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LONG ISLAND LIGHTING COM PANYgg
_ a/w/#es SHOREHAM NUCLEAR POWER STATION

P.O. 30X 618. NORTH COUNTRY ROAD e WADING RIVER, N.Y.11792

September 9, 1982 SNRC-767

Mr. Harold R. Denton, Director
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Environmental Qualification
Shoreham Nuclear Power Station - Unit 1

Docket No. 50-322

Dear Mr. Denton:

Enclosed are 15 copies of information relative to the
environmental qualification of safety related equipment
(mechanical and electrical). This information is organized as
noted in the attached "Index of submittal".

Exhibit 1 describes the analyses done on the B.O.P. (SH-1 series)
specifications. It contains four mechanical equipment data
packages and a supporting reference library. The approach which
was used, the methodology, data format, and the conclusions
reached are detailed.

A similar approach and methodology was used for the analyses done
on the NSSS (3000 M series) specifications in Exhibit 2. Details
of approach are included in the four data packages. A supporting
reference library on materials aging has been included with this
submission.

Exhibit 3 responds to two verbal questions on mechanical
equipment environmental qualification and maintenance which were
posed by the Staff.

The additional information on the Electrical Equipment
Environmental Qualification Audit, basically consisting of
clarifying information on the GE 100 Series ana 200 Series
Electric Penetrations, is being submitted as Exhibit 4 in
response to a July 22, 1982 letter from Mr. A. Schwencer
concerning this NRC audit.
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Finally, LILCO is providing written responses to nine verbal
requests for information on the Environmental Qualification
Report submittal dated May 1982 which were received during a
conference call with Mr. J. Kennedy of the NRC on August 17,
1982.

This submittal is responsive to all outstanding requests by the
Staff relative to environmental qualification of safety related
equipment, and it should provide sufficient information to allow
closure of Safety Evaluation Report Issue No. 9, Environmental
Qualification.

If you have any questions regarding this matter, please contact
this office.

Very truly yours,

'

O
. dk .

. L. Smith
Manager, Special Projects
Shoreham Nuclear Power Station

RSH:mp

Enclosures

cc: J. Higgins
All parties

]
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Finally, LILCO is providing written responses to nine verbal
requests for information on the Environmental Qualification
Report submittal dated May 1982 which were received during a
conference call with Mr. J. Kennedy of the NRC on August 17,
1982.

This submittal is responsive to all outstanding requests by the
Staff relative to environmental qualification of safety related
equipment, and it should provide sufficient information to allow
closure of Safety Evaluation Report Issue No. 9, Environmental
Qualification.

If you have any questions regarding this matter, please contact
this office.

Very truly yours,

,- 1 0.

L. Smith.

Manager, Special Projects
Shoreham Nuclear Power Station

RSH:mp

Enclosures

cc: J. Higgins
All parties
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Index of Submittal

Exhibit 1 Mechanical Equipment Environmental Conforraance:
Selected SH 1 Packages

Appendix A

Data Package SH1-88V
Data Package SH1-102

'

Data Package SH1-172
Data Package SH1-276

Appendix 3

Reference Library for Specification Data
Sheets

Exhibit 2 Mechanical Equipment Environmental Conformance
Data: Selected 3000M Packages

Data Package 3004M
Data Package 3005M
Data Package 3006M
Data Package 3007M

Reference Library of Materials Aging
References

Exhibit 3 Response to NRC Vcrhal comments on Mechanical
Equipment Environmental Qualification

Exhibit 4 Responses to Open Items from NRC Environmental
*

Qualification Audit,, June 2 and 3, 1982

Exhibit 5 Response to NRC Verbal Comments on Environmental
Qualification Report Submittal dated May 1982
Revision 2
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EVALUATION

O
Methodology

This review consisted of a five-step process as follows:

Identification of Active (Passive performed under Phase 2 of-

program) Safety-Related Mechanical Equipment

Identification of Nonmetallic Components-

Identification of Design Environmental Conditions-

Identification of Nonmetallic Material Capabilities-

Evaluation of Environmental Effects-

Identification of Safety-Related Mechanical Equipment

Safety-related Balance of Plant mechanical equipment is
Unit Iprocured for the Shoreham Nuclear Power Station -

using equipment procurement specifications. The

Specification Index, dated 6/1/82, was reviewed and

relevant specifications were selected. Each of the
specifications was reviewed and those which met the
following criteria were selected for detailed review and

O- evaluation:

a) QA Category I

b) Active / Passive Nuclear Safety-Related Equipment

c) Equipment Located in a Potentially Harsh Environment

d) Equipment which includes Nonmetallic Sub-Components

Identification of Nonmetallic Sub-Components

The latest revision of the manufacturers' bills of

material for the equipment to be evaluated were reviewed
and a nonmetallic subcomponents list was prepared for each
group or piece of equipment. klere necessary additional

information was obtained from the equipment vendor to

explain trade names or for identification of specific-

trade name materials, or incomplete / unsatisfactory
material identification.

Identification of Maximum Postulated Environmental Conditions

The environmental conditions used for the review of mechanical
equipment were those presented in the report prepared by Stone
& Webster Engineering Corporation (SWEC) entitled3

|
'
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" Environmental Qualification Report for Class IE Equipment

Q for Shoreham Nuclear Power Station - Unit 1" Rev. 2, May 1982
(the Equipment Environmental Qualification Report, submitted
to the NRC by Long Island Lighting Company (LILCO) letter
SNRC-704, dated 5/17/82).

Of the environmental conditions (temperature,
pressure, humidity and radiation) only radiation and

temperature were considered in the review. Pressure and
humidity were not considered relevant since the design of
nonmetallic portions of mechanical equipment for these

[
parameters is governed by system process conditions which

- already have been addressed in the specification.

The values used for preliminary screening based on
,

equipment location were as follows:
j

radiation - total plant lifetime exposure plus
postulated accident exposure.'

-,

maximum calculated accident environment,

temperaturei
-

:

temperature.

The radiation levels and temperatures that were used for
each of the zones are shown in Table 1 entitled " Post-TMI
Values for Harsh Environment".

- Where equipment would potentially be exposed to

suppression pool water on the vetted side of the component'

following a LOCA, radiation levels were developed to take
these exposure levels into consideration.

Valves which have no unique identification numbers (such as'

, check valves) were procured and evaluated as a group based on
) the valve type and design. Identical valves in a group

were evaluated to the most severe environmental zone that'

any single member would be exposed. Spare valves were

evaluated as a minimum to the most severe environmental
zone applicable to the purchase specification to whichI

they were procured, so that they may be used to replace
any of the original components.

Identification of Nonmetallic Material Capabilities

Each material identified as exclained above was examined
to determine the effect of the environmental conditions on>

' the material properties. For initial screening, it was|

conservatively chosen to use the threshold radiation level
and maximum service temperature. Materials handbooks,
textbooks, and industry and governa.ent reports were researched
to obtain material data. In some cases vendor data were
utilized to supplement the above sources.

| O'
i

r .---~r s - _ .g . . .
-,

. 7,
--

w - - - . . . - . . - - - . _ .
_ ___ - _ - _ _ _ _ _ _ _ _ _ - .



'. m ..-. __ , _ ..
- - c n .__. .; _ _____ _ ._ , _ , ,, . _ , . _ ,

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

- - - . . .
, - . . . m .x.. - --. -

.

the lowest radiatio- exrosure atO Threshota aaaiation -

which a property change in the material is documented.

the maximum steady state
Maximum Service Temperature -

temperature a material can be subjected to without loss
of function.

Evaluation of Environmental Effects

A conservative initial screening of the nonmetallic
components was nde by the comparison of the material
capabilities (thre.shold radiation level and maximum

service temperature) with the maximum postulated
environmental conditions. Those items which were not

shown to be acceptable based on the comparison were
evaluated in further detail considering:

degree of materia'l degradat. iona.

b. material properties affected

equipment / component functionc.

d. degree of functional degradation

Any component which could not be adequately justified

O based on this evaluation has been identified as

" Outstanding" for further evaluation.

Verification of Completeness of Mechanical Eauipment Included in
Review

In order to verify that all of the Category I safety-related
mechanical equipment located in a harsh environment has been

comparison of the listing developed as described abovereviewed, a
has been made with " List of Active Safety-Related Equipment at
Qualification Level (SQRT List)" dated June 1982. This document isan up-to-date compilatica of all of the active safety-related
equipment in the Shorehaa Plant. It was developed for use in the

.

Seismic Qualification review Team (SQRT) program. Since
safety-related equipment is purchased using specifications and with-

cross check with the SQRT listing has beenthe reassurance that a
performed, it has been concluded that the active mechanical
equipment contained in the safety-related systems identified in the-

" Environmental Qualification Report for Class IE Equipment for
Shoreham Nuclear Power Station - Unit 1", Rev. 2, May 1982 has been
included in this review.

Acceptance Criteria

In order to be considered acceptable, nonmetallic portions of
t A
' V mechanical equipment must either:
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a) be shown to be acceptable for the plant environment by
() exhibiting threshold radiation values and maximum service

temperatures above the maximum postulated environmental
conditions, or

b) be shown to be acceptable for the plant environment by analysis
that demonstrates that the safety function of the component is
not compromised and they are noted as " Justified".

Documentation Description

i Data Packages

The documentation of the review is contained in the data packages of
Appendix A. A data package provides the complete documentation of
the review of one specification and is numbered with the
specification number and represents an individual type of component
purchased under a specific purchase order. Each data package
contains the following documents:

.

a) Cover Sheet .

This sheet serves as a table of contents for the package identifying
all contained sections.

.

b) Mechanical Equipment Environmental Conformance Review Sheets
(ECR).

[)
These sheets provide a summary of the environmental review
status for the packages. Each sheet contains the equipment
mark number (unique equipment identification number); the component
name and manuf acturer; the QA Category; the equipment location by
building code (defined below) and zone locations obtained from
Environmental Qualification Report; the applicable Environmental
Conformance Data Sheet (ECD); (providing the detailed review
parameters) and the results of the review.

Building Codes: REP-Reactor Building Primary
RBS-Reactor Building Secondary
RBD-Reactor Building Drywell

Status Codes:-

A - Acceptable - The maximum service temperature and
threshold radiation levels are greater- '

than the maximum postulated exposure.

J - Justified - Either the maximum service temperature

or the threshold radiation level is
lower than the maximum postulated
exposure; however, it is shown
that the equipment can perform its
required safety function.,

.
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able to demonstrate environmental
acceptability and further investiga-
tion is required.

c) Mechanical Equipment Environmental Conformance Data Sheet (ECD)

' These sheets provide, the identification of nonmetallic
subcomponents, materials, environmental conditions and

conservative values for material acceptability.

d) Equipment Justification Sheets (J)

These sheets provide a more detailed review of equipment which
is not judged to be acceptable on the conservative use of the
threshold radiation levels and maximum service temperature
alone.

e) Material Resistance Data Sheets (NM)

Summarize the material property sensitivity to radiation and
temperature. These sheets include threshold radiation values,
maximum service temperature, other significant material data
and documentation referenced for the above.

f) Documentation

Additional documentation unique to data package is included
where applicable.

Reference Library
.

The reference library contained in Appendix B provides the results
of the material data search made as part of this review. It

includes sufficient information to allow this report to be reviewed
and utilized without the need for rechecking the reference

material.

.
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Conclusion

The results of this review demonstrate that the environmental
effects due to normal operation and postulated accidents will not
result in the degradation of non=etallic co=ponents of active safety
function except those identified in the following data packages.

SH1-172 - Air Operated Butterfly Valves, Manufactured by Fisher
Controls.

This component will be further investigated.

BUNA-N Sub Components:

The review of the various materials used in sub components has
identified the use of BUNA-N typically as oil seals in pumps,
0-rings on, pumps and valves, and as diaphragm in air

actuators / valves. IE Bulletin No. 78-14 discusses the limitations
of BUNA-N. BUNA-N deteriorates through natural aging in 10 years
therefore the NRC suggests replacement every seven years. Radgation
is not the cause of the problem and so the threshold of I x 10 Rads
is unaffected. It is recommended that the preventive maintenance
program include inspection and replacement of all BUNA-N components
at intervals not to exceed those of the IE Bulletin No. 78-14.
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Radiet:en trads-gamesal

,one[ 40 ,r. ...! 6 ;::e -id-j ,ota,oose;A

A 8.8 x 108 1 x 108 1.1 m 108 |
87 1 a 108 1.8 a 10 Primary contain-

5 7.0 m 10

C 2.5 x 108 1 a 10 1.0 x 108 cent Locations:8

D 1.t x 10 1 m 108 1.2 a 108 zone A thru r7

E 3.5 x 10 1 m 10 1.0 x 1084 8

T 3.5 x 10 1 a 108 1.0 m 1084

3 5.75 x 106 5,3 , get
C 1.8 a 10

P 1.s a 103 5.08 m lo' 5.3 m led

J 1.8 x 103 2.45 x 105 2.5 a 105 secondary

3 8 Containmentit 1.8 x 10 1.27 x 108 1.3 x 10

L 1.s a 103 3.06 x 106 3,3 , ge6 Locations:

M 1.8 x 103 2.06 a 105 2.1 x 105 zone C thru 7

5 3,g , go$
N 1.s x 103 3.06 a 10

P 1.1 x 105 5.0s a 104 1.6 a 105

o 1.3 x 10 5.05 x 10 1.3 x 1088 4

a 2.1 x 10 5,gg , ge 2.6 m 1055 t

8 5.08 m 10 1.9 x los8
s 1.s a 10

8 6 3.6 x 108T 4.9 m 10 3.06 x 10
8 steas Tunnel6 3.6 s 10ST 4.9 x 105 3.06 x 10

Maximc= Temperature (OT)
*

.

*

Priearv Centain-ent Seeendarv Centainment

I Te-e.| Duration Icr.e !?e-o. 2eneI Teae.Zene

22 340 0-3 hrs. 1 150 11 190
320 3-6 hrs. 2 152 12 194
250 6-24 hrs.
200 1-4 days 3 les 13 217

23 225 0-12 hrs,
4 155 14 217

212 12-24 hrs.
5 173 15 158

6 183 16 178
se,. 7u3 1

7 168 17 21!
Use prccess fluid

tenperature = 575"T t 215 18 138

9 154 19 148
,

10 177 20 118

21 Non-harsh..

WOO ccical)
NmS

1. Values for harsh envirennent*taken from Appendix D
of the I..vs ren: ental Oual;f acaticn Peport (Pev. 2)
for Class 1E teuaprent.

2. Effects et Neutren T1 ence are reelicible.
3. Some equip-ent in syste- E11.I:1.I41, and T51 will have a

rtinimu:s radiation value cf T x 13' due to suppression pool
water carried in them durang LOCA.

4. Ef fects cf ha-idity and pressure are negli=ible f or types of
cc: ;cre .ts evaluated.

O 5. Te pera ure va;aes ar.carated ac:ve are the tachest .alues in
i

a LOCA. EE*B. or Fi* S .
6. Tesal dose .ay n t always et:41 tr.e 40 year dese plas ace: dent

dose due rcundang off.
.
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' DATA PACKAGE SH1-88V

MOTOR OPERATED
TYPE OF EQUIPMENT: CARBON STEEL VABTS

2 " AND LARGER

VELAN ENGINEERING
MANUFACTURER: CORPORATION

SH1-88V
STONE & WEBSTER SPECIFICATION NUMBER:

Page
Package contents:

1

1) Cover Sheet
2

2) Mechanical Equipment Environmental Conformance Review
Sheets - ECR-88V-1 to ECR-88V-19

21
3) Mechanical Equipment Environmental Conformance Data

Sheets - ECD-88V-1 to ECD-88V-21

4) Equipment Justificatiss Sheets - (Not Applicable)
3

) 42
5) Material Resistance to Environment Sheets NM-88V-1

to MM-88V-2

Prepared / sam /, Ej
1 -

-

-

Reviewed by

If
'

Isses,Date: August 16, 1982
.<

a.g.

:y
.9

O Page 1 of 43
'
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JOS 110.: 11600.02 |,
MECHANICAL EQUIPMENT ENVIRONMENTAL

s

CONFORMANCE REVIEW SilEET
. DATE: 8/02/82 '

Joe NAIS: MTI

JOS CLIENT: LIIAO SORTED BY SPEC. COMPII.ED BY: I..S. Fiore ,

!

SitT. NO. ECR,-88V,1 HEV. O {
SYSTEM TITII: HUCLEAR 30ll2R (B21) :

,

fBld ./Elev. Zone E.C. Data Slit. Status C..emient s
Mark No. Vendor / Description Spec. Q.A. Cat. 8

I
__ _ |

VIIAN/
-

'

IB21*MOV031 Drain to Cond. SH1-88V I RBD/79 D-22 88V-1 A ;

North Drywell

ll21*HOV032 Drain to Cond. SHI-88V I RBS/79 T-08 88V-1 A

lt21*MOV034 Drain to Cond. SHI-88V I RBS/78 H-08 88V-1 A

_

A = Acceptalsle l'.s ge 2 o f 4 'l
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JOS NO.: 11600.02 .

MECHANICAL EQUIPMENT ENVIRONMENTAL
.

CONFORMANCE REVIEW SIIEET DATE: 8/02/82
JOB ISAME: menomsaas'M M 1,

COMPII.ED BY: L.S. Finic
SORTED BY SPEC.JOB CLIENT: LIII0

SHT. No. ECit-_88V-2 HEV. O
SYSTEM TIT 12: RESIDUAL NEAT REMOVAL (Ell) _ _ _ . __

Mark No. Vendor /tiescription Spec. Q.A. Cat. Bldg./Elev. Zone E.C. Data Sht. Status Comunents

*
__ __ _

t

VELAN/

IEll*MOV033A RIIR Nu Shell SHI-88V I RBS/22 G-01 88V-1 A'

Inlet Mr Col. C-10

1E11*MOV033B RNR Nu Shell SH1-88V I RBS/22 G-01 88V-1 A

Inlet Mr Col. C-6
.

IE11*NOV035A RNR Nx Shell Sill-88V I RBS/30 G-01 88V-2 A

Outlet Nr Col. C-Il

IE11*MOV0358 RHR Hu Shell SHI-88V I RBS/30 G-01 88V-2 A

outlet Mr Col. C-5

IEll*MOV039A Cont. Spray HDR SH1-88V I RBS/IO3 G-10 88V-2 A

RRR Nr Col. C-Il -
_

1 Ell *MOV039B Cont. Spray HDR Sill-88V I RBS/103 G-10 88V-2 A

RHR Nr Col. C-5

IEll*MOV040A RR Flow to Sill-88V I RBS/72 G-03 88V-2 A

Supp. Pool
Nr C-Il

I E l l*tM)V040B RilR Flow to SIII-88V I RBS/72 G-07 88V-2 A.

Supp. Pool
Nr C-5

A = Acceptable l'.q;c I oi 4i

__ _ _ _ _ _ _ - - - _ - - _
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JOB 100. : 11600.02 -

MECHANICAL EQUIPMENT ENVIRONMENTAL .
.

- CONFORMANCE REVIEW SilEET
DATED: 8/02/82

JOS NAM: manaminatia WIT 1 ;

JOS CLIEllT: Liff0 SORTED BY SPEC. COMPIIID BY: I..S. Fiore ,

~

SYSTEM TITLE: RESIDUAL NEAT REMOVAL (Ell)
SIIT. NO. ECH,-88V-3 HEV. 0

t
- - - - --

Mark No. Vendor / Description Spec. Q.A. Cat. Bldg./Elev. Zone E.C. Data Sht. Status Comum.nt s

*

- . _ . . - - . . . -

VELAN/

IE11*MOV041A RM Supp. Pool SH1-88V I RBS/51 G-02 88V-3 A

Spray MDR Nr
C-10

1 Ell *fMPO41B RM Supp. Pool SHI-88V I RBS/40 G-02 88V-3 A

Spray NDR Nr C-6
'

IE11*MOV043A R M Nu to Recire. SH1-88V I RBS/I7 G-01 88V-3 A

Pump Sect. Nr C-Il

IEll*MOV043B RIEtlix to Recire. SHI-88V I RBS/17 G-01 88V-3 A

Pump Suct. Mr C-5 _

IEll*MOV044A RNR Hu Drain to SH1-88V I RBf/17 G-DI 88V-3 A

Supp. Pool C-1I
;

IEll*MOV0445 RNR Nu Drain to SHI-88V I kB3/17 G-01 88V-3 A

Supp. Pool C-5

IEll*MOV045A RM Piemp Min. Flow SHI-88V I RBS/17 G-01 88V-4 A

Bypass Nr C-II

IEll*MOV045B RHR Pump Min. Flow SHI-88V I RBS/I7 G-01 88V-4 A

Bypass Nr C-5

A = Acceptable P.er." 4 al 4 1

|
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JOB ND.: 11600.02 . .

NECdANICAL EQUIPHENT ENVIRONMENTAL
CONFORMANCE REVIEW SHEET DATE: 8/02/42

.;03 Mats: SM - M 1
COMPILED BYr L.S. Fiore

SORTED BY SPEC.
JOB CLIENT: LIIIS

SitT. NO. FCR-88V-4 HEV. 11
SYSTEM TITIA: RESIDUAL NEAT REMOVAL (El1) ..- - . - . . - - .

Mark No. Vendor / Description Spec. Q.A. Cat. Bldg./Elev. Zone E.C. Data Sht. Status Co nents

*

. _ _ .

VELAN/

IEll*MOV049 FM-NPCI Turbine SHI-88V I RBS/66 G-03 88V-4 A

Inlet. Line C-8

IEll*MOV050 RIE Main ~1a* SHI-88V I RBS/72 G-07 88V-4 A

crossover C-5

IEll*MOV051 Rigt to Radweste SHI-88V I RBS/63 G-07 88V-4 A

Surge Tank

j IEll*MOV052 To Radweste SH1-88V I RBS/73 G-07 88V-4 A

' Surge Tank
C-4

IEll*MOV053 RHR Head Spray Sill-88V I RBS/IO3 G-12 88V-4 A

Nr Col. C-5

p IEll*MOV054 RNR Head Spray SHI-88V I RBD/104' B-22 88V-5 A:

Nr Col. C-5
L

' .

A = Acceptalite l'.s ge 5 o f 4l

|

| -



. ',
'

*

.

. .

.
JOB No.: I1600.02 NECilANICAL EQUIPMENT ENVIRONMENTAL

' ' - - CONFORMANCE REVElW SHEET DATE: S/82/02.

JOB NAIS: SM.M1 COMPILED BY: L.S. Fiore
SORTED BY SPEC.

JOS CLIENT: LILCO SHT. NO. ECR-8RV-5 HEV. (j

SYSTEM TITLE: CORE SiltAY (E21) - - - - . .

- Mark No. Ven6or/ Description Spec. Q. A. Cat. - Bldg./Elev. Zone E.C. Data S'e_. Status Com ents

.

. _ _

.

VE'.AN/

IE21*HOV033A Core Spray Pump SHI-88V I RBS/104 G-09 88V-5 A

Disc. Nr Col.
C-10

IE21*MOV0338 Core Spray _ Pump SHI-88V I RBS/104 C-12 88V-5 A

Disc. Mr Col.
- C-Il

IE21*H0V034A Core Spray Pump SHI-88V I RBS/15 G-01 88V-5 A

Min. Flow
Mr Col. C-Il

IE21*MOV034B Core Spray Pump SHI-88V I RBS/15 G-01 88V-5 A
.

Min. Flow
Nr Col. C-5

.

,

,

.

_

- l'.o r,c la al 41
A = Acceptable

.



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____ - _ _ _ _ _ - _

- .. . .

O -

O
.

JOB NO.: 11600.02 NECHANICAL EQUIPMENT ENVIRONMENTAL
.

CONFORMANCE REVIEW SiiEET
*

~ DATE: 8/02/82
- N"~

1JOS NAfE: COMPILED BY: I..S. Fiore

SORTED BY SPEC.
JOB CLIENT: LILCO SitT. NO. ECH-88V-6 Hl'.V . o

NIGE PRESS 1Ntt COOLANT INJECTION (E41) ~ ~ ~

SYSTEM TIT 12: _

Co$eents

Mark No. Vendor / Description Spec. Q.A. Cat. Bldg./Elev. Zone E.C. Data Sht. Status

. -. . - -

'
.

VELAN/

IE41*HDV031 NPCI PP. Suct. SHI-88V I. RBS/20 G-01 88V-5 A
i

Cond. Stg Mr C-6
.

IE41*MOV032 NPCI PP. Suct. SHI-88V I F.BS/24 G-01 88V-6 A
'

Pool Wr C-7 |

IE41*HDVW34 NPCI Pump Disc. SHl-88V I RBS/63 G-05 88V-6 A

'*Nr C-9

HPCI PP. Min. Flo'w 'SH1-88V '
I RBS/20 G-01 88V-6 A

^ IE41*MOV036
Bypass Nr C-77

IE41*HDV037
HPCI PP. Disch, to SH1-88V I RBS/18 G-01 88V-6 A

Cond. Stg. C-7

IE41*HOV038 HPCI PP. Disch. to SHI-88V
I RBS/18 G-01 88V-6 A

Cond. Stg. C-7

S'il-88V I RBD/66 D-22 88V-6 A
,

IE41*MOV041 EPCI Sta to
Turb. N. Drywell

IE45*HOV042 HPCI Stu to Turb. Sill-88V I RBS/63 G-05 88V-6 A

Nr Col. C-8

1[PCIStatoTurb. Sil t -88V - I RBS/19 G-01 88V-7 A

IE41*MOV043
Near Col. C-8'

G-01 88V-7 A

1E4i*Ho"044 Turbine Exh. to Sill-88V I _hBS/30
,

Supp. Pool C-8 P.8 r,e- I of 4'l<

A = Acceptable
.__ ,

.



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

() .

.

308 NO.:. 11600.02
MECHANICAL EQUIPMENT ENVIRONMENTAL

,

CONFORMANCE REVIEW SHEET
. DATE: 8/02/82. . , .

JOB NANit: SM4 WIT 1
COMPILED BY: I..S. Fiore

SORTED BY SPEC.JOB CLIFJIT: LIIto
SHT. NO. ECR,-88V.7 REV. O

SYSTEN TITLE: REACTOR CORE ISGi.ATION COOLING (E51) !

,

- Mark No. Vendor / Description Spec. Q.A. Cat. Bldg./Elev. Zone- E.C. Data Sht. Status Comment s

_. _

VELAN/

IE51*NDV031 BCIC PP. Suct. SH1-88V I RBS/24 G-01 88V-7 A

Cond. Stg.

IK51*NDYO32 RCIC PP. Sect. SHI-88V I RBS/24 G-01 88V-7 A

Supp. Pool

IE51*NOY034 RCIC Pump Disch. Sill-88V I RBS/19 G-01 88V-7 A

lE51*MOV035 RCIC Pump Disch. Sill-88V I RBS/80 H-12 88V-7 A

1E51*NOV037 RCIC PP. Disch. SHi-88V I R8S/20 G-01 88V-7 A

To Cons. Stg.

IE51*MOV041 RCIC Ste. to Turb. SH1-88V I RBD/88 D-22 88V-8 A

North Drywell

IE51*MOV042 RCIC Ste. to Turb. SHI-88V I R8S/88 T-08 88V-8 A

IE51*NOV043 NPCI Sta to SHI-88V I R8S/12 G-01 88V-8 A

Turbine

IE51*H0V045 RCIC Exhaust Sill-88V I H8S/31 G-01 88V-8 A

To Supp. Pool

l'a ge 8 of 4lA = Acceptable



-- - _ _ . . _ _ _ _

)
- -

i

JOS NO.: 11600.02 .

NECHANICAL EQUIPMElff ENVIRONMENTAL '

CONFORNANCE REVIEW SilEET
.. DATE: 8/02/82JOB NAlE: N$6T I

COMPILED BY: L.S. Fiore
SORTED BY SPEC.

JOS CLIENT: LILCD
RADWASTE (Gil) SIIT. NO. EC_R-88V-8 ItEV. 0

STSTEM TITLE: REACTOR WATER CLEANUP (G33) - .... .

Mark No. Vendor / Description Spec. Q.A. Cat. Bldg./Elev. Zone E.C. Data Sht. Status Comments

*

_ _ _ _ _ _ _ __.
,

i
"

VEIAN/ ;
*

IC11*MOV246 Drywell Floor SHI-88V I RBS/40 G-02 88V-8 A
,

Drains
'

1Gil*MOV247 Drywell Floor SN1-88V I RBS/40 G-02 88V-8 A

.

Drains

1Gil*MOV248 Drywell Equip SHI-88V I RBS/40 L-02 88V-8 A

Drains

1G11*MOV249 Drywell Equip Slil-88V I RBS/40 L-02 88V-8 A

Drains

IG11*MOV639C Supply Pool Pump Slit-88V I RBS/20 G-01 88V-9 A

IG31*MOV030A Reactor Recirc. SN1-88V I RBD/98 B-22 88V-9 A

Suct. East Drywell

IG33*MOV030B Beactor Recire. SHI-88V I RBD/99 B-22 88V-9 A

Suct. East Drywell

1G33*HOV031 Reactor Recirc. Sill-88V I RBD/99 B-22 88V-9 A

Suct. East Drywell

IG33*HOV032 Reactor Vessel Slil-88V I RBD/99 B-22 88V-9 A

Drain

A = Acceptable l'.s ge 9 o f 41



_ _ _ _ _ _ .__ _______ _ _ . _ . __ _ _ _ . .______ _ _ _ _ _ _ . _ _ _ _ _ _ __.__

.

!
,

'
JOS 110.: 11600.02

"- A-,

MECMANICAL EQUIPMENT ENVIRONMENTAL
'

,

CONFORMANCE REVIEW SilEET
DATE: 8/92/82

JOB Raft: 1

fCOMPILED BY: L.S. Flore
JOS CLIENT: LIIAND :i ' SORTED BY SPEC.

4

SHT. No. ECR-88V_-9 REV. O
SYSTDI TITI2: REACTOR tiATER CLEANUP (G33) - - - . . .

E

'

Ilsrk No. Vendor / Description Spec. Q.A. Cat. Bldg./Elev. Zone E.C. Data Sht. Status Comment s ;
;

!
_ . _ .

,

,
i

t
VELAN/ i

IG33*MOV033 Reactor Vessel SNI-88V I RBS/121 P-14 88V-9 A

f.Disch. East
Drywell

IG33*tWV034 Reactor Vessel SNI-88V I RBS/121 P-14 88V-9 A
.

IG33*MOV041 RWCU System SHI-88V I RBS/78 T-08 88V-9 A
'

Reactor Return ,

A = Acceptable
.

1

The following valves have not been reviewed and are not stfety related:Note:
!G33-HOV035, IG33-MOV036, IG33-HOV037, IG33-MOV038, IG33-:s0V039, IG33-HOV040

.

-
--

l'a ge 10 of 4~1



. - - - - - - - -
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-

'
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.
-

'

JOB No.: 11600.02 HECHANICAL EQUIPMENT ENVIRONMENTAL
- CONFORMANCE REVIEW SifEET DATE: 8/02/82

.

JOB ISAlE: S100REEW'=#M 1 COMPILED ST: L.S. Fiore
SORTED BY SPEC.

REV. OJ05 CLIEllT: LIIIO SHT. NO. ECR-88V-10~~ -

-~

FtEL POOL COOLING AND CLEANUP (G41)
_ ____.

STSTEM TITIK:

Vendor / Description Spec. Q.A. Cat. Bldg./Eley. Zone E.C. Data Sht. Status Comuments
__ _

Mark No. ..

.

VELAN/ A

RBS/46 G-02 88V-10
SHI-88V I

1G41*MDV033A
Suppression Pool -

Inlet 88V-10 A

RBS/44 G-02

IG41*MOV0338 Suppression Pool SHl-88V I

!alet 88V-10 A

RBS/30 G-01

1G41*MOV034A P-211 Suction Sill-88V I
G-01 88V-10 A

RBS/30
SHI-88V I -

IG41*MOV0348 P-211 Suction

.

A = Acceptable

i

,
,

|
.

l'ar,c II oi 41
,

I

i

;

.. ,

1



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

_
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O
.

.

JOB NO.: 11600.02 NECHANICAL EQUIPMENT ENVIRONMENTAL
CONFORMANCE REVIEW SifEET DATE: 8/02/82

SNOREN 6 4 M 1' COMPILED BY: I..S. Fiore
JOB NAIR:

SORTED BY SPEC.

JOB CLIENT: L1LCD Silt. NO. ECR-88V-Il HEV. 0

REACTOR BUILDING CLOSED Ih0P COOLING WATER (P42)
....._. _ ____

SYSTEM TITLE:
E.C. Data Sht. Status Comuments

Bldg./Elev'. Zone"

Vendor / Description Spec. Q.A. Cat.
Nort No. - -. - ,.. .

'

t

VEIAN/
.

88V-10 A

RBS/59 L-02
SHI-88V I

IP42*n0Y031A RBCIEW Hz Disc.

RBS/59 L-02 88V-10 AX Over

SN1-88V I
IP42*NOV0318 RBCLCW Nu Disc.

RBS/150 H-18 88V-10 AX Over

SH1-88V I
IP42*MOV032A RBCl4W Nu Disc.

X Over W 88V-10 A

RBS/150 H-18
SHI-88V I,

IP42*MOV0328 RBCLCW Nu Disc.
X Over W A

H-18 88V-Il-

RBS/ ISO
SHI-88V I

IP42*MOV033A RBCLCW Iso!
Valve W 88V-Il A '

RBS/150 H-18
,

SHI-88V I

IP42*HOV0338 RBCLCW Isol
Valve W A

1 RBS/126 P-14 88V-Il
Sill-88V I

1

IP42*HOV034A RBCLCW Isol
AValve VV ,

88V-Il
RBS/126 P-14'

.

Sill-88V I
IP42*HOV034B RBCLCW Isol

Valve VV

l

P. ige 12 of 41

A = Acceptable

.,



_ _ _ _ _ _ _ _ _. ._________________ ______

J'
'

.

JOB 110.: 11600.02 MECHANICAL EQUIPHENT ENVIRONMENTAL
CONFORMANCE REVIEW SifEET IMTE: 8/02/82

SIIngmusglgtt I COMPILED BY: L.S. Fiore
JOB NAIE:

SORTED BY SPEC.

h CLIEltf: L1140 SHT. No. ECR-88V-12 REV. O

REACTOR BUILDING CIDSED 1AOP COOLING WATER (P42)
_-._

SYSTEM TITtX:
E.C.Ilata Sht. Status Comuments

Vendor / Description Spec. Q.A. Cat. Bldg./Elev. Zone

Mark No. . - - . . -

_

..
i

VEIAN/
RBS/67 G-03 88V-Il A ,

'

SHI-88V I
IP42*MOV035 R9CILW Inlet

To P-IA Coolers 88V-11 A
G-03RBS/67

SH1-88V I
IP42*NOV036 RSCLCW Outlet

From P-1A 88V-12 A

RBS/28 G-01
Sill-88V I

IP42*MOV041A RBCLCW Na
Crossover Inlet
VV 88V-12 A

G-01RBS/28
SHI-88V I

IP42*NOV041B RCLCW Hu
Crossover Inlet

| VV 88V-12 A

RBS/30 G-01j
SH1-88V I

IP42*HOV042A Inlet to
H.E.E. - IIA 88V-12 A

| RBS/30 G-01
SHI-88V I

::( IP42*HOV042B inlet toi AN.E.E. - IIB 88V-12
RBS/56 L-02

Sill-88V I
IP42*HOV043A

HG Set Flow Cptg
Inlet VV

l'a ge il of 4i

A = Acceptatile
1

! -*.



"

.

O. _ . _ _ .

C
.

JOB 110.: 11600.02 MECHANICAL EQUIPMENT ENVIRONMENTAL
- CONFORMANCE REVIEW SilEET DATE: 8/02/82

JOB NAfE: SIIORERf6YM1 COMPILED BY: I..S. Fiore

SORTED BY SPEC.

JOB CLIENT: LILCO SitT. NO. ECR-88V-1] REY. o

REACTOR BUILDING CIDSED IAOP COOLING WATER (P42)
--- -

SYSTEM TITIX:
E.C. Data Sht. Status Comments

Vendor / Description Spec. Q.A. Cat. Bldg./Elev. Zone

Mark No. _ _ _ _ _ __ _ _ . _ _ _

__

VELAN/

IP42*MOV043B
NG Set Flow Cpig SN1-88V ! RBS/54 L-02 83V-12 A

Inlet W 88V-13 A

RBS/56 L-02

IP42*NDYO44A
MG Set Flow Cplg SHI-88V I

Inlet W
RBS/54 L-02 88V-13 A

IP42*MOY0448
NG Set Flow Cpig Sift-88V I

Inlet W 88V-13 A

RBS/68 G-03
SHI-88V I

IP42*HOV047 RBCLCW Inlet
To P-IB Coolers 88V-14 A

RBS/68 G-03
SH1-88V I

IP42*MOV048 RBCLCW From
Outlet P-18 88V-14 A

RBD/74 D-22
SHI-88V I;

IP42*HOV147 Drywell Cooler'

Outlet W
; RBD/74 D-22 88V-14 A
,

SHI-88V I
! IP42*HOV148

RBCLCW Drywell
Outlet W 88V-15 A

RBS/66 G-07

IP42*tl0V231
RBCLCW Drywell SHI-88V I

out W to
Drywell Cooler
17H

Pay,e 14 of 41

A = Acceptable

-
.
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.
.
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C
,

}
JOB NO.: 11600.02 HECHANICAL EQUIPtENT ENVIRONMENTAL

CONFORMANCE REVIEW SHEET DATE: 8/02/82
;

JOB NAlE: Sunnem W ggy 3 COMPILED BY: I..S. Fiore
SORTED BY SPEC.

JOB CLIENT: L1140 SitT. NO. ECR-8_8V,-I4 REV. 0
I

REACTOR BUILDING CIASED LOOP COOLING WATER (P42) I
.. -

.-- -

SYSTEM TITtX:
E.C.11ata Sht . Status

Comuments

Vendor / Description Spec. Q.A. Cat. Bldg./Elev. Zone

Mark No.
i

i

VEIAN/ G-03 88V-15 A

RBS/67
SHI-88V I

IP42*MOV232 RBCLCW In W
To Drywell Cooler

A17A G-03 88V-15
RBS/68 !

,

Sill-88V I
IP42*MOV233 RBCLCW In W

To Drywell Cooler

RBS/69 G-03 88V-15 A I17A
|

SHI-88V I
IP42*MOV234 RBCLCW In W

To Drywell Cooler

C-03 88V-15 A17A
RBS/70

SHI-88V I
IP42*MOV235 RBCLCW In W

To Drywell Cooler
17A 88V-15 A

HBS/66 G-03
Sill-88V I

IP42*MOV236 RBCLCW Out W
To Drywell Cooler

f A17B G-03 88v-15
RBS/67

Sill-88V I
ll'42410V237 RBCLCW In W

To Drywell Cooler
17B

l'.i ge l's o f 41
:;

A = Acceptable

$

e
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-
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.

*

JOB NO.: 11600.02 MECHANICAL EQUIPMENT ENVIRONMENTAL
,

CONFORMANCE REVIEW SHEET DATE: 8/02/82

JOS NAfE: SN Wl COMPILED BY: 1..S. Fiore

SORTED BY SPEC. HEV. n
SHT. NO. ECR-88V-15.

JOB CLIENT: LIILO

REACTOR BUIISING CIDSED LOOP COOLING WATER (P42)
. _ _ - . . . . . . - -

.-

toimmentsSYSTEM TITLE: E.C. Data Sht. Status
ZoneBldg./Elev.

Vender / Description Spec. Q.A. Cat. _ _ _ _ _ _ _ _ _ . - -
Mark No. -_

;

A88V-16 !VELAN/ G-03RBS/68
SHI-88V I i

IP42*MOV238 RBCLCW Im VV
To Drywell Cooler

A88V-16178 G-03 '

RBS/69
Sill-88V I

RBCLCW In VVIP42*MOV239 To Drywell Cooler
A88V-1617B G-03RBS/70

SH1-88V I

IP42*MOV240 RBCLCW In VV
To Drywell Cooler
11B

,

'

I
'

.

!

ii

1
-

!
'I

: l'a y,e 16 at 4'l

A = Acceptable

1

" w



- - . _ _-. .- -

_

,
'

JOB NO.: 11600.02 NECHANICAL EQUIPMENT ENVIRONMENTAL
CONFORMANCE REVIEW SHEET DATE: 8/02/82 , ,

'

Sd*lEf? I COMPIIED BY: I..S. Fiore' JOB NAM:
SORTED BY SPEC.

JOB CLIENT: LIlio SitT. NO. ECR _88V-16 REV. n

PRittARY CONTAINMENT ATHOSPilERIC CONTROL (T48) -

. _ . . _ . . _

SYSTEM TIT!X:

Mark No. Vendor / Description Spec. Q.A. Cat. Bldg./Elev. Zone E.C. Data Sht. Status Commacuts

~- - - . _ _ _ _ _ _ _ . . . _ .

i
-

vtLAN/ .

IY48*MOV031A Atmos. Imbd. Cont. SHI-88V
I RBD/67 D-22 88V-17 A

Iso NW Drywell

!T48*MOV031B Atmos. Inbd. Cont. SHI-88V
I RBD/73 D-22 88V-17 A

Iso SE Drywell

IT48*MDV032A Atmos. Inbd. Cont. SH1-88V
I RBD/71 D-22 88V-17 A

Iso SE Drywell

IT48*MOV032B Atmos. Inbd. Cont. SH1-88V
I RBD/71 D-22 88V-17 A

Iso SW Drywell

IT48*MOV033A Atmos. Inbd. Cont. SHI-88V I RBS/51 L-02 88V-17 A

Iso N Supp Che
RBS/51 L-02 88V-17 A

IT48*MOV033B Atmos. Inbd. Cont. SHI-88V
I

___

Iso NE Supp Che
RBS/51 L-02 88V-17 A

IT48*tt0V034A Atmos Inbd. Cont. SH1-88V I

Iso SW Supp Che
'

L-02 88V-17 A
RBS/5l -

IT48*MOV034B Atmos Inbd. Cont. SHI-88V I

Iso S Supp Che
RBS/68 G-03 88V-18 A

'

IT48AMOV035A Atmos. Othd. Cont. Sift-88V I

Iso

l'a y e 1I ol 4'l
A = Acceptable

- ,

_ . _ _



. O '

.-
'

JOB NO.: 11600.02 MECHANICAL EQUIPMENT ENVIRONMENTAL
CONFORMANCE REVIEW SHEET DATE: 8/02/82

''

JOB NAlst: 86 1 COMPII.ED BY: I..S. Fiore

SORTED BY SPEC. REV. o
SitT. NO. ECR-88V-11

JOB CLIENT: LIILO ..

PRIMARY CONTAINMENT ATMOSPHERIC CONTROL (T49)
- - - . . .

Commacnt sSYSTEM TITLE: E.C. Data Sht. Status
ZoneBldg./Elev.

-

Vendor / Description Spec. Q.A. Cat. . . . .

Mark No.
- - -

A88V-18VELAN/ G-03
RBS/73

SHI-88V I

IT48*MOV035B Atmos. Otbd. Cont. A88V-18Iso G-03RBS/73
SHI-88V I

IT48*MOV037A Atmos. Othd. Cont. A88V-18Iso 3-03RBS/72
SHI-88V I '

Atmos. Othd. Cont.
IT48*MOV037B 88V-18 A

Iso L-02RBS/51
SHI-88V I

Atmos. Otbd. Cont.
'

IT48*MOV038A 88V-18 A
. Iso L-02RBS/51'

SHI-88V I

IT48*MOV038B Atmos. Othd. Cont. A88V-19Iso L-02RBS/51
SHI-88V I

Atmos. Otbd. Cont.IT48*MOV040A 88V-19 A
Iso L-02RBS/51

SHI-88V I

IT48*MOV040B Atmos. Othd. Cont. A88V-19I! Iso J-15RBS/ll2,i Sill-88V I A88V-19
IT48*MOV041 Release to Atmos. -

K-151
RBS/ll2

Sill-88V I A
,

88V-19! Release to Atmos. G-03IT48AMOV042 RBS/68''

Sill-88V I
Atmos. Othd. Cont.IT48AMOV043A
Iso

l'a y,e in al 41
i

A = Acceptable
1

_. ,

9



_ _ _ . _ _ _ ._

_,_
I

.' d
.

JOB ND.: 11600.02 MECHANICAL EQUIPMENT ENVIRONMENTAL
CONFORMANCE REVIEW SHEET DATE: 8/02/82

JOB'NAIS: SMO 1 COMPil.ED ST: L.S. Fiore
SORTED BY SPEC.

LIIAd SIIT. NO. ECR-88V-18 ItEV. O
JOS CLIENT:

PRIMARY CONTAINMENT ATNOSPHERIC CONTROL (T48).

SYSTEM TITIA:
E.C. Data 5ht. Status Comuments

Zone ;

Vendor / Description Spec. Q.A. Cat.
Bldg./Elev. '

-
_ _ _ _

Mark No. |

i

,

G-03 88V-19 AutAN/
SHt-88V I ~

- RBS/73 ,

1748*MOV043B Atmos. Otbd. Cont.
AIso L-02 88V-20

SH1-88V I .RBS/51

1748*MOV044A Atmos. Otbd. Cont.
AIso L-02 88V-20

RBS/51
SH1-88V I

1748*MOV0448 Atmos. Othd. Cont.
Iso

I

A = Acceptable

;

I
-;

1

1

,

Page 19 of 4:1

.
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JOB No.: 11600.02 MECHANICAL EQUIPMENT ENVIRONNENTAL
CONFORMANCE REVIEW SilEET DATE: 8/02/82

JOB NAfE: SMIN1 COMPILED BY: I..S. Fiore

SORTED BY SPEC.

JOB CLIENT: LIILO SitT. No. ECR-88V_-19 REV. 0
- _ _ . _ . _ _ _

,

SYSTEM TITLE: SPARES-
-

E.C. Data Sht. Status
Commments

Vendor / Description Spec. Q.A. Cat. Bldg./Elev. Zone

- _ . _ _ _ _ _ _ _ _ _
Mark No.

'

_

VEIAN/ 88V-20 A

N/A N/A
SHI-88V I

1291*HOY001
Leakage Ret. Pump
To Supp. Poot 88V-20 A

1

N/A N/A
SHI-88V I

IZ91*MOV002
leakage Ret. Pump 88V-20 A

N/A N/A

1Z91*HOV067 MSIV Drain Header SHI-88V I
A88V-20

N/A N/A
SH1-88V I

1Z91*MOV460
MSIV Isakage

AControl 88V-21
N/A N/A

SH1-88V I ,

IZ91*HOV461
MSIV Leakage

AControl .

N/A 88V-21
N/A

Sill-88V I
IZ91*MOV462

MSIV Leakage
AControl 88V-21

N/A N/A
Sill-88V I

A
IZ9t*MOV653

CRD System Return 88V-21
N/A N/A

SHI-88V I
A

! IZ91*MOV925A
RCIC Pump Disch. 88V-21

N/A N/A
SH1-88V I

1291*HOV9258
Reactor System

AReact. Ret. 88V-21
N/A N/A

SH1-88V I
129t*HOV975 Spare operator

pige 20 of /e'l
A = Acceptal:le'

N/A = Not Applicable

., _ _ _ _ ,
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SHT. NO. NM-88V-1
I

BY: B. Roe
COMPILED

.

JOB NO. 11600.02
SHOREHAM-UNIT 1

JOB NA.E :

LILCO T

MATERIAL RESISTANCE TO ENVIRONMEN1871, 187J)*JOB CLIENT:
Packings

Asbestos (Blue /Af rican, Crane
TRADE NAME:

.

Asbestos
CHEMICAL NAME:

.

Ref. No.

33
10

1 x 10
THRESHOLD (RADS)

2 _

MAX. SERVICE 1200
_

_

TEMPERATURE (*F)
.

lith
R. Clauser,

S. Brady and HenryREFERENCES:
George (Pages 64-65).

Materials Handbook, Edition, McGraw Hill Inc., 1977Stations,"
BulletinCrane2.

Generating.

Seals for Power/
(SWEC)," Shaft

No. S-2005-1 (Chart E). Inc. to Lou Fiore11
y

Telex - from Flexitallic Gasket Compan ,
.

Packing

from C.
Dunkerley (SWEC) to G.

McKillop (Crane19.
dated 7/16/82

addedTelex -
Co.), dated 7/19/82 and packings, a binder isindicated by24.

as
asbestos is used in gasketstemperaturesalso claim that the

near 700'F,
theat manufacturers Therefore,When

which will burn off
*

is not ofsealing function.The
manufacturers. to the radiation value isvarious important temperature The pure

or
binder is not asbestosby

destruction 19 and 24).binder's (References!

/
significance

! used.
.

I .

u;I

e

Page 42 of 43
i
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JOB No. 11600.02 SHT. NO. NM-88V-2
COMPILED BY: B. Roe

JOB NAME: SHOREHAM-UNIT 1

JOB CLIENT: LILCO(

MATERIAL RESISTANCE TO ENVIRONMENT

TRADE NAME: Asbestos-Inconel-Graphite, SS/w Asbestos,
.

Flexitallic Items With Metals *

| CHEMICAL NAME: Asbestos.

Ref. No.

I
THRESHOLD (RADS) 1 x 10 11

.

MAX. SERVICE.

TEMPERATURE ('F) 1200 2

'

REFERENCES:
.

2. Materials Handbook, George S. Brady and Henry R. Clauser, lith

Edition, McGraw Hill Inc., 1977 (Pages 64-65).-

.

11. " Shaft Seals for Power Generating Stations," Crane Bulletin
*

No. S-2005-1 (Chart E) .

19. Telex - from Flexitallic Gasket Company, Inc. to Lou Fiore (SWEC),
dated 7/16/82.

l from C. Dunkerley (SWEC) to G. McKillop (Crane Packing24. Telex -

Co.), dated 7/19/82.

* For compositions such as Asbestos-Inconel-Graphite or S.S. with

Asbestos, the data for asbestos is used.

When asbestos is used in gaskets and packings, a binder is added
which will burn off at temperatures near 700*F, as indicated by
various manufacturers. The manufacturers also claim that the binder

! is not important to the sealing function. Therefore, the binder's
l

destruction by temperature or radiation is not significant

i ; (References 19 and 24).

t$

0
3 Page'43 of 43

!

.
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DATA PACKAGE SH1-102

FANS
TYPE OF EQUIPMENT:

BUFFAID FORGEMANLTACTURER:
COMPANY

l STONE & WEBSTER SPECIFICATION NUMBER: SH1-102

PagePackage contents:

1
1) Cover Sheet

2) Mechanical Equipment Environmental Conformance Review 2

| Sheet - ECR-102-1

3) Mechanical Equipment Environmental Conformance Data 3

Sheet - ECD-102-1

4) Equipment Justification Sheet (Not Applicable)

5) Material Resistance To Environment Sheet - NM-102-1 4

O
I

Prepared by h M
i

)

Reviewed by i
| f/i

Issue Date: August 16, 1982

O Page 1 of 4

.- - - . - , . . . -
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JOB No.: 11600.02
MECllANICAL EQUIPMENT ENVIRONtlENTAl.

*

DATE: 7/30/82
CONEORMANCE REVIEW SilEET

JOB NAME: SH0 HEMAN - IN11T 1
COMPILED BY: C. Dunkerley

SORTED BY SPEC.
JOB CLIENT: LII.00

Silt. NO. ECR-102-1 REV. o

SYSTEM TITLE: REACTOR Bl.DG. STANDBY VENT SYSTEH (1746) -..

Mark No. Vendor Spec. Q.A. Cat. liidg./El ev. Zone E.C. Data Sht. Status Cosaments .

Description _ _ _ _ .. _ _

_.

BUFFAID FORCE FAN

SHI-102 I RBS/Il2 K-15 102-1 A

IT46*FN79A Reactor Bldg.
Exhauster Booster
Fan

IT46*FN70B Reactor Bids. SHI-102 I RBS/ll2 K-15 102-1 A

Exhauster Booster
Fan

,

A = Acceptable

.

.

Page 2 of 4
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SHT. NO. NM-102-1

6 JOB NO. 11600.02 COMPILED BY: B. ROE

JOB NAME: SHOREHAM-UNIT 1
.

JOB CLIENT: LII.C0

MATERIAL RESISTANCE TO ENVIRONMENT

TRADE NAME: Mobil 13-R-53 No-Rust Primer
.

CHEMICAL NAME: Oti-Alkyd Base Paint Containing Zinc Chromate and
.

Red Iron Oxide

Ref. No.

THRESHOLD (RADS).

MAX. SERVICE
TEMPERATURE (*F) 250 29.

9
RADIATION RESISTANCE 1 x 10 40

.

(RADS)

I
1

| REFERENCES:

Mobil 13-R-53 No-Rust Primer Publication, dated 11/1/76.29.

40. Environmental Effects on Polvmeric Materials, D.V. Rosato and

Schwartz, John Wiley & Sons, Inc. , New York, 1968

|

|
1

Page 4 of 4
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DATA PACKAGE SH1-172

BUTTERFLY VAL 7ES
TYPE OF EQUIPMENT:

FISHER CONTROLS
MAh17ACTURER.

SH1-172
STONE Tm WEBSTER SPECIFICATION $17.EER:

Page
Package contents:

1

1) Cover Sheet
2

Mechanical Equipment Environmental Conformance Review2)
Sheets;- ECR-172-1 to ECR-172-2

4
Mechanical Equipment Environmental Conformance Data3)

Sheets - ECD-172-1 to ECD-172- 7
11

Equipment Justification Sheets - J-172-1 to J-172-24)

Material Resistance to Environment Sheets - NM-172-1 135) 8

to NM-172-4

|
.

e
,

.!N
' Prepared by

Reviewed by M
'

i

Issae Date: August 16, 1982

1
1

Page 1 of 16
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JOB Wo.: 11600.02 MECHANICAL EQUIPMENT ENVIRONMENTAI. DATE: 8/12/82

CONFORMANCE REVIEW SHEET
JOS NAfE: SHOREEN * WIT I;# COMPILED BY: B. Roc

SORTED BY SPEC.
JOS-CLIENT: LILCD Silt. NO. ECR-H2_l REV. O

REACTOR BUILDING STANDBY VElfTlLATIONSTSTEM TIT 12:

Mark No. Vendor / Description Spec. Q.A. Cat. Bldg./Elev. Zone E.C. Data Sht. Stat Res.orks

-. . ..-

1

I FISMER CONTROL
VALVE W/BETTIS*

ACTUATOR

SHI-172 I RBP/78 D-22 172-1,2,3 Out- Pending

standing Further
IT46*A0Y038A RB Air to Evaluation

Drywell

SHI-172 I RBS/78 H-10 172-4,5,6 A
j

1

B RB Air to
Drywell

Sill-172 I RBS/40 L-02 172-7 A

C RB Air to
Suppres. Pool

SHI-172 I RBS/40 L-02 172-7 A

D RB Air to .

Suppres. Pool

1746*A0V039A RB Air From SHI-172 I RBP/ll2 B-22 172-7 Out- Pending

atanding En r t fie r
Evaluatinn

Drywell

Sill-172 I RBS/II2 K-15 172-7 Out- Pending
standing Fu r t lie s

B RB Air From Eva lu.it inn
Drywell

A = Acceptable
N/A = Not Applicable l'a ge 2 u t 16
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JOB No.: 11600.02 MECilANICAL EQtitPHENT ENVIRONMENTAI. DATE: 8/12/82 !

CONFORMANCE REVIEW SilEET
JOB NAlE: Sulnmensag . W IT I COMPILED BY: R. Roc

SORTED BY SPEC.

JOR-CLIEllT: Lil2O SitT. NO. ECR-172-2 ItEV. O
'

\ REACTOR BU'LDING STANDBY VENTILATIONSYSTEN TIT 12: Remarks
E.C. Data Sht. Status

Zone
i Vendor / Description Spec. Q.A. Cat.

Bldg./Elev.
Mark Ilo. -. . . . .

j

A
G-02 172-7

RBS/40
SN1-172 I

1746*A0Y039C RB Air Free t

Suppres. Pool .

A

RBS/40 G-02 172-7

SHI-172 I
D Rt Air From '

Suppres. Pool .

A = Acceptable
,
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CllMFilAR ST: 3. see
.

DATE: 8/12/82
Jus up.: 33600.92

SIIT. No. I t'in- B ll- l MV. p

- *" - IAIIT I '

Jet unlEs
T

1_5C15ANICAL.tylPISWT EllVlBOISENTAL COtlFDRitANCE DATA SIIEECLIENT: LilA2

Mi-IF2/Fieber Coettel Valves f. Settle acteaterSpecificelles No./ Vender Documented' flater tai ~ ' ' ~ ~
Enviroemental Qualificettee _ _ _ _ _i c e_

',

~ 3.0 $sayoneet identificettee Repert tav geomeet _ _ _ThresbelJ Serv Retriener C. - *s.
statusTotal Radiation Temperature

Badletion Teep.

(Bado) (*F)_ (ItaJs ), _ [* F ) _ ,leert go. _ _ _

Vendec Dws. So see-Metellle ZoneShereben File Material
me. (SFW)

Seb-Cangemente_

IT M*A0VW3AA F42451 F V ~elve 6 300 Out- J-li2-1

D-22 4.2 a 10 340 8.77 a 10 etandtus Mit- 171- 88
SFW-le.90-SE

EFTT-Ries left-il2-210 I200 A

Aabestoe-locomel D-22 1.2 s 10 340 % a 10

rechtsg Sing Ntt-172-2Geophite 40 1200 A

D-22 1.2 s 30 340 I a 10
400 J J-IP2-1 eneven I

S$f30% w/Aabestos B.5 s 10'
D-22 1.2 s 80 340 Net-172-4 la ValvcCasket

AISI 1018Sushing Net- 17 2- 1
0 9.1 s 10" SCO AW/Teflee

Broeme w/ Graphite D-22 3.2 a 10 340

Buships
3-872-2 Inteen41

N/A J tu ValvoActuator:
~

D-22 1.2 s 10 340 N/A8

Steel & Nylos
Fleton Betelser
Nut

l'a gr 4 e.t 14.
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., CtstriffD ST: 8. k e

DATE: 8/12/82
JOB NO.: 586e0.82"

SNT. No. ECD-5F2-2 ptV. p

"""M - lAll? I
JOS,RefE:

.

ET
IECIIANICAL EQtilFIENT ElfvlboseEq&L CONFDAMANCE_ DATA SaleCLIENT: LIlio

SNI-l?2/Fisber Centrol Valves & Bettie Actuator ~

Spectitcaties me./Veeder: Decimated Meteriel~Reviressestat ipsalificattee
$ 4-e v t Identificattee Beyert_Sevireement Threshold __ Service

__

Refesce<c C -me .
StatusTotal Radiaties Te v rature

Badistfee Temp.

Meterial Zeee (Sado) ('F) (padal _(*F}_llerk He. _ _ _ _ _ .
_ Veeder Dus. Se

Shereben File IIee-feet allie
J J-IF2-2

Be. (SFW) 8.b-C w ---_ete
1.2 a 10' 340 N/A N/A

pers 70A D-22
Fistee Seal :

ST46*A8ve3SA F42458-F Nitrile J 3-172-2

Dur's 90A D-22 1.2 a 10 340 N/A N/A8SFW-le.90-88

Take seal J-ll2-2Molythese J

D-22 1.2 s 10 340 N/A N/A8

Pistee Bed Seal' Dure 65A
Mitrile J J-IF2-2

.

D-22 1.2 a 10 340 N/A N/A8

Dure 70ACylleder Seal
J J-172-2Nitrile

Asbestes/ ASTM D-22 1.2 a 10 340 N/A N/A

liouslag Cover J-lF2-2Dill 0 J

Asbestes/ASTil D-22 1.2 m IQ 340 N/A N/A _Casket

Cylleder Adapter J-lF2-2Dill 9 J

D-22 1.2 a 10 340 N/A N/ACasket

Fisto IIced Seal Duro 10A
Nitrile J J-l?2-2

D-22 1.2 m to 340 N/A N/A

Adjustleg Screw Wylos

Seal Page $ ul 18

I

I

i

f

.
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CtstritJA ST: e . Itae.

Jos 30.3 18688.02 DATt ; 8/12/82

Jos massi emnetpaal - lesIT l sur. no. tCn-eri-i utv. a
-

CLIENT: LilIO
WCRANICAL EQtilPlENT ENVIDnIIENTAL Coeff0AMANCE DATA,511EET

Sul-lF2/Fieber Control valves & Bettis Actuatorspecificettee No./Veeder: ' *~~~ ~

Docuecat eTMat er ialRevirossental Quellittation *
Sub-Ceepeneet identification Beport tevironment Threeltold Servicei Total

voeder Deg. No Radlettoa Temp. Radiatleen Temperature Status Refesesse C.-ut s
Hash me. _ _ _

lie . (Sill) Sub-Camponente Material Zooe (Bade) ('Fl _ (R a Js ), _ (*J} _ _ _ _ _ , _ _ _ , ,

Shoreham File gloe-Met allic

D-22 1.2 a le 340 N/A N/A J J-ll2-2

Platen Bod Anti- Duro 90A
IT uaneVW3SA F424SI F

SFN-10.90-SE Estrusloe Seal Molythane

Breather Cap Aluminum & Bues-5 D-22 1.2 a 10 345 N/A N/A J J-ll2-2

Air Set N/A D-22 1.2 a 10 340 N/A N/A J J-ll2-2 Eatesmal
a u va l v.-
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01MrilfD BT: B. Noe

JUS 50.3 19640.92 DATE: 8/12/82
Joe NAIE: annemeg . 13137 3

SNT. 100. ECD _lF2-4, Inv . O

CLIElff: LilIO
ISCEANICAL EQUIPIElff ENVIBOISENTAL CosHGftANCE DATA SNEET

Apocificettee pe./ Venders Sul-172/Floher Castrel Velves & Bettle Actoeter,

Eeviroenental Qualification Documented Material
_ __. __

Sub-Coopeneet Ideatifiestion Report Reviteenent

leert No. - Total Threshold Servic7
Veneer Dug. lie Bediettee Teep. Radiation Tempe ret are States fielerente Cee-rote

Be. (SfW) Sub-Conge_sente Meterial Zees (Bade) (*F) (Bade}_ (*_F) _Shorehen File llom-Ilet ellic _ _ _ , _ _ _ ,

IfusAove388 F42454-5 Velve:
SF11-10.90-6E

~~

T-Bios EFT N-IO 5.3 s 10 177 8.77 m 10 300 A 18M- 172- 1
'

10

Facking Blog Aabeatoe-locomel N-10 5.3 m to 177 I a 10 ,y,, , ,M,,77,7

Crephite

Centet SSf304 w/Asbestes E-10 5.3 m to 177 I a 10 3200 A NH-lF2-280

400 J J-172-1 tateenal
1.5 m 80'

Sushlag AISI lett M-10 5.3 a 10 177 leM-172-4 to Valve
W/Tefloa

9.I a 10' 500 A NH-lF2-3

Dunhing Broene w/Crephite M-10 5.3 a 10 177

.

Pistoe Retainer Steet & Wylee M-10 5.3 a 10 177 N/A N/A J |-172-2 L at e s eal
Actuator: to Valve

Not

.
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COMP 111D ST: S ._ k e

M M.: 19600.02
DATE: 8/12/82

JOB Sf8E: eeneyssag . InitT I
sNT. No. Eco-172q mtv. o

Cttssit: Litro
- IEC1LANICAL EMPIEllT ENVlBOISENTAL CONFORMANCE_ DATA SAEET

Specificettee lie./Voedert Mi-172/Flaher Caetrel Velves in Dettle Acteater
~ ~ ~ ~ ~ ~ " ~ ~

-

Reviroceestal Qaeliftratsee Dormerated Material
"J ' . -t identifacettee Repest Revironment

Ilart Be. Total Threshold Service
Voeder Dus. No Radiatlee Temp. Radiation Temperature Status Ne f e scas e Ceem. ee n i

Sheroinee File Wee-Metallic
me. (SN) Sub-Componente Material Zees (Rede) {'F) (Rad e), _.Jf ) ___,_, _

IT46*A8WG388 F42454-E Fistoe Seal Dure 704 E-10 5.3 a 30 177 N/A N/A J J-872-2

WitrileS N-10.98-6E
5.3 s 10' ITF N/A N/A J J-lF2-2

fate Seal Dure 90A N-IO
Holythane

* Platon Rod Seal Duro 65A N 10 5.3 s 80 IFF N/A N/A J J-ll2-2

Nitrile

Cylleder Seal Duro 70A N-10 5.3 s to ITF N/A N/A J J-172-2

Nitrile

lloueing Cover Asbestos /ASTTI N-lo 5.3 m 10 lif N/A N/A J J-li2-2

Casket Dillo

Cylleder Adapter Asbestos / ASTM N-10 5.3 lo IFF N/A N/A J 3-172-2

Casket Dillo

Piston Need Seal Duro 70s Nitrile N-10 5.3 s to IFF N/A N/A J 3-872-2

Adjustleg Screw Mylos N-10 5.3 m to 177 N/A N/A J .I-8F2-2

.Seal

l' age a t it.

.
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CtWIPitta M: 5. Ree

.ans N0.3 llWS.SI DATE: t/12/s2

Joe tapas geossaapI - IAllt i SIIT. Iso, trD-If2-g utv. e

CLlmrt LilID
IStaANICAL EQlllPftart ENVIB000 Elf 7AL CONF _0NtA_NCE DATA SWEET

Sel-li2/Floher Caetrel Velves & Bettle ActesterSpecificetten pe./Veeder
~ Decment eillet e rial

- -
- !

'

Reviressente! Qualificettee '

Seh-f . ;t leentificettee Report Eevereeneet Threshold Service

~ Shoreham File mee-Itetellic -
Radiettee Tag. Bedtetten Temperatere Stas.e Se t en cea r C ee .Total

flerk Wo. Veder Dag. De

No. (SFW) Sub-Coopemente listorial Rose (Rede) (*F) (Rede} {!Fj _ _ _

i

N-10 5.3 a 10 177 N/A N/A J l-172-2
0

Fisten Bad Anti- Duce 90A
IT M*Asve185 F42458-E

Stu-lo.94- H tstrustee Seal itelythese
5.3 s 10* IFF N/A N/A J J-172 2

Breather Cap Alente m & Dese-N E-10

5-10 5.3 a 10 177 W/A N/A J J-lF2-2 Estessal
0 tu Valve '

Alreet N/A
t

t

e

.

t-
:

[1
1
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4hI. A'
DetrillD ST: B. it..e

JOS m.: 13840.93 DATE: R/12/82

. JOB BSIS: SWIM asse - MIT I suT. wo. Eco liz-t => V . o

CLIENT: LIlm
larmlCAL EqtilflSNT ElfVIROISENTAL CDIIFonethmCE DATA 581EE_f

Ml-II2/Fleber Coettet Velves & Bettle ArteaterSpeelfleettee No./Vesdort
iDocumented MeterialRevireseratel <>sellficettee

M' ,
-t leestlitcottee 8erest Bewireement . ._Servire_Threshold

het No.
_ Voeder Be8. No Rediettee Temp. Redletten Tempeseture Statue pr ie s ce. c ties ne .Total

Ee. (SFW) Sub-C a - ste hterial Esse M) (*F) (Rede) (*l L _

Shoreham File Nee-festellte ___

3.1 s la' 352 Same se Some se J same se
IT46*AswelesL-02 IT46*A0V- IT46*A0V-

IT M*ADYG)ec C F42453-E
Some as Some se

Ste-le.98-9E IT46*A0V0385 IT46*A0VO)St 0188 0388

3.1 a 10' 152 Sese en Some se J some e.
IT46* Mwe lsla

Some se L-82 IT46*A0V- IT46*A0V-
5 F42452-F Some se

SFN-lO.90-?E IT46*ADYO)St IT46*ADV0385 0385 0385

IT M*ADYt39 A F42454-E
Some' es Some es B-22 8.8 s 10 340 Some se Some se out- se c en8

IT46*A0V- IT46*A0V etending IT468AdWOIA4

SFil-lo.90-10E IT46*A0VO)St IT46*A0V0188 038 A 018 A*

Some se K-15 1.3 m 10 ISS Some as same se out- Some es
8

IT46*A0V- IT46*A0V- steading IT46*AtWO)SA
B F42455-G Some se

Sill- 8 0.90- 5 2E IT46AA0V0185 IT46*A0VO)St 038A 0184

G-02 5.8 a le 152 Some se Sese se J some se
IT46* AtWul85

IT46*A0V- IT46*A0V-Some se
C F42454-E Some se

SFN-lo.90-Itt IT46*A0Y0)SB IT46*A0VO)SS 0388 0385

G-02 5.8 a lo 152 Some se Some se J Same es
IT462A Nul#5

IT46* A0V- IT46:A0V-Some se
B F42457-8 Same se

SFW-lo.90-11F IT461A0v0)SB IT46* A0V0388 0188 018N

1 age to *I t e.
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SHEET J-172-'.

EQUIPMENT JUSTIFICATION

PREPARED BY: B. RCE

EQUIPMEr NAME: AIR OPE. TOR
u

MARK NO. 1T46*A0V038A, B, C, D BLTTERFLI VAEVE

NO. IT46*A0V039A, B, C, D
CO. TROLN

MANLTACTURER: FISHER

SYSTEM NAME: REACTOR
BUILDING STANDBY MODEL NO: 9220
VENTILATION
SYSTEM (RBSVS) ECD SHT:

172-1, 2, 3, and
4

,

1. Function Yhen theor abnormal condition.-

The RBSVS is initiated during an accident
RBSVS is initiated, the Reactor Building Secondary Containment is

automatically isolated from the Primary Containment by the closing of the
Primary Containment purge isolation valves *A0V038A, B, C, D and *A0V039A, B,These valves are closed under normal operating conditions, except

During RBSVS operation, they receive signals to close.C and D.
during purge.'

Non-Metallic Sub-Component _s Requirier .Iustification
-

2.
(EPT-Ethylene / Propylene Terpolymer, Sulphur Cured)T-Ring

The adjusting set
is contained in the valve disc. d

screws and compression ring force the T-Ring against the body bore to provi eThe adjustable T-Ring seat* - This
between the T-Ring and body bore seating surface.

an interference fit
provides a bubble tight shut-off feature to the valve. 6 rads (Ref.

known radiation threshold for this type of EPT is 8.77 x 10high differential
however the manufacturer has observed leakage attemperatures over 381*F and at' a radiation dose

The
NM172-1);

of 1 x 10 csd (see NM172-1 Ref. 13).
In the light of this , the T-Ringthe disc atpressure ayoss above 10in radiation in environmentrequires further evaluation for use

rada. .

Bushing (AISI 1018 W/ Teflon)

This bushing is external to the' valve body and provides a bearing surface for
the shaft. Degradation of the " Teflon" (Ref. NM-172-4) in the bushing may
result in a loss of the bearing surface lining.

However, a loss of this

lining vill act prevent the valve from performing its intended safety function
.

,

(closing).

Page 11 of 16b
.
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SEET J-172-2
*

EQUIP ENT JUSTIFICATION

| Actuator

Although several of the non-metallic components used in the actuator assemblytheless chan the maximum postulated exposure,
may have radiation thresholds in arelied upon for maintaining the valvesfunction is notThe actuator is air-operated and relies on air pressure tosub-component's

The valves are normally closed, and the metalclosed position.
and a spring to close.

spring will maintain the disc in a closed position regardless of theopen,

functional capabilities of the non-metallic sub-components used here.

In summary, the non-setallic sub-components have no relevance in maintainingble
these valves in their fail-safe, closed position, and are therefore accepta
for service.

