads~ (C)

.8.6xl05 Rads*

1.5xl07 Rads~ (C)

9xl08 Rads* (C)

1.5xl08 Rads

2xl09 Rads~ (C)
6.5x10> Rads (C)

(1)
(4)
(4)

(1)
(1)
(4)
(4)

(4)

(1)

(4)
~ (1)

(4)

(1)
(4)
(4)

(4)
(4)

(2)

(4)

(4)

(5)

(4)
(1)

Page 29
Page 104
Fig. N3

Page 29
Table 5

Fig. N3

Page 104

Table 5

Fig. N3

Table N4

Page 104.
Table 5

Table A-41

Table 5

Fig. N3

Fig. N3

Table 5

Fig. N3

Fig. N3

Table 3

Table 40-8

Fig. N3

Page'4-3

Fig. N3
Tables

n
O

M
H

a
IH

M
O
I

O

Dl

n

M
w

O
O
U)

-l* Reported in ERGS G (C) and converted to Rads (C),
100 ERGS G 'C) ~ 1 Rad Ref. (4) Table 3
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TABLE III
REFERENCES

(1) "Radiation Effects Design Handbook" - "Section 3 Electrical

Insulating Materials and Capacitors", C.L. Hanks, et al,

BatteU.e Memorial Institute, Columbus, Ohio, U.S. Department

of Commerce Publication N71-29776

(2) REIC Report No. 46, "Report-on the Effect of Radiation on

Electrical Insulating Materials"„by C.L. Hanks and D.J. Hamman,

to National Aeronautics and Space Administration'« Radiation

Effects Information Center.; BatteU.e Memorial Institute,

Columbus Laboratories, Columbus, Ohio

(3) 'EIC Report 821 September 1961, Effect of Nuclear Radiation on

Elastomeric and Plastic Components and Materials", Radiation

Effects Information Center, BatteU.e Memorial Institute,

Cleveland, Ohio

(4) REIC Report 821 Addendum, August 31, 1964, (see 3 above),

Radiation Effects Information Center, Battelle

(5) "Standard Handbook of Lubrication Engineering" by O'onnor and

Boyd, McGra~Hill, 1968
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SECTION IV
MOTOR LIPE DATA

Induction Motor Pailure Anal sis

In June of 1966, Dr. J. J. Pleck of the General Electx'ic Research and

Development Center issued a report entitled "Analysis of Pield Pailure

Complaints for the Large Generatox'nd Motor Department". This report was

.commissioned by Hr. R. E. Burris, Jr. then manager of Quality Control for

the AC Section of the Large Genex'ator and Motor Department.

Dr. Pleck made an independent analysis of the AC Section's motor

~ failure history to evaluate product quality and report, to the department

management.

Beginning in 1963, details of motox'ailures were systematically
r

catalogued and included in a computeri"ed listing. Each failure was coded

per the following:

(a) type of motor

(b) year of manufacture

(c) year of failure

(d) failed component

stator

rotor

hearings

end shields

other
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(e) failure category

abuse —damage

installation —mis application

true failure

(f) cost

In 1965, Dr. Fleck audited thy previous years failure report records

and compared them with the coded data stored in the computer. Although some

discrepancies in the computer'oding were noted,'primax'ily due to late re-

visions of the original "failure category"), he concluded that the coding

was definately conservative (only one instance of a "true failure" not having

been coded was found).

Dx' Fleck also audited the completeness of the data. Some field failures

were undoubtedly not reported .and therefore not included in the computer list-
Xngs. At the same time, failures resulting from a design problem (the "sealed

random" coils of that period, for example), wexe included in the computer even
4

though the originating design problem had since been corrected. Dr. Fleck

concluded at that time that the extra effort required to correct the data

would not significantly affect the result and thex'efore. could not be )ustified.

The report concluded in the presentation of numerous statistical measurements

of motor quality based on the failure data stored in the.'GE computer. Because

of the size and nature of this report, it cannot be included on this document,

but, is available for review in Schenectady upon request.
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SECTION IV —MOTOR LIFE DATA.

Dr. Vayne B. Nelson, statistician in the Information Sciences Laboratory1

of the General Electric Company continued the analysis of motor failures and
C

in 1967 issued a report entitled Estimate of Mean Time to Failure for General

Industrial Motors". The computer listing of Dr. Fleck's earlier report was,

expanded to include 1966 failures and then used by Dr. Nelson to evaluate the
1

HXTF of General Industrial Motors.- By definition, General Industrial Motors

are motors ranging in horsepower from one hundred to approximately 1500 horse-

power o

4 total of %,106 such motors shipped from 1961 thru 1966 we e used to

evaluate the MTTr. The total motor population studied included:

(a) Motors in almost every type of environment, receiving all
degrees of maintenance, but as a whole, less than that

provtded in a typical electric utility plant.

(b) Motors having insulation rated 440 volt to 6600 volts,

an, r om- "forar-~dA

(c) Motors with sleeve and antifriction bearings.

(d) Open drip-proof, weather protected and totally enclosed motors.

(e) = Duty cycles varying from limited to continuous operation.

Dr; Nelson has been active in the field, having published in both the
J Quality Technol. and IEEE Trans. Three of the 16 references listed in
IEEE 101, "Guide for the Statistical Analysis of Thermal Life Test, Data"
are by Dr. Nelson.

1A
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Dr Nelson concluded that the EZTF for this population based on a nomi-

nal fit to the data was 174 years.'sing the least favorable fit, NTTF was

still 33 years. See Fig. l, the Weibull plot of the data as presented in

Pr. Nelson's original report with accompaning MTTF calculation.

These results were based on more or less standard motors shipped during

the period of the study. They do not include:

(a) The effects of upgraded quality control inherent in cur ent

Class IE safety related motors.

(b) The advantages of redundancy which greatly extends the Mi TF

for a given function.

(c) The improvements in motor insulations systems since the re-

port was completed - particularly in sealed insulations.

(d) The increase in lKTP afforded by the typical on-going main-

tenance and test program for the Class IE motor.

11
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SECTION IV — MOTOR LIFE DATA,

B. Motor Insulation Life Tests

The statistical Induction Motor Failure Analysis involving some 15,000

medium size motors shipped in the period of 1959 thru 1967 shows that the

MTTF of such motors is some 170 years - considerably more than the 40 year

life expected for the class LE motor. ga~mend'="a~s

Todays motors, and the medium size class IE motors in particular, use

'KKW

ptudy-"perTp~The only

'hange'being in the epoxy impregnating resin. As epoxy formulations im-

proved, GE's VPI Mica Mat system was revised to incorpozate the best of. the

available resins. A weight loss comparison of the current epoxy impregnat-

ing zesin with the epoxy impregnating resin of the statistical study is

presented in Table VI of this report.

The Induction Motor Failure Analysis covered a period of time in which

rapid changes in insulation technology were reflected in the insulation

systems supplied on the motors of the period. When the study began Class A

systems were the popular systems. Within the utility industry, Class B

compounded mica coils were the fozerunners of Class B temperature rises.

Class "B" Mica Mat coils were gradually replacing. Class A coils when

the industry swing to sealed insulation systems began. Silicone rubber

*Registered Trademark of the General Electric Company
13





SECTION TV — MOTOR LIFE DATA

sealed systems briefly introduced vere ultimately replaced by epoxy-Mica

Hat systems which are the forerunners of our current epoxy VPX Mica Mat

sealed system - "CUSTOM POLYSEMY"*. These systems, representing the

insulation used on the motors of zhe Induction Motor Failure Analysis, are

briefly described in the following:

* Registered Trademark of the General Electric Company

14
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TABLE IV
INSULATION SYSTEM USED IN MOTORS OF THE
INDUCTION MOTOR FAILURE ANALYSIS STUDIES

Mylar Class A System

Turn Insulation
Ground Insulation
Varnish
Pillers and Separators

Hedges

Paper, cotton, and formex resin
Mylar tape and vrapper
9470 - Asphaltic varnish
Polyester glass laminate
Cotton phenolic laminate

Compound Mica Class B System

Turn Insulation
Ground Insulation
Varaish

Alkanex resin or polyglass
Glass backed mica tapes

9470 - Asphaltic varnish
Pillers and Separators Melamine glass laminate

dredges Melamine glass laminate

Mica Mat Class B System

Turn Insulation
'round Insulation

Varnish
PiXlers aad Separators

. %edges

Alkaaex or polyglass
.Mica Mat tapes and vrappers
9470 —Asphaltic varaish
Melamine glass laminate

~ Melamine glass laminate

Sealed Polyex - Silicone Rubber Class B System

Turn Insulation
Grouad Insulation

Varnisbi
Pillers and Separators

Wedges

VPI Mica Mat - Class B Sealed

Turn Insulation
Ground Insulation
Varnish
Pillers and Separators

%edges

A33canex or polyglass
Glass supported silicone
rubber tape
Hone

Polyester glass laminate
Polyester glass laminate

System

A13canex or polyglass
Mica Mat tapes and wrappers

Epoxy resin
Polyester glass laminate

yolyestaz glass laminate
1t





SECTION IV - MOTOR LIFE DATA

figures-"f2, '03-and-:44-show-the-results-oF Thermal Life Tests taken prior~
~ M

~e tests were conducted in accordance with AIEE 8511, (the predecessor

of XEEE 275) and the data analyzed and reported in accordance with AIEE 81F

(predecessor to IEEE 0101). The motorettes vere in accord with 'Figs. 86, P7

and 88 which show the= model coil and frame used.

Each of the three figures (82, 83, 6 84) show:

(a) The mean. life of the system tested.

(b) The 95X confidence limits on either. side of the mean life.
(c) The implied mean life of Class A, Class B, or Class P insulations

system (show in broken lines) based on 10 cycles of thermal

exposure per Table 01 of IEEE 275.

Comparing the

130 C~ the average

tvo Class B systems

life is:
at their amdmum rated temperature of

4

VPX Rica Hat System 2.2

Compound Mica System 1.5

x 10 hairs.

x 10 hours. ( f ( >

W its rated temperature, 105 C, the Class A"Polyex System indicates an aver-
5

age ~e of 1.3 x 10 hours. j.;„;

The superiority of the epoxy VPX Mica Mat system based on IEEE-275 type

16
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evaluations is apparent. It can also be concluded that the epoxy VPI Mica

Hat should be considezably,better than a similiaz Mica Mat system employing

multiple dips and bakes in conventional varnishes. IEEE 275 motorette test

data supporting this conclusion is not available, but comparative test. data

on'complete motors subjected to conditions similiar to those modeled by

XEEE-275 is available. The results are shown on Table V.

Open drip-proof motors rated at 100 horsepower, 1200 RPM and 2300 volts

were assembled using (a) the varnished dip 6 baked Mica Mat insulation and

(b) the epoxy VPI Mica Mat insulation system. Both insulation systems used

were identical to those used in the period of the Induction Motor Failure

Analysis, in. fact, the actual tests were taken in 1962 thru 1964.

Each test motor was subjected to the following cycle:

A Stand in 100X humidity & dew for 168 hours.

B Test at 3000 Volts AC LES for 1 minute.

C Start motor on reversing stand immediately after completing A

and B above.

D. Motors (nominally unloaded) operated on the reversing stand

(automatically) 24 hours a day for 5 days. Operation consisted

of:
1 Continuous reversals with each reversal consisting, of

4 5 seconds of operation in one direction under po~er

followed by 4.5 seconds coasting in that direction.

2 ~ A thermocouple located on the end turn of the winding

at. six o'lock controlled the motor temperature.





TABLE V

PERFORMANCE OF 6-POLE - 100 HP TEST MOTORS (FORM COlL) ON. REVERSINO - HUMIDITY CYCLE

Motor
No+

First
~ 'iter 1st Cycle Cycle .

Test . 100K RH l00/ RH

Description : IR Mega 'IR Mega - IR Megs

Number
of 'umber

Complete Hours < of
Cycles Operated Reversals

Reversals'er

Hour
Operation Remarks

1962«5 Mica-Mat Not
9470 varnish 'ade
old standard

.91 .38 98.4 14>356 146 Failed 3000 volts to
ground after 2nd RH

cycle. Motor operated
for 1.6 hours on 2nd
reversing cycle. All
cycles 140 C.

1964-1 VPZ epoxy
Mica-Mat

2.4 4800 0.
'

35 3338.7 396i339 Failed 3000 volts to
ground after 36th RH cyc
Failed to start on 36th
reversing cycle Motor
operated 20 cycle at 14(
12 8 160 C, 3 8 180 C

~ ~ Actual clock .hours by
timer include effects of
equipment down time etc.
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Shen the desired motor temperature, as seen by the

thezmocouple was exceeded, the motoz was allowed to

zun for cooling before zeversals continued.

: 3 Twice during the reversals, approximately 1/2 pint

of 4X solution of Sodium Nitrate was sprayed into

the motors inlet air opening.

4 Insulation resistance was measured after completion

of the one week of reversals.

Table V shows that the Mica Hat varnish treated motor.„failed before

completing two of the above cycles at a controlled maximum end turn tempera-,
\

ture of. 140'C. The epoxy'VPI Mica Mat motor failed after 35 cycles and then

only after the .control temperature on the winding end turns was increased

from 140 to 160'C and then to 180 C. The vast superiority of the epoxy VPI

insulation system is of course attributed to the strong bias of the test

cycle towazds moistuze sealing features - as does IEEE-275.

No similar insulation life test data is available for comparing the

silicone rubber insulation system used in.motors of the failure analysis with

the VPI Mica Mat of the period. The superiority of the VPI Mica Hat over

the silicone rubber insulation is well documented in history by (a) the

relatively shozt period that silicone rubber systems were offered by the

industry and (b) by the rapid transition from silicone rubber to epoxy VPI
I

Mica Hat systems for all sealed insulation applications. The'act that.a

significant pezcentage of the motors included in the Induction Motor Failure

kaalysis were silicone zubbez insulated is of itself evidence to many that

the resulting HTTF is conservative

: 19..
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The preceding pages have compared the VPI Mica Mat system of the

Induction Motor Failure Analysis with the other insulat"on systems also

used in motors of the. study and has shown the superiority of'he VPI Mica
e

Mat system.

The Class IE motors currently being supplied utili=e the same basic

insulation system 'as the VPI Mica Mat system of the study, except that the
'I

epmy impregnating resin has been improved. IEEE 275 life testing of the

current VPI Mica Mat system began early in 1975 and was 5ust recently com-

pleted. A total of 35 motorette coils per Pig. 7 vexe installed in 6

motorettes pex'ig. Se

3ecause the system was felt to have Class F or better capability and

in order to heep the test time within reasonable Limits, the following

aging cycles and temperature from Table ty1 IEEE 8275 vere chosen:

190 C

210 C

230 C

2S day cycle
' day cycle

2. day cycle

12 coils
12 coils
11 coils

Ihemesnlts af thisIEEE"-~t est eide.snleyzed'1- ncscatdsc nhcith
"-- seel .~%A~~..4'~~™

.ZZEE"10~ the=r Mis"are-,shown.. on. Pig B.

The ground insuLation (less impregnating resin) is the same as the

original VPI Mica Mat system which has performed quite well in the field

and demonstrated Class P type performance in past IEEE 8275 Life 'testing.

'0
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Tests conducted to compare the two resins, such as the Weight Loss test

summarized below, definately indicate that the new resin is superior to

the old VPI resin.

10 Gram samples of each resin were cured and sub)ected to the following

heat aging in an air circulating oven.

TABLE VI
WEIGHT LOSS OP EPOXY RESINS

Old Epoxy VPI
Old Epoxy VPI

Current Epoxy VPI
Current Epoxy VPI

160
180
160
180

1.6
3.9
0.3
2 1

2016
2016
2016
2016

The weight loss of the current epoxy VPI resin after 180'C aging com-

pares favorably with the weight loss of the old resin at 160'C, indicating

.an approximate 20 C thermal advantage for the current VPI resin Its
thermal stability as a Class B or P resin is shown by the insignificant

weight loss at 160 C.

The Weight Loss Test above and the recent IEEE 275 Life Test (see

Pig. 85) both show the superiority of the new impregnating resin. 'hermal

capability and life at operating temperature have been increased. The

Implied IEEE 275 Life at Class P operating temperatures has been increased

approximately 50X.

21





SECTION IV —MOTOR LIFE DATA

Summari"ing, -the tests presented above indicate that the current

VPI Mica Mat coil insulation has at least equivalent and very probably

greater life and thermal capacity than does the old VPI Mica Mat system,

the best of the insulation systems used in the motors of the Failure

2mQysis Study which demonstrated a 174 year ~i. It is therefore con-

eluded that the current VPI Mica Mat windings using the improved impreg-

nating resin will have MTTF of 1?4 years or more.

22
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SECTION V.- GE NUCLEAR HOTOR EXPERIENCE

SECTION V
GENERAL ELECTRIC CONPAVl MOTORS IN NUCLEAR. APPLICATION'S

Table VII is-a listing of some 300 General Electric Class IE Nuclear

Safety Related motors now inst'alled in nucleax'lants, awaiting installa-

tion, or currently being built for nuclear plants. The motors on this

3.ist are primarily vertical motors driving containment spray pumps, core

spray pumps and residual heat removal pumps. Table VIII shows additional

Class I and non-safety related horizontal and vertical motors for a

variety of applications in nuclear plants.

These two tables show that the General Electric Company has had sub-

stantial e~erience in building .motors for nucleax power plants.
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TABLE VII G.E. ROTORS IN NUCLEAR CLASS 1 SAFETY ~ RELATED APPLICATIONS
'\

(*) - OPERATING NUCLEAR STATIONS

NUCLEAR STATION POWER CO. OR COUNTRY 0 OF MOTORS

~ ~

. OYSTER CREEK»
TARAPUR*
MILLSTOJIE 1*

~ 8ROl!'JS FERRY 1, 2o Ec 3'
'TSUiMUGA*

PEACIIBOTTOI4 2"5 3* .

J 10IITCELLO"
QUAD CITIES 1* & 2*
DRESOEtl 1*, 2* g 3*
BRUilSI!ICK 2*
COOPER

DUAIJE ARtlOLD*
F I TZPATR I CK*

. P ILGR Itl *
YEPI:,OIJT YANKEE*
EtIRICO FERJII g2
JIATCII I'& 2
IJOPE CREEK
LASALLE 1 & 2

. LIIIERICK 1 & 2
~ SIIOREHAtl

Z If'.I'.ER
~ BAILEY

}Nr;FORD 2
SUSQUEINIJHA 1 8I 2
Clllfl-SINtl 1 & 2, ~

SURRY 1' 2*
40RTII AlitIA 1 & 2
BEAVER YALLEY *
LAGUilA VERDE

COFPEIITES

Ql.HIE I:I I LE-PO.I NT-1~5.-2~
ALLEJIS CREEK 1 & 2
CL I JITOII 1 & 2
flith1CI'T 1 7 99

~

'ERSEY
CENTRAL POWER 5 LIGHT.

INDIA
NORTIIEAST UTILITIES
TYA
JAPAtl ATOMIC POWER CO;
PIIILR. ELECTRIC CO.
tIORTJJERH STATES POllER
COIIIIOHIJEALTJI EDISON CO.

~ COIIJIO!IIJERLTII EDISON CO.

, CRflRLIHR POIJER Ji LIGIIT CO.
COIISUI1ER PUIILIC POWER CO.

'OIJA ELECTRIC CO.

POllER AUTIIORITY OF NEW YORK
~ OOSTOtl EDISON CO.

. VERIIOHT YANKEE NUCLEAR POWER CO.
DETROIT EOISOH CO.
GEORGIA PAL!ED CO,
PUBLIC SERVICE ELECTRIC & GAS OF NEll JERSEY
COJII 10fl1JERTII EDISON CO.

PIIILA. ELECTRIC CO.
LOI<G ISLAtlO LIGIITIJ'IG CO.

~ CItlCItJHATI GRS & ELECTRIC CO.

HORTIIERJI Itll)IAJIR PUBLIC SERVICE
'RSIIItIGTOH PUBLIC POllER SUPPLY SYSTEH

PENJJ. POIJER & LIGIIT CO.

TRIWRtl P01!ER CO.
'IRGINIA J'01!ER AtIO LIGIIT CO.

YIRGINIR P01!ER & LIGIIT CO.
DUQUEStff P01JER CO.
JIEX I.CAI'I tlATIOtlAL UTILITY
SVRlrltl~iluat -CO.

JIOUSTON PUIJLR & LIGIIT
'LLINOIS P01!LR CO.

TllA

24
10
18

6
10

6
8
8

12
2
8

~ 6
10

2
8

12
16

6
24
7.
9
5
5

16
16
,5
2
2

10
5- ~

5
I6
10
'30
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TABLE VIII
SHEET 1 of 2'*)

t(UCLEAR STATION

'. G.E. MOTORS IH NUCLEAR APPLICATIONS.
I C

KNOWN OPERATING NUCLEAR STATIONS

POWER CO. OR COUNTRY

iSERVICE WATER AND OTHER APPLICATIOHS
'

NOT C SS HUC EAR

Ar PROX.
II Of tIOTORS

DUAIIE ARNOLD *
HATCII 1*& 2

~ . lllLLSTOIIE 1", 2~.5 3
. CHitl-SIIAII 1 8 2

FARLEY
TROJAII
DAVlS-OESSE
IIORTII AIIIIA
SALEII
ST. LUCIE
BRO'rfffS FERRY l q'2q 5 3
l!IDLAtlDPLAtlT 1 8 2
SAII Ot!OFRE"

3 IIILE. ISLAND
. OCO.'IEE

BEAVER VALLEY*
IIAIIFORD 2
QUAD CITIES 1* & 2*
SEQUOYAII 1 &'2
SUf u!ER

Z lt'!IER

L'ft!EHICK 1 & 2
SUSQUEIIAHtIA 1 4 2

'RUtfS!IlCK 2"
ARKAffsrs 1 & 2

PllOJECT

tline l1ile.Point k'2 .tlillstone II3
St. Lucie 82

.,Ifar tsvi 1 le
~ ~ ~na ~ el

~ y

'OWA ELECTRIC LIGIIT 8 POWER CD.
GEORGIA POWER CO.
HORTIIEAST HUCLEAR ENERGY CO.
TAIWAN I OWER CO.
ALAOAf'lA POllER CO.
PORTLAND GE. ELECTRIC CO.

. TOLEDO EDISON CO. & CLEVEI AND ELECTRIC CD.
VIRGINIA ELECTRIC PO!IER CO.
SALEM COIIIITY tfE!I JERSEY

'FLORIDA POllER 4 LIGIIT CO.
TVA
COHSUt!ERS PO!Il'.R CO.

~ SOUTIIERH EDISOrt CO

METROPOLITAN EDISOl< CO.
DUKE POLlER CO.
f1UQUEStfE PO!IER CO. ~ ~

~ WASI I IffGTOH PUBLIC POWER CO. SUPPLY SYSTEN
COIIII(}tILIEALTIIEDISOtt CO.
TVA
SOUTII CARALIHA ELECTRIC &.GAS CO.
FLORIDA PO'!IER 4 LIGIIT CO.
Pill LADELPII IA ELECTRIC CO.
PEHtl. POWER & LIGIIT. CO.
CAROLINA POWER & LIGI!T CO.
ARKAtISAS POllER 8 LIGIIT CO.

Ltf&G OL'PARTt1F.HT

tlUCI.FAfl JOI!S (EXCL APED)

'CUSTOMER

~ tliagara tlohaMI:.
Nortiieast Utilities
florida PovIer & Liglut
TVA
Sn. Calif. Fdison

1'l
7

10
12

.
3
5
2
2
5

2
8
2
2
2
5

10
1

5
3
8,

4
~ 3

119

.II MACHINES

3
~

18
12
18
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TAOLE VIII. SHEET 2 of 2 LMEG DEPARTMENT.
NUCLEAR JOBS (EXCL APED)

~ -Contfnued-

PROJECT'an

Onofore
Shearon Harrfs'l-4
(306-32934)
Snupps
Peachbottom 42, 3
llorth Anna 8 Surrey
Boardman Nl
Three Mice Island
Project 81
Summer'l
Oe1 1 e fonte
Marble Hill
Clinton Nl, 2
Comanche Peak fl, 2
Limerick 81, 2
Perry Nl, 2
llaterford k'3

'ilgrim 82
Fuku Shima NIII, IV,
l'lamoaka NII
Fermi N2

~ Ginna
Hutchinson Il
Hatch N2
Catawba Nl, 2
Forked River EI .

Midland kl, 2
Indian Point
Onagawa Nl
Vernon 83
Chin-San
lluclear Pl

~ ~

V, VI~ VII

CUSTOMER

So. Calif. Edison
'.Carolina Power h Lfght

~ 4 Utility Companfes
Philadelphia Electric
Virginia Electr ic Power.
Portland GE

Jersey Central
Duke Power
So. Carol. Elec. 8 Gas
TVA",

Public Service of Indiana
Illinois Power
Texas Util. Gen.
Philadelphi'a Electric.
Cleveland Elec. Ilium.
Louisiana Power 8 Light
Boston Edison
Tokyo Electric
Chuba Electric
Detroit Edison
Rochester Gas lt Electric
Florida Power 8 Light
Georgia Power
Duke Power-
Jersey Central Power it'ight
Consumers Power
White Ind. Power (ALCO Dfv.)
Tohot'u Electric Power.

2

Taiwan Powe>
Arkansas Power. 5 Light 'I

g MACHINES

2
8
4

30
~ 2
31

4
10
18

8
8

10
6
8

6
4
9

5
2
1

6
6
6

18
2
2
4

24
4
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''CLASS B VPI INSULATION
'(7000VOLTS AND'BELOW%)

r v

d~g
Og

y,

~ ~ ~

'THE INSU LATIONbegins with turn-insula
tion materials selected for the individual
znachine design on the basis of expected
surge levels, operating temperatu e, and
systezn compatibility. The materials
range from AlkanexO, polyester insulatior
or double polyglass insulation to micaceou
tape covering each turn or conductor grou:
The ground insulation is MICA-MATinsul-
ation in either wrapper or tape form on al'.
stator coils. The backing materials and
specific resin impregnant are selected for

'The homogeneous nature of the xnica in the
MICA-MATinsulation ensures uniform

THIS INSULATIONSYSTEM for lax ge
xnotors meets the stringent mechanical and
dermal requ reznents of today's applica-
tions, in addition to providing the neces-
sary electrical insulation. Since any one
material alone does not have all the proper-
ties needed, General Electric uses a
vacuum-pr es sure-impx egnation (VPI) pro-
cess to unite superior insulation matexials
into a complete insulation system, creating
a nearly vo'id-free stxucture and assuring
long life and reliability in large a-c
machines. the voltage level and temperature rat ng.

~ 'v ~ ' ~ eevvrvv Av ~ v ~ ~ v~ ~ \

POLYESTER
MAT

MICAMAT

]

ground insulation with dielectric strength
superior to mica flake tapes and wrappers.
The coils receive a protective armor oi
heavy glass tape for protection against

~ mechanical shock and abrasion. On sys-
tems 6000 volts and above, a sexni-con-

IMPREGNA~G, lVITH
EPCCY RESIN

I

I

)g
'LASS
; FABRIC

TYPICALMICA-MATCOMPOSITE

TYPICAL'CLASS B SYSTEM

~ ~
~ ~ ~ ~

GLASS: . MtCA MAT,'...')E...-" ~,
Q' r' ~

: ' ':;",.i;."-':.:-'. ', GLASS TAPE

ducting paint is applied to the slot por..'on
and grad,ed beyond tne core to provide
corona protection. The epoxy resin bindin
agent used is selected for chemical'com-
patibility, thermal and diznensional stabilit
and electrical properties.

PRIOR TO APPLICATION of ground insu-
lation, the slot sections of coils are mold-
ed under heat and pressure to bond the
strands and turns togethex, thus assu ing
the dimensional accuracy of the 'finished
coil. After application of the MICA-MAT
ground wall insulation, the entire coil is
overtaped with heavy glass armor. Special
care is taken at the coil lead texmination
during taping to assure the fillingof all
voids at this critical point. The coils are
inserted into the stator slots and the end
connections are brazed and taped. Coil-
lock bracing is employed to suppor. the
coils and,to rigidly consolidat the enti. e

structure. The vacuum-pressure-impx eg-
4 of 2

1 I ~ ~ '
1 'v I 1

\
~ ~

~ r ~ '
1 > '

FZC. 4-1
lof 2
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VACUUM-PRESSURE-IMPREGNATION FACILITYCAPABLE
OF PROCESSiNG MACHETES OVER TWELVE FEET IN DIAivfETER

4

nation process completely fiQs voids in the
coils as the resin penetrates the insulation

: . and connection tapes, assuring a solid,
homogeneous structure of unequalled ther-
r l, and mechanical strength.

THE TEMPERATURE AND TIME of im-
pregnation in the VPI tank as-mell as the
subsequent baking of the core assembly to,
cure the resin are controlled within close
tolerances. Many tests are made during
the manufacture of the windings to assure

that each machine meets the high standards
set for quality materials and workmanship.
High-potential tests are conducted at var-
ious stages. Prior to insertion of the coils,
each coil is subjected to an impulse test of

~ the turn insulation. ~%ra coils are made
so that a destructive ground insulation
breakdown voltage test can be conducted as
a further precaution. Finally, prior to
shipment, the standard IEEE high-potential
test of twice rated voltage plus 1000 volts
is applied to the completed stator.

t ~
~ I~

2

~0

of 2

~" I ~ ~
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lNSULATloiR

SYSTEMS
1

cess, an asbestos-filled winding compound is ap-
.plied to bond the copper together. A final varnish
treatment completes the system.

5.07. GLOSSARY OF STATOR WINDING
AND INSULATION TERPhS

Co SEAIZD ROTOR

When a sealed machine is required, an epoxy
sealant is applied to the wound pole. Sealed ma-
chines are not available with strip-wound fields..

l

5.04.04 Special Motor Treatments

For unusual environmental conditions (such as
those listed in the following paragraphs) special
treatments are available.

h ABRASION

In atmospheres where abrasive dusts (such as
Qy ash) are present, a polyurethane over»coating
is applied to the insulation system. The toughness
and resilience of the coating makes it highly resis-
tant to all forms of abrasion.

Bo FUNGUS

In highly humid atmospheres (such as are en-
countered in the tropics or the Canal Zone), a fungus-
resistant treatment of the wmding will inhibit the
growth of fungus. Essentially, the varnish is pri-
marily effective for storage purpose only because
it rapidly deteriorates with operation at normal
winding temperatures.

5.05 SPECIAL OR EXTREME CONDITIONS
k

See Part 4. 02, Tables 4-1 through 4-4.

5.06 EFFECTS OF RADIATION

~ Radiation can cause insulation degradation if it
fs present in sufficient an:ounts. Where motors
are exposed to the more common-types of atomic
radiation, 'nearly all standard insulatians may be
rrsed lf the radiation is below the following values:

Class A -10 Moentgens6

Class B - 10 Roentgens7

7Class H - 10 Raentgens

Where radiation exceeds these values, specific
information should bc included in the requisition,
proposition, or speciftcatioas.

Voltage Endurance is a measure of the life of an
insulation system as a function of applied volta"e.
Basically, it is the system's ability to maintain its
dielectric strength over a periad of time with volt-
age applied. It is an integration oi dielectric
strength, dielectric constant, insulation resistance.
and insulation power factor.

Thermal Endurance is the ability of an insulatian
system to retain its mechanical and electrical prcp-
erties over long periods of time at thc temperatures
which w01 be. encountered during motor opemtion.

Ner;hanical Endurance is a measure of the ability
of an insulation system to withstand the mechanica:.
stresses encountered during motor startin, re-I
versals, and normal runningoperation..'iiechan

c"':rengthand endurance are measured in the?abara-i
tory bv resistance to cut-through, tensile

strengtn.'longation

tests, etc.

Erruironmerrt Endurance is a measure of the
ab?Iity of an insulation sys:em to withstand operatic"..
in various arnbients o'ratmospheres. For example.
stator windings subjected to .'arge amounts of rnais-
ture must be of the sealed type to be reliable. Mo-
tors are sometimes run in controQcd moist atmos-

. pheres to test the environment endurance oi the
stator insulations. Likewise, motor:windings ex-
posed to carbon black in a rubber mil?, abrasives
in a cement mill, or chemical fumes in proces=-
plants must have a good environment endurance

x'he

motor is to give reliable service.

Of course, windings can be protected from mois-
ture, chemicals, and abrasives by special motor
enclosures if the insulation cannot withstand the
ambient

insulation Dielectric Strenr;ttr is a measure
a'he

amount of voltage stress an insulating materia.
vrillstand before electrical breakdown. It may br
expressed in volts pcr mil of material thickness o;
as the total voltage that a system willwithstand.

N

Rsulatiorr Dielectric Constarrt is a measure c
the capacitance of an insulation wall, related to thi
capacitance of an equivalent wall thickness of air

insulation Resistance is the d-c resistance of a.

insulation system measured in ohms or megohm

insulation Porrer Factor is a measure af the en
argy dissipated as losses in the insulation sysrer.

'Z.16014 GENERAL Q% ELECTR I
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ANALYSISTITLE:

INDICATE"YES,NO,OR N/A (N APPI.!CABLE), FOR EACH ITEM AND INCLUDE
IN ANALYSISPACKAGE WITH RECORD OF ANALYSISVERIFICATION

ANALYSISFILE NUMBER:

N N A'3/g-o~z-
YES NO N/A

METHOD OF ANALYSIS

IS THE METHOD USED APPROPRIATE CONSIDERING THE PURPOSE ANO TYPE OF
ANALYSISAND THE USE AND ACCEPTABILITYOF THE RESULTS (ia.,MARGIN TO LIMITSP g 0
IS THE METHOD IN ACCORDANCE WITH CODES, STANDARDS, AND REGULATORY
R EGUIR EMENTS?

HAS THE METHOD BEEN EMPLOYED ELSEWHERE IN INDUSTRY OR IN LICENSE
APPLICATIONS?

ASSUMPTIONS

ARE ASSUMPTIONS NECESSARY TO PERFORM THE ANALYSISADEOUATELY DESCRIBED
AND REASONABLE? CI

WHERE NECESSARY, ARE THE ASSUMPTIONS IDENTIFIED FOR SUBSEOUENT
RE-VERIFICATIONSWHEN THE DETAILEDDESIGN ACTIVITIESARE COMPLETED7 CI

INPUT INFORMATION

ARE THE INPUTS INTO THE ANALYSISSTATED AND THEIR SOURCE IDENTIFIED7 CI Cl

IS THE INPUT INFORMATIONFROM THE LATEST AVAILABLEREVISION TO THE
DOCUMENT?

IS THE STATUS (PRELIMINARY,CONCEPTUAI ETC.) OF THE INPUT SOURCE IDENTIFIED
FOR LATER CONFIRMATIONOF THE VALIDITYOF THE INPUT7

ARE THE INPUTS SUFFICIENT CONSIDERING THE PURPOSE OF THE ANALYSIS?

0 a
0 0
0 0

COMPUTER CODE APPLICATION

ARE ALLCODES USED IDENTIFIEDALONG WITH SOURCE. COMPUTER TYPE, INPUTS,
AND OUTPUTS?

HAS THE CODE BEING USED BEEN ADEOUATELYVERIFIED?

IS THE CODE SUITABLE FOR THE PRESENT ANALYSIS7

DOES THE COMPUTER MODEL (NODING, TIMESTEPS, ETC.) ADEQUATELYREPRESENT
THE PHYSICALSYSTEMS?

o 0 fz,

,CI .. CI

a o
o 0

REASONABLENESS OF RESULTS

LS THE MAGNITUDEOF THE RESULT REASONABLE?

ARE THE DIRECTION OF TRENDS REASONABLE?

PREPARED BY:
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CI CI
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Project 4/Project Title

Date:

PINAL ANALYSIS REVIEW CHECKLIST

Client

Analysis Pile Title:

Analysis Pile Number:

Checklist Item
I

l. Unique Analysis Pile Number assigned to the file.
2. Analysis recorded on CD-60

; Yes'.
N/A'.

pages numbered

b. total pages specified

c. a11 pages dated

d. client identified on each page

e. correct file number on each page

f. author(s) specified on each page

g. subject specified on each page

h. verifier initials on each page

3. Analysis File includes:

a. client .identification ~

b. analysis file number

c. analysis title
d. author(s) identification

e. description of the purpose of the analysis
I

discussion of the general method of analysis

g. identification of input information source

h identification of input information status

i. major assumptions used in performing the analysis
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Date: Page 2 af 3

3. (Continued)

important references, including material properties

k. identification of specific versions of codes used

l. detailed calculation

m. listing of computer input

n. microfiche of computer output

o. summary of,results,"

4. Record of analysis provided onn CD-28

5 ~

6.

All applicable entries on CD-28 correct.

All referenced NUS internal memos included in analysis file.
7. All referenced telecons included in analysis file.
8. Separate computer output labeled with analysis file number.t 9. Record of analysis file verification on CD-29.

10. All entries on CD-29 completed and correct.

ll. Item (7) of CD-29 completed and comments numberedr

12. Verification checklist CD-30 included.

13. Computer code used verified per QAZ 3.5.

14. Corrected items crossed out clearly enough to show on
Xerox copies.

15. List of input information and major assumptions checked
for commpleteness."

16. Documents Complete (Page Count)

17. Documents Legible and Reproducible

18. All Documents Identified on Index Received

19. Documents Properly Paginated

20. Documents Identified to Project/Itemt 21. All Unsatisfactory Conditions Resolved (List)
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NUS CORPORA TION
CONSUL TING OIVISION RECORO OF S YS TEMJ'COMPONENT ANALYSES

FILE NO.s

CLIENTs '

-CQ1 ~

ap ~//

NO. OF PAGES:

cuCr C rH/dd

NUMBER OF VOLUMES
OF COMPUTER OUTPUT:

PROJECT No.s

ANALYSISTITLE: ~ ~

4Pr l r . rzr Go/ ACS

/, )ca
AUTHOR:

/i'PIC+ c mPrC~'50 - O
/ /

PURPOSE OF ANALYSIS: <u~S' W. 6r ~ os~- o
r .z- r 4 o ~/" rrH ek

7CC+CZp 4 l4 u rpt ./ r

SUMMARYOF ANALYSISPROCEDURE AND RESULTS

4 ~ mP'~all~ ~

carr
P/Ors/C( f O

Sr~a

Ac
c

rrcr>

4 ~era

-r- MrC'r
Ar r

DATE COMPLETED 1

QO gT
VERIFICATIONREOUIREDs

~YES Q NO

ANALYSISREVIEWED AND ACCEPTED1 (DISCIPLINE MANAGER)
r

DATEs

r2.r/ +pp
ANALYSIS:

Q SUPERSEDED

Q SUPPLEMENTED

BY: (FILE NO.) DISCIPLINE MANAGER: DATEs

HVS 202 10 RPASKO 0181
Bonnard's CD 28 I1/771



0



NUS CORPORA TION
CONSUL TING DIVISION RECORO OF ANALYSIS VERIFICATION

FILE NO.:

ANALYSIS-TITLE:

PAGE ~ OF@

C

7 c

A4r'cf

AUTHOR: NO. OF PAGES: NO. OF VOLUMESOF COMPUTER
OUTPUT:

VERIFICATIONSCOPE (CHE AS APPLICABLE):

~ METHOD OF ANALYSIS

JQ ASSUMPTIONS

fQ INPUT INFORMATION

P COMPUTER CODE APPLICATION

P CHECK OF SAMPLE CALCULATION

P SPOT CHECK OF MATHEMATICS~ REASONABI.ENESS OF RESULTS

Q COMPLETE CHECK OF MATHEMATICS

P PARTIAL INDEPENDENT ANALYSIS

BUDGET: IAPPROXIMATE)

MANDAYS
DESIRED COMPLETION DATE:

+sH+
DESCRIPTION OF VERIFICATION-ACTIVITIES,FINDINGS AND RESOLUTIONI

~
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PAGE g OF g

VERIFlER'S SlGNATUR DATE: .

ACCEPTANCE BY: (DISCIPllNE MANAGER) DATE:
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NUS CORPORA TION
CONSUL TING DIVISION ANALYSIS VERII'ICATION CHECKLIST

~ 'NALYSISTITLE: rlv/r»~4'M~ C2 M< s "7~ rd~ <Stoic~C<w<r'7oo2 Y'0 A'aper ger~ 5~Jprt 4 wc'e C AHm r~ ID&

INDICATE"YES, NO, OR N/A {NOTAPPLICABLE),"FOR EACH ITEM AND INCLUDE
IN ANALYSISPACKAGE WITH RECORD OF ANALYSISVERIFICATION

ANALYSISFILE NUMBER:

o~2- 1

YES NO N/A

METHOD OF ANALYSIS

IS THE METHOD USED APPROPRIATE CONSIDERING THE PURPOSE AND TYPE OF
ANALYSISAND THE USE AND ACCEPTABILITYOF THE RESULTS {ia.,MARGINTO LIMITS)7

IS THE METHOD IN ACCORDANCE WITH CODES, STANDARDS, AND REGULATORY
REQUIREMENTS?