Airset

Although some of the non-metallic components used in the airset may haveis

radiation thresolds less than the maximum postulated exposure, the airset
not required to maintain the valve in a closed position.

Failure of the
airset components will allow leakage through the regulator or out of the
regulator body. These failures will not cause the valve to move from its,

fail-safe, closed position.
m

|U
.

P

Page 1;t of 16
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JOB No. 11600.02 SHEET NO. NM-172-1
COMPILED BY: B. Roe

JOB NA."E: SHOREHAM-1: NIT 1

JOB CLIENT: LILCO

MATERIAL RESISTANCE TO ENVIRONMENT

TRADE NAME: EPT.

CHEMICAL NAME: Ethylene Propylene Terpolymer
.

Ref. No.

0 *
THRESHOLD (RADS) 8.77 x 10

.

MAX. SERVICE
TEMPERATURE (*F) 300 11

.

.

|

REFERENCES:

1. " Radiation Effects on Organic Materials in Nuclear Plants," EPRI'

.teport No. NP 2129, November 1981 (Page 3-24).

11. " Shaft Seals for Power Generating Stations," Crane Bulletin No.
'S-2005-1 (Chart E).

!

l 12. " Evaluation of ITT Grinnell Diaphrags Valve Diaphragms Af ter Being
Subjected to Gaassa Radiation," IIT Grinnell Corporation Report No.
998B, January 12, 1971 (Table 1).

13. Letter - from J.S. McLagan (Fisher Controls, Inc.) to K. Menon

(SWEC), dated 7/12/82.

Althoup several references indicate an EPT threshold radiation value of*
1 x 10 Rads based on the property of Compression Sct (Ref. 1), research
has substantiated that this material is not subject to any degree of
degrgdation which would prevent its general use below an exposure of 8.77
x 106 Rads (Refs. 11 and 12). Further confirmation (Ref. 13) of the 8.77x 10 Rads value is provided in a Fisher test. The test also indicates
EFT becomes sensitive to temperature and radiation near the postulated
value in zone D-22.

- .

%

.

|

D's Page 13 of 16
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SEET NO. NM-172-2
JOB NO. 11600.02 COMPILED BY: B. Roe

JOB NAME: SHOREHAM-UNIT 1

JOB CLIENT: LILCO

MATERIAL RESISTANCE TO ENVIRONMENT

Asbestos - Inconel - Graphite, SS/W Asbestos,
TRADE NAE:

Flexitallic Items With Metals *.

CEMICAL NAME:.

Ref. No.

10 77
THRESHOLD (RADS)

I r 10
.

MAX. SERVICE 2
1200

TEMPERATURE (*F),

|
'

1

REFERENCES:

George S. Brady and Henry R. Clauser,11th Edition,
.

) Materials Handbook,J 2.
ecGraw Hill Inc., 1977 (Pages 64-65).

"ShaftSealsForPower|GeneratingStations,"CraneBulletinNo.11.
S-2005-1 (Chart E).

Telex h from Flexitallic Gasket Company, Inc. to Lou Fiore (SWEC), dated19.
7/16/82.

from C. Dunkerley (SWEC) to G.
McKillop (Crane Packing Co.),

24. Telex -

dated 7/19/82.

For compositions such as Aabestos-Inconel-Graphite or S.S. with As';estos,' .

' *

the data for asbestos is used.
a binder is added whichis used in gaskets and packings,

will burn off at temperatures near 700*F, as indicated by variousWhen asbestos

manufacturers. The manufacturers also claim that the binder is not
to the sealing function. Therefore, the binder's destruction

or radiation is not significant (References 19 and 24).' important
by temperature

,-
,

2

Page 14 of 16.
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SHT. No. NM-172-3JOB NO. 11600.02
COMPILED BY: B. Roe

JOB NAME: SHOREHAM-1| NIT 1

JOB CLIENT: LILCO

MATERIAL RESISTANCE TO ENVIRONMENT

TRADE NAME: Graphite
.

CHEMICAL NA!2: Carbon.

Ref. No.

8
THRESHOLD (RADS) 9.1 x 10 8

.

MAX. SERVICE
TEMPERATL1tE ('F) 500 2.

REIIRENCES:

2. Materials Handbook, George S. Brady and Henry R. Clauser, lith Edition,
McGraw Hill Inc., 1977 (Pages 356-359).

8. Letter - from G. McEillop (Crane Packing Co.) to Steve Poller (SkIC),
dated 6/21/82.

.

.

.

.

.

-
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SHEET NO. h3-172-I.
CO.JILED BY: B. RoeJOB NO. 11600.02 "

.

JOB NAME: SHOREHAM-UNIT 1

JOB CLIENT: LILCO

MATERIAL RESISTANCE TO ENVIR05 TENT

TRADE NAME: Teflon
.

CHEMICAL NAME: Polytetrafluoroethylene
.

Ref. No.

1.5 x 10' 1

THRESHOLD (RADS).

MAX. SERVICE 7

TEMPERATURE (*F)
400.

REFERENCES _:

" Radiation Effects on Organic Materials in Nuclear Plants," EPRI Report
) 1.

No. NP 2129, November 1981 (Page 3-13).. , ,

Reactor Handbook, Volume 1, Tipton, 2nd Edition, Interscience Publishers,7.
Inc., 1960 (Page 1088).

'

\
-

,

I

- .
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DATA PACKAGE SH1-276 ,
'

~

F_AN_QTYPE OF EQUIPMENT: .

BUFFALO FORGE
MANUFACTURER.

SH1-276
~

-

STONE & WEBSTER SPECIFICATION NLHBER
,

,

,

*
:

.

Page
I Package contents:

.

i # 1'

1) Cover Sheet
; 2

f 2) nechanical Equipment Environmental Confermance Review
Sheet - ECR-276-1

}
3

1 3) Mechanical Equipment Environmental Conformance Data
3
f Sheets - ECD-276-1 to ECD-276-3
,

| Equipment Justification Sibeets - Not Applicable4)f

6
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JOB 110. 3 11600.02
NECIIANICAL EQUIPff0f7 ENVIRONffJrfAI. .,

JOS IIAM: INIDptNAM * WIT I CtMfFORMANCE REVIEW SNEET DAftt 9/11/92
'

Jim CLIENT: ' EllES Lp ' 901tTED BY SPEC. COMPI150 NT: C. Dunkerley

SYSTEN T1712: Reector Bles. Standby Vent System (ITM) SIIT. NO. 1CR-276-t_ Rtv. 8
- _. _- . . . _

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

Mark No. Vender /Descript len Spec. Q.A. Cat. Sids./Elev. Zone E.C. Data Sht. Status Commente

_ - . . . - . -- - -. = - - - _ _ ~ . . . .
. . _ .

IT46*f1f8334 IT46*UC 002A Fan SNI-276 1 R48/8 G-01 276-1 A

IT44*FW8333 1746*1pc 0029 Fas SW1-276 I RBS/40 0-02 276-1 A

1746*FN834A 1746*UC 003A Fan SH1-276 I RB8/8 G-01 276-1 A
'

IT46*FIIS348 IT46*UC 0038 Fan $111-276 I RBS/40 0-02 276-1 A
*

,

1TM*FN835A IT46*UC 004A Fan. SN1-276 i RR$/219 H-20 276-1 A

IT46*FN8358 1746*UC 0045 Faa SH1-276 I RB5/219 li-20 276-1 A
;

IT46*f18836A IT46*UC 00$A Faa 8H1-276 I RBS/219 H-20 276-1 A

17664F118368 1746*UC 0055 Fan SH3-276 1 RB3/219 H-20 276-2 A
,

| 17460FW837A 1Y46*UC 020A Fan SN1-276 I Rl45/112 J-16 276-2 A

(

1T46*FN8373 ' 1746*UC 0205 Fan 8H1-276 I RAS /132 K-15 276-2 A i'

IT46*FN8384 17466UC 021A Fan SN1-276 1. RBS/150 N-19 276-2 A

IT44*FW8308 IT46*11C 0215 Fan SM1-276 i RBS/150 M-19 276-2 A
,

1744*FW839A 1746*UC 022A Foo SHt-276 i RRS/161 H-19 276-2 A

1744tFN8393 1746*UC 0228 Faa EHI-276 I RBS/161 H-19 276-3 A

IT46*FN023 1746*UC 023 Fan SN1-276 I RBS/40 L-02 276-3 A

A o Acceptable

Pese 2 or 6
.
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COMPILED ST: S. Lebre sult
Joe No. 11600.02

DATE: 8/11/82
JOS IRAft: SNORENAM - INIlt i Stif. No. 500 276-1 REY. O

CLIEJrf: LilIO
MICHANICAL EQUIPtfMT ENVIRONtfMTAL CONTORMANCE DATA $NEET

.

Specification llo./ Vendor: SNI-276/8UTFAl.0 FORGE FAN

Sub-Component ident if Ea~t t'on~'~ Environmental Qualification Documented Material
Data" ,

Report Environment i

Total Threshold ServiceMerk No. _ _ _ _ _, _ _ _ _

vendor Dws. No Radiation Temp. Radiation Temperature Statua Seference Commente *

Shoreham File Non-Metallic
Zone (Reda) (*F) (Rads) (*F) ,

No. (SFW) Sub-Componente _ , Matersal_
I a 10' 250 A 101-276-1

5.8 s 10' 150
IT46'FW833A 7C-68344 Faint Mobil 13-R-53 C 01

SFN-10.64-14E no-ru' premer

I a 10' 250 A 199-276-1 *

5.8 x 10' 352
IT46*F188338 FC-68345 Faint Mobil 13-R-53 C-02

no-rust primer
I SFII-lo.64-33E

7W-93030
.

SFN-10.64-27A
I a 10' 250 A 101-276-l, ,

IT46tlN834A 7C-68344 Faint Mobil 13-R-53 G-of 5.8 a lo ISO

SFN-10.64-14E no-rust primer

IT46erNg343 yg.64345 Faint Mobil 13 R-53 G-02 5.8 m to 152 I s 10 250 A 199-276-1,

SFN-lo.64-33E no-aust preser

FW-93030
Sill-lo . 64-2 7 A

1346 tN8154 7C-68346 Paint Mobal 13-R-53 N-20 5.3 a lo 118 Ia 10 250 A Int-2 76-l
2

SIN-IO.64-18C no-rust primer

IT4h lN815B 70-68346 Paint Molit t 13-R-53 H-20 5.3 a lo 188 I a 10' 250 A NM-276-l
i

$5N-lo.64-38C nu-sunt pramer

IT46;DN816A 70-68345 Paint Mohnt 13-R-53 H-20 5.3 a 10 118 1 a 10' 250 A Nff- 2 76- 3

blN-10.64-38C no-rust priner
Page 3 of 6
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5COMPllID ST: S. E4bresult -'
JOS NO. 11600.02

DATE: 0 /11/82 i

JOB HAPE: 550REEAM - IRIIT I
SNT. 100. ECD 276-2 REY. O

CLIENT: Lilio f

MECHANICAL EQtilPPENT ENVIRONPENTAL CONFORMANCE DATA SMEET 4

Specification No./ Vendor: Sill-276/ttfFFAID FORCE FAN

Environmental Qualification Documented MaterialSub-Component Identification Data
Mark No. ___

Report Envisonment
Total Threshold Service

vendor Dus. No
Shoreham File Non-fletellic Radiation Temp. Radiation Temperature Status Reference Comments

'

No. (SFM) Sub-Components flat e r ial Zone (Rado) (*F) (Rads) (*F) ,

IT46* FN8368 7C-68346 Faint fiobil 13-R-53 H-20 5.3 s 80' 118 I a 10' 250 A IRl-2 76-l

SFN-lo.64-34C no-rust primer

IT46EFN837A Dl-1578 Paint Mcb61 13-R-53 J-16 2.5 a 10 178 I a 10' 250 A NM-276-1

SFN-10.64-43A no-rust 1.r ime r
D4-1641
SFN-10.64-34F

IT46* F318378 Dl-1571 Faint Mobil 13-R-53 K-15 1.3 a 10 158 1 a 10' 250 A NM-276-18

SFN-10.64-43A no-rust primer

04-1643
SFN-lo.64-34F

IT462FN838A 94-3377 Paint Mobil 13-R-53 H-19 5.3 s 10 148 I a 10' 250 A NM-276-1

SFN-80.64-390 no-rust prseer

IT464N8185 D4-1854 Paint Mobil 13-N-53 H-19 5.3 a 10 148 Is 10' 250 A 191-276-I

SIN-10.64-42E no-rust priner
'

IT464 N819A D4-3377 Paint Moliel 13-N-53 H-19 5.3 s 10 148 Is 10' 250 A NM 276-l

SFN-10.64-19D no - r ... t primer

Page 4 of 6
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COMPILED ST: 5. Lgbresult
JOS NO. 11600.02

DATE: S/11/82
JOS BAME: SNORENAM - UNIT 4

SKT. NO. ECD 276-3 REY. O
CLIENT: LILCD

MLCHANICAL EQUIPt|ENT ENVIRONMENTAL CONFORMANCE_ DATA SHIET

5pecifiration No./ Vendor: 5NI-276/BUFFALD FORCE FAN

Sub-Component identification
~ ~ ~ ~

Environmental Qualtitcation Documented Material

Mark No. _ _ _ _ _ _ _
Report Environment Data

Total Threshold ServiceVender Dug. No
Shoreham File Non-Hetallic Radiation Temp. Radiation Temperature Status Reference Comments ,

No. (STN) Sub-Components Material Zone (Rads) (*F} (Rads) (*F)
'

IT46:FN8398 D4-1854 Paint Hubil 13-R-53 H-19 5.3 m to 148 I a 10' 250 A NM-216-1

SIN-lo.64-42E no-rust primer

IT46*FWO2) D4-4946 Paint Mobil 13-R-51 L-02 3.1 s 10 152 I a 10' 250 A NM-276-1

SIN-10.64-445 no-rust primer

Note: No other non-metallic sub-component s.

Page 5 of 6
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JOB NO. 11600.02 SHT. NO. NM-276-1

O COMPILED BY: B. Roe

JOB NAME: SHOREHAM-UNIT 1

JOB CLIENT: LILCO

MATERIAL RESISTANCE TO ENVIR0h?fENT

TRADE NAME: Mobil 13-R-53 No-Rust Primer.

CHEMICAL NAME: Oil-Alkyd Base Paint Containing Zine Chromate and
.

Red Iron Oxide

Ref. No.

THRESHOLD (RADS).

. MAX. SERVICE TDfPERATURE -('F) 250* 29

9
RADIATION RESISTANCE (RADS) 1 x 10 40

.

.

REFERENCES:

,
29. Mobil 13-R-53 No-Rust Primer Publication, dated 11/1/76.

l
t 40. Environmental Effects on Polvmeric Materials, D.V. Rosato and

) Schwartz, John Wiley & Sons, Inc., New York, 1968.

-

O Page 6 of 6
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REFERENCE LIBRARY
for

SPECIFICATION DATA SHEETS

The References listed are those used in the NM sheets and do not
represent all the references used in the evaluation.

Re f .' No . Title

1[ " Radiation Effects on Organic Materials in Nuclear
Plants", EPRI Report No. NP 2129, November 1981.

Vellumoid
*

Page No. 3-8,9'
Cellulose 3-8,9
Teflon 3-13
Polyethylene 3-16,17
Ethylene-Propylene 3-24
Ethylene-Propylene Terpolymer 3-24
Viton 3-25,26
Rubber (Neoprene) 3-27,28
Buna-N (Nitrile) 3-28,29
Asbestos (Crane Packing 5810) 3-37,38
American Mineral. Oil 3-37,38
Exxon Teresstic 68 3-37,38

2. Materials Handbook, George S. Brady and
Henry R. Clauser, lith Edition, McGraw-Hill, Inc., 1977.

Asbestos Page No. 64,65
Glass 341-347
Graphite 356-359

7. Reactor Handbook, Volume 1, Tipton, 2nd Edition,
Interscience Publishers, Inc., 1960 (Page 1088).

8. Letter - from G. McKillop (Crane Packing Co.) to
Steve Poller (SWEC) , dated 6/21/82.

'

11. * " Shaft Seals for Power Generating Stations",
Crane Bulletin No. S-2005-1 (Chart E).

* Letter - frcm Crane Packing Company (S. Lemberger)
to Stone & Webster Engineering Corp. (J. Dunkerley),
dated June 15, 1982.

12. " Evaluation of ITT Grinnell Diaphragm Valve
Diaphragm 3 After Being Subjected to Gar.r.a
Radiation", ITT Grinnell Corporation Rep:srt No.
998B, January 12, 1971.

Ethylene Prepylene Terpolymer Table 1
Natural Gum Rubber Tab.e 1

'

Buna-N (Nitrile) Table 1
Teflon Table l and Page 7
Neoprene Tab'.e 1,Pages 5

and 6, and fig. 8b
. _
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Ref. No. Title
.

13 ~. Letter - from J.S. McLagan (Fisher Controls Inc.)
to K. Menon (SWEC) , dated 7/21/82.

19. Telex - from Flexitallic Gasket Co., Inc., to
L. Fiore (SW'EC) , dated 7/16/82.

24. Telex ~ from C. Dunkerley (SWEC) to G. McKillop
(Crane Packing Co.), dated 7/19/82.

.

29. Mobil 13-R-53 No-Rust Primer Publication, dated
11/1/76.

40. Environmental Effects en Polvmeric F.aterials,
D.V. Rcsato and Schwartz, John Wiley & Sons, Inc.,
New York 1968 (Pages 36 & 37, 725 and 726)

,
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( degradation but unchanged insulation resistance and a 7% decrease in dielectric
constant. Dissipation factor increased one decade.33

4 rads /eloncation. Reference 47Polytetra'1uercethylene/ threshold - 1.5 x 10
reports a threshold change of elongation at 1.5 x 104 rads for Teflon (TFE) in

4 rads, of shear and impact strenoth andair, of tensile strer.gth at 2.1 x 10'

4 rads forelastic modulus at 1.8 > 105 rads. A 25% decrease was noted at 3.4 x 10
elongation, 1.2 x 105 rads for tensile strength, and 4 x 105 rads for shear,
strength. Impact strength increased 25% at 3.6 x 105 rads. Oxidation d fects

are quite large. Radiation resistance is approximately ten times greater in
vacuum or fluid. Teflon hoses tested under simulated operating conditions failed,
by leakage, at 1 x 105 rads unen exposed to intermittent fluid pressure of 1,000
psig and at approximately 1 x 106 rads when subjected to 1,200 psig static
pressure. The radiation exposure-damage relation was relatively insensitive to
temperature in the range of 100 to 3500F in that test. Teflon back-up rings (in

7fluid) have been found serviceable in some applications to approximately 4 x 10
rads, although physical degradation occurs.36 Sharp decreases in melting

temperature were noted for irradiations above 1300C.

Teflon-FEP (copolymer of fluoroethylene and perfluoropropylene) is more resistant
g

that Teflon-TFE. Teflon-FEP shows ten times greater radiation resistance in
vacuum and sixteen times greater resistance in air for 10-mil flims.46 Temperature
effects have been noted. Damace at cryoteeperatures was negligible for a dose
that produced 401 loss of tensile strength at 730F and 60% damage at 350cF.

Electrical properties are affected differently for irradiation in air and vacuum.
2 3 in vacuumTFE volume resistivity has been observed to drop by a factor of 10 10

radiation and to drop an additional factor of 10-102 after irradiation (gradual
recovery may occur). One Teflon-insulated wire is reparted to s50w slightly
reduced flexibility at 103 rads in a 5 psia 02 atmosphere at 90oC. A similar
Teflon wire lacking a polyimide conting present on the first wire did not show
reduced flexibility under the same conditions.33 This indicates that the
materials were incompatible, not that the radiation level was significant.

.

Tetran, Fluorlon, and Hostaflon FT are a few of the other cornercial names for

| polytetrafluoroethylene. Main chain scission is dominant and there is little evi-
dence of any crosslinking during irradiation.

REFERE.N CE I

( se

!
' Radiorkn E@c+s on Organic,

N ials M Wdear Pierb ",
3-13

EPRI. Report Wo. NP 2:19,
November 1981

1

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



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

. ..
. .

Ethylene Propylene / threshold - 1 x 106 rads / compression set

Although some experimental formulations s h ed poor radiation resistance, a number
of comercial materials appear to be corpareble to crosslinked polyethylene. As
with other polyolefins, radiation resistance will depend on the effectiveness of
antioxidant systems (especially at elevated temperatures). Reference 28 reports
cose rate effects with greater degravation at low dose rates when the total dose
exceeded about 2 x 107 rads for one ethylene-propylene cable insulation.
Reference 8 details effects of radiation on cable insulation and jacket materials,
including EPDM-based and EPM-based insulations (both mineral filled). No chances
in oxidation resistance were found following total dose up to 103 rads (dose rate
was 5 x 105 rads / hour). Elongation of the EPDM insulation was not significantly
changed after 5 x 106 rads, but was reduced to 48% of the initial value after 5 x
107 rads and 37% after 1 x 108 rads. The EPM insulation retained 81% of its
unirradiated value after 5 x 106 rads, 41% after 5 x 107 rads, and 26% followina 1
x 108 rads. Reference 39 also reports very good radiation resistance of EP rubber
(EPDM base) and that cables using special chloroprene jackets and EP insulation
passed IEEE-383 tests.

EPDM retained 79% and EPM retained 90% of the original tensile strength af ter 108
'

( rads. Changes in permanent electrical properties were relatively unigertant.
Reference 35 reports similar results for ethylene propylene cable insulations, but
reports that a fire-retardant additive appeared to cause instability of electrical
properties in an EPDM-based material at exposures above 107 rads. Reference 55

4 rads,reports minor reductions in mechanical properties of EP-F234 after 5 x 10
but less than 25% decrease in those properties at 106 rads. A 50% decrease in
elongation was noted after 2 x 107 rads and in tensile strength after 2 x 108
rads. The 5 x 104 rad value is not cited above, since it is not generally
applicable and does not represent significant change to the material.

i Barbarin6 recommended an EP co@ ound (Parker-hannifin E740-75) as exhibiting the

best known combination of radiation, fluid, and temperature tolerance. He warned
that variations in cog ounding can cause wide difference in properties. One EP

| cogound showed 28.65 increase in compression set after 107 rads and would be

acceptable as a dynamic seal, while one (Parker-MannJfin E515-80) exhibited 46.6% )

! increase in that property under the same test conditions. He recomended that no |
|

|
dynamic seals be used after radiation doses greater than 107 rads due to excessive

concression set. Reference 61 indicates a 107 rad " allowable" dose for EP as for
'

l polyethylenes. ,,,

(!
,

3-24'
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64 ASSESTOS

ASBESTOS. A general name for seseral varieties of fibrous minerals,
the Ebers of which are valued for their heat. resistant and chemical.

~

resistant properties. and are made into fabrics. paper, insulating boards,-

and insulating cements. The long fibers are used for weaving into fire.

E proof garments. curtains, shields, and brake linings. The short fibers are
compressed with binders into vanous forms ofinsulating boards, shingles.

f pipe coserings. paper, and molded products. The original source of

E asbestos was the mineral actinolite, but the variety of serpentine known as

chnsotile now furnishes most of the commercial asbestos. Actinolite andI
tremolite, which furnish some of the asbestos, belong to a great group ofI

widely distributed minerals known as amphiboles which are chiefly
metasihcates of calcium and magnesium, with iron sometimes replacing
part of the magnesium. Thes oc ur granular. in cnstals. compact such as

i

|
nephrite which i> the jade of the Onent. or in silks fibers as in the iron

B. amphibole asbestos mined in the Unned States. This latter type is more
resistant to heat than chrysotile. It3 color varies from white io green and

f
black.

E Jade occurs as a solid rock and is highly valued for making ornamental
objects. Jade quarries have been worked in Khotan and Upper Burma for
many centuries, and large pebbles are also obtained by divers in the
Khotan Rher. The most highly prized in China was white speckled with

5( red and green and seined with gold. The most alued of the Burma jade
is a grass. green uriety called Ayah kyauk. Most jade is emerald green,

j

1

but some is white and others are yellow, vermilion, and deep blue. This,

{ form of the mineral is not fibrous.g Asbestos is a hydrated metal silicate with the metal and bydroxyl groups
sening as lateral connectors of the molecular chain to form long cnstals] w hich are the fibers. The intmula for chrysotile is gis en as

chain is enclosed by,J
. !g.Si.OntOH vH.O. Each silicon atom in the Si.OnT
a tetrahedron of four ougen atoms so that two ougen atoms are shared
by adjacent tetrahedra to f orm an endless chain. When the en stal orienta.

o

|
tion is perfect, the fibers are long and si!L and of uniform diameter with3^^ J

chain is not
high strength. When the orientation is imperfect, the Si On

_7 parallel to the fiber axis and the fibers are unesen and hanh. In chrysotile

h the metal connector is magnesium with or without iron, but there are at
least 30 other different types of asbestos.

Chrvsotile is highly fibrous, and is the type most used for textiles. The"'] fiber is long and silly, and the tensile strength is from 80,000 to 200.000
psi. The color is white, amber. gray, or greenish. The melting point isa
2770*F, and speci6c gravity is 2.4 to 2.6. Chrysotile is mined chiefly in

<

q Vermont, California Quebec. Arizona Turkey, and Rhodesia. Only
"g about 8% of the total mined is long spinning fiber, the remainder bang
'

too short for fabrics or rope. The Turkish fiber is up to % in. in length.
g Asbestos produced in Quebec is chrysotile occurring in serpentized rock

r 1

,u J
! REFEREWCE 1
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! ASSESTOS 65
EJ

in seins % to % in. wide, though seins as wide as 5 in. occur. The fibers
run crosswise of the sein, and the widtn of sein determines the length of

E 6ber. Calidria asbestos, of Union Carbide Corp.,is short 6ber chrysotile
from California marketed as fibrils or pellets for use as a reinforcing agent
in plastic laminates, thickening agent, and opacifier in coatings and adhe-
sites. Chrssotile fiber has about IG water of enstallization. At tempera-
tures near 1800*F, it loses its water, and the dehydration has a cooling
effect. Thus chrysotile felt is used as a heat sink in missile and space

1 construction laminates. i

'J Blue asbestos, from South Africa, is the mineral crocidolite,
'

'

NaFe(SiOsvFeSiOr The fiber has high tensile strength, averaging 600,-
000 psi. is heat resistant to 1200'F, and is resistant to most chemicals The

IL 6bert are % to 3 in. long with diameters from 0.06 to 0.1 in. It in
compatible with pohester. phenohc, and epm > resins, and i, available in
all standard form fm remforcement of plastics and insulating uses. A

E molding powder is made b mixing the fibers uith epoxy and after partial3

curing. grinding the mixture to a free. flowing powder. Form Pack 2, of
Descon Corp.. is this 6ber impregnated with Teflon for packing valves

N and pistons for use at temperatures to 500*F.
'd The classes of cape asbestos from South Africa are chrysotile, amosite,

and Transvaal blue. Amosite has a coarse,long, resilient fiber,and is used

p chiefly in insulation, being difficult to spin. It comes in white and dark
LJ grades. and the fibers are graded also by length from % to 6 in. It has a

chemical resistance slightly less than crocidelite and tensile strength of
,-q 200.000 psi. The name amosite was originally a trade name for South

- [^"t
African asbestos, but now refers to this type of mineral. Transvaal blue is a
whitish, iron-rich. anthophyllite OlgFe)SiO . noted for the length of its2

fiber. The best grades are about 1% in. long. The fibers are resistant to

[' heat and to acids. and the stronger fibers are used for making acid fiber
cloth and hieproof garments. This r3pc of asbestos is aho found in thew
Appalachi.m mage fiom Vermont to Alabama. Canadian. Vermont, and

,r' Amona asbestos is chr3sotile; that f rom Georgia and the Carolinas is
anthophs thte.

Canadian asbestos is graded as crude. mill fibers, and shorts. Crudes are

p; spinning fibers % in. or longer, hand-cobbed. Mill fibers are obtained by

,[~j crushing and screening. Shorts are the lowest grades of mill fibers.
Rhodesian asbestos is graded in five C & GS grades separated by screen

( boxes. Kenta asbestos is anthophtllite, and that from Tanzania is

i |C largeh amphibole. Nonspinning asbestos is graded as shingle stock. %j
to % in.: paper stock. % to % in.: and shorts, S to % in. The shorts are
washed and ground for use as resistant filler in molded plastics. In Eng.

p land this material is known as micro asbestos.
*

d Asbestos fabrics are often woven mixed with some cotton. For brake
linings and clutch facings the asbestos is woven with fine metallic wire.

m
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MECHANICKL*S'E ALS AND' PACKINGS O OIL SEALS 0 TFE PRODUCTS O LAPMASTER LAPPING MACHINES O 1HMEAD SEAtLHb

s Cd:7)6edce li6m cz.6 mI2 6

hk NiN$$NdiddNkP [[dM$
6400 O AKTON STREET. MORTON GROVE. ILLINOIS 60053

( $Un24x
June 21, 1982 .

M' Usin SEl#^C
Ttux 72* 420Stone & Webster Engineering

P.O. Box 2703
New York, New York 10116

Attention: Mr. Steve Pollar ITE] JUL 2 19 2 3 %
Subject: John Crane Packing / Radiation

Gentlemen:

You recently talked to our people in Morton Grove regarding the radiation
resistance of both, 1871 and Grafoil material.

The 1871, when we make it for nuclear applications is changed to Style N1871,
as the materials used in the manufacture of this product are separated and
tested for low chloride content. While we have not any specific tests regard-

i
ing the radiation resistance of an 1871, infor=ation that we have obtained
through various writings and com=unications with NRC, show this material to

6.

have a radiation resistance of 1 x 10!

i

| In regards to Grafoil, we have a number designation, Style N240 designating
that the Grafoil will be used in a nuclear application and again, tested to'

( meet a low chloride content.

Further, I'm attaching a letter from Union Carbide along with certain statis-
tical information that they had in regards to the radiation resistance of
Grafoil.

|
1 hope tha: this information will be helpful to you, but if you have further
questions 71 ease don't hesitate in contacting us.

|

| For your convenience we also have a branch located in Fairfield, New Jersey
whose loca; ion and phone are as follows:

Crane Packing Company
24 Madison Road
Fairfield, New Jersey 07006
201-227-8818

We appreciate your interest in our products, and look forward to hearing from
you again.

Ve truly yours,

r

'G. R. McKillop cc: Frank Crosetti - Fairfield

Sales Manal;er
Packing Division

f John -

-

Crane T.- '~

is: people = productsTproblem solving
REFERE NCE 8
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UNION CARBIDE CORPORATION
11709 MAOfSON AVENUE. CLEVELANO. OHC 44107 TELEPHONE: 216 226-2824
Carbon Procfucts Division'

ACCAESS AEPLY TO P. O, BOX S087. CLEVELANO. OHC 44101

:

January 6,1981.

Mr. Mike Noble
Wylie Laboratorie.:
7800 Governor's Drive, West
Huntsville, Alaba:a 35807

Dear Mr. Noble':

Enclosed per your discussion with Mr. Gold =an is a table describing
the irradiation resistance of GRATOIL flexible graphite. Note that the
1972 Oak Ridge National Laboratory data has the most documentation. G_RAFOIL
was in the form of giscs 1 em. in diameter x 0.15 to 0.40 mm. thick. Neutron2fluence was 9 x 10 of ,2 and the temperature range 900-1350*C. Hundreds of
discs were irradiated. They remained flat and showed no visible degradation,
thereby demonstrating GRAFOIL's outstanding irradiation resistance.

. I trust this information assists with application of GRAFOIL, fron our
distributor Crane Packing Company, in the machine for a nuclear environment.

If I can be of further technical assistance, please advise.

Very truly yours,
M _/

\ - . ) pk=A
P.S. Petrunich

I
l /sv
| Enclosure

| cc: Mr. G.R. McKillop
Crane Packing Company
6400 Oakton Street
Norton Grove, IL

K.A. Mason -

.

..

,

. . . _ . _ .

F
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O H1ICl. EAR RADIAT. .. RESISTANCE
-

of CRAF011. .

d

.

(1973 Dets)_ -No apparent,s((ect ,

1.7 x 10 to 4.5 x 10 NW

Ne tron Dosege '-Ho apparent effect
9.1 x 10 to 1.5 x 10 ergn/ gram10

comme Radiation
1 Rnd - 100 ergefass

-

*
4

-
.

,
,

d

-No appareut ef fe(1972 Dets)_ HVT (about 900*C) (E greater then 0.18 Hew)
Ook RtJge Nati al Laboratory (Sotitte) 9.0 x 10

-Ho apparent effect
21 ,,,'(about 950*C)4.0 x 10

Culf Ceneral Ato tc (source) -No apparent effect
5.5 x 10 HVT (about 1000*C)

-Ho apparent effect*

.

4.5 x 10 HVT (about 1000*C)
-No apparent effect#

HVT (about 650*C)2.5 x 10
j -No apparent effect

4.0 x 10 MVT (about 650*C)

e
G

e

* 9

9

4
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NUCLEAR SERVICE
GENERAL (Non-nuclear) SERVICE |

For sea's that are a part of the nuclear power system or
On all fossil fuel generating statens and whe'e me seaf s containment system the f.rst consideraton is rad a'ron
not a part of the nuclear power or containme'"it system. the Where the radiaton level s within the hmrts of convent.onar
vanous seat recommendatens in Charts B and C should beelastome's (-105 rads total dosage) conventer af seals

' * #
used to avoid premiums and delays

l a ra y 4 ran , ewe
it is important to rea'ce a!! pumps and seals in a nucear propylene rubbefv.ay be usec to 2 x to raos
power plant are not necessarny a pa 1 of the nuclear power
system or sts contammet system Where t*ts is true. Nu- CHART E gives tne rae ate, timts ef varcus
c6 ear Code of the ASVE coce coes not apply and conven- materes which may be used in combina! on w.th the tem-
tonal sea'selecten and design procedures may be used, perature hmits to ehmaate unsatisfactory mater.a's
as is the case with fossil fuel power generanng statens Full partsculars on the rules gove n ng the design of com.

ponents for a nuclear power system or its containment
system can be found in Secton iti cf the ASME boder and
pressure vesselcode

' "" * *'""****'"****"5**'*'
power plant components and appurtenances such as ves-( ,

CHART A** CLEAR WATER sets. storage tanks.pipeg. pumps vafves and core support

Clear water es defrned as water containeng up to 150 PPM
stmetures fu use m. m containment of portons of the

'

( maximum total drssolved sohds Up to 250 PPM additonal nuclear power system of any power p! ant.

Sodium Chromate can be tolerated Mechamcal seals are speerficalfy excluded from the re-
Quirements of the code. However the grand pfate. an item
associated wrth the seaf is covered

in order to provide the proper seat for a nuclear a;phcation.
the full specificatons as they affect the sea! must be
k'* *" -

CHART B: UNCOOLED CLEAR AND Whenever a gland p! ate is to be suppi.ed the ASME code
#'##

CHROMATE TRE ATED WATER *** ** P""'' * 5M " **N,

Chart B gives recommendatens for chromate treated
to provide the basrs for s:ress calculafons

waier above 250 PPM and temperatures up to 300*F 1. Divison of code appbcable

2. Classof sennce
3 Design requirements '

4. Environmenta!conurtons including rad.aton

Design requeements inciude.s

CHARTS C AND D: BORIC ACID 1. Pressure
2. Temperature

(HAO3) MATERIAL SELECTION GUIDE 3. Mechanicalloads.
4. Maximum leakage allowed .

!! s requwed that a complete desenpton of the operating
condrtons be grven with respect to the time vanaton of

.'

each of the loadings and of the following quantst,es (
,

1. Coolant pressure
2. Coolanttempereture.

fi

3. Flow rule.I '

REFDLEWCS II! FOR pow"-,

No. 5-2005 -l , " SHAFT SEALT.cstANE putt.eTIN
STATioM ."i

GEt48.tATING
-
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CHART E:

| f RADIATION AND TEMPERATURE LIMITS OF MATERIALS
,

(

1

|

I h

TFE (PoMetra%oroeteytene) O 5: 1 08 500
'

Ethylene Propylene' f, Y Oas 2 x 10' 300

'

Fluoroelastomers (Vnon*) X 1 x 108 350

Norde Rubber B 1 x 10s 225

i N 4 a 10' 90
Neoptene

i
CNorosoffonated Aubber(Hypason) 0 4 x 107 80

'

,

J J 1 s10* 225
% Rubbe'

g 10s 175
Urethane Rubber

-

I .

o,, 1 10+e _

hsA
C 1x10" _

Ceranc
;

Glass
- 1 :10a _

F 1 : 10,e _

Graptwte

1 10' _
-Mca

Perfluoroetastomer (K atrez*) Xe 1 x 108 -

* Dupon:Tu s

TJohn Crane's Ethylene Propylene Compound Oe wtuch is
specialty compounded and has been tested for rad.aton service
has been shown to be functonal to 1.1 x 108 rads gamma

radiaton.

f

d. 44s

( .

:
.

%

.

7

|
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July 15,1982 :(.;;'.;i:c ''

| Stone & Webster

I I Penn Plazo
40th Street
New York, N.Y.10016

|
Attention: Mr. Charles Dunkerley'

Subject: Elastomers For Nuclear Service

Dear Mr. Dunkerley:1
1

30, 1982 in which
This letter is in reference to our telephone conversation of June
you requested information ors radiction resistance and temperature limits of our,

Cronetost material.

I would like to inform you that the rodiotion limit of our 040 (Cronelast) meterial
is 1.1 x 10 rods gamma radiction and the temperature limit On boricacid solution)8

I

l
is 3000F,

5-2005-1 which I am
The obove information con be found on page 7 of our bulletin

:

|

enclosing.

If you have any fudher questions, please call me at (312)967-3739.

Sincerely,

C ' PACKl
'

n
Lemberger
chenical Engineer

SL:mt

f enclosures

-

( .'
-

John -

.'

Crane
is: people = products = problem solving
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' Fisher Controis intrenation:1.Inc
205 Sodh Csntir Strzet
Marshalltown. Iowa 50158
Phone 515n54-301 *

(~ Fisher ControlsT.5HF'

July 12, 1982

;ir. Chris Menon
Stone & Webster Engineering Corporation
One Penn Plaza
250 West 34th Street
New York, New York 10001

Subject: Env:ronmental Capab:lities of
Type 9200 Butterfly Valve

Gentlemen:

In response to our recent telephone conversation, the fc!1owing summar22es
the test sequence and maximum levels that the type 9200 Butterf1:, valve
has been tested. These test were performed on a 20" 9200 with a pneumatic
piston operator.

120 F.
1) Accelerated heat and cycle aged to 5 year life at

2) 1 X 10 rads - No leakage.

3) DBE Pressure Temperature profile - No leakage.

4) 381*F (15 minutes) - No leakage below 30 psid
- Small leakage at 75 psid.

5) 400*F (15 minutes) - No leakage at 2.5 ps2d.

8
! 6) 1 X 10 rads - Small leakage at 2.5 psid.

- Larger leakage at 60 psid.
Unfortunately,

I hope that this information is adequate to meet your needs.
any further documentation could require an appreciable amount of engineeringWe would requesttime and would have to carry an appropriate charge.j

! any inquiries requiring more documentation be made in writing to my
attention.

If there are ecmments or questions on tne contents herein, please do not
besitate to contact me.

Sincerely,

*

(', J. S. McLagan
,

' Applications Engineering Manager
Power Industry

REFERENCE IS
JSM/ds
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Mobil Chemical Pr@ duct Data
NOVEM8ER 1,1976 / Printed in U.S.A.

f Mobil Products.
This supersedes all previous publications.Always consult your Mobil representative for latest information and recommendations or

(

NO-RUST * PRIMER
13-R-53

CONFORMS WITH AIR POLLUTION RULES AND REGULATIONS

Red
COLOR

Low Luster
FINISH

Alkyd Resin and Linseed Oil
VEHICLE TYPE

Zine Chromate. Red tron Ox4e and inerts.
|

;

PlGMENT TYPE
| Al.phatic hydrocarbons

|SOLVENT TYPE
80*F. (27"C.) PMCF LASH POINT, MINIMUM

| 6 35.
% SOLIDS BY VOLUME

2.0 mits (50 pm)
RECOMMENDED DRY FILM (per coatl

1010 square feet per gallon (24.7 m //tr) per dry mil (25 um).3

COVERAGE (THEORETICAL) The actual coverage will be less, depending on application technique, job
condrtiors and type of surf ace to be coated.

70 75 Krebs Units
VISCOslTY AT 75'F. (2/C)

( To touch 6-8 hours. Recoat 24-48 hours.
AVER AGE DRY TIME AT 75'F.(2/C)

Brush or Roller - Thinner 7 T-38
RECOMMENDED THINNER For Spray - Thinner 7 T 39 up to 1 pint per gation

| Dry Heat - To 250*F. (121*C.)
RESISTANCE TO j

RECOMMENDED PRIMER
| None apply to clean, bare steef '

I Brush, Roller or Spray

CONVENTION AL SPR AY (Suggested EouipmentiDeVilbiss MBC 510 Spray Gun. "E" Fluid Tip #704,2765 or #78 Air CapAPPLICATION

Binks #18 Spray gun. 66 Tip. 66 PE or 63 PB Nonle

AIRLESS SPRAYUse of spray tips with .015 to .021", orifice is suggested, depending on
available pressure and job corditions.

.
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b NO-RUST * PRIMER 13-R-53 FLAMMABLE. VAPOR HARMFUL.WARNING: <

No Rust Primer 13.R 53 is suitable for use as a priming coatCAUSES 1RRITATION. CONTAINS - ORGANIC SOL-on steel which has been prepared by hand tool or power- VENTS AND LEAD. Keep away from heat, sparks, and
tool cleaning All loose rust. loese m liscale, oil, dirt, andopen flame. Avoid breathing vapor. Avoid contact with
improperly adhering old paint should be removed beforeeyes. skin, and clothing. Wash thoroughly af ter handling
pointing Surfaces should be dry.13 R 53 is intended tUse mth adeavate ventefation. Wear an air supplied mask to

'

penetrate and bond to surf aces which have only tightlyavoid breathing concentrated vapors en enetosed areas. Do
not apply on toys, cribs, or other surfaces which may bead.virent rust.
accessible to children. Keep container closed. FIRST AID:Due to the oil content of this product. at lower tempera- If inhaled, remove to fresh air. If not breathing give artifi-tures increased drying entervals to handle and overcoat must
c6al respiration, preferably mouth to-mouth. Call a physi-
cian in case of contact,immediately flush eyes with plentybe espected.

NOTICE: This product is for industriat use only and es not of water f or at least 15 minutes. Call a physician.
entended or suitab.c for 6se in or around a household or
dwelling
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ENVIRONMENTAL QUALIFICATION SUMMARY
i

[ 3004M>

(, Environmental Qualification Sunnary No:
ITT/Hammel Dahl Control Valveg NSSS Equipment

QualificationLILCO pgg,g :g'-

0630-001-671
|

ggg

Ces4n inputfMaferences::

The references included with this package are listed as appendices in the
i

|
Table of Contents on page 2.

|

f
l

.AP ! = ptfcas:

{
I N/A

|
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RemarXI:
This device has been qualified for all postulated accident conditiens.

I

! 09acvc | :A 2-

art. sc. a m sics - 7srce sy casw
,,

/du, Nvd- M 8/I wo /aal'7/23 h LoriStaa

' ' ' ,
/g ( - YL

1 Pgs. 2,4,6,7.8,9 j
- tv

1

:

.

(
'

;

i
,

'i '

Shte! - If

9 *
.



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

. . .. .._ . .. . ..

I.ong Island Lighting Company Equipment Qualification
Shoreham Nuclear Power Station Susana ry No. 3004M

Revision No. 1( Unit No. 1

TABLE OF CONTENTS

SECTION TITLE PAGE NINBER

3
10 EQUIPMENT LIST

42.0 EQUIPMENT SIMMARY EVALUATION

2.1 DESCRIPTION
2.2 CDNCLUSIONS

2.3 LIMITATIONS
2.4 DISCUS SION

3.0 ENVIRONMENTAL QUALIFICATION WORXSHEETS 5

APPENDICES

APPENDIX TITLE

A Documentation:i

1. G.T. Purchase Specification No. 21A9239, Rev. O,
F4 clear Boiler System Valves, General (LILCO/SR-2
W cument No. 2861-0400).

2. ITT H+nunel Dahl Conoflow Drawing No. 79/2861-0400
! Rev. 4, LILCO MPL Cll-F010 General Drawing

3736-500 (LILCO/SR-2 Document No. 21A9239).

3. Form NPV-1 N Certificate Holders Data Report for
Nuclear Pumps or Valves f or Valve Serial Nos.
79/28671/003, 004, and 007, dated S/21/82.

4. G.E. Product Quality Certification for Valve
Serial Nos. 79/28671/003, 004, 007, and 008, dated
6/17/82

B Analyses:

1 EDS Calculation No. 0630-001-039, Revision O.

O
! Sheet 2 of 9
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Equipment Qualification
Iong Island Lighting Company Susunary No. 3004M
Shoreham Nuclear Power Station Revision No. 0

.Unit No. 1(
10 EQUIPME!C LIST

i I

I I i

| Equipment I.D. I MPL No. I Description i Make/Model |

| 1

| (Mark No.) | |
II

1 1 1

i 1Cll'AOV081 | Cll-F010 1 Control Valve i ITT/Hammel |

| Dahl Conoflow, j

| | |
| 1", 2500 lb. Class !

| | | | Control Valve i

| | | I

I I I
I

i 1C11*AOV082 | C11-F181 | Control Valve i ITT/Hammel j

| Dahl Conoflow, l

| | |

l l |
| 1", 2500 lb. Class |
| Control Valve |

| | | I

1 1 I
I

i 2", 2500 lb. Class |
i 1C11*AOV051 | Cll-F011 1 Control Valve | Control Valve l

| | | I
'

I

i I I

| 1Cll'A0V050 l C11-F180 | Control Valve 1 2", 2500 lb. Class |
| Control Valve 1

| | |

( l i I
i i

i l i I
I

I
i

i i l ll
l l l 1|
i I I I

I

I I . I I

I I I
I

I
I

I I I I
I

I I I I
I

I I I I
I

I I I I
I

I l | I
I

I I I I
1

| | | Ii
I I I i

I

I I I i
I

i l I ii
i l I I

i

l I I ii
i I I ii
l i l I

I

I i l I
!

i i l I

I I I
I

I
I

I I I I
I

I I I I
I

(.: I I I I
I

I
I I
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Equipment Qualification
Iong Island Lighting Company Summary No. 3004M
Shoreham Nuclear Power Station Revision No. 1
Dnit No. 1(
20 EQUIPMENT SLMMARY EVALUATIONS

21 Description

The equipment under evaluation are ITT Hammel Dahl Conoflow

l
diaphragm control valves (l", 2500 lb. class, and 2", 2500 lb.

These valves are the scram discharge volume vent andclass).
drain valves.

2.2 Conclusions

This equipment is qualified for the postulated accident
temperature, pressure, humidity, and radiation conditions.

Materials analysis (EDS Calculation No. 0630-001-039, Re v. 0)

indicates that the non-metallic components contained within
these devices will not be adversely affected by the postulated
accident radiation and temperature environments.

23 Limitations

None.

( 24 Discussion
These devices are required to withstand a postulated |

accident radiation dose of 5.75 x 106 rads |41. -

(Environmental Qualification Report (EQR], SNRC-704, May
Additionally, the Purchase Specification for

Nuclear Boiler System Valves (Docuxqentation Reference 1) f
17, 1982).

required that they be constructed of materials which are
resistent to radiation damage considering a total dose of
1 x 107 rads. Materials analysis (EDS Calculation No.

0) indicates that the limiting material y0630-001-039, Rev.
contained within these devices is the BUNA-N/ Nylon

*-

6 rads.diaphragm having a radiation tolerance of 6 x 10
Therefore, this device is expected to perform its safety
function as required.

!

These valves are designed for an internal temperature and
12

pressure of 450 F and 1250 psi, respectively0

(Documentation Reference 3).
The thermal expansion

stresses from the postulated EQR peak accident ambient
temperature of 1900F are theref ore considered }
insignificant as compared to the above stated temperature
and pressure.

Therefore, the postulated accident ambient temperature and
pressure are negligible in light of the mechanical
properties, materials of construction, and design of these

h" vent and drain valves.
Sheet 4 of 9
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Equipment Qualification
tong Island Lighting Company Summary No. 30041
Shoreham Nuclear Power Station Revision No. O
Unit No. 1

SECTION 3.0_

ENVIROMTAL QUALIFICATION WORKSHEETS
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Environmental Qualification Suunnary No. 3004M

teng Island Lighting Company Revision No. 1Shoreham Nuclear Power Staticn, Unit No. 1

ftECHANICAL EQUIINENT ENVIROt44EMFAL QUALIFICATION WORKSHEET

2ate:Prepared by

h"N 3'hI,
Checked by _ Date

/
| || | | | |

| || | POSTULATED ENVIRONMENT | DOCUMENTED ENVIROHMENT | |

| || | | | |

| || | 1 1 I | |

| RQUII9 TENT DESCRIPTION || ENVIROt44 ENTAL |
| ENVIROte(ENTAL | | | OUTSTANDING |

| || PARAMETER | FSAR * | QUAL. REIURT **| VALUE | REFERENCE | ITEMS |

| || | | | | |'

| | Hone |
| EQUIP. I.D. (MARK NO.):|| Maximum | | I

| IC11*AOV051, 050 || Temperature | 212 | 152 | Note 1 | Note 1 |See Section 2.4|

| ||(degrees F) | | | | |'

| VENDOR I.D.: || Maximum | l | | | Hone |

1 C11-F011, F180 | | Pressure | 1 | 1 | Note 1 | Note 1 |See Section 2.4|

| ||(psig) | | | | |
| Mone |

,
|BQUIPMENT TYPE: || Maximum | | | |

| Scram Discharge Drain || Relative | 100 | 100 | Note 1 | Note 1 |See Section 2.4|

| Valve || Humidity (%) | | | | | |

| SERVICE: || Containment | | | | | |

| CRD Scram || Spray | N/A | N/A | N/A | N/A | N/A |

| ll | | | | | |

|MANUFACPURER: ||40-Year Normal | | | | | |
7 | 1 | | f

| ITT/Hammel || Radiation Dose | 1.8 x 103 | 18x 103 | 1x 10

| ||(Rads) | | | | | None |

|MODEL NO.: ||6-Month | | | | | |

| 2" 2500 Class llAccident | 1x 105 | 3.06 x 106 | 6x 106 | 2 | |

| || Radiation Dose | | | | | |

|IDCATION : ||(Rads) | | | | | |

| RBS, E1. 40' ||~ ~~~~ l | | | | |

| || | 1 | | | |

| ZONE: | |Sulwne rgence | N/A | N/A | N/A | N/A | N/A |

| L-02 || | | | | | |

| 11 1 I I I I |

Sheet 6 of 9
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Environmental Qu2lification Cummary No. 3004M
Iong Island Lighting Company Revision No. 1Shoreham Nuclear Power Station, Unit No. 1

ATTACit4ENT 10 MECHANICAL EQUIIMENT ENVIROletENTAL QUALIFICATION WORKSHEET

i

REFERENCES:

1. G.E. Purchase Specification 21A9239, Rev. O, Nuclear Boiler System Valves, General.
'

2. EDS Calculation No. 0630-0 01-039, Rev. O, Materials Analysis of ITT Hammel Diaphragm Valve. ,

NOTES:

1. Documented environment values for maximum temperature, pressure, and humidity could not be located.

and humidity are f rom Table 3C.3-9 and radiation doses are from Table
* FSAR values for maximum temperature, pressure,

3.11.2-1. t

and radiation (nor1 sal and accident) are f rom Figures D-22, D-41 andEQR values for maximum temperature, pressure,**

D-2, respectively. EQR value for humidity is from Section 3.1.b of the EQR. 1.

,

Sheet 7 of 9
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3004M tEnvironmental Qualification Summary No. ,

long Island Lighting Company Revision No. 1Unit No. 1Shoreham Nuclear Power Station,

MECHANICAL EQUIPMENT ENVIRONMENTAL QUALIFICATION WORKSHEET

~ b2,,
Prepared by: __ _ Dates'

h-M-kDatesChecked by

d I |
I

| || | POS'IULATED ENVIROtMENT | DOCUMENTED ENVIRONMENT | || 11 1

| |

| || |
| | |

| || | |

| EQUIPMENT DESCRIPTION || ENVIROtttENTAL |
| ENVIRONMENTAL | | | OUTSTANDING |

| || PARAMETER | FSAR * | QUAL. REIORT * * | VALUE | REFERENCE | ITD(S |
'

9 '

| || | | | | | |
i

| EQUIP. I.D. (MARK NO.):|| Maximum | | | | | None | '

| ICll*AOV081, 082 || Temperature | 212 | 190 | Note 1 | Note 1 |See Section 2.4|

|
||(degrees F) | | | | | | ,

| VENDOR I.D.: || Maximum | | l | | Hone |
'

| Cll-F010, F181 || Pressure | 1 | 1 | Note 1 | Note 1 |See Section 2.4|
__

| ||(psig) | | | | | |

|EQUIM4ENT TYPE: || Maximum | | | | | Hone |

| Scram Discharge Vent || Relative | 100 | 100 | Note 1 | Note 1 |See Section 2.4|

| Valve | | Himidity (t) | | | | | |
'

'

| SERVICE: || Containment | | | | | |

| CRD Scram || Spray | N/A | N/A | N/A | N/A | N/A |

| || | | | | 1 |

| MANUFACTURER: | |40-Year Nomal | | | | | |

| ITP/Hammeel || Radiation Dose | 1.8 x 103 | 18x 103 | 1x 107 | 1 | |

| | | ( Rads ) | | | | | |

|MODEL NO.: ||6-Month | | | | | Hone |

| 1" 2500 Class || Accident | 1x 105 | 5.75 x 106 | 6x 106 | 2 | |

| || Radiation Dose | | | | | |

|1DCATION : | | ( Rad s ) | | | | | |

| RBS, El. 78' | |~ ~ | | | | | |

1 || | | | | | |

| ZONE:
| | Sulane rgence | N/A | N/A i N/A | N/A | N/A |

| G-11 || | | | | | |

1 || | | | | | |

Sheet 8 of 9
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n,. Environmental Qualification Susunary No. 3004M-

Revision No. 1Long Island Lighting Cospany 1Shoreham Nuclear Power Station, Unit No.

ATTACIMENT TO MECHANICAL EQUIINENT ENVIRONMENTAL QUALIFICATION WORKSHEET

_REFEREISCES : General.

_G.E.Purchase Specification 21A9239, Rev. O, Nuclear Boiler System Valves,
1.

Rev. O, Materials Analysis of ITT Hammel Diaphragm Valve.
2. EDS Calculation No. 0630-001-039,

NOTES _: d humidity could not be located.
Documented environment values f or maximum temperature, pressure, an

3C.3-9 and radiation doses are from Table1.
ble

FSAR values for maximum temperature, pressure, and humidity are f rom TaO

3.11.2-1 are from Figures D-31, D-41 and
and radiation (nortaal and accident) t

EQR values for maximum temperature, pressure,EQR value for humidity is f rom Section3.1.b of the EQR.**
D-2, respectively.

,
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I N1| CLEAR BCILER SYSTEMS VALVES, CD ERAL

a
SECTION 7

CENERAL

'

.. 1. SCOPE

.

This specification defines the requirements for valves used in high1.1.e pressure steam, water, and air service in a Boiling Vater Resetar Nuclest
Power Plant.

1.2. The work done by the Seller in actordance with t!.is specification shall
include all necessary damagn, develepment, anslysis, drawings, procudures,
fabrication, shop testing, inspection and preparation for ship ent, and shall
meet the requirements apecified herein.

1.3. The Seller shall accept full respor.sibility for his work and for cumplisnce
with this specification. Review or spproval of drswings, dsts, proceduros, or
specifications by the Buyer with regsrd to general design and controlling dimension
does not constitate acceptance of any designs, materisis, or equipment wuish will
not fulfill the functional or performsnco requirczents established by the purchans
contract.

2. APPLICABLE DCC'.?;NTS, CODES, Niu STANDARDS

2.1. The following documents form a part of thlm spectfisstion tu the ext 6nt
( specified herein.

2.2. Ceneral '21ectrie Docueents

2.2.1. A Data Sheet shall be used with this Dsse Specifiestion to provide tu. -
ca.splete Specifi:acion for the type of valve being purchased. Th l.4 us e speciti-
cation provides the genersi functions 1 cna fabricati n and ts:. ting requis.rnuto.
The Lacs Sheets provtJc specific and individusi perfor-suce and desi.;n rwquirw r.cnt..
for the equiptwnt being purchased. When theru is .i conflict betwun thl Ma c.

l Specification and the Data Shcurs, the Data Shouts ahall govern.

2.2.2. This base document contains four auccluaus f.1; I, ikn6rsi; 32) t. 4:r .W:
'

l Cisuses A snd B; (3) C, GC-Mt.D Cisas C; U.) :1, Gl..u w ;:la;.s it. *w wn I.

contsirs the requirusents that aru applicable to all cla:.se at v.a lves ; A. G. C.

anu M. Section A containa thu adlittunal ruquArrewnt. for .1 ;:.us A .mt a ta l v e.. .

3uction C conts.ns the auditinnel requirc=wns.. tor C1ssa C esF.c;;. isr: . .n 't
6ontains the additionst requaruments for Cissa M vaAvsv.

J.J. Cou eg snu btsndards

2.J.J . All equipment furr.ished in accordancu witu thin spur .f ii.at tun :ma a l 'u.

unufactured and cc steil to .ai.cordance with the folluwarg Cuuve and ?,tanuardu .#

the 1. sue Ln uiices on the dato uf aused uf sontra t -a the untunt me sterd-b m .n:
.. ..

JUL 9 "WJ

(
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GENER AL $ ELECTRIC
'

,
.mai. quipaintbewan'u'a' " ' ' ''' 0

,

.." " 21AS239' ' " * * * ' " ' ' ' 4
3* *

c , v . .. . . . . . i : . . . . . t .i....

t
-

2.3.1. (Continuad) d Pittines

Manuf acturers Standard! stion Society of the Valve an(MSS), Standard Practice SP-61,11ydrostatic Testing of
Industrv
Steel.Talves
United States of America Standarde (USAS)D16.5 Steel Pipe Flanges and Flanged Pittines

131.1.0 code for Pressure Pipina. Power Pinine
for Testine Materials (ASTM)American Society

Book of ASTM Standards
Amrican Society of Mechanical Engineers (ASTBoiler and Pressure Vessel Code - Section I. III. VIII and IK

.

National Electrical Manuf acturere Association |NDtA)Standard * Pubit cation No. IC1, Industrial Control
National Electric Cods (NEC)

.

3. DESCRIPTION

3.1. Su-elt ed bv **1let
The equipment *o be furninhed is accordance with this specification areand accessorv souisment

various types of valves, co=plet.e with requircJ accusteraThcas valves are classified bv Ceneral Electric,
3.1.1.

as reautred by the Data Sheece. as A, B, C. aad M.
Atomic Power Equipment Department

Otherspueeltedhv3.2.
Installation and external service connections will be furnished by otnera,

3. 2 .1.
unless specified othervisc.

4 EET)UIRC4ENTS

4.4. >*1F
this specification uoder service

The valves shall function as required by
conditions and the environment noccified in the applicable Dats 5'iccts.4.1.1.

The valves shall be dest::ned for a service life of 40 vears, accountinz
4.1.2.
f or corrosion and material life.' ha

Un:tes specified otherwise. all stes valven shall be provided witl tv in the
oest to prevent Icakase foto the gland cha:.Ler when the va ve4.1.3.

bac'a
fully open pcottion. ided with

All valves 12 inches no:r.insi pi:c alte and larser shall be provbody unless

drain connections in the valve bonnet and in the bottom of the valve
4.1.4

|

specified otherdse.
;

!
, \ ,, ,

JUL !i16
|

,

|

i

i

! 1
i

_ _ _ _ _ _ _ __ ,,,
,

. . . , _
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- GENER AL & ELECTRIC
,

4 ? tuie. rcerg tsuioutut Cleas tus we

-
21A9239 0* *~

sist. s w *.c t i is c a s s.v. , , , cm .
3

' 4.1.5. The direction of rotation of r.miin.nl handwheel actuatore shall be indicated
on the hoodwheel.

4.1.6. All sten valves over 2 inches nominal pipe size shall have a stem asal
stuffing box with tw complete see of packing with a lantern ring between the

Each set of packing shall be capable of withstandine the fulltwo packinas.o

design pressure without visible leakage. A lenhoff connection with either a
fe= ale pipe thread and a pipe plug or a socket velded nipole snail be providert

.

as specified between the two sets of packing opposite the lantern rins. .

4.2. the rst ers

4.2.1. Ceeeral N evster end Centro 1_

4.2.1.1. !!actrical equipment enclosures, conduit, and conduit connectione shall
N. be of water tight construction (NDIA Class & or better) suitable for the operatine

conditions and a=.bient envirun=ent specified.'

'

' .
4.2.1.2. Electrical insulation and enclosure seals, pneusatic and hydraulic scala.s

and similar nennetallic co-ponents shall be furnished. They shall he made ef materialeQ which are resistant to radiation ds= age considerina a total does of 1 x 10 Rrams
7

g Radiation ds-age shall be construed to mean a detrimental channe in theradiation.
functional properties of the e.aterial.

4.3. v.at e ri als_

4.3.1. Austentet e Semintegg steel pre ==ure Csneetnine Peres _

4.3.1.1. Materials of analysis equivalent to AISI 304, 30f.L. 316. or 3*61. In the
following ASDt specificatiens shall be used except where furnace senatttzatto.i af the
materials i= unavoidable in which case, etaterisi vith analysis eautvalent to AIST
304L or 316L shall be used. Austenitic stainless steel vill be considered to he fur-
nace sensitized if it has been heated by scans other than veldine. within the ranee

*' hen heered to te-pera-of 900 to 1900'T regardless of subsequent cooling rate. .

tures above 1200*T, the austenitic stainless steel shall be cooled throue.h the
range 1800'T to belov 800*T within 5 minutes to minimize senettination.

4.J.1.2. Tubular ersduets

a. ASTM - A312 (Sea less or velded without filler metal)
b. ASTM - A376 (Seemless)
c. ASW = A213 (Seaniess)
d. ASTM - A249 (Welded without filler *.aterial)
e. ASTM - A358 (Velded with filler sacerial)
f. ASTM - A451 (Centrifuge 11y Case Pipe) Note: re uire 5 ercent minstm ferrice

4.3.1.3. Forted er evauet 'i t ** - e . flenos 3r -reaaore -aesintne aarea

a. ASTM - A182
b. ASTM - A336
c. ASTM - A403

I .

|tf( 9 99
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21A9:39 .....D
,,...,,,,,,,.g,i ...,c.ia uye er u a t n. . ,, , .

.

4.3.1.4 Cent fitttnra. flanees. or arcature retnicine caren. Cast fi ttines ,
flanaes or pres 9ure retaininc parta snail be made t rni A3m - A331, crede CFS
or CF8'i and the followinc additional requirements. Austenitic stainlesa atec!
castings that have a minizum farrita content of 5 percent. Territe determination
by Schaeffler calculations or by use of a enlibrated earnetic game is ,.se eu..rto ".

4.3.1.5. Plate

a. ASUt - A240

4.3.1.6 Palein? wtertela fer ia*r*=e stein 1*** rn ac etM e , et car %nn steel

a. ASDI - A193, Crades DR BBM, or B6 (Re 32 maxiusam)
b. ASTM - A194, Craites 8 or BM
c. ASnt - A453, All Crades (if allowable atreso at teeperature are available)
d. ASDt - A276, Type 304, 3341., 316, 31f,L, or 410 (Re 32 maatsu.3)
a. ASUI - A564, Type 630 (17-4 PH) precipitation hardened at 1075*1' or greater

(Re 32 manteue)
f. ASTM - A461, Crade hR8

4.3.1.7 Weldtee entert a ai
g

4. 3.1. 7.1. Tiller metala including connu::.ible inserta vaed for auntent tic stainless
steel welds ahn11 be a lected and controlled to proJace weltta that have a minteve
ferr.te content of 5 pergent honed upon one nf the f ollowingt

Chemical analvain of wold cetal compared to the Schaef fler Discreea.
for statnicas steel weld metal. For coated electrodes or far 9uh-
mersed are wire flus combinations, a chemical analynte a9-depos t ted
wcld matartal ta required.

b. Aalnco - Brenner Maene-Cas Mosaurement ,

c. Severn-Care Meanuvement on test veld deposit

4.3.1.7.2. Electrodea and w l'it ne rada. Ar.eeptahic electrode material for
ain11st metal weldet AMM or A171 Tyne 30 A, .'LnRL, 316, er 3161. czeept where fur, ace
mengitt sation vill nerur in which came Type 1081. or 3161. are wentf atory. Accretable
electrode material for disalmtlar metal welds: A?ua ir A371 - Type loo.

4.3.1.7.3. ConauanSle inaerta. Conaumable inaerea = hall be of the same neminal
thesical composition aa che fs 11er metal.

4.3.1.B. tub ri enn ta far the aage-biv er sentalesa accel nart_g_ .

4. 3.1. 8.1. " Dan Dispernf on Nuther 1$6" as manuf actured by Acheann Co11nid
Corporation, Port Huron, Michlaan, containina no more than 100 pps chloriden,
20 pps fluoride 9 and 1C.1 ppe sulfur, or Buyer sporoved equivalent shall be the nniv
tubricant uned on syntese operating above 200*T for the assea.bly of stainlegn eteel
parts.

...:

JUL 0 969 __ -

-
- ..- - - . . . . . . . . . . - . - - . -

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

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



......._..m--..--._.-.. . - . . . . . . . . _ . . . _ ..

,, , , , ,
. _ . . , . , , , _ , , , , ,

. - - . . . ~ . . . . . . . . _ _ . . . . . _ . . . . . . . - . . . . . . . . . .-. . ~ .. - - -
. . . . . . . . . . . . . . . _ .

. . _

. . . . - .
. . . . . . . . .

GENER AL h ELECTRIC
. ,

a t CwiC ' cut s (Cuta=ENT Of 8 6'8 '*. *. 2 8 A t? Ys na. ~.

. . . . . . . y,,
syst sant is t M'Ca* ION

" Silver Coop" as manuf actured by the Crawford Fittine 8:a=Tww.
Cleveland, mio, containing no more than 200 ppm chlertries. 200 piwi f li.netdea,4.3.1.8.2. 200*r.
and 25 ppm sulfur may be used on systems operatina at cceneratures below

4.3.2. Tris

Acceptable hard-f acina esterials are ASIWA397, Cless CoCr-A; CcCr-B,4.3.2.1.
CoCr-C, NiCr-A, NiCr-l, NiCr-C, or Stellite 21

l if used, shall
Wartensitic or precipitation hardenina stainless scea s,4.3.2.2.

have a nazimum hardness of flockwell C32
.

Where cast martensitic stainless steels are used for operations atis required to4.3.2.3.teeperatures below 150*T maximum ailicon content of 0.5 percent
*

reduce the probability of brittle f racture.
If a 17-4 Fil stainlesa steel is usert, it shall be in accordance with

4.3.2.4ASIM A564, Type 630, precipitation hardened at 1075'T sinisua.

Valve stes.s shall be made of materials to ASTM Specifications.
,

4.3.2.5.

4.3.3. Alt ern er e v.at e rt alt
alternate esterials durinc prepers-

4.3.3.1. The Seller shall be free to suggest f the

ti:n of detail drawings ssd shall bring such alternates to the attention oapproval of the ouver. The pro-
Buyer but shall not make substitutions without d

posed altetuate materials shall be presented with the scope of application an
a copy of codes or soecifications equivalent to AS.".E or ASTM or detailed iniot-furnished in the ASIM or ASME Codes and Specifiestions.
mation equivalent to that

i

5. INSPECTION AND TEST

5.1, Nondestruettve Testi

Inspection and testing, as required per spolicable CE-APED equipment class.
shall empley the following methods and techniques and shall wet the acceptance5.1.1.

standards specified below.

5 .1. 2 . Radioer nhv
The radiogrcphy of velda, includina actcptance standards, shall

be in accorJan:e with ASME Boller and Pressure 7essel Code, Sec. ton III. Paragrapu5.1.2.1. Veldt.

N624

The radiogranny of eastinse shall e-play methee,a and :ecnnique.i

in accordance witn GTN E94, Tentative : tace::enced Pracc*ces for Mutogranhiclevel in accordance with ASTN 162, 3ancard .4cthod for Con-
5.1.2.2. C sa tin g.

Testiog, to the quality
trollina Quality of Radicaraphic Ter. tina,

c .. .
; .., ., . . . .

.
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71, E186 and
Acceptance criteria shall be severity 1.evel 2 per AsiH E

t
hC

E280 as appropriate for castant thickoses, except that defect typee o throua3.1.2.3.
i d

in E71 and def er.t types D and E in E186 and E250 are not perm tte .
The H-D O!urter-Drif field) density throveh acceptable metal shall be 2.0i winc of double filmi

trinimun f or single viewing, and 2.6 rainisu s f or compos te v eEach film of a composite set sha.11 have a air.isus densirv of 1.3.
5.1.2.4

caposu re s.
Ultra.senic analination of formings shall be in a6 cord-f, teel Forgtnes,

5.1.3. p.1.t r an en t e Te e tn e.
ance with ASDt A3bb-67, Ultrasonic Testing and Inspection of Heavy
and shall meet the ic11owtog acceptance standards.,

The forttue shall be con-Norssi Sc en Testing - Acceptance Sandards. indicationet
nidered unacceptable, unleen repaired, based on the f o11cwing test5.1.3.1.

in the material that produce a
Indications cf disc ontinuities astectated with the teametica.
complete laims of hack reflection nota reduction in back reflection to $
configuratinn of the pluce.of acreen height shall be considered a comnitte
percant or Icgg
lo.s of back teflection. 10 ocreent er tore of the
Ts aveltnn indic.itions of discontinuiticsA traveling indication is defined as an ind en-h.
back refluetton.
tion vSich df *.nlayn avece acvecent of the os cillescope pattern at ain moved alonc tnecondtant aapittude as the search unitrelatively
part betnr. cuamined.

.

Fortings shs11 be unaccentable

Angle Ben: Testine - Acceptance Sandards.s cau cd those ,iruduced oy the reference etsndard.The reterence5.1. 3. 2.
forcintasaller of a Jepth r.1ual tu 5 percent of thewhere indication.-

standard notch shals he the
thl:kness or 3hl inch. d for$letboet, technicues sad accentance stanJar e

liquid penot tsnt rentine sh311 tic in accorJsare with Par.atrJph No27. Scetten !!T5.1.4 1_t rot it renet r.mt _Tc :r tne.
vousel Code.

cf the A3P.E notler anJ Prew .ute for
*

Methods , tcchnte,ues and accert ance st andari.:h N626 Section 111$.1.5. M.,anette Partiet_.
rannetic particle testinc at alt be in accordsn. c with Parsa. rap
of the ASMC Roller and Prc.a=ure Veasel CoJe.

t = s-+,.n 1 an_ *c r mne_1. Personael entsecJ
nusitfIcat1en af u ntr<e-net 1ir r.tull be ena!tf ted in5.1.6in nond.totructive test tuc ot ptesqute-ecattttntur. cos.nenents ' the A%'tf

~

accordance with the requirements of I a..tgraph !%-1:'s of Setten III e
Boller and Pre **nte Vennel s'oJc.