HAS THE METHOD BEEN EMPLOYED ELSEWHERE IN INDUSTRY OR IN LICENSE
APPLICATIONS7

C9—— 0. 0

0 0 0

0 0
ASSUMPTIONS

ARE ASSUMPTIONS NECESSARY TO PERFORM THE ANALYSISADEQUATELY DESCRIBED
AND REASONABLE? Q 0
WHERE NECESSARY, ARE THE ASSUMPTIONS IDENTIFIED FOR SUBSEQUENT
RE-VERIFICATIONSWHEN THE DETAILEDDESIGN ACTIVITIESARE COMPLETED?

INPUT INFORMATION

ARE THE INPUTS INTO THE ANALYSISSTATED AND THEIR SOURCE IDENTIFIED?

IS THE INPUT INFORMATION FROM THE LATEST AVAILABLEREV ISION TO THE
DOCUMENT?

IS THE STATUS tPRELIMINARY,CONCEPTUAL, ETC.) OF THE INPUT SOURCE IDENTIFIED
FOR LATER CONFIRMATIONOF THE VALIDITYOF THE INPUT7

ARE THE INPUTS SUFFICIENT CONSIDERING THE PURPOSE OF THE ANALYSIS?

0 0

0 Q

COMPUTER CODE APPLICATION

ARE ALLCODES USED IDENTIFIEDALONG WITH SOURCE, COMPUTER TYPE, INPUTS,
AND OUTPUTS?

'HAS THE CODE BEING USED BEEN ADEQUATELYVERIFIED7.

IS THE CODE SUITABLE FOR THE PRESENT ANALYSIS7

DOES THE COMPUTER MODEL (NODING. TIMESTEPS, ETC.) ADEQUATELYREPRESENT
THE PHYSICAL SYSTEMS?

REASONABLENESS OF RESULTS

0',-
a a d-
0 0

IS THE MAGNITUDEOF THE RESULT REASONABLE?

ARE THE DIRECTION OF TRENDS REASONABLE?

PREPARED BY:t r

g 0 0

0 0

dK /I /qD
IIUS 204 l0 REVISED Dlbtff~CD@0 Rrv. 1/
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Page 1 af 3

FINAL ANALYSIS REVIEW CHECi(LIST

Co~~rw1 grat/~4
Project 4/Project Title Client Jara.ye~~ ~og~w/<
Date. Z

~< + /47M /fl~d ~~X oP riz~a/
g7oog yo ~m~~4~rw ~+M~ a4C'4 ~~ l ~$

Analysis File Title: r '/ Crt&'th 4/d 4

Analysis Pile Number:

Checklist Item "t

l. Unique Analysis Pile Number assigned to the file.
Yes N/A

2. Analysis recorded on CD-60

a. pages numbered

b. total pages specified

c. all pages dated

d. client identified on each page

e. correct file number on each page

f. author(s) specified on each page

g. subject specified on each page

h. verifier initials on each page

3. Analysis Pile includes:

a. client- identification

b. analysis file number

1

~"

c. analysis title
d. author(s) identification

e. description of the purpose of the analysis

f. discussion of the general method of analysis

g. identification of input information source

h. identification of input information status

i. major assumptions used in performing the analysis
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Date: Page 2 af 3

3 ~ (Continued)

j. important references, including material properties

k. identification of specific versions of codes used

1. detailed calculation

m. listing of computer input

n. microfiche of computer output

4

o. summary of results

Record of analysis provided one CD-28

5 ~ All applicable entries on CD-28 correct.

6.

7.

All referenced NUS internal memos included in analysis file.
All referenced telecons included in analysis file.

8.

9.

Separate computer output labeled with analysis file number.

Record of analysis file verification on CD-29.

10. All entries on CD-29 completed and correct.

ll. Item (7) of CD»29 completed and comments numbered

12. Verification checklist CD-30 included.

13. Computer code used verified per QAZ 3.5.

14. Corrected items crossed out clearly enough to show on
Xerox copies.

15. List of input information and major assumptions 'checked
for commpleteness.

16. Documents Complete (Page Count)

17. Documents Legible and Reproducible

18. All Documents Identified on Index Received

19. Documents Properly Paginated

20. Documents Identified to Project/Item

: 21. All Unsatisfactory Conditions Resolved (List)
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SUMMARY REPORT NO

QSR-

BWR EQUIPMENT QUALIFICATIONSUMMARY

COMPILED BY: 6 l, K/
VERIFIED BY:

*
*:~/-

I. EQUIPMENT DESCRIPTION

ITEM <5u MFG. MODEL(S)

FUNCTION WT.I(LBS)

BOSTON EDISON
PILGRIM 1 0

CAROLINA P 4 L
BRUNSWICK 1 0
BRUNSWICK 2 0

COMMONWEALTH ~

DRESDEN 2

DRESDEN 3
QUAD CITIES 1

QUAD CITIES 2

LA SALLE 1

LA SALLE 2
CINCINNATIG h E

ZIMMER 0
CLEVELAND ELEC. ILUM.

PEARY 1 0
PERRY 2 0

DETAOIT EDISON
FERMI2 0

0

4
0
0

II. EQUIPMENT LOCATION

GEORGIA POWEA
HATCH 1

HATCH 2

GULF STATES
RIVER BEND 1

RIVER BEND 2

HOUSTON P 5 l
ALLENS CREEK

ILLINOISPOWEA
CLINTON 1

CI INTON 2

IOWA ELECTRIC
DUANE ARNOLD

JERSEY CENTAAI.
OYSTER CREEK

LILCO
SHOREHAM

0
Q

MISS. P 4 L
GRAND GULF 1

GRAND GULF 2 0
NEBRASKA PUB POWER

COOPER 0
NIAGARAMOHAWK

NINE MILE PT. 1

NINE MILE PT. 2

NO. INDIANAPSC
BAILLY 'a

NORTHEAST UTIL
MILLSTONE 1

NO. STATES POWER

MONTICELLO
PASNY

FITZPATRICK
PENN PAL

SUSQUEHANNA 1 0
SUSQUEHANNA 2

PHILADELPHIAElEC.
LIMERICK1

LIMERICK2

PEACH BOTTOM 2

PEACH BOTTOM 3

PUB. SERV E 4 G

HOPE CREEK 1

HOPE CFIEEK 2 0
TVA

BROWNS FERRY 1

BROWNS FERRY 2

BROWNS FERRY 3

HAATSVILLE1 0
HARTSVILLE2

HAATSVILLE3

HARTSVILLE4

WPPSS
WNP.2 0

YANKEEATOMIC
VERMONT YANKEE

III. QUALIFICATIONREPORTS CONTINUED 0
1. TITLE A A +Ca&~ DATE

TEST AGENCY

PROPRIETAAY RECORDS AT

FILE NO. ~ CS~i 4'ONTACT
REPORT NO.

RECORDS ATTACHED 0

2. TITLE

TEST AGENCY / /~i/~ c

PAOPRIETAAY RECORDS AT

FILE NO. d o CONTACT

DATE

REPORT NO.

RECORDS ATTACHED 0

3. TITLE

TEST AGENCY

PROPRIETARY AECORDS A1

FILE NO.
v'H

$ 322 Awe.2

C oo8 CONTACT

DATE

REPOAT NO.

Ju>~ <

RECORDS ATTACHED 0
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IV. QUALIFICATIONDESCRIPTION

QUALIFICATIONMETHOD

NONE LOCATEO 0
TEST

ANALYSIS 0
ON GOING 0
COMBINATIONOF 0

8

OTHER

SEPARATE TESTS M
SEQUENTIAL TESTS 0
TEST SEQUENCE

5.

2.

4,

8.

7.
8.

SEE COMMENT PAGE:/

CYCLE AGING

NONE LOCATED

NUMBER OF CYCLES

EQUIP, ENERGIZED? YES 0 NO 0

CYCLE AGED PRIOR TO
SPVERE ENVIRONMENT
TEST YES 0 NO 0

0 SEE COMMENT PAGE

RADIATIONAGING

NONE LOCATED g
NO TEST-JUSTIFIED

BY ANALYSISTO

TYPE OF RADIATION

DOSE RATE

RAD

BAD/HR

TIME.TEMPERATURE AGING

NONE LOCATEO Jlil AGING METHOOOLOGY

NO T-T AGING-JUSTIFIED
BY ANALYSISTO YRS

BASED ON AMBIENT
TEMPERATURE OF

AGINGTEMPERATURE

TOTAL DOSE RADS DURATION HRS

RAOIATEO PRIOR TO SEVERE
ENVIRONMENTTEST

0 SEE COMMENT PAGE

YESO NOQ RELATIVEHUMIDITY

T-T AGING PRIOR TO
SEVERE ENVIRONMENTTEST YES 0 NO 0

GENERAL

TEST SPECIMEN SAME AS LISTED
EQUIPMENT? YESCjP NOQ

EQUIP. MOUNTING SPECIFIED? YESO NOSf

ACCEPTANCE/ FAILURE CRITERIA
STATED? YESRI'OQ
EQUIPMENT INTERFACES SPECIFIED YESO NOg

SPECIMEN OPERATED DURING TEST'? YESgif NOQ
5M goyw~
SEE COMMENT AGE

COMMENTS:

OTHER AGING

SUBMERGENCE TEST YES 0 NO Pf

STANDARDS APPUED TO TEST:

IEEE 323-19 IEEE 382-19

IEEE 317-19 IEEE 383-19

IEEE 324-19 IEEE 344-19

NONE STATED g
OTHER:

0 SEE COMMENT PAGE

Wll 1142 le 2
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SUMMARYREPORTNP. QSR o tt- E- o PAGE ~ OF ~
SEISMIC QUALIFICATION

LEVEL SINE SWEEP

RANGE ~ TO~+ Hz

RATE OCT/ MIN.

ACCEL o2 g'S

SING. AXIS

BI AXIAL 0
EQUIP OPER? YES Qf NO 0

SINE DWELL

ACCEL

FREQ.

DURATION

SING. AXIS

BI.AXIAL 0
EQUIP OPER?

Hz

Hz

Hz

Hz

SEC

YES N NO 0

. ~/.~Hz
SINE BEAT

ACCEL

FREQ

OSC.I BEAT

SING. AXIS

BI AXIAL Q

EQUIP OPER'?

P hot
g'S

Hz

Hz Hz

Hz HZ

YES 0 NO 0

0 SEE COMMENT PAGE 0 SEE COMMENT PAGE 0 SEE COMMENT PAGE

Hz

g'S

SEC

RANDOM MULTIFREQUENCY 0
RANGE TO

ZPA

DURATION

DAMPING

NO. OBE'S

NO. SSE'S

SING. AXIS 0 BI AXIAL 0
UIP OPER? YES 0 NO 0

0 10t
Afphd 4IC.

g'S

SEC

TIME HISTORY

NO 0

ACCEL

DURATION

NO. OBE'S

NO. SSE'S

SING. AXIS 0
BI-AXIAL 0
EQUIP OPER? YES 0

COMP I.EX WAVE

ZPA

INPUT DAMPING

OUTPUT DAMPING

NO. OBE'S

NO. SSE'S

SING AXIS 0
BI.AXIAL 0
EQUIP OPER? YES

p )vo f
o.teal'~b

g'S

0 NO 0

0 SEE COMMENT PAGE 0 SEE COMMENT PAGE 0 SEE COMMENT PAGE

LOCA, MSLB, HELB, RECIRCULATION AREA CONTINUED Cl

PROFILE

tt. 350

g 30O

t- 250

w 200

150

100

2 3 4 5 6 78910
TIME SCALE

20 30 40 50 60 80

90

8O

70

50

40

30

20

10
100

70

60

5o g
40 co

20

10

CHEMICALSPRAY

NONE

ONTENT

H

Wtt t tN ttzzz. 2

GPM/FT

SEC

FIATE

DURATION

EQUIP. OPER? YES 0 NO 0

KEY TO PROFILE CHART

TEMP.

PRESSURE

RELATIVE HUMIDITY~~ INDICATES EQUIP.
CYCLING
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V. TRACABILITY

a. QUALIFICATIONAPPLIES TO AT LEAST T)IE FOLLOWING SERIAL NUMBERS:

]L/o

b. QUALIFICATIONAPPLIES TO AT I.EAST THE FOLLOWING MANUFACTURINGDATES:

doc J< J

c. OTHER: jVo~ ~

Vl. REMARKS 8c COMMENTS
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NUTECH COMHUNICATION RECORD

Persons Involved: M//7 Woi-~~
Cot"..van: 8'/Ef Co~y+~<s Q mP~fI Telecon/Ph. No.

C3 Mee t inq/Loca tion

File: /o/ 2W/.c ss3n

SUBJfCT:

Date/Tire: g g-gb '3-4 ->n

Recorded By: wgw
Copy To: Zsrl. vzg. /crea

Route To:

Paqe I of
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NUTECH COMMUNICATION RECORD

Persons Involved: &ter
Com an: gorcey
O Telecon/Ph. No.

Cl Meeting/Location
File: - /o/ Z4o/,per
SUBJECT:

Date/Time:
Recorded By:

Copy To:

Route To:

Paqe ~ of

g-/~ ->~~

— /4 W8 Pa~ p
A+S t $4~h
7 Pc'rb

5
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yW4'w W ~AwyC A8'S~P5'r /W VAJA ir&4.

r.~~ s ~ww Pu~~dj-f HWpw~P
I

p/ gPs/g crc ps r~ Rwf'g s 8,
rS. F4wr $ ~> ~ gZ~~s Z rS.

+8/7% >C gVm4.

Oncc65

E~/ca 8:

rH8

7rf
6'4PPEwEg r~ gg

mme.

x.b~ Z

AqauS c R'SPRY S~ r~ rr~C

8'z~c, R>~czac ~s —$4 /- />~~ .

gp~zi~4ecp g vr~86a ~~A'E

~~urMMr H~D~ 7-/o~r 4»

Pe//dMr ~ XP /PC/ Acc~~ y~

d'~ ~ /uiaP Wrsmr.

~~+~~~l <~ilk 'a mc~sc.m~e~H ~a/ m~Jr

o' 'F P&cS C~HP QJ-Rusay. ~~
~d~ll ac y'mMo' r 'we u

~ c res+ pMrw p~>
JgP +wg J ~ J, ~ g<~<~/ zj Q c ~c

T

7Hr ~ e PPESs«rZ

S S'S 4 2 SS'Z
WAelCMI~4' ~c+c T<Aa s sr s s s'sg sap

&F f7p4a Hag p ~w~Ac'gv~c/

( <«~carr:g sg«wwa <crl ~~yegg'w s

4 /'+cd ~

I

e)e ZS

ddqfmS r Ck) '4~'rd ~<ac

p4~Zi.

Sc ra/-q/
~WgC

88/c.c y

)4g

f C4FS 4Fgw rt8/4$ 'p ZPu4H7 d«7 jR27

8+4cy 4 'we r 9 G&e~< 6 ] r~crr bis

<lntPC p Fw/A'r/4a g jjg P«ds A~+~/ W c~ s +«-

eg .r ~p~(, Vg„- /. s~~--- r2~ Nw





NUTECH COMMUNICATION RECORD

Persons Involved: n7ic i
Com an: E.w4ee Cp~~a~~
B Telecon/Ph. No.

C3 Meeting/Location
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SUP;.'i! ARY REPORT NO.

9b-A- op

BV/R EQUIPMENT QUALIFICATIONSUtv'MARY ~~~ Q C)qg~TY ASQJK&~
RECORD

COMPILED BY: *

. EQUIPMENT DESCRIPTION

VERIFIED BY: ~/i / 4doopH/~
DATE: /4 -r~-

4'Q~

I,n[<'oh/-uoO>

~ L/AiL v'/=I

UNCTION 2 M/

MFG. S C C)

SIZE(IN.)

MODEL($) 3 d O S i=Re Z g

'T.I(LBS)

II. EQUIPMENT LOCAT!ON

BOSTON EDISON
PILGRIM 1 G

CAROI INA P & L

BRUNSWICK 1 G
BRUNSWICK 2 (."

COMMONWEALTH
DRESDEN 2

DRESDEN 3

QUAD CITIES 1

QUAD CITIES 2

LA SALLE 1

LA SALLE 2

CINCINNATIG & E

ZIMMER '

LEVELAND ELEC. ILUM.
PERRY 1 G
PERRY 2 G

DETROIT EDISON
FERMI 2

GEORGIA POWER
HATCH 1

HATCH 2

GULF STATES
RIVER BEND 1

RIVER BFND 2

HOUSTON P & L

ALLENS CREEK
ILLINOIS POWER

CLINTON 1

CLINTON 2

IOWA ELECTRIC
DUANE ARNOLD

JERSEY CENTRAL
OYSTER CREEK

LILCO
SHOREHAM

0
G

MISS. P & L
GRAND GULF 1

GRAND GULF 2
NEBRASKA PUB POWER

COOPER gg

NIAGARA MOHAWK
NINE MILE PT. 1

NINE MILE PT. 2

NO. INDIANAPSC

BAILLY G

NORTHEAST UTIL
MILLSTONE 1

NO. STATES POWER
MONTICELLO

PASNY
FITZPATRICK

PENNP&L
SUSQUEHANNA 1

SUSQUEHANNA 2

PHILADELPHIAELEC.

LIMERICK 1 N
LIMERICK2

PEACH BOTTOM 2

PEACH BOTTOM 3

PUB. SERV E & G

HOPE CREEK 1

HOPE CREEK 2

TVA
BROWNS FERRY 1

BROWNS FERRY 2

BROWNS FERRY 3

HARTSVILLE 1

HARTSVILLE2

HARTSVILLE3

HARTSVILLE4

WPPSS
WNP.2

YANKEE ATOMIC
VERMONT YANKEE

III. QUALIFICATIONREPORTS

1. TITLE ~/~&CA i A cS CA 7"~ 7

TEST AGENCY /I/O < 0
PROPRIETARY RECORDS AT

FILE NO. Adrs~~ a o ~No . oZS CONTACT

DATE

REPORT NO.

CONTINUED ~

c cS-
RECORDS ATTACHED %

Pogv7d> A~i

2. TITLE AP///:- Ib 6'~ 7/4/Fh DATE

TEST AGENCY

PROPRIETARY RECORDS AT

FILE NO. CONTACT

REPORT NO.

RECORDS ATTACHED .

hlog/ /6cN g/C/p-3. TITLE

TEST AGENCY

PROPRIETARY RECORDS Al
FILE NO, CONTACT

DATE

REPORT NO.

RECORDS ATTACh D ~





SUMMARY REPORT NO. QSR 4
\ ~

r
PAGE + OF ~

IV. QUALIFICATIONDESCRIPTION

QUALIFICATIONMETHOD

NONE LOCATED 0
TEST . I3

ANALYSIS 0
ON GOING 0
COMBINATIONOF 0

OTHER

SEPARATE TESTS 0
SEQUENTIAL TESTS Q

TEST SEQUENCE

J
6.

3.

4. 8.

0 SEE COMMENT PAGE

CYCLE AGING

NONE LOCATED Q

NUMBER OF CYCLES

EQUIP, ENERGIZED'? YES 0 NO 0

CYCLE AGED PRIOR TO
SEVERE ENVIRONMENT.
TEST YES C3 NO 0

C3 SEE COMMENT PAGE

RADIAT)ON AG ING

NONE LOCATED IAI

NO TEST-JUSTIFIED
BY ANALYSISTO

TYPE OF RADIATION

DOSE RATE

TOTAL DOSE

RAD

RAD/HR

TIME.TEMPERATURE AGING

NONE LOCATED II AGING METHODOLOGY

NO T-T AGING JUSTIFIED
BY ANALYSISTO

BASED ON AMBIENT
TEMPERATURE OF

AGING TEMPERATURE

DURATION

YRS

HRS

RADIATED PRIOR TO SEVERE
ENVIRONMENTTEST

0 SEE COMMENT PAGE

YES 0 NO 0 RELATIVEHUMIDITY

T-T AGING PRIOR TO
SEVERE ENVIRONMENTTEST YES 0 NO 0

GENERAL

T'EST SPECIMEN SAME AS LISTED
EQUIPMENT' ~ YESES NOQ

EQUIP. MOUNTING SPECIFIED'? P4 / Ql YESO NOQ

ACCEPTANCE/ FAILURE CRITERIA
STATED' YES Rf NOQ

EQUIPMENT INTERFACES SPECIFIED YES III NOQ

IEEE 323-19

IEEE 317-19

IEE E'24-19

IEEE 382-19

IEEE 383-19

IEEE 344-19

OTHER AGING ~~ ~& A ~A~O
SUBMERGENCE TEST YES 0 NO Ii

STANDARDS APPLIED TO TEST:

SPECIMEN OPERATED DURING TEST? YES% NOQ
NONE STATED %

OTHER. 8 0 AP g~A 7Sh

0 SEE COMMENT PAGE 0 'EE COMMENT PAGE

COMMENTS:

Ol +r gr'5 7 CS 7 Nt+Po<T I S AlaV oC 4 g,~g grE'~ ESPY <7
PgcrPA gr= ~ '1r r=i4~W i~7r=~MAr ZO~W4. ZMC ~ rYOrr'-Cue O~gr= Pong- ~~ ro e g.

WH 11'ov. 2





SUMMARYREPORT NO. QSR PAGE + OF

SEISMIC QUALIFICATION h/ONE Loch F4
LEVEL SINE SWEEP

RAN TO

RATE

ACCEL

SING. AXIS

BI-AXIAL 0
EQUIP OPE YES

SEE COMMENT PAGE

TI MIN.

gS

NO 0

E DWELL 0
AC

F REQ.

Hz

DURATION

SING. AXIS

el'AXIAL 0
EQUIP PER2 YES0 NO

'SEE COMMENT PAGE

Hz

Hz

Hz

SEC

E BEAT 0
AC L
FREQ

OSC.I BEAT

SING.'AXIS " 0
Bl AXIAL'

EQU OPER2 YES 0

SEE COMMENT PAGE

gS

Hz

DOM MULTIFREQUENCY 0
Hz

gS

SEC

RAN TO

ZPA

DURATION

DAMPING

NO. OBE'S

NO. SSE'S

SING. AXIS EI Bf AXI E)

IP OPER? YES 0 NO 0
SEE COMMENT PAGE

T E HISTORY, . 0
ACC

0URATIO

NO. OBE'S

NO. SSE'S

gS

SEC

SEE COMMENT PAGE

SING. AXIS 0
Bl-AXIAL

EQUIP OPER? YES 0 0 0

MPLEX WAVE '

ZPA

INPUT MPING

OUTPUT D PING

NO. OBE'S

NO. SSE'S

SING AXIS 0
BI.AXIAL 0
EQUI OPER2 YES 0

SEE COMMENT PAGE

g S

LOCA MSLB) HELB, RECIRCULATION AREA

PROFILE

CONTINUED Q
gp/n 7./ Vg Hu~i/A/rk Nor ~r~ r<y

450

400

u. 350

~~ 3OO

P- 250

Pg 200

m 15O

100

50

@SPY G

Bid r

100

90

80

70

60

50

40

30

20

90

80

70

60

5o g
40 Ph

30 )2:

20

10

4 5 6 78910 20 30

TIME SCALE - /gou8$

10
040 50 60 80 10

CHEMICALSPRAY

NONE 0
8) p/c AC/5

rfO ) Sr/2 r</)

W)) 1)E2 Fisc 2

RATE <o'r~ ~+ GPM/FT

DURATION > ''~~~ SEC

EQUIP. OPER? YES I NO 0

KEY TO PROFILE CHART

TEMP.

PRcSSURE
~ ~ ~ ~ ~ ~ ~ ~ ~ RELATIVE HUMIDITY

INDiCATES EQUIP.
CYCLING
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~ V. TRACABILITY

a. QUALIFICATIONAPPLIES TO AT LEAST THE FOLLOWING SERIAL NUMBERS:

Aidnf - l -mme@/-

b. QUALIFICATIONAPPLIES TO AT LEAST THE FOLLOWING MANUFACTURING OATES:
—&w

c. 'OTHER: r- ~7

Yl. REMARKS 5 COMMENTS

Zv4, 4/ MA-
o m Z+4/M

Aa~ aF Zo PS/, gg Za C ufo~
Cu -/Csc O

o o Z~~ <~7- mb MlK
/w/JS

~~~S/~~ SCrZC-r O o~/~ W~/O

AE go~~dM 7 ~ /5 //= o v'"-

Cd~ /c'z-8- a~ ~O
A-~M

c. A'err
Z~F/J O r /a ~ /W
vALv= Sr Z.W - yg/= of- Cora P MA Mrwc. 7 PX

~cr ~ E 5'/4nf
7-uQ- a rr~Wa do c

< a C'a~~,~ err~ W OWC
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)v'l"~ARY I'ZPORT NC'. (SR- 0 d - —> 3

iI. - RFMARKS AND COMMENTS (Continued)

PAGE W OP

disco Solenoid Valve IJo. 'P.')IT8300B61YF
F Serial No.

9657?i'he

time duration of testing on this valve +as also 23 ho

and the valve Was activated 50 times. The valve performed, i~ell

Nroughout the entire test and did not leak steam out the el ctr.
I

connection until af ter 12 hours of exposure. The amount of lee',

was small in comparison to the- other leaks expe ienced on this
{see Fig. 5) .

PJ1 't w ~

9 P~c
y C04CLUS ZO 4S:

- AM
CP'he

ahove simulated LOCA tests exceeded the combined time
pz'essure and tempe ature
Ba ed on the excess test

o

ecuipment during test it

exposure expected in the con ain-...ent area.
conditions and the pe ormance of the
is safe to. sav the disco Solenoids

f ~iIITX8320A21V, Seri al tJo. 96578A, I"A~IITQ300C61YF

Yamco Limit SMitch IF'-740-500-00 and llasonei lan
~ill.continue to perform during and after a Loss
Occident.

Se'ri al No. 965774,

11odel 577-4 Airret
o Operating Coolant,
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SZMULATED LOCA TEST

VENDOR'S DRANlNG REYlEY
1 Of Aooroved~f ~ . meygoroceed,

0 Aooroeed Suomrtr fwr dwo.»Mle r
Ofoceeo,

s 0 Aooroeeo eeceol et noted. Mene cn
~no ruem4 finer 4wg.MrS. mey Or
~e eoororede

0 Hot Aooroeed~rect en4 rewornrt
0 Aooroeel not reouueo. Mtg, mey or ocr

ooforel 0 tnll orewrne ooel hol I~ leorr wl
from full comolrence with contrect ol ourcne

~ r r urr ~ IT1 ~ n
REVIEWED C E I M l A JOB I

08'F

QV
BECHTEL

ATC
3.3r->

SOLENOXD VALVES C LXMXT Sl'r'XTClKS

Dl ST R l8fJT IOt
'~asrz~s

VEHOOh

CLIEHT

~ FIELD
O.E.

CIVIL
ELECT.
OLT. DES.

~4CCH.

COH SVS.

ARCH.

HO

Norwood Enqineering Department

R. D. Cronin

OVRCH.

CICKO.
IHSKCT
SCHEO,

START4lO

RECORD

IKCHTEL
IAN F RANCISCO
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Norwood; Massachusetts
April 19, 1973
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SIMULATED LOCA TEST

OF

SOLENOID VALVES 4 LIMIT SNZTCHES

I

A13STRhCT

'his test was undertaken to verify performance of specific
t l

solenoid valves and limit-switches during a loss of ope ating coolant

accident. Testing was conducted by Masoneilan at the request of

Baltimore Gas 4 Electric and Bechtel Power Corporation. The results

of the test show equipment can withstand LOCA conditions which in

some instances is we11 beyond the equipment's maximum design conditions

+Radioactive environment was not a.part oi this test.

EQUIPMENT TESTED:

Solenoid Valve ASCO Model No. VG'HTX8320A21V., Serial No. 96578A

Solenoid Valve ASCO Model No. HPHT8300B61 T, Serial No. 96577A

Limit Switch NAMCO Model No. SL3

Limit Switch NAMCO Model EA-740 500 00
~ P

TEST 'SETUP:

The above pieces of equipment were mounted inside an eight inch

10,000 Series double seat valve body. (See Fig. 1) ~ Thc equipment

was mounted so as to simplify the wiring and pneumatic piping.
Pressure gauges were mounted at different locations to closely observe

I

the steam pressure. A ihermcxneter ws mounted on the valve inlet
.flange. Activation of the, two limit switches was handled hy a side

mounted handMheel IIhioh stroked the 8" yalve's stem.

' ~
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TEFiT
PROCEDURE:

The steam supply >alve was opened as well as the vent and

steam trap valve. As soon as steam flowed out the vent, the vent
valve was closed and left closed except dux'ing xestart-ups. Next

~ ~

t.he steam pressure was ad)usted to 65 psiq, after which the switches

iind solenoids Mere activated to confirm propex'peration. At random

f.ime intexvals the solenoids and switches wexe activated to check
I

,".or proper operation. One of the limit switches was used to activate
the coil of the CtiPllT8300861YF solenoid which in turn supplied air
to stroke a Hasoneilan 59 Actuator. During the test a 6L solution

(by weight) of boric acid was ih)ected into the valve body (test
chamber) to simulate the'corrosive effect of the boric acid sprayers.

TEST RESULTS:t Yamco Limit Switch No. SL3:

Five minutes of exposure at 310 7. and 65 psig was enough to0

cause steam to blow out the electrical connection. Before removing

the switch, it was checked for operation, the switch still worked

properly. Removal of the switch and subsequent disassenbly showed

a gasket failure; (see Fig ~ 2) ~ This was to be expected, because

the switch was not designed for 310 F. and 65 psig se vice.
P sco Solenoid Valve Model Sl;PllTX8320A21V Seri al tfo. 965 l8h,.

>lhcn the test first started, steam leaked out the electrical
connection, but 'at a very slow rate. During a 3-1/2 hour period

that this solenoid was exposed to 310 F. and 65 psig stean it, was

activated 4 times and operated properly. At the end o 3-1/2 hours

steam flow out the electrical connection became excessive. The

valve was removed from the test chamber and disassembled. The

how"ing g~ ket had failed in one soot (see Fig. 3). The valve was
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The itquipment +as mounted inside Me 8" valve body. A 3" pipe

(to fAe left of the valve) ~as used as a l gallon tank to hold

the boric acid solution.
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<eassembled and remoun'ted in the test c a er with provisions

to limit the flow of steam out the electr.'.ca). connection'. hn

additional test of 8 hours of 65 psig saturated steam (310 F)

.and boric acid was applied to the solenoid valve during which t
the valve was activated 23 tines and .ourd to operate prop':rly'.

Namco Limit Switch No. EA-740-500-00.

This switch was tested for a total time of 23 bours during
'ime the- switch was activated 50 times and found to operat~- pre

The housing did not leak steam out the electrical connection at

during the entire test. The only weakness is the zinc cast lcv

arm which corroded so badly that the roller fell out: during dis

assembly (see Fig. 4) . This can be resolved by using a st.:e3. a.

with a steel= ro13,er, Namco Part No. DS3.260.

Asco Solenoid Valve No..'WltT83003t'1YF, Serial No. 9(„'; 7;

The time 'duration of testing on this,valve was also 23 hr..

and the valve was activated 50 times. The valve performers. i..
I

%roughout the entire test and did not leak steam out the electr.
cohnection unti3. after 12 hours of exposure. The amount of.

led'as

small in comparison to the- other leaks experienced on this
(see=- Fig. 5) .

Masoneilan Airset Model $ 77-4

This piece of equipment. was tested for an 8 hour period wi.

65 psig saturated steam (3l0 F) and with an injection of a 6L

solution of boric acid. During a portion of the test, air was

through the airset to confirm correct operation. The airset ~c

well before, during.and after the- test. The paint on the die c.

aluminum housing blistered, but still protected the alu-,..inu-.... (2
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''DECL VSXONS:

~0

The above simulated LOCA tests exceeded the combined tine,
I

pressure and temperature exposure expected in the containment area.

Based on the excess test conditions and the performance of the
O~

eauipment during test it is sa e to. sav the Asco Solenoids

$ 4PllTX8320P 2lV, Serial tlo. 96578A, 1"PllTG300D61YF, Serial Yo. 56577A,

'amco Limit Switch OEh,-740-500-00 and thsoneilan )loden 477-4 Airset
will,continue to perform during and after a Loss of Operating Coolant,

Accident, ~

RDC:qn

4jl9/73
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Summary - Environmental Testing of MSS/RV Air Control Valves
~C

Equipment: Main Steam Relief Valve Solenoid Valves

9U~TY ASSURE CF,
azcoHD

Mfg/Model: Target Rock — ASCO/8300964F

Documents:

1. Plant Equipment Design Engineering Memorandum 126-62

Environmental Testin

The following test profile was conducted at 100% RH;

340 F/65 psig — 2 min
340 F/45 psig - 3 hours
320 F/45 psrig — 3 hours
250 F/25 psig — 90 hours

e
r S ~

G.E. Conclusions

Solenoid valves are qualified for the installed environment based on
the supporting data and G.E. philosophy detailed in G-HK-9-72 "Pilgrim
Qualification Search" of 6-5-79 and G.E. Report G-HK-9-44 of 5-3-79.

BECo Conclusions:t Mdiation test data does not envelope PNPS accident profiles. Parker
Super-0-Lube should be used in place of Parker 0-Lube which tends to
bake at temperatures above 250oF and impede valve operation.

Prepared by:: (- ec >..Ide

Date:





PLANT EQUIPMENT DESIGN ENGINEERING ~ORANDUM

No., 126-62

7o: B. P. Brooks
~ D. L. Hurray

Subject: ENVIRONMENTAL TESTING OF MSS RV AIR CONYROL VALVES





PED'XCM0 126-62

Introduction

Four solenoid valve types like those used on Target Rock, Dresser, and
Crosby safety/rcli'ef,valves were tested under the accident environmental
conditions anticipated after a design basis event. The temperature and
pressure profiles used in these tests are similar to those required in
?EEE Std. 323-1974,

Test E ui ment and Procedure

Fig. 1 shows a schematic of the test apparatus. Two solenoid valves are
shown however one, two or three valves were tested in any *one of the seven
tests that'were performed. The test vessel used was 30 inches in diameter
x 24 inches deep. Each inlet, cylinder and electrical connection to the
valves w as piped to the outside of the vessel. The exhaust port was left
open to the vessel conditions. The following four types of valves were
tested:

(~

Designation

D

Manufacturer

AVC

AVC

AVC

Model No.

C-5246

C-5450

C-5450

Characteristics

1 1/4 inch, Viton seals

1/2 inch, Viton seals

1/2 inch, EP seals

Thc temperature controller automatically maintains a preset temperature in
the vessel by turning the 6000 W strip heaters on the sides of the vessel
on or off. The bottom heater is on a manual switch. Before testing the
tcmpcraturc controller, recorder, and probes and the cylinder and vessel
prcssure gauges were checked and calibrated. During the test the two
tcmpcrature probes agreed within 5'F. During assembly three inches of

,'water was added to the bottom of the test vessel in order to naintain
steam throughout the test. Before turning on the heaters, each valve was
cycled 200 times to denonstrate operability and simulate a solenoid valvein service. The tenperature controller was adjusted to maintain the
fol)owing minimum test conditions:

Temperature

340'F

340'F

320 F

250 F

Pressure

65 psig
45 psig
45 psig
25 psig

Time

2 min

3 hrs.
3 hrs.

90 hrs.

'

Ca)ibration records are maintained for traceability
I
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PED HcMO 126-62

The test procedure given in *appendix 1 was used except for the following
modifications;

Test Modificat ion
*

4(5 The valves were got operated during the test,
only be fore and a fter.

I

(0

For 5 consecutive days the valves were subjected
to 340'F for 3 hrs, 320'F for 3 hrs. and 250'F
overnight. Then an additional 2 days at 250'F.
The T valve was operated after day 1, 2, 5 and 7.
The D, valve was operated after day 1, 4, 5 and 7.

Day 1, 2, 3 and 6 saw 340'F for 3 hrs and 320'F
for 3 hrs. - Day 4, -5 and 7 and overnight saw
250'F. The valves were operated after day 6
and beginning of day 8.

The solenoid valves in test 1 and 2 were not irradiated. In test 3, 4 and 5
the valves were irradiated to,a total integrated dose of 4 x 106 R. For test
7 and 8 they received a dose of 3 x 107 R. All irradiation was prior to
assembling the test apparatus.

l

Results and Discussion

Table I shows a summary of test results. The following are more details
by test number:

Test 1 Three of the four C type valves failed to operate properly. An
AVC representative came to the test site to check the malfunctioning
valves; however he could not explain the problem. He left two
valves that did function properly. A shop inspection showed that
some of the critical dimensions were not within drawing tolerance.

The C valve installed in the vessel operated erratically, however
the inlet connection was made using a 1/2 inch pipe. Later it
was determined that a 1/2 inch pipe does not supply enough air.
Subsequent tests of C valves used a 1 1/2" pipe. This particular
C valve continued to operate irradically even with a 1 1/2 inch
inlet. A, D, and T valves had 1/2 inch piping on all tests.

The h valve operated satisfactorily with a slight leaktgo af
.20 SCFM in the energized condition.

( ~ Test 2 Both valves operated satisfac orily with no leakage,
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Operated satisfactorily with no leakage, however when checking
for thc minimum shift dP it stuck t~ice, once at a bP of 20 psi
and another time at bP of 45 psi. Increasing the prcssure causedit to operate satisfactorily.

Test 4 The C valve operated satisfactorily with a leakage of 2.5 SCFH in'he energized condition. Deenergized the leakage varied between
0 and .1 SCFhf.

The T valve operated satisfactorily with no leakage, however
after it cooled down it failed to shift on the first attempt.
After that it operated satisfactorily every time. The teflon
insulation on the electrical leads cracked 'and broke away due
to the irradiation.

Test 5 Both valves operated satisfactorily. 'The A .,valve leaked 2.2 SCFM
ind the D valve leaked .13 SCFM in the energized condition. 'No

.'- leakage deenergized.

Test 6 Both valves operated satisfactorily. The T valve leaked 2.2 SCFH
and the D leaked from 0 to .5 SCFM in the energized condition.
No leakage deenergized.

All valves showed erratic leakage when energized. ranging from
0 to 2.2 SCFhf. Deenergized leakage was very low ranging from
0 to .09 SCFhl. All valves operated satisfactorily, however
both C valves showed slow and sticky operation after the test in
the cold condition. On disassembly it was found that the lubricant
had turned to a sticky tar-like substance. Also, it was noted
that on the last day of the test the vessel had gone dry so that
the humidity was very low.

Subsequent testing of the lubricant used in these valves, Parker 0 Lube,
showed that when baked in a dry oven for 24 hours, it turns black and gummy
at about 250'F; At temperatures lower than 200'F it does not turn gunny.
Another lubricant, Parker Super 0 Lube, continued to maintain its lubricant
quality with no apparent bad effects at temperatures up to 350'F.

5
lea age has been prxmarx y w en e va ve xs i " -" " ccrc x son.

en very minimal. a ' '
T» b,, r~:,'ou.l .,"c ''Qbwgeh K ot P'arkcr 0 Lube since t e ar cr

'tcn ency to bake at a temperature of 250'F or higher. Some of the valves had
m

f
critical di-ensions that are not within drawing tolerance, however, since
those valves vere manu acturcd AVC has initiated an improved quality control
program





Test Test
Sample

Test

Pararne'ters
~ a i5 < $ F'

2,3,4,6 failed to opera'te consistently
one f he 3 bad valves received)

D

T
2,3,4,6
2,3,4,6

no malfunctions
no malfunctions

la,2,3,4,6,7 stuck twice, jogged into operability
after subsequent attempts

CT" la,2,3,5,6,9,10 some leakage, no malfunction
stuck once when cold

D la,2,3,5,6,10
!

some leakage, no malfunction

T
D

C

lb,2,4,6,8,10
lb,2,4,6,8,10

Ib,2,3,5,6,8,10

lb,2,3,5,6,8,10

some leakage when energized,
no malfunction

erratic leakage when energized,
'no malfunctions, sticky operation when co
erratic leakage when energized,
no malfunction, sticky operation when col

r .i ~ ~ 4

l
Test Parameters: la.

lb.
2.

3.

7,I
I

8i
I

9~

10.

Radiation - 4 x 106 R

Radiation - 3 x 107 R

200 cycles - normal operation
emergency temperature/pressure conditions
valve operation after each step
valve operation onl> at end of test cycle
leakage check

additional temperature spike to 350'F

4 test cycles of emergency 'test condition
cool der m to 80'fter high'emp. portion
modified test soquenco as shcna on pago 3

ThBLE I
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page 1 of 2

SOLENOID VALVE

TEST PROCEDURE

I

~ .

oQ

~
.I'+

~ 'r

'

'I
1

1.0 Assembly and Preliminary Testing

Assemble as shown in the schematic, adding 3 inches of water in the
bottom of the test vessel.

1.2

1.3

Leak check the entire piping system using a soap solution and recheck
using the flow meter. There shal 1 be no leaks.

~ ~

Close all of the valves on the cylinder side of the solenoid valves,
and the vent valve.

Energize each solenoid valve 200 times with 106 VDC using the following
procedure.

a. Open the valve on the cylinder side of the solenoid valve for the
valve being tested only.

b. Each time after energizing the solenoid, check.the pressure gage
to see that the cylinder pressure increases to 'the inlet pressure
showing satisfactory operation. Inlet pressure is set to 90 psig.

1.5

2.0

c. Before starting, and after every 50 times, check and record seat
leakage of the solenoid valve in both the energized and de-energized
condition. Leak check by noting the flow through either the 4igh
or low flow meter after equilibrium is reached. Check min. shift pressure.

If all solenoid valves continue to operate satisfactorily with less than
.05 SCFH seat leakage, assemble and leak check the vessel including the
lid and al'I vessel penetrations. Thero shal 1 be no leakage.

I

I

1'nvironmentalTest

2.) Adjust the over pressure trip to 75 psig and the over temperature trip to
375 F. Start the temperature recording chart and adjust it for the proper
time on the scale.

2.2

2.3

Turn both heaters on (side and bottom) and adjust the temperature controller
to 350'F. 'pen the vent if the vessel pressure exceeds 70 psig.

Turn on the N2 supply and adjust to 90 psig. Check and record 1e&age in
the de-energized condition while waiting for 340'F.
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' 50'g.'E.'v'Ol D VALVE
TE57 PROCEDURE

AIpr.mIX 1

page 2 of 2

.0

3.1

3.2

3.3

4.0

4.1

7 rac

Khen the vessel temperyehre zeaches 350'F +10, turn the bottom hcatcr off.
Hold 66 0 psig for 60.seconds, then reduce to 46 + 6 psig by carefully
cracking open the v t valve.

Energize the solenoid 4 times, checking to see that thc cyli.nder pressure
increases to inlet pressure (90 psig) each time. Hold the solenoid in
the energized condition for 10 sec. each time.

I

Check and record 'seat leakage in the energized and de-energized condition.
Check minimum. shift prcssure.

s

Second Step
>e

Maintain 350'F ~10-and 45 aS psig for 3 hrs.

4.2 Repeat steps 3.2 and 3.3.

5.0 Third Step

5.1 Adjust the temperature controller to 330'F. Continue to maintain
45 +5 psig.

Maintain 330 +10'F and 45 gS psig for 3 hours.

5.3 Repeat steps 3.2 and 3.3

6.0 Fourth Step

6.1 Adjust the temperature controller to 260'F. Reduce the vessel pressure
to 30 x5 psig. Adjust the over pressure trip to 40 psig and the over
temperature trip to 300'F.

I

6.2 Maintain 260 al0'F and 30 gS psig for 24 hours. i

6.3 Repeat 3.2 and 3.3

7.0 Fifth Step

7.1 Reduce the vessel pressure to 25 +5 psig. Keep the temperature at 260 e10 F.

7.2 Maintain these conditions until thc total length of test ti-a is 96 hours
(an additional 66 hrs.).

Repeat 3.2 and 3.3 after a total tost, time of 48 hours and again at the
end of test.
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EQUIPMENT QUALIFICATIONSUMMARYgag~ ~SU)~~-5
RECORD

SUMMARY REPORT NO.

QSR- 0/

I. EQUIPMENT DESCRIPTION

COMPILED BY: l Pl SB'

VERIFIED BY: 1 5 H r
*

ATE: / /+ go

t/W
1(«/<'TEM

CC 5 W~ /~ MFG. MODEL(S)

FUNCTION Xc c/ 5 SIZE(IN.) WT.I(LBS)

II. EQUIPMENT LOCATION

BOSTON EDISON
PILGRIM 1

CAROLINAP & L

BRUNSWICK
1'RUNSWICK2

COMMONWEALTH
DRESDEN 2
DRESDEN 3

QUAD CITIES 1

QUAD CITIES 2

LA SALLE 1

LA SALLE 2

CINCINNATIG & E

ZIMMER
CLEVELAND ELEC.

PERRY 1

PERRY 2

DETROIT EDISON
FERMI 2

0
0

6
0
Q

0
ILUM.

0
0

GEORGIA POWER
HATCH 1 N
HATCH 2 Ef

GULF STATES
RIVER BEND 1

RIVER BEND 2
HOUSTON P & L

ALLENS CREEK
ILLINOISPOWER

CUNTON 1

CLINTON 2

IOWA ELECTRIC
DUANE ARNOLD

JERSEY CENTRAL
OYSTER CREEK

LILCO
SHOREHAM

MISS. P & L

GRAND GULF 1

GRAND GULF 2

NEBRASKA PUB POWER

COOPER Q

NIAGARAMOHAWK
NINE MILE PT. 1 Q

NINE MILE PT. 2

NO. INDIANAPSC

BAILLY
NORTHEAST UTIL

MILLSTONE 1

NO. STATES POWER
MONTICELLO

PASNY
FITZPATRICK

PENN P & L
SUSQUEHANNA 1

SUSQUEHANNA 2 8

PHILADELPHIAELEC.

LIMERICK 1

LIMERICK2

PEACH BOTTOM 2

PEACH BOTTOM 3

PUB. SERV E & G

HOPE CREEK 1 0
HOPE CREEK 2

TVA
BROWNS FERRY 1

BROWNS FERRY 2

BROWNS FERRY 3 0
HARTSVILLE 1

HARTSVILLE2

HARTSVILLE3

HARTSVILLE4

WPPSS
WNP 2 l5

YANKEEATOMIC
VERMONT YANKEE

III. QUALIFICATIONREPORTS CONTINUED CI

1. TITLE c ar r 7i DATE

TEST AGENCY

PROPRIETARY RECORDS AT

FILE NO.

REPORT NO.

C C

CONTACT VC

RECORDS ATTACHED 0

2. TITLE

TEST AGENCY l~
PROPRIETARY RECORDS AT

FILE NO.

8'c DATE

REPORT NO.

CONTACT

RECORDS ATTACHED 0
C d<~~ e~

3. TITLE

TEST AGENCY

PROPRIETARY RECORDS A1

FILE NO.

WH'11'w. 2

CONTACT

DATE

REPORT NO.

RECORDS ATTACHED 0
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SUMMARY REPORT NO. QSR- PAGE ~ OF

IV. QUALIFICATIONDESCRIPTION

QUALIFICATIONMETHOD

NONE LOCATED 0
TEST

ANALYSIS 0
ON-GOING 0

, COMBINATIONOF 0
&

OTHER

SEPARATE TESTS 0
SEQUENTIALTESTS !3

TEST SEQUENCE

4. 6 ucz

6.

7.

0 SEE COMMENT PAGE

CYCLE AGING

NONE LOCATED Q

NUMBER OF CYCLES

EQUIP, ENERGIZED? YES 0 NO 0

CYCLE AGED PRIOR.TO
SEVERE ENVIRONMENT
TEST YES 0 NO 0

0 SEE COMMENT PAGE

RADIATIONAGING

NONE LOCATED 0
NO TEST-JUSTIFIED

BY ANALYSISTO

TYPE OF RADIATION

DOSE RATE

TOTAL DOSE

RADIATED PRIOR TO SEVERE
ENVIRONMENTTEST

0 SEE COMMENT PAGE ~~

RAD

RADIHR

RADS

YES 6 NO 0

NO T-T AGINGQUSTIFIED
BY ANALYSISTO

BASED ON AMBIENT
TEMPERATURE OF

AGINGTEMPERATURE

DURATION 4N
RELATIVEHUMIDITY

YRS

HRS

T-T AGING PRIOR TO
SEVERE ENVIRONMENTTEST YES H NO 0

TIMETEMPERATURE AGING .c o~~~~F 4'-~

NONE LOCATED 0 AGING METHODOLOGYckm<~H~

GENERAL

TEST SPECIMEN SAME AS LISTED
EQUIPMENT'

EQUIP. MOUNTING SPECIFIED?

ACCEPTANCE/ FAILURE CRITERIA
STATED?

g~/
YES 0 N~
YESO NOII

YESQ NOIII

EQUIPMENT INTERFACES SPECIFIED YESO NO II

SPECIMEN OPERATED DURING TEST? YESIII NOQ
NONE STATED 0OTHER'cwe'27 -C

OTHER AGING

SUBMERGENCE TEST YES II NO 0 ~~iMS-3

STANDARDS APPLIED TO TEST:

IEEE 323-19~ IEEE 382-19

IEEE 317-19 IEEE 383-19

IEEE 324.19 IEEE 344-19'

EEE COMMENT PAGE ~
COMMENTS:

0 SEE COMMENT PAGE

WH 11E3 REE. 2
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. SUMMARYREPORT NO.QSR-'AGE ~ OF ~
SEISMIC QUALIFICATION

OW LEVEL SINE SWEEP 6
RANGE~TO +~ Hz

A7+TwACCEL'S
SING. AXIS 0
Bl-AXIAL 8
EQUIP OPER? YES 0 NO Im

0 SEE COMMENT PAGE

Hz

Hz

SEC

Hz

Hz

*
SING. AXIS 0
BI.AXIAL Q

EQUIP OPER? YESO NO Cf

0 SEE COMMENT PAGE

SINE DWELL Q

ACCEL h» 'I I7 i g's

FREQ. Hz

SINE BEAT 0
ACCEL

FREQ

Hz

Hz

OSC.I BEAT