The e.muf acturer ng the rutertal= or cenocnents absti
to renconsible, a.1 i.c11 as those of1 5.2. Cert _t f t e at 1 <n.requirerienta for .-htch hc entinft<J. Certtftcatten

'

certify that tne
the opr:cific matcrtain erecification, have treen fully tnations.
shall include a certified report of results of all required scrits. esa:
and repairs perinr se1 ou the matertela nnJ IJentification of matestals.muutritted to the nuver ter concurrence anJ record.
Certified reporta ph.s11 t a

.. .
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5.3. Hydregestic Test. Hydrestatic snell and seat leakate tests shall be performed|

|, in accord.mca witn MSS-SP-61 as applicable to valves furnished in accordanes with a
Duration of shall test shall be greater than 10-

USAS pri ary service rating.I All valves sha.11 have a maxieum se at Jenkage of Occ/hr per inch ofminutes.
dia eter across the valve seat when fully closed and at the specified hydrostati:
seat test pressure.

|

Valves not nor ally furnished in accordance with a U::AS primarfProof Tese t-2.5.4servica rating (or equivalent) shall he shell and seat leaksee tested in accordance!

| vf ta Sellers recon: ended procedure subject to nuyers approval.

5.5. Hydrotest, proof test, and flew testin:. shall be conducted with controlled.

water in r.rcordance with Paragraph 6.1.2.

6. CLEANING AND PREPARATION TOR SHIP" INT

6.1. cleaning (Austenitic Stainless Steel only)
('

l 6.1.1. Prior to hydrotesting sustent:ic stainless steel surf aces shall be in the
sechanically clessed, sand blast cleaned, or ptekled (for unsensitired caterial ontv)
conditien and shall be f ree of scale and organic conta.-dnsnts auch as arcese and
oil. S and-blas t cleaned surf aces shall be free of residual quantities of the
cleaning redia and such as grit, alusinus oxide, and silt ca. Only nenhalogen or
ncnsulf at bearing solventa shall be allowed to contact stainless stcet or nicko1 altova.

6.1.2. The hydrotest fluid shall be either de=ineralized or filtered f resh vnter.
The folleving water quality requireecnts shall be met

Filtered fresh 'Jeter Demfn. Waeve

Conductivity unhos/cm 3

Total Solids por 50:3

Chlorides (as C1) ppen 100 * <1
,

Sulfides (as S* fron
hydroeen sulfide) pom L it

.

T1uoride (as T) ppa 10
j

Turoidity ppm 10i

6 - 13 ei. % 4
SH

.axieu:s for final solutions arter cr.e .icain added
-

ew

I
.

e
'

.t h 'e 8.f.if

- . - - * * * -
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6.1.2 (Cont inue d)

Die intclal water (whether den tueralised or filtered f renh) used for flus'itnr. and/or
,

hydrotesting requirca the additton of trinodius panenhate to ehtsin a afninum
concentration of 500 ppm PO . t4n flushina or rtnatns is required af ter hvdro4
test. Simply drain the vulve maktr.g sure that im rockets are lef t tasdrstned.
S ub s equen t flunhinr water, if required for nome reason, r.sy be dezineralf zed
or f resh wator, howver either type water requiren the sodttton of 90 pre. PO4
and nunt meet the quality renut rements riven above.

6.2. P re a n ra t i m fa- thteacn.

6.2.1. cleaning

f,.2.1.1. Austent et e at ntntea meal. If adJittenal work ta to be perform d nn

the valu odigequent to hydroten:!ua and prior to abip*nt the clemntnr requir-
ements of Parar,raph 6.1.1 and the fluablut requiremente of Parmeranh 6.1.2 ahall
apply to the an shipped valve. If no additinual vnrh in to be perfor-ad on the
valve nubnequent to hvdiotegtine, it in to be imme.Il stelv sealed for ahter ent.

(._
the decree of clean 1tnegn af ter drainina fnllowing hvdtntrat la matisferrarv.

6.2.1.2. f.a A en-l.nw af lev C t e_e1 Carbon-low allny necel gurf arca al.all be in

the mechant en'ly r1 caned or b:nst c1 caned conditinn and ghall he free or sc31,
and err.nnt e contaminante much as trange anit oil. R1agt cles ned surf aces ghs11

he f ree nf realduni tiumntitle.. of the cleantne media euch ne crit. aluminmn
culde, and et 1t ra. After cleantnt. inn 1de nurf ace 9 mhall be canted w!rh a
rendt iv water-naluble curren t an f uhths tor auch ag a water nelutt en of 1/2 of

1 poternt nodtum nitrite, 1/4 of 1 pearent vneandtom phnanhnte and 1/i. of 1
percent df-and f un nhrvinhnte. rN t e lde unmarjitned aurfaces abn11 he auttably pro-
tertml by paintine rn prevent evceagive enrrnalen durtne ahineent or georace,
fhataide anchtned nurfacen ahall he ennred with a rugt prnventartve nuch as Teetyl
46 as ma.tuf actured hv the Valvoline 011 Cnapany, other products will be con-
aldered on a came by c an e h as t a .

6.2.2. 411 equipw nt and parta nhall he adequatelv pneked to prevent dacare or
lean dortne ehtrewnt and whtle in storate. All enthon steel equipment and parts
12 inches and smaller nhall he nanted in cicar pnivethylene bate with a dettecent;
aratnlena steel pirt u ghn1J nnt hnw dna tecant. t! eld ende or valves lareer than
12 inrben al n11 he fitted witu a tiaht-fittina meril can, tackve2ded to the ends
nr accurelv attne'ic ! en the valve hv mem e of metal gtranotna banda affixed in a
manner nueh that they will not alf de of f. I'quipeent abs 11 be adequately protected
frns da nre devine handitne. ahtemnt and atormee. Itandling equipnent, blockine,
a r raentna, or hold-dnwn deviers ahn11 he applie.l ao the components are not marred
in any wav. During nh tpraent the ensponents shall be further generated by dunnage
ao in neceanary to prevent den.sae. Packaging for ship-ent shall be applied in a
manner to m.atntain cleanlineng of the equipment. fiutside storage of the equiczent
1g nnricipated to he appenninunely 12 montha,

|
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All boxes, crates, and shipments shall be identified with the partaat tachedDesiccant packaees shall be positivelv6.2.3. kanes sihall
n.z:bar and purchase order nimber.to the packaging material to ensure removal; the number of desiccant pac
be noted on the outside of the package.

leaible m.trkine on
''s. king. Each valve shall be clearly identified byMarking shall include that required by applicable codes and standards6. 2. f..'

and nhall include additional marking as necessary to identify the component. result in anv harmfulthe valve.

Marking shall be done by any pernanent method that does notcontanination or sharp discontinuities and which v111 identify the isive when in-
stalled.

7. St:3K1TTALS TO l'!TER

The following shall be submitted by the Seller for Buyer's approval and/or7.1.
as a certified copy as noted.

7.2. Draviner

A drawing depicting the outline of the valve indicatinc
ht. Motor7.2.1. Outline Der 4ects_.

overall dinensions, location and si:e of connections, and operating weig
horsepover, a: pere rating (running and locked rotor), operating tire, electrical
connections, and viring diagram shall also appear on these drawings.

A section drawina or drawing * depicting the arranc.ement
7.2.2. Asse-biv DraAn n.
of the functional parts, parts list, and naterial designaticns.

Outline and Asse.biv drawings and viring
7.2.3. Dravimea to % G eeffted.
diagr6shall, upon co pletion of the desis;n, be ecrtified to be correct with(

No alterations vill be made to the desten afterno further changea required.
certification wit'.asut .spproval of the Duyer.

.

7.3. Inserueeien ''a. uals_9

Instruction zanuals shall present the followinr. basic cate .ories of infor-
mation in a practicat, complete, and co pre'.casive mannur; prepared for use hv7. 3.1.

operating and/or =.aintencnce personnel

Valve descriptiona.
.

b. Instructicus for installacion
Maintenance, repair, and periodic tests

I c.
d. Operation

a,

The inf ormation shall be ottani:cd in a lonical and cederiv scouence.
ceneral dancription of the equipment, including etc:nificant tecnnical ciiaracter-intica, shall be incluucd to f a.sili.arize operst?ne end estucenance personr.el irttn
7.3.2.

the equipment.

E .. ..
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Necessary drawings and/or other illustratirno shall be in.luded or cooles7.3.3. be bound into the manual. Teet , adjustment,of appropriate cettified drawines may
and calibration inf omation, as appropriate, shall be specified and identified to

Safety and othat warning notices and installation,the specific equipment. '
scintenance, and operating cautions shall be emphasized.

A parts list shall be included showing part nemenclature, manuf acturer's7.3.4
part nu zoer, and/or other inf or=ation necessary for securate identification andCo=nca hardware itar.s or otner par.m to be locallvordering of replacemnt parts.
orocured shall be adequatelv identified by technical description.'

Instructions and parts list shall be clearle lecible and prepared on7,3.5.
good quality paper; carbon copies and tissue copies or other fli .sv asterial
tre not accept able. N1tiple pare instructions shall be securely bound.

7.3.6. If a standard e.anual is furnished covering more than the specific equip-
en:nt purcha. sed, the applicabic wdel (or otner identification), parts, and other
infor=ation for the apccific equipment purchased shall be clear 1v identified.

7.4 Special test procedu.cc for equipment not futmished per USAS primsrv service
rat ing.

.

. . . ,
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SECTION A .

CE-APED CIAtSES A AND 5

A1. SCCPE that must bet

This Section defines CE-A''ED Class A and 8 Valve requirenen sSection I of thia Specification.
satisfied in addition to those requirer.cnts ofA.1.

The valves, including operator and accessorten, shallA2. DESI:D

Sets-te coef fief e9t. d on the Dats Sheet, applied at the mass
l

body, and the valveA2.1.
withstand scacic seismic torces, as notethat the operator is cantilevered fro a the va ve
center assu= fat
is installed as described in Data Sheet. h ll be con-

The. Stresses due to horizontal and vertiesl seismic forces s aand shall be added dittetly.A2.1.1.
sidered to act simultaneousiv h ll be

The stresses in the valve to:ponents due to sejamic loads s ad loads and operatine loads.|

cembined with stresses due to other live and dea
A2.1.2. hall be ss Itsted ind

The allevable stress level for this cer.bination of loa s sThe one-third increase in allowable stresa usually
allowed

the applicable codea.
for earthquake loadina shall not be used. a con-

De valwa ahall be espable of operatine at
A2.2. -P r e * * o re e m enin-* ,e. Data Sheet.
tinuous pressure and te:perature as specified in f the

The mininu:s vall thickness of the creasure-containing cerennents ouire-ents of ICAS 316.5 except
valve shall be determined in accordance with the reqA2. 2.1.

as noted herein.
*he soplicable equation shall be:

.

I \l
A2.2.2. *

I!+C
fl.3 [ h-L.. !'

?d
t -

I

L \ J

e = calculated thickne. s, inenen.9

uners:
F = Primary service pressure racinet in

d = Inside dianeter of the valve t.orregeonding vtch the toest n
for whien well thicxness is beine entculated.

S = Stress ecuals 7000 nsi
C = Correston 211ovance as soecified in the Dats Sheet

JSA: 31n. '. enn e l santv.
The additional recuirenants sf ?sragrann 5.1 of

_

# Note:
e

j :!, U %9 j.

..
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furnished in setordance_

Pressure containing flanges and bolting shall beBoiler and Pressure Vessel Code, Sectica VIII.
with the requirements of the AT.ME corponents shall with-A2.2.3.

salve disc, and similar pressure containingpreneure rating of the valve at,

h d co=ponents
stand full dif ferentisi pressurc equal to t eA2. 2. I.. The

An appropriate analais of the above affecteItered in A5ME Detler and Pressure vessel
100'T and 57'i'F.
utilizing allovable stress levela asCode,Section. VIII, shall be co.idacted.

A3. MATCRfALS

Carbon ".t eel Preanure Cnn_t.ni_ tne Parts ficatione shall t,e vaed
n

A3.1. i

Carbon nteel ruterials of the follavine. Act sper
A3.1.1.
when required.

Tubuter Praducci )
1, crede ECT70, Firebox (veided with filler w:tsis ,A1.1.2.

tane e.aterial:e nhall be Asm A516, r:rade ~70.Tim A155 Clang(' a.

ller -actal) Crade 1A:;nt A106, Cr.tdu R (9es Icon)ASDI A333 (. enstesu or velded vlthout fib. i

Asm t.'s.'4, ( rade 1 or II (=camic in)c.
metatnine Pere,d.

rstri g . F1ance. nr Pre =~ure
Fnteed or vennehrA3.1.3.
Aint A105, Crrute !!
A.m A234. Crnde WPfl

a.
1, .

A'.n! AD O, Crnde LF1
c. Asni Ainii, C1aa= 1d. P.. tat ni ne Parte

rinna a nr Pr. n ore
A3.1.4

raat Ftreinea,

ASPt A214, Craite WCl3a. A%TM A1'd, Crain !.C1'
b.

) A1.1.9 h
i

ASUI A7M'sa.
b. A5pt A%I6

.

! Raltine Mateef alaA't.1.6
|

A9TM A143,.'.rade 87
4.

Ar.TM Al'#4, Crada 7
ASW AS40, f;rn,tes n22, B23, and/or R24h.

i itten tuver
| Platina of holta la not allowed unle== specific wr

c.

( Note: obt ained.'

erproval 19;
7. r e
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A3.1.7. Veldine VeteMais

A3.1.7.1. El e ct rede_S . veldine reds , and fluwes_

Mild steel covered are-velding electrodes per AST!4 A233

Low alloy steel covered arc-veldina electrodes per ASTM A316Electrodas and flexes for submerged are velding eer ASTM A358
~

a.
b.

Mild steel electrodes (solid only) for gas metal are weldinec.
d.

per ASTM A559 *

Conausable instris shall be of the sare nominal
_Cm g u .ab le 19 e e rt s_.A3.1.7.2.

chemical cot position as the filler metal.
Lov hydrogen electrodes shall be used

For shielded ''etal Are Velding.
for shielde'd eetal are welding of all welds where the pressure boundary materialA3.1.7.3.

l f

is greater than one-half inch in thickness and for all butt joints rer.ard ess o
F,7010 or 7010 A-1 electrodes r.ay be used for root passes whe re the

back side is ground or uchined to a sound weld metal and subsequent examinationthickness.

is perf or Jed such as liquid penetrant or e.agnetic particle (when requited) and
visual exa ination.

A4 TABR1 CATION

ualdingA4.1. _
All weldine including fillet. seal, repair, and attachment

A4.1.1. Oue11 f f ese l m_. lding procedures. Procedure
welds shall be perf or wd in accordance with written we

'
in sccordance with

qualification and welder perfor ance qualification shall be
USAS B31.1.0, Code for Power Piping.

Attach =ent of non-pressure containina parts (such a
A4.1.2. Att W ent _e_1Js.. netr-V *

supports and hangers) to pressure c:mteining coroonenta shs11 be coem ete pelinitations
ation troove welds and shall be subject to all the require:ents und

ion of the valves to which thev are attached.irroosed for f abricat
Joint desien and veldinc procedures for lonattudinal and a.rth butt joints

latter than 2 inches in nomiul pipe staa shall *ue for complete penetration grooveA4.1.3.

v r ldd .

Aunrenttie stainless 9 t e 1_
A4.2. Me et Tre st-ent -

Unsensiticed austenttic sesinless steel .ncerial sn.sil be degren.ged andanc Cennint Statnicsa $ teel| A4.2.1.
stripped in accordance vien AST t A 3dO-57, "'Jcscaling

'

Surf aces," Parscrapn 2, prior to heat t:aat:ione.
%m*

".aterial shall be heat treated by heating to .1 te-9ersture betweca 1less than
and 1050*T and then haid for one nour per inen of cnicaness but notA4.2.2.

T . . . . ,
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A4.2.0. (Continued)
(Rapid cooling required for

1/2 hour followed by rapid cooling to below 700'F. i in water.

epti=a retention of carbon in volution is best obtained by quench nghould
To ensure rapid uniform cooling, cither agi ation or water circulation s11sted

Cooling through the range 1800*F to 800*F shall be ac:o ttreatment shall follow all fabrication and majorbe ceployed).
Final heatwithin 5 minutes.

sepair welding. l

Ter:perature indicat Lng crayons shall not be used on sustenitic stain essto heat tre. ting.

Marks from carking crayor.s una11 be cleaned off prictAt. 2.3.
steels.
and shipping. allowed to

Only nonhalogen and/or nonsulfur bearing selvents shall bt
*

A4.2.4
stainless steel.contact Cart.on and low-all.y steelSteel.

fer Caroon and Low-Allevtreated in acccrdance with the requirementsIle at TrestmentAa.3. final heat treatment anallpressure containing parts shall oe heat
of the applicable ASU! materials specifications except
follow sll f abrication weldings and asjor repsir welding.

Rcpsir of base metal or veld actal defects shall be in
Defect Iten a ir.A4.4.

accordance with tne folluving requirement .
nsbs, silvers, sea m or tears, which de

h n- er grind hgSurf ace dcfects moeh as laps, e
ust encroach on minimus w:all thittness, shall be rc .oved by sc inAa4.4.1.

m6tal surfaces.
and shall be blended into the adjacent

vail thickness,

Uhen def ects or staf ect te:av,il snet eache su minimuraMas;netic particis or liq siJ penetrant exa aina-At.4.2. welding. l prior
repair may be viadu by wonJuet> J to en.oru seplete Julect receva
tian of excavations shall bs
to repair welding. thedefined b'ercin, shalt require

Major ker. aire - Ljer repatr=, a.S cenertal !:lectric CeepanyA4.4.3. The
euncurtsuce of the General 1;lcetrie rottany.Ns.erda nall indicate the nature of

| q ent to.Jt tr6Jte.cnt r r 'p11 t.ajor rcraars.
ah.all be notif hd et h

the defect removeil, the locatlun of the di tect . wo < udata and thev shall be =.s.lc available to the Gene:rsl E ectr c.ali detecta r.2y precus; without
l i|

ether pertinent Preparatjun for rq atriip: As acu aJ it la app 1 rent thatCom;.any upon requent.
notifying u syer's Qua!!ty C.mitel liepresuntal be.deflaed by the pwelfication, and
the defect will rrn.Instw aa a Njer Juicct a8 l Represent.ttne ! to;

bef ore repair welding enn prc< ued, huyet's. Quality t;. int roil the detect ts tretnates, an u tuner detect, veld sepaa r c.w
p o.:rcJi

'

notityin ; twyer',; f}uality s:entrol Hepr ccutat'ec.*ut notifl6d.
vithout e. p iat.a. . forginga, exttuded papra

lu ba.s 2. .terial.s sucha repsir whiel. ccquires excav.itieu of r aterial toA4. 4 Njor repaitu exttat of the(a) l ttis kuss* ar m a th6er ex tinga ste defincJ au
o dupsh greatur than Ju porerut of the vol the rep.iir ut suy .:rst k and (s) the

to. be , (b)
rnva ty Ls great er than 10 ..quarsIns'icat ive of tunJanent.at r sterints preistem.s.-

| repair et defects whish are
'

. . . .
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a1CuiC PCute (QUIPutNT CEPaefutNT.s c e. .. . .. .. . . 17
. .. 1. .

P,u,#cwant 58tti88Ca flow
pair of any crack other__

Major repaire in welds are defined as (a) the reof defects which are indicativa of either
ocess out of control.A4.4.5. i

than crater cracks or (b) the repa ra fundamental materials problem or of a prdepth greater than 10 cercent
requiremente for the base eaterial.Inspection of Rnpair Welds - Repair velds of a

.

("Onoral
be employcJ without the concurrence of the

i

of the wall thickness shall meet the inspect onA4.6.6.
Other inspection methods shalt not

terial repair welds shallElectric Company.
Heat Treat.sent Af ter Repair by Welding - Es.se mei ls specifications except thatlding and majot* repair velding.be hear treated as required by the applicsbis mater aA4.4.7.

final heat treatment shall folicw all fabrication weired by itSAS 331.1.0, Code for
Weld repairs shall be heat treated as requ

A4.4.8.
fover Piping.

INSPECTION Ah"J TEST the following inspections.
A5.

The SRller shall be respensible for conducting
Duver's

i ls and equipment required.
ss to all fabrication and testing

and tests and shall furnish all mater a
A5.1.

including these of any of Seller'sauthortred representative (s) shall have acceSeller shall provide notice ati

procedures described in this specificat en,f tier. described.
euppliers or subcontractors regardlese o48 hours in advance of exaninstion and tents so
les.s t .

Char-;v V Moeeh Twet Tece%t d in peegaure containinaA5.2.
-All ferritic caterials including veld metal usel shall be subjected to Charpv

require-ents in accordance
cocoonents which require brittle fracture controV-Notch i= pact testing, with ininus 1 pact enercy
AS .2.1.

vessel Code. Paragrapha
iler and Pressureiler Codo shalt bu followed retarding

with Table N-421, Section III, ASwE bon-331, N-332, and N-511 of Secticn III, ASME SoTest coupens shall be per N-311f Lowest operatina Temperatured ds .

test procedures and acceptance stan arIe:act testing shall be performed at a temperature oFor -aterials with ad greater. h

inus 60*F for :sterial 1 inch in thickness anterparature shall be determined from t e
thickness of less than 1 inen, the test

,

I

following formula:
T = (K) - 100t
T = Tast Temperature *F

t = Thickness of material, inchesTeneerature specit' led in hata
where

(K value is ecual to the Lowest Operating
Sheet in *F plus 40) of weld wtai nnd

"he welding proceduren used =ust be qualified by lenact testinarequire >ents as the base setal of item I in
heat af fected zone to the sama.
accordance <tth h-341, Section III. -

,
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_ Nondestructive exseinations required for mater apecification.l
trants required by the materia s s f

ior to postveld heat treatments oNondegeryettve Tesetne.
shall be perf orced af ter any heat tresir velding unicas othervise stated in the codeAS.3. d

E.sssinations of the base caterials may be ma e pr i

Nondestructive exas.inations required of f abricat onwelded f abrication or f abrication repah ll be made af ter postweld heat treatment.or the esteriale specification.
welds and f abrication veld repairs s a Perhennelengaged

Em11 f teerten of Nedeser serive Trs-inset en Pene .nel.nts shall bc qualified in
a

in nondestructive testing of pressure-containing co=poneIX-325 of Section III of the ASHIA5.3.1.

accordance with the requitecents of Paragraph
Boiler and Pressure Vessel Code.

,

'

l te penetration grooveye,,1,d.e,A5.3.2.
Cirth and longitudinal pressure containinr, co=p eby radior.raphy and accessible surf aces of theeither liquid penetrant or

welds shall be 100 percent exadnedveld and adjacent base stcrial shal
AS.3.2.1.

l be examined bv
'

ma-netic particle method. i ing attachment velds
Fillet velds. socket velds, and nonpressure conta nshall be examined on all accessibleRadietraphy isd

such as supports, lugs, anchnts, and gui essurf aces by alcher 11guld penetrant or maanc
A5.3.2.2. tic particic riethod.

nd fori r.ot nquired.
All castings for pressure containina corponents. a|

pipe alza. wh.ill lic:AS.3.3. cy,t,1,qgsinchun in inlet
f veelven over J. af ter all heat trustment,h

One himdred percent exantned by radiograp y| t ent

r.sior repair velding and postveld heat trea md surfaces shall bea.
i

all acesamihle surf aces includina mach ne r licuid penetrantl

examined by either the magnetic partic e oFinal inspection shall beb.
hining, or other

ecched in the fintahrd condition.perforsed on nurf aces af ter all arindina. macheat treatment.
surf ace conditioning and af ter the final

for preanure centainina components, and forged valvesA5.3.4 Forminin

tned bv ultrastmic eethod in
A5.1.6.1. All forminc.a but af ter the final heat treatmentover 4 inchen in nominni pipe site shall be exen
either the furnf aheit or finished condition,
or pontweld heat treatment. ts. and formed valves

All ferainan for pressure containina coePonen i h d condition|

afze shall be examined in the fin s el ding machined surf aces. by either the manneticAS.J.6.2.I

I nyer 4 inches in nostnal pipe
an all neerselbie anrfacen. inc uor liquid penetrant suethod.
particia

.

.$
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A5.3.5. Boltinat l

Bolts, studs, nuts, or boltina esterial areater than 1 inch nominai her licuid
bolt Jize for pressure containing components shall be exanined be e tThe examination chsll be perferreed onA5.3.5.1.

tic particle testing. terial stock of approximately
. penetrant or vet magne. either the finished part after CIsreading or on the maafter any headina.
the finished diameter before threading but

All bolting srester than 2 inches no ainal bolt aire shall be ultra-
AS.3.5.2.
sonically exanined prior to threading.

A5.4 ouattrv centrol
the require-

Pressure containing components shall be manufactured to meeth irements of

nests of a quality assursace enntrol program which ccnfor-e to t e requAppendix IX, ?aragraphs IX-200 of Section III of the ASME Boiler and Pressure
A5.4.1. Vessel

Code.

A6. SL*BMITTALS TO BUYER

The following procedures shall be submitted by the Seller for Buver'sI.

approval in addition to those requirenents listed in Paragraph 7 of SectionA6.1.

A6.2. Procedures

Cleaning procedure =, includine chenical composition of acence.A6.2.1.
.

( A6.2.2. Quality Control Plan

Celdina procedure and crocedure cualifiestionA6.2.3.

A6.2.4 Rapair procedure

A6.2.5. Heat treat-ent procedure

A6.2.6 Packasina procedure .

A6.2.7. Test proceduras

a. Radiography

b. Liquid Penetrant
Macnetic Particlec.

d. Ultrasonic
HVdrostatic Shelle.

F. Seat Lankaan .

a. Performance
_

[.....o
| 'J L U /1
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The Seller shall furnish reports of all test and inspections..

A6.2.8,

Certified f abrication records shall be furnished to include the followins:A6.2.9.

a. Iiiest treatsent
.

b." Major repaire
Materials recordac.

d. Performance

Calculations relating to the design of pressure containing componentsA6.2.10.
includina seismic analysis.

A7. MARKING

Each pressure-containing component shall be clearly identified by legibleA7.1.
marking on the parts.

The marking shall consist of the applicable specificatico and grade ofd to

material, heat nu ber af the material, and any additional marking requireof the results of all tests and exaninations performed on
A7.2.

f acilitate traceability d h ll be

the parti in those ca.ses where size or shape prohibits, a tarking co e s a
used that identifies the e.aterial with the certification reports.

Marking shall be transferred to all pieces when a part is cut to make moreA7.3.
than one component.

method that will not result in any: The F.aterials shall be marked by
har=ful conta.ination or sharp discontinuities and vill identify the material until

any
A7.4

Material 1/4 inch and greater in thickness
the system is completely installed. Wen steel indents: ion sta=ptng is
may be rarked by steci indentation sta= ping. i imun
used, it shall be done witt. a round nose or interTupted-dot die having a m ndepth of indentation shall not inf rinte uoan
radius of 1/32 inch. The maxima:
mininun wall thickness.

I A8. RICORDS

Seller shall organize, maintain, and safel> store all desten. f abrication,l other

construction, and quality control records ruterial certificaticas, and aland inspection records pertinent to the work h.reunder, as required by
AR.1. the

iteria,

term of this order or the provisions of any applicable standard, code, crUpon payment by Buver of the actual enats of re-
tegt

lau, rule, reculation, or erder. ll such
oroduction, Seller aball prenntly deliver to Birver the originals of anv or athese recorda, the orteinals

Seller shall retain all such records (czeept ) in its poasesalon
of which have been furnished to Buyer pursurit to thin provistenrecords.

In no event shall
f or a period of five years af ter co .pleting of the work hereunder.t prior written noticei h
..c11er at anv. tire destroy or discard any such records w t ou#

to Buser.
e
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.7 SECTION C
.

l CE-AFED CLASS C
l

(
1

! C1. SCOPE
l

C1.2. This Section defines CE-APE 3 Class C Valve requirennts that out be satisfied
in addition to those requiremnts of Section I of this Specification.

l

| C2. MATERIALS

C2.1. carben see*1 P-a==ure canemine Parte

C2.1.1. Carbon steel materials of the following ASTM Specifications shall be u.,ed
,

' when required.

C2.1.2. Tubular Prneacts

ASTM A155 Class 1. Crade KCT70 Tirebox (welded with filler metals).a.
Base materials shAll be ASTM A515 Grade -70

b. ASTM A106, Crade B (seamless)
*

{
c. ASm A333 (Seamless 0; velded without filler metal) Crade 1

d. ASTM A524, Grade I or II (seailesa)

C2.1.3. Torred oe ureyek e rit eia-, . ri-a-n e r *~a a nra **entntar Param

a. ASTM A105, Grace II

b. ASTM A234, Crade WPB

c. ASM AJ50, Crade LF1

d. ASTM A508, Class 1

C2.1.4 Cas t rittine,. ri ma, ar e-c..yre saegintne Parea

s. ASTM A216, crede WC5

b. ASTM A352, Crade LC3

C2.1.5. Plate

a. ASm A283

b. ASTM A516

.
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auetnast sete m cation

w teriale fer Jetnine carbon /t.cw- A11ov steel pares _
C2.1.6. Boltine a

ASE A193, Grade 37a.
b. ASTM A194, Grada 7

ASn A540, Crades B22, B23, or B24c.
Flating of bolts is not allowed without specific written Buyer approval.Note:

w terialsC2 1.7. 11 dine a

C2.1.7.1. ricetredee. weldine reda. sea fluses

Hild steel covered arc-welding electrodes per ASm A233a.
Low alloy steel covered arc-veldios electrodes per ASm A316b.
Electrodes and fluxes for submerged arc weldina per ASm A558c.
Hild steel electrodes (solid only) for gas metal are veldingd.
por ASW A339

Consue.sble inserts shall be of the same nominal
( C2.1.7.2 cenaumable inaertg.

chemient co : position as the filler metal.

Fnr thielded weeml Ara t!el di ne. Low hydrogen cicetrodeg shall be usedC2.1.7.3.for shielde'd octal arc welding of all welds where the pressure boundary r.sterial
is greater than one-half inch in thickness and for all butt joints reeardless of

E7010 or 7010 A-1 clectrodes may be used for rent panges where thethickness.
boek side is ground or machined to a sound wcld ectal and subsequent examination
is perf orr.ed such as liquid penetrant or magnetic particle (when required) and
visual examination.

CJ. FAflRICATION

C3.1. ueletng

All weldina includina fillet, seal, repair, and attachment
Cualificarten.C3.1.1. Prneedureshall be performed in scentdanco with written velding procedures.vold9

qualification and welder performance qualification ohn11 be in acenrdance with
1;SA:1 D31.1.0, code for Power Piping.

A t t a e -en t ve l de . Attach nent of non-preneure enntainina parts (such asmC3.1.2.
supports and nanaers) to pressure containina crrrponents nhall be complete pener.r=

and limitationsation groove velds and shall be sub ject to al!. the requirements
inpened for f abrication of the valves to which they are attached.

c3.1.3. Joint deelen and volding proceduren for lennitudinsi and circh butt ininta
Isrnor than 2 inches in nominal pipe niso shall be for en nlete penetration c.ronvc
velds.

|
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C3.2. West Treatmr - Auseenitie Steinless Steel

C3.2.1. Unsensitized sustenitic stainless assel esterial shall be decreamed and
stripped in accordance with ASTM A 380-57, "D<. scaling and Cleaning Stainless Steel
Surf aces," Paragraph 2, prior to heat treatman:. Only nenhalogen and/or nonsulfur
bearing solvents are allowed to contact stainless steel or nickel alloys.

C3.2.2. Material shall be heat treated by heatine to a tessersture betvcen 1900*
and 2050*T and then held for one hour per inch of thickness but not less than

|
1/2 hour followd by rapid cooling to belov 700*T. (Rapid coolina required for

i optimum retention of carbon in solution is best obtained by quenching in water.
To ensure rapid uniforn cooling, either agitation or water circulation should
be employed). Cooling through the range 1600*F to 800'F shall be accomplished
with 5 minutes.

.

C3.2.3. Temperature indicatina ersyons shall not be used on austenitic stainless
steels. Marks f rom marking crayons shall be cleaned of f prior to heat treatina
and shipping. Halogen or sulfur bearing solvents shall not be allowed to contact
stainless steel or nickel alloys.

C?.3. Heat Tre st--nt f er t a rb on end t.ev A11ov 9 t e el . Cerben and low alloy steel
pressure centaining parts shall be host treated in accordance with the recuire-ents
of the applicable ASTM materials specifications except final heat treatment shall
follow all fabrication velding and major repair velding.

,

i

C3.4 Defect Rn ate. Repair of base metal or veld metal defects shall be in
accordance with the following requirements.

C3.4.1. Surf ace defects such as laps, scabs, slivers, sea =.s. or tears, v51ch do

not encroach on mini =us vall thickness, shall be re=oved by eachining or grindine
and shall be blended into the adjacent metal surf aces.

C3.4.2. then defects or defect re= oval encroaches on minimum vall thici tess, renairs
inay be made by velding. Magnetic particle or liquid penetrant examinatten of exca-
vations shn11 he conducted to ensure ce=plete defect removal prior to recair veldine.

C3.4.3. Major Repairs - Major repairs, as defined herein, shall require the
concurrence of the General Electric Co=;any. The General Electric Ccarane

| shall be notified of all major repairs. Records shall indicate the nature of,

the defect re=oved, the locatien of the defect, subsequent heat tresc=ent or
other pertinent data and they shall be cade available to the Genersl Electric
Co=pany upen request. Preparation for resairinz all defcets may proceed withouc

| notifyist 3uyer's cuality Control Racrerentative. As soon as is is anparent that
the defect vill ter=inate as a =ajor defect an defined bv the seecifiestien and
before repair velding can proceed, Buyer's Ouality Centrol Restesentative is to se

| notified. If the defect ter inates as a ninor defect, veld resair can proceed witn-
out notifying 3uyer's Ocality Control Recrementative.

.
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Major repairs in base materials sur.h as places, forgints, extruded pipes
or castings are defined as (a) a repair which recuites excavatism of material toC3.4.4

a depth greater than 20 percent of the wall thickness or when the extent of thecrack and (c) the
cavity is greater than 10 square inenes, (b) the repair of any
repair.of defects which are indicative of fuedamental materials problems.

crack cther
Major repairs in velds are defined as (a) the repair of anyC3.4.5.than crater cracks or (b) the repair of defects which are indicative of either

a fundamental saterials problem or cf a process out of control.

Inspection of Rapair Veld.s - Repair wlds of a depth greater than 10 percent

of the wall thickness shall meet the inspeerirm recuirements for the have sterial.other inspcetion methods shall not ce employed without the concurrence of the f.eneral
C3.4.6

Electric Company.

Heat Treatment After Repair by Velding - Base material repair welds shall
the applicable materials specifications except thatC3.4.7.

1-e heat created as required by
final heat treatment shall follow all fabrication welding and major repair velding.

Veld repairs shall be heat treated as required by iTSAS 831.1.0, code forC3.4.8.
Power Piping.

C4. INSPECTION AND TEST

The Seller shall be responsible for conducting the foll:ving inspection andBuyer's authorizedC4.1.tests and shall futnish all esterials and equip:nent required.
-

; ,

representative (s) shall have access to all fabrication and testing procedures
\

described in this specification, including those of any of Seller's supplicts or;

subcentractors regardless of tier. Seller shall provide notice at least 48 hours
-

in advance of examination and tests so decribed.
!

C4.2. M
Cirth and longitudinal pressure containing corplete penetration stonvoC4.2.1.

velds shall be 100 percent exar.ined by radiography.

Tillet welds , socket welds, and nonpressure centsinine attachment velds> a

such as supports, lues, anchors, and guides shall be exa .ined on all accessible|
C4.2.2.

R.adiography is
surf aces by either liquid penetrant or .agnetic particle method.j

not required.

C4.3. Caa rin en_

All castings for pressure containing components, and valves over 4 inchesC4.3.1.
in inlet pipe size shall be

One hundred percent examined by radiographya.

. . . . . . .
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C4.3.1. (Cectinued)

b. all accessible surf acts including sischine surf aces shall be
exa.ined by either the magnetic particle or liquid penetrant
method in either the furnished or finished condition.

| C4.4 Cualt f teetten of 'ieMestructive N=inat ten Peraennel
l

f
C4.4.1. Personnel engaged in nondestructive te9 ting of pressure-containing
couponents shall be qualified in accordance with the requirements of Paragraph
IX-325 of Section III of tha ASME iotter and Pressure Vessel Code.

C4.5. Ouslirv control

C4.5.1. Pressure-containinc co sponents shall be nnnef actured to wet the require-

|
eents of a quality assurance control progrxs which conforra to the requirements
of Appendix IX, Paragraph 1X-200 of Section III of the ASME Doller and Preasure!

( Versel Code.

|
| C5. 5JBMITTALS TO BUYER

C3.1. The following procedures shall be submitted by the Seller for nuver's
approval in addicion to these require .ents listed in Partr.raph 7 of Sectten T.

I
| C3.2. Proce dures

C5.2.1. Cleanine procedurcs, in:1udina che iiril co oesition of acents.

C5.2.2. Quality Control Plan

C5.2.3. k*elding erecedure and procedura qualifiestion

j 05.2.4 Ressir procedure
|

C5.2.3. Haac treat =ent procedure

C5.2.5. Packaging erecedure

C5.2. 7. Test proemdures

s. Radiogranny
't . Licuid Penetranc
c.. 'ta p etic Particle
d. Ultrasonic

l a. "lydicatatic Shell
'

I f. Seat Leakage
q. Perfor=ance

.
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C5.2.8. The supplier shall furnish reports of all test and inspections.

C5.2.9. Certified f abrication recorda shall be furnished to include the followinr.:

a. lisat treatment
b. Major repairs

c. Materialo records

d. performance

C6 MARXING

C6.1. Each presuure-containint component shall be, clearly identified by legible
vn.stking on the parts.

C6.2. The er. king shall consist of the applicable specification and grade of
material, heat nu.ber of the vasterial, s.nd ar.y additional marrint required to
facilitate traccability of the rcr.ults of all tests and exar.inations perforced on

in those casta where size or shape prohibits, a c.arking . ode shall be( the part;
used that identifien the e.sterial utth the enttification reports.

C6.3. Marking shall be transferrud to all pieces whnn a part is cut to make enre
th an onc orr. pone.nt.

C6.4 The marerinic nhall he marked by nny eethod that will not result in any
h.1rmf ul conta.mination or sharp discontinuitics and will identify the futerial until
the nyntr-s iin ent pletely ingen11cd. Material 1/4 inc.h and greater in thicknesa
cuiy be marked by steetl indentation near ping. kuen steel indentation stampint is
wied, it ohn11 he dnna with a round note or in*errupted-dot die havir.t a sinimus
rndiun of 1/32 inch. The maxismrm Japth of ir.dentation shall not infringe upon
minimum wall thicknens.

C7 RI:CnRDS

Seller ahn11 nresnire, ruinrntn, and safely e corn all desien, fabricatinn,C7.1. 8 all othercon 9tritet t on, nnd qunt t t i cont rol records, enAccrial certifi estions, anr
and inspection records portteent to the untk hereunder, as required by thetentterm nf thin order or the provtsionn of any applicable standard, code, criteria,

l a w, rule, regulatten, or order. Ifpsn paveent hv Acer of the actual costs of re-
production, Seller nhall pre-prlv deliver to Ruver the orininals of any or all such

Seller shall retain all auch records (cucept those records, the ortninalsrecordn.
of ubich have been furnished tn Auver tiuruusnt to t'..in provinton) in its posgessionIn no eveet shallfor a period of five vnn-n af ter co=pletion of the work hereunder.
Seller at any tirv .tentray or discard any much recordg without prior written rectice
to Auver.

(
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SECTION N

CE-12D C1. ASS M
_

..

.

M1. SCCFE be

This f action defines CE-APD Class M Valve require-ents Inst vustSpecification.
satisfied in addition to those requirements of Section I of thisM1.1.

.

M2. MATERIALS

Car' en Steel Pressure Centat9tne Pert _sM2.1.
Carben steel materials of the following AT.W Specifics; ions shall be

M2.1.1.
used when required.

M2.1.2. Tubular Freds
ASTM A155, Class 1 or 2, Crade KCT70, Fireboxa.
ASTM A106, Crade A or 3b.

ASDf A53, Crade A or 3

ASDt A333 tSes=less or weltes witho se filler vecal) Crade 1
c.
d.

ASTM A524 Grade I or II (seauless)
(

e.
er Praasure Psteinim Party,

M2.1.3. Faread e? %'t e u eh t 7tttine1 F14:194

ASTM A105, Crade T or IIa.
ASTM A234, Crsde b'PA or tJP9b.
ASTM A181, Grade I or IIc.

d. AS!!! A350, Crad.: L71

ASTM A508, Class 1e.

r Pr-awr. Seestnt 2 p m
it2.1.6 Case Fie-f r.us . Tiancas

AS!! 016, Crada 'JCA or WC8a.
ASOt A352, Grade LC3b.

X3. TA38tICATION o f 'EAS
Vrive fahrtestion shall be in ace:rdans.= vtta the requim-ent.:"3.1,

331.1.0, Paragrapn 107.
_

|
. , u et
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M4 INSPECUON AND TT.STS

Valves shall be inspected and tested in accordance with the require:entsI M4.1.
of Lf3 AS B31.1.0, Parsaraph 107.

The weld ends of valves prepred for butt welding shall be radiographe.d;Metnode, techutqurs, andM4.2.
erch end full circurference, and 2-inch minimas le=.pth.
ceceptance criteria she.11 be as noted in Sectior I, General.
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1.0 PURPOSE
f

2 determine the temperature tolerance of the ITT/Hammel scram1 t'
' 1.

| g" discharge drain valves (1", 2500 lb. class) and the scraa
-

discharge vent valves (2", 2500 lb. class) by examination of the,

j materials of construction..'

M determine the radiation tolerance of these devices byf
1

; .
2.

examinacion of the materiala of construction.'

, . -

2.0 SCOPE

This calculation applies to the ITT/Ha==el scram discharge drain and
vent valves exposed to environmental conditions at SNPS-1.:

i

}
3.0 REFERENCES

.

1. ITT Hammel Dahl Conoflow Drawing No. 79/2861-0400, Revision 4.
|
' LILCO MPL Cll-F010 General Drawing 3736-500.

2. ROC, Ken Trotta (EDS) to Mike Frost (IT:' Hammel), dated 6/25/82.4

!

Handbook of Plastics and Elastomers, Charles A. Harper,i

3.
[ McGraw-Hill Book Co., Copyright 1978.
i

Desk Top Data Bank, Plastics Edition 5, Book A.4.
!

Parkinson T. Sisman, "The Use of Plastics and Elastomers in
i / .. 5. 10/19/70
| l Nuclear Radiation," Cak Ridge National Laboratory,
| to Rich Soeder (J. Crane Co.), dated

6. ROC, Ken Trotta (EDS)

! 6/25/82.

l
7. ROC, Ken Trotta (EDS) to Linda Williams (J. Crane Co.), dated1

6/25/82.j

4.0 METECD OF ANALYSIS'

'

The temperature and radiation tolerance of all materials contained
!

within these devices was determined by a document search of
The sensitivity of the

published information and EDS calculations.
j " weak link" ccmponent is then assumed to be the temperature or'

radiation tolerance of the entire device.r

i 5.0 BASIC DATA AND ASSEMPTIONS
<

| The materials of construction for the ITT Hammel valves are5.1'

|
identical (Reference 2).

2

1

i
i ,-- a . usss 1 ::PMENT___%?;=CN *&~h pc.Mi$. II-fdAMEL 6JM0t-

_ pce ,.o a v.m sv -- _f 3{
<

i
| R7 ls-Lodf CZ'Er P- M 'c.au:: ,eogy

[ c630-c01- M or Y| W r 17-2F h' 5 4 & 2 e y,
o

.s, ., , on le ==I ' =t=j
1

1

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

_ _ . _ . , . _ . . , .

- . .. . .... ... ... _ _ *. . . . . . . . . . . -
_ . _ . . _ . . _ _ , .

.. . . . . . _ . _

- .. .-.-. ~._,.. m __ y,,,; .. _ , _ _,

_ _ _ _ _ _ _ _ _ . . . _ . _ _ _ _ _ _ . . . . _ . _ _ , . . . _ _ . . . . . . . . _ . . . , __ _ . _ . . __
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only non-metallic materials have been evaluated since they will
be the most sensitive to potential radiation damages.5.2

,
-

I.

6.0 SINMARY RESULTS
is

The limiting material in this device, with respect to radiation,6 rada. The limiting
nylon, with an acceptable dose of 6 x 10
material with respect to te=perature is Bt'.NA-N with a maximum
operating temperature of 250*F..'

7.0 BCDY OF CALCULATIO_N

See Table 1.

.
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4| r CDMIONENT MATERIAIS EVALUATION WORKSHEET
_l jf !fl >

fj* I I ;*

2", 2500 lb. Claa., control Valves
. j .1 I~

ITT/H e l
'

Model No. 1", | ,

Manuf acturer | RADIATION I ].
I'tI ! l ,

|}} I TENPERA'ItJRE
I | | /

Ref erencel Acceptable Dose IReferencel
; ',4

!: | 'I
; - | I | Material | Ref erence l

Maximusa operating | |I | *,

| | L I

I 1, 2 1
250*P i 3 11 x 107 rade 1 5 i

j i component | |

|Part No. 115 Diaphragen | | 491*P 1 4 16 x 106 rade 1 5 i !, I
|.,

INylon i i i i !f I! } | IBUNA-N/

l i i l 3 11 x 107 rade 1 5 i |
''

!

f |j
! | 1, 2 1

250*F | 1 ,i ' j1
i i- '

| |1 !!
jjij IPart No. 122 Packing IBUHA-N i l I I i

|ii

i | INot sensitive |

j ;l .{
1 IBox O-Ring I I

i I i
;- l 11, 2, 7 INot senettive i l

I|1. ;! '"; leart no. 12A Packing Icraphite Ii i I I | ;i!'J Iring l i I luot sonettive |,

i l | *ii
.

I 11, 2, 6 INot senettive ,

I I
I I i l I | "l!l', leart no. 12s packing lA be tos*

I I I I :' !I i i
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RECORD OF CONVER.EION. I. Zebrak

I K. Trotta
i

f

O ocierC Meedng
.

6/25/82
I

@ Telephone;
Ken Trotta' K T' g

Mike Frost
| g _

y go
401-781-6200

ITT Ha==el Cahl Ceneficw ECE NO2-

| ggg
Cemparisen of 1" and 2" Diaphragm valres

p,u .: C ,
,

i

Cc:==:ary of Convesadca:
. -

.

-

.

.

Mike infor=ed =e that the =aterials of censtruction for the
"

TheCRD vent and drain valves supplied to GI are identical.
one inch and tvc inch valv.es differ enly in physical si:e,
not materials of construction.

.

.

I
I

KT/jh
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.
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f EC S Nucw inc. N. Wcodward445 Breac roca Acac cc:
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.

.

Angust 17, 1982
0630-001-NY-105

IT h-,m1 Dahl

175 Post Road 02888Warwick, Phoda Talard

1~. ._.C::CN Mr. . Eke Frcat

7erification of Racerd of CcaversationSUBJECT:

Gentlemen:

Pank you for the infor=ation which you supplied to CS with respect7alvss. CS

to the materials of construction of l' and 2" DiaphrsgsCuality Assurance Precedures regire that you receive the anciesed(~ 25, 1982.
record cf our conversation of *une
If this is an accu. rate acccent of cur cor.versatica, no act. ion is

Should thers be any errors er nisunderstandings
reg ested of you. 454-0579.
is this raccrd, please contact ne at (516)

Very truly yours,

p .As < -
Kannath Trotta - Engiseer
Systass Engineering Division

K /ja
.
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RECORD OF CONVERSATION I. Zebrak

f..
K. Trotta

.

.

i

E :.i.,3 .

O x iear O oss.e
.

Ken Trotta //[ 3 73 6/25/82Rich Soeder yeg y.g
914-345-2420-

J. Crane Cc=pany ?ECNE.O2
- N

gg
.

J. Crane 187-I Material Analysis

Sum y of Cmer=a:fon: ,

- ,

,

*
.

Rich infor=ed me that IS7-I valve stem packing is manufactured
of braided asbestos. -

.

.
.

KT/jh

(

.

* .

1 .

1

1
-

1

.

.
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e:d:s@ nuclear

i ED$ Nuc ear we
us Ercao m ow Aoea cc: N. Woodward

'

us.v.e. w m ,5747 . rf/jft/jfc
(5m 454-=co

.

.

August 17, 1982
0630-001-NY-104

Crane Ccupany
500 Executive Building
Zissford, New York 10523

ATTr3 TION: Mr. Rich Soeder

Verification of Record of CenversationSU3 JECT:
i

Gentlemen:

Sank you for the information which you s=pplied to ES with respectCS Cuality Assurance Preceduresto 187-I valve stas packing.
require that you receive the esclosed racerd of our conversation of

.

(
June 25, 1982.

If this is an accurate acccu=t of our ccaversatien, so action is
Should there be a=y errors or mis darstandings

requested of you. 454-0579.
| in this record, please centact ma at (516)*

Ve:7 t:.11y yours, .
A/

/, d"-C'
Kenneth Trotta - Engi=eer
Systems Engineering Division

IT/ja
.

Esclosures

f f.

$'.fsT* 6 00 *l Is.n % ..w v. u . e .
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RECORD OF CONVERSATION.
c e g;;ceg g d,

, . K. Trotta
(

@ Teiaphca, C Meetfag CCh
,

6/25/82
~ Ken T ctta [[ _ pg3

Linda Williams ygo y.
201-227-8818'

J. Crane Cc= any -- FECNE NO2
*

CNM
-

GRATOIL Material Analysisg
.

.

Car:::ary d Conversatica:
*

.

.

.

Crane ec==ercial name
Linda infor=ed me that GRAFOIL is a J.for standard graphite valve stem packing. .

. . .

.

t

KT/jh

.

9

.

|

'
.

,

,

I

I
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(516) 454 C200

..

.

August 17, 1982
0630-001-NY-103i

'

John Crase Ho@=4"me
| P.O. Box 866 07006Fairfield, New Jersey

A *:Z2C:|CN: Ms. Lisda Williams

verification of Record of Conversation LSUBJEC" :

Gentlement

nank you for the isfe=ation vtich you supplied to CS with respectCS Q:ality issurasce Procedures
to Grafo11 valve sten packing. i f

require that you receive the enciesed record of our conversat on o(

June 25, 1982.
so action is

If this is an accurate acccust of our conversation,Sheuld there be any errors or misunderstandings
requested of you. (516) 454-0579.in this record, please contact me at

Very truly yours,
s .

J

./
Ke==sth Trotta - Engineer
systa=s Engineering Division

( K:/>

znclosures

(
\

f| IIt'

,Jge I 07-San 1%rcscc* New 'ftnt * Acante e Pene
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3005M_.

Environ:nental Qualification Sum =ary No:[ s. Core Spray Pu psByron Jackson (Bore-Wamer)I 7;gg
NSSS Eeui & ent Oualificatior

LILCO NM(i CUent
# 0630-001-671Q ggg

.

CesignInpu JReferencaz

The references included with this package are listed as appendices in the
| Table of Contents on page 2.
)

Assur:Tpticas
j

N/A

Mstt:ce

5 N/A

,

f
;

Rerm

This device has been qualified for all postulated accident conditions.
j
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Equipment Qualification
Iong Island Lighting Company Summary No. 3005M
Shoreham Nuclear Power Station Revision No. O
Unit No. 1

*
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1.0 EQUIIMENT LIST
4

2.0 EQUIIMENT SLMMARY EVALUATION

2.1 DESCRIPTION
2.2 CCHCLUSIONS

2.3 LIMITATIONS
2.4 DISCUSSION

6
ENVIRC!MEh"IAL QUALIFICATION WORKSHEETS
*

3.0

APPENDICES

TITLE
APPENDIX

I A Documentation:

Technical Manual, Core Spray Pump, Byron Jackson1.
Pump Division, Serial Nuclers 691-S-1111/1112,
Manual No. 8020-lE-3525 (LIILO/SR-2 Document No.
2777-033[01]).

2. G.E. Purchase Specification No. 21A9221, Revision
( 4, Core Spray and RHR Pumps (LILCO/SR-2 Document

No. 21A9221) .

G.E. Purchased Part Drawing, Core Spray Pump.3.
Revision 4 (LILCD/SR-2 Document No. Il7C2857).

G.E. Purchase Order No. 205-AA728 Core Spray Pumps4.

(LILCO/SR-2 Document No. AA728).

Certificates of Coepliance with Purchase Order for5.
Core Spray Pumps F 91-Silll and S1112,10/19/72
(LILCO/SR-2 DocumentNo. AA728-G017) .

691-51111
6. Cartificates of Code Ccepliance Pu=ps

and S1112,10/19/72 (LIIf0/SR-2 Document, No.
AA718-G017).

| B Analyses:
.

1. EDS Calculation No. 0630-001-038, Revision O.
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Eqaipment Qualification
Iong Island Lighting Courpany Sumary No. 3005M
Shoreham Nuclear Power Station Revision No. O
Unit No. 1

t
l.0 EQUIPMENT LIST'

.

11 1 I i l

1,Eqaipment I.D. I MPL No. I Description i MakeA(odel I

} (Mark No. ) | | | __ I

l i I I i |A
| lE21*P013A 1 E21-C001A I Core Spray P'.unp i Byron Jackson | |

I I I I 691-5-1111 1

I I I I I 1

I lE21*P013B i E21-C001B I Core Spray Pump i Byron Jackson i

l I i 1 691-S-1112 |

1 1 I I 1

1 1 1 I I

I I I l i

I I i l I

i l i l i

I I I I l

| I I I I

I I I I I

I i i | I

I I I I I

I I I I I

( l | I I I

I I I 1 |

| I I I i

.
I I I I |-

| 1 1 I I I

I I I I I

I I I I I

.
I I I I I

| | | | | |

| 1 1
I I

I I l i l

I I i l I

.I I I I I

I I I I I

l | I I I

I I I I I

I I I I I

I I I I I

I I I I I

I I I I I

1 | 1
1 I

I I I I I

I I I I I

I I i 1 I

I I I I I

I I I I I
I

I I I I I
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Equipment QualificationIong Island I.ighting Company
Shoreham Nuclear Power Station

Summary No. 3005M
Revision No. 0Unit No. 1

2. 0 EQUIR4ENT St23. MARY EVAI,UATION

-

2.1 Description

The equipment under evaluation is Byron Jackson Pu=p Division,
Borg-Warner Corp. , Core Spray (CS) Pu=ps, serial numbers

" 691-5-1111/1112.

2.2 Conclusions

The Core Spray pu=ps are qualified for the postulated accident
te=perature, pressure, humidity, and radiation conditions.
Materials analysis (EDS Calculation No.0630-001-038, Rev. 0)
indicates that the non-metallic co=ponents contained in this
device will not be affected by the postulated radiation and
te=perature accident environments.

2.3 Limitations

None.

2.4 Discussion

This device is required to withstand a postulated total1.
integrated radiation dose (40 year normal plus 6 month

{ accident) of 7 x 10 rads. (See Attachment 2 to {6

Mechanical Equip =ent Enviror: mental Qualification
Worksheet.) Materials analysis (EDS Calculation No.
0630-001-0 38, Rev. 0) indicates that the only non-metallic
material contained within this device is ethylene7 rada.propylene, with a radiation tolerance of 1 x 10
Therefore, this device is expected to perform its safety
function as required.

Since the maximum design proce s fluid temperature of2.
212'F (Docu=entation Peference 3) for the CS pu=ps is much
greater than the postulated EQR peak accident temperature
of 150'F, the ther=al expansion stresses f rom exposure to
this ts=perature are considered insignificant as compared
to the thermal stresses that will be created from the
process fluid te=perature. Although the documented
maximum ambient teeperature of 148'F (Docu=entation
Faference 3) is less than the EQR specified environment of
150*F, this 2*F dif ference should have an insignificant
impact in view of the thermal stresses discussed above.

Similarly, the environmentally specified maximum pressure
of 1 psig is also considered insignificant as co= pared to
the CS pu=p design pressure of 500 psig (Documentation
Ref erence 3) .

g
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Equipment Qualification
Iong Island Lighting Company Summary No. 3005M
Shoreham Nuclear Power Station Revision No. O
Unit No. 1

Therefore, the accident ambient temperature and pressure
are negligible in light of tha mechanical properties,

. materials of construct on and design of the core sprayi

pumps.
.-

..

.

.

t

'

|
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SECTION 3.0 .

ENVIRO!DiDiTAL QUALIFICATION WORKSHEETS

i
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,
.
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.

| .

Sheet 6 of 9

....... _. ...~....n...- - -. ~ - ~ . - - - , . . . ~ . ~ . . - - - - - ~ ~
~ ~ -

.
a.... .

* ~ ~ * * =--e~-~~w1=~*=w.=-w-
.. r e . . . ee < > , o m = ~; -- ve r,. -e-.=. ,

. r

--M#S 9 * $ *g5M'd Q P +- e. ee. Sg. ee M %e. 3-e _,g,y
- pp,,ge,,,,,m,,,,,,,,,,g,, ,, ., , .

- , - , -~ - --n-. -.. . , , , ._. _ _



.____

,<
1

}b
II--

,

-

!I Environmental Qus11flecticn Summary No. 3005M I{'
,

Revision No. O'| Iong Island Lighting Company 1 t'

Shoreham Huclear Power Station, Unit No.
i t'''

tj|] ,
m

:
-

*| ,.|~1, MECHANICAL EQUIPMENT ENVIROtMENTAL QUALIFICATION WORKSHEET
.

.I5!|. ;
,.

!i- : Dates .

Prepared by: ,; ja

Dates li!.

|1 j Checked by: t,

| | )l',i
1 : l' | POSTULATED ENVIROtNENT | DOCUMENTED ENVIROtMENT | | 'l j !|
! !

il 13

| | .ti
| || I

iI
|| | | | | | 1 -||| l

|
| ENVIROPNENTAL | | | OUTSTANDING | ;

'

,

'
.i |

; || PARAMETER | FSAR * | QUAL. REPORT **| VALUE | REFERENCE | ITFMS |
| EQUIMENT DESCRIPTION || ENVIROtNENTAL |

.i

){
|| I | | | | | l

''
4 | EQUIP. I.D. (MARK HO. ) | | Maximum | | | | | None | ' (la |

|| Temperature | 212 | 150 | 148 | 2 |See Section 2.4| [[] |
,

j i-

| j |
||(degrees F) | | | I | | 1

i | 1E21*P013A,B

J | VENDOR I.D.: || Maximum | | | | | None | |''

| E21-C001A,B || Pressure | 1 | 1 | Note 1 | bte 1 |See Section 2.4l if,

,; | ||(paig) | | | | | | th
;

'', |RQUIMENT TYPE: || Maximum | | | | | | |; | ?$
<

|| Relative | 100 | 100 | 100 | 2 i None | : ,ir

[|||[|| Humidity (%) | | | | | |
? 1 i Pump

|| Containment | | | | | |

t j | Core Spray || Spray | N/A | N/A | N/A | N/A | N/A | |- ||i |

t | | SERVICE:

|| | | | | | | .:

I! ?[
| | MANUFACTURER: | |40-Year Nomal | | | | | |'

h3 |

I i | Dyron Jackson || Radiation Dose | 1 8 x 103 | See Note ***. | | |- |

h[ ''[',
h8

| Borg-Warner | | ( Rads) | | | | | |,

7 | 1 | None |

|MODEL NO.: ||6-Month | | | 1 x 10,

|

j j | Serial No. 691-5-1111 || Accident
| 1 x 105 | 7 x 106 | | | . |

. ) | and 1112 llRadiation Dose | | See Note ***. |. | | | jl

| |IDCATION : | |( Rads) | | | | | | |8

'j | RBS E1. 8' || | | | | | | |'
'

i | || | | I | | | .

I I | ZONE:
||Sulmergence | N/A | N/A | N/A | N/A | N/A |.

| G-01 || | | | | | |

| || | | | | | |
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; Environmental Qualification Summary No. 3005M' i

t
'

: ', | Long Island Lighting Company Revision No. O e .

Choreham Nuclear Fbwer Station, Unit No. 1 ||!.; .,

1, - |
-

**
, I i

ATTACIMENT 1 10 MECHANICAL EQUIPMENT ENVIROtMENTAL QUALIFICATION WORKSHEET*| I I ,!
'' i -

( !i
I I'

iiI
'I | !I[

.

v
a
.d REFERENCES : -

I'

l
!! l

;p , 1. EDS Calculation No. 0630-001-038, Rev. O, Materials Analysis of Byron Jackson RHR/CS Pump.
j ;,

't {
-

| |[ 5.
*

1 2. G.E. Purchase Part Drawing 117C2857, Rev. 4.*
g ,I

j - ,
e

I i
I {, [

e

,

:| *

15
|[Il

NOTES:,

j<

Documented value for maximum pressure could not be found. sIit.,

1.
'

FSAR valuea for maximum temperature, pressure, and humidity are from Table 3C.3-9 and radiation doses are from Table
ff;

,,

I!O'>,e ; !}
. !? 3.11.2-1. i;*

i

:t |

f,I}
|EDR value for humidity 3,

EQR values for maximum temperature and pressure are from Figures D-21 and D-41, respectively.i- e j ;**j*

j is from Section 3.1.b of the EQR.' '

fh3 and1 8 x 10The normal and accident radiation doses would usually be derived f rom Figure D-2 of the EQR (i.e.,
;4 ,

! l
|
)

5.75 x 106 rads). However, a total integrated dose of 7 x 106 rada (40 year plus 6 month accident dose) should
***

JL i (''

'I be used instead. (See attached letter from P. J. Holden (S&W) to N. Woodward (EDS], dated August 5, 1982,
re

' j
; Nechanical Equipment Environmental Qualification.) : i:*'

4, ,

Ii!,

j .ji4 ..

i i I:': '
, ;

i ' ',
1.

' ; i

!.
I I

I
4

!
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RECEIVED ?"? 9 61982 4h'

tzweiler (LILCO)r

Attachment 2 to Mechanical EquipmentJSherman
, Proj Engr-7 r c.entd Whaden Worksheet| TIGerecke (LILCO- En

! Hicksville) 300SM-core Spray M ps L

VJMuseler-5 (LILCO-WR)l "

N'icoduary -

ILS Nuclear Inc.
i

f
'

..

August 5, 1987.J

Mr. N. Woodward
! Project Engineer J.O.No. 11600.02

EDS Nuclear Inc. File No. 221.21
200 Broad Hollow Road
Melville, NY 11747

Dear fir. Woodward:

MECHANICAL EQUIPMENT ENVIRONMENTAL
QUAllTICATION
SHOREHAM NUCLEAR P0kT.R STATION - UNIT 1
LONG ISLAND LIGHTING COMPANY

|
As requested by Mr. J. Sherman of LII.C0, the following information is
provided for your use in the Shoreham Mechanical Equipment Qualification

|
effort.

The calculated six-month integrated gn=ma dose to the inside surface of
pipe egntaining suppression pool water following a postulated LOCA is

rads based on Stone & Webster calculation No. SN?S-1-UR-21-G.[
Where mechanical components are exposed directly to suppression pool yater7 x 10

the above value has been utilized in this effort as a minimum exposure.
This would apply generally to the following systems which are included in;

'

our scope for this effort:
Residual Heat RemovalE-11

E-21 Core Spray
| High Pressure Coolant InjectionE-41 Reactor Core Isolation CoolingE-51

.

Very truly ours,

y

P.J. Holden

SLT: Inns

.

-

( .
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' 1.2. The work done by the Selle r in accordance with th t * =ccc t f t e.it :nn endil

design, development, analvs ts , dr awinua , f an r ic ac &n .
include all necesserv

| inspection, and preparation fer shipment. ,
, en op t es t in g .

|

1.3. The Seller shall accept full responsibilitv for hl= wars ano for cen-Review or sporoval of drawings, data or sae rt -
p11ance with this specification. to general design and controlline discr.r.L-ma ,

f the Buyer wi th regard vnter w '.fications by
constitute acceptance of any designs, saterials or acutamen:'

th e ou t er' n -functional or perf ormance requirements es tablished bv|
doen not
not fulfill the*

| .

! contract. %

I

O. AP?LICABLE DUCLETS'

|
. :.1. Cen e ral

f * 1.1.
'when a purchase part drawins and data sheet are used in conjunce:on v;::of this specification and shal'. be *Se een-.

, this specification, thew fort a part
trolling documents.

,

j' 2.2. Codes
in effect on tm, dat e

The following codes and standards of the issue specifiedo

2.2.1.of asard of contract form a part of this specification to the extent;
'

herein.
fnr Class :.

Section III of the ASME Soiler and Pressure Veasel code2.2.1.1.vessels snail se used as a guide in calculating the enickness of stessura-re-Code scamos are not rec u t r ec .tatning parts and in sizing the cover botting.
';3A standare Coce for ?ressure Pipina. Power Pinine US AS 231.1.'.2.2.1.2.

in accorcance vien :n Standard.a of ne 4versu.a.
;. .1.3. Pumas anal' he tested
Inacitute. 2

aterials selected for pt.aso components snail se in accoroance vi:nw soce:fiec sere:n... .;.a.
for Testins ana "acertals (Asm asne .unerican Society 2

....;.3. AS M Oode for MuClest ?upos and Valves 4e sDecified herein. 5
4

_
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3. DESCRIPTlON

|en s trin p"o1 I
toc ated near t.se hot tos it th e ora..iiri .ticor

3.1. GenereL_ sprav eurr ra is
The pu rpns i o f th e ca r a ewergence ore; are

3.1.1. The pusoe thei r auction. an accident wnen ttw
'

f rom wenich they draw e during

to prevenc overheettna of the cor
i

g

cooling system is in operation. pumos will he used mode is used !
three lif f erentint ;

to
Removal) Injection (L K!)

The RHP (Residual HeatPressure Coolantl after a loss of coolantdistina an accicem
acciuent, et a

|! 3.1.2. The Lowmodes of operation.
restore and maintain reactor water leve~

uoneession pont en cool the reactor
i

|

Contairament Cooling mode is used to cool the sstandby , and the Shutdown Coolinc mode
is useu|

| 1

| ano during hot
j during shutdown.
! /

Seller .oecificatie, sni. j3.2. Sucolied bw
furnisned in accordance with thtgevelone dirtsepacater

|
| The equi-ser.t with sechanical seals with ann all nec ess a re jen be

place.J.2.1.
be a contrifugal puaro corolateexchanger (weten retrutted), with baseetc.) wnica f ors an

fittina9
j aged seaFcoali-a heat (such as tubins , piping, valves .drainios, and/or lubricatant syste:.

-f
i g

Latexral part of the pump sealing, vent n , fection, dismantlina. or replacemenaccessorten!
* t

) . [

All special tools required for the eI

aseena ly .
I 3.2.2. part of the pumpof any

S up p i te d bv 'itt e r_ s Siping.3.3. line on dischar*e
A Suitable Sint2use=f low bvpass

3.1.1.

3.3.2. Motor

lastallation Lacer3.J.J. tion

Esternal Pipins. Valves , and Ins trumenta
i 3.3 4

*otor S:artir anc Dntrolst
T 3.),i. ** ares

Foundation. Anc-or doi:s. ana ;.evel ne
.

3
3.;.o.

AtuClREwiN*5XSlRte.

Joerat:ne Lncit .ons....

f re :ne 3e:3esi Cooline :am ine e-niant... 1.

esi cooitsi eater sns413e gravicee av
....l.1.

41s ca.o rce . .. . -

..--
..

-.
.'

; .

; ,
-

i

+

- _ .
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eu onatt SatC'** cationc- l - . ; i *. .- i .. - ; .-
..s t e r i. e i n,. : u-;*ia

lin.
everwesturc .ss

i. . l .1. .' . Th e-
mas tmune *r purcha.*6 p.6r t <ir.ew t me .

al' le da g .a shoot .in appl 1s

'tvdr.3u t te Regs, t re ne tt 9
aa

e e"re.u rs..:. :Jr uversui:c
Rwt er to appttcab;e Data Shvut

...1.

rao r i e nt ion-..J.i
:estan-

and m e.. . . - te.211 d aGe n e r .a l_ r:af t ,. 3.1. t- provtc.
tapeller , ralut e. we.ar rings . **he design object:re shall se-y-tem :or rewor. -r ..vernsulI% purp

;one a It:e as is praat acal.emoval from the rec han ic .e i - ea l:o) .
..).1.1.

unac whicr. will not require r (vich the axeupt ic n 2:D v ear s . .svv.ia t i ng
.i n:ct :ct

intervals of less than 5 yearsca.ings shall de designed tor a us. echanical seals shal:
afeful lit e bi; -ace :J4

at i e M

carr*>. ton, er:s: n. 2nd nacerial f at gu .?ie -

ei ile r eplas eil .ae

.ir
ver t%a ses;s

:. 1.0 M t eskage througn controllecd.

St.at t seals anall be usetion condit on shs;l de carefullyseparately 2nv:4echanics:
$ .3.. 1;.nour 2nv normal operating or rasifunc?revtston shall be sade te drain awayThis dra ta( l re cf thir sesi.

design of the seal.in luding Leaiunge f rom serious f ai uin. socket eele=" .nrettona.
sy :Se 3/4
sesi laakae'..c'>nnecteole to drain piping by
shall :e

nestet. J e a ;r.a g e
. . J . 3. Drsins e

ll be designed :e permat;W ocint dratn snail spr--
s

All pan.agun :f cnc pump shanor-a; aperat ang position. 3e 4 in.Sc.'.-:
A e~inerrt-n..weld.

g . 3 1.1 tunnee:ed to drain piping sveach gne cump in cae
etded vnacn can se

3. ..h.
. .!* ;n. 2::2Went :sv1: ting a.a . .

. . ' . . . . -o : .at 2 r-rn 'te ;u:so
.a..ng.

'.uas st.41; se sace 2. .e .: . .*'= ..:: ng i or :.e nucer-cut-p.

Jur .s
.n,tal;sc ion or r e::"s.. .....

unc -:w:= 4..s.. :=
..).' !;.:.. ':e t s tan:.r:s .i: .

at .:e s s . 6 nit .a servte-
,

;n r a c-- :: a
4.45.

3cLes, nuts 4na .:243 .e sossad.;;:- ..ta ine a 9 :25

.
s nanner r.st reg.wns ,naL; se

..J... . . . :. .
-e , 5 t a iar ' seeds ;. *1;r.-flutd-teiacateacxe; .-v

ex:st. Jul:
.1, .

f.: . e a cesa .

setne f.;;.o a:-
a t.nw ent:- ~~ s o -

-m ..3. n

4 d - as:.n :. ; rsitu ptstne >v
..

.i. .n.

4 . . . . . .
.. . , .e r . .: ,er it a nn.c::on

* .,. w n m ..-

. or . vstec.aSr r%:;ng :s 1 *J a.s .

M-
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Connect'.ons. . ). 7 . _
shall n. prep.ir. .. se . . . r. .; i:

n.;:te

. 3.7.1. (%ep suct ion and J g.c n rge
1sta sneet.accordance e t th app t t. ac t.

. t ar. ta r d , .
anall Oc prepared c., e ns e m t. .r ..

.. 3.7.2. Screwed connecttons

r
- 3.8. .tw e.ller-.

: nle;-> ota...... . p .. . . ,: .

4.3.8.1. Impe!Iers $nali ce key ec t o pue; sha f t s. .alane.sub as sacb lass, s na ' ! c e dynx t. .t i .
.

all impe tiers and shafts, an 7tanp rotor s er. ill be destpn.,t with cr. ...