SING. AXIS 0
Bl-AXIAL 0
EQUIP PER2 YES 0

SEE COMMENT PAGE

g'S

Hz

Hz

HZ

NO 0

RANDOM MULTIFREQUENCY Il
RANGE / TO 8'47 o Hz

ZPA c2 r gS

DURATION ~ SEC

DAMPING

NO. OBE'S

NO. SSE'S

SING. AXIS 0 Bl-AXIAL Q

QUIP OPER2 YES 0 NO II

TIME HISTORY

ACCEL

DURATION

NO. OBE'S

NO. SSE'S

SING. AXIS

BI-AXIAL

EQUIP OP, R?

g'S

SEC

YES 0 NO 0

COMPLEX WAVE 0
ZPA

INPUT DAMPING

OUTPUT DAMPING

NO. OBE'S

NO. SSE'S

SING AXIS 0
. BI-AXIAL Q

EQUIP PER? YES 0

gS

NO 0

0 SEE COMMENT PAGE SEE COMMENT PAGE SEE COMMENT PAGE

LOCA, MSLB, HELB, RECIRCULATION AREA C ~ 7P7rrg» 7 c77'~/ CONTINUED 0

450

400

L, 350

~ 3OO

250

.Pg 200

150

100

50

>u

$7

PROFILE
100 ~

90

8O

70
" 60

50

40

30

20

90

80

70

60 f
5o g
40 cn

30 cc:

20

10

A'' 78910
I

TIME SCALE

20 30 40 50 60 80
10

100

CHEMICALSPRAY

NONE 8
CONTENT

pH

WN 11E2 Res. 2

GPM/FT

SEC

RATE

DURATION

EQUIP. OPER? YES 0 NO 0

KEY TO PROFILE CHART

TEMP.

PRESSURE

RELATIVE HUMIDITY~~ INDICATES EQUIP.
CYCLING
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SUMMARY REPORT NO. QSR- PAGE~ OF

a. QUALIFICATIONAPPLIES TO AT LEAST THE FOLLOWING SERIAL NUMBERS:

b. QUALIFICATIONAPPLIES TO AT LEAST THE FOLLOWING MANUFACTURINGDATES:

0 c

c. OTHER:

Vl. REMARKS 8t COMMENTS

/» e 7 ~ 5'

l,o
~ ~ \

ZW 7 w c'. c

lcC
C 0 «W

u/o 7A» c
/

OV A»

>Pr-
.»~r /. rP ~

oS~

7 cc rJ

r .)2
~ jrv / r „ /r rc'

~) ~ «

isf «7 / ir / c r
r

C rw'» «Ar
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Mllr ON SllCC' 5Class 1:- Qualification~-30, ~U.-30, and AZR-30K
Low Voltage Power Ci cuit Breakers
FlRM MADE FOR

5H NQ, 1+

RKYISlDN

R.Q)XATION TESTS

The purpose of rad ation tests is to determine the ability of
the ZK type breaker to withstand gamma radiation that may be

present, in nuclear s
ations.'or

the SKR-30/50 breakers, since the insulation components
on %he two frame size breakers are identical, tests were made on

the AEP.-55 breaker to cover .both the 1600 ampe e dZR.-50 and the . $ 0 0
AZR-30 and aZ1 the design extensions associated with the A.C.
varieties of these brewers:

The tests were madein pa ts as follows:'

~

~ ~ Test .on SST Ove current Tria Device
An SST prog ammer. Dwg. 568B604G-18, Serial No. 00392

was mouzrted in the adiation facility of ESOHZ)ZZ, inc.,
Pa sippany, New Jersey, ~Jay 17, 1977. Du=ing radiation,
the cha=ac eristics of the device were monitored with an
SS'2/ECS test'set type TAZ-TS1. The radiation dosage ate
was 2 x 10 rads/hour. until 1 x 10 rads was accumulated
and, then increased to- 0.7 x 10 rads/hou . There was

no evidence o damage when, 1 x 10 rads was accumu'ated
and he trippirg t~of the va ious characteristics
changed less than 105 until 4.3 x 10'ads we e accumulated.

B. Test on ~-50 Less Ove current T ia Dev" ce

An ~-50 breaker,. Catalog No. AZD-5720, less overcu rent
trips, was tested in XSOECZZZ, INC. radiation facility-
Parsippany', N'w Jersey, on August 9-.10, 1977. The fron.
~e assembly and.ba=ie s- and a sample of Vulhene

'wire K type ST 53043 was exposed, to .33 x 10 rads/hou
and. the be f~e assembly was exposed to ."9 x 10 rads
pe houx.. The tes- time was 2.25 hours.

Following the radiation, the brewer was retu=ned to the
Pla'nville Plant whe e 1,750 mechanical endu ance ope ations we e

performed. At the completion o th's se ies of tests, the breaker PRIIPi~ T

I++4C ST
Jl. B . "o~nwa1

Sc-c r5'7
~WA C4 re~~ I~~

~Q near. 286A8790
)2./'7]77 plaanv111e, CT acamo» eon os sour 15 se m >4

cgoc IotNr t
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286A8790
cosr o» wcrr 16 15

GENERAL ~X ELEt;tnt t'. 286A8790
coNf 0N Pictor 16 5'KEY lo.'Class lZ Oualif ication

~-30, ~U-30, and hZR-30E
Low Voltage Power Circuit Breakers

FIRST MADE FOR

Radiation Tests, Continued

REVISION

was inspected. Ho evidence of deteriorated existed that could be

attributable to the rad'ation,.

Xt was concluded the breake can withstand .65 x 10 rads. En

combination with the SST, the breaker can withstand radiation. levels
up to 0. 1 x '10 rads.

1

Breaker data recorded' Book 28, Location 4

I I

I

~+4C 5T

B. = ornwalt
4C /'T

~MA lk 777
PRATED ll4 ILL@

PRINTS T

CPD 286A8790
/a jq/lj Plainville, CT ~no» mat cw wctu 16 ~ ~o. 15
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SUMMARY REPORT NO.

~ Q$ R. d 'C '- - Dl
~1.

DATE: 8Ez ZQVERIFIED BY:. J. 'ZHC)XS,~IJ

" -: ~ -"'.-.-:.-.-.
0

SWR EQUIPMENT QUAI IPICATION SUMMARY
QUALITY ASSURANCE

RECORD

COMPILED BY: F. L'. 4
S'S'.

EQUIPMENT DESCRIPTION

ITEM T~ ~ra / o + MFG.

fUNCTION ~HERC. AJ)P~BF MJAli%7c= SIZE(IN.)

MODEL(S)

WT.l(LBS)

BOSTON EDISON
PILGRIM 1 Cj

CAROLINAP III L
BRUNSWICK 1 0
BRUNSWICK 2 0

COMMONWEALTH
DRESDEN 2

DRESDEN 3

QUAD CITIES 1

QUAD CITIES 2

LA SALLE 1

LA SALLE 2
CINCINNATIG 4 E

ZIMMER 0
CLEVELAND ELEC. ILUM.

PERRY 1 0
PERRY 2 0

DETROIT EDISON
FERMI 2 Cl

0
Cl

0
0
0
Cj

II. EQUIPMENT LOCATION

GEORGIA POWER
HATCH 1 0
HATCH 2 0

GULF STATES
RIVER BEND 1 0
RIVER BEND 2 Cl

HOUSTON P 5 L
ALLENS CREEK

ILLINOISPOWER
CUNTON 1 0
CUNTON 2 0

IOWA ELECTRIC
DUANE ARNOLD 0

JERSEY CENTRAL
OYSTER CREEK

ULCO
SHOREHAM 0

MISS. P 4 L
GRAND GULF 1

GRAND GULF 2

NEBRASKA PUB POWER

COOPER II
NIAGARAMOHAWK

NINE MILE PT. 1

NINE MILE PT 2 0
NO. INDIANAPSC

BAILLY 0
NORTHEAST UTIL

MILLSTONE 1

NO. STATES POWER

MONTICELLO
PASNY

FITZPATRICK 0
PENN P 5 L

SUSQUEHANNA 1

SUSQUEHANNA 2

PHILADELPHIAELEC.

LIMERICK 1 0
LIMERICK2 0
PEACH BOTTOM 2 0
PEACH BOTTOM 3 0

PUB. SERV E 4 G

HOPE CREEK 1

HOPE CREEK 2
'VA

BROWNS FERRY 1

BROWNS FERRY 2

BROWNS FERRY 3

HARTSVILLE1

HARTSVILLE2'

HARTSVILLE3

HARTSVILLE4

WPPSS
WNP-2 0

YANKEEATOMIC
VERMONT YANKEE 0

III. QUALIFICATIONREPORTS

1 TITLE

TEST AGFNCY

PROPRIETARY RECORDS AT

FILE NO . /0/. Zgd/. 038' Q

c '/
PC jcA LE.

CONTACT

DATE

REPORT NO.

CONTINUED CI

RECORDS ATTACHED II

2. TITLE

TEST AGENCY

PROPRIETARY RECORDS AT

FiLE NO. CONTACT

DATE

REPORT NO.

RECORDS ATTACHED Cj

3. TITLE

TEST AGENCY

PROPRIETARY RECORDS A1

FILE NO.

WN 11$ 2 Aev. 2

CONTACT

DATE

REPORT NO.

RECORDS ATTACHED 0
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SUMMARY REPORT NO. QSR PAGE 2- OF

IV. QUALIFICATIONDESCRIPTION

QUALIFICATIONMETHOD

NONE I.OCATED 0
TEST

ANALYSIS 0
ON.GOING 0
COMBINATIONOF 0

8L

OTHER

SEPARATE TESTS Q

SEQUENTIAL TESTS Q

TEST SEQUENCE

1 Ar rs 5,
P

2. r ~ 8,

3.

4,

/ 7.

8.

0 SEE COMMENT PAGE

CYCLE AGING

NONE LOCATED 0

NUMBER OF CYCLES

EQUIP, ENERGIZED? YES 0 NO 0

CYCLE AGED PRIOR TO
SEVERE ENVIRONMENT
TEST YES 0 NO 0

0 SEE COMMENT PAGE

RADIATIONAGING

NONE LOCATED 0
NO TESTQUSTIFIED

BY ANALYSISTO

TYPE OF RADIATION

RAD

TIME.TEMPERATURE AGING

NONE LOCATED 0 AGING METHODOLOGY

NO T-T AGINGQUSTIFIED
BY ANALYSISTO

BASED ON AMBIENT
TEMPERATURE OF

YRS

'F
DOSE RATE

TOTAL DOSE s~i
RADiHR

RADIATED PRIOR TO SEVERE YES Ct NO 0
ENVIRONMENTTEST

0 SEE COMMENT PAGE

AGING TEMPERATURE

HRS

E(,

DURATION

RELATIVEHUMIDITY

T-T AGING PRIOR TO
SEVERE ENVIRONMENTTEST YES R NO 0

GENERAL

TEST SPECIMEN SAME AS LISTED
EQUIP MENT?

EQUIP. MOUNTING SPECIFIED?

ACCEPTANCE/ FAILURE CRITERIA
STATED?

OTHER AGING

YESO NOQ SUBMERGENCE TEST YES 0 NO Q.

STANDARDS APPUED TO TEST:YES@ NO0
IEEE 382-19

IEEE 383-19

IEEE 323-19

IEEE 317-19

IEEE 324-19
YES@ NOQ

IEEE 344-19
EQUIPMENT INTERFACES SPECIFIED YES% NOQ

NONE STATED I
SPECIMEN OPERATED DURING TEST? YES Q NO0 OTHER

M SEE COMMENT PAGE 4
COMMENTS:

0 SEE COMMENT PAGE

WH 11SS Roa2
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SEISMIC QUALIFICATION y o Cr2/~~

C3 SEE COMMENT PAGE

RANDOM MULTIFREQUENCY 0
RANGE TO

ZPA

DURATION

DAMPING

NO. OBE'S

NO. SSE'S

SING. AXIS 0 BI.AXIAL 0
QUIP OPER'? YES 0 NO 0

Hz

gs
SEC

LOW LEVEL SINE SWEEP CI

RANGE TO Hz

RATE OCT/ MIN.

ACCEL g'S

SING. AXIS CI

BI.AXIAL 0
EQUIP OPER'? YES 0 NO CI

SINE DWELL 0
ACCEL

FREQ.

Hz

Hz

DURATION

SING. AXIS 0
Bl-AXIAI C3

EQUIP OPER? YES0

0 SEE COMMENT PAGE

TIME HISTORY 0
ACCEL

DURATION

NO. OBE'S

NO. SSE'S

SING. AXIS 0
Bl-AXIAL C3

EQUIP OPER? YES 0

g'S

Hz

Hz

Hz

SEC

NO 0

g'S

SEC

NO 0

SINE BEAT 0
ACCEL

FREQ

Hz

Hz

OSC.I BEAT

SING. AXIS 0
Bl-AXIAL 0
EQUIP OPER? YES 0

0 SEE COMMENT PAGE

COMPLEX WAVE 0
ZPA

INPUT DAMPING

OUTPUT DAMPING

NO. OBE'S

NO. SSE'S

SING AXIS 0
. Bl-AXIAL 0

EQUIP OPER? YES '

g'S

Hz

Hz

HZ

NO 0

g'S

NO 0

0 SEE COMMENT PAGE 0 SEE COMMENT PAGE 0 SEE COMMENT PAGE

LOCA, MSLB; HELB, RECIRCULATION AREA CONTINUED 0
+ Scc g g~4c»p''A N~

PROFILE

400

u.. 350

g 3OO

1- 250

Pg 200

150

100

2 3 4 5 8 78910
TIME SCALE

20 30 40 50 60 80 10

90

80

70
O

60

50

40

30

20

10
0

?0

60

Po

30 cc

20

10

CHEMICALSPRAY

NONE 0
CONTENT 4+0 8o re
pH

WH 1112 Re@. 2

RATE ~e F'I 7»J GPMIFT2

DURATION . N &~as

EQUIP. OPER? YES 8 NO 0

KEY TO PROFILE CHART

TEMP.

PRESSURE
" RELATIVEHUMIDITY

INDICATES EQUIP.
CYCLING
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V. TRACABILITY

PAGE OF

a. QUALIFICATIONAPPLIES TO AT LEAST THE FOLLOWING SERIAL NUMBERS:

b. QUALIFICATIONAPPLIES TO AT LEAST THE FOLLOWING MANUFACTURINGDATES:
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c. OTHER:
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Harch 29, 1978

Docket Uo. '50-213

Director of Huclear Reactor Regu'ation
Attn: tw. D. L. Ziemann, Cn'ef

Operating Ra ctors Branch "s2

U. S. Nuclear Regulatory Co~ission
Mashing ton, D. C. 20555

References: (1)

(2)

D. C

aa ted
T.

1978 s

R. H.

Switzer letters to B. H. Grier (';BC — IEE Region 1),
December 8, 1977 and Janu. ry 13, 1978.
Russell (HRC) Sugary of Heating Held on January 29,
da" ad January 30, 1978.
Graves (CYAPCO) latter to 3. Griar dated Lwrch 23, 1978.

Gentleman:
Haddam Beck Plant

Environ..antal Oualification of T. r. inal B'ocks/Bo as

In Reference (1), Connecticut Yankee Atomic Power Company (CYAPCO) descr bad its
actions w'th respect to the replace en" of four electrical connectors insica
containmant of the Haddam Heck Plant w=th tar.anal blocks mounted inside „'unction
boxes ("ter='nal block/bo.: combination"). Th s raplacem nt was deem d ptudant by
CYAPCO .solely in light o'.". fact tn t tne original electrical conn ctors at the
Haddam abaci Plant did not have specific docurantation available regarding environ-
p,anta]. qual''cations. As describgd 'n Reference (1),:he termin 1 bi ock/box
i'.ombination «as judged to be environ-,antally qualified oy material an" lysas;
CYAPCO also stated,thareir. tna" testing would be initi tad to docu...ent the
environa:ental qual'ication.

In response. to that co~tmant, the following infor "-ion is hereby provided.

Zn~~ror. nt..l qual'ication tasting of th tar..inal block/boz co"~ir. ti"n in usa
at the Haddie ll ck Plant was nitiatad prior to January 30, 1970,.ith thz ucc s-
ful complation oi P!use I (screening) tasts, performed under prassur, "a-.pcratura,
and humidity conditions .Sich consarvativ ly represented tha postulat=-d pos:-
accidant anvirunir. n" inside containm=at. The results ci these tests were dis-
cus cd in da ail with th i'RC Staff, as docu-.anted 'n Rafararca ( ).

'Jnc Phase 1 ta ts vara foll"wad by Phase Ii tests durin which t o tar."'nalt block/bo:c co=iinations< vera suojactad to temperature and radia" ion environ-

<General ".-.lactric (C'8) tar-.inal block irsida a staal junction box and a G.

tcnainal block inside an a..umlaut jun" tion boa prototypes.





oa

t ~

ments simulating noz-.~l operation, prior to being subjected to tha ostuyatad
pos t-ace idan c anvi zcr=cn c.

t 0 ~

lC

h,

sequence on .'birch 22, 197S,
Zt should be noted chat the latter stages of tha

Phase Xl casting pzogr n ware witna sad by a r;amber. of the NRC Staff. This terminal
point failure was reported co tha bc C Staff in Rafe ance'3).

A description of the Ph se EX enviror=antal qualification test program and per-
tinent preliminary test rasulcs, based on the report, o a Northeast Utilities
Service Company (NUSCO) rapzasentaciva, is provided in the Attach-ant.

fQ,though CYAPCO and the KJSCO technical staff believe that the terminal block
would have performed i"s intended function since tha 0'thar terminal po2.nts
on the block ware oper ble throughout cha duz tion oi tha test, it was nevertheless
deemed prudent to replace th cwo aluminum boxes hav'ng ona-inch vent holes housin"
the General Elactri'c ce. 'nal blocks with steel'oxes with 1/4-inch vent holes.
This action was based upon test zasults which verified the fact that thc sa=e
modal Can"ral Electric ca=inal bloc': enclosed ''n a si~ilazly conf''ad steel
,box performed accapcaoly during tha save Phase II environ antal qualii'cat-'on
tost progr m. These tests and their results, provided positive indicac.'ons chat
the failure of the single cenivzl po...t on the GE block was due to che interface
with the alt inurn box. further, tha tests indicatcc that th's situat'on "as com-
pletely avoided using a steal box with '"p"ovad block mounting and a 1/4-incn
vent hola. Tnis action and ocher pertinent cons'dar tions ware discussed in detail
with members of tha ."TRC Staff at a meeting on .larch 23, 1978.

Raview of this design change was -performed, in accordance with Northeast Utilitias
Quality Assuzance Procedures, by the .'ant Operating Review Committee (PORC) and
the NUSCO tcchnical staff. Ba ed on these reviews, the design of the block/steal

. box combination was determined to be technically acceptable in terms oi par=or-'ng
its intended'unction in the cora, dalu e v lve circuits in the postulated post-
accidant anviron-..ant. 'This determination was based, in part, on the results of
the Fhasa XI qualification tests, which vere parior=ad under temperature, pressure,
radiation, humidity, and cha 'cal condit'ons wnicn conservatively sinful ced the
post-accident contain=cnc environment at the Haddam heck Plant; in addition,
another evaluation concluded chat tha parfoz "nce o" tha connect'ons of cha 'olock

~ box combination under sais™ic conditions would ba accapcabla. Tha pertinent
environmental qualific=cion data ror cha Ganaz 1 Elec ric terminal block/steel
box, combination is su —a,ri"ad in cha Attach ant.

The Connecticut Yankee Nuclear Review Board (NE3) was also requested co review thi
design clunga. As a result of their review, cha .'U3 concurred in the conclusions
of tha technical review discussed above and in cha determination chat cha design
of cha block/box co=b'nation and cha rcplacc"anc and race t procedures did noc
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constitute an un"eviewed safety question within the context of 10CFR 50.59; thus,
the replace ent was initiated on .wrch 23, 1978 and completed on Parch 23, 1978.

Ver truly yours,

COaDIECTXCUT YA:QZE ATO>lIC PO'4M CO.PA'.K

.o,c-D2
D. C. Switzer
President

'Attachment

~ ~

~ ~



0



s

'I

DOUBT HO. 50-213

ATTACH~ZNT

HADDAlf KECK PLc'DT

SEQfAPY OP BPlXRO'~~~ITAL QUALXPXCATXON TEST PROGZcQf

TERHXlfAL BLOCK/BOX CONBXNATXONS

~ ~

~ ~

wmc}t. 1978
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Xn accordance with commitments made in a January 13, 1978 letter and at a

m'ecting on January 29, 1978, CYAPCO engaged the Franklin Institute to perform.

full series. environ .ental qualification testing of a General Electric terminal

block type EB-25 enclosed in two different types of )unction bo..es (aluminum

and steel) representative of those utilized'n the core de1uge valve motor operator

circuits inside containment at the Haddam Neck Plant. Two block/aluminum box

'ombinationsare located in the reactor vessel head region while two block/steel

box combinations are located on the charging floor inside containment. As dis-

cussed at the January 29, 1978 meeting, a 'block/box combination had already

successfully undergone screening tests (Phase I tests), under pressure, temperature,.

and humidity conditions which conservatively simulated the post-accident environ-

mi ~.t inside containment.

The following infor~tion s~rizes the full series test program (Phase II
tests), including the test setup, procedures> and pertinent preliminary test

results related to qualification of the block/box combinations.

DESCRIPTION OF TESTED CO~PONWTS

As noted on the attached figure, for the purpose of simulating the installed
C

equipment at the Haddam Neck Plant,

48@ka In addition, a number of other terminal blocks were insta'led in these

two )unction box s and a third junction box for the purpose of gaining
additiona'c

t data; in one of these combinations, a GE terminal block ~as mounted vertically

in a steel box.

The GE terminal block tested was made of

~ iA
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Thc steel box measured 12 x 10 x 4 inches (height, width, and depth) and

was 1/16 of an inch in thickness. The aluminum box measured 12 x 12 x 6 inches

and was 1/8 of an inch in thickness. Both boxes were somewhat larger than those

orig'nally installed in the core deluge circuits. The steel bov utilized a

terminal block mounting panel on standoifs from the back of its enclosure.

One of the two steel boxes, and the aluminum box, werc mounted, vertically

in the autoclave. Thc termin"1 blocks within these enclosures were also verti-

cally oriented. The second steel box was mounted horizontally, with the cover

up, in thc autoclave. The vertically oriented steel box had a 1/4-inch vent/

drain hola in the center of the bottom of the box. The vertically o iented

aluminum box had a 1/4 inch drain hole in the bottom of 'the box and a 1-inch

. diameter vent hole in the center of the cover of the box. The 1-inch vent hole

was covered with 2 x 2 inch splash plate approximately 3/4 of an inch away from

. (outside) the surface of the cover. The horizontally oriented steel bov haa a

1-inch .diameter vent/drain hole in thc center .of the bottom of the bov behind the
'

component mounting panel. 0

Xt should be noted that the aluminum box and the horizontal steel box were

rabricated and oriented in a manner to duplicate the two boxes, with thei" General

Electric type EB-25 terminal blocks, in each of the core deluge valve circuits at

the Haddam Reck Plant. In fact, the horizontally oriented steel box which was

tested was identical to the two boxes which vora installed in thc core deluget

ciacuits in November, 1977, in response to IE Bulletin 77-05. It was also idcn-

tical to thc EB-25 terminal block/Junction bov tested at Franklin Inst" tutc in

January, 1978, as part of a screening test.
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PRECONDITIO~<fI'.lG OF TEST SPECL~'.i'

Prior to being put

aged 'nd irrad ia ted. ~l ~ j!P ~ fd

'nto the autoclave, 'the test specimens wer'e thermally

a Q ~ L our A@ng

ex os

aboa~t3t. 70'C figure was used as representative of the amibient

temperature to simulate the term'nal blocks located on the head of the reactor

vessel. Since the terminal blocks on the charging floor operate in a cooler

ambient temperature, they were effectively aged to an equivalent life much

greater than 40 years.

The radiation exposure considered the cumulative dose due to both the normal

operating and postulated post- ~~s-of-Coolant Accident (LOCA) environments.

Both the thermal aging and irradiation were deemed to conservatively represent

.the normal operating and post-LOCA environment taking into account the actual.

location of the block/box combinations inside containment, and the actual expected

years of service. Additional conservatisms exist when consideration is given to a

more realistic assessment of postulated po t-LOCA doses (sce Harch 6, 1978 CYAPCO

letter) and the actual environmental conditions during the required functional time

of thc core deluge valves.

PV1IROX~fE".TAL TEST SEOUE".CE A~lD TEST Pht'QfETERS

Thc environmental qualification test sequence called fcr "

Again, this transient is felt
to con..ervativcly bound thc limiting cnv|ronmcntal condition in"idc containncnt

following a postulated LOCh,.





~ ~

Pjve minutes into the test, a chc .ical spray of borated, demineralized water

was introduced into the autoclave. One spray nozzle was directed toward each of

the three boxes in the autoclave, with a nozzle spray angle of 120 ~ The spray

nozzles were oriented such that they sprayed directly onto the covers of the

two steel boxes and onto the back side of the aluminum box. The borated water

was mixed to form a solut'on of 2640 ppm boric acid; which again conservatively

represented expected concentrations of chemicals which could spray the block/box

combinations, considering its actual location in containment and expected re-

fueling water storage tank values. It is important to note that additional

conservatism has been introduced into the qualification test sequence by virtue

of the fact that the ma)or source of spray, the containment spray system, is
not expected to be utilized following the postulated LOCA.

'Sprayat the original boron concentration was continued for 17.1 hours. After
17.1 hours, the spray was taken from the sump of the autoclave in a recirculation

demode;

th'ereby, dilution of the boric acid concentration occurred. The spray was

terminated after 24 hours.

the test conditions

of

At that time, p **» u

The wa

4@K~ " h. This value was then held after wnich the

autoclav re-

spectively, the

After about 31 hours at 286'F and 40 psig, the temperature and pressure were

brought do~m to 23" F and 7 paig, respectively, in 6 uniform steps over a 3-hour
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period. These'new conditions were than held constant for approximately 101 hours.

At that. time, it was determined that conditions had tabilized to the point whe're

no additional, meaningful data could be expected to be obtained. Because of this

and because the test had run sufficiently long to qualify the terminal block/box

combinations 'for the core deluge system, the test was terminated.

TEST ELECTRICAL PAPdiKT RS

The extreme, teradnal points on both ends of each of the terminal blocks under

test were energized to 525 volts. The terminal points immediately adj cent to

these energized point were grounded. All other. terminal points on each block

were wired in series into a low-voltage, 20-ampere current source. The two

525-volt terminal points on each terminal board were connected to their power

supply by a double-pole knife switch, allowing for -quick iso'ion o.' given

terminal block. Further isolation of a given term nal point was possible by

open circuiting the wiring between one pole of the knife switch and the terminal

point in question. The power supplies for the 525-volt energized ter. inal points

were protected by one-ampere circuit breakers. To con ervatively represent the

480 volt plant electrical system, 525 volts was used as the test, voltage. The

20-ampere current circuits were designed to conservatively oresent the 17 a pere

lock d rotor- current'f the core deluge valves. The terminal blocks were energi ed

with voltage and current continuously throughout the test period., except when cer-

tain terminal points were isolated, for'short periods, while Insulation Resistance