! incorporat;on anco the pump.
|

5efore above nor-al rated speed.
spe ed's at least 25 percent

a :nt er.anc e.. .4 w

che unit s tia ! . r equ ;r : nu .pe: :a! ..t.4

ro.=ib te.aintenance aiare suscepc tble to m ar sna11 de capan te of rt: .. val ,. trout . ::.-.. .4 1:
GI part, .ruch

=tructural zer.bers er sain strengen elas....avv
Desici pressure and maxi ure operattne ter.;er.:.r.

- e.3.10. Des i gn P res =u r e.
in the applicaole data sheet or purchasess part a r .sw a n, .shall be specifted{

i. :W:it ?: CALY SI S _

Supp. :.. .nd .n. Oe .I t s
;. *r. -ure -.n_t3 ntec :vepone-ts.

.

v; ;cr n:. 4*1 esac 41* 11r41atten. for s . .. , : e r. .t : i.. ; r. .. -

. sot 6.ata ucpanent.. chi.''tS. *nd anC; Jf "OlC*-
......

;

4 . . ;. * e equ. peen: an.: supacrt. 4h.;; se des ignu: . . a : . = t a .o ;Se ; ..: ,
.

.

" as - .ent61 ammu=tnm tr. Tune tJ se M de..

. . . . .r t r. ; s . . n .t o p i ! .d . c * '. e
4a.... tw tu na .ae rr.u . a: 4.r:.;. .

-

and ert ;eai **;.,se :orces -

s. r t u t .. .
aue. u r64 v.

O s res6 in *ne si.p orts ina the sn m .- ..
..

t

e-.l. .
::me snea .;tr. s t r es t Jue :s : se .ve. :ew. .ma - :.e -

.c 4;; ne

; . e.: * ina. ? 7 tre f.w e:nt r ae: e presert. - .x w.e i. .. -. . . .
[.. .-

. . . - .. ,te .n t s i:. . . :e . .-: : s es .a ::= .r.4;=.t. ..- u ! -e .;o n e scr -.-i n.s ..
5' *

G. <.'aoie tv .e stress an 2 . i . . . c.: . . ...
.

G-,. i.eu .: - ...4- . . ... ,. .. .
,r . . t . :re - u - : ..

..- . . . . .

pur : uoce:?- auti;..;untJ :s ..v ..s ... 6 1'

'
;t.r : ..at. .reri._.

. . .g . .

.t...e .:- ing ,- u ..

Y
w
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y

!
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*u C= alt SatClocatio b| e
|j .i-

. t i..ne ar up:;n 1

I

-

anchored .ir t as teneo e tthout f

stsail ee ?

I 5.J.5. All equipment(
.

!
"AT ERI AL5 1,t. .

PartsC ntainani: i

f
4.L. Neer tals for Pri,=urr- I

(v11 ewing ASTM oper s t acat wn sha; . .e u. 2:A $1%, 4 :.:,
' Nterials according to the105 Cr. 11. A :% '.P5. A216 .TM ,

/ *s.l.1.
155 KCF 70. A 10 e 8 . .\ 524 A

,

I
A

A 251. A 588. A 594 tar snteidea m r... are weld.nc.

nydrogen electrodes shall be un ed m: r| 6.1.2. Low T Spec 2 f tcat ton hsI; de
htertais according to the f allowing AS w 134-9. A a'd or A aoi

,r.MS.|
A 19 3-58. A! e.2.ooitang whi a is exposed to vatur: Dt Spec if icat ion shall *ie usec :ce

540-! .' |

Matertais according to ti.e f ollowing AS193-87, 58. 514
-

Rie. t 19 1 , ,;
A

is not exposed t. water:2.1.
iting whtet.

| e6i c. sad.
'

A

Additional require:ents (cr all materials:
f ollowing:1 3...

Hardf acing asterials snall be one of the
e.a.i.

5 or 6Cal =onoy 4 21.
Stellite 1. 3 or 0 or Haynes stellite Allav

a.
:fm.sateur 'sardne %b. sec shali have 4

Martenettic stainless steels. If u
i

6.. 2.
te::er:-Accineell C32. s d for operat ion at ;

'."here cas t martensitic sta n.less steels are u eare rec a: c:ensec :.i r. -naximu=
250*T. silicon contents of J.50 percent

,

n.. 3

tare seiow fracture.
'uce ene prc:aotiity of brt::;e in ac.arcance c:h

I 45-w .,- h ,

usec, snal. se
17-. ?ti stainless steel. 1085 -15**

.:;
I 4...a. at

.pe s)C. ;tecipitation aar:ene2 AS M nec ;; ;.atu-
-ac er;als ::

snaf ts and irrpel.ers snau se sace : far.er a :es.
e.. 3. Pu:::>

]anc ;=:siler snai; se ;er C! 3cx, snart
Solts anu nuts sver . ;nca snal; se AartedD.e pump volute. stuff:.nS :sv :n sc::: -

*he erneral and : sone:ficac:an af sacer:4 s snas;$ g...s.
identif ication.

.

Ap pv .C1.T l '. . " .t :-a

permanent t ; ode. '.9ed. Sec: ton :::. '

*acertal icansards.
ance v cn ASME latier ana Pressure vesse
.

;

Y
drson :26.i

.iternece Mater:s!* asse .tenout
1 ,

tre a rt-
1 . . * .cc se r m us:.r

* scars.ala :ener : nan :nos. ,sec; ;ec orsa..sicornate sacer als. :neFor ans.derstion ;f
sf :na 3uver. ::neriv vatn imp iacac ie acoes 2nd :aac :nev .re .:--f

6.5... .

surrens.e vj samil sanonscrste :nac :ne
~

::.e : coa;:.ons Jr ed. -

U rac ta te est. q --

y.-- .

, ^

-

-

|

a

. ,y -a g y. e.: -
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-
_ - -

-

,-,---y., ,.e- _ . - . - , , - - - - -,m, ,,__ , , , . , , __.,, - w,- _ , , , ,wmm, m,--



- -- . _ .
__

\ . . - . . . . ..
~ '

~

-

,

b.*llER AL $ ELECTRIC
f

( atom.c pewte toutestaf otpaefurwt
2 LA9221 -

L
'

-...,".....g '.*"'

euec=att SP t tirec a tic = y< - *

,

*
. ..

7 FAmAlt.AT134 0F PflE55URL QJHTAINING PARTS

7.1. deidtng. Piping and equipment p res s ure pa rt s as s ena l .: ..r erectee my

welding anali ne in accordance with the applicanle coces, spet ti trations an d
require 1ments specified herein.

i

1 7.1.1. Qualification. All welding including fillet. seal. repal r. and attaenannt
i welds shall be perf orised in accordance with written welding prucedures. Pro-

cedure qualification and welder perf ormance qualification shall ne in accordance
with ASE Section IX.

-.

|
1.1.2. Qualification Records. Qualification recoram sna11 be in accordance data
ASMA Section 1x.

;

7.1.3. autt Joints

1.1. 3.1. Joanc de-ign and welding procedurss for longttucinal and girth butt
joints larger than 2 inc.ies in nominal pipe size e%all be for coopiste penetration
g roove welds .

7.1.3.2. 3acilms rints. Backing rings wich are lef t in place snail not se used
on longitudinal welds. They may only be used on girth welds provided tne suit-

[- ability for cyclic operatico is analyzed by the methods of Paratrapn N-41a.
section 111 of the A52 Soiler ed Pressure vessel Coce using a f atigue-strengen
reduction f actor of not less ensa 2. Backing rings witen are le f t in place must
be continuous, and any splicae shall be mutt welded. macking rints wnien are
removed af ter welding shall have ene root area inspected as requirea for tne ;

!applicsole piping classification.

7.1.3.3. Weld and precarstion.

1.1.3.3.1. *he preparation of veld ends for matcning ends of pipe for correction !

o f out-o f-romaness snail not res ult in a wall tnicxnese less enan the soect.fiec
P

s
einiaus enicxnesa. ;

,.1.4 stanca Connections, star.cn connections snail de to accoraance vien ene j-
*

requirements at US AS 331.1.3. Coas for *ower ?ining, except enat stanca connectcons |
1--2ver . acnes mus t se inspected sy radiograony. ?

7.1.3. soexe t 4 14s

7.1.3.1. 3ocaec welds say se orgloyee for nominal stoa sizes : .ncn es 2no smaale r. -[
~

b
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I a gao of sporoximatelv 1/ t* Incn herve en e- e
7.1.5.2. socket welds shall haveof the pipe prior to weldiny. ''h e aln :,suo

and the end-

bottoe of the socket af ter weldine shall be
as f o I I . a,.. *, ,

| ensatement within the socket
1

!

| pini.mun Feve,e1.ent
,! _ Pipe Siz_e

1/4 t rit't.
1/2 inen anc lessi 3/8 inen

i 1/2 to 1=1/ 2 inc.*
| f 1/. in. n

'

I 1-1/2 toch or larger
|' emplowed to verifv einlaws en-

A markine technicue shall be
;

| garement af ter widing.
f or ncet nal 31-e'

Socket welds shall have a minisium of two weld 14vera7.1.5.3.wall thicaness of 3/16 inch and 1Arger.
Non-pressure parts vnica are welded to end becomef

of psamp pressure parts shall conform to the requiremer,ts e
Welds.

|
7.1.6. Attaennent

Paragraph 512. 3.7 of the ASMr. Nuclear Piano and '.*alve code.
an interial part

i 1

I

!
!

Procedures and Processes! 7.1.'. Weldint
d ce we lds

Welding proceeures and processes shall be utilized to pro u
* e
i

completelv free of unaccent-\

of complete penetration and complete fusion. and meThe finished surf aces of the weld (bothWeld lavers snall be built
7.1.7.1.i

root and crenm) shall arr<-'

( up
ab le de f e cts . component surfaces. Weld starts

into the adjacentthe circunference and across tne width of the joint.smootJ. ly la not allowed .

| ianif orisiv around 51ock welding or peenine of weldaThe maximum inter-pass tcperature f or ti'
1

| and stops'shall be startered. I

concurrence of the buyer. ll be 35c'F.'

sustenitic stainless steel ed dissimilar metal welds sha
witnout theI

!seccified herein, sna;.I

Pressure-contsta tas anc attacaneet velds , as.itnin tac 11:aitations of this specification.
,

1
7.1. 7. .: .
cp low cau le not illowed without the :encurrence| followinc protJsseg 1

j The use of other processes or procedures 2

| of the Suver. i
I
; Arc =elcine iC"A-i I

"as Tune s t e - 34.
' )afetal Arc '.eldine t C*AW i. ':aa ut 11: .nc the snurt cir cuit ing j

setal are we lding LC'.AW)of tran. ster sna11 g se useo fee sustenit:cl '. am ;
| or gicoular snce ?

lj 9Cainides s tee L we 1:is . j

Ih te iuec Metal ir- Valai:ic LS".AWi 4|

:.
j

J. Suomernes Ar: eelaint ( SN ') 4
5

' e
1 :
} ?

1 i 2
i

^
'

~

! (f ! nr= . m , -

|;
i.

-
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7.1.7.3. Croove sute Welds. Aus tenit ic s tainlese steel prnnwe butt welds snail
be made by one of the following methods within the 11mitat:onn nf nis

spee.'' -

I

cation. Double welded (welded free both sides) by any .acc ept ab le sto-4. Double welded joints shall be inapecte" nn the backcea s es .
of the first side welded. prior to weldins the *cennd side.

!

51nale welded (welded f rne one side) enclov*ne tne GTAW pre-
!

'

b. 'nr the reoe pape.
cess with filler metal added shall be used
Gospletion of the weld nav be bv other ..ccepts le we;dinc

I A protective ;as back pu r s e 'ou s e he held unt ilprocesses.
a sinimum of 3/16 inch of we ld thickness is cow lat ed.

7.1.7.J.1. 5cchet welds. Austenit ic stair.les s eteel socket we l ds sna11 c-olov
the CIAW orocess with filler estal added for at least One root lav e r . Seite!! ..

I gas back purging is not required.
!

7.1.7.4 Cart on S t eel Welds . Carbon steel groove welds shal; be made bv e . * :- f
'

the f ollowicg setnods within the limitations of this soecification.

i Doucle welded (welded f rem both sides) by any acceptanie
I

a. Double welded joints shall be insoccted on the,processes.
back of the first side we lded, prior to weldinr the e=cond
side.

!

( Sing'e welded (weldeo f ree one siae) amelo r tne the C"r' proces sb. witn filler metal added for the root osa s . Completton of tr.eI

weld 'tay be by other accept. ele processes.

etal Velds. 'Jelded connections rutseen aua r en i t : c s t a t :-7.1.7.5. Dissintlar w

less steel and carton / low alloy steci are considered en be dis t:11ar setsi we;:s. i

7.1.7.5.1. Croove 'Jelds . Diss tailar metal groove veles sns11 t e in accorcance
witn the f ollowing requirements,

When the carbon / low allow st eel :omeonent is avar Ji!. tnch en ie s
i
3a.

it shall be "butterec" with Tyoe-309 filler metal ano seat
treated to accordance with the re c iremen ts of USAS 311.1.J.

l
a

Code for Power Pipina. ".omp l e t ion o f tr. e we la j o t n e c an :n en :e
*

acconoitsned with either Type-MR sr =ZG filler setal. "h e j
conso lat ed we ld joint shall not be neat t re a t ec. J

3. . hen the Car on/ low allow st eel coeroone-tt is 2/ 4 inen se less in
.

thickness one of the followine acolv: (1) !! 6.'.411 be we lded
j

utili:ing the Sw.AW stocess vtta *voe-M4 filler metal. (:) :: f
t!

saall re "5 uttered" with Tvoe-4* tiller setst wnen ut:11 sine
~~AW. '|KN4. o r S AW for accitional wwloirt of ne !oint. *voe- $
103 or . yu gg;1er setsi saw se used for comoietien of the welc. 3

':
|

"h. :oso . at ec we bt lotat snail not de neat trestec.<

; 2 i

4
f

*
a p. , . ..-r A .. , ,

) <- i
~

. ' '

1
*

('
~

.
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#
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o r . sa r e-(continued) area after ert Ii 7.1.7.3.1. red"

The minimum thickness of the " butte
7

4

r:,
3/16 inch. .!.411 -, t- ac- .:ac.

tion shall be weten
Otssistlar escal socnet

!

i Welds.Socnet7.1.7.3.2. requirements: steel.with the following
shall be carbon / low

,allev
the CT AW procesr.fit ting ll emplov Fi;,e;The socket ,

Dissimilar metal socxet welds shale se t the root lav e r .
a.

is not

wita filler escal added f or atProtective gas back purmineb.

metal shall be Type-309.!

in accordance w6th| required.
Bandian and f orming sr all be recutrements seec*!;..

nd the supplementirt,

and Fo rmin e .|
USAS ST1.1.0. Code for Power Pipins a7.2. Sendin g

or cold bent watnin t,ei
be hothers ta . i i e saw

Austenitic stainless steel p p n t

| '

331.1.3-7.2.1.
following limitations: limitations of L'Sa% exce.c

to any radius within themaainum operating temperaturelif e ano the same
does not

Cold bent
196" -revided caefor more taan one percent of the designannealed conditien.

' i a.
is in the fully

l to 20 nominal ploe 4tasetersCold bendina to less chan2'.'
| 200*material, prior to bending,

to a mistasue radius equa a
ble for piring whir- MasCold sent of service temperature.

nominal pipe diameters is acceptabove 20h* T provided ene tenet =a
b.

rosardisas

normal operating temperature afollowed by solution heatdimens ions
treatment.

tn.il pire f ollowecoperation 14 sinimum radius equal to 5 nosHot bencingsna;L de

regardless of service tercerature.
to aNot bentc.

tureeritures
::1ution heat treatment. steel 21: ins at

be

Sendina of sustenitic stainlessconsicereo :c14 tendine.d.
SOC * T small mebelow

stains :ameone .;
Treatment stee;

7.2. fast Austenttic sesinlea ; east soca.*restec atSteel. solution Meat
Aus tenit* c s tainlesspressure parts saat; sel sacerisi snail te detreased

-

and strinaes
..

* J.;..

etuapsent 3.ee; Surfaces.and Stainimes
Austenitic stainlese steeDescalier me :lesning

.3.1.1,
actoraance vtta Ast'. AJ80, trusteent.
*

nest
? sraaraon 2. prior to

'.t *

7"(? ~"

.
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I
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i

AfoapC poeta touirinant caraef asimf 21M 2 ? ae.,..
d,I1 . .e........

*veCMatt S*ttipication _

i,

%

1

!
treate! v u..iting to .- .-

for >ne Mour per i n. et t n . .an . = , |'h 7.3.1.2. Castina or ( ratna material -nall be Seat
.

ture between 1900 and 2050*r .ind Laen M.;;J '

not less enan 1,2 hour followed by rap ta cooling to belew WF. (r.ota :r.. i ; .

i '
is Sr".c .tht.ained 5v tie n c:. . n zfor optimue restantion of carbon an solutionrequired To assure , rapid unif or- cooling. eitner amitat Lem or sator rc ;..t t'- ;

'
in water.
snould be employed.) f

<

De used m .am t en t t t : sta:....
7.3.1.3. Tet perature-tndicat ing crayons small not

ot: Defore neat t r e.a r n ent .steels. Markang crayon shall ce cleaneet

7.3.2. Carson and Lov Allev Steel. :'aroon anc 1-v alloy ts l pt;tng :orponen..
treated in accardance wit!. :ne requ r.-

and equipment pressure parts snell be net: J
!

ments of tne applicanle AS W =aterials spm.+fic. : 2:n.
]

7.3.3. 14 e l e s . Heat treatmenc of welds shall e- in accorcance w;:a :re re w2:e-
recomunendations of ANSI B31.1.0. Code i' t 'over Piping.unts and

7 i. . Descaling and Claaning After Heat reateent

7.&,1. Au.stenit:c stainien Steel. Aus te .itic s tainless s tee t %!er :a; <na.. .: .

g descaled and cleanec by one. or a co=oina::sn. of tne f oliovina =* t now :
i

4. .tachining'

1

Brushing wLth aus tenit ic stainles s s tve; :rui es ent t 5.1v e .- t j

t. .
neen .ssed on carsen or low alla. stests. I

c. Blast cleaning sign clean sand or grit not ;teneusly used an
|

carbon er to. al;av steels. Steel grtt s h. ;; c ne asec .

Tic kling in sc:erdanc e with AS*" A;SC . P ara crapr . 3 ) (3r ..:-d.
c::e f:11: win.t r e s:r :c t ic.na ; (2) P;:b;:ns at ree- t e-:eratur e '
scal; se li=ited to a saxLsu= af :en .nutes ::r eac suocers n..

he :o cal .ue=er si suomersions snal; :e . .: . : e. : :a six. .;

?;:sitag at : ::eratures greater :h.2n ;0':' ana.. se ..= :42 :
i

) a sax:.=t.: si : =anutes for eac- s : .er= cn anc :ne t tal nu :er
<

. e
J

. f sutr:ersions snali de ite::ec :a 6..t. D s tatniesa stee. j
nacertal snal; :s ptenelec snie ren .- : e solue n s. eat

1
'* i::ents. se.: ,N .nte. :r .eic resatr>

!.
.etreats: cons.::en.

i snail se at:meied sni enen the .e..: en: sne ::-senent Mave
s

e, :cen soluti:n :eet :reatee sucsew en: ~:: :n. set: tag, J

<

d

.

.

d

.

I
a'

<

' O

.*lq
d

.i een.e en
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a r am c poet s touiput wf ot p ae ' ad as t 21A9221, , , . ... ,, * ,

(
c

' g
'o a k-au s .. .. a t e r ae

,

i

|

1
=

Larson and tow 411ov Ste Is.
Caroon anc low s11u e .c ta a, 11 se

tne folipwins es taoos . . :. . ,i

$ 7. 6..* . and civeseed ny one, or a conoination, atf ,. descated
.

shat: n., t be uned:( sidiining or grindinga.
en. .t re t Structures vainctn,

aiut tnc in accordance witn anc:iar patterns need sut 4ppiv.9.
wc11 etandard SP-) excest f ollow ed oy vacuun n r ai r-; anall beshen used, sandblas t ingI

'

b las t cleaning.

s'acalana in accurdanse witn cae steel Structures raintinec.
Council Standarc SP-4.

T.,. Major Reoai rs

sna11 require tne concurrence of tae
aattned nerein.( net o r e.s

Egyer staall receive prior notification of all major repairs,.%jor repairs , am, . 3.1.
removed, the location ut the defect. suo-DieLuver.

todicate stie nature of the def ect Enew s4:411 ;e mace ava t is, hsn all treJtment, or other pertinent data andsequent he at
ta the suver upon reaues t.

I f orm a nits , extrudeu
I in base sacerials sucn as plates, requires excavaciac of7.3.2. !8 ajar repairs defined as (a) a repair wich'

or woen tne; tpaa , or castings aregreater than 20 percent of the wall thicaness
(, material to a depth greater than 10 squarc incnes, (b)

the repair or any

e xten t of tne cavuy is the repair of defects mich are indacattve
in vroustic material and (c)c raca

o f fundassental materials problems.
(a) tree repair of env crack other

Ma;or repairs in wida are defined asrepeir of def ects wnicn are indicative ofe.i tn e r1. $ . J .
t.twn crater racts or (0) tree

of control.saceriale problem or a process outa unnamentai

7.o . Heat Treatment '.fter leoatr bv
'.e lJ i n g

7.i.1.
Ame e.acerta. reesir welds sna11 de Neat treated as requtree my tne

It sn4.11 se cae manuf acturer's resoons t-
a pe ticac is not e rlats some ti teat ions.
b!1 sty to determine whetner wat treatment ans11 de performed af ter repair
w e ..f tav .

J5M $ 31.1.0, 7. ace
.da repatra snail ao neat treated as reautreo ov*

. ...

a- .wer ''psna.
.

.

heitner mat ettals , weias . o1.,a n e ,
.rtace r itu sn . he surface finisn at

ur rubansat pressu-e parts snail te suitaole for tne insoection and tes ting re-
* *
. .

mere-
tne ace *tscaole tisst < cti edu le . Surf ace siscontinuities aten arew.ree s ene overan fiutsu ena11 se removes or nieneen Lato tne

.

,w ~

+

eusv .:.ffurent fru-
w ..an t aurt scen .

j

;
-

_|?c :2H ; 3iu '2

(- I

7a
. **S

_
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INS 7ECTION, TEST, AND Qt'A1.I*Y CONTR0t..

8.

8.1. Pert'or= nance Tes t ing

8.1.1. Th e. pump shall be cented in the Seller's *ru : te Jeee n .e r .ic e enat n
fulfills the requirements at this spec tr acat ions.

3ege tests .sien t i se enn-

A: Lea.c 5 :ointsHvdrau!!c Institute Stancards.,

ducted in accordance w:t3! including fall capacity, shut-orf, and 125 perrent of capacitv.

I
shall be t e s t ed ,

!

8.2. Hvdrostatic Testing

The ptasp casing shall be hydrostatically leak-testec in ..c- > r da nc e w ; : =:

p 8.2.1.Section III C of ASME 'ressure Vessel Code.,

)

9. .1.1 th rsugh 8. 2.1. 5. Delet ed

:es- s re :-.ir e s:. r 3 -tni-
3.2.2. Fe11owing the applicat ten of the hvdrostat t.- t wh ts n : !.-e
aus at LG minutes), the pressure say be recuced to design pecs... irei

leaks. ;'h.. p r e s s u r e-
| the pres sure-retaining components shall be examinec f or

components at e unacceptable if any leaks are pr.sent.| .retaining

8.3. Sand e s t ruc t ive Examination
(, Meenods , tecnniques, and acceptanc e s tandards f or non-dest rue: tve ex.t=rina-i

l s.3.1. and Valve Code or A5'*tien shall be in accordance with the ASME Suelear Pep
3 petit scations as described and limited below.

8.1.2. Caerings
,

Se c e t ec t s el tsina t e.2'

Pump casings snell be nondestructively exa=inec anc :
f h 8.3.2.1. ., f the AS'd!in accordance with the requirements of .aragra;n 31. 5

*

or repaired Accegs.ble internalanc Valve Code with tne f oll wing exception..i oNuclear ursp
| surf aces f or MPI or ' *! are defined as those uni . aan be repaired vt:houc cu::;re
|

vinuous. If a surface is acetestble at any eme dur fng sanu'.setuttnc eve le anc
. tru aorf ca ana.! be

wt'.1 5ecome inaccessible, the atondes:ruc tu e ess-inat :r .'- -

cerfrr ed prier t.1 e.ha t surfice %ecoring inaccess.e.e.

3. .2.1.1. Radio 6raante exarinatiott snall be cen: =ac :: :ne arem at
.-o r : ; e

far . distance ,. je
preparacians from :na enc Jf One preparation Sac /. war

gir:h o r '.ongitudinal ;'res.4ure-c:ntaining seids.' east 2 inc es, and any

t.2.2.1.2. 5s t-weld agnet c ;srticle or *.iouac :enetran acceptance :r.cer..
sesi. to as reautrec 3y ?srag racM 512.2.2(f! 2 and i :f :Me ASMF 'hsc '. ear ?u:s
enu '.'a lv e '.*sc e .

4.1.2...;. A1. .r .-cen truct ive : ss t ing snail se :erfsemec se:er env process- -

assce istou est :: aa t .e n t .
r

'* e.sar ?nno in.: '.' .i l v a 0.n;c ;r i; ::5:
;nscoc: tun ;er Paragtson si! :t u MM 3.'....... - ;suas

inr rne.st 2.t;ve es.minst;en. if2 - " ec s ein e :.
.tf

. g**
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I
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j. . s* e e me.

16 . . . , , , , ,
..- e

;
( *veCuait wtctesCaf 80s. .

'.(

anJ11 be camelinec in the- -

All pressure containing torgings by liq.sid penetrant '.-

finished condicaon on all surf aces accessible for repair4.1.3. Fo rs tr.ge_ .
31 4.3 or by angneticS r a pt:

methode per ASME. 'fuclear Pump & Valve Code P.sras*

p e r As''I . P a r a gr a pn 31. . & 2.'
,

particle methode;.
.

enall oe 100 percent eFaSined DV rad!wur4phy per N $*k,4.3.4 M
v 8.3.4.1 The f olievinu

ASME Section !!1. full-penetration

Girth and tonattudinal prennure-contain4ng,
a.

groove welds. ine.ts snc larxer in pape
Welds attachina branch conneccians 4b.

, -
size.

examinec on all ac:essible sut ace = by either'
,

The f ollowinu snall de N 626 o f AS''E S ec:
1un 111 or liquid

8.3.4.2.
magnetic particle setnods per Paragrapn
penetrant metnods per Paragraph 5 627.

non-pressur -c anta aning attacn-
Fillet welds, socket velds and nd ruides.
ment velds sucn as supports. lugs, anchors aa.

juints pr:cr
first sice welded of doucle-weldedThe back of theb. to welding the second side, are sub-

The back side of joints utilizing backing rings whichI d.

sequently removed, af ter the ring has been removec.

during their per-

Suyer's representative shall have access to all :sstingptementative bef or e'

A final inspection vill be made by the Suver s re8.4.
f o raunce .
pump is shipped.

8.5. Qualitv control equipment fao-
responsidie for the quality cf :ne.

f abrication is inThe seller shall de
g 8.5.1.ricated to this specification regardless of whether such:he procedures*he Saller snal; provice *he Seller snaRof a subvendor.

regardless of wnere ne work a :erf arnec.in a central !t'.e ar. ac:ordance withhis own shop or enat ASME
sad records required
originate and saintain record syste-*X. Paragrapn 205.Appendix?; assure Vessel Qde. :nemt:21 ancano

*he Seiler snail co cain tater;al :er:::::.st :en, anc L:speilers.pump snat:. 1

reports for pressure souncarv mater.41, sumoer. Oraving nunoer.6.3.1.1. artpnysical test ident*: Loc 3y ; art name.
*hese recorda snail 3e|

and ser*.a1 Summer. eacn non-destrue::veresui:4 ::

snali se nit:en snow.ng taesnail ref erence an ac:ectec examination procecure,4.3.1.2. A repor:
L2cn reporttest perfocuso.

serial sumoer.part P.ame. ;ar: usrecoros calloc sutreos Ar er'.211 requ are :ne
8.3.;.2. Eaca .a .9 r J e f ec t anc M ve Mue.*

31<. 1.o at :ne A=MI .wc.aer ? ump F 'D |
,

'
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I ". . . . . . . -*ueenase setCiPicario= e.
._

| s
'

i

4.5.1.a. The Seller shall prepare and natatain a uality cone r I .ics ia rv s.ee:
or wquivalent for pressure coundary saturtal vnich provide = '+.r n. u t ts not
limit t ed to the f ollowing:

6.5.1.6.1. Heat t r asa t or po.c weld 'iva: Crea t :ng pr:cedure nur.n e r .tnd ca t e-
accomplished.

Jep1.s ed rors.5.1.6.2. Faorit ation and repair we ld pracecares ano cate= at- a
,

the part f.cular operation called out.'

,

8.5.1.4.J. Radiographte inspection rea r: nu ar and date a.; *- p t ..ied ..

9.5.1.A.e. 'tagnetic particle or liqute puestrant inspectica remrt rur.: e r
and date ac:;r;11sned.

s.5.1.e.5. Hydrostat te report nurecer and date acc.-pitsnec.

d." .t.a.6. Seller * s quality control per tonnel shall init tal a r .ta p eaen
. . . .e u antev. Space sna11 be provided t er the (;eneral Electric ?ual: tv ran:r

K.preevntative :a de 11'aswise.

5.5.1.5. ?!aasurin , instruments anc the accuracy enereof shall :e an.urej 'v

cne Seller to be within the tolerance specif ted ter the measurement ta be mace.

a.5.i.e. In a<*d i t ion. he Saller shall prepare in gutntittes defined in :'e

Par: nase Order consolidated binders ot the docu=ents Lt*:ed *c;ow fer eacn
ste- of equi;sent prior to shipment. E.tch bander 41: 1 ne sue st ed to the
Super. It -r.all be index tabbed f or each .ajor secti:n : at 6t ;.in t a ins te r

easy reference. ."he b tnder itself shall ne a =tancard herd ' *cr : pe :or

8-1/ a 11 paper and labeled on the f ec with the equ i- evit .iracriptten.
General Electric Purchase Order Number. Proj ee: ?.2 e anc 1:e- :.i r n N=:er.

8.5.1.6.1. Material certifications.
I

I 8.5.1.6.2. Jertif icate if compliance
i

| .

i 4.3.1.6.3. ::ancestrue:ive :est repar:<.

3.3.1.o... ''.a or reoate charts.-

S.3.'.6.5. Heat :rsat enarts.

3.3.1.6.o. -ycrostatic :sst repor:.

S.5.1.o.7. Perf ormance :sse report.

** 0:.I.C *::.". . 's A* !!!C . CD PMEFARAT:3 7 R 3HI.?E::T.

'd.'. .sepanent e.s t: . *n.al' := :leanau Jur tag ia .a ; asse=miy :" provtoe an

.asacoles unt: :ree at : hips. Lucrtcants , and other :oretan sacer*.st. Adecuate S.
$precautions .n=61 :e : amen av :ns Setler . nile perf aming tests :s prevent :ne

tetrocuc: ton Jr fore:gn sacertal.

.
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9.2. Af ter completion of testina, the pump shall he cleaned and pockenec f or sntp-
ment in a manner which will prevent the introduction of f are t en aseterial into tne''

readily- w at e r- s o lu: le; Af ter cleasing, inside surfcces shall be coated wit ti a
sesit.
corrosion inhibitor, such as a eclution of 1/2 percant sedleem nitrite, 1/4 pe r cen t
menoeodium phosphats and 1/4 percent disodium phospnate,. A tight-fittine metal

i

cap shall ne fitted over all weld enda. The temporarv seals used on the oozzles'

shall not affact the weld preparation of flange faces of the nozzles.

9. 3. Esterior Surf aces (Not "adeined)
| 9. 3.1. Laterior carbon steel surf aces shall be cleaned of oil and grease, afte-..

which mill scale, rust s cale , rus t , p a in t and other foret rn matter snell se;

thorouanly removed bv such means as sandblasting. After the surfaces are pre-
pared for painting, chev shall be painted with the Seller'* s tandard estal pri.-e .

9.4 Esterior Surf aces (Machined)

9.4.1. All accessible exposed machined surf aces, except those of stainless steel
material, shall be coated with an antirust compous.d readily removable by solvent
wiping.

9.5. All equipment and parts shall be banged, boxed, crated or otharvise pro-
tected against damnate, loes, eoisture, sed other contaminents durina shipment
and while in storage. (NOTE: Equipment saw be in storate up to 12 months.)

I 9.6. All bones, crates, and shipments shall be identified with the equipment
piece n eber.

| 9.7 !taintenance tools shall be shipped in a separate container.

.10 . SU1MITTAL.S TO St.TIR

*rawints10 .1. u

10.1.1. Oucline Dr awin e . A drawing depicting tne outline of the zumo ass eme lv ,
indicating over-all 41sena:ons , location of supoorts , sn icotna anc operating
weir.nts , weld-end preparations and all 20Cor acc suro int erf.ac e dimens ions .

10.1.2. Ass emo lv Drawings. A section drawinc dentctine tne arranaement of One
functional parts, part list, and sacerial destenations.

.

10 .1.3. Startags to se Cartif tec. Outline drawings and vi rine diaerams . mon

completion of the teeten, snail ne tertified to be torrect vt ch so furtner
chamaes reeutred. No siterations say 'se saae to the des ten af ter Certification
with out the amoroval of the luyer.
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i 1D.2. Desias Items
! .

10.2.1. Design Calculations

10.2. 1. 1. Saismic
,

'

, 10 . 2. 1. 2 . Code calculations for pressure containing parts.
!
i

10. 0. 2. Design Procedures

10. 2. ' .1. Sutaittals shall be related to the fieles listed below. Thev shall
; state in detail the steps taken la makina the stat ed des tan, the dif f erence
| between this design and standard desians aircadv in service, if arry, and the
| field-proven sucesas the Seller has had with this or sistler designs.
I, a. Vibration, bearing span, and critical sweed determination.

,
,.

$ b. De let ed

) $ c. Deleted

| d. Searing load determination
!

i 10.3. Procedures (For Approval)

a. Heat creating

b. Repair welding[
| c. Radioprophic

| d. Fabrication welding

e. Liquid penetrant '

f. Magnetic particle

3 Packaging and merking

10 .3. 1. Cleaning, Preserving and Paintine *

10.3.2. Hydros tat ic Tes t

10.3.3. Performance Test

10 . 3. 4 If welding is ecoloyed for faorication or reesir, the Seiler sna11
propree ,selding procedures and submit thee to tne Suver for sooroval.

10. a . Instruction %musis

10.a.1. Instruction manuals anall oresent th e followtr.t haste categories of
information in a practical, casolete, and comorenensive sanner preoareo f or use
by operatint ase/or maintenance personnal:

a. Storace matacanence

o Isacructions for tattial inacallation

-

(d .....
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I 10.4.1. (continued)
~~ and reres t r

! for operat ions , maint enance,
c. Imotructions

I for inspe.einn
Recommended inspection points and periodd. for all replaceable parts , se..ets, etc.; ,,

e. Ordering instructions
;, in a logical ams ..cderly sequence. A

The information shall be organizedincludina significant t echnical cnaract er-10 . 4.2 .
general description of the equips.at, included to f amiliarize operatingand maintenance personnel with
is tics , sh all be

e

the equipment.
f dronings and/or other illustrations shall be included or copies

10.6.3. we cess arv Test, ad j us tme n t .i

of appropriate certified drawings may be bound into the manual.and calibration inf ormation, as appropriate, shall be soecified and ident
*

! ified to
! installation,Safety and other warning notices andI the specific equipment.

maintamance and operating cautions shall be emphasized.4

f

shall he included showing part nomenclature, annuf acturer 'si

10.4.4 A parta list for accurate identification'

part number and/or other information necessarvCommon hardware items, or other parts to be
| and ordering of replacement parts..

locally procured, shall be adequately idantified by technical descriptions.

Instructions and parts list shall be clearly legible and preoared onmaterial1D.4.5.
goodMuslity paper; cartron copies, tissue copies, or other fliavvN1tiple-pace instructions shall be securely boed.
are not acceptable.*

If a standard manual is furnished covering more than th= specific equirparts, and other.

meat purchased, the applicable model (or other identification),inf ormation for the specific equipment purchased shall be clearly identified.
10.4.6.'

10.4.7. Informacion shall be furnished on seals, including recomunended frecuenc*frequencv of pump shaft rotation, and
of inspection. criteria for replacement, seals used in standby equipment.
ocner criteria of importance in connection with

.

.

10 . S. Tes t Reports

10.5.1. Hydrostatic

10.S.I. Forformance'

10.b. Cartificate of ".omoliance
all soolicao le |

"he Seller snali fussian certification of caso11ance with
,

icooles of pertinent test data,10.6.1.
electrical and seenanical cons truction cooms . with and sacerial samoles recuireathe drartnes , calculation.s,
The 5eller shall suopivavoropriate code and/or license 'Joeies for aooroval.
for summittal to the

_
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- VARIOUS COSCIE3110NS ARE POSSIBLE,
_ BtJT T11 ALLCVM:LI FDRCES IN [ACH

.' ' ''. . - -
*

H CASE M.!ST EZ TRE ATED SEPARATELY.:1-
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O 4 3 1 1 PART NUMSER ,
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24' 28' A
L

1" 20* a
1 0'' 10'/l C '

10" 10" D
12 N4* 14' E

giO V4' 42 4'4" F
, 36* %" G (CIRCLE DI AM E TE R)

~~

j
[ 80S" lO B' H

ir iA- a |

L iv- iv- w
-

.

|
- - L
32~ 32 '' M (BOLT CIRCLE OtA.T
Til 111 MAX. PROCESS TEVP *E y' ^-

14 8 14 8 AMBIENT M.i x TE MP *F -

90 T0100 90 70400 MAA R EL AT 6 v t" N M OiT V */.
- '28 12 O WET

W R'L (gg$, py1} _ - ?, .

,) 25 00 0 ORY '

,

MIN. AEQ COQuNG WATER
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' 310 4 10 -
'
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~ ~ ~ ~ ~COO LING wT R. VAX. P RESS
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- -
.

o.1
i -i

. . -
p

,

| I1 14 NO MIN AL S17 E, IN. NOILLE 8 'd'~]~l-
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. ,

| 10 12. NOMINAL SIZE. IN. NOl7LE
-

h __ /
) 2,11 0 3"> l 0 PUMP wEnGHT, #~ t , LSS. g _

- . -

) 40,000 '51,000 fFa MAX. ALLOW t bOCTICU) ~ J '

40.000 51,000 4 Fv NOLILE FORCE, LS . .,J
~

~ '

. 6*

40000 50,000 4 F r. (SEE FIGURE ONE)
_

. ,
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- !
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~ '' -

6 j
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,,,,,,c
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l 2GOOO 40 COO A Fa MAA. ALLOW QiSCHARGE) # ''
-

% -
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STONE AND WEBSTER ENGINEERING CORPCRATl
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l.

AGENT

LONG ISLA!!O LIGHTING CCMPatlYSHOREHAM NUCLEAR POWER STATICN
BYROM JACKSON PU".P OlVISIOg
BC!1G4!t.Rt!ER CC'tP.

ACCESS ROAD ON ROUTE 2SA2 Pit:E STREET
St.N FRANCISCO. CALIFORNI A (__ E AST. 0F WILLI AM FLOTO P ARKWAY

--

j SHOREHAM , N EW ,7,pp1,,,,,.,.,

wc* MR. G.C. GODWIN w.
- m e . , , , .., TRUCK;. a

DESTINATION, . . ~ . -. - . . - . . . . - . /:., ,..m ......
i

NET 30 DAYS
T.0.

I
! . g ~. . . 2/20/72

,, ,. ; . ..

Y.t..e0N JACKSON PU,MP Olv., VERNCN. CA.7. u. w.- c
~

'

,....m LA728 REV. 0 1 1 -n. c= .n. . .., . .. .
632-03137.L62: ' .. . ..

. . . . .
I ILlLCO J ......~....w.....m E TO THIS .'

''i

''THE TERMS AND CON 0lfl0NS APPLICABL
I

.

IN THE !

PURCHASE ORDER SHALL BE THOSE SET FORTH
. . . . .u ,

17, 1969, BETWEEN !

AGREEMENT. EFFECTIVE JULY
S

|GENERAL ELECTRIC COMP ANY , ACTING THROUGH IT,

NUCLEAR ENERGY OlVISION AND BCRG.WARMERCORPCRATICN, ACTING THROUGH ITS BYRON JACKSON
1 '
'

l
i

| PUMP OlVISION.'' I.'

| ARTICLE I - SCOPE OF SUPPLY !
............... |

DYRON JACKSON PUMP OIV., BORG. WARNER CORP.,SHALL PROVIDE ALL;', ..........

i

HEREINAFTER CALLED ' SELLER'HATERIALS AND SERVICES TO DESIGN, FABR
' ICATE,

TEST At:0 DE'.IVER THE FOLLOWING.E

I CORE SPRAY PUMPS
IN ACCORD,1NCE WITH TH

|FOLLCW1MGOCCUMENTS:
2 EA. :1 ;

TITLE
REV. DATE,

i DOCUMENT NO.
.....

OATA SHEET
j.......'

i i ........... B/27/690
21A022:3C

PURCHASE EPEC. CC3E
.

3 v/15t n SPRAY AND RM PUPPS
..

214922:
STANDt,00 EPARE 275.
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pijacsAsj. CRDG3 No. 205 AAT2a'
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CONTINUATION SHEET sgerr ,, q {.:

MJCLEARE,'R DIVISICN F ACE AND REVERSE StOE OF THE

THIS CONT 4NUATION SHEET IS SUP. JECT TO THE TERf.iS AND CONDITIONS ON THE
OR

flRST SHEST ANC ALL OTHER CCNTINUATICN SHEETS OF THIS ORDER AND ANY SUPPLE?. TENTS.SPECIFICATICt.S
,

THER DOCU'.' ENTE EXPRE.95LY INCORPCRATED HEREIN BY i<EFERENCE.i v~it mies i 101 s .3
ossemv au on cooos on saaviess

s iru m rir, I
00CUMENT No. REV. DATE TITLE

.........

WELO'E!10 PREPARATION
..............

1209At4283
PURCHASE PART CWG,'

117C1110P2 3

TO SPEC. 21A9221
ATTACHMENT At t

2 9/19/69
1 6/18/59 QUALITY CONTPOL PLAN

-

Q.C. PLAN
I O 8/ 1/69 Q . C. NOT IF I C,AT I ON

POINTS TO Q.C. Pt. Art 1

2 2/t8/69 GEN. REQUIREMENTS
21A1150 FOR VENDOR DWGS.

3 12/ 5/68 DEVIATION DISPOSITICN
QSt 7.2.19 REQUEST PROCEDURE

t 7/21/69 TERMS AND CC;;0:T|CNS
SUPPLEMENT

INCLUCEO l'!

DATA AND DOCUMENTATION SUBMITTALS IN ACCORCA!!CETHE BASIC PRICETHESE, UPCN AP'ROVAL OYIA t LOT
WITH ATTACHMENT A.BUYER, BECOME PART CF THE REQUIDEMENTS OF THESHr.LL C0!!FCFM TO

SELLER' S UO. t'i

PURCHASC ORDER.
THE. DRAWINGS AND PROCECURES SO APPROVED.

ITEMS
/ INCLUDE THIS MARKlt:C WITH

MARK NO. E21C00t CONTAINED IN ARTICLE 7/C/ OF
TERMS AND CC::0ITICNS/

i

(

TO POUR!!:G OF Cf.07!NGSAR71CLE II . ?RICRNOTIFICATION REQUIRED......................................

70 iCVISC SUYCR SIXTY /SC/ OAYS Pol:R TOA L L P/.i OUYER TO CC:: TACTSELLER
POUH it:G OF CAST !r:GS . Til100 PE" CENT Rt.0!CGPAP9r.PLE
CUSTCMER ft: THE EVEr:7
CaSTit:GS CEC:M E A ':EOU;i:C!!E*.:T.

GUY 3 MUST .it:PCND

WITHIN THIRT'f /30/ .7 AYS , f.OV ! 5 NG QUAL 1TY CF
CAST:NGS OES: ED.

ACI'EEMC'!T
ARTICLC ffi - MOTC'..OUY............. SELLC?

At.L t'OTC35 70 AE SUPPL !!? OY GE-t.PC3..it:0 70 f.0V'SE RUVE1
...............

t. PUMP TCD ANOTO :;r.ut:T u.0TMS ~*:f.LL MOT 73G AP.C G C'''J :Ri.3 TG O CM'" .:

Wile!!
{# TESTE0.

,

-

.

~

.. .

.
$
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b* .!. [[Ju C i- O. 05- AaT2eL s sqrr.. . : ccr
/, FM b CONil!JU ATION SHEET

e,

0 REVERSE .CC OC Tiab
C';OITICNS OM THE F ACE At:C A* Y SUPPLET.1ENTS.SPECIFICATICNS C7OlV1010 ;

NCC:. EAR EN R
THIS CONTINUATION SHEUT IS SU3 JECT TO TifC TERf.!S A;.0 C
FIRST SHEET AND ALL OiHER CCNTINUATION C!!ECTS OF THIS ORDER AN| van t * : c t i ici n ==

THER DOCUP.!E*JTS EXPnC05LY lisCORPOR ATEC HEREIN BY ftEFERENCE.
_

*

otscartios os cocos ca se avices

THE DUYER'S RESPONS10!LITY SHALL BE TO FURNISH
'Eu r,ee vity |u

A MGT OR WHI CH CCMr'L I E S W I TH THE MOT OR D AT ATHE SEtt.ER'S RESPONS I0 lt.1T'r2.
E S AN3

WITH REGARD TO THE MOTCR SHALL BE THE CORPECTN SFURNISHED BY THE SELLER.

COMPLETENESS OF THE MOTOR DATA.

SELLER Shat.L NOTIFY BUYER WITHIN ONE / t / WEEK
AFTER SELLER'S RECElPT OF THE MOTOR AS TO ITSACCEPTABILITY PASED ON VISUAL EXAMINATICN ONL

3. Y

FOR MEETING MOTOR SPECIFICATIONS.

SELLER SHALL 2E RESPONSICLE FOR ASSEMBLING THEIN A WORKMANSHIP-LIKE MANNER FCR4. INTEGRAL
PUMP AND HOTCR
TESTING THE PUMP AND MOTOR ASSEMBLY AS ANUNIT, FCR MEETING WARRANTED PUMP CONDiTICNS, SUCH
AS HEAD , FLOW AND BR AKE HCRSEPC".4ER , AND FCRINTEGRAL UNIT.
SHIPPING THE PUMP AND HOTCR AS AN .-:

PURCHASE CROER TOTAL
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|
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CERTIFICATE Ci" COMPLI ANCE ;
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q. .
.

.

,' l
1 Purnp serial neber ces eti:i w s designed, fabricatad and j

4tested in accordance with the requirements of Generai tiectr!c
Company purchase. order 2cc aa 71- .

*

-
.,

:

All welding procedures and weldera used in repair or fabricatien e.'

of this pump were quellfled in accordance wi th A.S.M.E. Section IX. ..

|
-

.

.. . ':-*

All Non-destructive testing ws performad by personnel quallfled in <

accordance with SNT-TC-1 A or other applicable specifications as ij.

);required by the pruchase order. ,

!: J
Lt '. ?
Y ..,' ~

'" !'- ' S1gnsture .* C ',
..

y'(3ill '.'

Manager - Quality Centrol Title

*f. ~ b
|

*
- ,

SYRON JACKSON DIVISIONi '

i Borg-Warner (Canada) Limited Vendur Xame . l-"

!.
.

i
Deee :

n,....,. ie.. .e--
_ .1,

|
J g . .

!
,

I -.

: -

',

i
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g
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'
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'
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-
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..'.1,

k Pump serial nunber 691-51112 m s designed, fabricated and -

. .:j"'

tested in accordance with the requirements of General Electric '(f,.k (", ''
!"

(

Company purchase. order 2ec aA 718
N..:.#L.,

\
.

s

All welding procedures and welders used in repair or fabrication
j.=a:t;,. . . ,

..-[ js
'

.. .D]of this pump were quallf f ed in accordance with A.S.M.E. Section IX.
.

,

1 c

.; . | : m.. > . .

All Non-destructive testing ws performed by personnel quallfled in Qr.., }
w.

2.

|
accordance with $NT-TC-IA or other appilcable specificatlons as . .

$r.''pl

h'h;Yrequired by the pruchase order. '

t r. ' D..J
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.
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ByronJackson Division :.

ges*3 es*=tt 8Camacas LfMff10 .

I
PA SW IA STaf 8089 84. 70808470la Ontamall CANADA .

4
. % i';

'

Date: _cetee, to.- io-- .-
~

. . >y..

r
,. ..

.. . . .

',T..:. A. '),~

.

'ntIS IS 'IU CERTIFY 'IF.AT TE EQUIPMENT DESCRIPID ' . J.
*d

c,

..

i- . .%

EEI4W COMP'IES WITH 'IEE REQUIPIMENTS 'a'ERE ((f ,]

APPLICABIZ *IO TE FOIJ.,OVING PEFEPINCED (21 A 9221 Rev.h) F "'C' . . us.
a

u..:>;-i

'd t_^'< ;C0 DES - ., y. :. --

Section III ASME for Class 'C" Vessels, Y '.'.
USA Standard Code for Pressure Piping; W39

[f-e'Q. ;_{')pPower Piping USAS B.31.1.0;
Standards of the Hydraulic Institute;
ASTM where specified; ASME Code for hI$. u)
Nuclear Pump and Valves. pg,$~y

N.;? : 4 4&w$.

d-
$N W

BJ SERIAL NO. 691-51111 - -< . '".pi.1
'

LILCO CORE SPRAY PUMPl --

p; .. e/
'

DJ SERIAL No. 691-51112 g . _- .': ,.LILC0 CORE SPRAY PUMP1
--

I ' *: f
. .;

' . {.1
:)~. . . ..

[ f ', . -[ 2 , ,
'

// '

_ g% c,s, j c-f . .I
_
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4A. A. MacPhail
Manager, quality Ocn:re..
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Date: Octete- 19:- 197:
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| 'IHIS IS M CERTIFY IMAT THE EQUIPMENT DESCRI2EDr-

I.| BELOW COMPLIES WITH DE REQUIPIMENT3 'a'FIPI .
;

APPLICABIZ M THE POLLOWING REFERENCED (21 A 9221 Rev.h)

| CODES -
r- .

i

| -

Section III AS:E for Class 'C" Vessels,

USA Standard Code for Pressure Piping;
j Power Piping USAS B.31.1.0;
. || Standards of the Hydraulic Institute;,

j ASTM where specirled; AS:E Code for,

Nuclear Pump and Valves.,

1 ( ,

i
'

}

) LILCO CORE SPRAY PUMP - BJ Serial No. 691-511111
* -

,

*

BJ SERIAL NO. 691-51112 =*.

' LILCO CORE SPRAY PUMP
-

1 -

,

.G/ -

61 Gk c!L.. ..
,

'

j
A. A. MacPhail
Mana6er. Eu31it7 000~~01.
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Des 6gn inputfReferences *

RefertoTableofContentsonpage2of[
.

.

,

AssWngtfons

Refer to Table of Contents on page 2 of h

| .
,

i Mettroc

( Refer to Table of Contents on page 2 of h
'

,

4

The purpose of this calculation is to determine the temperature andRematum

radiation tolerance of the materials of construction of Byron Jackson
(Borg-Warner) RHR and Core Spray Pumps.

CHE m APPRCVD j DAT:
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_

l.L PURPOSE

To determine the radiation tolerance of this device by
l.

examination of the materials of construction.
'

,

(
Tb determine the temperature tolerance of this device by2.
examination of the materials of construction.

2.0 SCOPE

This calculation applies to the Byron Jackson Residual Heat Removal
and Core Spray pumps exposed to environmental conditions at SNPS-1.

|

3.0 REFERENCES

Technical Manual, RER Pump, Byron Jackson Pump Division, Manual1. No. 8020, lE-3525, Section 1.2, Materials of Construction
IT-3855.

Technical Manual, CS Pump, Byron Jackson Pump Division, Manual2. No. 8020, lE-3525, Section 1.2, Materials of Construction
IT-3855.

3. ROC, K. Trotta (EDS) to Shirly Migdon (ASTM), 6/21/82.

Handbook of Plastics and Elastomers, Charles A. Harper,4.
McGraw-Hill Book Co., Copyright 1978.

Radiation Effects on Organic Materials in Nuclear Plants, EPRI5.'

NP-2129, November, 1981.,

i

4.0 METHOD OF ANALYSIS

The temperature and radiation tolerance of all materials contained
within this device was determined by a document search of publishedThe sensitivity of the " weak
materials and other EDS calculations.link" component is then assumed to be the temperature tolerance or
radiation tolerance of the entire device.

5.0 BASIC DATA AND ASSUMPTIONS

Only non-metallic materials have been evaluated since they will5.1 be the most sensitive to potential heat or radiation damage.

6.0 SIMMARY RESULTS

The limiting material in this device, with respect to temperature
and radiation, is Ethylene Propylene, with a radiation tolerance of

7 rads and a maximum operating temperature of 300'F.1 x 10

7.0 90DY OF CALCULATION

Ese Tabl e 1.
m m - ESSS EQUIPMENT QTn W ICATION i

Mf/'t RAMSHiEyriptJM6M IGRK< R)MM
me ao nn n_nn, _d, - ")'

arensT = r*==- 0630-001- O 3 6 o, (
O n m,# e )

new se om oneseo / ., _. .
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id"MA DatoPrcpared byt
Calcula No. 0630-001-038 Checked by4 M 7M4_ Dat2: W2J//d

/ /
*

ORevision No. TABLE 1
I

|

l COMPONENT MATERIALS EVALUATION WORKSHEET |
I I

I |
Serial No. 691-S-1111 - 1116i Byron Jackson lManufacturer|

I | | TEMPERATURE I RADIATION |

| Co-sanent | Material | Re ference |
Maximum Operating | Reference! Acceptable Dose | Reference |||

I I | |

1
1 I

| Gasket-Cover to Case l ASTM D-2000 | 1, 2, 3 | 300*F | 4 11 x 107 rads 1 5 |
|

| | | |

|CL. 2BA810 | |
| | | |

|
|Cl2F17 | |

| | | |
| |(Ethylene Propylene)| |

1 | 1 1

| | |

IGasket-Hydro-static | ASTM D-2000 11, 2, 3 1 300*F l 4 11 x 107 rads 1 5 |
||

| | | |

|CL. 2BA810 | |
| | | |

| Chamber | |
|C12F17 | | | |

| |(Ethylene Propylene)| |
| | 1 |

| 1 I

| Gasket-seal Flange to lASTM D-2000 11, 2, 3 | 300*F l 4 11 x 107 rada | 5 i
||

| | | |

| | | |ICL. 2BA810 | |
ICover

|Cl2F17 | |
| | | |

| |(Ethylene Propylene)| |
I | | |

| | 1

| ASTM D-2000 11, 2, 3 | 300*F | 4 11 x 107 rada | 5 |
|

|
| | | |

IU-cup
| C L. 2BA810 | | | |

| ||
IC12F17 | |

| | | |
| |(Ethylene Propylene)| | I I

'

1 I
[ l | 1

lASTM D-2000 (1, 2, 3 | 300*F | 4 |1 x 107 rads 1 5 |
|

I
| | | |,

l | Seat Gasket
|CL. 2BA810 | |

| | | |
|

|Cl2F17 | |
| | | |

| |(Ethylene Propylene)| |
I I I l

| i I

l ASTM D-2000 11, 2, 3 | 300*F l 4 |1 x 107 rads i 5 l
l

1
| | | |

| Cyclone Separator
lAssembly Gasket ICL. 2BA810 | | | |

| |

| | | ||Cl2F17 | |
|

I I I I|(Ethylene Propylene)| |
| 1 I

|
,

Sheet 4 of 6|
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RECORD OF CONVt:tsSATION I. Zebrak
'- K. Trotta
t

-

Q u-er Om
G ew .

Ken Trotta /( I DATE 6/21/82
73cmShirly Micdon_ _

215-299-5432g
ASTM - Rubber Standards PHONE NOa

-

COMPANT,
Code Explanation

g.

Sasunary d Co- ::d- -

.

.

.

Shirly explained the. significance of the following ASTM
-

material code:

D-2000CL.2 BA810Cl2F17.

D-2000 refers to the rubber standards group; BA refers to'l resistance;
standard Ethylene Propylene; C12 refers to O8$0 refers to
F17 refers to low temperature brittelness;
the tensile strength (in PSI).

.

KT/jh

.

.

s wer_f o L L
__ _ . _ _ . _ _ _ . . ..



eds@ nuclear

C.
.

EDS Nucw fac.
445 Broca Honow Road
Morvine. New Wrm 11747
(516) 454-0200

August 17, 1982
,

0630-001-098

ASM
1916 Race Street
Philadelphia, PA 19103

ATTENTION: Ms. Shirley Migdon

Verification of Record of ConversationSUBJECT:

Gentlemen:

Thank you for the information which you supplied to EDS with respect , P
EDS Quality Assurance Procedures require thatto ASM standards. J-

you receive the enclosed record of our conversation of 6/21/82.

If this is an accurate account of our conversation, no action is
Should there be any errors or misunderstandings;

requested of you.'

(515)in this record of our conversation, please contact me at
454-0579. ,

|
Very truly yours,

// -

t i@
Eenneth P. Trot *J
Systens Engineering Division

/sa

Enclosure

O .

Page 6 of 6

San Francecc. New Wrk * Amares * Pens
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ENVIRONMENTAL QUALIFICATION SUMMARY

300fMEnvironmental Qualification SummuLry NO:

ttg Re-kva11 Tn+er a*1~ s! wSIV's-

NSSS Equipment Qualifica+1cn
LILCO g

Cent: _
nc,n_nn!_c*sggg

Cesign inputfReferences:

The references included with this package are listed as appendices in the Table
of Contents or, page 2.

WCf3E
N/A

I

MetnCC
'

N/A.-

Remarzt

For qualification conclusions, cee Section 2.2.

M"/. NO. REV*S CN - W"M 3Y GP , , MNC, |
'
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0 original -
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Equipment QualificationIong Island Lighting Company Sununary No. 3006M
Shoreham Nuclear Power Station Revision No. O

( Unit No. 1

TABLE OF CONTENTS

SECTION TITLE PAGE NUMBER

41.0 EQUIPMENT LIST

52.0 EQUIPMENT SUMMARY EVALUATION

2.1 DESCRIPTION
2.2 CONCLUSIONS

2.3 LIMITATIONS
2.4 DISCUSSION

3.O ENVIRONMENTAL QUALIFICATION WORKSHEETS 7

APPENDICES

TITLEAPPENDIX

A Documentations.

( l. Certificate of Compliance, Rockwell International,
3/26/75, f or MSIV MPL B21-F022 and F028
(LILCD/SR-2 Document No. AB317-G039) .

2. G.E. Product Quality Certification MSIV MPL
B21-F022 (LILCO/SR-2 Document No. AB317-G039) .

3. Purchase Part Drawing for Main Steam Isolation
valves, Drawing 731E615, Rev. 4 (LILCO/SR-2
Document No. 7 31E615) .

4. G.E. Purchase Order 205-AB317, Rev. O, Rev. 16,
| 17 (LILCO/SR-2 Document No. AB317) .Re v.
|
!

l 5. G.E. Purchase Specification 21A9230, Re v. 2,

MSIV's (LILCO/SR-2 Document No. 21A923 0) .

I 6. Rockwell International Instruction Manual for
MSIV's, 4/4/80, 2793-65-5 (LILCO/SR-2 Document No.
2793-65-5).

7. Rockwell Drawing P-419504, Rev. G, Sheets 2 and 3,
List of Materials and Parts Drawing 2793-22-6,
2793-23-6 (LII40/SR-2 Document No. 2793-22,,

| 23-6). See Appendix A to Calculation No.
| 0630-001-043.
!

,

I ,

l
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;
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;
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Equipment Qualification
Iong Island Lighting Company Summary No. 3006M
Shoreham Nuclear Power Station Revision No. 0
Unit No. 1(
1.0 EQUIIMENT LIST

i I

| | 1

| Equipment I.D. | MPL No. | Description 1 Make/Model |

| |

| (Mark No.) | | ii
| 1 I |

l 1B21*AOV081A I B21-F022A | Main Steam Isolation | Rockwell Interna-I tional/1612 I

1 | 1 Valve |

i 1B21*AOV081B | B21-F0228 | Main Steam Isolation | Rockwell Interna-i tional/1612 i
| Valve |||

| B21-F022C 1 Main Steam Isolation | Rockwell Interna-i tional/1612 1| 1821*AOV081C
| | | Valve Rockwell Interna- |

| B21-F022D | Main Steam Isolation ii tional/1612 || 1B21*AOV001D
| | | Valve
| 1B21*AOV082A | B21-F028A I Main Steam Isolation | Rockwell Interna- |I tional/1612 |

| | | Valve I

| 1B21*AOV082B i B21-F02BB | Main Steam Isolation | Rockwell Interna-i tional/1612 |

l | | Valve Rockwell Interna- |

| B21-F028C I Main Steam Isolation |I tional/1612 I| 1B21*AOV082C
| | | Valve | Rockwell Interna- |
i 1B21* AOV002D

| B21-F028D | Main Steam Isolatier; i tional/1612 |

l | | Valve I
('

I I I I
I

i
I i i I

I

I I I I
,

I

I I I I
I

I I I i
I

| | I 3

l l I
i

1
|

I | | I

| 1 1
I

I
I
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Equipment Qualification
Long Island Lighting Company Summary No. 3006M
Shoreham Nuclear Power Station Revision No. 0

k Unit No. 1

2.0 EQUI 1 MENT SUMMARY EVALUATIONS

2.1 Description

The equipment under evaluation are Rockwell International Main
Steam Isolation Valves, Model 1612.

2.2 Conclusions

2.2.1 MSIV's outside Containment

The MSIV's outside containment are f ully qualified over
the 40 year plant life for the postulated accident
temperature, pressure, humidity, and radiation

Materials analysis (EDS Calculation No.conditions.
0630-001-043, Re v. 0 ) indicates that the non, metallic

becomponents contained within these valves will not
adversely af fected by the postulated accident radiation
and temperature environments.

2.2.2 MSIV's Inside Containment

The MSIV's inside containment are f ully qualified for
k

the first 2 years after plant startup for the postulated
accident temperature, pressure, humidity, and

Materials analysis (EDS Calculation No.radiation.
0630-001-043, Re v. 0 ) indicates that the non-metallic
components contained within these valves will not be

radiationadversely affected by the postulated accident
and temperature environments up to the first 2 years of
plant operation.

2.3 Idmitations

Although no limitations exist for the outboard MSIV's, the
,

nonmmetallic couponents contained within the inboard valves
should be examined within 2 years of plant startup in order
that their radiation tolerance will not be exceeded (see .

Section 2.4.2 below) .

2.4 Discussion

2.4.1 MSIV's outside Containment

Since the documented maximum temperature, pressure,
humidity, and radiation for these valves is greater than
or equal to the EQR specified environment for the same

it is expected that these valvesrespective parameters,

(-
will be capable of perf orming their saf ety function as
required when subjected to this environmental loading.
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Equipment Qualification
Iong Island Lighting Company Summary No. 3006M
Shoreham Nuclear Power Station Revision No. O

( Unit No. 1

Although the outboard MSIV's are only required to they
operate for 70 minutes subsequent to the accident, 6

can withstand the 6-month radiation dose of 3.06 x 10Materials analysis (EDS Calculation No.rads.
0630-0 01-043, Rev. 0) indicates that the limiting
material contained in this device is comprised of Viton7 rads. Hence,
with a radiation tolerance of 1 x 10
these valves are fully qualified and are expected to
perform their safety function whenever required during
the 40-year lif e of the plant.

2.4.2 MSIV's Inside Containment

Since the documented maximum temperature, pressure, and
humidity for these valves located inside containment is
greater than or equal to the EQR specified environment
f or the same respective parameters, it is expected that
these valves will be capable of performing their saf ety
function as required when subjected to the EQR specified
environments.

the inboard MSIV valves are required to ,

In addition, integration radiationwithstand a 40 year plus accident
7 This accident dose is based on adose of 2.7 x 10 . The( required operating time plus margin of 70 minutes.

2-year normal radiation plus 70 minute accident6 rads.integrated radiation dose is 9.8 x 10
f Materials analysis (EDS Calculation N6. 0630-001-043,

indicates that the limiting material containedRev. 0)in this device is Viton, with a radiation tolerance of 1
Therefore, these valves are expected to7 rads.x 10

perform their safety function as required.

|

(
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Iong Island Lighting Company Equipment Qualification
Shoreham Nuclear Power Station

Sunstary No. 3006M
Revision No. 0

Unit No. 1(,

.

SECTION 3.0

ENVIROtetENTAL QUALIFICATION WORKSHEETS
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Environmental Qualific0 tion Susunary No. 3006M
Iong Island Lighting Company Revision No. O
Shoreham Nuclear Power Station, Unit No. 1

MECHANICAL EQUIENENT EtNIRONMENTAL QUALIFICATION WORKSHEET
;

4sr [ , Date: O-[[h[Prepared by: _

Date s h7/j -NE.Checked by:

!

| || | | | |

| | || | POSTULATED ENVIRONMENT | DOCUMENTED ENVIRONMENT | |

| || | | | |

| |I | | | | | |

| EQUIPMElfr DESCRIPPION || ENVIROt44 ENTAL |
| ENVIROtetENTAL | | | OUTSTANDING |

| || PARAMETER | FSAR * | QUAL. REIORT **\ VALUE | REFERENCE | ITEMS |

| || | | | | | |

|BQUIP. I.D. (MARK NO. ) | |Maxinwa | | | j | |

| *.821*AOV0BiA,B,C,D || h perature | 340 | 340 | 340 | 1 | None |

| ||(degrees F) | | | | |
I

| VENDOR I.D.: || Maximum | | | | | |

| B21-F022A,B,C,D || Pressure | 48 | 48 | 65 | 1 | None |

|
||(psig) | | | | | |

| EQUIPMENT TYPE: || Maxim *un | | | | | |

| Air-Operated Valve llRelative | 100 | 100 | 100 | 1 | None |

|
|| Humidity (t) | | | | | |

| SERVICE: || Containment | | | | | |'

HO | None | Hone | See Note 2. I
HO |

| MSIV - Inside || Spray |

; | Containment || | | | | | |22

3 | | | |

| | MANUFACTURER: | |40-Yea r Normal | | 8 x 10

| | Rockwell || Radiation Dose | 1.8 x 10 | See Note 1 | | | |7

} | | | ( Rad s ) | | | | | Hone |

|MODEL NO. | | 6-Month | | | 1x 10 | 1 |See Sect. 2.4. |7

| 1612 || Accident | 1x 10 | 9x 10 | | | |
8 6

| || Radiation Dose | | See Note 1. | | | |

|IDCATION: | | ( Rad s) | | | | | |

| RBP El. 82' || | | | | | |

| || | | | | | |

| ZONE:
| | Sulne rg ence | N/A | N/A | N/A | N/A | N/A |

| D-22 || | | | | | |

| || | ! l I | |
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En rironmental Qualif ication Surr2ary No. 3006M
Iong Island Lighting Company
Shoreham Nuclear Power Station, Unit No. 1 Hevision No. 0

,

,

ATTACIMENT TO MECHANICAL EQUIINENT ENVIRONMENTAL QUALIFICATION WORKSHEET

J|

REFERENCES:

1. G.E. Purchase Specification 21 A9230, Rev. 2, Main Steam Isolation Valves.

|
,

,

NOTES:
,

1. The EQR 407 ear normal and 70-minute (required operating time) accident radiation doses for these valves are 1.8 xa

10 and 9 x 10 rada, respectively. Furt he rmore , the expected 2 year normal radiation dose for these valves is 87 6

5 rad s .x 10

These valves, as part of the pressure boundary, have a design pressure of 1250 psia and are hydrostatically tested to2.
2300 peig (Documentation Ref erences 5 and 6, respectively). In addition, these valves do not contain any electrical,

It is therefore consideredcomponents that have not already been qualified for impingement from containment spray.
inconceivable that demineralized water spray will impair the ability of these valves from performing their safety
function.

* Ft> R values for maximum temperature, pressure, and humidity are from Table 3.11.1-1. Normal radiation dose is

I derived from EQR Figure C-1 in conjunction with FSAR Table 3.11.2-1. Accident dose is derived f rom Table 3.11.2-1.

EQR values are f rom Table D-1; however, see Note 1 atove.**
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3006MEnvironmental Qualificction Summary No.

Iong Island Lighting Cospany Revision No. O
Unit No. 1Choreham Nuclear Power Station,

MECHANICAL EQUIIMENT ENVIRONMENTAL QUALIFICATION WORKSHEET

h-[ ~[[[,DatesPrepared by:

h2MMDate:'
Checked by:

,

| |
1 |

|| j FOSTULATED ENVIRONMENT | DOCUMENTED ENVIRONMENT | ||| |'
| | |

I|

; || | | | | | ||| l
|
| | ENVIRONMENTAL | | | OtrrSTANDING |

| || PARAMETER | FSAR * | QUAL. REIORT ** | VALUE | REFERENCE | ITD4S |

}' | EQuitwEwr DEsCRIrrION | | ENVIROtttENTAL |

|| | 1 | | | |

| EQUIP. I.D. (MARK NO. ):| | Maximum | | | | | |>

i |

| 1821*AOV002A,B,C,D || Temperature | 300 | 215 | 340 | 1 | None |'

||(degrees F) | | | | | |

|VEIOOR I.D. : || Maximum | | | | | |
|

| B21-F028A,B,C,D || Pressure | 1 | 1 | 65 | 1 | None |
|

'|g ||(psig) | | | | | .

| EQUIPMENT TYPE: || Maximum | | | | | |
|

| Air-Operated Valve || Relative | 100 | 100 | 100 | 1 | None |

|
|| Humidity (%) | | | | | |

| SERVICE: || Containment | | | | | |

| MSIV - Outside || Spray j N/A | N/A | N/A | N/A | N/A |

| Containment || | | | | | |

|MANUPAC'IURER: | |40-Yea r Normal | | | | | |

| Rockwell | | Radiation Dose | 4.9 x 10 | 4.9 x 10 g g g g
5 5

| | | ( Rads) | | | | | None |

||6-Month | | | 1x 10 | 1 |See Sect. 2.4. |'

7

5 | 3.06 x 10 g g g g'

6
|MODEL NO.:

|| Radiation Dose | | | | | ||| Accident | 1x 10
| 1612

| | ( Rad s ) | | | | | |
|

|1DCATION : ~ ~

| | |- | | |

| El. 82' || | | | | | |
| Main Steam Tunnel ||

| ZONE:
| | Sutne rgence | N/A | N/A | N/A | N/A | N/A |

|| | | | | | |

|
|| | | 1 | | |

| T-08
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3006MEnvironmsntal Qualifiention Susumary No.
Iong Island Lighting Company Revision No. O

Unit No. 1Choreham Nuclear Power Station,

ATTACit4ENT 'IO MECHANICAL EQUIINENT ENVIRONMENTAL QUALIFICATION WORKSHEET

REFERENCES:
Rev. 2, Main Steam Isolation Valves.Purchase Specification 21 A9230,

1. G.E.

{
NOTES: h primary containment penetrations

FSAR Section 3C.3.2.2.1 excludes breaks for those portions of piping passing throug(see FSAR Figures 3C.4-1,-2, -3,

restraint beyond the outermost outboard isolation valve* Radiation dosesand humidity profiles are derived f rom Table 3C.3-9.and extending to the first
;

and -4). The limiting temperature, pressure,
are derived f rom Table 3.11.2-1.

and radiation (normal and accident) ate f rom Figures D-28, D-41, and
BQR values f or maximum temperature, pressure,**

j
D-2, respectively.-

,

,

I
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SHOREHAM 632-D3131.L62 AB317 REV. 2 SEE BELOW
. i . ..a ~"

- u. . .v. u w. s. u ...a....n.
PROJECT HAlH STEAM ISOLATION VALVES

-

I
SHOREHAfi............................................

I ARTICLE I - SCOPC OF SUPPLY
............................ IIERElHAFTER CALLE0
ROCK *.4 ELL MANUFACTURING CO.

SHALL PROVIDE ALL THE ItATERIALS AND'' SELLER 8'
SERVICCS NECESSr.RY TO DESIGN. FAGRICAT.E, TEST

.

I

AND DELIVER THE FCLLOWING EqulPMENT: .3| (
'

24.INC.H SHO?.EMtJ* HAlti STEAli ISOLAT10:1 VALVCSIN AC' ORDANCE blTH DRAWING 731E615 PART NO. 2,
'

0 Ea,.

REVISICH No. 1 AND:

DOCUMENT 90. REV. DOCUMENT TITLE
-

................

GENERAL SPECIFICATION
...........

2tA9230 0 '

21A1150 2 VENDOR PRINTS

2fA9825 2 SPARE PARTS

209t.42 G 8 1 WELD END DETAll
WELD END DETAll731E224 0
QUALITY CONTROL PLAN 2222
QUAllTY C0!!TnGL STANDING

INSTRUCTION 7.2.19
.

. . . _ _ . _ _ _
- _ _. _ /.co'tT !NtJE0 O!1 P AGE 2 /__ _ _

_ _ _ _ _
_

tT''* ^ ^ ^
.

i .'5 | 6 ..l. 7 t l dad 9 10 NO. | Enn , f." 'd3''"'"

___ _ ' _
~

DATI
8 TC'O 1 7 i 3 I d I l

,, / 1 .< e , t . ,. 1
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CONTINUATION SHEET sgett

U iEUwTain Im,w. L,u. m Cr.... . ! iMO. 205 AB317< ..g. .- - .

cigt-
* -

,,
.UCI.. An il 11 DIVI 5lC;J

07 TO Tilt TFRf.*5 AND CONDITIONS ON THE F ACE AND REvL n:E SIDE OF TittTI: t:< r;islJt;ATION SilrET IS Sua)
r : ,, '. irET A;;D All. OTHE >l CO::TINUATIOf: SH~.FiS OF THI3 ORDER Af 4D ANYSUPPLE!/"T4 SPECIFICATIONS OR

( oli i n Doct!*.iE fJTS E Xi' lie.%LY it.CORPO3ATED HE nE:N DY DEFEHEt CE.
h ., | . :.s n j otscniaisce. or cooos ore et avects

;s 1 EA. sprit:G PRELOADillG FIXTURE /0NE /1/ REQUIRED PER
PLAtlT/ ,

DATA At;D DOCU'1E!iT SUU:llTT5LS IN ACCORDAt!CE WITHin 1 LOT
ATTACi!:iE14T 8 A', REVISICN O TO SPECIFICATICtl
21A9230. .

.

NOTE * IF SUDMITTALS ARE NOT CURRENT WITH
EQUlFHEllT SHIPHEitTS, S PERCEt4T OF THE
ITEtt PRICE WILL DE WIThMEt.D. .

p 1 LOT INSTRUCTION 11ANUALS /30 REQUIRED /

TOTAL UNIT PRICE !

.

TOTAL ITEM !!O. 1 PRICE /0 VALVES /

8

ARTICLE II . SHIPPING
.....................

........'....ITE 1 t:0.
11 ARK QUAtlTITY PROJECT GE ACCCUNT NO.( P.O. .............
.... ........ 3.......

I B21-F022 4 SHCREHAli 632-03134-L62
1 821-FU2B 4 SHOREHA!4 632-03134-L62

.

SHIPPING DCSTitATION: ,

SHIP TO . SHOREHA'4 ,

........

TRUCK
.....

STCNE At:D WEDSTER ENGillEERit:G CCRP03 AT10fi, AGENT
LCNG ISLA!:D LIGHTING C0!iPAtlY
SHOREHAM NUCl.EER PGWER STATION
ACCESS R3/.D ON RCUTE 25A
EAST CF UILLitH FLOYD par.KWAY N
SHOREHAM,14EW YCRK

REQUIRED SHIP DATE:
-

| ITEM 1 /9 VALVCS/ 4/1/72
ITEli 1 A /Pl !TUDE/ 4/1/72

(

4 / cot: Tit:UED ON PAGE 3/
{.

. e
..
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f2:.i7.f. (J,) iiL30TIIIC pun X SO GRDURi. . 405 AD317
'

em,
CONTif,JUATION SilEET sgccr y

DtVISICN:!UCLEAHEt

mir. CONTI'JUATIC J LitEET IS SUBJECT TO THE TFEMS Af40 COi!DITIONS 0:1THE FACE Af40 REVERSE SIDE OF THED ALL CTHCR COf4 Tit!UATIO?J SHEETS OF THIS ORDLR AIJD A!JY SUPPLEMENTS,SPECtFICATI07.';O..
nr.i Lt:LET At

( 37P.a DOCU?.*ErJTO EXPiiESSLY ItJCORPORATED HEREttJ BY REFEllEtJCE..

casemantion or cocos en stnvicts | UMT PRICC |TOs
*'

}. [owaarv |
ARTICLE lit - ORDER OF PRECEDENCE
.................................
ATTACHED GE!!ERAL ELECTRIC CO. PURCHASE ORDER
SUPPLEMENT 'E' /REV. 3-69/ APPLIES.

ARTICLE IV - SOURCE INSPECT 10tl
- -

, .

..............................
GENERAL ELECTRIC COMPANY OUALITY CONTROL PURCHASED MATERIAL
REPRESEf.TATIVC WILL CONOUCT SOURCE INSPECTION OF MATERIALSEVENTY-TWO /72 /COVERED BY THIS IN,0VIRY/ PURCHASE ORDER.
HOURS ADVT.t!CE NOTICE TO BC FURNISHED BY SUPPLIER FOR

MATERI AL ON THIS ORDER MUST NOT BEQCPM INSPECTION.
SHIPPED W1THOUT APED QCPM APPROVAL.

ARTICLE V - MONTHLY PROGRESS REPORTS
....................................
MONTHLY PROGRESS REPORTS SHALL BE SUBMITTED THE FIRST DAY
OF EACH MONTH, STARTING WITH THE MONTH FOLLOWING AWARD OF
THE PURCHASE ORDER. THE REPORT SHALL INCLUDE THE STATUS
OF EtGINCERING, MATERIALS, PARTS, FABRICATION, ASSEMBLY,
TEST AND ANY PROBLEM AREAS. ACTION BEING TAKEN IN EACH

PROBLEM AREA To RECOVER SCHEDULE DELAYS SHALL BE STATED.

( ARTICLE VI - TRAtlSMITTALS
'

'

.........................
ALL DCJU! TENT SUCitlTTALS ARE TO DE MADE USING THE APED
DOCUMENT Tr.Af*SMtTTAL FORitS SUPPLIED BY THE DUYER IN
ACCORDANCE WITH lilSTRUCil0N SHEET NED 785 AND SHALL
BE SENT DIRECTLY TO:

GENERAL ELECTRIC CO. .
*

Et4GINEERlt1G RELEASES
179 CURTNER AVENUE

-

sat 1 JOSE, CALIFORNIA 9S125
ATTN: L.L. KLElliHESSEllNK

M/C 630'

GNE /1/ COPY CF EACH TRANStilTTAL FORM ONLY SHALL BEALL TRAtJS:llTTAL DOCUMENTSMAILEO DIRECTLY TO THE CUYER.
SHALL CONTAIN THE FCLLCWING INFORMATION:

1* DATE
GE FURCilASE ORDER t; UMBER'

} 2'. PROJECT DESIGNATION3
;' 4 EQUIPitENT MARK NUMDER

h td R I i! E T L A10 DATE.*

7. SELLERis SIGNATUnE AND TITLE

! ( . .

c

| I .., /Cr"Til!Udd ON PAGE 4/
,,

i.__..-......____.._. .._ _ _
,

-- - . - . _ _ . ..

- -. .
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f'.. .. ,)Ei.ECT310 FJRCH.tS3 C2002 hu. 205- Anm!!'..' ; 5 !. Q.
U. NMU sp ,, r, .

I n tr.::rtNUATION SHEET IS SitBJECT TO THE TERf *S Af!O CONDITIONS ON THE F ACE Af40 ftEVEnEE SIDE OF Tib
. . u t f 'I t i DIVISIO:J

f D ANY SUFPLEf4ENTS. SPECIFICATIONS 0:

, : it * T AfJO ALL OTHEH CON' flNUATION SHEETS OF 11115 ORDER AH NCUMEf4TS EXPr.ECSLY INCOhPO'iATED HEREIN OY REFEREt CE.| UNsT PRict |tOvato.,3.

Of Of SC AsPTION OF GOODS OR SE RvtCES, ,7 % . . L','v a t , | _

SPARE PART SUBMITTALS.. - L - ARTICLE Vil -

...................................
THE SELLER SHALL SUBMIT TO APED ENGINEERING RELEASES.THE SPARE PART RECC!SiENDATIONS AS REQUIRED BY SPECIFICATION

,

2fA9825 Ill ACCORDANCE WITH ATTACHMENT A.

ARTICLE Vill - MARKING

PACKING LIST, BOX, CRATE AND SHIPPit:G STRUCTURE WITH THESELLER SHALL MARY. EACH COMPONENT, INVOICE, SHIPPlt:G tt0TICE,
......................

TITY, PROJECT AND
MARK NUMBER, PURCHASE CROER NUttBER, QUAT:

GE ACCOUllT t: UMBER SPECIFIED ABOVE..

ARTICLE IX - SHIPPING NOTICE

SELLER SHALL SUBMIT TO BUYER ON THE SAME DAY THAT SH-fPMENT
............................

IS HADE GNE /1/ COPY EACH OF A DILL OF LA0 LNG AND MEMO OF
SHIPT 1EliT INDICATING ITEtiS, ROUTING, DATE SHIPPED AND CARRIER.IF

A COPY OF THE PACKING LIST SHALL ALSO DE SUBMITTED.SHIPPit:G IS TO ANOTHER VENDOR, SELLER SHALL REQUEST THE ABOVE
INFORMATI0tt DE SU3ttlTTED TO HIM WITH SUGSEQUENT TRANSMITTAL
TO THE DUYER. '-

( 1

ARTICLE X - UARR A!!TY .

ATTACHED GENERAL ELECTRIC P.O. SUPPLEMENT
'E' /REV. 3-69/....................

APPLIES.

ARTICLE XI - CUSTOMER REPRESENTATIVE VISITS...........................................
CUSTOMER REPRESENTATIVCS SHALL HAVE THE RIGHT TO OBSERVETHE SELLER'S
MANUFACTURE, TEST AND lHSPECTION II:IF ACCOMPANIED BY A GENERAL ELECTRIC
REPRESENTATIVE, At:0 PRICR NOTIFICATION HAS DEEN GIVEN THEFACILITIES ONLY

4ER REPRESENTATIVES ARE I:0T PERitiTTED TOSELLER. CUSTO:

DIRECT ANY CHANGES 0~1 GIVE ANY lt:STRUCTIONS TO SELLER
THAT WOULO tt03tFY 0*1 CHANGE ANY CONTRACT RCQUIREMENTS.
ARTICLE Xil . PAYMElli
AFTER SUrtilTTAL CF AN lt:VolCE, OUT DEFORE Fit!AL PAYMENT IS
......................

.iADE, THE FOLLC'.IING 15 RFQUlHED:

T14E DUYER MUST HAVE EITHER A DESTINATION
lt:SPECTION REPORT OR SHIPPit:G1.

RECE!VING
P0l!!T RECElPT lt:SPECTION ON Ali OVERSEAS
SHIFliENT.

(i . .

I .

/CONTit:U~D Ct PAGE S/'
.

-- . ;-.- -'.L ....
.._. ;--'.~. - ''- ..
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205 ,,,,,
f,;.,t/;3'7.|.''Jg);UiGTat0Rmoga3;j cp,D'.it]g!' ..,

- .sacar
CONTINUATION SHEET ,,

.;; . tr.ul EINilGY DIVISION t
J titEET 15 St10 JECT TO THE TCRt.tS AND CONDITIOf;5 ON Tile F ACE AND REVEREE ,IDC OF '

Eli"O:! fiUUATIO!; Sti:ETO OF THl;ORDCR AND ANY SUPPLEf. TENTS, SPECIFICATIONr atij CONTINU ATIO:

. ,1m.rt Doctr.*C NTS LXPr.F.00t Y INCORPOR ATED llCHEIN OY REF ERENCE.itIl 5!#CET AND At t OTI | UNet e nact | tm % en.,(
cr scnietio% os coco. on st avects'' i r|.ianistv |.

OETERMINATION DY THE BUYER THAT ALL REQUIREttEt:T!
INCLUDING DOCUMENTATION AND RECOR(.2.

0F THE 0*! DER.
HAVE DEEN HET.

. . .

IN THE EVENT THAT DOCUMENTATION SURHITTALS HAVE NOT
BEEN COMPLIED WITH AT THE TlHE OF SHIPMENT As
DETERMINED DY THE BOYER. THEN 5 PERCENT OF THE TOTAt
PURCHASE ORDER PRICE MAY BE WITHHELD BY BUYER UNTit
DOCUMENT SUCMITTALS ARE COMPLETE.

It!CLUOll:G THOSE FOR P ARTI Al. P AYMENT , SHALL BE
FORWARDE6 TO THE ADDRESS SH7,.'N ON THE FACE OF THE PURCHASEINVOICES

BILL OF LADING AND SHIPPINGORDER, ATTENTION M/C 116.
MANIFESTS MUST BE ATTACHED TO INVOICES.

.

ARTICLE XI!! - PURCHASE ORDER AMOUNT
,

....................................
THE TOTAL AMOUNT OF THIS PURCHASE ORDER 15

ARTICLE XIV - ENTIRC AGREEMENT )
..............................
SELLER AGREES THAT THE PROVIS10"5 0F ARTICLES I

( THRCUGH XIV 0F THIS PURCHr.SE ORDER AND ALL OTHER
INCLUDED THER21N BY REFERENCE SHALL00 cut'ENTS

CONSTITUTE THE ENTIRE AGREEM'NT BETUEEN THE
PARTIES MERETO AMO SUPERSEDES ALL PRIOR AGREEMENTS,

,

VERDAL OR WRITTEN RELATING TO THE SUBJECT ttATTER
,

-

HEREOF AND CAN DE AMENDED ONLY lit WRlTING..

| -

i

0
1

|
.

.

I

:s

!

(
.

.

10' 1/69 KL
| .
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HAIN STEAM IS01.ATIOri VALVES

1. SCOPE

1.1. This specification defines the requirements for quicbclosinn isolation
valves for high pressure steam service.

h 1.2. The work done by the heller in accordance isnt - this specification shall
include all ..acessary desirn, development, analysis, drawings, fabrication, shcp
testing, inspection and preparetton for shi" ment and shall meet the renuirements
described herein.

1.3. ne Seller shall accept full respon shilit- for his wrk anet for compli.ince
with this specification. Review or apornv.il of dravings, data nr sm etf1 cations bv
the Buyer with regard to general desten and controlling dimensions, does not
constitute acceptance of anv desiens, materials or eqiainment wh*ch will not fulfill
the functional or performance requirements established by the purchase contract.

2. APPLICABLE DOCLHE:3TS, CODES AND STANDARDS

2.1. General

( - 2.1.1. Purchased Part Drawint., 731E613, a Data Sheet, or both documents mas be
used with this Base Specification to pruvide the cemplete specification. The base

and the Purchace PartSpecification provides the general functional requirements,
Drawing and Data Sheet provide specific and individual performance renutrements
for the equipment being pur.hased. Thers ure, wnen a Purchase Part Lraiing is usci,
it shall be controlling. When a Usta Sheet or both Drawing and Data Sheet are used
with this specification, the Data Sheet shall be the controlling document, k'h e n

Data Sheets or Purchase Part Irawings are not used with this document, the equin ent
requirements shall be consic red as completely specified in Base Spectfacation and -

it shall be the governing document.

2.2. codes and Standards

2 The following standards ind celes of the issue in 'ffcet on the date of
h aw.2.1.ard of contract from a part of this spectffcation to the extent snecified herein.

Planufacturers Standardization Society (MSS)-SP-61 Hydrostatic Testing of
Steel Valves

4 American National Standards Institute (ANSI)ANSI B16.5, Steel Pipe Flanges c.nd Flanned FittinPs
ANSI B31.1.0, Code for Pressure Piping, Power Piping

American Society for Testing ttaterials (ASTM)
American Society of Mechanical Engineers (ASME) Boiler and Pressure Vesscl Code,

g Section I, III, VIII, and IX

tlational Electrical Manufacturers Association (HDtA) ;

| tlational Electric Code (NLtd 1
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3. DESCRIPTION P

l.

I3.1. Supplied by Sellor
d'
|-3.1.1. The equipment to be furnished in airordant.c with t h i .. snceifu ite n is .i

seye pattern clo5e type valve complet e wi t h .ic t ua tor .md ac c es nrv ccuatre.it. T'.c E

actuator r. hall be air to-open, sir-and/or nrinr.-'n-i1..=c. A

f,

3.1.2. A set of anv .pccial tools whic'i nr. ht requirr.1 fo r instit; tire, mu ntu.- "!

ance, and adjustment shall N- furntshed as uccessarv. f, [
-

[.3.2. Supplicii bv isthers M

3.2.1. Insulatson and extern.il s.rviii cc- n. i t s oiis (e. th.rrecc alts, pt-tr..
.:.
y

etc.) will be furntshed hv others, init es . ..t ..e ri i s c *no t i :~ i. '

3.2.2. Seal weld anr. of body to honnst (it r.r;u t rs d ) shill be pecietecd by oth.rs. h.
t

[
.[- .

.
4 PJ. QUI R EMENTS

4.1. Operatinc Conti . t t ons .

.

(4]
V

4.1.1. The valves sh.ill functson as ri ou i n d h. t:. . sr.cif16.it on,i. hen ir.stslies

( in a horizontal steam line. ti:o valve i vi, .w r i t per at6..' Itae, ont valve 1 Jested ' .:I ;within a pressure-containtne enclo,ure t va l v. 2naccessible Juran.: urtratien)
and one outside the enc,losure in a nine t iinne l , t'ic rier. a c n, a ter ials , ar.d c.:nf i.;ura t ie'' i 7.I
of the valves shall be identical repirdl(ss of location of installatten. The $'],

- 'Tnaximum angle of incitnation from vertu al of the ienterline cf the valve sh.s11 .~
be as listed in the Purchased Part isr;n inr . <

1

iValve shall operate as specif ied .it the follnvane ambtent canJittons withing4.1.2.the pressure-containanc enclosure: ..

i.,tal Duratton 15 the Su-i cf the |
( Senarate Durationa. I c(Normal Lnernenev

4;
A u c D | 1. g

'.x
-

a
,h..Tc.perature 150 r rax. un r mas. v.n r max. no r ma . nn r no . rern. iU

.

Pressure O to 2 65 psic 35 psig 35 ps. :* csta 20 pstr, j'

*:
psig ma . ria . max. c.i x . rax.

Rel. Hum. 1001 10n: i n0 *4 100; 100* 100:

Duration continuous <60 sec 3 hours !:.ours 18, hours 100daysj b
y
-3

-_

Incident Radiation (continuous for destan life) j

Camma: 15 1:/hr j j
,

rieCamma and Neutron: 25 R/hr **
Q

. .
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The valves shall be capable of ent rat ion .as tha n ri r if ied 1.- t r ,

g4'.1.2.1.except regarding variance in clnstnr. speed due to suncr e p.w.d back preesere
resulting from emerrency ambient conditanns durfor one !...or i t ..ta i t mirn. or e
to emergency ambient condations A an;l b (per tabl. ), and . ball ri taan closed
during the continance of emersency smhient c.mdi t irms .

4.1.3. Steam Flow

O 4.1.3.1. During normal operatton, valves shail overa:. catt -tran at im5 psic
and saturated condations and at a flow rate as 1s*ted en t i .c l'urcha;ed PJr t firsw1:'A.

a. Moisture content of the 3 team vill he less thin ..r . qual to

0.25 percent,

b. Oxvgen content uill be less than .r . nial to 3n op,.
c. Hydrogen content will be less th.m or enu.i! to pen.4

4.1.3./. Ysive shall cl.ne dur anc. smerrenc - s t v.im flow i.~idations f ull.sw anr, rup-
ture of the main steam line ihnmstream of the val .c. S ti am flow rate will
increase to 200 percent of ratcJ flow and anternal part "I the valve will tac.

subject to impact by a mixture of water and steam at the f.Ilnetng conj 1tions:
a. L'pstream pressure prior in impart: 3115 p .1,; for 1.e. 1 saturat.d stesi.

'

b. Hass velocttv of irrpactinr. fluia: 24no th/ cr fi-

(.
h c. Impacting fluid: A mixture consist ing of 9*, pe rcent water acJ 5 percent

steam by weicht at nominallv 9M pstr. anrt Sa' t .
' d. At impact, the intern.'1 preu" M in the valve .ha ll tac. ca e instantly tu

1145 psic and wall rapidly decay frn+ tht. prak pr.ssure to a steadv state
system pressure of 'approxar atelv 955 psir. At sutwecuent valv.. closure
pressure wall increase to 93*> psic.

c. Valve position at the time of impact is c rimated to be betecen 10
percent and 45 6.creent open.

4.1.3.3. The maximum continuous system pressure and teencrature will be 1250 psig
and 575'F.

g4.1.3.4 Valve shall operate at the nintmna svstem nrenure and temperature of
250 psig at 400*F.

4.1.4 Valve shall be capable of actuatinc '/1 to 4H eveles rvr vcar (full cren-to-
O full-closed-and-return). Actuating cycles are comprised encataallv cf cxcrcising

cveles.
4.2. Construction

4.2.1. valve enc's shall'ba rrepared fur but t veldinr in atsotaance with drsvings
and dimensions as listed on the Purchased Part Drawing.

- 4. 2. 2. The valvc bodv-to-bonnet joint shall be of holted sonstruet ten. The joint*

shall incorporate a spiral wound stainles.s steel, ashcutus-f illed r.asket. The

gasket shall be totally enclosed at installation. Casket comprennien shall be
g established by metal-to-metal assemtly of the bonnct to the body with the racket
W installed in a groove of predeterimineJ depth as reau. red te obtain prorer rasket

" crush."
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4.2.1. The body-to-hnnnet jotrt shall he prepari.t for seil u !Jacc. Se al

weldinp. may be performed by otners at the installataun . Lc after cetensive n rvto c.

4.2.4 The valve st em and va! ee bonne t . hill he prov t.h . with a ' ..tt scat :c. cen-

figuration such that the valve can be ro pad ed walle full prt.sute is in ti c pare!1ne..

4.2.5. The stem seal stuffinr. b w sh.11 b. previ.ie! esto "o r.--l.te %ct- -f

packing, each capable of withstandinr de-i-n prc -ure enthout v a .161e lev ad . A

lantern ring shall be provided b. tween th. two ects of r ie l ine w i t *i a Itaenff cun-C nection opposite the lantern rinr.. Iht 1..ai.nf f t oitucc t 3 eit dall he pravf de t ;tth

a 3/4 inth Schedule PO ntpc napple, snilet-sclded an positino and *achined s"uare
on the outboard end preparatory f ar so. k e t weldiny, in tit fseld. I r rgt h of the pipe

nipple shall be such as to provfJe e." v .n.i<. for ths .m wquent ticid weld:ny.

4 2.6. Surface finish of the v.alvo stem sh all be 4 to M micro-anch r-..

4.2.7 seismic rncfficient. The valve., ;ntludinn oporator an .ns><nries, s*n t l

withstand static seismic forces, as nnttJ .ui the Purchased Par .r a w a r. . arn'teu
at the mass center assuming that the nrerator is t ant a levered f i cm tbc valve bn." ,

and the valve is installed as described in Paragraph *.1.i.

4.2.7.1. The stresses due to hortrental ind vert ical scismc f crcr s o-111 tc cer-s

sidered to act simultaneousiv and shall be ai'ded d ir e c t iv .
[

4.2.7.2. The stresses an the valve . na.p-ne n t e. Joe tn se r wic lea is e ill N tor-

bir.ed with stresses due to c.ther live and Jcid in.nts n.d et ra t t re 1.02. The

allowable stress level for this tomhtuation cf l o.id s shall h. 1. li.ted in the

applicable codes. The one-third increa e in alls.I te -t res:. usuallv allowcJ for
eart.hquake loading sh.di not he used.

4.2.8. Pressure containment. Tht v ilve . shall be c u ible of operiting at a con-

tinuous pressure and temperature of 12'D psig .it 'J 7 ' * F .; ;

The minimum wall thicknes. of the rressure-cantatning c c r. nent - of theg 4.2.8.1.
valve shall be determined in arterd.inct i.ith t he renu t rement s o f MAI '110. 5 esc rt.

as noted herein.

4.2.8.2. The applicahic equatico hall n.:

1. 5 , N
| t = , (-

|
15 - i . .' r

c:lculated thictness. anches.where: t =

| P * l'e lma rv service pre-sure e.it inc = W p s

1 d = Inside diameter of the valve enrrc=rondire "ith the kcationi

for which wall thici.nc s n, heanc calcul.atc).

S = Stress equals 7000 pst

g C = Corrosion allowance equals n.120 inches

' . . . . . .

FF910 r-

.

.

7= 8

._ , , , - - W y{ve-%-E 7 4 .(* .- @ . g1 8 4
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4.' 2. 8. 2 . (Continued)

tiote : The additional requirements of Parir.ranh 6.1 of AW1 Hlh.5
shell appiv.

4.2.8.3. Pressure cor.t.nining flinres and hn!tinc * ball be furnished in accordance
4 cticn VIII.with the requirements of the A911'. Holler and l'res%urc Vewsci &do.

4.2.8.4 The valve disc, and slmt lar cra ssure conta tning components shall wit *.-
tt e pressure r.ating of rt e valve atstand full dif f erential pressure equal to

100*F and 575'F. Pressure shall he constitsrvt to he actine, in a direction terdinp
to close the valed. An approprtate analvsts of the above af f ec tta cc ;sonent ,
utilizing allowahle stress 1cvelw as itsted in ASPtt' Boi'er and Pressure Vessel
Code. Section VIII, shall L.e conducted.

4.2.9. Valve Operator. The valve operator and .ill related arec%sortes descr:'cd
hereir> shall be mounted directly onto cl.e valve vol.e (or er,utvalent).

4.2.9.1. The valve operator shall be air-to-cren and air and/er sprinr.-to-clesc.

4.2.9.2. The pneumatic cylinder and relat ed component s w a ll utilire at i-f r.'. .

filtered air, dried to a dew pntne of -40*t at the pressore the air is surn t w 1
as the actuating medium. Actuatinr air prc%sure will be 40 to 100 psic. ibe

{ '"'ti "nt ren"tre 4'a>:> n,i 2'r><=>n
C aa =>' tic cvtind r and reie ca ec-

"e"t-

such as that provided hv an oil-entratninc device in the actuating air syste..

4.2.9.3. The pneumatic cvitnder shall he provided with a hsdraulte snu *.cr a v:ces

suitable fur controlling the speed nf openanc .inf clostna of the v11ve (sce
applicable Purchased Part Drauten for arranrement). I revis tun shall te rade t 7

e to t h increase of a-bient te-reratsrcaccommodate increase in fluid pressure du
fron that existing during; filline and scaline. of the hydraulic svstem to that

[

|
existing during emergency condittons.

I

valve closure time shall bc .id io .t i'.ie f rom I te 10 second- fer full1

: 4.2.9.4
valve stroke for any of the following cord:ttans of 1:nc cres ure and stea, f cw.

a. Zero psir line pressure and zero steam flow,

b. 1000 psig line pressure and zero stea, slow,

c. 1000 psir, upstream Inne pressieri utch stean flow ..irvirr fr m rateJ
flow to zero; valve pressure drnn incro sinr tror no.tnal!" i r%t
to 40 psi respectively for full ortn and full sloscJ rosit:ons,

g d. 100 psig to 1000 rste urstream line rt c oure wi t h s t e i- f le-- varvanc
from 200 percent of rat-d * low (foll s ing a pine rupture) to scro;
valve pressure drop increasing from neeanallv $ rat to 1000 psi
respectively f ar f ull open and f ull closed posit ions.

4.2.9.4.1. The speed control valve (s) shall aceneplish tSc rinre of adjustnent
least two full revolutions of the adjustrent scandle (or equivalent).g with at

. . . . . .

( FEi; 16 rB>
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4. 2.9 . 4 .1. . (Continued)

Th. adjusterent spindle shall be pr ,viitt a with pcs tt i m 17 in.: devi:e. Se
speed control valve shall be provs Ad . i th a ma ni:iur. f. . p;sitiLn s!:p (cr
equivalent) to prevent its full closure.

4. 2.9 . 5. Valve shall open at a rate of one inth, plus er eines 1/2 ina , per
second as seasured at the valse stor.

O
4. 2.9 . 6 The valve operatur shall open the valve with a N psi dif f e :ntial
pressure tending to hold the valve c!used, utilazing 99 pst air press.re to tn.c
valve actuator.

4. 2.9. 7. The pncumatic cyltndct and related corponents sti.1 functi;n safe:f it
a worxing pressure of 125 pstr.

4. 2.9 . 8. The hydraulic snubber and related co p anem s shall funett:n ta'e; at
a working pressure based on calculated pressure rise ac t: axi n a: .' rat.:n'

of the valve disc during closing. Pis ton size shall 11-it press rc rise t: M;;
psig or less.

( 4.2.9.9. The valve operator shall be provided with solenetJ contre. va'ves,.

pneuratic wontrol valves and limit 3.stencs as Jepteted en Purehased Fart Cra.tez.
h All coepenents shall be prewared and prcpiped by the Seller. Wire ter-tratt:r.s

shall be made to a ternanal board with identsfication as she.n. All . irar..
shall be in accordance wtth require ents of the National Electra: C;de. Se
valve operator shall be provided w* th eqaspment as shown for exeretsinc thu
valve from 100 percent open to full c1csed position in 45 te 60 seconcs. anc
from 100 percent open to 90 percent optn at the same spees.

4.2.9.10 . Electrical equip-ent enclosures. conduit, and cendait conne:tt:ns saall
be of water tight (NEP.A Class 4 or better) cons truction suttable for the cperating
conditions and anbient envir ore ent spectfted in Paragra p . 1.

4.2.9.11. Electrical insulation and encirsure seals, pne. atic and .e: nit, scals,
hydraulic fluids and similar non-retallte corponents sna!! be construe ed of
materials which are resis tant to ractation danace (see l aragrap1 . . l . .' . ; :cesthrinz
a total dose of I x 107 R garra radiation. Radiation da ace shall be c:nstrued to
mean a detrimental change an the functional properties et the material.

4.3. Fabracation

4.3.1. Welding

4.3.1.1. Qualification. All welding incluw ag fillet, s cal, repa t r. and at t ach-
ment welds snali oc perforced in accordance with written welding procedures.
Procedure qualification and welder performance qualif teat t;n shall be in a:cordance

with ASME Boiler and Pressure Vessel Code. Section IX.
9

(
... . 1 0 1E.1FEB .

.

.
g

._

- --- c = .m '. es. T K a.--* * ~. A? 5 ' ' '. N|
m.1, w .w-v.,,r,u _c ,m - ,,, , ,. .y , - --- - - -

. . . . .
,

-



- - . -_...____,_._m... __,... _ . ,,,,_ _ . , _ _ _ , , , ,_

, _ . _ . . . , . . . _ _ , , . . . _ _ , , , , , , _ , , _ , , _ , ,
... .~ . .- ,.u.. ..., .. _ _.__.

O

4.

CENER At $ ELECTRIC
af Canic #C8E8 C".WP-[NT SCf'allf aatte? ., .' s AM h. e s, me

..se
co.'e.e=es'"e- .e .

8v CMatt 18ECIFICaflO**a

C

4.3.1.2. Attachment welds. Att.ashment .,f wan pre %ni. . a t e i n i n,' ; ar * u.4 as

by o r , , ? .
supports and hangers) to pre-%urs rient ii n i n. . . :7. n . ; * .. i l '

e., all ti . v. ru s , i nt s .c 1.- a t .-

penetration groove welds and shall be su!.p cr t . .i v '4 they nr. .t. 4'
tions imposed f or f abracat ten of the valve mr g or:e nt

4.3.2 lle it Treatment

** **

O 4.3.2.1. Carbon and In. at1 - t i .1. La ri s:. ..n f 1- i:( . ,

and equipment pressure pir - -hati be h. at t r. at t a.. i
r.:an i . ; c'. t rc.,..:t-

ments of th e applicab le All'' mat er i al* -pi a ! as at a .ns .

4.3.2.2. '.!c i d s . Heat t rt at: int c w id- i n. l u i . n.- .

. - 4... .- :. r
setordance with the r e qui r ee-n t:. an,i te o.,r: . ua t . .

Power Piping.

4.3.2.3. Cleantnp at ter huat treatecnt 3.h a l i ~. . i n a ni . r an :. r'
,

*

:w1!. ..! by v.a,w.- ar - - ..e
sandblasting. When used, sandbla t ang sh.all 0
cleaning.

a f '..is e e s t a l o r sc 1d c..il ae f. . t s %.. .. .

4.3.3, Me e t Reg. l<c pa s t

accordance with the 1911uw i n. r( ; ia rsewnt .

[
\ -- .u.

h 4.3.3.1. S ur f a r.c- Je f e c t s sush a. lap , seah . -i l t *c e r s , . v.>, or t.i:

< hall N rr . cd t y c hi. .r
do not e nc r o ac's on nintrun -all th n knesr.

-

the adiasent netal - u r f a s e:. .grinding :.ic shall be bicnded inta

4.3.3.2. When defect removal (ner-eachen upon nint.-u1 sail tou ns-s, re p..a r.

may be made by welding:.

a> definca herein. shall require tt.. ..:n:ur re :c. e: t' r

4.3.J.3. Pajor repairs,
Duyer. The Buyer shall receive prtor notificatarn et all rajor repairs.

A c c c .:'

I shall indicate the n.1ture of the d.'ftet re oved, the 1. sat sen c f th e di f ce t .
s.-

sequent heat treatnent, or othcr pertinent dat. and t:iev . hall be rade ava alab ic
to the Dwyer upon request.

4.3.3.4 Major repairs i n L a e r.a t e r t a l > u .h a, ;. l a . t . , farrin.w. c t r JeJ p:; c ,
. e c.svation of r1ts- al ttor castings arc JcfAned a,: a) a rcratr u. th r- qu i s c ..

h a depth greater than 20 pe r s.:nt of ths wail t t: 1 c a n es t at tu 1 .h I : f6- 2 n. . .

whichever is irss. ur .htn tne c>. tent et the cav: r v v. creater thiu ;o .;uarc in 3:

b) the repair of any crack in wrought or t orred ate r ial; cin.1 t ) L:.c rg.s.- af de-
f acts which are indicative of fundamental matertal pt.plers.

4.3.3.5. Major repairs in welde are defsned .is: a) the repaic of any crack etner
than crater cracks or b) the repair of defects which .tre indicative of either a
fundamental materials prablem or of a precess out of cantrol.

4.3.4 Insrection cf herair Welds. Repatr welds of a depth greater than 10 pt -

g cent of the wall thtckness shall meet the inspection regiiremeats for the t ase
material.
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.i. 3.5. Surface Finish. The surf ace finish of either c.2terials, uelds, cr equipnent
pressure parts shall be suit ble for the inspection and t.~t ang req iired by the
applicabic test. Surface discontinuitten whia h are snar#1y dif furent frtr cne
overall finish shall be re,oved or blenJcJ intu the ad;. cent surf aces.

5. MAT ERI Al.S

O 5.1. Shell components (valve toay. conret s :

ASTt+-A216 Cr. WCB

ASTM- A10 5 C r . 11

5.2. Trim coeponents.

5.2.1. valve dise: ASTM A216 cr. uca

ASDt A10 5 Gr. 11
Ferratic Alloy 5 teel, per A3D: A152 be'ler st di >;c:s f y.

(. :Je) are acceptable in the "lo/ . alley rac.:e (F1.Fil.il2)

5.2.2. valve crim cor punents shall be hardf accJ with natorials .,f w : tr. per

M:r.1 .- en.. aess ofh ASTM A 399 Class K Co r- A on all seat sna and wear sur:a.es.C

( deposition on seating surfaces shall be 3/32 inch af ter final r Jchantng anj lappar.c.
Valve body seat shall be integrally hardfated.

5.3. Other valve components shall he as fullows:

a. Valve stem: AS TM A2 76 Cr. 410
(Hardened-Rochell 28-32)

b. Stem packing: John Crane Co. fil87-1

c. Dolting: ASD1 A193 Cr. B7 /or/ Blb
ASTM A194 Cr. 7 /or/ 2H

f-
.d. Valve Actuator: Electrical insulation - Claw H

Fneuratic and Hydraulic seals (F#.ter ruterzJls)
*

Viton as rnanuf actured by Durant L:rp. or Suyer
|

h approved equal, ,

5.4 Welding e.at e r i a ls

l 5.4.1. Coated are welding electrodca shall be:
1 Mild Steel - ASDI A233' a.

b. Low Alloy Steel - AST!! A316

5.4.2. Mild steel electrodes (solid only) usca for gas ettal arc welding, shall
*

be ASTM A559 '

O ..

: .

*
.

. . . . . .-
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5.5. Alt ernate Mat erials. Die deiler hall be fic. iv .. u. e. t . alt. t r..it e r it e r ialt.
during preparation of det.eiled dr.winc- .in ! wh.ill h i i n. .n h s't .rr st e t.. c :ie

"I theattention of the Buyer, but shall not m .i . s nt t . t n t . .n .it'. 4.r .. .

s. ; of
B uy e r. E c proposed alternate materi. 1. b.sil 1% pr. -i nt. I w i tu te. ,

application and a copy of reJes o r p. . a ? s . .it a nn i q.i s . .a l en t te s' .r A..", .. r

detailed inforrnation equiv.ilent ta t h.it lurni hew int.. b "I rx. a.. and

specifications.

O
6. INSPECTidS AND TLiT

6.1. Cencra'

i 11. w :n. .u...c.t4.n and
6.1.1. Le Seller shall 1 c re pon.sh1 ion . onitu. t m. .

tes ts and shall f urni .h all mater a a l, .an 1 epis ec . nt requ i r 1. li u , . r * .n t%: t r. d

te il l i ib a a. at i. n ...si te-taus pi c..larearepresentative (s) shall have av.ess
described in this specificattan, includin. t h., . c at .. r. .: s t i l . r 's . rrl .. re er
subcontractors regrauluss of tacr. selb e h.a l l prova A nettic at itast .I.eurs'

in advance of exanination an.1 t s.s ts -o A st rabcd.

6.1.2. Quality Central. ~lh e n..anui.ac t ur i uf the pre .rr-tentaanin. ca p n.nta c

the valve (body, bonnet, sto=, d a t. c . ns. n l a - an.! b oia . i . u l t a r.. , cr visivali.nt)
re pitc-shall maintain a qualitv au uran.e cua r.I p r u. r.r . i.a. en' n t > vat t .

ments of Appendix IX, Para. IX-200 cl Sistaen 111 ef t! . AM's. L;s alcr and f renure

| Vest el Code.

6.2. Non-Cestructive Exam nat ion

100 percent o.a u ned by raJtectarhv and
! 6.2.1. P r e s s u r e- c ont a a n a n t: welils sh.i l l i.
I accessible surf aces of a. elds and adj i int t . ,e me t al s h..I l be c4ai-t re .1 1.y c a th er

liquid penetrant or magnetic particle t r..t a ng f u l l ow a n.- h e.s t t r e.i t e cr t . :;on-p r e s s u r t

containing attachrent uelds, evcept as la itLJ hv Pa r.a . i..l.l.'. sh.61 ' s L.A ancJ

on all accessible surf aces by wither 11 quid penetrant or .irnet te pa rt ti le t es t in.:.
Re-examination of repaired aream si.ll 'n tn a.curdance with th e or a.: a . a| a r.spect :e n
requircrents following heat treatront.

6.2.2. Forgings anJ stock (plate, hat, st> iot pre urr- u ntaananc c? pr.nents,'

O shall be citamined by ultrasonic r.ethuJ in either tat "aw-ti.rnashed" cr finished
condition,

l
6.2.3. All f argings and stock (plate, bar. etc) f or pt '.s w re-cantaining cerroner.t:;
shall be examined in the finashed tund tt wn, an all a c sable sur f aw., includin6
machined surf aces, by either liquid ponctrant o r iarnet: particic testine,.

6.2.4 Cas tings far pressure-containanc p. art shall h. 100 percent exa aned by *

*i ng ra '.ined surf aces, shall bcradiography and all accessible surf aces, anclu t

examined by either liquid penet rant or mnneta. particic :s tho ds fallcwic; heat
treatment. Re-examinat ion of repairtd art as ..hsil in by the abnve tecliniques

O following heat treatment. .

..
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6.2.5 Bolts , st uels and nut s , used on pre gs ure-tesnc a u.ir..: e. pctwnts shall te
enemined by either 11guld penetrant or rinenetic particle te iting. The cas-ination

phall be performed on either the finishr.d part after throdins,er on t!.c r.attrisi
stock of approximate 1v the finished diameter bef ore ti.re.Jan. but a'*cr neading.

6.2.A. Final r'achined and vrnund surf atee. of all h.ardf.s .cd s arf aces.1.G .J;n:
at lengt 1/2 in. of the Iage *etal ad Mcent to th e h s.r u f t. 1r.r a. .s.1 t e e r a- t r.= t

by liquid pen 2trant testing.

O w thods. Technirues n.d Acteptance t ancar h6.3. e

A.3.1. Inspection and testiny ='i111 e-n ! -" t h ' o l W .r. -- t. tnd tv.:.nq.cs

and shall meet trie acceptance = ts'dsrds s!"ci f : e c * *;;r. .

A.1.2. Radiography

. . t a . .. s t an Ja r e. . ..s ; .
A.1.2.1. Uelds. T% r=H o, r We o f .r 14, i n t h."

be in accordance with Ac"F Putler and Preature '.e.sc1 f.r.';. J e c t i cr. . . : s r .a r u*

N624,

6.3.2.2. Casting. The radiocripht o f tas t ings ='ir.1 e .-;<a ec t f.c h a;.J t e .r.1 e3

in accordance sith /<T'1 >"4 Tentative ' eca : ended Pr4ctius !:r J aherre;t 1.

Tegting, to the .,uality level in ar.or<!ance it!!h A' '" 16 2. ''tandst ! "*t..cd i:r
of Radio. ranhic Testing.g fcntrolling Duality

< 6.3.2.3. Acceptance criteria shall be everity Lev:1 2 Tcr r~''ET1. E;b .2.:1
s

F2 An as annronriate for casting thicknese, except that defect types D tnr:.n 5
in F.71 ano defect tynes D an i E in EI AA and ::Sn are not ne r-a t t ed.

6.1.2.4 The H-D (Parter-Drif field) dnnsitv through accepts le rets1 ehs!*. .t

2.0 ninimum for sincle viewing, and 2.6 sint um for en posite vic sing of J.rarie
film exposures. Fach film of a composite sct shall have a rini u-: density c:
1.3

6.1.3. If1trasenic Tr< tine. l'lt rasonic e/s'instien of f er. :nes s's1; t e in
accordance Vith AW! A3 AA 67, l'lt rasenic Testing and Inspection C1 Hes7v Steel
Torgings, and shall rseet the following stecptance standarJs.

.

Nor-al Peam Testinr. - Accentance ctandards. T ic f or.:ine shall t c c.n-g 6.3,3.1.
sidered unacceptable, unless repaired, base l on the f ollowing test indicstiens:

Inoications of discentinuitics in the .aternal that ;rohce aa.
complete loss of back reflection not associated with the rec etr:c
confaturation of the piece. A reduction in tac'. re flection to
5 percent or less of screen helebt shall be considered a conplete
loss of back reflection.

b. Traveling indications of discentinuities 10 percent et -ore cf the
back reflection. A traveling indication is defined as an indica-
tion which disnlave sweep move-ent of the escilloucre psttern at s

G relatively constant amplitude as the search unit is r-eved along the
part being examined.
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6;3.3.2. Anale fican Testir,. - ^< certanw ;tandards. Forr.ing shall be unaccertat,1c.

Wher* gndg ,1tions exceed those produced hv the ret ort nce .tantard. TFe reference
standard notih shall be the smaller of a elenth c.;ual to 5 icrcent of the forcina
thickness o. 3/8 inch.

6.3.4 Liquid fenetrant Tcatarr. ?tethod, teihnannes .ind au er.tance standards for

liquid penetrant testing shall te in are ordance wi th I'.iracrarh M N , Su tacn :11

of the ASME Boiler and Pressure Vessel rale.

O 6.3.5. Maenetic Particle. Methods, tech,tous and acerot..nis st an tirif s for

magnetic particle testine. shall be in .irrordanic with P.sragraph a n .% . Sec. ten !!!
of the ASME Boiler and Pressure Ves.sel Cude.

6. 3. fi . Qualification of Non-Destructv.c r v.m ina t i.- h r -nne l , rrr-onnel treased
in non-destructive testine. of pressure-containing r.cronent- shall be qualifact in
accordance with the requirements of Paragrarh IX-JD of be;; tion 111 uf the WM r.

Toiler and Pressure Vessel Code.

6.4 Final Tests

6.4.1. Final tests shall he performed on each co-pleted valve .snd shall tv
- witnessed by the Buyer's authortred representative. (Sequence of testing 4.i l l

be as follows:)
O-

\, 6.4.1.1. Valve shc11 shall be hydrostaticali.v tested i.ith the valve in the full cren

and back-seated position. Stem packinc shall be installed and coanressed to nornal
condition. The valve ends shall he closed and the valv* completely falled with
clean potable water:

a. Temperature of the Water: (4 - 100*r

b. Test pressuret 2380 rsig*

c. Duration of test: 10 minutes nininum

d. Results: The valve shall show no leakage unoer test

conditinns noted.

6.4.2. Packine Test. Stem nackinc shall be hulrnstatically tested at a test
pressiire of 1875 pstr. Duration of test shall be 2 minutes naninum and = hall sho"

h no leakage. The valve shall not be back scated during testing. The vahc shal'
be actuated frem full open to full closed and return a minimum of three tires and
the packing. retested as noted abose, without additional co pression of the packing,
and shall snow no leakage.

6.4.3. Stem back seat shall be hydrostatically tested irith the valve in the full
open and back seated positien. Stem packing shall be backed off sufficientlv to
permit detection of seat Icakage. Test fluid and test conditions shall be enu valent
to that defined in Pars. 6.4.1.1 except as follows:

g 6.4.3.1. Test pressure: 1875 psig

. . . . .

(
.
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6.4.3.2. Duration of test: 2 r:inutes minimum

. Lubte unt;;ncters per boer per inch
6.4 . 3. 3. Mazirum permassibic it.dage r.ite :
of stem diameter.

6.4.4 Main valve seat . hall be hyarustatat.nlly testt : - a th +3 e . 41 e t in tbc tully
closed position. Th e .4ps tream cnti of tb6 valve sh.all Se cl+ cJ and the valve c.sv!!y
between the valve stat and the ups trean end co*pletely ftile*1 witn cicJn CJP hater.

O
6.4.4.1. Tun.perature of the Water: th - luc * F

6.4.4.2. Test pressure: i d U ps a i:

6.4.4.3. Duration of test: ) minute.

6.4.4.4 ha.ximum perii%sibiu It.sk.sve ratu: J c ub t. conta et6rs per hour pur in n

of nominal valve size.

6.4.5. :tain valve se.as shall be teste.1 pnt'a atically ttn th. vai. e .e it s clean

and dry and with the valve operator tvltn.fer pressurt:ed .;ith 90 ps:e clean dre
air (or nitrogen) to apply seat lu.ad an.: force to the main valve seats.

- 6.4.5.1. The inlet side of the valve shall be pressurazcJ with $d p a. cle . dry
'

h air (or nitrogen) and leatase stress the .uat collected and -casuruc t> 11uu

displacement. Duration cf the test shall be 5 -anutes (or :re if required ta
ob tain reliable results.)

6.4.5.2. Maximum permissible Icaiage rate shall be 1/10 of a stanJarJ cat: teet
of air per hour per incn of drameter of numinal val.c ssee.

acce>5 cries 51.311 be in Jro-d

6.4.6. The hydraulic snubber snel related paping an

stattLallv tested using the hydraulic fluaJ Js the t es t -cJr m. Test pressure

shall be a; plied simultaneously un both sides of the paston,

6.4.6.1. Test Pressure: 5dOO psic

b.4.6.2 Duration of test: 1 minute. with no visit le leakaer,
anJ aa nscr ic* hall beh 6.4.7. The cylinder cperator and relatcJ papin.;. vaive -

the testpneumatically tested, as a syster, us4ng c1can Jry air u r ni:rnen) as

medium.
"

90 psic and shall be applie.1 alternately to the "epentn.:6.4.7.1. Test pressure:
circuit, the " closing" circuit, and the "emercier" ;c r t sens c f the sys tem. h .t

tht appropriate solenoidshall be applied by energizing or de-energiz1ntpressure
valves.

reached the f t.Il
6.4.7.2. System leakage shall t e determined af ter s.41ve basThe r an s::a p e r- as s a b1tg catteme of travel in the open and closed darection. leakage rate shall not exceed 0.5 stanuard cubicfeet of air
pneuttatic system

(, . . . . . . .
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6.4.7.2. (Continued)

per hour in either the "open" vr "c luseJ" pusit tun o f the n..a t n va lve. . te an s'

shall be es tablished to determine the a c t u.s i leak rate. Lt.siage from all

accessible static seats and joints ut th. system shall he determir.ed by search

with soap bubble type leak detettaun, durataur. of test '. dl be suf ficient to
search all potential leakay.e points. Rer: shall lo nu indstation of Icahave.

6.4.8. The complete valve shall be t es t ca tu durvns t r it . that the c l am an,: t 1-:O agains t line pressure of 1008 psic imm-flowtac) i s ad 'i.- t.m l.. t.e t seen th r e a and
ten seconds. Requi rements of l'aragraph 4. 2.d.I..! M..i t ! be vertfitd.

6.4.8.1. The three second clumang sh.sll be de sr.strittd w.th sprtne only as the

closing force.

6.4. 8. 2. Ten second closang sh.ll be de ic ns t r.it ed i. i t o e psic .iar pressure to

top of cylinder operator plu> sprinrs a> the c. tns: s c re e. Adiustrent of the
speed control valve to accofrpit h clomtne tame noted as pc--itted.

7. CLEANING, MAElhG A24D PREl'APAT!oN F0H Sh!P':ES1

( 7.1. Cleantre

O 7.1.1. After corplesion of all testan.:, intertor surf.ites of t".e valves sh.ill be
cleaned free ot all foreign mattrial ard residues and shall he thur .:blv dried.

Chloride or fluoride bearing solvents sh.al l not be ussJ.
[

7.1.2. Af ter cleanin,:, inside surf aci shall tu It.:htly co at ed wit h a rc.nlaly water

soluble corros ton anh abitor mixture, suc a a salation et 0.5 percent sadaun

| nitrite, 0.25 percent monosodium phus phat e, and 0.25 perunt at-sodiun pnosriat e.

7.1.3. Valve ste., packing shall be rc~aud and discar le) anJ whe stuf fing boa
cleaned, dried, and treated with corresisn a nn ib t t e r (dr% rabed herein) . A
replaccment set of stem packing with install:.tten instrustient, shall be pack.o;ed
separately with the valve.

7.1.4 Exterist non-f unct ional carbon . teel surfaces 31.a11 be cleanel of :21 anJ
g grease after which mill scale, rust, r u.s t .cale, paint an;l c ther f c r cipi r.at t e r

shall be thoroughly removcd by such Psans as handblantanc. After thi' surfJers tre
| prepared for painting, they shall be paintcJ with tne Selli r's stanJard retal pr t:er.

| 7.1.5. Sandblasting shall be per the Steel Structures .:nt inc ccum al S tanJard
SP-5, e.xcept anchor patterns need not apply. Surfaces . . . . ' be t' rushed, and'

vacuu: sed or air-blas t cleaned to re=ove all traces of .a r. ! r crlt tr.d shall
then be dried and coated with the Seller's standard retal p rz-cr. Er te perature

,

shall be at least 50*F when the it er9 is painted.
|
|

| 7.1.5.1. Exterict, functional, machined carbon steel surf aces shall be coated
with a corrosion inhabiting coating or tape.

i . . . . . .
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7.1.5.2. Crevices shall be protected wath a tape mu.h .is 3M company Nes.390 or 42i0,

John Mansville 357 or "Trantex" E10 ur t.12. or Johns *>n anJ Juhnson "rcr-ascal"
Type Pb9. Paper backed tapes are not acceptable as they age quickly and are not
waterproof. Alternates will be cunaidered on a case basam.

7.1.5.3. Surfaces without crevicei may be protect <.d with t a;" c r a ru t pre-

ventative such a.s Valvul tne 011 Company "hety!" B40 Alternates will be

considered on a came basis.

7.2. Preparation for shapreut

7.2.1. Af ter cor pletion of cleanine the ealve .. hall t. i ui.we! f;r e sp ent in a

manner which wall prevent the introJustaan of furcat,n caternal ant: the unit. All

openings shall be covered. A t ight-f a t t ana reta l cap .i.sil be f:tted e;cr all
weld c.eds. The temporary sea ts used on the nuezles shall not affett the wcld pre-
paration or flange facom of the no.:zles.

7.2.2. Special precautions shall oc taken by the r.anufacturer to pr. vent de-
terioration of sensitive surfaces and materials of L'e v. 1ve actuator.n

7.2.3. Piping and equipment shall be sdequately protected frur Jama:t during
handlinp, shipment and storage. HanJ1tnv equipacnt, blocking, strappana, or
hold-dwn devices , hall be applied 3u the cumponents are not -arrcJ in any way.
During shipment the components shall be further separateJ Ly dunnage as is
necessary to prevent damage. Pa c kar i ni, for ship :ent hall L applied in a ranner
to maintain cleanliness of the equipront. Outs 1Je storage cf thc equip ent is
anticipated :o be approximately 12 months.

7.3. Marking and Materials identification

7.3.1. Each valve shall have a stainlem teel plate mesurely aff acJ to thw super-
structur, on which the follouing miniruri inf ormation shall be per-anently rarked:

a. Seller's Name

b. Serial Numbe r of the Valvea

c. Size of Valve: Inlet
Scat Boreg
Outlet

d. Pressure and Temperature Rating
(ANSI B16.5)

c. Pedy. bonnet Material

f. Fated Steam Flow and
Pressure Drop

The 5eller's serial number (or equivalent earking) shall serve to identify
O *all certifications, tests, and exaninations pertinent to the valve which shall

be maintained by the Seller as specified by the Buyer.

' . . . . . . .
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7.3.1. (continued)

g. Buy er's Spec. No._ Hev.
_

h. Buyer's Purchase Order No:

1. Buye r's Mas ter Parts Lis t Number .

.

7.3.2. Each pressure-containing compunent (body, bonnet. s t e . diu , no z zl e:s
O and bonnet bolting, ',r equivalent) shall be clearly identified t,y legible rarking

on the parts.

7.3.2.1. The marking shall consist of the applit.ible =pecification and grade of
material, heat number of the matertal, and any additavual narking required to
f acilitate traceability of the results uf .ill tests and emananattans perf orned on

the part; in those cases where size or shape pruhlbits, a marking code shall bC
used that identifies the material with the cert ification reports.

7.3.2.2. Marking shall be transferred to all picces when a part 1> cut to nake
more than one component.

7.3.2.3. The materials shall be marked by any method that will not result in any

( harmful contamination or sharp discontinuities and will identif y the naterial until

the system is corpletely installed. !!aterial 1/4 inch and greater in thickness

C may be marked by steel indentation stamping. t, hen steel indentaticn starping ts

used, it shall be done with a round ncse or interrupted-dat die having a rintru-i
radius of 1/32 inch. The maximum depth of indentation shall not infringe upon

minimum wall thickness.

8. SUBMITTALS To B||YER

8.1. Drawings

8.1.1. Outline Drawings - A drawing depicting the outline of the valve and operator
indicating over all dimensions, shipping and operating weights, and details of con-
struction such as weld preparations, finished dimensions and accessory connections.

8.1.2. Assembly and Cross-Section Drawings - Section drawing of all componentsC depicting the arrangement of the parts, parts list and raterial designations,
,

This drawing shall indicate those components which are pressure ccntaining andi

| shall designate the nondestructive test procedures upcn which acceptance or re-
| jection of the component is established.
1

8.1.3. Drawings f or Approval - Outline and asserbly drawirgs, and wiring diagrams
shall be submitted for approval. The outline drawings submitted for approval ,

shall be for design details enu:=erated in Paragraph 8.1.1. These drawings are

required for coordination with piping and structure and shall incide design details
which are at variance with the code or the require.ments of this specification.
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Drawings to be Certified - Outline drawings , an) wirin.; dia:rs s for
' VI'
[' *.!C.I.4 :c certtf.ej cc tedesign coordination shall, upon cer pletion of the Jes t.n,

L | O,1
correct uith no f urther chanated required. No alte rat i : .s a.e te N e t t. e

6'

d2 sign af ter certification without the approval cf t"e 3.yer. Jr

( '. %
5 n
hiL8.2. Submittals for Information f a' v
; y ,-

| 8.2.1. Engineering Schedule L P' 9
V ', ' 1

'

r- -

8.2.2. Fab rication Schedule i

p .w'qL

1;; y8.3. s e ittals (cr Arproval

Q.'d
.

8.3.1. Calculations shall be furni, cJ t cs ta:i;>n ::r: r ,:::e .' t t desagt re-
e;ntain ent, sels :: ::eff:cen:4 pressare dr:p ,{$

r, iquirements as appl.ed to pressarelevel and f ar:e deltvered 5. act.a::ng sp r:n. ,, s::ine f
pneumatic actuator including inlet anj out let porting. 5:zirg of hydrault: s n.t:e r Qat rated flow, stress

r ^ .a.i. 'including related oriftees. Zu

8.3.2. Complete valve operator calculat;:ns inc;ud tra ;ur .:s et J.. place ent, 4
[,fE.f..( velocity, acceleratiens and cylinder (preu-a: tt anj .;;a. ..- pressures vers.$

at ea n 3: IN :en J: :.n. listed :nti.me shall be provided for valve cl.nare v.
w

h Paragraph 4. 2.9.4 m,.
.o

.3
8.4 Test PreccJwt.. - 5.tmittals f er Ap;roval 3.,..*

.

.9
'

8.4.1. Liquid Penetrant Exa: tnation t. ~t ".

[},-
D 8.4.2. Radiographic Ex.cstnation I nc i w.i t ow .w m r e be t J. s * r ., 7

6-(*,
8.4.3. Hydrostatic Test '

8.4.4 Magnetic Parti:le Examnat tan ' c'.,
\ ;-

D.

'f,; .
8. 5. Leak Check and Valve Perfor-ance frecedure> , $'

r

s ~. ..
8.4.6. Ultrasonic Emantnation v.t9 98

t

.

N@ ,1i

i 8.5. Fab ric at ien rre ce rares , Qualif : eat:en trecei_re- r. .: . - - . . - 5.- ; :a.s
| -'

Ter Aprr .a's
Q. 'S

ora

{d{>y
| S.5.1. liest treatment procedures, sne luJtog pr e-hea* t .;r -c lei 4 p.'s t -h e a t

.

re. e! eAf or welding, heating for fore.ing and heating for strenI

8

8.5.2. Welding, hardf acing and weld repatr preced res.
,

1 8.5.3. Cleaning and preserving procedares, wi'.h che.-tea. ce p.watien cf solutions !.,q. -,'.
" -

't- ,

, D
.

or agents. , i. -|
-

,

i5!
, , L,-
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8. 5.4. Plating procedures (if pertormed) as applicablu tu g rinas.

8.5.5. Quality Assurance Control Program

8.6. Ins t ruction Manuals - Subc at tal f ur Appraval

8.6.1. Instruction manuals shall pre ert the folle.. t a i a .. t e . . r : e - .t in-.

.c.ner -rs;.r- f.. <.formation in a practical, carplete nJ cor;t erenstv.g ty operating and ratntenance pers e.nel:

a) Initial installation
b) Initial testing and ad p t' int

c) Maintenance, rep.s t r awl periodic testa
d) Operation

lugtt.d nJ orJer!v se pen.c. /.
8.6. 2. The inf or1 nation shall b ur.: anteed in a

the equipment. includinc stun tt .c ar t teshns i' ':iracterts-
general description of
tics , shall be included tu f a: 111ar ttu operating and ra nntenance perscr.nel with t! v

( e quipment.
s

8.6.3. Necessary drawinc., and other t a lus t rac t:.:ns :,r:al . N tnc luJ. J. c r c.'p t es
of appropriate certified Jrautngs ay be bound into the ran al. Ie t. ad; s t :ertg and calib ration information, as appr:priate Snail be spec tised anJ idert t! ted to
the specific equiprent. Saf ety and other warntng nut sces and instJ11Jt 1Jn, ratr.=
tenance and operating cautions shall be er.phasized.

nc enclature, ranuf act rer's
8.6.4. A parts list shall be includeJ *.howing part tJertificatisn a'Jpart nurber, and other inf ormation necessary for accurate
ordering of replace.9Cnt parts. Cennvn h.ard.Jre attra, :;r cther pJrts ta be locall
procured shall be adequately identified by technical description.

8.6.5. Ins t ruct ions and parts Itst shall be clearly Icgtale .inJ pre; areJ on tece
:rateri al are ntquality paper; carbon copies and ti:. sue copies .'r cther fl.-sv

ac ce pt ab le . Multiple page instructiens snall t,e securely bosnd.

8.6.6. If a standard manual is furntshed covering note than the spc.ift- Mut. ent
-

h purchased, the applicable rodel (e,r other tdent a ficat ten), parts, an; othe r in-
fortsation f or the specif ic equiparent parcnased shall te clearly ident.ftc).

8.6.7. Specific detailed instructiuns for repl.acenint et tr e stem pacn an, hall te
;

included.

8.7. Certification of Ccmpliance

8.7.1. The vnanuf arturer of the r ater tJls et c'rponents shall certif y that tac
requirements f or which he is responsib le, int iudin,; thos e of this specification,

,
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8.7.1. (continued)

21 A92M a:. well as those of the specific materials specafication, have been tul;y
satisfied. Certification shall incluue a certif;cd report of results of all'
required tests, examinations, and rerdirs per t urned on the : ater;als ar.d 11cnti-

fication of materials. Certified re,ac rts soall be s uh-it te J te the Duyer f or
concurrence and record.

g 8.8. Records

8.8.1. Seller shall urgant:c waantaan anJ saf els store a:1 design, fadrication,
construction aad qualttv control ru ords. -aterial .crtsf. ata:ns and all other

test and inspection records ;c r t t :n n t ts the wora u rcunA r . as requireJ by the
terna of this order or the provtuwns of any upplasaale stenJard, ccJe, criteria,
l aw , rule, regulation or order. L'pon payr cat ty Bayer : ! tre actual ccsts of re-
production. Seller shall deliver to Buyer t(rt alled < cpics o f any or all suca.

records. Upon payment t y caver of .1ctual tost of t rans f er, Seller shall ;rc Mlf '
deliver to Buyer the originals of any or all wuch records. Seller shall retain
all such records (except those re:ords , the ar z ainals of at er have t een f urnist.e3

to Buyer pursuant to this prcvaston) in its passession f rr a period of five ye.rs
after completion of the e r* hereunder. In no event snall heller at any tire
destroy or discard any such rcsorJs with:ut prior written not are to Dwyer.
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INSTRUCTION MANUAL
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24" x 20" x 24" - FIG.1612
-

5 team Isolation Volves for G.E.
,

~

G.E. P.O. Nos. AB-311 r

A8-313 /
*

A8-317
RMC 5.0. Nos. 36-07968 ' Fukushima 2

.

36-70037 - carolina 16 2'
carolina 1 & 236-50934 -

,

36-50936 - Lilco
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.

.

-A. Preswrc and Temperetura Rotings
* .

Max. continuous design conditions: 1250 psio at 575'F
'

-

.- 1. ~

I'riraory Service Rating: kiS psig 1575 psig of 100*F
. .
..

'

2.
Max. Allowable service conditions: .

3. ,
.

. ,

(
, .

. ..

t 3 Ambient Conditions 135*F normol, 340*F maximum of emergency conditions ,

1. Temperature:. 100 percent continuous .

2. Relative Humidity:
Atmospheric et normo! conditions, increases to 65 psig meximum at

.

3. Pressure:
emergency conditions.

.
,- '.-

. 4. ~lncident Radiation: Continuous for Design Life - . ..
. '

.
. . . ~ '

159)hr. . ' ' ' . ' . ' . ~ ' ~ . ' ' ':.
-

. ".

Gomme: ...'./..," .3. . .
Gomme & Neutron:25R/hr

.
* . .

. *
. .

<-
, ,. , -

. . . . . . . ~ . . . . . .
~; v. . .' .~. e *. : u.

..

\. ,. .

.. ''*

,.
,.i,b , ,[., . [ * * . .* ,,*' * t* ,.

i .h ..._'' ~~ #~ . , , . h .'
* ** , '

'

hol've Description &' Featurei ,rp
.

.

.
,

'
-

Springs mounted on the yoke provic e stored energy for closing the volve in the event of
. t

loss of service air pressure. A second source of ster'ed energy is provided by a bottle of
.A. compressed air rnounted by the owner nect the steem volves..il -

On emergency, the volve con close in es little time os 3 seconds but provision is made to
.

.t

' contiol the rote of stem speed in both opening and diesing directions independently.,(.
Flag pins are provided which con be inserted in heles in the yoke during mainten=nce 'to

.

..

hold the operater in the open position. This permits uncoupling the volve stem and opercter-

it is also possible to remove
rod and removal of the entire volve operator in one piece, i
the operator, bor. net flange and disk as one assembly, if it is required, to get at the ir.ter or

.
.

of the.volve for any reason. .
.

.. . . ,
,

.

The packing chamber is deep eneugh to permit 1-1/2 sets of pecking with o Icek-off Iontern
ring betwer n. The si::e of the leak-off connection is more then edequete to remove anyleale:;e thor could occur through the ennulus between the stem and Lockseat, eve'n if o!!
the pucking was removed below the fontern ring. ,

Clearances between ports of the spring guides, spring flange and stem ceupling ere such
,

that even if a spring broke, the mechonism cannot be distorted by the remaining springs to
such on extent that the sicm is iommed o.nd made inoperable. Even if the :pring Ilonge would

-

hang up, there is enough clecronce between it and the stem coupling that the lotter is still
frce to mo've downwcrd if required. .% e

A drain connection con be added if required to remove any condensole formed upstream of
*

,.

( *. *

the scot. .*
.

. .

g 9
... .

. . . . . . . ._.. . .

|
'

-

. . . . . . - . -
. . -

. . . . .

I-----....-.._..,_____ , , , _ . ,
_

,

I
' ' ' ' ~~ - - ~ . . . - - . _ , _ . . , . . _ . ,
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d er o double ended hydrevlio
*

*

operatiry cylinder piston rod is connected to one enl d to :he velve stem. The hydraulic
.

cylind. r piston red, the other end of which is coup ecyliner itself is firmly attached to the operating cy n er.d from one end of the cylinder to the
The li d For the velve to open or.

-;. .

clase; therefore, hydtculic fluid has to be displace l lves, ecch

ether and d:es so through two pressure compensated variebte flow contro voThese are set up so thet each check volve permits
.

1s'(
,f' ll d indeendently

with on integral check volve fieture.
flow only in the direction epposite to the other. The rate of flow is contro eIn this way, the mein vcive con operate at dii?. rent

'

ble. ting feature irs res
e in coch direction end is ediustespeeds in both epening cod closing directions. The pressure compensaf h differentiel ocross the main

that the stem moves only of the preset speed regard! cts o t ed i overpressure caused ,

volve seof. A temperature compensating reservoir prevents omeg ng-

by any increase of temperature of the hydraulic fluid. i diectly

All volves which will be c=lled on to operate during on emergency condition must per obe shown to be operable. At selected intervals the volve ccn be " exercised," i.e. operate
,

d

l f ll stroke. A..

et a slow speed to ensure that all p=rts cre operable, for either a portie or o u3-way solenoid volve and a 3-wey air pilot volve ore provided to permit this exercis ng t ethe operatinD cylinder and allowing
*

i h

i
main volve. They do this by interrupting the service a r toli d r is vented.

*

h
~

. the volve to close by means of the springs only as t e cy n e
d the

The disk / piston essembly itself features full stroke guiding. Stellited guide ribs an
,,

d .1 -

Ilited guiding surfcees of pinon ossembly provide the sliding surfaces with a sw.t.:lklling does not occur. The balancing port is centered in
. * he main disk and closed by the stem disk. All secting surfaces of the mein volve and bal ncinD

sf
icrence of h=rdness to insure that ga

is more then edequetely si:ed

port cre conical in.sheps and are stellited. The beloneing portto insure equali:otion of pressure between the bonnet and downstreem p pe.h disk, provides right shut off through-
t The flexible disk,i

$ ,

1( -designed to yield elesticelly with design pressure over t ef ll design. *

cut the repge of pressure differential,from zero to u - .

.
,

.- , .
. . < ..-

-
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To remove the volve frnm thu crote,, cut streps holding tha volve in ploco.
,

". 1. .

.

ploce o s.e copobic of lifting 12,000 pounds around the bonnet bere section
.

2,
of the volve just below the bonnet flange. (NOTE: This loc: tion is near the c.g.

' '. ( of volve.) Rig a stabilie.ing si..e to the top of the operator through eyebolts in the
top of the operator. (NOTE: This sl:ac} should not support the main weight of the',

volve.) . ..
, .

Lift volve out of crate corefully and set on wooden blocks.~

3.

After the volve hos been unpacked from its sh'ipping container, inspect for any obvious4.
domoge which mi ht have occurred during shipment.

-

D , , ,
.

.. .
,

5. Hoist the volve into position in the pipe line by wrapping a sf.a 3 crcund the upperc'

is to be:r the volve asserrbly
port of the volve body (below the llenge). This st a ) install two 5/8" dia. x liNC

r
*

weight. To stoody the volve in the upright position,
dyebolts in the drilled and topped holes in the top of the pneumatic cylinder essembly

,

and install o she) thrpush the eyebolts. NOTE: Do not loed eycholts to over 4000
lbs. total weight. Volve assembly weight is (c, cco lbs.

.- ;
.

The volve is to be installed in the pipe line with flow over the top of the volve disk.6..
.

Pcci off the lope which retains the protective shipping cops on the volve body ends and7.s
-

- .

,,
, . , . .

.

pull off the cops. , , .
,,,,

- . . . ,
,

,

t
I- Ol* O . . .. . . . .

i(. (
. . .