(IR) readings were taken.

It should be recognized that this te t setup conservatively simulated the

dielectric paths to ground, when compared to the normal three-phase electrical

system at thi plant. During nor™~1 plant,operation, .the dielectric path ro

ground would onl> bc stre sed at approxi~tely 277 volts, instead of 525 volts.
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TEST.rASS/rAIL CaITEPlA

A failure of the ternal point under test was defined as the inability of

that point to continuously support the applied test voltage or current. Any

other indications as ociatcd with test connections, autoclave pcnetrations, power

supplies, etc., would not be defined as .a failure of a test specimen(s).

~ COHCLUSIO'lS

Insofar as a single point on the GE terminal block located in the aluminum

box failed to its adjacent grounded terminal 30 minutes after initiation of the
0

LOCA, test sequence de ined, its pe formance was not deemed acceptable under the

acceptance criteria of the test, although it 'is still believed that the terminal

block would have performed its intended function in actua1 service.

No failures occurred of the GE blocks mounted in ste 1 boxes, and their

( S~ performance was acceptable. for the steel junction boxes oriented in both thet horizontal or vertical positions. The 'IR data taken on the blocks in the steel '

boxes during the test confir"ed that these block/box combinations would perform

.their intended function under the environmental conditions postulated for a LOCA

and conserva tively simulated in the test autoclave ..

~ ~
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1.0. SUMMARY

A Shielding Design Review was performed by NES for Niagara Mohawk Power

Corporation's Nine Mile Point Nuclear Station Unit 1 in accordance with NUREG-0578

Section 2.1.6.b of the "TMI-2 Lessons Learned Task Force Status Report and Short

Term Recommendations" (Reference 2). Plant systems were reviewed and'dentified
,for contamination due to an accident condition.'tems requiring possible access or

which could be damaged by radiation during or following such an event were identified.
The list was subsequently reduced to areas or items located where, the radiation fields

willbe high. These items anrf areas are:

2.
'.

5.

6.

7.

Power Boards Nos. 161A, 161B, 167, 155, 16, and 17

Reactor Water Sampling Station

S.E. Stairway to Elev. 281'n the Reactor Building

Boron Tank

H2-02 Monitoring Panel

Reactor Building Emergency Ventilation Filter Banks

Valve Nos. 80-00, 80-01, 80-03, 80-00, 80-05

Dose rates were calculated for areas or items located on a direct line from a source.

The ilES analysis showed that airborne dose levels in the Reactor Building due to

inleakage from the containment will preclude access. As a result of the airborne

. radionuclide concentrations, the Reactor Building Emergency Ventilation Filter Banks

will become a radiation source in the Turbine Auxiliary Building. It may be necessary

to install additional filter banks or sacrificial filters within the Reactor Building.

Class IE equipment located in the proximity of piping and components containing

reactor water, containment air, or torus water could receive integrated doses which

exceed the damage threshold of the constituent materials. This equipment has been

identified and appropriate action, such as shielding or relocation of equipment, is given

in Table 0.1.
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reactor water and containment air sampling will have to be performed outside of
the Reactor Building. Radiological sampling of drywell air can be performed utilizing
one of the sample lines to the H2-02 Monitoring Panels which is located in the Turbine
Building. A Reactor Water Sampling Station will have to be installed in the Turbine
Building. To facilitate general access in the Turbine Building in the area of the
sampling stations, shielding around the stations is recommended.

Dose rates to the Main Control Room, health physics laboratories, and Technical
Support Center will be 1.1 mR/hr, 0.02 mR/hr, and 0.0 mR/hr, respectively, due to
attenuation of the radiation sources by a distance factor and the several concrete
walls and floors in the Turbine Building and Diesel-Generator Building.

, Plans have been made by Niagara Mohawk to operate valves S0-00, 80-01, S0-03, 80-
04, 80-'05 remotely for heat removal from the torus, since they have been identified as

being in a high radiation area.
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'2.0 INTRODUCTiON

The TMI-2 Lessons-Learned Task Force instructed utilities in Section 2.1.6.b, of
NUREG-0578 to: "Perform a design review of the shielding of systems processing
primary coolant outside of containment. Determine any areas or equipment that are
vital for post-accident occupancy or operation and assure that access and performance
will not be unduly impaired due to radiation from these systems."+ In conformance
with this recommendation, NES performed a .Shielding Design Review for Niagara
Mohawk's Nine Mile Point, Unit 1 Nuclear Station.

The Review for iNine Mile Point Nuclear Station Unit 1 (NMP-I) consisted of six
activities, as described below:

l. Identification of systems which would become contaminated in case of an
accident;

2. Identification of plant areas requiring post-accident entry',
3. Identification of Class 1E equipment located within line-of-sight of piping and

components containing accident sources;
0. Calculation of accident source terms;
5. Calculation of accident . dose rates in areas where entry is necessary or

degradation of equipment is a possibility;
6. Preparation of radiation zone maps reflecting areas of potential contamination

I

due to accident conditions.

This report summarizes the results of the activities and presents possibie recommen-
dations ior plant improvement.

+Note: Appendix A of th!s document contains further'olanation o. the NRC's
position as was presented in Appendix A of NUREG-0578.
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3.0 METHODS OF APPROACH

3.1 'DENTIFICATIONOF POTENTIALLYCONTAMINATEDSYSTEMS

All systems were included in the initial evaluation. Each system was evaluated to
determine if it would or would not be contaminated under the given conditions. This
.approach assured that all plant systems had been properly considered.

Table -3.1 lists those systems which would be contaminated by direct contact with
contaminated liquids and gases or by leakage of these contaminated fluids. Those
systems which were also found to be the main source systems for doses to access items
or Class 1E equipment are denoted with an asterisk (+). Tnese source systems were
identified as contributing significant radiation exposures to Class 1E equipment and
the areas found to be necessary for access during accident conditions or recovery
operations.

3.2 IDENTIFICATIONOF PLANT AREAS REQUIRING POST-ACCIDENT ENTRY

Access areas were identified by reviewing plant operating procedures, special operat-
ing procedures, plant layout drawings, piping drawings and isometrics, and piping and
instrumentation diagrams. Operating experience was also utilized in the processes of
identifying the need for access'to certain items during an accident condition or for'I
recovery operations.

A visual determination of sources and access areas was made at the plant site as well.
This enabled NES to obtain feedback from the NMP-I plant staff concerning their
evaluations as to which items would be necessary to access. This xarnination also
made it possible to ascertain whether the path to the access item presented a

radiological danger. The main items established as "necessary for access" are listed in
Table 3.2.
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TABLE 3-1

CONTAMINATED SYSTEMS

Reactor Water Contact

+Sampling System
Reactor-Cleanup System (up to isolation valve)

+Drywell and Torus
Waste Disposal System (up to isolation valves on surnps)

+Emergency Cooling System
+Shutdown Cooling
+Core Spray
+Containment Spray

Reactor. Recirculation \

Main Steam (up to isolation valves)

Contamination From Potential S stem Leaka e
'»

Waste disposal system (remainder)
Feedwater
Closed Cooling
Condenser Air Removal
Main Steam (downstream of isolation valves)
Reactor Cleanup System (downstream or outside isolation valves)

Filter Contamination b Airborne

Radiation Monitoring (e.g.g CAM)
+Reactor Building Emergency Ventilation ~

S stems Contaminated b Containment Atmos here

+CAD (to l—isolation vaLve)
st.

+CAM
+Reactor Building Emergency Ventilation
+H2-0 Monitoring2 2

+ Systems preceeded by an asterisks are main source systems.
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TABLE 3-2

AREAS OR ITEMS IDENTIFIED FOR ACCESS

Area or Item and
Dose Point Locations Location Reason for access

1. Power Boards
161A, 16IB

Reactor Bldg.
Elev.

261'ontains main'buss feed to reactor
rec!rculation pump blockvalves and
other reactor water components, diesel
generators, etc.

2. Reactor Rater
Sampling Stat!on

Reactor Bldg.
Elev. 261'-

To fulfillrequirements of Section 2.1.8a
of NUREG-0578. (Reference 1)

3. Power Boards
155, 167

Reactor Bldg.
Elev. 281'otor control center for Torus Vent

and-Purge Air Isolation Valve) Liquid
Poison Heater, Emergency Exhaust Heater,,
etc.

Stairwell SE Reactor Bldg.
Elev.

281'ecessary for access to elevation
281'n

Reactor Building

5. Power Boards
16) 17

6. Boron Tank

Reactor Bldg.
Elev. 281)

Reactor Bldg.
Elev.

298'ontains
main buss feed for air compressors,

Reactors Bldg. Closed Loop Cooling Pumps,
Shutdown Cooling Pumps, etc.

May be necessary to refill tank if poison
is added to the core.

7. Reactor Bldg.
Em er gency
Ventilation
r ilter Banks

Turbine Auxiliary
Bldg. Elev. 289'"

May be necessary to change filters.

8. H2 O
Monitoring
Panels

Turbine Bldg.

Elev. 291'2)
Necessary '.or sampling hydrogen
and oxygen in dryw l!.
Ant!c!pated to be used for radiation
sampling of drywell air.
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3.3 IDENTIFICATIONOF SAFETY EQUIPMENT IN HIGH RADIATIONAREAS

NES identified all of the areas in the Reactor Building containing accident sources

which are external to the containment. A listing of Class lE equipment was provided
to NES by Niagara Mohawk. This listing was used during a plant walk-through to
determine which equipment was located in the direct line of piping and components
containing accident radiation sources. NES found approximately seventy-five pieces
of equipment for which calculations were necessary to determine whether the
integrated doses from these sources would exceed the damage threshold+ to the most
sensitive material or component in the equipment

3.0 CALCULATIONOF SOURCE TERMS

Source term calculations were based on a clarification letter, dated October 30, 1979

from Harold R. Denton concerning the NUREG-057S Report (see Appendix B). Release
to the liquid-containing systems consisted of 100% of the core inventory of noble

gases, 50% of the core inventory of halogens and 1% of the remaining fission products.
Release to the gaseous-containing systems consisted of 100% of the core inventory of
noble gases and 25% of the core inventory of halogens.++ The specific isotopic
inventory was based on the fission product inventory for UO2 fuel at t = 0, 30 minutes,
and 20 hours after shutdown, as taken from the GE Document "Radiation Sources" (see

Ref. 1). The GE data was adjusted for operation at 1850 megawatts thermal. The

isotopic inventory was decpyed for 2, 3, 7, 11, 30, and 100 days using the computer
code LOR2, a Babcock and,%'ilcox version of ORIGEN (Reference 8).

+ The damage threshold is the total integrated radiation dose which will produc the
first sign of degradation.

NOTE: The noole gas inventory is accounted for twic oy the NRC. This is a

conservative assumption.
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To obtain the reactor water inventory, the released isotopes (100% noble gases, 5096

halogens, 1% remaining fission products) were homogeneously distributed throughout
the reactor water- volume downstream of the feedwater isolation valves. The reactor
steam inventory was obtained by distributing the released isotopes (25% halogens,

10096 noble gases) throughout the reactor steam volume. For the containment air
inv'entory, the - isotopes released to reactor steam were assumed to have been

subsequently released to the drywell as a result of an accident such as a steamline

break. The drywell atmosphere and torus air were assumed to be mixed. The

containment spray system activities w'ere obtained by mixing reactor water

homogeneously with torus water.

The gamma activity of each isotope was distributed into seven gamma energy groups.

Subsequently, the individual activities were summed to obtain a total activity for the

system under consideration.

3.5 CALCULATIONOF'DOSE RATES

3.5.1 Direct Dose Rat from Contaminated S stems

Dose rate calculations were performed using methods from the Rockwell Shielding

Design Manual (Reference !!). The geometric configuration of the calculatior.s were

based on Nil!P-I drawings and a visual inspection of the area under consideration.

Table 3.3 and 3.0 list the,resul'ting dose rates and Figures 3.1 through 3F9 show the

plant layout and the location of the dose points. It should be noted that these dose

rates do not 'nclude the possible airborne doses!isted in Table 3.5.. These airborne

dose levels could exist if leakages from the contairment reach the max!mum design

leakage rates.

3.5.2 Inte~rated Doses to E ui ment

The G!bbs 4 Hill, Inc. computer code, "COSACS", which oer'.orms Rockw ll-type
calculations was utilized to determine the dose rates.to equipment a. various time
intervals. The geometric conf!gurations used as!nput into the calcu!at!or:s were based

on NMP-I drawings and a visual inspection of the areas under consideration. An

integrated dose to equipment for 0 to 100 days was calculated using these dose rates.
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TABLE3.3

Dose Point l.ocation Location Source
t =30 t =20 hrs
(Rem/Hr) (Rem/Hr)

DOSE RATES TO AREAS OR ITEMS IDENT1FIED FOR ACCESS
(Excluding airborne doses)

)p

1. Power Boards
161-A k 161-B

2. Reactor Water
Sampling Station

3. Power Boards:
a. l55
b. 167

0. Stairwell SE

5. Power Board 16

6. Boron Tank

Reactor Bldg. Elev. 261'hutdown HX, pumps,
and associated piping

Reactor Bldg. Elev. 261'eactor Water

Reactor Bldg. Elev. 281'ontainment Spray Lines

Reactor Bldg. Elev.
281'eactor

Bldg. Elev.

298'ontainment Spray Lines

Drywell

Reactor Bldg. Elev. 281'ontainment Spray Lines

320
30.0»

139
12.0»

836
109

353
05

323 135

667 280

13mRem/hr <1mRem/hr

0.3 13.0
117mRem/hr» 50.6mRem/hr»

O

gl

m
2:
m
37
A
0)
m
Zl

o
m
(0

O

7. 1.12-02 Monitoring Panel Turbine Bldg. Elev. 291'

Without containment spray
» With containment spray

NOTES:

Drywell Air

O0
O
C
m

Q I

n~

m O
Dose rates for these access items were not calculated for times after 20 hours since their access will probably be
precluded by airborne dose rates.

2. Dose rate calculations were performed at, the worst case point about a foot away from the access item.

3. Dose rate calculations w'ere performed only for those items which are located in the direct line of a source; other
items not listed in this table are hampered from access by the airborne dose rates.
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TABLE 3.0

DOSE RATES FROM REACTOR BUILDINGEMERGENCY VENTILATION'FILTERS

ELEVATION

289'ose

Point Location

18" from midplane of
charcoal filters

Eye level below
charcoal filters on
El. 261'=-

0. Screenhouse-Turbi ne-
Aux. Bldg. doorway

6.19 753

1.17 125

t=30min. t=20hr.

157 02,300

~t= 2 da ~t= 3 da

87,500 123,Q00

1,560 2,190

258 363

ITHCAD (Rem/Hr)

~t= 7 da

168,000

2,980

095

2,710 678 0.10

112 0.68

~t= I I da ~t= 30 da ~t= 100 da

152,000 38,100 230

Z
C0
l
m

m
2:
m
27n
CD
m

0
m
CD

Ol. Waste Bldg. Control
Room Door

0.27 61.6 127 179 222 55.0 0.30

)ose Point Location

18" from inidplane of
charcoal filters

Eye level below
charcoal filters on
El.
261'.19 1,580 2,710 1>570

WITHOUT CAD (Rem/Hr)

t = 30 rain. t = 24 hr. ~t= 2 da ~t= 3 da

157 003100 683800 863100

~t= 7 da

87,100

3,030 1,210 210 1.32

~t= ll da ~t= 30 da ~t= l00 da

68,200 12,100 72.2
U0o

m

C)
m 0

0. Screenhouse-Turbine-
Aux. Bldg. doorway

l. Waste Bldg. Control
Room Door

0.27

296

67.9

509

117

261

129

605 201

99.1

35.0

17.0

0.22

0.11
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The damage threshold for each piece of equipment'was determined using the IE
bulletin 79-Olb (Reference 6) as a data base. This bulletin listed the common
components and the respective damge thresholds of various categories of plant
equipment. This list was generated by the Inspection and Enforcement Office of the
NRC to serve as a basis for radiologically qualifying Class lE equipment as required of
all non-SEP plants by this bulletin. The items found to exceed the damage threshold
are presen.ed in Table O.l, The remaining equipment was found to be below the
damage threshold.

3.5.3 Airborne Dose Rates

Both the drywell and torus will experience a'n increase in pressure during and

immediately following an accident. The drywell will experience a pressure spike of 35

psig during the first ten seconds. In the 60 seconds that follow, the torus and the
drywell pressure will equalize at 22 psig, after which the pressure will deer ase

gradually to approximately 1.5 psig at 2X104 seconds (about 5.5 hours). The drywell
and torus wi!1 stablize at this pressure which is slightly greater than the pressure in
the Reactor Building, Figures 3.10 and 3.11 graphically depict the aforementioned
events.

Due to this positive pressure in the drywell and torus, the Reactor Building wiQ

experience an inleakage of contaminated containment atmosphere. (Note: the
maximum allowable leakage rate from the containment for NMP-I is I.I'.6/day, when
the containment is at a pressure of 22 psig.) Since leakage occurs as a result of the
pressure difference between the Reactor Building and the containment structure, it
can be assumed that the leakage will decrease with a decrease in the pressure
difference betwe n these plant areas. The airborne dose rate determinations were
based on a the lOCFR relationsMp of L=Lq2(P/Pqq) where L equals the leakage rateYi

at time (t), and pressure (P); L~q equals the leakage .ate at 22 psig, which in this case
is assumed to be the maximum allowable of 1.1%/day; and Pzz= 22 psig.
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EVhen the CAD system is operated to eliminate the potential for detonation at

hydrogen levels above 0% following an accident, the leakage rate wiL'end to increase

with time, since the added nitrogen will increase containment pressure. This situation

would continue until the containment is vented to the atmosphere via the Emergency

Reactor Building Ventilation System. As a result of the leakage rate increase, the

airborne dose rates increase. Table 3.5 lists airborne dose rates (with and without

CAD operation) in the Reactor Building for various times following the accident.

A semi-infinite cloud model was used (as presented in U.S. NRC Regulatory Guide

1.109) to calculate the dose rates. The limiting factor in'btaining access to the

Reactor. Building is the airborne dose=rate. High airborne activity also produces the

high dose rates from the filter trains for the Emergency Reactor Building Ventilation

System (see Table 3A).

TABLE 3-5

AIRBORNE DOSE RATES Fr/ REACTOR BUILDING

Air (R/hr)
Time without CAD

Air (R/hr)
with CAD

EVhole Body (R/hr)
without CAD

Whole Body (R/hr)
with CAD

30 min

20 hrs

08 hrs

3 days

7 days

ll days

30 days

100 days

590

2050

1680

1550

590

290

10

.018

590

2210
'. 2070

2150

1110

649

50

.050

560

1930

1580

1060

550

271

12

.017

560

2080

'950
2020

606

.052

+ Semi-infinite cloud model
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3.5.0 Pre aration of Radiation Zone Ma s

The Radiation Zone iVaps were constructed to show both known danger areas and areas

which could become dangerous.. = Any area labeled as restricted access would not
normally contain any large source of radiation. Such areas have the possibility of

becoming inaccessible through additional equipment failure, e.g., leakage at the main

steam or feedwater isolation valves). = Restricted areas must be regarded as potentially
- dangerous until surveyed and proved otherwise.

The zone maps are plant elevations divided into three zones: prohibited access,

restricted access, and unrestricted access. These areas are defined as follows:

Prohibited Access

Extensive Health Physics sampling and surveys are required prior to entry.

Restricted Access

Potential degradation of equipment requires periodic Heal th Physics

surveys in post-LOCA conditions.

Unrestricted Access

Area dose rates are not anticipated to exceed 15 mr/hr. Periodic Health
Physics surveys are recommended.
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NOTES

1. Reactor Building atmosphere contains fission products due to primary
containment leakage.

2 Primary containment.

3. )Vaste building may 'e contaminated if reactor water inadvertar tly is

transferred to building for processing.

0. Off-gas stack contains large amounts of noble gases released from primary
containment and removed to stack by Reactor Building Emergency Ventilation

System.

5. Feedwater system contamination due to possibl leakage of feedwater and/or

main ste m isolation valves.

6. No access due to shine dose from Emergency, Ventilation System Filter.

7. Restricted access due to the possibility of excessive shine dose from Emergency

Ventilation Systerrr Filter.

S. Possible shine dose from turbine due to noble gas accumula.ion if leakage

through ';eedwater and/or blain Steam iso!ation Valves occurs.
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0.0 DISCUSSIOH OF RESULTS AND RECOMMEiMDA!!ONS

0.1 DISCUSSION'OF RESULTS

The shie!ding design review has revealed several areas of concern that must be

addressed. Airborne dose levels in the Reactor Bu!lding, without the CAD system in
operat!or wil! preclude access to the Reactor Building for at least three weeks

following an accident.. Operation of the CAD will delay re-entry time further. These

dose levels are based on TMI-type source terms and primary containment leakage rate
at the technical specification limit. No allowance for any partition factors of iodine is

made (i.e. iodine does not plate out, or dissolve in water, but remains airborne).

During an accident, actual dose assessments within the Reactor Building wi!I have to

be made. by air sampling and radiation monitoring by Health Physics Personnel.

Because the airborne act!vity in the Reactor Builc':ing is due„ ln part, to these

conservatively calcula ed radioactive iodine isotopes, the Emergency Reactor Building