,

9. Remove the small b'=gs of dessicent from inside the va,1ve body., These bags of dessicant
have been pieced inside the volve bcdy to prevent rusting during shipment.

10. ' The volve body meterial is ASTM-A216-Grade WCD. The proper weldinD rod for use
'

with this rnateriel is ASTM A233-E7018. Rod si:e wi!! depend on the amount of weld*

moferial to be deposited. (1/8 to 1/4 rod). (NOTE: Welding shcIl be donc per oil
'.

.

cpplicable codes and requirements.)
-

.

.--

,
,

.

11. Weld volve into pipe line with volv e in seated position. Maximum alloweble weld
.~ ~

interpass temperature should not exceed 400, F. ' .

.,

Remove shipping cover from drain holegn idsid; of.volve, body, (Pt. No.1),'
12.

weld droin volve assembly supplied by buyer to drain hole enditress relieve. Kemove
shipping cover from bonnet packing leek off pipe, (Pt. Ne. 41), wcld to leek off

*

system and stress relieve weld.
-

,

A supply of air of " instrument air quality" is required for the control and operator of the13.
pneumatic operator on this volve. The air supply pressure con vary' from o minimum of) -

90 PSI to o maximum of 100 PSI. ,
,,

.

.

-
.

.

.

;'( ,

.
.

-- .. ..

q
- , .

'

9,
-

' -
-

.

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

^ " " * . ,
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Tlic pneurr.atic cylind:r and refoted cor:por[ents will utill:e cil-free, filtered efr,Continued13.

drie d to o dew point of -40 F et the pressure the air is supplied as the octuatingh tic cylinder
medium. Actu: ting air pressure will be 90 to 103 psig. T e pneumai h as that pro-
ond refored components shall not require additional lubricat on suc

'

(
,

( vided by on ei!-entraining device in the octuating air system.
Connect instrJment air suppiy to the intet of flie Norgren four woy volve.

*

(5'ee A;g A-%Wi~( on page 28)14.

Connect the s=me instrument air supply to the opening between the two "Asco" volves.the oppendix.15.
Recherge hydtculic occumulator per instruction in

'.

The occumuister leaves the fo tery ch rged but covid lose same pr:ssure if stored
,

16.
.

over o period of time.
Turn each monotrol volve iri fin clockwise direction until it is fully cle:ed.

17.
so>

Wire the smell iunction box
' 17) fer

top of the pneumatic actuater and the lerge iunction box (Pt. No.17, pegepIopt control panel in ecc:rdence with d cwing18. *

the limit switches to the
~

-

D- %9 MS %t. d , page 2) ,.. '

* -

Cycle volve to the open position slowly.19. "
.

Install pseking per instructions on page 15.20.
*.

Adjustment & Teo

The volve is now ready to opercte. The speed at which the velve opens and closes con.--
(See " Piece No.

.be ediusied by' revolving the small knobs on the hydraulic snubber.20", page 17). The upper knob is revolved to edjust the opening speed and the lower
1.

L( -

. .' ~.
knob is revolved to odiust the elesing speed. -

' OTE: Turning volves in o clockwise direction reduces operating speed. Counter
-

"

'

N
clockwise incre=ses speed.

* Cycle Ihe volve open and close a few times to odiust to the desired opereting speed end
- .

;

desired

to gain asseror.:: that the volve has been in:,telled preperly. Aft:r ediusting to-

f 2.
|

speed, lo:k the odiusting kneb by nicans cf the knob set screw.i
'

Adjust limit switches per instructions en peges 13 & 14.It should be kept in rnind th t these volves have been assembled with the3. i
obsence of lubrication in accordonee with the Genero! Electric Equ pment~ CAUTION:

For this reason the volves should not be eyeled any mere7 -

!

than is obsolutely necessery until water or stcom has been let into theSpecifications.,

|
-

| piping and volve system. ,

,
-

Disassembly -

_ 2 & 3 (psges 17,18) -
NOTE:' iterer to Drawing 9 wt u 5. Sheets

.

Actuate the voIve to the open position.
_ *

Insert the four fioD3 d ins in the upper holes in the spring guides (Piece No.13)
1. .

. .
P

'' Sco Note No.1 of Dwg. D-*wi s * *h Sht . 2. (page 17).2.

-(
.-

%

. .

. . . ..=
......sp.e.isep.eu. m. e

. - - - . , . .

e ,, ,

L
*

,
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.

.

Actuate voIva to the closed pcsition. *

.(3.
Remove the set screws (Piece No. 27) from the coupling (Piece No.11). Thereh bf the two holes. Moke certain all the

,,

4. '

ore two set screws and a brcss plug Iti eac
.( set screws and brcss plugs are removed. ./ 1,

.

.

<f ' .

Revolve the cevoling (Piece No.11) off the end of the stem (Piece No. 3).
% .

.s .

5.
Do not revolve the stem (Piece No. 3). Revolve the coupling
DoErevolve the pneumatic cylinder @iece No.16) sheft.:. e

(Piece No.11) completely onto.ftie threeds on the end of the oneumatic cylinder
- i

shoR (Piece No.16) and off the end of the stem (Piece No. 3). Be ecreful not to
i ,.

l
g .ellow the disk, piston, and stem essembly to drop against the vo ve seat.| .-

. .

!
,, ..

--
- -*

+1200 lbs.)
-

Disk piston and stem essembly weight
=

(NOTE:
. ..s

Actuate vo}ve to the open position and remove the llegged pins from the vooer holes
...

. '
,

In the spring guides.. Then insert the ficgged pins in the holes locaree 5-U# fromthe bottom of the spring guides (Piece No.13), and actucte volve to the closed pcsit on.
6. i

| .

.
. . , . .

. . .. . . . '

. J..
.,it'.|... .

.
. *

7. * Disconnect all air and electrical suoplies.
.- . . . . .. . ....

. -.- .. , . .
-

Install two S/8" diameter x 11NC eyebolts (Pt. No. 25) into the drilled and tepped
.

. ,

,

8. ..

bly. .:r%-
-

,
,. ,-

. holes in the top of the pneumatic cylinder essem ... , .- .
.

Hook the Sil.9) to a hoist and supper, weight
.

c bl
.

. Insto!! ' st.q through the eye o ts. Do not support over 4000 lbs.
.

.

9. .

of volve upper structure with the hoist.
{.,.

.

10. Remove the bolts and lockwashers holding the limit switch support (Piece No. 21) to
.. . .r

-

. .. .. . .
.

,4 . g
.

the bonnet (Piece No. 4). . .

.
.. .

... ; .
. .a . .

J
,,

. " . .' i-
-.

11. Ley the limit switch support (Piece No. 21) oside.!
.

, -,
. .

holding the spring guides
lec kweskeys ( P.e cc. etc . t )

.

!boats and
*

12. Remove the . . , , . . .

Fiece No.13) to the bonnet @ieca No. 4).
. . .

13. Hoist the pneumatic cylinder / spring assembly off the bonnet (Piece No. 4) (wt s 2om Ibs.).
P- w,

and set upright on a level surface.
.

.
.

If the problem or defective pert is in the lower
, '
.

If the eroblemDetermine the problem arco.
structure see instructions entitled "Discssembly of Lower Structure".ISOTE:

area is.In the upper structure, see instructions entitled "D*acsserr.bly of Upper
..

.

-

.' .
* . -

Structure." - .. . . . .. ,, .
. ....- . .

'

. ..
. ? . . ;; . ,.- . .
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:. ... . .
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Disassembly of Upoer Structura (Sne Drawi,ng D-W1265, Sht.1, Page 17) ,'

I
-

.

|

I 1. Remove the nuts end lockwo.hers (Piece Nos. let) holding the pneumatic
'

cylinder (Piece No.* 16) to the rr.ounting flenge (Piece No.14).'
'**

. { ..<t
*' -

,(.
* . .

- 2. Hoist the pneumatic cylinder essembly away and lay on its side on a wooden poliet
or some rogs, being careful not to demoge pneumatic control voNes. .

| .
.

.

e 3. BlcmK .

4. ~ Unscrew the four nur s Ae( bwbW c.c.., sa,*s'*0in even increments until all
|* ' tension on the springs hos been relieved. .

-
. ..

-
.

| c.-

Rernove the meunting fionge (Piece No.14), the springs (Piece No.12), and spring
| 5.,

dividers (Piece No. 40). Se careful not to chip or scrape the special corrosion resistant
|

'

-

point off thy springs.
.

, .
, . .

. .
. ~

.

Disossembly of I. ewer Structure (See Drawing t-**W65 ' Sht.3, Pege 17) .

.. .
.

r

1. Remove the gland nuts (Piece No'.10) and the gland (Piece No. 28). ,.-
,

See Pocking Inst:vetions - Page No. 16 .
.

'

If the leck off nipple. (Piece No. 41) hes been welded into the system, it will be, 2.
necessary to cut this weld before the bonnet (Piece No. 4) con be lifted off the volve.

Screw the eyebolts (5/8-11UNC) (Port No. 25) into two of the' drilled and tepped holes'

3.
| | ' g' In the top surface of the bonnet (Piece No. 4). (NOTE: There are ic tcpped holes in

-

.

j ( the top of bonnet.) . .' ' , .
- .* ~

.. .- - . .-

*- -
. '

'.
.

4. Itemove the bonnet hold ddwn nuts (Piece No. 6). - .a.
~' . .

*

' '

5. . Remove 4 bonnet studs (Piecc No. 5) each 90* cport.
*

''

. .

,
,

.

6. Screw four bonnet guide studs info top of body to replace tho:e removed..

09,aO|

7. Using a hoist, a si nq ond the two eyebolts that have been screwed into the upper
'surfoce of the bonnet (Piece 4) lift the bonnet off the volve and lay aside on some

. . cle'on rogs. (NOTE: Use bonnet guide studs to guide bonnet when removing).

8. Remove bonnet studs (Piece No. 5), bonnet guide studs, and g:sket (Piece No. 31). -
. - .

Attoch the piston guide as:ce.bly to the drilled and tepped holes with (5/8-11UNC Sitt.);.

9.
In the lep of the pisten a:sembly (Pince No. 2). This will act as protecti:n for stem

!

ond con be used as a guide to prevent piston-disk assembly from binding. W Pe<te M
|

.

After the bonnet and gasket have been removed, fashion a sleeve of corregated corJboerd-f
'

10.- ~

|
end slip it over the stem. This will protect the stem finish.

.
.

.

.
1

. 4
With the use of a hoist and pisten guide essembly which hos been ottoebed to the

,

( 11.
tcp of the piston, lift the stem (Piece No. 3) piston essembly (Piece No. 2) cur of the

It will be nc:essary to atioch a second lifting sling in the vertical pnsisten ns th r
-

%

(. volve. This will guide !!.e e :embli
piston enembly is b ing removed from the bore of the bonnet.~

-

.
.

. . . . ........--.d...:.- - - -

. . . _ _ _ _ . . .
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11. Continued isten ossembt is pulledf.
in ithe de k. De e y a sembly on some soft ress

'

and keep it h * I"III"g ,
out or the velve body Squote y w' cr icolin0 surfoces. (See Picture E, pes,-

,

being coreful not to merr t e gu; . ,,

.

(NOTE Do not use stem os a gever. g, wjtl dodge stem disk sect.)
'

J - .

Itoa 5

To disc semble the
**sk I e pi ic * N * *

. 1 ; tte
drill over 2.so deep. (ger. Picture .F , p. ,

" '
rot n i

di fer *

13. .Unserew the p.iton (P. ce No. 2) from the disk (Piece No. 37).'.
~

iei

u I,d''A'.iebe stem (Piece No. 3)|fiem th5'** d'ce so. wsies ;| '' i=" d. "*''' d ill' Do .
et drill deeper

*b1 th '"
.

,3, , o. ner. m ture F , e. -
..

3) The 1ower structure
.. .

.

t m disk-(P.iece No. 30from the stem (Piece No.
-

,

h ~

een disossembled part by pert. ;.;;. .- .N' ~ "*
-

,. ,,; ,, ,, ,.,

,s now ,
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REPAlR PROCEDURES . ' . *

-

.

.sk ' . -
__

..e.-

. Q.i
.

( ''p ' ,'
' is-

,

..p.
Body B5re Repairs _

., ,

. ',

First enoke o visvol inspection oli oround this area, noting, if possible where flom may
.

..

occur. Next wesh the orco with ocetone, drying with cican rags and, if necessary,3

.fnetter which may have been deposited on the creo suspected of having f ows. polishing with a fine grade of emery cloth to remove any undesirchie scale or foreign
e

l Use o ,

dye penetront test if cracks are suspected.
.

, -
- , ,

Prior to any cutting or welding operations being performed on the volve, it is
.

_

-
. -

f insurance
necessory that odequate sect joint protection be provided and some means o1.

line if the -.

ogainst getting chips, weId spotter or other foreign motfer into the pipevolve is perrnonently mounted. A thick bed of asbestos paper placed over the seat
.

' ,
-

*

and cemented in piece will furnish odequate protection.
...
*

*

.-

Chip c ut the defective area in the body, being careful to remove the ofrected pertion
.

.- : .

| ,2. to itsi nd, in:ide.the costing, and to thoroughly c! con it away.
-

.

. , ~~

With o [moII hand grinder, grind the chipped crea smooth.
.

,

3.

Preheat on oreo loige e.nough around the imperfection so that during the entire welding
-

.
-

.

-

operation heat will be retained of opproximately 400 degrees Fahrenheit.
. .

4.a -
'

d depends on the size ofSL... . .

. Use on ASTM -A233 E7018 welding rod. Pro;ier red iameter
-

.

5. ,
, ,

the covity to be filled.
, ,

. ,

.- .

Lay the weld in thin, even leyers, and being careful to maintain a tempereture above400 degrees Fohrenheit in the area being repaired. The lost layer of weld must overley
,

-

,

6.! -

h l ing
onto the sound metal to insure a weld without on undercut of the er'ges. T e over eppThe

sh'ould be done clong this edge by using a welding ro,d of 1/8" meximum diameter.Iast layer should bring the height of the welded crea up to 1/16" above the originol,'

surface, os checked with a straight edge along the body bore.
,

- -

.

hermal st'ress relieving is not recommended. ,

.;,"

- -

'.- NOTE:_ Meier repairs should not be ottempted witho t GE-APED opproval.
'

.

.

ithin about .0i0" of the-

f t

. With a hand grinder, rough orind the welded sur ace o wfinished surface. A simpie template cut from thin sheet metal and having the somebody bore con be
-

--

ore os the body, bore diameter,.and a straight edge foid along the
.- .

* '
* * . ,,,

,.
e

.
* . ,

-

-

(
'

,. .-
'

(. , .

- .
-

.
,

. _. \- .

\. -

.
-

. ..g.,

1
~~

- - -
-

...... ..

. . . . .

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

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

.

J' used os a guide. A final cut then con be mode, using a boring fixture s,imilar to
'

the one shown in picture "8". (pose 22.)
.; - --

.. 2

,k ' After removing o!! dirt, chips, slag, spotter, and grinding dust from the body,
the bore should be polished with fine emery cloth and then thoroughly cleaned -

NOTE: Repaired defect must be liquid penetrant" before reossembly of the volve.
For repairs with cavities deeper than 3/8" or 10% of wellexamined offer repair. *

thickness radiogrcphy must be perfctmed. ., , ,

,

' .
,.

, . ,
.,..

Scot & Disk Repairs* ,, .
..-

.,
.

_ '

A'volve scot joint will require repairing in any instance where the seoting surface permits
o Ieck because i.t hos been altered from the original state'in which it was shipped from the.

factory; wheg corrosion hos set in to.Scuse pit mcrks on the Scoting surfaces of either the
I

"'

body or disk; where the sect hos become distorted beccuse of on obnormal hecting condition;
or, where o groove hcs been formed on the scot or disk by closing the volve against a foreign -

'
-

.- .

body.
,. ,

. ..

The stellited seats in these volves' ore not ecsily scored, but where. reconditioning is necessary,
'the following points should be observed:

,.
,

* Where on indention or pit merks on the volve seat icint are .020 in. or less'

o cost iron Icp with suitchie lopping compound will speed up repcir. The included
*

.

engle of the volve seat is 90 dcgrees and the cost tren lep should be closely guided
- -

,
''

q(' in the body bcre during the Icpping. (See Picture "D") (pose 22 )4 ,
,

' For initial lopping, use Clover compound "A". Norton 320 mixed with olive oil
-,

.

For
or : perm oli to o molosses consistency is also recommended for finish lopping.,

-

rough lopping, Ccrborundum H120 coarse is oiso recommended.
.

.-

In'the lopping operation, lap ogoinst the sect with a smcIl quantity of the lopping
,

it is important that not too much
compound ple' ecd between the mating surfaces, With the icpping compound
pressure be opplied on the lap or disk oscinst tho' scot.

,

In place between the mating surface, the lop should be reciprocolly rotated as for
es' arm movements will permit while standing in one position; the strokes should be'

, light, ond the Icps should be lifted frequently and turned to o new position circularly
'oround the volve body so that lopping will be rototed over o new creo.

.

-

When nn indicotton in the volve seat is .020 in. or greater, sect grinding will be.

> .-cnccessary. Scot grinding con be accon:plished using a Ven-Normen port =ble grinding
*

.

''
-

anochine such as shown in picture "B" on page 22 .-
-

. '

For any seat repairs which requires a new stellite inlay or seat grinding-. NOTE: the Rockwell International Co. in Raleigh, N.C. should be c'entacted.

.

' for technical cuistanco. .
-

. .

|., ,

-

,- ,

~. .
- (-

* . . . ,
.

-
.

*
~

. -- ... -- ..-
. .- .. . .-
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The disk (Port No. 37, page 17) cf the valves will aise requiro refinishina. Hold ths(De
disk using c four iow chuck so shet the Ierge O.D. and sceting surface run true.

~ ~

l
careful not to demoge the surrece of the disk.) Grind the scotiro surface using a foo

post grinder. Jest go deep enough to clean the surface. Polish the scoting surface withfine emery c!cth. When finishing the' disk in'this menner, it will not be necessary to lap
),
'' '

'.

it to the seat in the volve body. l.opping of disk should be done with lap tube (See Picture{~
.

- .
.

'D", Page 24). 2
' ' *

, .
.

.

Stem Disk and Disk Sect Repair-
.

.

'

Where on indention of pit marks on the disk seat joint (Port No. 37, Poge 17) is .020 orless, o cost tion lep with ruitable lopping compound will speed up repair. The included
_ ,,

,
>

l h td betelosely -
ongIc.of the stem disk scot (Pert No. 37) is 90 degrees and the cost' iron ep s euFinish of

(See Picture "C" - Step 1), (page 23). (NCTE:
-

sivided during the lepping. . .~

.scoting surreces sheuld be from 2 rms - 12 rms).
. .. -

,,
,, ,

, .~-,
.

Hold the stem disk
The stem disk (Port.No. 38, pege 17) will also require refinishing.(Be cerefut not to

using a four iow chuelao that.the O.D. onri seoting surface run true.demoge the surfoce of the stem disk.) Grind the seoting surroce using a fool pest grinder. . '
-

Just.gu deep enuugh to4! eon the surroco. The included engle of the stem disk is 90 .
.- -

The stem disk (Port No. 38, pose 17) will require lepping to the disk seat (Port No. 37,
..

.

d mixed es described above. Lepping
. page 17) with the Norton 320 loppinD co npoun(See Picture "C" - Step 2). (pose 23).

Instructions are the some os described above.
-

-

d.. . . . ' .
- . '

.

' . , . .' '. C. " -
' ,.~ >-.

* .

4 ' Disk-Piston Assembly Repair * , . . . ,- .
*...

= ,

3
.

It is possible ihot the becring surfaces on the O.D. of fhe' disk-piston essemb!y and f.D..
-

fh it!( of the bndy cen become scored deeply enough to cause o binding or wedging o t e p s enli burrs
ossembly in a full, or portic!!y, open or closed position. Such scores and resu t ng

' may be ecused by p=rticles of weld spciter, fickes of herd line scale er other foreign r. tter
-

bly, any body and disk-piston
. which hos inadvertently gotten into the line. Upon disassem h i d

assembly burrs must be removed with emery cloth, and the becring surfaces ot erw se m= e
*

b
smooth and cleen.ccoin. Where the burrs on the pisten are very large, it may e more
convenient to chuck the essembly in on copine Inthe end file them off. Bennet bore

.

I S .+15 i, . ,rt , m m m ,
dimension is IE.5e3 in. Piston and dish torning dimension is.

. ,

mm.=% .*
, -

..

hssembly of Wlve lower Structure (See Drowfog D-H%45, Sht.Q(pose 17)
.

-
, ,

~

L-
Apply a light coat of " Dog Dispersion 156" to all inole threads and allow to dry ,

|.
.

, 1. ,.

t' before ossembly. -

.
-

22)
.

' Lop volve seat with"pirteEle lop. (See Picture "B", page
,

2.

3. . Lap volve disk with lap tube. (See Picture "D", page 24)
.

.
.

.

.

,7.. .'-
*

-

NOTE: Do not lap disk to volve seat body.
-. .

-

.
-

t, (-
.

..

'. * . , .i

t .%,. .. . .
. _

.,
.

N.

-

' -.
.

, - . . . . . _ . . .
.
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Lap inner disk seat in back of dish (37) with lap. Ref. Picture "C" page 23.4.

5. I4p stem disk (38) to disk seat (37) . Ref. Picture "C" page 23.
,

Steps 2-5 are not necessary if seat is not damaged.NOE :

6. Assemble stem (3) to stem disk (38). Grip the stem disk with a spanner
wrench. Grip the stem by the stem flats with a sof t javed vise, torque
to 100 f t. Ibs.
Drill a 9/32" dia. hole in the stem disk 0.94" deep.7. .

3130 using a drill press turning the
Ream the 9/32" hole to 5/16" ._

.

ream at 750 rpm. (See Picture "g12hage 26).

8. Drive stem disk pin into hole and plug veld.- Use E8018 veld rod.

Working on a bench, assemble the stem disk (38), stem (3) asse=bly to the9.
disk (37) and screw disk piston (2) all the way down into disk. Torque

tigh t.

Drill a 15/32" dia. hole 2.0t" deep through the disk and into the piston.10.
Ress the 15/32" dia. hole to 1/2"

5005 using a drill press turning the.

*

rest at 650 rpm.

11. Drive disk lock pin into hole and lock weld. Use E8018 veld rod.

12. Blank.

( ~ 13. Blank.
Using piston guide assembly (p. 25) verk piston asse=bly into valve body14.
being careful not to da= age the piston, and body bore.

15. Install new bonnet gasket (31) on body. (NO E : New bonnet gasket must be
used each time valve is disassembled).

Install 16 bonnet studs (5) and 4 bonnet guide studs. (See Page 27).16.
Lubricate the nuts with "Never-Seez".

Install bonnet (4) making sure the leak off is located on the valve,17. Replace 4 bonnet guide stud 5 with 4
pointed towards the outlet end. Torque bonnet hold down nuts in increments of 200 f t.lbs.bonnet studs (5).
using a star pattern until 1020 ft. Ibs. has been reached.

Use 7 new rings
Install junk ring (30) packing (29) and lantern gland (S).
of packing below the lantern gland and 3 above. See page 15. Use a wooden

18.

devel to tap junk ring into place.

Install gland (38), gland studs (9) and nuts (10). Torque to 100 ft. Ib s.19.

I (.

\
_ .... . . . . - - . _

.

. . .. . . . _ _ . ._

. . . . . .___

7
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- 20. Pour a small amount of loc-tite (Mfg. by Iac-Tite Corp.) into the four
locating pin holes in the upper surface of the bonnet and install the
four locating pins for the yoks/ spring guides.

Assembly of valve 17pperstructure-

NOTE: All non-pressure containing bolts are to be secured with lock washers.

1. Bolt four yoke / spring guides (13) to the bonnet. Torque to 45 ft. Ibs.

2. .iInsert four flagged pins in holes 5-3/4" from the end of the spring guides.

3. Install spring flange (26) over the spring guides so that it rests on the
four pins. Making sure the limit switch support (21) bolt holes in the
bonnet are lined up with the limit switch actuator on the spring flange.

4. Install one spring divider (40) over each of the four yoke / spring guides (13).

5. Install another spring (12) over each of the four yoke / spring guides (13).

I 6. Install another spring (12) over each of the four yoka/ spring guides (13).
i

7. Install mounting flange (14) over the springs. Make gure the centerline
through the slot cut in mounting flange is rotated 90 counterclockwise from,

I the limit switch actuators on the spring flange, (26).,

(44) on the end of stud (45) until the top of stud (45) is flush8. Screw nut
with the top of the nut (44). Drill hole .256/.250" dia. through the nut
and stud and drive roll pin (46) into hole securely. Follow this step(. only if the nut and stud is not yet joined.

(
9. Insert nut and stud assembly through mounting flange (14) and thread into

the and of the yoke / spring guide (13). Turn the four nut and stud assemblies
until the mounting flange has coepressed the springs (12) and the mounting

i

i
flange is flush with the yoke / spring guide (13). Torque all four nut stud

: assemblies to 240 ft. Ibs.

9a. Install limit switch support (21) on bonnet (4).
I

10. Install pneumatic cylinder (16) hydraulic cylinder (22) assembly on mounting
flange (14) of upperstructure. Revolve cylinder asse=bly so the pneumatic
valve assembly mounting holes are directly over the outlet flow centerline

! Install universal plate (Part No. 39, page 17) over coupling.of the valve.
Turn coupling (11) into and of hydraulic cylinder shaf t through the spring
flange (26) as far as possible. Butt seem and cylinder rod together. Then
thread coupling onto end of valve stem. Insert one brass plug into each hole.
lock coupling (11) in place with set screws (Part No. 27).

Install the pneumatic valve assembly (32) on the pneumatic cylinder (16) ift

j 11.
assembly was removed from cylinder. Make sure the two "0" rings are in

place on the mounting face of the pne.nnatic valve assembly. .3
.

4

i

( (.
'

. ( /
?
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Pcge 13
.

12. Is.stoll limit switch as:cmbly to the side of the bonnet with four bolts (18). See
D- 4#1n5 Sht. 4 pooe it , for 4 t'. n ej (.o.m e ctio n ,

,
.

.

13. McLe sure hydraulic control volves GO) are oli the way closed. (fo close, turn
( clocicwise). .,,r,' r. -

.
-

i
,

14. Connect oir supply to th'e pneumatic volve and to the air connection to the solenoid
volves. The pneumatic cylinder and related components will utilize oil-free, filtered
air, dried to o dew point of -40'F at the pressure the air is supplied, as the cetu= ting

.

medium. Actuating air pressure will be 90 to 100 psig. The pneumatic cylinder and
related components shell net require additional lubricetion such as th=t provided by on
oil-entrairiing device in the octuatirg cir system. (See Dwg. A41 bYl1,porp2 6)

,

- .

-

15. Connect electrical contcets to junction box on c'fr volve assembly. (See
"D- W1 u 5 %t. 4 , P 04e li . ).

.

,

16. Actuote both "open" toggle switches on the control p:nel and open,the upper hydrevlic
~

control volve one turn (Wive should open slowly).

17. Remove flogged pins from the holes 5 '/ "from bonnet.
.

t.

Actucte the exercise control toggle switch on the control panel and open the lower18. .
hydraulic control volve ons turn (Volve should close slowly). .

.

>./- 19.- Adjust the hydraulic control volves GO) until the volve openrin 203econds and closes -
| .

-

( In 10 seconds. ,

Adiust limit switches on volve so that the upper limit switches trip wh~en the volve is
.

20.
1-1/2" from the fully open position. Adjust b:ttom switch so that it trips when the
volve is 1-1/2" from fully c!os-d position.

.
'

Thc following is a suggested method for ediusting the limit switches:

A. Lower Limit Switch (90% Closed)
.

.
.

.
~

1. 'Close volve. .,
-

Measure distence from bottom of spring flenge @crt No. 26) to tcp of be'nnet2.
' Fort No. 4). Add 1-1/2 in. to this figure..

- - 3. Cut two lengths of 4 x 6 timber to the above calculeted length.
.

.
'

4. Open volve. .

5. Place the timbers 180* cport on bonn:t so that when volve is actueted to o
closed position (close slowly) the bcitora of the spring fienge will confoct the

,.
.'( timbers and ! lock the volve open 1-1/2" from fully cicsed position.

-
.

j
Adiust lower limit switch to tripped position. Any rc! cry adjustnwnt con bet 6.~

accomplished I y loosening set screw en lever extemion and retic |ilening securely
of desired g.osition.

. ... . ._
------
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3 t%er Iimit Switches

1. Open valve.

Measure distance from bottom of spring flange (Part No. 26) to the top" 2. of the bonnat (Part No. 4). Subtract 1-1/2 in. frass this figure.

Cut two lengths of 4" x 6" timber to the above calculated length.3.
Place the timbers 180' apart on bonnet so that when valve is actuated4. to a closed position (close slowly) the bottom of the spring flange
will contact the timbers and block the valve open 1-1/2" from fully
open position.

In this position
5. Adjust upper limit switches to tripped position.

the valve is 907. open.

Adiustment of Evdraulic cylinder Shaft' Position

Remove the set screws (Piece No. 27) from the coupline (Piece No.11).1.'

There are two set screws and a brass plug in each of the evo holes.
Make certain all the set screws and brass plugs are removed.

With valve in the closed position, adjust the coupling (11) to the2.
hydraulic cylinder rod and valve stem such that the maxi =um extension
of the hydraulic cylinder rod is 17-3/8.

The mini =um extension of the hydraulic cylinder rod should3. Open valve.
I(. cylinder rod and stem until the 11/16" and 17-3/8" dimensions are

be 11/16". If it is not 11/16", close valve and readjust coupling to

attained.
LockInsert one brass plug into each hole of the coupling (11).4. There are twocoupling (11) in place with set screws (Part No. 27).

set screws per hole.

.
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FDR 26" 1612 JMMNTY CALANCED DISK val.VE
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,

.
.. . * '.. . . *

.

I. Actuele volve to op::n* position (backseoted). * .
,

Ploc.e jun!: ring in p:chiha chamber, msking sure it is not cocked.-2.
Place Zrin:s.of poching in chamber over junk rico end press down with fontern o!crid.3.

4. Place three ring: nf pochinD over lentern ring and pre:2 into place with the ofend.

( (,
Torque ulon(! studs and nuts to 100 ft. Ibs.

-

.
5. .. ., .
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FOR * BAl.ANCED DISK VA1.Vc ,
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. .

. . .. .

> , .. .

1. Remove pnching gland. ,
,.

-
.

-

Remove top three rings of acking one at a time using cork s' crew type pocy.
ing

P2..

tool. . . .

Screw two threaded rods into the tepped holes in fonfern gfend and pull it out3
of the pocking chomber. (Thread rods with a No. 5-40 die). ,

,

-
.

.'
,. .

4. Remove lower seven rings of packing one of a time vaing the cork screw type
pocking tool.

*- -
-

.
,

To remove the. lunk. ring the bonnet must be removed. The lunk rin's can then .
.

'

-

5 . ,

be topped out from the botto'm side of the bonnst. ,
, , , . ,,
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SPECACATICMS ARE IN3CATED THE L ATEST REMSOd Ap*UES
*

|
s. ,

WWERE A 5 T M SPECIFICATION gg g
MATERIAL.: s '- g '

'p g

ii body-(RT, MT) } esse carbon steel
ASTM A 216 G<ede WCl

01C23
'

@ NAMC"*
01111

ASTM A 105 Geode il
1 forged carbon steel 02123

.

' 2 pisten ensembly mertensitic seeinless smel ASTM A 276 TYPE 410 01U2 ~~ '
-

i

I
I' mild corben steel

ASME 5A 105 Grede il 8

|
38 ' stem (PT, UT)'

A5'TM A S40 Grade B 23
C'J61

4' bonnet (PT, UT) cr n moly elley steef _ ~

.
''

t
On t.*L I

-

!
* 20 ASIM A 194 Groos7

|
58 huet stud iPT) AL.I.OY STEEL. NiJTS ASTM A 354 Grede SD20 02061

-
*

nut (PT) - . . , . * .
0123V60620- elley steelf 6' ~

7 belt C. Dr. eerbon.ip evelined Alst1117
.

a lenteen ting * er. moly elley steel CDe4 ASME SA 193 Grede 87
02030 W|

- I
01270/604

-

* 2
. .~ ASTM A 174 Giede 2Helend sevd . f.'

9 * 2. steel CD. PL.
*.

j 02360* -
' 10 not Al514140

i elley steel 01760*-
11 coupling St./ Deco-5t. Vinyt St.5t. ASTM A 125

' *--8
12 apring - Oll7tV601meIy cented . .

.
.

4 seemteis corben sesef
ASTM A 106 Geode 8| . -

\ AISI 1015-1025
.

13 ' yoke / spring guide
-

*

of150
ASTM A 515 Grade 70 $5555.

** .

. I sussbon steel Sheffer 51155 -'

I 14 mounting flange
1 steel

* ,-
H offm onpneumatic cyGnder 1 eluminum ASTM A 193 Geode ST6 ,, 02680

*

( 16
1 17 , electrical junction box '* 012404 elloy steel ASTM A 194 Grade 1 $5555

-

18 bolt 4- steel ** .
.

-

Monisvol
* .

'

01:5019 not 2- gsteel ASTM A 515 Grade 70
,

| 20 hydroulic control volves i I corben s' eel sheet 55555
Sheffer $555523- limit witch sueoert

.
i

3 6 teel Nomeo No. 51.3DP DT 01150R hydrouhc cyhnder 3 steel ASTM A 515 Grode 70 1150
,, -

23 limit switches 3 corben steel ASTM A SIS Groo 70 5555t
24 limit switches ectuerors I corbon steel

.

1350. {. . 26 spring fienge 4
27 set screw I heet treated forging geode ASTM A 105 Grede ilsteel

,

28 pockirg glond carbon steel
.

05060
John Caone 187-1.

0120010 high temperature ocching d AISI 1018 05180

*.* .*

79 packing rings I C. Dr. Corbon steel-stellite spitol wound 55555
**

junk ring 'det
.

* I stainless it, and osbestos30 '

, 01200'
bonnet g.e

1 C. Dr. Corbon steel
A!511014 - -

31 Pneumonic Control System I ; 01200. ~

b2 Disk tock ein
W AISI1018

I C. Dr. corb'on steel 02271
."

36 sten disk pin' ASTM - A 162 Grade f11 02241l forged alloy steel stellited ASME 5A 182 Grode Fil~D # eiiW 1, UU
38' seem disk (PT, UT) I Low olloy steel stellited

AISI4140 ,
02360

1 elley smel ASTM A 106 Grode 8-05.C5 0117039 valversel ring ,
4 Corben Steel ASTM A 106 Grade 8

01180
-

40 , spring divider I seemiess,corbon stee!.

01112di- pipe nipple ~

ASME SA 105 Grode il
I mild carbon steel 106 Grade 8 01180r

drain boss;UT iPT)) I seemiesa corben steel
ASTM A 0127V604

,

#42
pipe nipple (pT,QT med. carbon steel cd. pi. ASTM A 194 Grode 2H43 ' 02080/6044 ASTM A 193 Grade 8744 not . chrome moly elley steel 65002*

4 AI5142045 stud seein. steel'4
46 pin,rolf * -

TESTING SYM80L5_ RECOMMENDED SPARE PALT5e
**

GiondStud Nuts'
Bonnet Sevds Pecking RingsUT-ULTRASONIC Sonnet Stud Nuts

,

- .

I PT-LlQUID PENETRANT Bonnet Gosket
-

MT-MAGNETIC PAATICL!
Glond Studs

DE M ES b tE N
._

.

T

*N PRE UR NTAINING PARTS .
-- '

SHT I Rtyf.RG
DA E i SPEC. ENT.* 0-H324s

tuart 3-13 4 M, ..-cMN .pf. 1 3 OF 6 ! E j,A?Pt)
!. YYPED 87 . CATE CN .._.._.._..~s.--,.-
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Cliorging Procedure for Hyd oulic Cylinder
.

Should it become necessof9'to drain and refill. the hydreulic'''
NOTE:

'

cylinder (Piece No. 22 on Druwing D-449245),(poce 13) Shell Trus 902
{ hydraulic fluid or equivalent should lae used. Do not use ches-
t

phote ester bcsed fluids. They will destroy the scols in enis
equipmW5ce 5tteTch c n pneje 10)

Do not begin charging procedure until this unit is comp!ctely assembled and all1.+

ports are closed c,r scaled.

Attach the charging hose ossembly to the pressure regulator (1) and gas charging2. -

volve p) os shown. .

3. Bock off the odiusting screw (1A) on the p'ressure regulator (1).
.

4. , Open the gas charging, vol've p) by turning the nut GA) on the volve counter-
t

. clockwise. * .
'

Open the shut-off volve Q) on the nitrogen botile.5.
.

Slowly turn in (clockwise) the odiusting screw (1A) on the pre:sure regulator (1)
-

6. *

until the gauge (4) reads 100 PSI.
_

Close the gas chort,ir.g volve p) by turning the not (2A) on the volve clockwis:.N '7.
/ '

( Back off the pressure regalator ediusting screw (1 A) until the gauge (4) reads O PSI.S.
.

;

9. Remove the long hose by brenkinD the connection of the fitting (5) and leave the
~

i

gauge (4) connccted to the gas charging volve @),
.

Open the gas chweing volve (2) by turning the nut (2A) counter-cloc!: wise.'10.'

I
'

Bleed off nitio;;en by pushina in t'ne bleed-off volve (6) until the souge (4)l
11.

reads 93 PSI. *
.

*
~ '

12. Remove lhe S.A.E. oil fill pluD (7).*.

13. Connect a handpeng to the oil fill port. .

14. Fill thc oil.sid: v.isii Sin ll tru: 902 hydroulic fluid until the gauge (4) reads 100-
,

110 PSI..
,

Cycle the unit and b!eed the air from 4" 1.= cylind:r while cy. cling.15.
103-110 PSI on the coop e (4

16. If ocer.sso y ndd oil it,1.ing ths pre sune !.ccl. up to
f. ,

,. .

.
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'

-

Remove the hondpump, and instsfl tha c!! fill pfv0 (7).
) ...

17.-

Close off
CI'ose the gas choroing volve Q) by turning the not GA) clockwise.

' '

18.
? tightly.'

I

( Remove the couge (4) and hose ossembly from the ces chorcing volve p).'\ 19.

Place the seal cop on the gas charging volve Q).20.
;

I

21. (Inspect for intemol lookogo.

Close t'he shut.cff volve Q) on the nitrocen bottle before removing
22. CAUTION:

the, pressure regulofor (1).* ,

,
,

.

. . . . _ , , . ..

.* . *. . .. .
e . s . -e

. *

. ~-

-
,

. _

. *
$

. -
'-

,
-

,p./gpy.
g.

. . .. . '
. . ..

._
. ... .

..

- . :: .
- . ,-

- .

. . . . y . p.....-
. . .

. .

.' .

. . . - . , ...

?/.
'-'. , , , ,* *.

.-- *, ,, * *-

.'
.

& ,.. . . - : . .

* - .j , ...

. ww '
_

,
-

, *
| =.

--
* .{. j, .

* . .

L_ .

, f' - .. .. .
.. . _

3( . .y .. . *

* *
'

< .r'.
..

.
J . .

G q:- ,

-

. . .
. .. * .

3*. , .

.J. .rfa'l,'' s #ykiG-
.

. -
. ,

. .
~' ''

' :'. 3 e)_
-

o ro n . .. . -.. - .
j. .-

g w. .:|_.c -
'.

.
' ~

: h n..., . .. .
I - rm > *. -. . .

'
..

.. / - **.
. .. , *,,

. *. ,

j.fm?nf.nd .* ,

\ +. :
.

/;orr.:c. .

_>~
- _ .- .

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

*
.

.

.

..

.

: ( -

. ..

( m

~
.. .. . . .

--
. -

- . . :-- -

__
_ _ _ _ . _ , 3 ..

. - . . . _ . . . . . . - - . -
-- -' ~~ ~~' ~~

, , . - , -

- - - . _ . , ~-
-. , . . - . . _m _ _ - -

, -



o...._.......___. ... _ . _ _ _ _ _ _ . . . . _ . . _ . . _ . _ . _ _ . . .

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

_ _ . .
. __ _ , , _

.
.

i _ _ . . . .
.

;,,__m.......... -_ __-. ,._ ,,,.,,_,
, - . . ..p .., j. .

.

. . . . . . ,

. . . . . a
.,

..
. n

> ..-

. .
.s,

.
- _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ , _ _ . _ . , _ _ , . _ . _ 9, ,

... s, ____
.

j ,f 2 '=
* v. ~1 .

5gg
,

'
. ' C at~' -

.
.. ...

: - -

U u-.. .. ..E..- . *
E *s * .E5 ** * D M''

.=x-s.gT I
-

f
*" * .,, g

Y I. 3 3 5 *-= . *2 3 ., if

. . . . -I *.* *. .:.X. I. M. m!
< . . _s

1_ v. ._ . _.t. , . . _ .
-,

g
. 5.a.5

.., .,
.

. i . . . t.t _ .
. . .s .. s 3. 55 .E.

t., 1 ,T . T. ". . Y,1_ .* - - -',. :::- 3 * '. *, 5_ . "_ ., 'Y *. .._ 5.
g- ,-

- . -
.. . .2- - ,

. . n
1_5

.... .. -- . . ,

,
_ . .... s 3

Tyg.
. ,,

.. ar ,f ,.E .t..
. -

... , . .3.z.
. g. s. g < A. 1_-

I
.

,,,ss e ..c o.- * r ~~~~ - 6 ( '.
- =

_an i_t$:3.sa.'s E,=_=..r*f . ,==3_al.s_ ash _.i. o __ y _ ._ _. n_ .. 3..nsr .. - w . . *. ,=,-.... ._. - _ . _._=-.I ._. % -.,w .. . -- --
g ,J V.

;I . ---y** *

e .s f _=- . _ - _ . E = = = 2 . .s .- a . _ _ . . . . _. m =u _. r m a _ s e. . . s., ._Dest > >_ ..<- ....e..... ........ 4:s..o. _.
. . u .s_

... ...s . . ..... *
3c i i_ . _

I - .

e. . .. z. . . , . .. . z.. z

_ ~ ~. . _ ,_. _.- s_ _._ _ _ _ _s _ __ _.a 4 . . .
.... -_...~ . ,. _..

,
~.c.,,.,~,.,er_._._... .

9 m
_. _ _ - ~ , . . . . , _ . _ . .

. . _ . , , . , ..
. , _ M. ,., . _ . o. s,. .__ _

.- _ . _ :f . _ w-_._- ____.-. _
_ 3e ,a s. , s.

_

. --- .. ~ ~ ,.. .. a.,, s .o. . s . . . . . . . ~ - . . ,. -~. .. . .. . . -

! d' _L. , * *a.~. _.. _,._.~.__. _.- ". . .._. , I i'
___ _ _ .. . .. ... _----. : ,

, .
.

. . . ..

. :. p- - ~-
. . .

.. .
, .

l_
.. . .

-

,m ,
2

r
Y f M,.I.-1-

-

m.. '*_f h
.

'=r eJ .
. . er *- .

kVS; 9 $ W 6 6 } I:- q< ;! . M._ i
.

,

' I r# "%
3,' IP r& z- .* - t.

| C.:s | , *1 * % .s.,| C i=@i&
''!/

.
.

. :n -
'

o _.s:-
.

i
.

I -
*

Q.Q3@,C#'OR?. J% @CS;. r
M(' ( .

-

m
:. ~>u+ xx m r- ,

,.

s. ,,
.

.
. . .

s N C *C CO rs (.O C O .: .

-
gg. T*

O O tQ N N N N
. . :.*

,h_=%''* . .,

.| .t;.'.l/t.a.a...f._'4 : . u Je .'. _' u f:.w'.U_., fA_' '' '' .'.
,

- e D
. . - - . .. -..

..u

h ( ( . g o ) W c &. p g
y

$. . . .
I
.-w

- -- m?.: W T*'\hi~E.i'02i
.

g&s.
. _ . . . - g

! y(B s
?-|C.z <. [

'

y - c.h| ' -

.m:- g-yE m..v1 . . , ~- .
: film. t. .' . .,4..,.;b . ..:n7.s :. ; c .-v a Ac., m: e N

m: . - .. a
.. - -- -

m
==.:g. . .... .s ,., q ff, 4,3 '.'1W .[

.

. ..- s .3 .. . . ,

. .

mn c=,.:: , -.- .,. :-W- Q,,,-. ,, =. .h. . e
-

.s .-- -
s

-
5 ir rs'

~77s -'
_ . = m .= _ .-A. -

.
,

s
'

.-
.- a

N__ __ _N m ,

3.um. .
e

. . .. 'IV. C' ,7_ g5
'' -

,.. . ._,m... . .c . .. . ~> t .A ii. A .

. - '..
-

i\,-sjp7'.J-- s

U Nx ., e.h,gu I .,.
'

'. . . -- - ,

>(
(e q.. A . g& . 3cp. %".e,q: rpm

-w .s.

y 1
.

. . '
- - -'

-

}
.

.
sk. . . . m.

-

.. .
- .. ~ .:._. . ... ___ .. . . - . , , . . ._

-- P _*N*# .g,g gs. . e . , , ,

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



- '.a A - . :
,

g
.'i - , ' .n . :

. :'
, ,

.

- ..
- .

:i i.
. . .-

. - . .

it..; i - ..

A-428397 -
!i,'

:) t . .

,. ... , i s :i ,i;;,..
4 4

-

..
' '

! A, S, E, G, H, ET, K, M, ...

;!r,| .; R: , ,

|] NOTE t THis Co.itmot.SfsTrA
,# ,# ,# ,# ,' , # # | .' 1||

-

;; ;
.

L .

7 , TO EXHAUST '

To es. HAtttFot.o 8004TTD
78 M b'*" '@3WAYVAX.VE: HORGRE14 PART"c loH8 00-Al

. ,'

|]1
: !~-

' t

.@4WY41.YE |NORGROIPART* F222T8-00-Al
|

4

[-- -E "

' ,' Me- .
' * 1.

,ij '

' ' 3 CONNECT 10N . , . ' '|
.

'

1 I AIRCYUNDER @ THROTTLE VALVE
.

i
,

- . .

@3WAYVAL.vt* ASCO PART''ItrX 8320A20
j . [!

- '

i l ! I '

f
I.

g l
4 , *

f; '- |
.

@3WAYVAl.YE}ASCO mRT'HfX 8320$[ :I .

{--(i-"N[ , , " M'i I I ., ;-

. .

@3w=< vA
..

i! 4 - ..

@2WAf VAtNE.* No8cacN mHT'B-1024,0-00-Alf
.!

'
' -

, .

; i g .
, .

|V AC Z | ~

'

. ' _O ,,,
! ! .I |.

'
.

I NOTE: naatir.n esant )f. stanonno toitnancis
,

g '|'| 3 Alas stapenario banoe
--

PnActKts txt A Pant ind.(eg. V /
. t,p

o, i,.is a.. . ,a p:
_

g. 4 Qf @
!.

i

ttSSOisitA lut f,*0f tp.5 insp.

( V-Ac E pT
~ L itch. j ||

,
*

- _ M ERHAUST
ti t. vo (, si

'

!,

i

4- Aia suppsy : j..

|
-

I !-

6 t.

.

,*

'i-'
8 :'V-DC ':Rockwell. :t ; GENERAL

totteANCes ..c,-ocm , g ;'

'.

t 5j20" Ifol2ijMNY, ,
,

| j-i. 2. .
'

~

AIR COffTROL SYSTEM-
; > = = * '

'

-

" " * ' " ' ' * 'O [u ..=o. A-2792-08(GE{ g .

'

... c <. .... u...I691IE l..'e # 1.3. io j'

- " 7,, ,,,,,,,, j i*

1s, 4'84
(.',3, C.O /s

,
. nr,,

-

...on s~.* too sg| ,*
i110::e r c

AtAlge:At ; tnette nt insa.
,

>

|f'Msts' VCJT3M4.*J 8
e'.,.#M st./17e Ike. f| ,,,,,, dat ,$t2 *

t .'.' s .1 N'J \ D %1t | _ fY _
P A1; HO. ; *

Prt?st s o sw is.o A
-

,

|

:



_ - . _ . _ . - . _ . . . _ .. _. _ . - _ . ~ , .
_ . . - . . - . - _ . _ _ _ . .

. ._. .
m.

_ ,, ,

. . . . . . . ~ . . .

-_
-- ,--

-- - - - - - - - g 3$
, . . . _ . ,

.. . .
, *

.

. ..
,

.-~ . . m,
, . r--- .

.-
. ,

- u. - ~-g
I.

y,. , . , ,

. . .. ,.g,.,,,_- *- * * . - - - -.

u. . C,,, y p,| | , p f -|| |~} * :.I!. { ,;*j { 'h.,
g. ,- j-- .. . .

1
. .

s. ... . .
,.. .

ts:rG . . - -
,

7
*

( ji." suttgTies .;. t.L~ .e e~ . _ , . .
, e. ,

4 g ~-
,

y s., idlNty TU RE StI.E
1

.

9"

ter Air. Gas.orste.t set 04 ar8 C*:resas saes.e e %* a d %* U.T.- .-

.

:* -
- s

.p

< {t [ - - a .- ... ..
- . .. ..*

. . - -
.-,..u. .

._
=&

I
i. General Descript on

. -

J
-*

T :- g/ p4. M>' , j* !.sC*'
s-

._i
As:cys red:caily new soproach to 3

|
orey vetve des:gn otsofetes all esisting

'g
*

?8
s1C*

- , ,

net. The com-. . . . . .,3.ey vos,es on tre me .

pact new desigs el;rninates the erifce k
. M '~ *g g. '

cannection in the scienoid-all con- d.
.

1 'l

h] mections are nem in the valve body g.

*j prerid;ng In. tine piping, ) k 4 ,

Th*s m.dern d:sigs concept with erl. F; ,. D
,

-

*;*

Ace and pipe connections in the body' - * .

' 8'MBA88 8 EEL ]
i also permit.s coil seplacement without

eens . t

epen; rig pipe connections-now susc*
.

I | enary en a!! ether 3 wey we#wes.
|

'
..

*

j ;g ,

A wide selection of Buffetin E320Spec.fiCah.0038 i
I Valvn is enered in varievs om sad CeII: Continuous Duty Ctass A or Class
j wir.ce s;ns and constructJons for all Operstiert:Three types avaitables 3 fMeed Caus as listed.

.
*

: appr; miens. ls) Nom 41ty Closed Acofies pree.
Temperature: Fw liavids and gases upsure when solenoid is encesires;; *

* ^* w St 5 P'"S=* "$'" ** *"*8 to ro0'r. as irsted.
is deccgited. lastattstion. h*oetets,in any positionAppIICatIOnS

,

*

.

! For autornetic centret af air. gas, ghs Norma::, coen Aopi;es pressure ~~ ,,,,;,,,,,,,,,,,,
,

-

when solenoid is de snett red, ts. aseunting: See dir ensen dravar:ss.
is'

water. eit, freon and all other gnes housts pressure weien soferust is
s

( and liquids...non-corrosive to bross Approvals: for futt details of UL list.
t

I
and stainless stest Valves are com.

en,.g;284.

mordy used to appfy pressure to and (c) un; versal-For normatty closed ;ngs, css a d FY eparo'esis refer to
. I,*

or ne,rr.alir pen operatiors. Selec. Preca Schecult. Form v535L
* 4, vent pressure from cyl.nders and d+ o.

tion or diversion et pressure can
! phragms or for setection and daersion lie appiled at A, 3 or C mithout Optional Festmes*

$trein. Relief Connector. I of pressure. change of springs or making other .
!

; adMtmentL e Manual Operstar
Same typical appfkations are:

*
. Pipe Sizes: %* and %* N#.T. e %* Threaded Candwit Hub

.
er Adapterg, Valve Body Forged trass and Stain.

* Class A or Molded Ctass 8 Colts
,

*

lens Steet witn space Terminais c: Leaos** T*N

|
' e AirandHydrauriccylinden Valve gsat:Suna "N"-tight shut off. Class A or Molded| 3

e INat Vottat:
Selenoid Construction: Intemst ports Cuss B Coals.

e PilotOperators be contact with fluid are enade et e Class H Hi. Temp.Coitj i

o Gas SamM Series 300 and 400 5tainless Steel * Coei Tobe Sofenid Fr8m* f8'
*

( .
'

j,
. Copyingand Reproduction Selenoid Encluores: Two types avail. Can. net instat:aban

.

:
Equipment able

(81 General Pu rose WEMA IL }r
8 e LastricatingDevices b) Esplosion. Proof and watertiget (

. eactams INftaMAT10Ni -

* Ai' W.'*"*"E OvEMA 4,7 and ik
n., iemewisert.tu.

| grectrical: Standard Vof'iges:
e6.s u nis. m m t a feratart.

,

e instrurnentaGen
24.120. 240. A40 vetts. A C. 50 er -----=.

I .* Air 0ryers so cycies.

* Lauadv Ecuipmaat s.12. 24. tro vens, oc ( a-a -' * - y
othe,r ttagaa.raueonenrow red.
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4-WA Y SUBBASE VALVES
%~crwu ~45

.

PORT - Valves are used to operate
s . - - - - -*- 4.."

. ble acting cylinders. etc. Side port is.- ..... .. ,.4 . s...

ndard, bottom ported st> base may be i

; poliedif specified,, , , , ,g. . . . ..-
PORT - Velves are used to operatea. . -

'1$cubte acting cylinde<s, etc., with differ. |

'

/ '.S 1s '* h%. ,

g, M-J '''5' 's opty is connected to the higher pressuref .'3 h Ient wpply pressures, the internal pilot e
, . .-

T.% 4 '"
inlet port by means of a check watve inG" g 3a,I"I .'. "h'_

T, each internal pilot sepply.
,,

h. g,Q ~ yo ,

, ,

y- y 1 , SPECIFICATIONS-

) Y 3 . A'' ' ~.'."

j i E.
-

'' '. .

|. 2.Poeason.-~
:5 -

- .
, %. r ,_ . ,

. ,,

.

* Pilot premure must be equal to or~
*

. . ' ..wa.t.
r c ,;. 4

| yester than line pressure,30 psig min.- .e v-
I

c. . L. _a _ - -

AIR OR SINGLE SOLEN 0ID PILOT OPERATED
". A,sinabse for ,ets,um eer,;ce.
t

| e Valves may be mountedin any position.
HOL/ TO ORDER ,

eoui-
-e 1/2" & 1" Basic volve sizes, have fices.* * * "

[ "[" , "*" '*""y valent full flow 1/2 & 1 pipe ori_%
! c=-*= , , , , , ,

! 11/4" orifice avoitable in basic 1"
,

c. i e, sua c. e. u,

me

w swa mai s amemai to sa as as

53- em as mas e rmcmas av at as as
All aluminum construction - corf osion

er emas sai etn cmai 13 at as at
'4

v omne mai enwe asai ss et se ,,
resistant treated.

Sa- emu sai enetcome se e ese es se s ,

t* t* efnes s a, e neeCODA. tt e 52 7 to.3 ti l
p

fr Operated.-
- erms mai e n.>c m ai no ne '' '"

(
i s,e

i,. e m . e-i ,2mem., i, se to 32 I
to 5 to 200 ps.ig air service.as em m ao-i e rmcom av si se at

ir em e mai e mace as e7 as a,
'T

de Ambient temperatures: 35'F. min.,6 -** sr emu m.o e nne m-, to er se av r

**' >r emu m-i e n. ace => us ne so es

r r e m u m .i en com ne ut is.: in p gy$oF. max.

i i .c e m= m-, e n.,e m.. no no in io ,

%enoid Puot Opereted
120V.60MZ ACuntees

einer
.e soec.f.ed. ror io..'ata noa.toct<ng menwel ove rios,NOTE. Soienoid a fumnhed s t.t ee ur fe, meiontv == 120 vott. 60 HZ, Stenderd.ng men.ed -oe .w . .tw

*e ts *a the moce' aumee'. The on'y offenence bet' wen 4 Pari and 5 Port conf gur.
etion is notch A on 4 Port + enm Port A on 5 Port. % Optional voltages available see NC 1843i

'

CPfRA *ff C Al * 30 to 1ao estG AJr servise
5. PORT SINGLE

,

4 Ambient temperatures: 35*F. min.,'

4. PORT SINGLE uwACTUATED - Ar entees the wet port h
(si and ficae meough the volve to outlet gp* *

UNACTUATED - Air enters the endet port port (Bl. Aar entering the intet port (A) es y Power consumption:
, 7 wetts AC.12

and flome throwgh the veive to owiist port asocked Enhowet e.e from the cviinosc enters
(8L Eshown air from the evhnoe+ enters th. outist port (A) and vio= meough me ; watts DCme outm port (At and fions enrough the tve to me ..houn m.

p .8 amps inrush et 120V, 60HZ. AC- isenho.in m

(/ g*' ( .23 amps holding et 120V,60HZ, AC
Io'

'
c'*.' % .

'

Epoxy encapaatsted, moisture resistant''
f coils provided with mit HI operators.

2 ''

f40W TO ORDERout Ls?
- JT' eT eenT e

' '
sos . ,.

ourLet .
4 . ,

ogyggT
'# *T ^ . pie: 4. Port F22128 00 A1,

h ;

.Q f ''"' '
N

h EJ' ort F2232C 00 A1
1-

' '

e menauet Order TeWe
me

pom? *) . r,,

aueTPoMT 4 tesLat PomT e terLe7 Pom? Aw

(* . NOTCH "A"
ACTUATED - Aer enters the Wet port (Al gggggg|HeLeTPon?

ACTUATED Ase enters the enlet port and and flosse through the velve to outfet port pTTLETON, COLORADO
p

flows throwgh the vedve to outlet port (A). (A). Aar entereng eniet part (5) is tuocked. .

Enhawst ser from the Cyhnder enters the out. Eshe6st ser from the cyhnder enters 19e
, **
L-let port ($1 sad flovis through the ietve to

autlet po,rt (3) and flows through the vehe q-

enhosat port.
t. e. _t _

. .. - -
-.. . . . - . . .

e ewq . m ,

***"'******qw"9e4.'.. .
"9
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SERVICE KITSo

4Way Sut> bene Mounted Vefve.

Service Kit.1/2" . . . . . 53474 04. . .
M .n. 4Way Sut> bene Mounted Vaive

5347'> 04~8
,{ py j c;6 /,,, (1) Gasket for adacter (2)