Ventilation Filter Trains will become a radiation source in the. Turbine Auxiliary
Building. Changing the filters will be impossible based on these assumptions.

However, calculations performed by NES show that the filter trains should not become

saturated during the accident, hence filter changes will not be required.

In the event that airborne radioactivity doses do not preclude entry, the Containment

Spray System piping will preclude access to the access items. Containment spray lines

run in close proximity to required access items.

The H2-02 %1onitoring Panels located in the Turb!ne Building w!11 have an appreciable

rad!ation field. This will be due to containment air flowing through the sample lines.

Access to the Reactor %later Sampling Stat!on, as required by Section 2.1,3.a of

!NUREG-0578, (Reference 1) wi!1 be impossible due to the =-rborne dose rates.

Dose R-tes to the Main Control Room, health phys!cs laboratories, and Technical

Support Center w!II be 1.1 mR/hr, 0.02 mR/hr, and 0.~ mR/hr, respective'!y, du .o

attenuation of th radhation sourc s by a dist nce factor and;he several concrete

waL!s and floors in the Turbine Buildin~ and D!esel-Cenerator Bu!lding.
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0.2.1 Reactor Buildin~ Airborne Doses

Throughout the accident, the iodine isotopes are substantial contributors to the total
airborne dose. One possible mitigating action for the magnitude of the airborne doses

is the placement of local "sacrificial" charcoal filters in the reactor building. These

filters will reduce the total airborne dose rate throughout the building. They should be

installed in areas where access is not anticipated at any time following an accident or
they should be shielded because'they wil! be an appreciable shine source. These filters
will also reduce the plate-out of the iodin. on surfaces within the Reactor Building,
facilitating recovery and decontamination operations.

0.2.2 Containment S ra S stern

The Shielding Design Review has identified the Containment Spray System e~ a major
contributor to personne} doses, provided airborne doses in the Reactor Building do not
preclude entry. There exist four possible solutions to this problem:

2«

30

Shi elding

Using raw wa,ter instead of torus water
Backflushing with raw water, after use

Providing a cross-connect spool piece to the Core Spray System such that
the water in .the Condensate Storage Tank can be available to the
Containment Spray System.

Shielding of Containment Spray piping and components for personnel acces" is not
cost-effective, since airborne doses will probab!y prec!ude access. In addison
solutions 2, 3, and 0 have to be employed witn prudentce sine they all will have an

impact cn the dose rat s in the Radwaste Building due to an additiona.'olume of
wa ' ft ornt the tcfus ' tat w!11

require

wast~ 'reatm ent
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With airborne doses as high as those calculated, all sampling will have to be performed
outside of the Reac'tor Building. The H2-02 monitoring panels is located on Elev.

291'n

the Turbine Building. One of the sample lines, located in the panels, can be used
for drywell atmosphere sampling.

The Reactor Water Sampling Station is located on Elev, 261'n the Reactor Building.
Ai!rborne radiation will- preclude access to the station. It is planned to install a.
sampling station at a suitable location in the Turbine Building. It is advisable that all
sampling stations involved with sampling of systems containing acc!dent sources be
shielded to facilitate general access in the Turbine Building.

0.2.0 Radiation Area Monitors Near Airlocks

The result indicate that airborne activity in the Reactor Building will make it
inaccessible throughout the „accident and the early post-accident period. This.
prohibits operation of equipment within the Reactor Building that has no remote
operation capabilities. However, there is a whole spectrum of possible accidents,
some of which may not involve appreciable airborne radiation levels within the
Reactor Building. Rather than preclude access to the building during any possible
accident, area radiation monitors, strategically located, would prov!de indications to
personnel of the radiation!evelyn present in the Reactor Building. Installation oi area
radiation monitors just inside the Reactor Building near the airlocks on elevations

261'nd

300', w!th readouts positioned near, but not in line of, the airlock doors in the
Turbine Building should be considered.

!l.2.5 Emer ~enc Condenser Vent Mon'tors

Tne main vent line to the atmospher for each bank of Emergenicy Condensers is
moil'. Qr d for i d!a !on sourc- s Ncrmallyp the steam vented fio.ii ti.e 5 - I "ide does
not contain any rad'!atior. soiirces.

shou! d leak, thes monitors wi!l
rad!ation resulting from the leak.

If the condenser tubes contain!no reac.'or steam

isolate that condens r bank upon detectio!1 of

During accident condi:ions, the radiation levels in
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the condensers and .-rom the airborne activity in the Reactor Buildin, may cause a

false reading on the monitor. This will lead to unnecessary isolation of the condensers
and thus restrict their proper operation during the accident. High radiation levels will
also burn out the monitors. Shielding of the monitors is required to enable them to
provide a true reading of the radiation levels in the vent line. However, shielded
detectors with remote readouts could be used or a sampling line can be directed to the
sampling station iocated in the Turbine Building. The solution employed must consider
that in the event of tube leakage, immediate isolation of the Condensers would be

necessary to avoid environmental consequences. *

0.2.6 Class !E E ui ment Doses

Class lE equipment found to receive integrated dose exceeding the damage threshold
oi the most sensitive material or component is listed in Table 0-I. Recommendations
for exposure reduction to the equioment listed is presented in the table. However,
credit should be taken for the equipment which will have to function in the very early
stages of the accident, e.g. during the first hour of-the accident, since they will have
perf ormed their safety function before the integrat d doses reach the damage
threshold.
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TABLE~l
RECO"AMEHDATIONS

LOCA i ION EQUIPMENT

DAMAGE
THRESHOLD (RAD)
AND SENSITIVE TOTAL INTEGRATED
COMPONENT DOSE AT l00 DAYS (RAD)

Reactor Building
Elev.

28l'ontainment Spray
Line AOV Position
Switch 80-15

Recommended Ac~on:
Add shielding on valve,
Yi" lead equivalent

10
phenolic

1.6 x 10

Emer gency Condenser
Return Isolation
Valves 39-05, 06

106
ohenolic

5.0 x 10

Recommended Ac~on:
Add shielding on valves, 2Yi" lead equivalent

Turbine Bu'.Iding
Elev.

289'arious Instrumentation
and control equipment
for Emergency Vent
System, located on and
near SE corner of filter
bank support struc?ure

Recommended Ac'oon:
Add 2A" lead equivalent
shielding

10'henolic,

capacitors

6.2 x 10
7

Flow Transmitter 202-~9A
for Emergency Vent

)06 2.8 x 10
pheno!ic, Systemcapaci tors

Fans and Dampers and
assoc!a?ed nstrumentaticn
and contro! qui pmen? 'or
Emergency Vent System
(ei. 302' 0")

Recommend "d Action:
Add 15 lead equivalent
shielding

106

ph no!ic
<.I v,10
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LOCATION EQU IP MENT

TABLE w1 Cont d

DAL4IAGE
THRESHOLD (RAD)
AND SENSITIVE TOTAL INTEGRATED
COL4!PONENT DOSE AT 100 DAYS (RAD)

Reactor Building N2 Purge Valve

Elev. 29S'01.2-03
N2 Pur e Valve

201.2-32

Emer oency Condenser
Isolation Valves 39-07,
OS, 09, 10

Recommended Action:
Add 2'" lead equ! valent
shielding

10'henolic

10

phenolic

10
phenolic

5.0 x 10

5.7 x 10

5.0 x 10

Id« 1 C".3er I WWi~~ia~i~ittOt'"
Raw 'iVater Monitor+
RN-3SA1

10610'.3 x 10

1.5 x 10

Recommended Action:
Run sample lines to Sampling
Station in Turbine Building
and/or use shielded radiation
detector with a remote readout.r.

Reactor Building Level Transmitter
Elev. 31S'G-06B

Leve.'ransmitter
IG-06 A

'Flow Trar.smitt r
93-3OA, 33A

H.X. Iso. Vaive
93 .'i9 MOV

10
capacitors,
phenolic

io'apacitors,

phenolic

io'apac! hors
ph nolic

10'olycarb na'., dolrin
neopr ne, polyimide

1.5 x 10

!Sx 10

2.9 x l0

1.0 x 10

+Vionitors will not perform th ir functions pro»erly sine readings will be off-sca!e.
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LOCATION EQUIPMENT

TABLE O-l Cont'd

DAMAGE
THRESHOLD (RAD)
AND SENSITIYE TOTAL INTEGRATFD
COMPONENT DOSE AT 100 DAYS (RAD)

Reac,or Building H.X. Iso. Valve
Elev. 31S'3-50 MOV

H.X. Iso. Valve
93-25 MOV

H.X. Iso. Vive
93-26 MOY

H.X. Iso. Valve
93-27 MOV

H.X. Iso. Yalve
93-28 MOY

1.1 x 10

1.3 x 10

F

10 1.1 x 10
polycarbonate, dolrin,
neoprene, polyimide

10 1.0 x 10
polycarbor ate, dolr!n,
neoprene, polyimide

10'olycarbonate, dolrin,
neoprene, polyimide

10
polycarbonate, dolrin,
neoprene, polyimide

10
polycarbonate, dolrin,
neoprene, polyimide

Rmammended Action:
Enclose Fmergency Condenser tines inside shielding with Ih"
lead equivalent shielding. Add Yi" lead equivalent shadow shield
to LT IG-5A, FT 93-30A, 33A (See Figure 0.1).

Reactor Bui!ding Flow Transmi'.ers
Elev. 318'3-32A, 3<A 10'apacitors,

phenolic

3.2 x 10

Rnccmrnnndnd Acda".i
Relocate FT 93-32A, 93-34A to North s!de of Col. P-S,

5'-7'bove

'loor. (See Figure'.i)
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LOCATION EQUIPMENT

TABLE 0-1 Cont'd

DAMAGE
THRESrlOLD (RAD)
AND SENSITIYE
COMPONENT

TOTAL INTEGRATED
DOSE AT 100 DAYS (RAD)

Reactor Building
Elev. 300'ad. Monitor+ on

Emer gency Condenser
RNO 0

Rad. Monitor+ on
Emergency Condenser
RNO 0

1.6 x 10

1.7 x 10

106

phenolic, nylon,
capacitors, polycarbonate

106

phenolic, nylon,
capaci tors, polycarbonate

Recommended Action:
Add shielding to monitors, 2" lead
equivaler t to avoid component damage. Run sample
lines tn Sampling Station in Turbine Building and/or
use shelded radiation detector with a remot readout.

Reac;or Building AOV's
Elev. 300'evel

H.7
05-01) 02, 03, 0%

Recommends Action:
Add 2" lead equivalent shielding

, Posi:ion Switches) 10
Controls, Yalves phenolic, Capacitors)

, 17A, ~rS) ISA 'olycarbon te

1.6 x 10

.VIonitors wi!I not perform their functions properly since readings w!ll be off-scale.
I
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NRR LESSONS LEARN:FD TAS( FORCE

. SHORT-TERiA RECOMMENDATIONS

7 VLF.: i . i 'l Sh'i"-i f 5 '. id~i
(Section 2.1,6.b)

1. INTRODUCTION

10 CFR Part 20 and GDC 19, 60, and 60 Appendix A to 10 CFR Part 50 require the

control of radi-tion exposur 'ssoc!ated with plant operations. General Des!gn

Criterion 0 requ!res that systems and components important to safety be designed to

accommodate the environmental conditions associated with accidents.

After an accid!nt in which signif!cant core dar>age occurs, the radiation source terms

may approxim:.te those of R gulatory Guides 1.3 and 1.4. In addition, systems that
were not designed to contain large radia:ion sources may become highly radioactive.

The resulting radiation fields may make it difficult to effectively perform accident

recov ry operations or may impair safety equipment.

The purpose of this recommendation !s to facilitate post-accident operations using

systems that may contain abnormally high levels of radioactivity and to ensure that

safety equipment in proximity to the resulting radiation fields is not unduly degraded.

Correct!ve action can consist of design change, additional f;xed or portable shielding,

post-acc!dent procedure optimization, or equipment upgrad!ng. Systems of interest

are identified in recommendation 2.1.6.a.

2. DISCU SS ION

After an accident in wMch sigr I.icant core damag- occurs) thi racia !on sourc te n>s

mav a"proximate those of Re-'ulatory Guides 1.3 and I.<. Large radiation fiel s,

resul-..in~ !rom !ar"-e radiation so 'rces bein-" cont-!ned in systems not desi--n-d ='or su'h

ac.'v't} i l y ""k it d! .'cult .o e ie;!ve!y p-r:Grm ace!dent .ecovery operat.'o. s.

Such systems, although not speci"!cally!den;~i% to perform post-ac "ident unctions,

may neverthe!ess be of signi='ican'. value a", r an acciden'.. In addi'ion, vital areas

such as contr I rooms, radwas-.e panels, emergencv pow r supplies, and instrument

areas imay .fall within the rad!ation fields of such systems.
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Post- ccident procedures for the use of such vital areas may be all that is necessary.

In other instances, additional permanent or temporary shielding may be valuable. For

certain cases, it may be pr dent to redesign facilities, components or systems.

Remote instrument and control capability may also solve some problems.

3. POSITIONS

With the assumption of a post-accident release of radio ctivity equivalent to that
described in Regulatory Guides 1.3 and 1.0, each licensee shall perform a radiation and

shielding design review of the soaces around systems that may, as a resu!t of an

accident, contain highly radioactive materials. Tne design review should identify the
location of vital areas and equipment, such as the control room, radwaste control
stations, emergency oower supplies, motor contro! centers, and instrument are s, in
which personnel occupancy may be unduly limited or safety equipment may be unduly

degraded by the radiation 'ields during post-accident operations of these sys.ems.

Each licensee s ia11 provide for adequate access to vital areas and protection of safety
equipment by design changes, incr ased permanent or temporary shielding, or post-
accident proc dural controls. The design review shall determine which types of
corrective actions are needed for vital areas throughout the facility.
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DES GL I PE fIEVF OF PLAN i SI'EELDLNG j HD EHVLROiIMENTAL

QUALIFICATION OF EQUIPiViENT FOR SPACES/SYSTEMS

V/HICH MAY BE USED IH POST-ACCiDENT OPERATIONS

(2.!,6.b)

POSiTIO<i

V/ith the assumption of a'ost-accident release of radioactivity equivalent to that
described in Regii!atory Guides 1.3 and 1.4'i.e., the equivalent of 50% of the core
radioiodine, !00% of the core noble gas inventory, and 1% of the core soLids, are

contained iri the primary coo!.".nt), each license shall perform a radiation and shielding
design review of the "paces around systems that may, as a result of an accident,
contain higll!y radioactive materials. The design review should identify the location of
vital areas and equipment, such as the control room, radwaste control stations,
emergency power supp!ies, motor control centers, and instrument areas, in which

/
personnel occupancy may be unduly limited or safety equipnilent may be unduly

degraded by .he radiation fields during post-accident cperadons of these syst ms.

Ear'l licensee sha!I provide for adequate acc"ss to vital areas- and protec.ion of safoty
equipment by design ch~~ges, increased permanent or temporary shie!ding, or post-
accident procedural controls. The design review shal! determine which types of
correctiv actions are need d for vita! areas throughout the facility.

CLARIFICATiON

Any area which wi!i or may:equire occupa'l y to pei'i <it an ooera.oi'o aid !n the
mi".i='ai'ion of or recovery from an accident is des!gnated as a vi:=1 area. !n order to
assure '.hP i. p" i'son.ie! can pe. o. m flee ssary ~'t-ace!den ooera '¹ in vi 3! areas

we are providing .h fo!!owing guidanc":o be used by licensees to eve'-.e:he
adr-r>;arij of radiation o; Qtec!'on ~o the operato, si
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1. Source .erm

The minimum radioactive source . rm should be equ>'!valent to the source terms
recommended'in Regulatory Guides 1.3, !.0- !.7 and Standard Review Plan 15.6.5

with aoprooriate decay time based on plant design.

A. Liquid Containin~ Systems: 100% of the core equil'.brium noble gas

inventory, 50% oi the core quilibrium halogen inv ntory and 196 of all
others are assumed to be mixed in th reactor coolant and liquids injected
by HPCI and LPCI~

B. Ges Conteinin ~Sstems: l00% o'he care equilibrium noble es inventory
and 25% of the core equilibrium halog n activity are assumed to be mixed
in the containment, atmosph re..-or gas containing lines connected to the
primary system (e.g., BWR stealn lines) the conc Atration of radioactivity.
s'roll be determined'assuming the activity is contained in t>ie gas space in
the primary coolant system,

2. Dose Rate Criteria

The dose rate for personnel in a vital ar a shou!d be such that the guideLines of
GDC i9 should not be exceeded during t'e course of the acciderit. GDC 19

limits the dos to 3A Qperator 'to 5 Pem who! body of its equiva!eAt "0 any part
of t»e body. 'When deterrnin!ng the dose to an operator, care must be taken to
determine the necessary occupancy tifne!n a specific are . For examp!e, areas
requi'!ring ccntirtuous occupancy s>v!U require much lower dos rates than areas
where mini Ad~ occupancy .'s requir d. TA reforest ai!owab!e osc ta s will be

baS d ufo l eXP Cted OCCUP >.CV as W''S the s dtoactlve SourC rr>ms and~ l > ~

sni'sdings. How '>™r, in orsu r to provid" a g l.eral de!gn objPc i' '%e a e

providing the foliosvvin'~ dose rate c.iteria w';tIs asi".ernat<ves to bo doc> men.ed on

a case-by-case b sis. Tne recomi ier~dQd dose rates are average ! ates 'A the
area. LOCas nOt SpOFLS n;ay eXCeed .he dOSe .at='uide'.!neS prOVided OCC;}p="Cy!S

not requir d a; the !ocation o'i='ot spo:. The=re dOses =re desi"-st obl='Cllves

and ar AG. to be used to Limi access in th" v . ~ of an ace!den'..
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July 18) 1980
Project No.: 5152
Ref er ence No.: 5152-008

iir ~ L. a)cNeer) PE
Nuclear Generation Engineering
Hiaeara Hohavk Po.«.er Corp.
300 Erie Boulevard )~est
Syracuse, lG 13202

Dear Larry,

Enclosed please f'nd the 1'st of equipnent propised to you in my latter
of July 16) 1980. ™his list contains the re=aining Class IE ecui„ent
found to be in line of sight of 'acc'dent sources. NES has perfoi,~ed
calculations .'or this equ'p ent and has fc nd the integr" ted do e for
0 tn 100 days does not exceed the damage threshold of the sensitive
component.

All other Glass IE equip-..ent external to the containment and «ithin the
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.Reactor Building vill only 'oe e..posed to the airborne activ''ty. The
integrated gamaa dose "rota the airborne activity has been calculated to
be, for 0 to 100 days:

5.8 z 105 Rads
3.< x 105 Rads

z/Cc'J)
v/o C Zl

Do .ot hes'ate to call me if you have any questions.

Sincerely,

NUCL M ENERGY SERVICES ) INC.
NES Division

/al
enc 1 i~ su res

Vo Javorsc y)
Rad'ation P"otect'on Eni? ~ neel

Dave Green 4'





v 261

v 261

str. rack 201.9 sys.
Iiiassure traosini t ters 201.9-80,
2AI . 9-26, f1 ow indicator
2') I ~ 9-31 ~-4UA, >Wf-49A

wc'/. / .3g"/. i
flow traiismit:t:er 80-76A

XC(VVI.), cspnars,
plieno.l tc, silicone

IC('I"I'L) ciipac itor,
phenolic

106-10'0

-10

1.0 x 104

5.6 x 10.

v 261 instr. rack 201.8 . ys.

I'low control valv«201 8 02>
pre"s. t:rans. 201.8-35 & 45
t.«mli. eli nient 201.II-26, ~ea-.r

d

IC('ITI.) capacit:or,
phenolic 106-107 2.0 x 10'

281
I

inst.r. rack west: instr. rni.

v 201 iiistr. recit west instr. rm. IC('I"I'I.) capacitor,
plienolic,polycarbonate

IC('I"I'L) capacitor,
phenolic,polycarbonate

10 -10

10 -10

5.2 x 10

4.5 x 10

v 281 i:istr. rack west I»"tr. rrn. ZC('I-ii.) capacitor,
plieoolic, pol ycarl)ooa te 106-107 4.4 x 10 5

r

v 281

v 281

Pwr. botird //16

Pwr. I:nard 916

Iiwr. board fI I 6

polyester, nylon,
pl I allo 1 iC

p~lyest r, nylon,
plieiiolic

polyest.'er, nylon,
plienolic

10 -10

105-10

105-~06

9.0 x 10.

5.1 x 10

8.7 x 104

v 281 Iiwr. l)oaril I 16 po lyes ter, nylon,
plieoo1 Ic

10 -106 7.7 x 10

.ItBGb6li<a.1ue 7043-iAN~md
j)"k-1c < I 4~0>+agml~~ch

:v 281 C»it.. spray vlv. II0-36 AOV,
aod I'os Il I iio sw I tcli

plieool ic 10 5.6 x 10

:v ?81 i iis t. i . rack eao t ios t:r. room 'J.C('I"I'L) capacit:ors,
plleliolic,polycarbooate 10 -lp7 7.6 x 10





K I'il lllL~

ev 198 Tot!is. 1ev«1 transnli Lt'el
64

;g-c. 9 )'1-<'I

5)-<~20~ Cap;!«itors, IC (Tl'1.)
phi'.noli c 10 2.1 x 10

ev 237 ~ii>) lik94<4 pllenoli« ~ polycarhonate lp6 2.1 x 104

ev !37 scl lnl d 1 sch. pane 1: SPV
'

I. Im'i t Switches, ll(:-l5h, 131

llC-16h, 168; ltC-22, .'<1!-08A-

Ulrenig!-RB-ON'~ling A(r ..te' 3»tl same 106 2.9 x 104

'!v 237 (:I<I) inst. rack I.!H-4 incl.
i<i>-35, ~6~3~~e4.

'-44~4N&-:~9- c k Ic'.g aMf same 10 1.6 x „104

l ev 237

1 ev 237

a.!.li e .~ W)» )» ) eC/

Core spray valve 40-06

same

sanle

106

106

9.1 x 105

9.1 x 10

lev 237

lev 237

1 ev 237

Core spray topping pllnlp
moto! s /Jill, 112

Valve 201-08 mov

P< ~ p I > Ojg
Valve 68-01 end4flW-L
swiLch

polycarbonate, dolrin,
neoprene, polyi!nide

san! e

salne

10

10

10

2 x 10 5

1.5 x 10 5

4.6 x 10 5

Lev 237

1 ev 237

1ev 237

1ev 237

lev 261

Vll«ullnl 13reakei VR-5,
vac«um switch V<!S-68,
llh, lll3 and valve
opera L'ol

~«~l~w&t&~01A 8+
na.'t
) l.~/i~/

Vacllllm switch VcS-68 13hy 13

f 1 ow L ransnl i t ter 8()-56h

Vacllllnl swl.tch VcS-68-12h, 13

phenolic, polyester,
polycarbonate

same

phenolic

phenolic

1C(1"1'1.), capacitors,
phenol'1 ci silicone

10

1P

106

6

10 -lp

2.8 x 10.4

1.3 x
10'.4

x 10 4

5.9 x 104

5.6 x 10
5





8t;WSi't't.Vt; Cuttt t

281 instr. rack east inst.r. room IC('f1'1.) capacitors,
pltenolic, polycarbonate 10 -10 7 5.5 x 10

4

t 281 cont. spray press. swjtcl>
il8t)-6c) pbenolic 106 3.0 x 105

i 281 201.7 sys. sample value
'i 201. 7-10, ll, 22, 23, 26, 27 plieno1 ic 106 3.1 x 10

L2 "y.s—sawyk~a+ve.
(), jj;,"(f 48ljM~~~6~ x

~I 281 con L ~ spray v]v. 80-16 hOV,
and position swl Lcll pllenolic 106 5.2 x 10

v-2M—Au; bowJ-44 5$-
,xc~t c~ ii It ) g-

phenol-'~apsrf mzs
IB("%~TV—,eke.

u 281 1'wr. board 8167 pbenolic, capacitors
IC(T'I'I.) RTV, etc. 10 -107 4.4 x 104

v 281 i'wr. board ltl7 polyest:er, nylon,
pltenollc 105-106 5.5 x 104

:v 281 Pwr.. boa rd IJ I 7 polyester, nylon,
pllcoo 1 i.c 10 -106 2.0 x 10

:v 281 i'wr. board t717 poluester, nylon,
plie»olic 105 lo

.-~M—e3:enupW
~lv~lltlkL'o~vt'eohm~H vtq ) )> 'Iec-t pbenolic 10 3.3 x 10

"v 298 Raw Wt.r. Hon1tor Rtl-38hl pltenolic, cap, nylon,
polycarbonate 106

iu 298 RW-38h2 pbenolic, cap, nylon,
polycarbonate 106 1.2 x 10

'w-298 Ilail JHAB—
1 li I iix) c c f

pbenolic, cap, nylon,
polycarbonate 106 9.1 x 104
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'. iT10II I'<)U1 Pill'.Hl'

l4~38A4— iie} I<8< (] plicno lie, cap, nylon,
polycax l:onate 10'.2 x

10'-v

298

v 298

4'o~~cnrrdH~

. L'oval)cavd-H-t4 i4'(
,. I

'lienolic, cap, RTV,
IC ('I"I'1.)

pl>enolic, cap, RTVi
lc{rII.)

10 -10

10 -107

1.5 x 10~

4.7 x 10

'ev 298 I.'o~ea~~ pl>enolic, cap, RTV,
ZC(T I'I.) 10 -10 2.2 x 10

ev 298 inst. rack 201.2 sys.

08, 136, 03. Id~~ IC('I-I'I.), Cap, Poly-
carbon, plienolic 10 -10 1.6 x 10

ev 298 plienolic, cap, nylon,
polycarbonace 106



l

Sg,

Q

I