**O" ring
Service Kit.1"

, . . . . . . . . . 8
- g i

,

I Kits contain:I If,D b (314 Seals. (4) 2 ''0" rings. (51 Sut>bese esiket (not
~~~

b ,,-m- e.a. shown), (6) ''O" ring. (7) ''0" ringa m*--

h,6 , h, Z*.-
tts

: ,,j1 .
es ,

j li . 8"

'[ i \ h
~~1' y' 8'

'
'

~

. . , < -
.$, ,--%

--"W*
hy/ Y 9j k _

_ . , , '. F
'

W.M
b

' "
m- ' "~ 1

l t,
-f

_ _ *
_,

IT :'' .L 4 - ( a m r* c' g e Y'M k'UK 9 .
_

[/O Q
e.- y.'

* ' * ~ ' ' ' " '" ''

E~/
'

'.'we. monOe "In" unit Meesesrv si2
g v6 Co. -

c, 6 c, ,. .

7v a un _ . , _ , , ,

1/2" 13474 11 53474 18

;#",(= >>is; 1- => > ia j

| 57 -
O

. . f'a ==.
ev6 .,7- C***'****' (,A gj'ffyy(

.,.

%4. [ , ' .*

THESE PRODUCTS SHOULO NOT BE USEO IN APPLt._
CATIONS WHICH 00 NOT FULLY COMPLY wtTH REC-

*'

,|4[T OMMENDED OPE R ATING SPECIFICATIONS.*h
'

-

FOR USE WITH MEOl A OTHER THAN AIR OR INERT
| 'L

T w gW
L"L GAS. OR FOR LtFE SUPPORT SYSTEMS CONSULT YOUR_

.

" ''*'8'**'''~

F---* -
Of STRIBUTOR FOR F ACTORY APPROVALces

THE USER OF THESE PRODUCTS IS CAUTIONED TO
CONFORM TO ALL APPLICABLE ELECTRICAL, MECH1

ANICAL AND OTHER CODES
DeutNsioNs-ene*n

sa e ves
"s gjgggf7 gyggggg"a

s e v.,v.i
1/2" 1"I

1/2" t" y

A 4-1/8 6 114 K 31/9 41/2 Solenoid Pilot Operatedy

es 41 sit s 6 3/4 .
15/16 34 .

..w, ..

C2 s ti u 24 1.112 =no
,,,, y -/ . ... *

c 4 11i36 6 m t1/32 13t 32
j''

...- --
'"' '

s 61to a e ite. 3/s.1/2. 3/4 2 4.1.1 tse ,,
i-

P 3-3/5 S 114 Q* 3.8.1(2.34.3/4 1.1 114.1 1 to,

" " ' * * * ' " '

G 5/8 1/2 r a 13/18 1 1116

N 1 5116 1 112 S J 3/32 4 7132 Air Operated

J 2 16116 4 112 ==e, e "", ain eama, e..

wQ. e.e= ;|*,,,, ,
. . . . .. ~ . . . . . . . e....

.
.

..

( .. .
. , , *

p.. Is .

80120 / .303 794 2611
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SXUELTO3 V M :ES .

,

IN THIS CATALOG SHEET: AIR Or SINGLE SOLENOlO PILOT OPERATED
,. _

*

Also Available: Time Detay Heads (NC 933)
.. .

~~

. .

. .

*= . .. *.
. ..

....a.* .. .

.. a ort 1ou s
-.- - . . .c.-

''* :. *="

, , - - _ *'
( FUNCT|GN 'O __ .f

.- .

;.
Deerts a n.ngte pressure source up either of 2 outtets (option "A*) Y" ,[

.

,

er maaects e.tn of 2 presore smicci so sangle outlet (ootaosa P
, *'

- eq q
"W*l. San.cally a 3,sev .oh's e tn special porteg pro.isseets. . " '. *

Q '

*! )' ~~~,,

* .
* * ,* . .s., -

.

i USASI SYt.1SOLS
* * %. mA' *"'ff?',. _

, ,,
,

, -

Air Operated ,

. ' *. OPTION s . ( ORDER TABl.E |;.=. . *
OPT 40N A .t

'

.. 0r. DER t:cDEt. n;u:.:21R, '

' SAsae portT
A"" 1

- VALVE SIZE Aw one,sio, j soh ...s p.i.,

ss2E
% . --C, %\ .,\ -'

Seie 3*g- C101:2 f.J At C101:P:<33 M1

, ..--C 1/4" C1012uCJA1 C1017t;C3H1
.

] 6 e' P,
'

1/2* 1/2" C101434GA1 C10f t:;4.oH1.
.

3/4* C102E304A1 C1C'25c4C H1a * " ** .
. * .

*. g'
3'a- Ciorr. c3.A1 C10:st c';H

Seferroid Not OpeTted u.;, 1" C10 *2.c3 A1 C107e9C LH1

- * * -
11/4" C10*.76 CG A 1 C103/e03H1~9

-

OFTION A - -

ro. ,7,.. ,
.

Sofe.was as fwenishart nn aca nod ac me= a8 e.ot-te O T E :
ease,120V 600 AC i,%fes oihe

.se ,;. cit.ect. For anch.ag enemad.
*

e

. .
. \ N en.se s.au.a. H2 c., tse 2 . .a - we me.m .g ;-i6-

. . . . . .

3 -g j . ' . . . . . . ~. .... .. .. .
*

s.\..*~- ,

N c3 A F L= R i r. M (- Qg,..
*

LITTLET O N. C O LOI4 A9 0C'%[f\
' Y 'd.-

*
*

. ="= ** ' ' - ~ ~ ~ ~ -.e .
~~

*
.-.

- - . .k .".. n : ; *.....~.....;...-*
.

| -....-.. ... _ , , _ _ _ . . _ _ _ _ , , _
_ _*--8 W6.w.ey
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'.. * .. PILOT.* .
*

.
.

'

*
.*

R ATIO N_]
N k(.'I

@ption "A** (Tv.o Outlets) 'T-- ' f'
,

e. L,-

.. , m
.( ..omo A. . . . e. ~ ed iA osere,s.) ., 7;, u p . , , f,. '/ .., /f|

y@1 .

t ocae,,.:rs iso.,noa Pa : ooersivoi. us r poemet
ena'ee av so..ag press ee An enie..ag the saiet part a.

reste.eed from coat aae f:sw to Outiet 2 a rt has senseawow feew
saa,

== - sp.LET 2
.ren Vw p.sson are shrowss 0.ues t sort. CUTLET ==- ,s

T [.

w/ W V 1=1M. H ,
PtLOT .

'

**

'RP .,
Q RINGf L

VV % z Y %4
.

,L g, .

.-
-

- , ,
- - L. ,

_, . 2, . '
ACTUATED - Air to p.ht as rwrowrited (A'. Coerated) er ente-'

.
.-, *

T.Y semid is energired (Soleaod Pinot Oper aied) . Psion a forcedfi/c*/, , , .d j ,)' k - . d. . . .r t s e - .o e .s s,. A . e a . . .,, t.,e . ., t .
,

w fs , pers is rece.eed res,n soni.nao
rio . A, enie,c, one sa,et :* -

//
p

''*"'* ""' '***" *** * '*"'W * ''' * * " ' ' " * ' * " 'q-

D k '"' " ' ' ' ' ' ' ' ' -
. pts. TON

T
,

.
-

..

i ivOUTLET 1 - p'l' % ,
i.

:Ps
'T ( A

.TED - Air to p.let is reseuriand (Air Operated) se gote. g '
, . '" *. ene.s med
AC *

(soieaod P..a t Opeested). Paton is tersed '

As ensee.rq the esmet I'Y
eestricted feom coat.nwoe fio., thru Owilet 1 port twt is .f C ) Vrd, seet.ng the tom poppet ses

-{'

ersw d tre soion for continuous fis e enrwe - c %peernated to fnow
INLET 2

[.oet 2 ors. OUTLET %. "* (g- a %-

P OT ..

?z
tt -

'-
-

p s < < v
pi 'b

'*

p.

-

s ). 6
.

-
ONtKT 1' \-e. OUTLET . a

14LET -*= ,

' 3
p.. ig .m

[ SPECIFIC ATIONS |
*

[, y, .- d,/,r
'

.
. . . -

'
E408f8Iy'-b,. b~i..<

(' . PORT Si2tS u .sv. ire w .i . i.n4-e 55 ^*.
N * 2 PO54TsON. 5PfDNf. R8 TunN

e PILCT PRI.5URE L'UST tt EQUAL TO CR GREATER*
T)4AN LINE PRE 55UnE wtTH 33 PSIG AS M8NtMUMi

* AVAILrrLE 50+, V ACUUtt SERviCF (ftt NC I
-- OUTLET ,''- 8 F LUID T EI.'.*E R ATUlits O' F. min., STS ' F . MA X.

.

* FILTEnED AND LUQRtCATED Alm IS RCCCA".tFNDED
.

e VALVES M AY BE A*CunTED IN ANY PC$f ffE'N
a 1/2" ANO 1" 8 A53C V ALVE SIZES HavE EcutVAs E NT5 tCES.11/8" OMIFICE

FULL FLOW 1/2" AND t PtPE om:*

AVAILA8LE tN Ca54 t VALVE nE.
,

eALL Atutirsur.: co.v5trivcTacN - coR Rosion #"'%
.O *I" (Two Inlets)

*s .-

. .
StSTANT TREATED

j.-UNACTUATED - An to sanota eshsweted (Air Coeveredt er
..

f%'aa*f Pdu4 Oi- steft. Um r eover
Air Operated

no.eaed et .aw'ar *J An enis.ng sas.: I pers has
e & TO 2;o PstG Ain SE RVICE * F.LitN.,17'a* F . M A X.

,

esat sa semed e., i.v.n4 ser.u,
esata a s too.s a. J.ad *?e r. den a m treewin the Owwe pers. e AaapitNf TEMPLAAlunts. 0
Air f.em truet 2 enir...es seem co.inoes gamie.

'

|
._.m. .. . . . .
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The purpose of this calculation is to determine the temperature and radiation
tolerance of the materials of construction of the Rockwell International MSIV's.

QEC.U.D } APDRCVED OAH
REV.NO.| REVISION [PERFORMEDBY

>

aid { //dm f/ay/fad.if/J2 ~
l

i
cor* * *o

~'

#
! i

,

,

b ,

:,

.

ses som ers Sheet i of 11
,

m em>



.

TABLE OF CONTENTS

SECTION TITLE PAGE NUMBER

3
1.O PURPOSE

3
2.0 SCOPE

3
3.O REFERENCES

3
4.0 METHOD OF ANALYSIS

3
5.0 BASIC DATA AND ASSUMPTIONS

4
6.O SUMMARY RESULTS

4
7.0 BODY OF CALCULATION

LIST OF TABLES

TABLE TITLE PAGE NUMBER

5
1 Component Materials Evaluation Sheet

APPENDICES

(' APPENDIX TITLE PAGE NUMBER

A Rockwell Drawing P-419504, Re v. G, 6

Sheets 2 and 3, List of Materials.
,

ROC, Ken Trotta (EDS) to Rich Soeder 7

(J. Crane), dated 6/25/82.

ROC, Ken Trotta (EDS) to James Wright 8
I (Rockwell), dated 8/10/82.
|
,

| ROC, Ken Trotta (EDS) to James Wright 9
[ (Rockwell), dated 8/9/82.
|
;

f
ROC, Ken Trotta (EDS) to Phil Ray 10
(G.E. at Shoreham), 8/12/82.

ROC, Ira Zebrak (EDS) to James Frewin 11

(G.E.), 8/12/82.

tJT@ - NSSS EQUIPMENT QNTFICATION
Materials Analysis,Rockwell International M9IV

h- w- ,a,,_,,,_,,,

MA ""'C " w'
0'Y# " 4 "[h/ M ' ' 'f Y 0630-001-043 11

uw er eats cMecuse satt



.

_
.

10 PURPOS_E i by '

To detemine the radiaton tolerance of this dev ce
,

i

examination of the materials of construct on.
1

~

device by

To detemine the temperature tolerance of this
examination of the materials of construction.2.

I

2.0 SCOPE i al Main Steam
This calculation applies to the Rockwell Internat onat Shoreham
Isolation Valves exposed to environment conditions! 1.Nuclear Power Station, Unit

30 REFERENCE _S_ Sheets 2 and 3, List of
Rockwell Drawing P-419504, Rev. G,

l.

Materials. dated 6/25/82Crane),
to Rich Goeder (J.ROC, Ken Trotta (FDS)

(EDS) to James Wright (Rockwell), dated 8/10/82.
2.

3. ROC, Ken Trotta
dated 8/9/82.to James Wright (Rockwell),

ROC, Ken Trotta (EDS)
,
.

4. E.I. Dupont
|

The Eagineering Properties of Viton Fluorelastomer,
5.

de Nemours & Co. Inc. at Shoreham), 8/12/82.

6
ROC, Ken Trotta (EDS) to Phil Ray (G.E.

( 8/12/82.to James Frewin (G.E.),
Ira Zebrak (EDS)7. ROC,

METHOD OF ANALYSIS rials contained4.O t

The temperature and radiation tolerance of all ma et search of published
within this device was determined by a documenThe sensitivity of the" weak

materials and other EDS calculations. link" component is then assumed to be the temperature to e
l rance or

radation tolerance of the entire device.

BASIC DATA AND ASSUMPTIONS
i they will5.0

Only non-metallic materials will be evaluated s nce
!

or radiation damage.
be the most sensitiv- to potential heat5.1

|

|

.
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6.O StMMARY RESULTS
to

limiting material contained within this device with respect
temperature is the G.E. Silicone Hydraulic Fluid SF-ll47 with a
The

The limiting
conservative maximum operating temperature of 350*F.
material with respect to radiation is the viton seals with a

,

]
7

radiation tcleranca of 1 x 10 rads. :

I

7.0 BODY OF CALCULATION
I

See Table 1.
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ORevision No. TABLE 1

I

| CDMPONENT MATERI ALS EVALUATION WORKSHEET
I

I
| |

MSIV 1612I Model No.
_

l
I Rockwell International __Manufacturers | RADIATION I
| TEMPERATURE IReferencel
| I I |Referencel Acceptable Dose I
l _. i Material I Referencel

Maximum Operating II
I I

i IJohn Crane 1871 | 1, 2 i Not Sensitive j INot Sensitive | |
| Component I I

I I I J

l I i | |I I
IPart No. 29, Packing

I (braided asbestos) |
I

l IStainless steel i 1 I tbt Sensitive i INot Sensitive i I
i i| Rings

I I I
l i

I IIPart No. 31, Bonnet I l I II and asbestos
11, 3, 4 I 450*F I 5 11 x 107 rads 1 5 I

| Gasket I I
1 II ,

| 1I
| | I I I IIPart No. 32, Pneusnatic IViton seals '

i 1, 3, 4 1 450'F 1 5 Il x 107 rads | 5 1|I control System I I
I II

| |I
i 1IViton sealsIPart Mos. 20 and 22, | |

I I
7 rads I 7 || Hydraulic Control Unit | I I

6 I 350*F i 7 14 x 10
I II

I IG.E. Silicone Pluid i I I
l |IHydraulic Fluid I I

ISF-ll47 I I
I I

i | I I
I | 1

| 1
I | |

| | |
I I

| | |
i I I

I I
I l | I I

I I I
l I I

I I I
I I

. I I I
I I I

I I
l I I'

I 1 I
I I

I | 1
| I I

'

i l
I I I

I i l
l i

I i I i i
l I I

I i l
I I

I I I
I l i I l

I I i
I l i I I

I II
I I

1 1I I I I
I I i l l

I
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APPgNDIX A 0630-001-043 0630-001-671Materials Analysis - Calc. No. FIIJ.:pev. o'g Q1r%29P
COM: N. Woodwardg@@@ M g I. Zebrak '

K. Trotta

,

NbMW 8

@ Telepheme KenTrotta//[ DATE 6/25/82

I Rich Soeder ygog.
914-345-2420g

P H O N E N O.: __
*

J. Crane Company
g

J. Crane 187-I Material Analysis

-

Senunary d C w4 :=d -

.

d
Rich informed me that 187-I valve stem packing is manufacture

-

of braided asbestos.
.

KT/jh

(

.

>

i
Sheet 7 of 11

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



____ ____ ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _

. . - ..
. . . .

APPENDIX A
0630-001-043

(

Materials Analysis - Calc. No.
PeV. O

| eds@ nuclear

( ED5 Nwcmar inc
445 Broac me. Acac
Me.vii No. wyn 5 t 74 7

I516) 454-0200

August 17, 1982
0630-001-NY-104

Crane Company
500 Executive Building
Elmsford, New York 10523

ATTENTION : Mr. Rich Soeder

Verification of Record of ConversationSUBJECT:

Gentlemen:

Thank you for the information which you supplied to EDS with respect( EDS Quality Assurance Proceduresto 187-I valve stem packing.
require that you receive the enclosed record of our conversation of
June 25, 1982.

If this is an accurate account of our conversation, no action is
Should there be any errors or misunderstandingsrequested of you. (516) 454-0579.in this record, please contact me at

Very truly yours,

.$ -

Kenneth Trotta - Engineer
Systems Engineering Division

KT/ja

Enclosures

b Sheet 7a of 11
U

:
f

,
San Franosco. New Wrti. Agents. Pus

.
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APPENDIX A 0630-001-043
Materials Analysic - Colc. No.

nLE. 06 30-001-671Rev. O
-

eds@MUCitaar co m ;; ; g are
RECORD OF CONVERSATION M f

(. i

C Other _C Meeting 10, 1982
3 Telephone [I DA7g AucustKen Trotta

TROM: _
J919)832-0525 4-224TO: games Wricht PHONE N. O.:

Rockwell International
l Unit.

Non-Metallic Materials Contained within Controggg _

Summary of Conversation:

the pneumatic control unit of the MSIV isThe 3 way valves have 6 seals,
James informed me that
comprised of approximately 45 seals.5 seals, and the 4 way valves have 7 seals.

all

to the GE purchase2 way valves have
these seals are made of Viton pursuant
specification. too is comprised of 15itto the hydraulic control unit( With respect
seals all of which are made of Viton.

There are no lubricants used with this valve.will oe changed due to
The hydraulic fluid (Shell Irus 902)
seperation problems. i ed from Phil Ray

According(to James further information can be obta n516)929-8300 ext-361 or 360. (who contractedof GE at

LILCO has purchased a maintenance manual fro Hillerspecifically dealing with the hydraulic and pneumatic
from Sheffer) Phil Ray should be able to supply us a copy.
control units.
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APPENDIX A
0630-001-043Materials Analysis - Calc. No.

Rev. O 0630-o01-672
FILE.

edS$r10 Clear con: p. goeware
C RECORD OF CONVERSATION N

OtherC Meeting
@ Telephone

Ken Trotta k'f DAS Aucust 9. 1982

James wricht FROM:
_ pgggg yo . (919) 3 32-05 25 x-2 34TO:

Rockwell International
COMPANY:

Non-Metallic Materials Contained within Control Unit.
_

7 g

Summary of Conversation:

titled 20*
drawing A-428397, dated 11/13/70,contains a schematic representation ofJames explained that

1612 JMNY Air Control System,
what devices are housed within the Control Unit.

that drawing D-449245 Revision B, titled
Be also pointed outJMNTY-Detail of 20/5 Bore 3" Rod Tandem Cylinder withshows this device to have many( 20*-1612 (Hydraulic Control Unit)Accumulator,
small seals - all made of viton.

referenced drawings are contained in Rockwell
International Instruction Manual RAL-5045, dated 11/5/71The above

(i
Sheet C of '.1
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APPENDIX A
0630-001-043Materials Analysis - Calc. No.

""-

eds@ nuclear

EDS Nucear are cc: N. Woodward
a45Broec % acao ~

-

l- -

Moevnte New Yoru 11747
1516: 454 0200 K. Trotta

rf/jft/jfc

August 24, 1982
0630-001-NY-109

Rockvell International
1900 South Saunders Street
P.O. Box 1961
Raleigh, NC 27602

Al"I'INTION : Mr. James Wright

verification of Record of ConversationSUBJECT:

4 Gentlemen:

Thank you for the information which you supplied to IDS with respect
to the non-metallic matertals contained within the MSIV cont-ol( the

EDS Quality Assurance Procedures require that you receive9 and 10, 1982unit.
enclosed record of our conversations of August

If this is an accurate account of our conversation, no action is
Should there be any errors or misunderstandingsrequested of you. (516) 454-0579in this record, please contact me at

Very truly yours,
/Ns

8
Kenneth Trotta - Engineer
Systems Engineering Division

KT/sa

Enclosures

Sheet 9a of 11
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APPENDIX A
Materials Analysis - Calc. No.0630-001-043g 0630-001-671

@ Qtr'395||lf* Rev. O

y, y da rdCN
RECORD OF CONVt.MSATION K. Trotta

(

O rw. E x e. O oth.e

Ken Trotta f(I g3 8/12/82 _

Phil Ray ygggg
929-8300 Ext. 361

General Electric PHOE NQgggpg.
Main Steam Isolation Valve Hydraulic Fluidpg.

Sammary d Conversados:

Phil informed me that GE Silicone Fluid SF 1147 is nowused as the hydraulic fluid in the MSIV control system.
Shell Irus 902 hydraulic fluid is no longer in use.

KT/jh
(

Sheet 10 of 11
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APPENDIX A
0630-001-043Materials Analysis - Calc. No.

ao
eds@ nuclear

.

( EDS Nucisar inc
445 Be ecom Aoec
m ise New W t1747
1516) d54-0200

August 23, 1982
0630-001-NY-ll2

Shoreham Nuclear Power Station
Iong Island Lighting Ccumpany
O&S Building

P.O. Box 628
Wading River, NY 11792

ATTENTION: Mr. Phil Ray

Verification of Record of Conversation;

SUBJECT:

Gentlassens

( Thank you for the information which you supplied to EDS with respectEDS Quality Assurance Procedures requireto MSIV bydraulic fluid.
that you receive the enclosed record of our conversation of 8/12/82.

If this is an accurate account of our conversation, no action is
Should there be any errors or misunderstandingsrequested of you. (516) 454-0579.in this record, please contact me at

Very truly yours,

///
ev

Eenneth Trotta - Engineer
Systems Engineering Division

ET/sa

Enclosures

Sheet 10a of 11
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APPEisDIX A 6710630-001-043 g 0630-001-Materials Analysis - Cole. No.giqdhpg Rev. O--Y C* n woodward

Re: CORD OF CONVELATION K. Trotta

O x er O oe=r
Gres . .

Ira Zebra ( gg 8/12/82

James Frewin _gg
g Sle-237-3nc

MONE NO .General Electric Ccmpanyggg.
GE Silicone Fluid SF 1147y

Sammar:P d Conversatica:

ld be selected, a

Mr. Fre in informed me that although a higher valve couconservative maximum operating temperature of 350 F for the sub ec0 j t

fluid should be used. 8 rads, has a

In addition, the subject fluid gells at approximately 5 x 108 rads and has a 254
100% change in viscosity at approximately 1.3 x 107 rads.
change in viscosity at approximately 4 x 10

)

|

IL::/jh

|

|
|

|

|
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APPENDIX A
0630-001-043

gg OUCle8Pterials Analysis - Calc. No.uy. 0eidS gy

,

E.05.Nucear me5 ,_ %(
uerv e New von 11147

,

m

1516) 454 C200

August 24, 1982
0630-001-NY-ll3

General Electric Company
Silicone Products Division
Waterford, New York 12188

Mr. James FrewinAITENTION:

Verification of Record of ConversationSUBJECr:

Gentlemen:

Thank you for the information which you supplied to EDS withEDS Quality Assurance
respect to GE Silicone Fluid SF 1147.
Procedures require that you receive the enclosed record of
our conversation of 8/12/82.

If this is an accurate account of our conversation, no action
Should there be any errors or misunder-(* is requested of you. (516) 454-0595.standings in this record, please contact me at

Very truly yours,

Irs Zeb - Lead Senior Engineer
Systems Engineering Division

I2/jh

Enclosure

Sheet lla of 11
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ENVIRONMENTAL QUALIFICATION SUMMARY
3007MEnvironmental Qualification 5 g No:

( Pacific Purnps, High Pressure Coolant Injection Pumes
gg NSSC Equipment

QualificationLILCO ggg
,

0630-001-671gg

Ces%n (supssrReferuscam

The references included with this package are listed as appendices
'

in the Table of Contents on Page 2.

9_ . . . .._, m
N/A

|

_

N/A
| :

I

_

Mamarx:::

This device has been qualified for all postulated accident conditions.

as== mee ! a=-

m. .J maar ; nm== n .,
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Equipment QualificationIong Island Lighting Company Susanary No. 3007M
Shoreham Nuclear Power S:ation Revision No. O
Unit No. 1(

TABLE OF CDNTENTS

TITLE PAGE NIMBER
SECTION

3
1.0 EQUIPMENT LIST

4
2.0 EQUIPMENT SLMMARY EVALUATION

2.1 DESCRIPTION
2.2 CDNCLUSIONS

2.3 LIMITATIONS
2.4 DISCUSSION

ENVIRONMENTAL QUALIFICATION WORKSHEETC
6

3.0

APPENDICES

TITLE
APPENDIX

A Documentation:

1. Instruction Manual, High Pressure Coolant
Injection Pump Unit, Pacific Pumps, for Type DSK
and RECNDS, Serial Nos. 45768 and 45769, Revision

-

1, dated 5/25/72 (LILCO/SR-2 Document No.
(' 2740-057-1).

2. G.E. Purchase Specification N. 21A9223, Revision
3, Standard Requirements for High Pressure Coolant
Injection (HPCI) Purps (LILCO/SR-2 Document No.
21A9223).

3. G.E. Purchase Specification Data Sheet No.
21A9223AM, Revision 1, High Pressure Coolant
Injection (HPCI) Pump (LILCO/SR-2 Document No.
21A922 3) .

G.E. Purchased Part Drawing, Pump, HPCI Systems,4.

Revision 1 (LILCO/SR-2 Document No. Il7C3524).

5. G.E. Purchase Order No. 205-AA958 High Pressure
Coolant Injection Pumps (LILCO/SR-2 Document ho.
AA958).

6. Pacific Pumps Certificate of Compliance with
Purchase Order for High Pressure Coolant Injection
Pusqps 45768 and 45769, May 10, 1972 (LILCO/SR-2
Document No. AA958-G001).

3 Analyses
,

('' l. ED6 Calculation No. 0630-001-044, Revision 0,
Materials Analysis of Pacific Pumps (HPCI Pump).

Sheet 2 of 11.
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Equipment Qualification
Zeng Island Lighting Company Summary No . 3007M
Shoreham Nuclear Power Station Revision No. 0( Unit tio. 1

10 EQUIIMEfff LIST

.

I I i i l

i Equipment I.D. I MPL No. | Description i Make/Model i

I (Mark No.) | I
| |

1 I i l i

i lE41*P-016 I E41-C001 | High Pressure i Pacific Purps, j

i i I Coolant Injection I Model RHCH, Serial i

I I
I Pung (Main) i No. 45768. I

I I I I I

I lE41*P-016 i E41-C001 i High Pressure | Pacific Pu=ps, |

|
j | Coolant Injection | Model DSK, serial I

I I
I Punp (Booster) | No. 45769. i

'.
I I I

I I

I I I I I

I I I
I I

I I I
I I

I i i l i

I I I I I

I I I
I I

( l i I I !
.

'- 1 I I I
I

I I I
I I

I I I
I

I

I I I I
I

I I i i i

) I 1 I
i

I I I
I

I

I I I
I

I

I I I
I i

i i i i I

I I I
I i

: I I I
I

I

I I I
I

I

I I I
I I'

I i |
1

i

l I

l i i I

I i l I

1 | | 1
I

I I I
I

I

I I I
l I

.

I I I
I

I

I I I
I

I

| | |
| |

1 1 I
I I

I i |
| 1

( l I i l i

I I i l I

I I I I I

,
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Long Island Lighting Company Equipment Qualification
Shoreham Nuclear Powe- Station Summa ry No. 3007M

( Revision No. 0Unit No. 1

(

2.0 EQUIPMENT SIMMARY EVALUATIONS
|

[ 2.1 Description

I The equipment under evaluation are Pacific Pump, High Pressure
Coolant Injection (KPCI) Pump s , Serial No s. 45768 and 45769.

2.2 Conclusions

The high pressure coolant injection pumps are qualified for the
postulated accident temperature, pressure, humidity, and

j radiation conditions. Materials analysis (EDS Calculation No.
|

0630-001-044, Re v. 0) indicates that the non-metallic
components contained in this device will not be affected by the
postulated radiation and temperature environments.

2.3 Limitations

f None.

I
I 2.4 Discussion

l. These dnvices are required to withstand a postulated
(- accident radiation dose of 7 x 10 rads (Stone & Webster6,

letter f rom P. J. Holden [S&W) to N. Woodward [EDS), dated
August 5, 1982). Materials analysis (EDS Calculation No.
0630-001-044, Re v. 0 ) indicates that the limiting

|

I materials contained within these devices are BUNA-N and
|

Ne oprene . Both of the above materials have a radiation
7tolerance of 1 x 10 rads. Therefore, this device isI

expected to perf orm its safety f unction as required.

2. Since the maximum design process fluid temperature of
, 140'F (Documentation Reference 4) f or the high pressure
| coolant injection pumps is very near to the postulated EQR

peak accident environment temperature of 150'F, the
thermal expansion stresses from exposure to this
temperature are considered nearly equivalent as compared
to the thermal stresses that will be created from the
process fluid temperature. Additionally, Materials
analysis (EDS Calculation 0630-001-044, Re v. 0) indicates

| that the most limiting non-metallic component contained'

within this device is Vapor Tech Light lubrication oil
with a maximum operating temperature of 160*F. Althougn

the doctamented maximum ambient temperature of 148 *F
(Documentation Reference No. 4) is less than the latest
EQR specified environment of 150 *F, this 2 *F diff erence
should have an insignificant impact in view of the
discussions above.(~

,

, .
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Equipment Qualification
3007MSummary No.

Iong Island Lighting CompanyShoreham Nuclear Power StationRevision No. 0 4
,

Unit No. 1 specified maxisram
(EQR) compared

Similarly, the environmentally d insignificant as l

t injection pump internahe booster pump and 1500pressure of 1 psig is considere
to the high pressure coolandesign pressure of 450 psig for t
psig for the main pump. ambient tosperature and pressure
Therefore, the accider.t mechanical properties,

of the high pressureh
are negligible in light >f t ed design
materials of construction, an
coolant injection Pumps.

|
t

i

I

{

1
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Equipment Qualification
j Zong Island Lighting Company Summary No. 3007M

Shoreham Nuclear Power Station iNevision No. O( Unit No. 1 i

i

|
1 ,

i
i

i

I

|
|

|
i

i
i

I

i
a

SECTION 3.0
|
t

ENVIRONMENTAL QUALIFICATION WORKSHEETS

! !

i

9

.

;

| (
i

:

1

i

!

l- .

|-

f
|

!
t

i.

?

.

l

.
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3007MEnvironmental QualificatiGn Susunary No. ,

Long Island Lighting Cbspany Revision No. 0
Unit No. 1Shoreham Nuclear Power Station, 9

MECHANICAL EQUIPMENT ENVIROtetENTAL QUALIFICATION NORKSHEET

b 2 $2-atesPrepared by
b/3 -h 2.DeteaChecked by

s | | .

|

|| | POSTULATED ENVIRONMENT | DOCUMENTED ENVIRD)4 TENT | |
|| |

| | | .

|| |

|| | | | | | ||| ,

| ENVIRO)4tENTAL |
| | OUTSTANDING | ||

| EQUIRGElff DESCRIPTION || ENVIROletENTAL | | QUAL. REFORT ** \
VALUE | REFERENCE | ITDtS | f|

i

| | | | | | ||| PARAMETER | FSAR * 1

| EQUIP. I.D. (MARK NO.):||Maxinum | | | | | None | ! l

||

| IE41*P-016 || Temperature | 212 | 150 l 148 | 1 |See Sect. 2.4. ||

||(degrees F) | | | | | ||

| VENDOR I.D.: || Maximum | | | | | None |

| E41-C001 || Pressure | 1 | 1 | Note 1 | Note 1 |See Sect. 2.4. ||

|
|lipsig) | | | 1 | |

|EQUIMtEMT TYPE: || Maximum | ! | | | |

| Pump (Main) | | Re lative | 100 | 100 | 100 | 1 | None |
*

| I |

| | |

|
| | Htanidity (t) | |

| |Contai nment | | 1

| High Pressure Coolant || Spray | N/A | N/A | N/A | N/A | N/A |

| | | | | || SERVICE:

|MANUFACRJRER: | |40-Year Normal | | | | | |
||_| Injection

| | Radiation Dose | 1.8 x 10 | See Note ***. | | | |
3

| | | | |
| Pacific Pumps

|MODEL NO.: RHCH ||6-Month | | | 1x 107 | 2 | None |
| | ( Rad s)

|| Accident | 1x 10 | 7 x 10 |
g g g|

5 6

||Hadiation Dose | | See Note ***. | | | |

I | LOCATION: RBS | | ( Rad s ) | | | | | |
|

|

| |

|| | | | | | |

| l | | | | |

| ZONE: G-01 | | Sul>me rgence | N/A | N/A | N/A | N/A | N/A |
||

|

|| | | | | | |

| | | | | | |

||
|

Sheet 7 of 11
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Environmental Qualification Cumanary No. 3007M
tong Island Lighting W ny Revision No. O

Unit No. 1Choreham Nuclear Dogser Station,

ATTAC194ENT 'IV MECHANICAL EQUIPMENT ENVIRONMENTAL QUALIFICATION WORKSHEET

REFERENCES:

1. G.E. Purchased Port Drawing 117C3524, Revision 1.

O, Materials Analysis of Pacific Pumps HPCI Pumps. 1

2. EDS Calculation No. 0630-0 01-04 4, Re v. 4

NOFES:

Documented value for maximum pressure could not be found.1.

and humidity are f rom Table 3C.3-9 and radiation are from Table
FSAR values f or maximum temperature, pressure,O

3.11.2-1. l
'

respectively. EQR value for humidity
EQR values for maximum temperature and pressure are f rom Figures D-21 and D-41,80

is f rom Section 3.1.b of the EQR.
3 and1.8 x 10

oo* 'fhe normal and accident radiation doses would usually be derived f rom Figure D-2 of the EQR (i.e.,rada (40 year plus 6 month accident dose) should6
5.75 x 10 rads). However, a total integrated dose of 7 x 106

be used instead. (See attached letter from P. J. Ilolden (S&W) to N. Woodward [EDS], dated August 5, 1982, re

Mechanical Equipment Environmental Qualification.)

Sheet 8 of 11
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Environmental Qus11ficction Susanary No. 3007M
Iong Island Lighting company Revision No. O

fShoreham Nuclear Poeper Station, Unit No. 1

]
MECHANICAL EQUIPMEW ENVIROtetEWAL QUALIFICATION WORKSHEET

Dater h '[ 2 " N .Prepared by:

d ' h O te: 8-d '8EChecked by:

/ | | |

|

| || | POSTULATED ENVIROtttENT | DOCtDtENTED ENVIRONMENT | |
I || |

| |
|

|| | | | | | |
| || |

| ENVIROtetEWAL | | | OUTSTANDING |,

1

'

| || PARAMETER | FS AR * | QUAL. REIORT **| VALUE | REFERENCE | ITDtS |
| BQUIMtEW DESCRIPTION | | ENVIROtttENTAL ||

| || | | | | | |

| EQUIP. I.D. (MARK NO.) || Maximum | | | | | None |

| 1E41*P-016 | |haperature | 212 | 150 | 140 | 1 |See Sect. 2.4. |

||(degrees F) | | | | | |

| VENDOR I.D.: || Maximum | | | ) | None |
|

| C41-C001 || Pressure | 1 | 1 | Note 1 | Note 1 |See Sect. 2.4. |

|
| |(psig) | | | | | |

|EQUIRGENT TYPE: || Maximum | | | | | |

| Pump (Booster) || Relative | 100 | 100 | 100 | 1 | None |

|
| l Htanidity (4) | | | | | |

| SERVICE: || Containment | | | | | |

| High Pressure Coolant || Spray | N/A | N/A | N/A | N/A | N/A |

| Injection || | | | | | |

| | | |
'

| Pacific Pusps || Radiation Dose | 18x 103 | See Note ***. | | | |
|MANUFAC'ItJRER : | |40-Year Normal |

| | | ( Rads) | | | | | |

|MODEL NO. : RSK ||6-Month | | | 1x 107 | 2 | Hone |

6 | |
g g

5 | 7 x 10

|| Radiation Dose | | See Note ***. | | | |
| || Accident | 1 x 10

| LOCATION: RBS, El. 8' | | ( Rad s ) | I | | | |
|

| || ~1 I I I I |

| ||
| l l I | |

| ZONE: G-01 | | Sulane rgence | N/A | N/A | N/A | N/A | N/A |

| || | | | | | |

|
|| | | | | | |

Sheet 9 of 11
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Environmental Qualification Summary No. 3007M
Long Island Lighting Caspany
Shoreham Nuclear Power Station, Unit No. 1 Revision No. O

ATTACMENT 'IU MECHANICAL EQUIIMENT ENVIRONMENTAL QUALIFICATION WORKSHEET

REFERENCES:

1. G.E. Purchased Part Drawing 117C3524, Revision 1.

2. EDS Calculation No. 0630-001-044, Rev. O, Materials Analysis of Pacific Pumps HPCI Pimps. i

NUFSB :

1. Docussented value for maximum pressure could not be found.
,

FSAR values for maximum temperature, pressure, and humidity are f rom Table 3C.3-9 and radiation are from Table ,

* '
;

3.11.2-1.
'

EQR value for humidityBQR- values for maximum tegerature and pressure are f rom Figures D-21 and D-41, respectively.** '
,

is from Section 3.1.b of the EQR.
1 8 x 103 and '

*** The normal and accident radiation doses would usually be derived f rom Figure D-2 of the EQR (i.e.,
5.75 x 10 rads). However, a total integrated dose of 7 x 10 rads (40 year plus 6 month accident dose) should66
be used instead. (See attached letter f rom P. J. Holden [S&W] to N. Woodward [EDS), dated August 5, 1982, re
Mechanical Equipment Environmental Qualification.)
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stoest 4 wgostas an@ mage.no c0mpoalteon

RECEIVED ?" 9 s se2 4AJ<, -
'Copy to-#

Dr. JTktzweiler (LILCO)
JSherman Attachment 2 to Mechanical Equi; cent
Proj Engr-7

Environmental Qualificatien Werksheet0-

( gg y 30 M __t

WJMuseler-5 (LILCO-WR)
. oodwa.9W
EDS Nuclear 'ne.

August 5, 1982
Mr. N. Woodward
Project Engineer J.O.No. 11600.02
EDS Nuclear Inc. File No. 221.21
200 Broad Hollow Road
Melville, NT 11747

Dear Mr. Woodward:

MECHANICAL EQUIPMENT ENVIRONMENTAL
QUALIFICATION
SHOREHAM NUCLEAR PO%T.R STATION - UNIT 1
LONG ISLAND LIGHTING COMPANY

As requested by Mr. J. Sherman of LILCO, the following information isprovided for your use in the Shoreham Mechanical Equipment Qualification
effort.

The calculated six-monta integrated gamma dose to the inside surface of
pipe egntaining suppression pool water following a postulated LOCA is( rads based on Stone & Webster calculation No. SNPS-1-UR-21-G.Where mechanical components are exposed directly to suppression pool yater7 x 10

the above value has been utilized in this effort as a minimum exposure.
This would apply generally to the following systems which are included in
our scope for this effort:

Residual Heat RemovalE-11
E-21 Core Spray

High Pressure Coolant InjectionE-41 Reactor Core Isolation CoolingE-51

Very truly ours,

P.J. Holden
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CFr. EATING / DESIGN CONDITIONS

Booster Pump

.

4350 GPM

Flow

300 Fee t

i Differential Head
r 1800 RPMI

l .

5 peed'

40-140*F

Temperature of Pump.tgei

4
416 BHP

.

BHP G 1.0 Sp. Gr.

450 PSIG

( Max. Working Fressure , Cesing .

'i i675 PSIG ,

Hydrotest Pressure w/o Mechanical Seals
'
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This instruction manual is intended to assist in the realization )..
of mcximum service and efficiency from your Pacific Centrifugal 1

Pump. It is important that the instructions are carefully
'

observed for installation operation, maintenance and testing. I
!

,

Pacific Centrifugal Pumps are designed by experts to give you |
optimum performance for the service intended. Mechanical I

and hydraulic features have ben incorporated in the desip *

concept to assure you of dependobility, economy, and long, |

troubie free operation. )

Pacific's reputation for superior design and construction is i..

backed by service centers throughout the world. Spore parts,

and engineering assistance are available to you should you
'

,

need them,

in addition to the instruction monbi several supplemental
documents are included when applicable, depending on the 3

particular design chorecteristics of your pump. These may )

include the followmg:
Cross Sectional Drawing

5.cl Drawing (when applicable)

Material Ust
Piping Diagrams (when applicable)
Alternate thrust bearing arrangement (when opplicable)

| Kingsley thrust bearing arrangement (when applicable)
Foundation Plan |

;

Orifice drawings (when applicable)

l

L|PACIFIC PUMPS - i:
INDUSTRIESpg[[[[8olvis ON OF E;

,

HUNTINGTON PARK, CALIFORNIA )!
'

i
.

i. 2
t
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PACIFIC TYPE DSK CENTRIFUGAL PUMPS
The Pacific Type DSK Pump is a single stage

pump with double suction impeller and
oxially split case. Type DSK is available
with either oil ring lubricated bearings or

-

pressure lubricated sleeve and Kingsbury'

Shaft sealing is {type thrust be.orings.*
.

.

occomplished by standard packing or
-

mechanical seals. .k.
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Section I
Installation

( 1

A. LCCATION OF PUMP 3
k f, . f; '.,,f

...

1. The' pump should be locoted as near to the 5 Q*,.,
"

. * ( r ., -,

r,'f|,i.)
ac .

liquid source os possible.
#, '

,

3,
2. Head room should be provided for the use

#y ,' .i j .* * * g.*
"

of hoisting equipment. A. , s .e.'
..

..
:' , ' * ?, . *'r. . . . ,1; , ,L .

. .
.'

3. The unit should be accessible for inspec- . , '

.

#..'' ,j
tion during operation. g e,. , ' , .,

* * , , , * h,.' , , *, ,.g.D..*
4. It is necessary for satisfactory operation 7, r . r

e e' , ,~. d:
e'! p';that sufficient net positive suction head

.|4 * f; s,-(NPSH) be available at the pump suction
flange. (Net positive suction head is the '. e-A ,- * ' N .se's

,

total head in feet absolute, determined of the */ ; s. ? . *, ,. .

suction nozzle and refemed to datum, less the . . . .: . . ,' ' s -

,E + 9 ' . . ; ,'
vapor pressure of the liquid in feet absolute.) , , *'g= 7 ', ,,

, ,

, ' *
8. FOUNDATION (See Fig.1) ',* e., ,.

Concrete foundations builton solid ground are
the most satisfactory. Foundation bolts of the pig,9

'

cified size should be located as shown on
',

I. s

- t foundation drawing. It is recommended
' that each bolt be fitted with a pipe sleeve C. LEVELING BASEPLATE (See Fig. 2)

opproximately three diameters larger than the 1. locote leveling pIctes and shims on both
I bolt and with a washer to support the head of

sides of each foundation bolt and in the een-
.

the bolt in the sleeve. After the concrete is ter of the pump end of the baseptote. Allow
poured, the pipe sleeves remain in place while a minimum of one inch between the baseplate
the bolts may be shifted forolignment with the and the foundation for grouting.
holes in the basepicts.

5
a n' j , f,

af,.:.yWh; L. :, -

Y *

4x;,
-

-

v e s_p v..

p ^ .A sp ~

h'-
.,

.;$5 Y$h* h y h b fA-

N
1 t'T"

. ..

.m
I.

Fig.1 Leveling Baseplate
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2. Level baseplate across driver pods using )anims at the foundationboltsonthe driver end.
3. Level baseplate across pump pods using
shims at the foundationboltson the pump end.

Level baseplate lengthwise using shims of4.
the center on the pump end.

5. Tighten nuts on the foundationbolts even-
ly but not too firmly.

D. GROUTING
1. Build forms to confine the grout. The forms
must be securely anchored and shored.

2. Remove water and weste material from
foundation bolt holes and clean off and domp-
en the foundation slob.
3. Pour grout through holes provided in the
baseplate.;
A recommended grovt mixture is one part iron
base aggregote, one part Portiond cement and

cleon sand by weight. Ap-
one psrt coarse,/4 to 2 gallons of clean waterproximately 1-3
is required for each 100 pounds of mix., Use
sufficient water to make the mix piaceable.

Remove air pockets byworkingand rodding4.
the grout through holes in the baseplate. ')
5. After grout is set, tighten nu+s on the foun-
dation bolts. Do not remove leveling plates
and shims.

m

&| A% <

& = , :.#
i= mgp ,

Yk WWjjjp *Qh aW gr; -

m . . pm - wny~,ga
l

1.imited Axial End Float
$ Standard Spacer Type Coupling Coupling Spacer Type
B

. h
i

..)Fig.3 Spacer Type Couplings
j
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Fig. A Aligning Pump and Driver

4. To check olignment, c! cmp the dial indico-
ter to the pump half coupling and take reed-
Ings on the outside diameter and the face of the
driver coupling hub.

NOTE: If a steem turbine is used and is foots

mounted, olignment should be made with the
turbine hot. If olignment is made with the tur-
bine cold, the turbine should be set low by the
distence specified bythe turbine manufacturer.4
A suggested turbine setting is .008 tnch low, or
.016 inch total indicator reading.
5. Scribe, drill and top holes in the driver

-. pods for the driver hold down bolts. Install

(,
the hold down bolts and drew up snugly, then
re-check olignment.

G. PIPING
1. Both suction and discherge piping should
be es short and direct es pessible. T'nere should
be a minimum of bends and fittings and the bends
should be made with a long radius, when pes-
sible.

[ 2. Piping should be adequately supported near
( the pump to prevent strains being trcnsmitted to

the pump when tightening the flange bolts.
3. Pipes at the suction and discharge nozzles1

should be as lerge or larger then the ocenings
in the pump.

H. SUCTION PIPING (See Figs. S through 8)

F. Al.lGNING PUMP AND CRIVER(See Fig.4) 1. Suction lines must be free from pockets or
1. Clamp a dial indiceter on the driver ha1f high spots in which gas or vcpers may be en-

The indicator bracket must be rigid trcpped.
,

coupling.
to insure accuracy of the dialindicator reading. 2, in horizontal lines lecding to the pump,

,

.-
2. Set the indicator button on the face of the only eccentric reducers should be used.
hub and align the faces parallel of cil points.
3. Set the indicctor button on the outside dia- 3. The suction line must be free from air lecks.-

-'
meter of the pump coupling hub and align the and edequate provisions should be mcde for the

hubs to within .002 inch total indicator reed- 7;

(' sng.
,
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VAPOR POCKET
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INCORRECT

Suction Line donfiguration to Eliminate Pockets or High Spots (Example 1)Fig. 5
,

4
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VAPOR POCKET
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expansion of hot lines.;;. u.g.,;) @;t-es bn3 to the pump. 23 c pity;:;.n .a

4.. Lt Is recommended .that.a.tampocory..screert 3.-dr>. adi..opoikas;ons,-provisions: shointd-be"
be installesi;. irs the..line pt.sr,.ceardhe:sucporv made for recirculadng.o'postiokof the-liquid,(# naz:1.eto Catc.h)c.sle,orethegforeigrt mater 4al ; to preyantir<erbeating.of the pump while oper-;
A pressure gauge installacLonseceb side,:cfble ating at reduced conocity. n .i.v::. : .'; :: .:.--f ~

screen may be used for measurin drop

adres.s thie Ter'ieftPi #* ' H "M'g' pressure 5. When a straindr or lo,o.:nc'm %.3c.1,'.'ctsiw-2.J.C }u.X.1YfARV,w,.lW ' '.".. ' '# ^;
'I 'N JU ffP .3 -

3' :! i ' d' '
.. . . . . .. .. :. . ...

. . . , 4. ..

.n m.- m ~. e - o h r n
twaIve Tsused on t When auxiliary piping is to be installedrhy Ae'

.

fre, .prea custoe.wr,,the size and location of all pipe .
inlet end 'of,the, suction _line, ht.h, ibe three
through~ thd" strain 4r 'o'r v'alWs ould opin$ip wii!$*sh$w'ri c'n' the fouEdctioE draw ~''

tg (put times .the;cres of the. suct.iarnpipe;f. .i ing. " t * :" . ' ".'~ d ".e".;:'a...w;
-

. . i m e L. ..*t ( s i.,c p.. ! : .
. - * v;

-

. . - . . . 3

. . - n c ~e . r, ..v ,.w ::. m:d. h in c.n..q .:.
'

E

. .' '." . CAUTION'. ' :~~t- .:
..s.2 r r. c.,;, v,. . -

1.,.D.ISCHARG,E PIPING
.

. .

.t.. m .= a a n : = m :. ., . ... . -

If u.n.'t is.equ4 pped,''w."th..'b'reakdown bushing as.'-1. On some installations, a check ~vaha and
. - "' - " - -. m. .:. ~ ' ' '

i - i - -
-

.. 3 .h.e. d.
h.arge. semol.ies and condensate . .used fee seab.ng'.a ga. te vol,ve m. k. .be.h. , . i.r.ed ..

.

in t isc.ay rgqu
t.

. . . - - - is

ing ba.e i.s.d. Bu.d.h,o p.r.ev.e.nt..l. ,t,h. ; pump .i...the .condensete.must be cieon and fre.e .from
.

l.ine .o'The. hec va usec .

a ,rosive or other mater. l that wouldck. r g e- in
sc. ale, i.

- -- -

quid from runn. ia.
-

is used jn .pr>aung,. starb.tvery.The: gate.vgivg.be'm'M N &'s'd%' bushings or the surfacecase oM.ai.!ur.e .efcthe..dc. either clog the clearance spaces or damag.e thei ---

- ng.ond when,4hotp. gj .p

down the pueph:.w. .pily, a ys ,:y '.h ,7:;) ogg,,'ggg j;gg,. % ~ filter We fihe ..mes'n |-

.

2. When valves'69Eeq'dired'Wthe di'schoris' screeh shobid- be''idollid'in the condensdte
line, they should be located as near as possible feed line to the seals toinsure clean condensate.
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and re-tighten finger tight.
K. STUFFING SOXE5 5. If pouible, mtate the shaft.o few times by J
When installing packing, carefully read the in- hand. If a lontem ring is used, make sure it is
struction sheetincluded in the packing corton. Installed so that adequate lubricating liquid
The following procedures are generally recom- will pass freely to the rings.
mended for packing installation 6. Referto sectionll- A. Preparation for Op-
1. Install the first packing ring and tamp It to omtion, for odditional stuffing box requirements,
the bottom of the box. If required, a suitable
lubricant may be applied to each ring.

2. Insert a split sleeve or vivalent number L. CONNECTING PUMP AND DRIVER

of metal rings and cumpress t packing ring 1. After piping is connected, check olignment

by tightening the stuffmg box glo d firmly, of pump and driver as outlined in Paragraph F.

3. Back off tW gland and remow the sleev. 2. h mis k dip 4 H@ ddw
Repeat steps 1 and 2 above hold down bolts.or metal rmgs.

For each ring, mok ng sure to stagger tk joints 3. Check mtation of driver to b sure that it90*. If a fontem ring is used, install ik lon-
fem ring as shown on the ossembly sectional

agrees with pump rotation.',

pond drlwr half
4. Install spacer between bch require lubrico-* "I* couplings. Forcouplingsw

'I 4. After the kx is pocked, tighten tk giend tion, refer to t6 coupling manufacturer's man-
firmly and evenly and let the packing standfor uol for lubricction instructions.5 to 10 minutes. Then, loosen th gland nuts

d

Section il ,

JOperation
'.

the pump has run for 10 to 15 minutes, take up
A. PREPARATION FOR OPERATION slightly on the gland nuts.

1. Fill the oil reservoir to tk Indicated level Do not overtighten the gland, as thisNOTE:with lubricating oil. A high grade turbine oil will increase the rate of weer and may cause
havingaviscosityof 150 SSUot100 Fisrecom- scoring of tM shaft. Lookoge will usually de-,

mended. her a few days of opemHon.cmase
2. Checkmeteltagsorplatesattachedte cool- 8. In high temperature opplications, it is ad-;
ers, filters and auxiliary equipnent and follow visable to re-check olignment ofter the pump
instructions specified threon. has ben warmed up.
3. Circulate waterthrought6 coolingsystem
if used. Inlet and drain connections on each B. STARTING
pump are identified with metal togs. 9"* " , If h
4. Admit lubricating liquid to seals or pock- '"[ ,, y g ,

pump is below tM lew! of ik liquid, openmgs that require lubrication. tM discharge volve 1-1/2 to 2 turns.
5. Start tM pump following instructions o3-

2. Prime the $p. All air and vapor ~mustpump case and suction pipelined in Porograph B, below.
be removed.6. C6ck leakage from tk seals or packings. must be filled with liquid before the pump is

If packing lookoge is not vote, a few-

light top with a hommer on t gland will started up. E
-

NOTE: Pumps that are modified to function'

usually pet the packing sufficiently to in-
crease t lookoge to tM required amount. as h draulic turbines must also be primed and

fil! with liquid before storting. If two tur-
7. If lookoge mte is more thm required ofter

| 10
.
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bines are used on a single installation, both nection may be used to by pass sufficient it-
turbines must k primed. quid to pewnt overheating and wporization

of the liquid in the pump.
( 3. If tM pump is fitted with a flushing line,

open the line and admit flushing liquid to the
-

.'

seal chamber for 10 to 15 minutes. D. OPERATING ROUTINE

4. Start tk driver and bring tk pump up to 1. Check bearing temperatures periodically,
if there is overheating, check the oil level in

speed rapidly, t e reservoir and tM oil temoeroture. Wnh
5. As'soon as tM pump is up to full speed, ,,;, rent temPeroture is normal', the sump tem-1

open the discharge volw slowly. Do not let perature should not exceed 16ScF on pump
the pump run with the discharge volw closed. equipped with ball bearings. On pump with
6. CMck pressure gauges on each side of the Kingsbury or sleew type bearings, the temper-

temporary screen in tk suction line. A pres- ature at the cooler outlet should not exceed
sure drop across the screen indicates it is be- 140*F.
coming clogged with dirt or scale. In this 2. Check seals or packings for leakage.
case, the pump should be shut down and the.

screen cleaned or replaced. A clogged screen 3. Check circulation of the cooling system, if-

con cause demoge to the pump. used. Cooling requirements will very accord-
ing to the ambient temperatures encountered.

7. The pump should be shut down if it falls to*

develop its rated discharge pressure at operot- 4. Check suction and discharge pressure gauges
ing speed, or if bearings overbot or tMrs is if the differential pessure drop critically, shut
undue vibration or noise. ' down the pump at once.

C. OPERATING AT REDUCED CAPACITY E. STOPPING
II t pump is connected to a constant speed The pump should be shut down rapidly to keep
dr.iver, cepocity con be reduced by throttling liquid in the pump and prevent parts fremseiz-

,
the, discharge. If the pu p is connected to a ing. After stopping the driver, close the dis-
variable speed driver, re etion of both th charge volve and then the inlet volve, in that.(- head and the capacity con be accomplished order. When Pump are operating in parof fel,

b rencing the speed or by throttling it is sometimes necesscry to close the discharge
'9'' volve immediately after stopping the driver to

, Wn throttling the discharge, a by-pass con- pavent reverse rotation.
j

U
I

Section Ill
Trouble Shooting Information

Operating troubles and their probable causes
are as follows:

A. NO DISCHARGE B. INSUFFICIENT DISCHARGE

1. Wrong direction of rotation 1. Wrong direction of rotation.
2. Pump not primed. 2. Suction line not full of liquid.
3. Suction line not full of liquid. 3. Air or vapor in suction line.*

F 4. Air or vapor in suction line. 4. Air lecks in suction line.
5. Suction pipe not submerged enough. 5. Suction line not submerged enough.

|

~ , '- 6. Available NPSil not sufficient. 6. Available NPSH not sufficient.
7. Pump not up to rated speed. 7. Pump not up to reted speed.

8. Too much Mod. 8. Too much Mod.
{ 11

1
:

. . . .

k
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G. BEARINGS CMTEREEAT
C. INSUTTICIENT PRESSURE

1. Oil pressure too low. -)1. Air or vapor in liquid. 2. Improper or po"r grade of oil.
2. PJmp not up to rated speed. 3. Dirt in bearings. -

3. Wrong direction of rotation. 4. Dirt or moisture in oil.
4. Mechanical defects: 5. Failure in oiling system.

a. Wearing rings worn. 6. Daarings too tight.
b. Impeller damaged. 7. Misalignment.
c.. Internal leakage.

D. CAVITATICN AND NOISE E. VIBRATION

Air or gas in 11 quid. 1. Suction line not full of liquid.1. Suction line not filled with liquid. Air or vapor in suction line.2. 2.
3. Suction line not autanerged enough. 3. Misalig:ssent.
4. Available NPSH not sufficient. 4. Worn or loose bearings.

5. Rotating element out of balance.
.

6. Shafe bent.
PUMP IDSES SUCTION AFIER STARTING 7. Foundation not rigid.E.

8. Vibration in the driver.Suction line not full of liquid. Wrong location of control valve.,
' 1. 9.

2. Air leaks in suction line.
3. Air or vapor in liquid.
4. Air or vapor in suction line.

Suction line not sutzserged enough.5. *

6. Available NPSH not sufficient.

F. EXCESSIVE POWER CONSUMPTION
'

.

1. Speed too high.
2. Insufficient system head.
3. Mechanical defects:

a. Misalignment

b. Shaft bent.
Rotating element dragging.c.

d. Wearing rings worn.
Specific gravity or viscosity of liquid4.
pumped too high.I

SECTION IV

MAINTENANCE

DISASSEMBLY (See Sectional Drawings)A.

The correct sequence for complete unit disassembly is outlined below:
It is not necessary to disconnect suction'

1. Disconnect auxiliary piping.'

and discharge piping.
{

*i

)'
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Reinova driver coupling spacer and psamp half coupling. (See coupling2.
instructions)
Turn mechanical seal retainer plate (1065) into groove in shaft3. sleeve (443) and lock in position. Loosen or remove set screws and

:

loosen shaft sleeve collar (976).
Ioosen set screws holding deflector rings (7) and slide deflector back4.
against shaft sleeve collar.

.

BEARING DISASSEMBLY

THRDST BEARING

5. Remove thrust bearing in following sequence:

Remove cap screws holding bearing housing end covers (42) anda.
(212) to bearf.ng housing and remove outer bearing housing cover
(212) and oiling ring (127). Remove bearing housing brackat nuts

) (not shown) and slide off thrust bearing housing (209).

Fold back lock washer tab and remove bearing retaining lockb. nut and washer assembly (260). Slide off ball bearing thrust
collar (136).

THE BALL 3FbaLNGS (135), COiPLETE WITH INNER AND CUTERNCIE:
RACES, MUST BE REMOVED TRCH THE SHAPT WITH THE AID OF A BEARLNG
FULLER ASSEMBLY.

. -

Install puller assenbly on the back side of bearing inner race andc..( assemble puller so that the draw bolt or hydraulic cyclinder baseNote that if\ of the puller rests against the end of the shaft.
the bearing is to be re-used it cannot be pulled off by applying
force to the outer race of the bearing; the puller assem*aly must
rest only on the inner rar.e. If a puller assembly that fits
the back side of the inner race is not available the bearing

However, in this casemay be removed by pulling the outer race.
the thrust bearing should be replaced.

! Remove spacer ring (259), bearing housing cover (42) withd.
stationary oil baffle (48), and defector ring (7) from shaf t.

.

RADIAL BEARING

6. It is assu:ned at this point that the shaf t couplir.g has been removed.
If it has not, refer to coupling instructions at the back of this
manual. Dismantle bearing in following sequence:

Re=ove all cap screws from inner and outer bearing housing coversa.
(211) and remove outer cover with ett baffle (552) and oiling
ring (127).

r.,
.

m.

.u-
.-
.
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Remove besring bousing bracket-to-case stud nuts and slide radial )b.
bearing housing (209) off and of shaft.

Loosen set screw on ball bearing adapter (43). y
c.

d. Slide bearing adapter (43) from shaft.

THE BALL BEARING ADAPTER (43) HAS A CLOSE SLIDING FIT TONOTE:'

THIREFCRE, IT IS IMPORTANT, BEFORE SLIDING OFF THAT ALLSEAFI.
BURRS BE REMOVED FRm SHAFI SO THAT THE ADAPTER WILL NOT SEIZE.

Should seizure occur, a bearing puller assembly may be used to
withdraw the adapter and bearing assembly. If it is intended to
re-use the ball bearing, it is important not to let the puller
assembly rest on the outer bearing race when applying the pulling

Assemble bearing puller so that it applies force to theforce.
locknut assembly (137) when pulling.-

Disassemble ball bearing and adapter in the following manner.
Unfold lockwasher tab.from slot on locknut (137) and remove locknut

a.
i

and washer assembly (137) from bearing adapter (43) .

THE BALL BEARINGS (41), CmPLITE WIIH INNER AND OUTERNoIE:
RACES, MUST BE REMOVED FR m BEARING ADAPTER WITH THE AID OF A
BEARING PUL1IR ASSEMBLY OR PRESS.

Install puller assembly (or press) on the back side of bearing
(41) inner race (if bearing is to be re-used) and assemble other )

,

and of puller or press so that it rests against the and of the
bearing adapter (43).

IF ' DIE BEARING OUTER RACE IS PULLED TO RGOVE BEARING IEENNOTE:!

THE C NPLETE BEARING MUST BE REPIACED WITH A NEW PART.

Remove inner bearing housing cover (211) with oil baffle (48) and
f.

defector ring (7) from shaft.

Remove seal assembly complete as instructed in "Mechancial Seal7.
Maintenance" section of back of manual.*

Re=ove capnuts from pump case (37) parting flange and remove top half8.
pump case (37).

Life out rotating element and dismantle in following sequence.9.

Slide off packing box bushings (227) and case wearing rings (226).a.

b. Remove shaft sleeve keys (439).
.

Loosen and spin off impeller locknuts (238 and 678).c.

Slide of f impeller (34) and remove impeller key (25).d.

.

' .

I
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3. INSPECTION A.C REPAIR
-

x.

Clean all pa'rts and inspect for wear or dad ge. Particular octantime
1.

I should be givan to the following:
...

Check condition of wearing rings (200) and (226), packing box
bushings (227) and impeller locknuts (238) and (678). Replace if

a.

Remove worn impeller wearing rings by rs=oving set screwsworn.
and pulling or prying off. WE* 5R ALL SLT SCRDG M
REPUG E.T.
Check bearings and bearing assembly parts for usar or damage.,

b.
Replace if suspect.

Check shaft (1) for straightness by mounting and rotating in
sof t lined "V" blocks or hardaned rollers on a lathe steady restc.

In an emergency shaft centers may be used for mountingassembly.
between lathe centers but are not as accurate as the preceding.

for the entireUse a dial indicator to check shaft run out
' length of the shaf t while rotating. Total indicator reading
should be within 0.00L5 inch.!

C. REASSEMBLY (See Sectional Drawings)

Assemble rotating element parts on shaft in following sequence:1.

Impeller (34) with impeller wearing rings (200) and impeller keya.
(25) .

W ST BE AS SHOWN
THE DIRECTION CF CURVATURE OF IMPEL 1IR VANES .NCIE:

.
IN FIGURE NO. 9.

I. Install so that each locknut hasb. I=peller locknuts (238) and (678) .is suggested that a pencil = ark be
equal thread engage =ent. It

thread on eachmade approxi=ately 2 inches outboard of the shaf tReference to theend where the impeller locknut will engage.
pencil mark after engage =ent of the i= poller locking nuts will
allow judgement of locknut and impeller centering.

lined "V"Check concentricity of rotating element by mounting in soft2. In an e=ergency theblocks or hardened rollers of lathe steady rest.
centers on the ends of the snaft may be used for mounting between latheTurn shaftcenters, but this method is not as accurate as the preceding.
slowly by hand and take readings at impeller wearing rings (200) andTotal indicater reading should beimpeller locknuts (238) and (678).
within 0.0015 inch at all points.

If indicator readings exceed 0.0015 inch, possible causes are:3.

Shaft not straight.a.
Abutting (end) faces of impeller hub and i=peller locknuts notb.
square with shaft centerline.
Burrs or dirt particles on above faces.c.

i.

,.
.

!
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When the rotating element checks straight and crue:4.

Install shaft sleeve key (439) and fasten in place with flata.

Slide case wearing rings (226) over impeller wearing rings (200) .
head screws.

i
b.

| Slide packing box bushings (227) into position,in lowerhalf of case (37), making surec.
I Install rotating elementd.

wearing rings (226) and dowel pins are in place.
$

! The following operations are required to check axial alignment of the5.
impeller and radial align =ent of the shaf t.

Assemble thrust _ bearing and bearing housing as indicated under thrustTighten bearinga.
bearing assemoly section in following pages.
housing-to-case bolts lightly to allow alig==ent of housing by

'

tapping with a mallet.

Assemble radial _ beacing and bearing housing as indicated underTighten bearingb.
radial bearing assembly section in following pages.
housing to casing bolts evenly but not too firmly.

If thei=peller (34) is centered in case (37) .Check to see that
impeller is not centered, adjust locknuts (228) and (678) to bring

. c.
o! =

"he impeller to center by loosening one and tightening the other.-

.

.),
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d. Install top half of case (37). .

NOTE: NEW GASIG'TS SHCUD AIWAYS BE USED AND SHOUD BE CT "EE SAME
( MATERIAL (1/64" ASBESTCS WITH BUNA BINDER) AS THAT CRIGINALLY

|,

INSTALLED IN THE PUMP.* - ~ '

Verify that case parting flange studs are clean and installe.
capnuts as indicated by bolting sequence drawing DBC.45769.

f. Rigidly clamp a dial indicator to the pump shaft for checking
concentricity between the shaf t and packing box bore at each and
of the pump. Make adjustments by tapping the edge of the bearing
housing flanges until total indicator reading is within 0.004
inch. When accurate alig==ent is established tighten the flange
bolts firmly.

NOTE: WHEN DIMENSICNS CT THE PCMP DO NOT ALLCW TCR CCNVENIENT USE
OF A DIAL INDICATCR, A DOW'EL PIN CF THE APPRCPRIATE SIZE CAN BE USED
AS A GAUGE BETWEEN THE SHAFT AND PACKING BCX BCRE. ADJUST THE
BEARING HOUSING, BY TAPPING UNIIL THE DCWEL PIN PASSES ARCUND THE

i
SHAFI WITH EVEN PRESSURE OR DRAG.

Check to see if the devel holes in the bearing flanges are in lineg.
with the holes in the case flanges. If the holes are in line.
install the dowels,. If the holes are not in line, ream the holes
to the next larger size and install new caper dowels.

h. Dismantle both hearing housings.
'

Assemble and install =echanical seal as instructed in Mechanical Seal
[-

6.
Maintenance section at back of manual.

BEARING ASSEMBLY

THRUST BEARING
.

7. Assemble thrust bearing in following sequence:
,

i
NOIE: OIL ALL BEARING SURFACES WEEN ASSEM3 LING.*

a, , Slide on shaf t deflector ring (7), inner bearing housing cover (42)
with oil baffle (48), 1/64" chick gasket, and ball bearing spacer
ring (259) .

andInstall ball bearing (135) by heating in an oil bath to 250b.
sliding onto shaf t and pressing firmly against spacer ring (259) .
Prior to sliding ball bearing onto shaft it is extre=ely i=portant
that the area of shaft over which bearing =ust slide, be inspected
for burrs and dirt. The shaft must be absolutely free of burrs
and dirt or the bearing will seize to the shaf t when sliding in

It is not possible to fit the thrust bell bearing to theplace.,

shaft without heating as the bearing is =ated to the shaf t with
. and interference fit. ,

, . . ,

..
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Install and tighten
')Slide on hall bearing thrust collar (136). Fold lockwashar tab intoc.

locknuts and washer assembly (260). .
alot on locknut. #

..

Carefully position thrust bearing housing (209) over bearing andInstall
slide into position over bearing housing bracket studs.d.

stud nuts finger tight and install taper aligment dowels in twoLightly tap the
places at bearing bracket mounting flange. tapered devel pins into place and tighten stud nuts holding bearing
housing to sounting bracket.

Install oiling ring (127) and outer bearing housing cover (212) Install cap screws in both inner (42)a.
with 1/64" gasket in place.
and outer (212) bearing housing covers and tighten.

Locate deflector ring (7) and tighten set screw to shaf t.
f.

.

All thrust bearings require axial and play to allow for oil filmNormal and play is established at the'

3 and thermal expansion. However, if
factory and should not require field adjusmeet. Always'j
damage or wear has occurred re-adjustment may be required.
check thrust bearing and play after repairs and or assembly.

With the thrust bearing housing assembled, and af ter completion
of the radial bearing housing assembly, bearing and play can
be measured with a dial indicator placed against the shaft or aPush
deflector ring (7) which has been set screwed to shaft.
the shaft firmly one way against the thrust bearing and notePush shaft the opposite direction and)

,

the indicator reading. The difference between
.-

again note the indicator reading.the two readings should fall within 0.004 to 0.006 inch.
-

i .

.

RADIAL BEARING'

'

Assemble radial bearing in following sequence:,

8.

OIL ALL BEARING SURFACES WEN ASSEMBLING.j NCIE:

Slide deflector ring (7) and inner bearing housing cover (211)
with 1/64" gasket and oil baffle (48) onto shaft.a.

*

Assemble ball bearing (41) to ball bearing adapter (43) byor cool adapter with
b.

heating ball bearing in an oil bath to 250 Prior to sliding bearing onto adapter be sure that it
Press bearing onto adapterdry ice.

is absolutely free of burrs and dirt.
and install and tighten locknut and washer assembly (137).
Fold tab on lockwasher into slot on locknut.;

If a m shaft is installed, position bearing assembly on shaftIf the
as outlined in following paragraphs (d. e, f, and g).c.

original shaft is used skip to paragraph (h).
'

*

.
.
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d. Slide ball bearing assembly (43) onto shaft (1) and approximate
final position. Do not tighten set screw in bearing adapter (43)
to shaft.

-( P,sition bearing housing (209) over bearing and slide onto !a.
bearing housing-to-case mounting studs. Install and tighten one.

stud nut.

f. Place oiling ring (127) on bearing adaptar. Slide adapter (43)
along shaft to a position where oiling ring is centered on
adapter and oil ring slot in bearing housing. Measure and record
distance from and of shaft to one end of adapter (43). Remove
oil ring (127) and bearing housing (209).

: Carefully position bearing adapter (43) from end of shaft ang. Scribe theamount equal to that measured in preceding step.
position of adapter set screw holes onto shaft. Slide adapter
out of way and drill a small dimple into shaft just wide enough
to accept and of set screw. Carefully remove any burrs left

-

.

from drilling.

I
h. Slide bearing assembly to final position and tighten bearing

Staka setadapter (43) set screw into drilled dimple on shaft.
,

screw in place.

Position bearing housing (209) over ball bearing and slide into ,

i.
position over housing-to-case mounting studs. Install stud nuts
finger tight. Slide the two taper dowel pins into position to
align bearing housing and tap lightly in place. Tighten bearing

, - bracket stud nuts.

Install oiling ring (127), outer bearing housing and cover (211)J. with 1/64" gasket and oil baf fle (552) . Install cap screws and
tighten both inner and outer bearing housing covers.

9

Check axial thrust bearing play in accordance with note No. (7.g).'

9.

Poscion deflector ring (7) on each end of pump shaft by pushing deflector10. ring in tight against stationary oil baffle (48), then pull deflector
; ring back 1/32 to 1/16 inch and tighten set screws to shaft.f

Tighten all set screws in shaft sleeve collars (976) on both ends of11. Turn retainer plate (1065) 180 out of shaft sleeve groove andi pump.
lock in position so that it will not interfere with rotation of shaft
during normal operation.

,

Press on pump half of flexible coupling as described in the shaf t coupling12.
instruction at end of this manual.

Fill radia'. and thrust and bearing housings with oil as indicated on oil13. Re-fill automatic oilerlevel tags mounted on side of bearing housings.
- glasses and install on bearing housings.

I
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USE ONLY A HICH GRADE TUR3INE TYPE MIERAL OIL HAVING A VISCCSITYCIL SHCCID BE CHANCED AT APPRCIIMATELY 3NCTfE:

OF 150 70 250 SSU AT 100'F. INTERVALS SiDULD BE REDUCED IF CORROSICH SPCTS APPEARNONIH DrIERVALS.
CH DfIERNAL REARLNO HOUSING PARTS.

-

Check shaft alis= ment, correct if necessary and install coupling spacer
in accordance with shaft coupling insturctions at back of manual and14.

assemble all auxiliary piping systems.

D. PARTS ORDERING

When ordering parts for spares or replacement the following information must
be given:

Pap size, type and serial number as given on nameplate.1.

2. Quantity of parts.

Part name and ntunbar as shown on cross sectional drawing.3.
:

4. Complete shipping instructions.

o

..

.
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MECHAVICAL SEAL MAINTENANCE

Removal of Seal Assembly from Ptsso1.
_

In order to understand the following, reference must be made to the
-

seal assembly drawing C-15962.

To remove mechanical seal for inspection, it is necessary to first
remove the ecmplete bearing assembly, including housing. If the

e
seal to be inspected is on the coupling end of pump, the coupling
(2) must be removed prior to dismantling the bearing.

Proceed as Followst

NOIE: M HANDLING SEAL PARTS AND ASSEMBLIES, EXTREME CARE IS

REQUIRED TO A7OID DAMAGE.

Remove seal flushing piping to seal plate (375),a.

b. Turn retaining place (1065) into groove in shaft sleeve (443)
j and lock in position by tightening cap screw,

Loosen set screws in shaft sleeve collar (976).c.

d. Remove cap screys holding seal plate (375) to casing (37).

Slide seal assembly off of shaft and remove to bench for it.spection.e.

2. Disassembly of Seal Parts
..

a. Remove shaft sleeve collar (976) and "O" Ring (656).
(

Loosen cap screw and turn seal plate retainer (1065) out of shaftb.'

sleeve (443) groove and retighten cap screw to keep retainer
out of the way.

Carefully slide shaft sleeve (443) out of seal place (375). Layc.
seal place on bench with stationary seal insert (2) up. Slide
rotating seal ring (3) off of shaft sleeve and place on bench

,' I
face up. NOTE: DO NCI ALLOW EITHER SEAL RUEBI'iG FACE TO COTTACT'

ANT CBJECTS, AS THE SLIGHTEST NICK CR CHIP WILL RENDER THDi
|

I USELESS.

d. Slide remaining seal parts off of shaft sleeve in the following
order after loosening set screws (S) in seal collar (5). Seal
"0" ring (P), compression ring (4) and seal collar (5) with

i springs (C),

Carefully slide stationary seal insert (2) out of seal platee.
with fingers by pulling parallel to seal plate bore, and lay
face up on bench. Remove insert "O" ring (6).

3. Insoection
(2) and seal ring (3) faces for chipped, nicked,a. Inspect insert~~

scratched, grooved or heat checked surfaces. Surfaces not free,

.' of these defects and which are not perfectly flat should be
r

,(_ replaced.'
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Inspect insere "O" ring (6), seal "0" ring (P) and shaft sleeve
}

i

"O" ring for deterioration, scratches, gouges, etc., on allb.

If any of these defects are apparent, or either part is
-

Best practice issides.
misshapen or crushed, they must be replaced. urNCIZ:
to replace all three parts when seals are disassembled.
NEW PAltIS MUST ALSO BE GIVEN 'tHE SAME CAREFUL INSPECTION.

-

Clean and inspect shaft sleeve (443) for sezatches, wear, etc.,If not free of damage or wear,c.
at the seal "O" ring contact point.;

it should be replaced.

Clean and inspect bore of seal plate (375) at the insert
"0"

The su3; faces must be free of pitting,d.
ring (6) contact points. '

gouges, scratches, etc.
.

5, 4, 5, 594,' and 976 for general appearance.Inspect parts C,
If any appear to be worn irregularly, misshapen, or fit poorly,e.

' they should be replaced.,

; 4., Mechanical Seal Assembly 7

Smear a small amount of' glycerin in seal plate bore and carefully
(2) with "0" ring (6) into seal place (375)a.

push seal insert Carefully wipe clean,
until "0" ring botto=s against seal plate. line free cloth.
rubbing face of seal * insert (2) wits soft,
Using a depth micro: deter measure the distance from seal inner
place face to rubbing face of seal insert face at four placesReadings should all agree within
around circumference of seat.
plus or minus 0.0015 inches. .

Install parts C, 4, 5, and tighten set screws (S) on shaft sleeve.

b.,'

(443) .

Smear a small amount of glycerin on shaft sleeve shoulder and slide
.

"0" ring (P) and seal ring (3) onto shaf t sleeve after carefully
'

c.

wiping all seal faces clean with a soft, linc free cloth.

Carefully, so as to avoid nicking or chipping, slide shaft sleeve
,

Compress complete assemblyd.
assembly into seal place (375).
against seal springs and turn seal plate retainer (1065) into

.

!

groove on shaft sleeve (443) and lock in place .

Insert shaft sleeve "0" ring (656) inte stoove in bore of shaft
e.

sleeve (443) .

Installation of comolete sesi Assemb1v re Pump5.
Verify that shaft sleeve key (439) is mounted in shaft with the .,Install new seal place gasket (595)a.
flat head machine screw. Insert
on seal place and slide complete seal assembly onto shaft.
and tighten equally, the cap screws holding seal plate (375) to
casing (37).

*
.
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b. Install shaft sleeve collar (976) and set screw to four places
on shaft sleeve.

- tg ggr UdrferfRK'C0nM 5ff'$ CREWS TO'$HATFK! M1MM.-'' ~ '
4

- - - - - --

Install deflector ring (7) and' bearing and housing comeletec.

as described in manual.

d. Tighten equally all six set screws in shaf: sleeve collar (976).

against shaft. Sgake set screws in place. Turn retainer places
(1065) 1800 out of shaft sleeve groove and lock in place with,

cap screw. NCIE: CPERATION 5.d MUST NOT BE PERFCP.C UN!!L BEARING
ASSEMBLY IS CCMPIITED AT BOIH D.DS OF PUMP.

*

e. Replace seal piping.

D

e
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RemFraToFinstallation of couplings requirws. application of.. heat
.

An
as they are installed with an interference fit to shaft.1.

ilable at
.acetylens heating tnrch. and pullar assembly. must: be .ava

. .:.*
...:t .

. rtse of dismounting...a.h c. . n .x. '''
.

;.h v ~ G 1 v :. . : ' .y ,.-c's :%..e % 2::- W .' e.

* :. p .s-- .g- .g. , -:: ; y a , > < . .. .ry? y. y.r ..:. ..
* . '

't ;*: REMOVA1, er;' ' - ', . ' *i ' i - +

.

y:.g:- n
(Read completely before starting)

Slide coupling shroud as far
Unbolt and remove coupling spacer.
back as possible toward bearing housing and remove all grease with2.;

solvent.

Set up puller assembly so that hook ends of puller may be quickly
..

:

positioned on back of shroud between coupling and bearing housing3.

after heating.

Using a large tip acetylene torch, evenly heat coupling (hub only)Avoid coupling4.
by playing torch continuo $ sly around circu=ference.to perform this operationIt is importantgear teeth and shaft.
quickly to avoid excess heating of shaft and thereby lose theHeat to approximately

1
3

advantage of expanding only the coupling. -

0 F.250 to 3009

Quick 2 install puller asse=bly and withdraw coupling hub and shroudKeep the coupling hub sliding off shaft
i

5. Do Not Hesitate _.from shaft.
as rapidly as possible to avoid heating of shaft.

'

INSTALLATION

i (Read completely before starting) i

Thoroughly clean and inspect all coupling parts including keys,
Cirefully remove any burrs on shaft bore, keyway6.

bolts and gaskats. Excessive work onDo not work on bore except at burrs.and key.
bore will destroy the required interference fit.

Carefully remove all burrs, including anyClean and inspect shaft.
Do not remove any metal except burrs.7.

found in kayway.

Oil shaft and key with light oil and dust with a coat of Molybdenum -8.
Disulfide.

.

-.s
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SF.ATT COUPLING USTRUCTIONS .

Lay coupling shroud, open side up, so that itis i= mediately, ready( 9.
' - ' to re:sive heated coupling hub. Gloves and lifting devices for

NCIE: MAIN PCMPpicking up heated assembly should be "at ready".
TO TUR31NE CCUPLING IS A DYNAMICALLY BALANCD ASSEMBLY. ALL SHROCDS,
HUES, A!O SPACERS ARE " MATCH MARKED" AND MUST BE MATCHED AT RE-

,

ASSDSLT.

10. Heat hub with torch as in section $4 preceding.
..

Place heated hub into shroud (observing " matched marks") and11. i=nediately lif t into position and tap onto shaf t with lead mallet.
De voc Hesitate. Shaft will begin to absorb heat from coupling
hub and loss of assembly clearance will cause hub to seize if
delays occur while positioning.

Position face of coupling hub flush with and of shaft.

12. After coupling has cooled, check alis= ment of equipment.

Pack coupling with grease per instruction sheet attached and install13.
coupling spacer with gaskets and bolts.

4

.
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INSTRUCTION D ATA SHEET
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COUPUNG NOMENCLATURE

Refer to GENDtAL NSTRUCTIONS (Fone 1900)

for butoRotion and Lubrkotion Instrvchasu
.

KOPPERS COMPANY, INC.
Fast's Coupling Department

.

Baltimore 3, Maryland
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( (SIZES #1% TO N INC.USIVE)( '
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4 | 12 % tow % ,4 % ..9% 4% | 1% .1s %i s u | .so %

PCRGED STEEL CCUPL!NG 4% | 13 % 11 % W sw |t e % en |,1 W .t s % I 4W t.o 2% FORGED STEEL COUPUNG
WITH EXPCSED 3CLTS

WITH 5HRCUCED BCLTS s l isw 12 % w en j ia ;7% | 2 .22 i e s. 3

N EIN "" ENM Elh - E31 sw i teu is% % +% t12% | s I sw .27 1% 9% 1.6 4%
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When a spacw is used (to bcrease shaft When a rigid half is used with a coupling -

separution), additional Lbricord is noces- half (for angular misolignment only or
sory. To *e amount rensared for *e floating shoff orvongements) less Lori.'

(
CCUPUNG CNLY fper coiunn 7 or 10). cent is Wred. Use me quonnty sped. ,- ' , ~add the amount required for SPACIR- = - -

Red in colunes 9 or 12.
-

CNLY fper cobenn 8 or 111 multiplied by'

#Cthe tength of spacer in hches. E^g 7 ma f 2 es.e% weh s* mp===r sa=== /4% C.- e ed =si no.d had
-

m

m hd es.-1/6 pee.34 a a = 1/3 pt
( mJ ca u pe. [. a
Grease--M paus .20 a s == 1M pt * ' ' ' 'I CCUPLING HALP

: $ PACER WITH RIGID HALF
APPgCVED LUBRICANTS

i

c.J.!.1
Use o sheral base oil having a viscoety no lightw than 150 SSU (Saybolt Seconds Univwsoil or
hoovier than 1000 SSU of 210*F.

DO NOT USE COMPCUNDED ClLS ,,
r

Use grease hateod of o2 if intervol between bbrication exceeds 2 enanths.
G roeses*

Atfonne Reking Compcary Attontic Lubncore f17 Richfield C3 Corporation Rocobbe RR
j American Ca Conapony Amober 5 Shed CilCompany Sheff Alvania Groose /2

Brocus Ca Cornpany Leoooiene 375 Ught Sincfoir Refining Co,npony Sincolube /t. or Utholine
Multi. Purpose Grease f2

Cties Servko Petroleuen, bec. Trovsn Groose A.I
Conts ental Ca Comp <sey Conoco Super tube Secony Moba CR Co hc. Soveren L.C or Kolrea f1

Eno Standard Ca Cornoczey Rbrom 370 or Nebulo 1 Standard Cil Co. of CoGfesnio Caiol SA #1

Pisle Brothers Reking Corepony Lubtiplate f630 AA Standard Cil Co. of Indiano Stanober Groose '5'

Gukf C3 Corporation Gulf Antifriction Groose il Standard C3 Co. of Chio Schio #77

Kayoone Lubricating Company Keystone $15 EP XX Ught Se CilCompany Se Ca 7901 Groose
Master Lubricants Company Lubriko Groose M-54 Teses Company Morfok /1
Phimps Petroleum Company Phibbe il Stock 401 Tide =oter Anociated Ca Co. Tycol Arithe (to

Poco Fibre Groose il Union CD Cc. of Cofifornia Sc0 Rou fl or E!nobo il
['"' Pure ou company

*Grooses listed are in response to requests for speciRc recommendations. This Gst Is not complete and

,

is not intended to restrict the use of equivalent tubricants manufactured by cornpanies not Gsred.
DO NOT USE CUP GREASE

For oppncotions with temperatures exceeding 250*F, *U*,. ma
contact Koppers Company, Inc lor specific recommendations.s:

.. -
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SU??I NEh*:'ARY INSTALLATICN INSTRUCTIONS, ,

-

.)(This section supple =ents pages (1) through (7) of the general manual and
requires reference to those pages for effective use.) ,

,

L' hen leveling the base plate prior to grouting, it is important to1. observe alignment of pump shaf ting to the drive turbine shaft.

Main pu=p booster and speed reducint gear, are furnished with 3/16"
to 1/4" shims between mounting feet and base plate pedestals. Shims
must be in place when leveling base plate and aligning to turbine
shaft.

2. The following instructions assume that turbine it t in final.

position.

Level and position base plate so that main pump shaft coupling hub is
-parallel and centered to turbine coupling hub. Use of a straight

| edge laid parallel to shaft on coupling hubs will be a sufficient
preliminary check of centering. Couplings should be centered withini

8 1/64" before grouting base plate.

All pump and gear redecer shafts r.hould be checked for level before
completion of base plate leveling and prior to grouting.

Check between all equipdent shaft ends to assure that spacing is
equal to that shown on drawing FC-45768.

k* hen base plate is grouted and set, alignment with dial indicators )3. should be made per the general instruction manual page seven. Begin
at the main pu:np to turbine coupling and work back to the booster

'

pu=p coupling last.
'

Set main pump higher than turbine to acco=modate turbine ther=al
growth. Set high by the a=ount reco== ended by turbine manufacturer.

Set speed reducing gearbox lower than both pu=ps by 0.004" (0.008"
total indicator readisg) to allow for thermal growth.

3 4. A realig=ent with dial indicator s must be perfor=ed once again
after installation of all suction and discharee pioing. At'

completion of this alignment, locating dowels should be installed
at all pump mounting feet. A final check of alignment
should be made with all equi'poent at mornal operating
te=perature.

5. " Bedding In" of the bed plate and relaxation of certain piping
stresses will affect alignment of all equip =ent. A realignment cf
r. quip =ent should be made after several months operation. At this time
the locating dowels at pu=p mounting feet will rsqu re taper ras = ttsi

to align both devel holes. The speed reducing gearbox.should he doweled
at this time and not before.

. q*

.
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LITTINC INSTRUCTIONS
.

(' 1. Ccentece unit - Main, Booster and speed reducing Gear (total weight .
28,500 lbs.)"

Attach rigging to base place at four (4) points labeled V-Il on outline a

.

drawing FC-45768. ,

Rigging should be positioned for a straight vertical lift only when
all equipment is attached to base plate.

.

Booster sure - Type DSK (weight . 4,000 lbs.)2.

.

Det.tch shaft couplings and common auxiliary piping before lifting
pump separate from base plate.

Booster ptanp may be lifted separate from other equipment by using
two (2) wire rope slings. Position a sling beneath each bearing
housing brackat on pump casing, or use lifinf, lugs VL-3 (two) as
shown ou drawing FC-45768.

Main pumo_ - Type REC (total weight 10,680 lbs.)
3.

Detach shaft couplings and com=on auxiliary tube oil piping before
lifting pump separate from base plate.

Main pump may be lifted separate from other equipment by four (4)
Position each sling under one of four liftingwire rope slings.

lugs on pump casing. Lugs are labeled V-L2 on drawing FC-45768.
{,

Speed reducinst tear - (weight e 928 lbs.)4.

Detach shaft couplings and co= mon auxiliary piping before lifting
separate from base plate.

The speed reducing gear may be lifted separate from other equipment
by attaching rigging to (2) 5/8" eyebolts located on the top of
gear casing.

;

it
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N PACIFIC PUMPS. INC. 45- m
ow6srr h5 773A PARTS LIST h5 775D6M ,

..

u- ~; y~;--~; -

3, 3,2
-

=

C15934 1 57 21 MP

1 MP3 SHFT DYNAMIC BAL OF CMPL ROT A5Y
2 COUPLING 3 1/2 FAST STD DSK PUMP 4577 805006 40 11

1 1 7 RING DEFLCT 2.877 BORE 805006 40 11
1 1 7 RNG OFLCT 2 877 BORE
1 1 34 MP 2 IMPELLER RPM 1830 VT AS CAST * D2678 C09856 2 1 11 MP

1 1 37 MP 1 CASE ELEY UPR HLF * SEE PART!AL D3000 013187 1 2 MP

1 1 37 MP 1 CASE ELEV lower HALF W/300 FLANG D3001 013187 1 2 MP

J80110 52 15
1 1 41 BRG BALL SKF 5215 D2555 809646 101
1 1 42 CVR H5G BRG INNER * 405005 38 11
1 1 48 BFLE DIL INNER 405005 38 11
1 1 48 SFLE DIL 403803 20 2 11 -,

1 1 127 RING OILING 4 1/2X4 3/4X1/4 803803 20 2 11
1 1 127 RNG OILING 4 1/2X4 3/4X1/4 J80110 53 12
1 1 135 BAG BALL SKF 5312 A17642 185
1 1 136 COLLAR THRUST A20216 14 1 14
1 1 165 KEY FLEX CPLG 4 423863 11
2 2 200 wRG RING IMP CLR .020 D2556 C06716 101
1 1 209 HSG BRG * D2556 C06716 101
1 1 209 HSG BRG * D2555 809647 101 . *

02555 809647 101 ! 'g
1 1 211 CVR H5G BRG INNER =
I 1 211 CVR H5G BRG OUTER * D2554 809644 101 ~~/

-

'1 1 212 CVR HSG BRG OUTER * A30363 2 42 21 9

2 2 215 COLLAR SH5T SLV A23862 42 21
2 2 226 RING CASE wRG A60545 11
2 2 227 BUSHING PKG 80X A60544 42 21 9
1 1 238 IMP LOCKNUT LH w/CARTR SEAL A04961 185
1 1 259 RING SPACER LH0100 12
1 1 260 LOCKNOT C WASHER SKF N W 12 A20210 13 2 23
1 1 276 KEY IMP C15935 23 MP

2 2 375 MP 4 PL ATE SE AL A22822 2 42 li'

2 2 439 KEY SHFT SLV A60546 42 22:
2 2 443 SLEEVE SEAL SHAFT 405005 64 11
1 1 552 BFLE Qlt CUTER A24509 30 11
2 2 594 BUSHING SEAL PLATE 39
2 2 595 GASKET SEAL PLT 5 1/4X6X1/16
* * 656 0 RING SHFT SLV ARP 568 234

(U5600 2 34 211
A60543 42 21 9

1 1 678 IMP LOCKNUT RH W/CARTR SEAL A21550 4 42 21
2 2 1065 PLATE RETAINER

.1.
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TECHNIC AL 0 AT A
.

4

'

'.

PAIN'I1NG. AND PREFARATION F9R SHIPMENT_)
- n0OdaEv3

C1.EANING5
NUMBER: 102-2-0003-1

1.0 PURPOSE: h ent of

| To define cleaning, a=<=Hng, and preparation for domestic or export s ipm
I 1.1

pumps.!

To establish acceptance cruaria for Pacific Pumps Quality Control.|

i
~ 1.2
1

2.0 GENERA 1.: d storage

Packaging is intended to provide protection for shipment of pumps an
i

for a marimum period of twelve (12) months.2.1
f dessicant and

,

Packaging ahmII consist of polyethylene sheet covers, a emni=rer o| ding the complete

a closed box lined with waterproof wrapping paper surrounassembly so as to reasobably avoid penetration of the po ye
thylene sheet covers by

|..
2.2 l

|

| conventional lifting devices.
'
1

C1.EANING, PAINTING AND PRESERVING: i the mechamcallyI[ 3.0
Prior to assembly, the internal and external surfaces win be nThe surfaces shan be free of dust.|

i d oil. Bhst
.

eleaned, blast cleaned, or pickled condit on.
, 3.1

dirt. scale, body salts, machine cuttings and filings, grease, anlesning media. Aur

' fh
cleaned surfaces shan be free of residual qa-aNHas o t e e
parts shan appear etaan to the unaided eye. oleum based rust

All unpainted eurernal surfaces win be amply coated with a petrctive coating for a minimum of 24 mon:hs,
h ically rubbed off.

p.c = rive which wiu mainmin a proteso long as the coating is not burned. dissolved, or mec an
3.2

.

a osion inhtbitor,

Internal surfaces shan be coated with a readily water-soluble corrt sodium niente, one-

such as a water solutica mixture of one-half of one percenfourth of one percent mono-sodium phosphate, and one-fourth o oni hibror, custorner accepts responsibilley
f e percent di-3.3

andinm AM. Using this corrosion n
for any corrosion of pumps (30) days after shipment.H 391, hammer finish

paw-- External surfaces win be painted with Elixir 35 -E is to be app!!ed in a cross spray pattern to o tab in desired thick-
3.4

(or equaD. Phl:
mess.

Wasking app!!ad to glass gauges, are., shall be left in place after painting.
'

*

3.5.

EIternal ZWatiRg sW Will be kejK free of paiEE.!

3.8
-

1 , ~

#

I.

1.--- - -- - - _ _ _ . - . - . - -
- - -
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-
>

CLEANING, FAINTING, AND FREPARATION FOR SHIPMENT_

b- maas sers

NUMBER: 102-2-0003-1 i

Closure of Machine C-- ='a-o --
;

__.__

3.7
Immediately following the completion af shop cleaning and the applicationbe
of corrosion inhibitors, au pipe ends and equipment openings shall3.7.1 l
capped with metal or plywood cape to limit entry of foreign mater.a s or
moisture. Caps shall be securely anchared and taped in place.

|
'

PACKAGING MATERIALS:4.0 d to a moisture contentI

f amher_ -- Au lum * used shall be sound and well seasone
d

'af 12% to 18% based on the " Oven Dry" measurement method. Knots shall be soun
I

4,1

and not in excess of one-third (1/3) the width of any board.
; ,
'

h (1" x
Cleats -- Use one inch by three inch (1" X 3") through one Inch by six incd more than

6") nominal ritmension commercial lumber. Cleats shall not be space4.2

36" on center along the length of the bor..
h ll be

Skids and Runners -- Boxes with a gross weight of 100 lbs. or more s afor forkilft tines.
equipped with akids to allow four inch (4") minimum clearanceh (4" x 4") :ub4.3
~Where a box length is greater than ten (10) feet, four inch by four inc

-

s
:

strips or larger shall be used.
ion

Nailing _-- Nail sizes shalt be such that there will be not less than 33% penetratd a half inches
of the secondary box member. Nail spacing shall not exceed two an

.

4.4

(2-1/2") and shan be placed in a staggered pattern. ith opposing

Splicing -- When splicing is necessary, splices shan be staggered -- wtical. Splices may

splices located as close to the opposite ends of the box as pracf
4.5 d on the _ner sur-

also be located at clear points with a reinforcing plate of plywoo
face of the boat. h ntainer

Strapping _-- Au boxes shan be banded with steel strapping around t e coly nine (9")

at not less than two (2) places. Straps shan be spaced approximate
I 4.6 ll not be more than

inches from each end and along the length of the box so there wi
24" between straps. Edge protectors shall be used.

i
FACKAGING PROCEDURE: d ) mounted on5.0

i. With the complets pump (and drivers when specified on parchase or erith fibre reinforced tape
.

l
the bedplate, tape shut all bedpiste grout and vent ho es w5.1

k
and 6 au =i=<====1 thickness polyethylene sheeting.'

.

'

.

_ . .

i
'

.__,

. . . _ . . -

- _ _ . . _ .
,

. _ . ._ . . . -
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'

CLEANING. PADmNG. AND PREPARA'nON POR SHIPMENT_

amsevi'

NUMBER: 102-2-0003-1

|

Strap a 10 lb. canister of suitable dessicant to one of the pump pedestals 'nie
a

k tmosphere after strapping ;

emniar=r shan be opened to allow antry of the pac age a5.2 '

la position and immediately prior to installation of the sealed polyethylene coverover the satire assembly. Premamre opening of the canister will render it use el ss ,

id storage

as it will become saturated with air laden moisture before the shipping ancovers are lastalled. The emniarer must be installed la a position where it can
be

i

easily seen and replaced during storage at the job site.

Cover the estire assembly with 6 mt! minimum thickness polyethylene sheet covers.
With fibre reinforced tape, seal the covers (100% closed) to the inside edge of bed-5.3

plate drip rima and at au sheet jolars. Reinforce the covers agafast wind damage
by taping across the covers frota each side of bedplate every three to four feet.j

Export Bor_-- Fabricate and lasta11 a double box with export paper between, so
4

t (moisture.

con =
d as to protect the contents from damage and from the elemen s5.4 d If lumber

salt air, etc.). .%eathing may be composed of either lumber or plywoo . Plywood used
is used, no board shall be less than four (4) memal inches in width.f i ch
for sheathing shall be a Wima= of three-ply, not less than three-eights o an n

-

. k _' ll as

(3/g") thick. Consideration shan be given to stacking strength of the box as wes are not acceptable for

to support of the contents. Fiberboa-d and can =M carton
== art shipment.

Domestic Bog -- Fabricate a bar so constructed as to protect the contents fromSheathing may be com-
damage and from the elemawa (tnoisture, salt air, etc.).5.5 h ll be less than
posed of either lumber or plywood. If Inmher is used. no board s a

_

i of

four (4) accusi inches in width. Plywood used for sheathing shall be a min mum) hick. Consideration shall
,
*

three-ply, act less than three-eights of an lach (3/8" tbe given to stacking strength of the box as well as to support of the contents.

6.0 PACKING LISTS: ll be
*!%ro (2) copies of the packing list, complete and accurate in all respects, sha

6.2
, lacinded with each container.

One (1) copy shan be placed laside the courainer, so located as to be
'

6.1.1 visible when the costalmer is openart.

One (1) copy shsE be piaced within a water-tight envelope and stapled to,

i 4.1.2
| the autaide of each aa==8=*r.

i'

1 ; . _

; . . . _ .. .. ._. _.
,

.-

. . _ _ . _ _
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CLt.ANING, PAINTING, AND PREPARATION FOR SHIPMENT_

'-

NUMBER: 102-2-0003-1 1

MARKING ins JsUCTIONS: d any special

Each shipment shall be adequately frientified with customer's name an
7.0

or aMirir==1 markings specined in the purchase order.7.1
d as follows:

Each crate or coarminar which was dessicaa shall be market corrosion of7.2
"This package contains moisture absorbing dessicant to preveni require for

pump components. Check once a month or as local condit onswith dry dessicant as necessary."
condition and replace place,

The pump and cemeatner shall also have a decal mMind, in a conspicuous
.

7.3
to indicate as follows: i

0 every month. Reseal all entry points through plast cpossible contamination. '
" Rotate pump shaft 180 covers with tape immediately aAer inspection to prevent any

ilitate rotation

Units shall be shipped with coupling spacers ginstalled so as to fac
or .

-(.
.

PREPARED BY:

APPROVALS:
4~

'

ENGINEERING _

.

Y -- td -.

QUALITY CONTROLO177f3 -

~

MANUFACTUIUNG
A (;

#'* _

PRODUCT ENG. g2r

.

.

&
.
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LONG TERM STORAGE INSTRUCTIONS~

PURPOSE _: NTS FOR

1.1 - TO DEFINE STORAGE, MAINTENANCE, AND INSPECTION REQUIREMEPIPING ASSEMBLY, PUMPS AND GEARS FOR LONG TERM STORAGE UP TO
A.0

|

|
. FIVE (5) YEARS MAXIMUM DURATION.

TO WITHIN FORTY-EIGHT (48) HOURS AFTER RECEIPT OFINSTRUCTIONS OUTLINED IN THIS PROCEDURE SHALL BE ADHERED|
NOTE:! -

| EQUIPMENT AT JOBSITE.
'4

GENERAL: TING OF:

2.1 - THIS EQUIPMENT IS PACKAGED IN TWO SEPARATE BOXES CCNSIS
! 2.0

ouMog

a - MAIN PUMP, GEAR, AND BOOSTER PUMP MOUNTED ON A CA SPACE HEATER IS PROVIDED FOR TIIIS BOX ONLY.
!

!

BASE. NOTE: G

b - CROSS-0VER CONNECTING PIPE, COUPLING SPACERS WITH ATTACHIN!!ARDWARE AND MISCELLANEOUS GASKETS, DOWELS, STUDS AND NUTS.
IN

2.2 - EACH BOX OF EQUIPMENT IS PACKAGED (COMPLETELY ENCLOSED)ACCORDANCE WITH PACIFIC PUMPS " CLEANING PAINTING, AND102-2-0003, PARA. 5.4'

(' .

PREPARATION FOR SHIPMENT" PRCC L RE NO.
EXPORT TYPE BOXING, CONSISTING OF 1/2" THICK PLYWOOD (ALLSEAMS ARE STRIPPED), COMPLETELY LINED INSIDE WITH WEATHERPR00

'

N g
FT

'

EXPORT TYPE PAPE7.. CCANT AS

2.3 - THE POLYETHLENE SHEET COVER AND THE CANISTER OF DESI5.2 AND 5.3 0F PROCEDURE NO.
,

REFERENCED IN PARAGRAPHS 2.2,

102-2-0003 HAVE BEEN DELETED AND AN ELECTRIC SPACE HEATERPROVIDED INSTEAD FOR THE PURPOSE OF PROVIDING AN ELEVATED
i
'

TEMPERATURE INSIDE THE BOXING AND THEREBY PREVENTING CONDENSATION
|

,

!

APPLICABLE TO EQUIPMENT BOX 2.la ONLY.2A755C230 (2 PAGES) ATTACHED)
.

g:
SPACE HEATER (SEE GEJ-2791-CAT. NO. (INSIDE OF THE BOX)3.0 IS MOUNTED

.

3.1 - THE SPACE HEATER (SEE PARA 2.la)TiiE !! EATER IS AUTOMATICALLY CONTROLLED
ON THE PUMP BASE PLATE.A CONTROL KNOB PROVIDES FOR TEMPERATURE
BY A THERMOSTAT. SELECTION FROM (+). 50 TO (+) 95 F TEMPERATURE RRIGE.

f 0S
'

3.1.1 - _ UNCTION BOX (240 VOLTS)J

THE JUNCTION BOX IS EQUIPPED WITH A " RED LIGHT" TOINDICATE WHEN POWER IS AVAILABLE TO THE SPACE HEATER.(SEE

THE JUNCTION BOX SHALL BE INSTALLED AS FOLLOWS:
4

ATTACHED SKETCH #1)'

! ','
,

1 ,
_

|I :

5.,
'

. . . . . . . .
, . . . .

.

""* ... _

,
-
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2 0F 5
omassam wuoustumes @ ESSE [ PACIFIC 1/12/72

punos division oats aav'*** DOCUMENTW.
4/25/72 LS45768 5( TECHNICAL DATA'd

sescr
(..

LONG TERM STORAGE INSTRUCTIONS-

.AND REuoye
a - OPEN PUMP BOXING ACCESS HATCH DOOR (2)LEFT SIDE CF

JUNCTION BOX (3) LOCATED INSIDE LOWER
HATCH. REMOVE WRAPPING.

b - INSTALL JUNCTION BOX (8) BY TURNING ONTO CONDUITPROVIDED, AND LOCATED, ON OUTSIDE OF BOXINGSTUB (4)
NEAR THE UPPER RIGHT HAND SIDE OF ACCESS HATCH.

c - CONNECT PURCHASER'S CONDUIT (10) TO JUNCTION BOX (8)T!!E __H_,ITE FIRE ISW
AND CONNECT THE THREE LEADS (5) .
THE GROUND.

1

d - INSTALL HEATER CORD (6) 3 PRONG PLUG INTO OUTLET
RECEPTACLE (LOCATED INSIDE ON UPPER RIGHT HAND
SIDE OF ACCESS IIATCH) AND SET HEATER CONTROL KNOB
IN THE "OfF" POSITION.

e - TURN PURCHASER'S POWER SWITC'l ON AND OBSERVE THATIS ON. IF
THE CONDUIT JUNCTION BOX " RED LIGHT" (9)
LIGHT IS NOT ON THEN RECHECK AND CORRECT WIRING

.( ( CONNECTIONS AMD/OR REPLACE LIGi!T BULB, AS NECESSARY.
'

f - ADJUST HEATER (7) CONTROL KNOB TO THE "HIGH" POSITIONIF
(+95 F) AND OBSERVE THAT THE HEATER IS OPERATING.0

NOT, TilEN RECHECX ELECTRICAL CONNECTIONS AND 3 PRONG
HEATER SHOULD NOW BE OPERATING.PLUG.

g - CLOSE AND SECURE ACCESS HATCH.

b 4.0 TARPAULIN.

DURING
4.1 - ALL BOXING SHALL BE COMPLETELY COVERED (TOP 5 SIDES)

OUTDOOR STORAGE WITH A HEAVY WATERPROOF TARPAULIN WHICH IS TO
BE PROVIDED AND MAINTAINED IN GOOD CONDITION BY THOSE RESPONSIBLE

-

THE BOXES MAY BE COVERED INDIVIDUALLY
FOR STORING THE EQUIPMENT. THE TARPAULIN

OR COLLECTIVELY AT RESPONSIBLE PARTY'S OPTION.MUST BE PITCHED IN A MANNER TO PREVENT WATER FROM STANDING ON TOP
OF THE BOXING.

4.1.1 - THE TARPAULIN COVERING FOR THE LARGER BOX (SEE PARA 2.Ia)SilALL BE INSTALLED TO ALLOW THE " RED LIGIIT" TO BE VIS!3LE
- .

FROM OUTSIDE THE TARPAULIN.

ENTIRE BOX (S) SHALL BE SUPPORTED, AT A MAXIMUM
FOOT INTERVALS, BY TIMBER, OR OTHERNOTE:*

OF FOUR (4) INCHES
.

SUITABLE DEVICES, AT A MINIMUM OF FOUR'(4)
IT IS CRITICALLY IMPORTANT_

,
*

ABOVE GROUND LEVEL.
(I,)3, THIS FOUR (4) INCH MINIMUM BE MAINTAINED UNDER_
.- ALL CDNDITIONS OF GROUND MOI 5TURE.

,

I

i :
' pas een=4

m
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LONG TERM STORAGE INSTRUCTIONS

__

1. ~

|

RECC+rriENDED PERIODIC INSPECTIONS _
!

LANCE AND |5.0

PURCHASER SHALL BE RESPONSIBLE FOR ROUTINE SURVEILPERIODIC INSPECTION OF THE BOXING AND CO!CE!CS FOR A
NY SIGNS >

(REPAIRED OR5.1
BOXING SHALL BE MAINTAINED Y C.

OF DETERIORATION.AS NECESSARY TO PREVENT WATER DAMAGE TO THE EQUIP.E'IREME:CS) .

(SEE PARAGRAPH 2.2 OF THIS DOCUMENT FOR BOXING REQUREPLACED) ESE*tVA-
CONTENTS SHALL BE INSPECTED, CLEANED AND ADDITIONAL PR

'

TIVE ADDED AS DESCRIBED BELOW.

MONTHLY INSPECTION5.2
PUMPS AND GEAR (SEE PARA 2.la)

-

VISUALLY INSPECT PUMPS AND GEAR FOR ANY SIGN OF5.2.1
PRESERVATIVE HAVING BEEN RUBBED OFF OF EXTERNAL

a

UNPAINTED SUJtFACES SUCH AS THE SHATT AND COUPLINGWIRE BRUSH AND/OR SOLVE!C CLIAN
RUBS AND FLANGES.ANY AREAS SHOWING SIGNS OF CORROSION AND APPLY A

!

NON-OXIDIZING TYPE PRESERVATIVE SUCH AS:
DEARBORN CHEMICAL CO.
A SPECIAL WW

's -- NO OX DE GREASE
.

0 (1/2 TURN) EVERY MONTH.

HOTATE EACH PUMP _ SHAFT 180 EXERCISE CARE NOT TO DAMAGE SHAT' OR COUPLINGS WH
EN

,

b

}tOTATING'

DO NOT ROTATE GEAR SHAFTNOTE:
.

QUARTERLY INSPECTION _|

' ' 5.3
,

5.3.1 PUMP NOZZLES SPECT

REMOVE NOZILE AND FLANGE COVERS AND VISUALLY ININSIDE OF PUMP NOZZLES FOR ANY SIGN OF CORROSION. Aa

LIGHT FILM OF CORROSION SHOULD BE NO CAUSE FORHOWEVER, SHOULD THE FII21 OF CORROSIONIIED

APPEAR TO BE FLAKING OFF, OR, SHOWS SIGNS OF LOCALERUPTIONS, THEN IT WILL BE NECESSARY TO COMPLE*ELY
CONCERN.

(SEE
ADD CORROSION INHIBITOR|

DISt'ANTLE, CLEAN, 102-2-0003-1), AND
PARAGRAPH 3.3 OF PROCEDURETO MAINTAIN MARRANTY, A PACIFICn

REASSEMBLE PUMPS. PUMPS SERVICE REPRESENTATIVE SHALL BE CONTRAC*ED TO
~

SUPERVISE THIS EVENT.*

L

IF CONDITION OF NOZ2LES ARE SATISFACTORY THE'1 REINSTAL
.

'

; ~~s
b.

NOSELE AND FLANGE COVERS.
'

I'~
.

{.
-

, i

$ 3

' .
4

__m _ . . _ _ , , , . -
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1
' I4NG TERM STORACE INSTRUCTIONS

SEMI-ANNUAL INSPECTION5.4

5.4.1 GEAR CASE MONTH INTERVAL REMOVE INSPEC'" ION COVERAT EACH SIX (6) AND
(ITEM 3, PART NO. BM84858, GEAR DWG N800C)a

SPRAY GEAR ASSEMBLY WITH STANDARD OIL OF CALIF.
" CHEVRON RUST PREVE:CATIVE" OR EQUAL.

ROTATE GEAR SHAFT ONLY ENOUGH TO COMPLETELYNOTE:
COAT GEAR TEETH.

5.4.2 BEARINGS--MAIN PUMP

REMOVE TOP HALF OF THRUST AND RADIAL BEARING HOUSINGS.
3

SOLVENT CLEAN ANY AREAS SHOWING SIGNS OF CORROSION ON
a

THOROUGHLY
SHAFT, THRUST SHOES, JOURNAL BEARINGS ETC.
COAT ALL PARTS '4ITH A MINIMUM OF 50 WEIGHT OIL ANDSEE MAINTENANCE MANUAL
REASSEMBLE BEARING HOUSINGS.POR DISMANTLING AND ASSEMBLY INSTRUCTIONS._

BEARINGS--BOOSTER PUMP5.4.3I,, *
REMOVE BEARING HOUSING END COVERS AND HOUSINGS I?AND INSPECT FOR ANY SIGNS OF CORROSIONa

ON SHAFT AND MISCELLANEOUS BEARING RETAINING ITEMS. SOLVE!C CLEAN ANY AREAS SHOWING SIGNS OF CORPOSION AND
NECESSARY)

APPLY A NON-OXIDIZING TYPE PRESERVATIVE AS DEFINEDSEE MAIN"ENANCE
IN PARAGRAPH 5.2.1 nF THIS DOCUMENT.
MANUAL FOR DISMANTLING AND ASSEMBLY INSTRUCTIONS.

! 5.4.4 LUBE OIL PIPING
'

REMOVE LUBE OIL FLANGE COVERS AND INSERT SHELL OIL
-

(OR EQUAL) CRYSTALS.
THESE CRYSTALSa

CO. V.P.I. 260 VAPORIZE WITH TIME AND SHALL BE REPLACED AS REQUIRED.
.

(PARA 2.lb)
CRO.45-OVER CONNECTING PIPE5.4.5
OPEN BOXING AND REM 31E CONNECTING PIPE FLANGE COVERSPROCEED AS
AND VISUALLY INSPECT INSIDE OF PIPE.

a

INSTRUCTED IN PARAGRAPH 5.3.1 OF THIS DOCUMENT.ALSO, REPLACE DESICCANT WHICH IS ATTACHED TO FLANGE
-

REPLACE WITH DESICCANT SUCHCOVERS AS ICCESSARY,-

-
AS: W. R. GRACE CO.*

80 UNIT DESICCANT*

PROTEX - SORB 88
MIL D-3464D TYPE 1

.

.

;

O-
', t
i1
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IONG TEPJi STORAGE INSTRUCTIONS
'

6.0 OPERATION:

PRIOR TO ACTUAL OPERATION BOTH THE PUMPS AND GEAR SHALL BEDISASSD*. BLED , VISUALLY INSPECTED , REBUILT (IF NECESSARY DUEAND REASSEMBLED AT THE6.1

TO CORROSION AND/OR HANDLING DAMAGE) SERVICE REPRESDCATIVE.
DIRECTION OF THE PACIFIC PUMPS'

i

i

d

i

f
.

'[
PREPARED BY: ., e

APPROVALS:
O_a..

- ENGINEERING
.

id^ r

PRODUCT ENGINEER

4 ." 21 -

SERVICE MANAGER
~r

.

.

..;

i('
i

-

-;

$ ree aame

_ ..- _
_
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h-ACCESSllATCilENTRY h-IIEATERCORD

@-ACCESSIIATCllDOOR
h- IIEATER

-

f
h- JUNCTION BOX (TEMPORARY SillPPING l.0 CAT 10N) h- JUNCTION BOX {

h-CONDulTSTilB h- RED I.ICIIT

h-ELECTRICALLEADS
h-INCOMINGCONDUlT (BY PURCllASER)

f
*
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% AIR HEATERS'
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% 2A754A118 IS50W 120V, 50/80 cydes Extemal 1 GE4064-1,

2ATSSE320 2000W, 208V 30/80 cycles Manual 2 3

2A75SB220 2000W, 240V, 30/90 cydes Manual 2

2A758B330 3000W, 304V S0/00 cydes Manual 2
* G 6M

1A7SSC230 3000W, 20eV 30/60 cydes Automatie 3

Mannaf 2
2ATSSB230 3000W. 240V. S0/60 cydes

Automaue 3 I-
% I 2A75SC230___ 300057~ 240V, 50/60 eveles i

'

2A758A340 4000W, 20$V 50/04 cycles External 1

2A75SC340 4000W. 308V, 50/80 cydes Autaanstae 3
CE4124-1*

2A75SA240 4000W, 240V, 50/00 cydes External 1,

- 2A75SC240 4000W, 240V, 50/60 cydes Automatie 2 ,

I

2A75SA248 4800W. 240V, 50/00 cydes External 1 'I3*

2A75SC244 es00W, 240V, 50/80 cycles Automatie 3|
'

.

DESCRIFTION

The General Electric Emeter units above are the
huse. Housing and base are finished with baked
======l Each urut is equipped with Type HS in-

emme in phreneal appearance and are contained in malated cordset and standard UL listed 3 prong plug.
She asses stee tw=*g See the ====artate for data As imeleeted in the table above, same units have

to the antL
samspises dev6es esasissa of a G-E Calrod

so integral tasaperature controls and should be con-
a pre fan: a G-E sected to EXTERNAL sentrol devices. some aretutudar heating undt:'--- nester: and a equipped with 2-peettien switet: $st MANUAL con.

teneEP sumeissed '__, trol; and some contam a therseestat for AUTO-
Snurm al suasus ist ;; ; assinst everheeting.

MATIC sentrol, . _

The seampeasst perte arv noeunted within a heavy.
sange semel housing supperiod by a Sermed sessi# ,

, - - . - gg
( ,,,3,,-. -- .. _, a.-w.e_ g = 1 ,- g-.

. - - .c
\. - - ~ -

GENERAL @ ELECTRIC
. .

.-- _ - - - _ _ . _ . - _ _ . _ _ _ _ _ _ _ _ _ _
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This instruction manual is intended to assist in the realization )
of maximum service and efficiency from your Pacific Centrifugal

Pump. It is important that the Instructions are carefully
observed for installation operation, maintenance and testing.

! Pacific Centrifugal Pumps are designed by experts to give you

optimum performance for the service Intended. Mechanical

and hydraulic features have been incorporated in the design

concept to assure you of dependability, economy, and long,

trouble free operation.
|

Pacific's reputation for super *or design and construction is

!
backed by service centers throughout the world. Spore parts

and engineering assistance are avoilable to you should you

need them.
.a

in addition to the instruction monval several supplemental
)documents are included when applicable, depending on the

,.

-

porticular design chorocteristics of your pump. These may

include the following:
Cross Sectional Drawing

Seal Drawing (when applicable)

Material List
Piping Diagrams (when opplicable)
Alternate thrust bearing arrangement (when opplicable)

Kingsley thrust bearing arrangement (when applicable)

Foundation Plan
Orifice drawings (when applicable)

PACIFIC PUMPS
DIVISION OF [8[[8[8 INDUSTRIES

. . ,

.) )
HUNTINGTON PARK, CALIFORNIA

-a.

- - . - - -- - - - . _ _ _. . _ _ _ . . _ _ _ _ _ _ _ . , _ . . _ . _ , , , _ , _ _ , . .
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OPERATING / DESIGN CONDITIONS

Main Pump

4250 CPM
Flow

2500 Feet
Differential Head

4000 RPM
Speed

40-1400F
Tempers *.ure of P.mpage ,

3620 BHP
BHP @ 1.0 Sp. Cr.

..

1500 PSIC
Max. 'Jorking Pressure, Casing

2250 PSIC
Hydrotest Pressure w/o Mechanical Seals

i
!

.'

I
i.

-( Section 2 Page 1
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PACIFIC TYPE RHCNDS

CENTRIFUGAL PUMPS
_

The Pacific Type RHCNCS is a horizontal pump constructed with a double volute case, axially split.The
impellers may be either the single inlet or double inlet type. Suction and discharge nozzles are cast integral
with the lower half pump case. Sleeve radial and Kingcury thrust bearings are pres:aare lubricated.
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Section I
C Installation
(

>

, . ,_,,, 7. ,?A. LOCATION OF PUMP
@g @P, .,! , * f ',.,,/

c , 's .

1. The pump should be located as near to the
,

>

.=. ,

l,iquid source as possible. ' '' I ,#*
,' . , . e.1 ,,

2. Head room should be provided for the use '.y ."..' .sI.'#h5
~ ,

of hoisting equipment. h. , e . -
s.

.
.'.., ,

a,' ", .r, . , ; , . i-
3. The unit should be accessible for inspec-

,

, 7{, , > * ,.y ' . ~ #>
. ' , $.,. , j' , e, e, . ,,

tion during operation. ,

* *, ;,* i (4,f :c_ '' A4. It is necessory for satisfactory operation *i e ,

,'
that sufficient net pcsitive suction head . ' . ~ , . , . , ,

(NPSH) be available at the pump suction
. . | , ',

f,. , -
e

(Net positive suction head is the '. - ! '- ,' . . -

fionge.
total head in feet absolute, determined at the ,,; , s . .'* e

.F+% .'.' ae 4 ,
suction nozzle and refer. red to detum, less the . . . . ,

, , ' *'Li.,U',, '.', t '/. 'l'
'

vapor pressure of the liquid in feet absolute.)
.,

, P. ,7~ *
B. FOUNDATION (See Fig.1) ,

Concrete foundations builton solid ground are
the most satisfactory. Foundation bolts of the ygg, j

( specified size should:be located as shown on
the foundation drawing. It is recommended
that each belt be fitted with a pipe sleeve C. LEVELING BASEPLATE (See Fig. 2)
approximately three diameters ferger than the 1. Locate leveling plates and shims en both
. bolt and with a washer to support the heed of sides of each foundation bolt end in the cen-
the belt in the sleeve. After the concrete is Allowter at the pump end of the basepicte.
poured, the pipe sleeves remain in place while a minimum of one inch between the beseplate
the bolts may be shifted forelignment with the and the foundation for grouting.
holes in the baseplate,

'
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Fig. 2 Leveling Baseplate( 5

-- ...

-.

"6

*'-*W' 8"4 ** % +.pge,- 4 og g g%m,, ,,, ,_ 8

# * *' ***C .v.. . _ _ _ _ _ ,



-. . - . . - . . . . . . . . _ _ _ ...T, _

_ _ .,_ _ .__, _ .
.. .. .~~ .

. . _.

.

- . . _ .

)
2. Level baseplate across driver pads using
shims et the foundationbolts on the driver end. )
3. Level baseplate across pump pads using
shims at the foundationboltson the pump end.

4. Level baseplate lengthwise using shims at -

the center on the pump end.

5. Tighten nuts on the foundationbolts even-
ly but not too firmly.

D. GROUTING
1. Build forms toconfine the grout. The forms
must be securely anchored and shored.

2. Remove water and waste material from
foundation bolt holes and clean off and domp-
en the foundation slab.
3. Pour grout through holes provided in the
baseplate.
A recommended grout mixture is one part iron
base aggregate, one part Portland cement and

clean sand by weight. Ap-
one part coarse,/4 to 2 gallons of clean waterproximately 1-3
is required for each 100 unds of mix. Use
sufficient water to make t mix placeable. '

4. Removeair pockets byworkingand rodding ) -}

the grovt through holes in the baseplate.

5. After grout is set, tighten nuts on the foun-
dation bolts. Do not remove leveling plates
and shims.

!
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Fig. 4 Aligning Pump and Driver

4. To check clignment, clamp the dial indica-
ter to the pump half coupling and take read-
ings on the outside diameter and the face of the
driver coupling hub.

If a steam turbine is used and is footNOTE:
mounted, alignment should be made with the

if alignment is made with the tur-turbine hot,
bine cold, the turbine should be set low by the
distance specified bythe turbine manufacturer.
A suggested turbine setting is .00ainch low, or

e

.016 inch total indicator reading.
drill and top holes in the driver$. Scribe, Install

pads for the driver hold down bolts. then
the hold down bolts and drew up snugly,t

*
re-check clignment.

G. PIPING
1. Both suction and discherge piping should
be as short and direct as pessible. There should
be a minimumof bendsand fittingsand the bends
should be made with a long radius, when pos-
sible.
2. Piping should be adequately supported near
the pmp to prevent strainsbeing transmitted to
the pump when tightening the fionge bolts.
3. Pipes at the suction and discharge noz=les
should be as large or forger than the openings

-

in the pump.

H. SUCTION PIPING (See Figs. 5 through 8)
,

F. ALIGNING PUMP AND CRIVER(See Fig.4)
1. Suction lines must be free from pockets or
high spots in which g: or vepers may be en-

1. Clamp a dial indicator on the dnver ha1fThe indicator bracket must be ng,dtrapped.i

2. In horizontal lines leading to the pump,coupling.to insure occuracy of the dialindicator read,ng.
i

2. Set the indicator button'on the face of theonly eccentric reducers should be used.
,

hub and align the fa:es pere!!al at all points. 3. The suction line must be free from air iecks
3. Set the indicator button on the outside dia-and adequate provisions should be mcde for the

meter of the , pump coupling hub and aligi thehubs to within .002 inch total indicator read-
-
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Suction Line Configuration to Eliminate Pockets or High Spots (Example 1)
-

IFig.5 .

!
i.

VAPOR POCKET O L i' '

O '
'

}
'

'k (_ D t

'

-- _.

hh-M j
:

~

'u {} )
"n - ,r-

.

CORRECT
INCORRECT

)

Fig. 6 (Example 2)
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I

i
to the pump.

expansion of hot lines.
3. In all applications, provisions should be >

. 4 It is recommended that a temporary screen I

( be installed in the line at or near the suction
made for recirculating a portion of the liquid

nozzle to catch scale orotherforeign material. to prevent overheating of the pump while oper-
|\_

A pressure gauge installed on each side of the ating at reduced capacity.
|

screen may be used for measuring pressure drop
J. AUX!LIARY PIPING

,

ocross the screen.

5. When a strainer or footvalve isused on the
When =uxiliary piping is to be installed by the

>

inlet end of the suction line, the free area cuswmer, the size and location of all pipe
through the strainer or volve should be three openingswill be shown on the foundation drow-"

to four times the creo of the suction pipe. ing.

1. DISCHARGE PIPING CAUTION

1. On some installations, a check valve and if unit is equipped with breakdown bushing as-

a, gate volve may be requ, ired in the dischargesemblies and condensate is used for sealing,
line. The check volve is used to prevent II- the condensate must be clean and free from
qued from running back t,nrougn the pump in scale, abrasive or other meterial that would
case of failur,e ,of the driver. The gate volve either clog the clearance ces or demoge the

is used in priming, startmg and when shutting bore of the breakdown bu ings or the surface
down the pump. of the shaft sleeve. A filter or o fine mesh

screen shouJd be installed in the condensate2. When volves are required in the discharge feed line to the seals toinsure clean condensate.
line, they should be located as near as possible

&
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and re-tighten finger tight. ]
K. STUFFING BOXES 5. If possible, rotate the shaft a few times by
When installing packing, carefully reed the in- hand. if a lentem ring is i;ed, make sure it is )
struction sheetincluded in the packing corton. Installed so that odequate lubricating liquid
h following procedures are generally recom- will pass freely to the rings.
mended for peking installotion: 6. Referto Section!!- A. Preparation for Op-

.

1. Install the first packing ring and tamp It to erotion, for additional stuffing box requireme nts.If required, o suitabletk bottom of t6 box.
lubricant may be applied to each ring.

L. CONNECTING PUMP AND DRIVER
2. Insert a split sleeve or equivalent number
of metal rings and compress the packing ring 1. Afterpipi g is connected, check olignment

by tightening the stuffing box glo d firmly. of pump and driver os outlined in Porograph F.

3. Bock off the gland and remove the sleeve 2 Wh pu is .in olipment, tighten dr. eriv

Repeat steps i and 2 aboveor metal rings. *

for each ring, making sure to stagger the joints 3. Chek rotation of driver to be sure that it90*. If a lantem ring is used, install the lon-
tem ring as shown on the ossembly sectional

ogrees with pump rotation. I
ponddriver half

drawing. 4. Install spacer 6 tween bch require lubrico-
couplings. For couplings w

4. After the box is pocked, tighten the gland tion, refer to the coupling manufacturer's man-
firmly and evenly and let the packing stond for vol for lubrication instructions,
5 to 10 minutes. hn, loosen the gland nuts

d

'

Section 11 c; )

Operation

A. PREFARCION FOR OPERCION the pump has run for 10 to 15 m. utes, take upin

slightly on the gland nuts.
Ful the oil reservoir to the inii- Do not overtighten the gland, as this1. NOTE:cated level with lubricating oil. A high will increase the rate of wear and may cause

grade turbios oil having a viscosity of scoring of the shaft. Enokage will usually de-
250 ssU at locCP is reccs:meoded. *''*** #* ' * N * Y' P'" "*

2. C6ckmetaltogsorplatesottochedto cool- 8. In high tempemture applications, it is od-

f
ers, filters and auxiliary equipment and follow visable to re-cMck olipment offer the pump

' instructions specified thereon. has been warmed up.
3. Circulate woterthrought6coolingsystem
if used. Inlet and drain connections on eachA STARTING

f pmp are identified with metal tags. 1. If pump is above the level of the liquid toif the
4. Admit lubricating l.iquid to seals or pock- be pumped, close the discharge volve.

,

I .

ings that require lubricotton. pump is below the level of the liquid, open
the discharge volve 1-1/2 to 2 tums.

5. Start tM pump following instructions ov.- 2. Prime tb pump. All air and vapor mustlined in Paragraph 8, below. be removed. N pump ease and suction pipe
c

;

6. Chek leakage from tk seals or packings. must be filled with liquid before the pump is'

if packing leakage is not odequate, o few started up.
light tops with a hommer on the gland will Pumps that are modified to function b _)usually upset the packing sufficiently to in- os hydraulic turbines must also k primed and '

NOTE:
crease the leakage to the required amount. filled with liquid before starting. If two tur-
7. If lookoge rate is more than required after

i

| 10
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bines are used on a single installation, both nection may be used to by pass sufficient li-
quid to prevent overheating and vaporizationturbines must be primed. of the liquid in the pump.

3. If the pump is fitted with a flushing line,(... open the line and admit flushing liquid to the D. OPERATING ROUTINE
seal chamber for 10 to 15 minutes.
4. Start the driver and bring the pump up to 1., Check bearing temperatures periodically,

If there is overheating, check the oil level in,

speed rapidly. the reservoir nd the iltemPeroture. When
5. As soon as the pump is up to full speed, ent tempemture is norm I, the sump tem-m

- oP*n'the discharge valve slowl . Do not let Peroture should not exceed 165cF on pumpY

the pump run with the discharge volve eIoned. equipped with ball bearings. On pump with
Kingsbury or sleeve type bearings, the temper-6. Check pressure gauges on each side of the ature at the cooler outlet should not exceedtemporary screen in the suction line. A pres- 140CF.sure drop across the screen indicates it is be-

coming clogged with dirt or scale. In this 2. Check seals or packings for leakage.
case, the pump should be shut down and the 3. Check circulation of the cooling system, ifscreen cleaned or replaced. A clogged screen

used. Cooling requirements will vary accord-een cause damage to the pump.
ing to the ambient temperatures encountered.

7. The pump should be shut down if it fails to>

develop its rated discharge pressure at operat- 4. Check suctionanddischarge pressure gauges
ing speed, or if bearings overheat or there ,s if the differential pressure drop critically, shuti

j undue vibration or noise, down the pump at once.

C. OPERATING AT REDUCED CAPACITY E. STOPPING
If the pump is connected to a constant speed The pump should'oe shut down rapidly to keep
driver, cocacity can be reduced by throttling liquid in the pump and vent parts fremseiz-

!

the disenerge. If the pump is connected to a ing. After stopping the river, close the dis-
variable speed driver, reduct, ion of both the charge valve and then the inlet valve, in that

| {. head and the capacity cen be accomplished order. When Pump are operating in parallel,
,

either by reducing the speed or by throttling it is sometimes necesscry to clese the discharge
volve immedicrely citer stopping the driver to* * 9''

| When throttling the discharge, a by pass con- pevent reverse rotation.
.

.

Section 111'

Trouble Shooting Information
.

Operating troubles and their probable causes-

are as followss
B. INSUFFICIENT DISCHARGE(

A. NO DISCHARGE
1. Wreng direction of rotation.1. Wrong direction of rotation 2. Svetion line not full of liquid.

2. Pump not primed.
.

3. Suction line not full of liquid. 3. Air or vapor in suction line.
4. Air leaks in suction line.

o! 4. Air or vapor in suction line. 5. Svetion line not submerged enough.
5. Suction pipe not submerged enough.

6. Available NPSH not sufficient.
'

6. Available NPSil not sufficient. 7. Pump not up to rated speed.
,

;
7. Pump not up to rated speed.

8. Too much head.i
8. Too much head.

{
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G. BEARINGS OVERHEAT -)C. INSUTTICIENT PRESSURE

1. Air or vapor in liquid. 1. 011 pressure too low. ,,

2. Improper or poo grade of oil. )
2. Pump not up to rated speed.

3. Dirt in bearings.
3. Wrong direction of rotation.

4. Dirt or moisture in oil,
4. Mechanical defects: 5. Failure in oiling system.

s. Wearing rings worn.
6. Bearings too tight,b. . Impeller damaged.

c. Internal leakage. 7. Misalignment.

D. CAVITATION AND NOISE
H. VIBRATION

1. Air or gas in liquid.
2. Section line not filled with liquid. 1. Suction line not full of liquid.

3. Suction line not submerged enough. 2. Air or vapor in suction line.

4. Available NPSH not sufficient. 3. Misalignment.

4. Worn or loose bearings.
5. Rotating element out of balance.
6. Shaft bent. .

E. PUMP LOSES SUCTICN ATIER STARTING 7. Foundation not rigid.
8. Vibration in the driver.

1. Suction line not full of liquid. Wrong location of control valve.9.2. Air leaks in suction line.
3. Air or vapor in liquid.
4. Air or vapor in suction line.

Suction line not submerged enough.5.
6. Available NPSH not sufficient. *x

.., .)
F. EXCESSIVE POWER CCNSUMFIION

1. Speed too high.
2. Insufficient head.
3. Mechanical defects: *

a. Misalignment

b. Shaft bent.
Rotatir.g element dragging.c.

d. Wearing rings worn.
4. Specific gravity or viscosity of liquid

peped too high.
.

SECTION IVI

'

MAINTENANCE

l
-

DISASSEMBLT (See Sectional Drawings)
I A.

The correct sequence for complete unit disassembly is outlined below:
It is not necessary to disconnect suction

1. Disconnect auxiliary piping.
and discharge piping.

. .

12-
.

m.

_
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Remove driver coupling spacer and pump half coupling (2), dual drive2.
spacer and coupling (104).

Turn mechanical seal retainer place (1065) into groove in shaft sleeve(* 3. (443) and lock in position. Loosen or remove set screws and loosen'
shaft sleeve collar (976) (both seals).
Loosen set screws holding deflector rings (7) and slide deflectors back4.

._..against shaft sleeve collars.

BEARING DISASSDGLY

TERUST REARING

Dismantle Kingsbury thrust bearing in the following sequence:3.

Remove end cover-to-bearing housing cap screws and slide enda.
cover (61) with stationary oil baffle (129) and gasket
off and of shaft.

9

Remove thrust bearing housing upper-to-lower cap screws and liftb. off top half bearing housing (62) with top half stationary oil
baffle (48) .
Remove outer reta'iner place (326) with oil seal ring retainer (49),

c. oil seal ring (55) and seal ring (674) .

Remove outer thrust bearing assembly (54) thrust nut cap screw,
(59), thrust collar (57) with key (309), thrust collard.'-

thrust nut
spacer (76), inner thrust bearing assembly (54), oil control ring
(883), inner retainer place (89) and top half sleeve bearing (51)
with dowel pin.

I Roll out lower half stationary oil baffle (48) and lower halfa.
sleeve bearing (51).

Remove dowels, housing-to-case stud nuts and bottom half of
f.

bearing housing (62) with gasket,
;

Slide deflector rins (7) off shaft.s.

RADIAL BEARING

6. Dismantle radial bearing in following sequence:

Remove upper-to-lover bearing housing cap screws and lift off top
half bearing housing (13) with top half of stationary oil baffles| a.

(48) and top half bearing sleeve (63) with dowel pin.

Roll-out bottom half oil baffles (48) and bottes half bearingI

Remove bearing housing-to-case taper pins and studb.
( sleeve (63).Remove bottom half bearing housing (13) with gasket.., nuts.

~
,
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Slide deflector ring (7) of f shaf t.
)c.

Remove the mechanical seal assemblies as instructed in the sa:a1 maintenance87.
section in this manual.

Remove top-to-bottom case capauts and lift off top half of case (37).8.

Lift out rotating element and dismantle in following sequence:9.

Remove case wear rings (226) and (258) .a.

b. Remove seal shaft sleeve key (439).

Remove packing box bushing (228) and pressure reducing bushing (65)
with "O" ring (1060) and radial and packing box bushing (227) .c.

d. Remove impeller locknuts (678) and (238).
.

Remove impellers (28) and (1150) and impeller keys (246) anda.
(276). '

t
Slide off case spacer (463) with bushing (337) and "O" ring (1131),

f.
and spacer sleeve (1061).

B. INSFECTION A!G REPAIR d

Particular attention shouldClean all parts and inspect for weer or damage.1.
be stven to the following: )

Check condition of wearing rings (258) and (226).a.

Check condition of case spacer bushing (337). Replace, ifb.
necessary, by removing set screws and pressing out of case spacer.
Install new bushing by cooling with dry ice and press into case

Drill and cap at assembly case spacer (463) and bushing s;

C:M.c all set scrc::s' '
spacer.
(337) for set screws at joint of two parts.
t:; ci replaccuer. . ,

spacer sleeve (1061), i=peller locknuts (678) and (238),. .
Inspect
pressure reducing bushing (65), and packing box bushings (227)

c.

| and (228); replace if worn or damaged.*

Check bearing shoes and journals for wear and damage.
.d .

Check shaft (1) for straightness by mounting in well oiled sleeve
bearing halves and rotating. Use a dial indicator to check.

e.

Total indicator reading should be within 0.0015 inch.

C. PEASSDGLT

Assemble rotating element parts o.s shaft in following sequence:1.
Install center impeller spacer sleeve (1061) and insert impellera.
and spacer sleeve keys (276) and (246) into keyways.

%..

i )
i
: . -14
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b. Slide impe11ers (1150) and (28) into position.

NOTE: THE DIECTICN OF CUAVAIURE OF THE IMPELIIR VANES MUST BE AS( SHOWN IN FICURE NO. 9.
.

Thread on and tighten impeller locknuts (678) and (238).c.

Check concentricity of rotating element by mounting in well oiled sleeve2.
bearing halves and measuring with a dial indicator. Turn shaft slowly
by hand and take readings at impeller w.aring surfaces, spacer sleeves ,.

and impeller locknuts. Total indicator reading should be within 0.0015
inch at all points.

3. If indicator readings exceed 0.0015 inch, possible causes are:

Shaft not straight.a.
Abutting (end) faces of impeller hub, impeller locknuts and spacerb.
sleeves not square with shaft centerline.
32rrs or dirt particles on above faces.c.
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Fig. 9 Direction of Rotation in Relation to Fig.10 Checking Concentricity of

Curvature of Impeller Vanes Rotating Element
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When the rotating element checks straight and true:4
)(238) and suction impeller (28).Remove impeller locknut

Slide case spacer (463) with bushing (337) and "0" rint (1131)a. '
b.

over center impeller spacer sleeve (1061).
Install suction impeller (28), impeller locknut. (238) and slide
pressure reducing bushing (65) with "0" ring (1013) over 2nd stagec.

impeller locknut (678).
Slide case wear rings (221) and (258) over impeller wearingd.
surfaces, Stake screws
Install shaft sleeve (439) with flat head screws.s.

into place,
Slide packing box bushing (227) into position over locknut (238).f. Install rotating element in lower half of case (37).3

The following operations are required to check axial alignment of5.
the impeller and radial alignment of the shaft.

DO NCI INSTALL SEAL ASSEMBLY AT THIS TIME.NCII:

Assemble thrust bearing and housing as indicated under thrust
} bearing assembly section, but do not install top half of sleevea.

Tighten bearing housing to casing bolts evenlybearing and housing.
but not too firmly.

Assemble radial bearing And housing as indicated under radial
bearing assembly section, but do not assemble the top half of theb.

sleeve bearing and housing at this point. Tighten bearing
housing to casing bolts evenly but not too firmly. -)-

Check to see that impellers (28) and (1150) are centered in case
.

If the impellers are not centered, adjust locknutsc.

(37) volute.
| (236) and (678) by loosening one and tightening the other, toIf impe11ers are centered,| . bring the impe11ers to center.
| 2 tighten locknuts firmly.
|

d. Install top half of case (37). New gaskets should always be used
, and should be of the same material (1/64" asbestos with Buna Binder)

as that originally installed in the panp.
,

4

Verify that parting flange studs are clean and install capauts as' ;

j indicated on bolting sequence drawing DBC-45768.
e.

'

Rigidly clamp a dial indicator to the pump shaft and check for
| concentricity between the shaft and packing box bore at each endf.

Make adjustments by tapping the edge of the bearing|

housing flanges until total indicator reading is within 0.006 inch.
of the pump.

' When accurate elignment is established tighten the flange bolts|
'

firmly.

WHEN DIMENSIONS OF TFE PUMP DO NOT ALIDT FOR CONVENIENT
USE OF A DIAL INDICATOR A DOWEL PIN OF THE APPROPRIATE SIZE CAN
NOTE:

f ADJUST
| BE USED AS A GAUGE BEIVEEN THE SHAFT AND PACKING BOX BORE.,

| THE BEARING HOUSING, BY TAPPING, UNIIL THE DOWEL PIN PASSES AROUND, -

THE SHAFI WITH EVEN PRESSURE OR DRAG.
4

)'

.

4
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Check to see if the devel holes in the bearing flanges are in j
If the holes are in* g.

line with the holes in the case flanges. |

line, install the devels. If the holes are not in line, taper '

( ream the holes to the next larger size and install new taper.) dowels.'%

h. Dismantle both bearing housings.

Asse=ble and install mechanical sesis at each and of pump as instructed6.
in the mechanical seal maintenance section.'

REARING ASSEMBLY

TERUST BEARING

7. Assemble Kingsbury thrust bearing in following sequence:
F

OIL ALL BEARING SURFACES WHEN ASSEMBLING.'

NOTE:
.

Install bottom half bearing housing (62). Line up bearing housing
to ptzsp case carefully with taper dowels and tighten bolts firmly.

a.

Install bottom half sleeve bearing (51) and bottom half stationary
into housing.oil baffle (48) by rolling around shaft.

s

Install top half bearing sleeve (51), inner retainer place (89),b. oil esnerol ring (883), inner thrust bearing (54), thrust collar
spacer (76), thrust collar (57) with thrust collar key (309)

- and thrust nut (59).
FWCMUM

THE THRUST COLIAR MUST BE PERPENDICULAR TO THE SHAFT.NCIE:
TOTAL INDICATCR READING SECULD BE 0.002 INCH.

Install outer thrust bearing (54) and outer retainer place (326)
with retainer (49) oil seal ring (55) and seal ring (674).c.-

.

Install top half bearing housing (62), top half stationary oil
baffle (48) with dowel pin and end cover (61) with oil baffle (129).d.

,

Position deflector ring (7) and tighten set screws to shaft.< i

f
e.

All thrust bearings require axial end play to allow for oil film
.

l
l f. Normal end play is established at theand thermal expansion. However, if da= age

factory and should not require any adjustment. should be measured.Las o: curred or a worn condition is suspected, it

With :he thrust bearing housing asse= bled, bearing and play can bethe coupling endmeasured with a dial indicator placed against
of sh af t or a deflector ring (7) which has been set screwed to

Push the shaft fi:=1y one way against the thrust bearingshaft.
and nice the indicator reading. Push the shaft the opposite way

The difference between theand a ain note the indicator reading.
two s.9ould be within 0.012 to 0.016 inch.

*
.
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When new sleeve bearings are insealied, holes must be drilled, reamed,Use the holes provided in ,)8. and devels installed in top half of sleeve.
top half of bearing housings as a guide for drilling. }

RADIAL BEARING

- Assemble radial bearing in following sequence:9.

01L ALL BEARING SURFACES WHEN ASSDSLING.' NOII:

Install bottom half bearing housing (13). Line up bearing housing
to casing carefully with taper dowels and tighten bolts firmly.s.

i

Roll bottom half sleeve bearing and oil baffle (48) into placa.I

Install top half bearing sleeve (63) with dowel and top half
,

bearing housing (13) with top half oil baffles (48) and dowel pin.b.

Position deflector rings (7) on each and of pump shaf t by pushing
i

deflector ring tight against stationary oil baffle (48), then pull10.'

deflector ring back 1/32 to 1/16 inch and tighten set screws to shaft..

8

Turn
Tighten shaf t sleeve collar (976) set screws on both ends of pump.out of shaft sleeve groove and lock into position11..

retainer (1065) 180so that it will not interfere with rotation of the shaft sleeve during
enormal operation,

Press on pump half of flexible drive coupling as shown in coupling .12.
instructions at and of manual. J

correct if necessary, and install coupling spacer.
.

13. Check shaft alignment,
f.

.

i 14. Install auxiliary piping.
'
.

I D. PARTS CRDERING

When ordering parts for spares or replacement the following information must
be given:

Pump size, type and serial number as given on nameplate.1.

2. Quantity of parts.

Part name and number as shown on cross sectional drawing.3.
(

! 4. Complete shipping instructions.
,

.
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E. HECHANICAL SEAL MA:::CENA?CE
:

1. Re= oval of eeal Asse=biv fre= P.:mo
k.

,

In order to understand the following, reference must be made to the |-

seal assembly drawing C.15962.

To remove mechanical seal for inspection, it is necessary to first
re=ove the ce=plete bearing asse=bly, including housing. If the
seal to be inspected is on the coupling and of pump, the coupling
(2) must' be removed prior to dis =antling the bearing.

Proceed as Follows:

NOTE: WHEN HANDLING SEAL PARIS AND ASSEM3LIIS, EN CARE IS
REQUIRED TO AVOID DAMACE.

* a. Remove seal flushing piping to seal place.(375).

b. Turn retaining plate (1065) into groove in shaft sleeve (443)
and lock in position by tightening cap screw,'

Loosen set screws in shaft sleeve collar (976).c.

d. Remove cap screws holding seal plate (375) to casing (37).

Slide seal assembly off of shaft and re=ove to bench for inspection.e.

2. Disassembiv of Seel Parts

Remove shaft sleeve collar (976) and "O" Ring (656),a.

b. Loosen cap screw and turn seal plate retainer (1065) out of shaf t
sleeve (443) groove and retighten cap screw to keep retainer
out of the way.

Carefully slide shaft sleeve (443) out of seal place (375). Layc.
seal place on bench with stationary seal insert (2) up. Slide

,

rotating seal ring (3) off of shaf t sleeve and place on bench
face up. NOTE: DO NOT ALLCW EITHER SEAL RUBBING FACE TO CCNTACT#

ANY CBJECTS, AS THE SLIGHTEST NICK CR CHIP WILL RENDER THDi
USELESS.

d. Slide remaining seal parts off of shaft sleeve ip the following
order after loosening sat screws (S) in seal collar (5) . Seal
"O" ring (P), coc:pression ring (4) and seal collar (5) with

*

springs (C).

Carefully slide stationary seal insert (2) out of seal placee.
with fingers by pulling parallel to seal plate bore, and lay
face up on bench. Re=ove insert "O" ring (63

,

3. Inspection
!.

a. Insp ct insert (2) and seal ring '3) faces for chipped, nicked1 e
scratched, grooved or heat checke.1 surfaces. Surfaces not frec
of these defects and which are not perfectly flat should be

( replaced.
.
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Inspect insert "0" ring (6), seal "0" ring (P) and shaft sleeve
3

"0" ring for deteriorstion, scratches, gouges, etc., on allb.
/

or either part is
sides. I,f any of there defects are apparent, Best practice is
misshapen or crushed, they must be replaced. NOTE:
to replac.e all three parts when seals are disassac. bled.
NEW PARTS MUST A150 BE GIVEN THE SAME CARETUI. INSPECTION.
Clean and inspect shaf t sleeve (443) for scratches, wear, etc.,If not free of damage or wear,c.
at the seal "0" ring contact point.,

it should be replaced.

Clean and inspect bore of seal plate (375) at the insert
"0"

The surfaces must be free of pitting,d.
ring (6) contact points.
gouges, scratches, etc.

Inspect parts C S, 4, 5, 597., and 976 for general appearance.
If any appear to be worn irregularly, misshapen, or fit poorly,e.

they should be replaced. ,.

~

! 4. Mechanical Seal Assembiv

Smear a small amount of glycerin in seal plate bore an,d carefully
(2) with "0" ring (6) into seal plate (375)'s .

f Carefully wipe clean,push seal insert
until "0" ring botto=s against seal place. lint free cloth.rubbing face of seal f,nsert (2) vien soft,
Using a depth micrometer measure the distance from seal inner
place face to rubbing face of seal insert face at four placesRe.adings sh m id all *E m wichia
around circumference of seat.
plu: cr =inus 0.001f inchas.

Install parts C, 4, 5, and eighten set screws (S) on shaft sleeveb.
(443)'.-

Smear a small amount of glycerin on shaft sleeve shoulder and slide
-

"0" ring (P) and seal ring (3) onto shaf t sleeve af ter carefullyc.
lint free cloth.wiping all seal faces clean with a soft,

sleeve
Carefully, so as to avoid nicking or chipping, slide shaftCompress complete assemblyd.
assembly into seal plate (375).6

against seal springs and turn seal place retainer (1065) into1

groove on shaft sleeve (443) and lock in place.
^

e. ' Insert shaft sleeve "0"
ring (656) into groove in bore of shaft'

l sleeve (443) .

Installation of comolete Seal Assembiv to Pumo5.
is mounted in shaf t with the

Verify that shaf t sleeve key (439) Install new seal place gasket (595)a.
fla: head machine screw. Insert|

on 2eal place and slide complace seal asse=bly onto shaft.
*

|

and tighten equally, the cap screws holding seal place (375) to'

. .

castng (37).
*

e

.
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Inscall shaft sleeve collar (976) and set screw to four placesb.
-on shaft sleeve.

DO Nor TIM LOCK COLLAR SET SCII'JS TO SHA7T AT IHIS TIME.

Install deflector ring (7) and bearing and housing ,comoletec.
_

as described in manual.
sleeve collar (976)Tighten equally all six set screws in shaftd.

against shaft. S ake set screws in place. Turn retainer platest
(1065) 1800 out of shaft sleeve groove and lock in place with'

CPERATICN 5.d MUST NOT BE PERF0FF3 UNTIL BEARINGcap screw. NOIE:
ASSEMBLY IS CCltPLETED AT 301H ENDS OF PUMP.

Replace seal piping.a.

t
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7. SEAC COUPII G EG:31X:CIO.~a
)

(Refer to Koppers form 01900-2 attached for complete data)
.

Removal or installation of couplings requires application of heatAn
as they are installed with an interference fit to shaft.1.

acetylene heating torch and puller asse=bly must be available at ;

time of dismouncing.

I

REMOy3

(Read completely before starting)
Slide coupling shroud as far

Unbolt and remove coupling spacer.
back as possible toward bearing heusing and remove all grease with2.

solvent.

Set up puller assembly so that book ends of puller may be quickly
positioned on back of shroud between coupling and bearing housing3.

after heatiDS. ,

Using a large tip acetylene torch, evenly heat coupling (hub only)Avoid coupling4.
by playing torch continuously around circu:sference.to perform this operation'It is i=portant
Sear teeth and shaft.
quickly to avoid excess heating of shaf t and thereby lose theHeat to approximately
advantage of expanding only the coupling. -

0 to 300* F. .)250

Quicky install puller asse=bly and withdraw coupling hub and shroudKeep the coupling hub sliding off shaf t5. Do Not Hesitate.from shaft.
as rapidly as possible to avoid heating of shaft.

1 INSTALLATION
1

1

(Read co=pletely before starting)
| '.

Thoroughly clean and inspect all coupling parts including keys,*

Cirefully remove any burrs on shaft bore, keyway
' 6.

bolts and gaskets. Excessive work onDo not work on bore except at burrs.and key.
bore will destroy the required interference fit.

Clean and inspect shaft. Carefully re=ove all burrs, including any
Do not remove any netal except burrs.i 7.

found in keyway.

Oil shaf t and key vich light oil and dust with a coat of Molybdenea8.
Disulfida,*

Ao 3,

.

i '"
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SEATT COUPLING INSTRUC'" CMS (CO:f!*?LC)

( 9. Lay coupling shroud, open side up, so that itis ,imediately ready
( to receive heated coupling hub. Gloves and lifting devices for

NCTII: MAIN PUMPpicking up heated assembly should be "at ready".
TO TUR5!NE COUPLI!iG IS A DT::AMICALLY 3 AIR;CED ASSEMBLY. ALL SHRCCDS,'

HUBS AND SPACERS ARE " MATCH MARKED" A:O MUST BE MATCHED AT RE-
ASSDSLY.

10. Heat hub with torch as in section #4 preceding.

Place heated hub into shroud (observing "=atched marks") and11. immediately lift into position and cap onto shaft with lead =allac.
Do iot Hesitate. Shaft will begin to absorb heat frem coupling
hub and loss of assembly clearance will cause hub to sei:e if
delays occur while positioning.

Position face of coupling hub flush with end of shaft.

I 12. Af ter coupling has cooled, check .nlisment of equipment.

Pack coupling with grease per instruction sheet attached and install13.
coupling spacer with gaskets and bolts.

4
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COUPUNG NOMENCLATURE

Ref r to GedEltAL INSTRUCTIONS (Fone 1900)

for buto5etion and Lubrication Inservctions

.

1

KOPPERS COF.PANY, INC.
Fest's Coupling Department;

| Baltimore 3, Maryland
- s

|
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When a spacer is used (to *eicrease shaft When a rigid half is used with e cowpfang .

(.
separation). oddificssol lwbricont is n ec es. hoif (for ongvlor misoGgnment anir or
sory. To the amount reenrod for th* floating shaft arrangements). tess 66ti.'

- COUPUNG CNLY (per column 7 or ICl. is ed.Uw % w W W ||
*

|

i

_ _ _ _ ,_ odd h omount required for SPACER
II'd **t Columaa 9 8' 3 2. iq

CNLY (per column I or 111 seultipEed by ,_Qb -

= #2 esse mig .e ** eme 6 /4% Ca.e % h.d e no.4h.d
-

q
the length of spacer 'eiinches.

ag -~ 3
ad hg oa-i/4 een.c4 e 3 = t/3 m Ca M Alesenau.)(.se==mJ

Cm M phe Jo a 3 = tM n " I*""" COUPLING HALFI""'"'
SPACgg "

~ APPROVED LUBRICANTS
1 o_.t.!!

Use o eineral base oil having a vucendy no Gente,c than IJO 53U (Scybolt Seconds Universol) or
hoovier than 1000 55U of 210*F.

DO NOT USE COMPCUNDED CILS
Use groose 'enteed of onlif *eitervol between lubrication eaceed: 2 monehs.

Grosses *

Attentic Refining Company AHontic Lubnenne (17
Ekhfield C3 Corporation Rocolube RR
$ hen Cil Company Shell Alvania Grease f2

Arnericon C2 Can,any Arnober 5 . Sinclair Refining Company Sincolwbe f1, or Utholine
Brooks Cil Company Leododen 273 Ught Multi Purpose Groose (2

Cties Service Petrolevm. bic. Troion Groose A.I
Conte.eneal Cil Company Conoco Swo ctube Secony. Mobin C3 Co Inc. So oren L.O or Kolrea 11

Eno standard Oil Comoony Fbros 3/0 or Nebuie 1 Standard C3 Ca of Californie Colol SA fl

Fiske Brothers Refirdag Connpony twbriplate $630 AA 5sonderd Cil Co. of bidiano Stanober Groose ~5*

Gulf Antifriction Groese il Standard Cil Ca of Chio Schio #77

Lycone Lwbricating Corapony Gystone /IS EP XX Ught Sun Cil Company Sun Ca f901 Groes.* Gwif Ca Corporation

. * Master Lwbricants Company Lubrike Grease M.34 Tesos Company Morfos il

Phittips Petroleum Company Phitwbe (1 Stock 401 Tidewater Anociated Cil Co. Tycol Alitho $10

Poco fibre Grease #1 Union CJ Co. of Californio Bou Roll () or Enobo |1
Pure Cit Connpany

' Greases nosed are in response to requests for spoofk recommendations. This Est is not complete end

C. ~ is not intended to restrict the use of equivalent Iwbricants monw(octured by comparses not fisted.
DO NOT U5E CUP GREASE

For oppCentions with temperotwres exceeding 230*F,
coneoct Koppers Com;any. lac., for specfic recommendatiore. .$s soes:

/*=*-8
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(This section supple =ents pages (1) through (7) of the general =anual and
requires reference to those pages for effective use.)

When leveling the base place prior to grouting, it is i=portant to
observe aligr=ent of pump shaf ting to the drive turbine shaft.1.

Main pump, booster and speed reducing gear, are furnished with 3/16"Shi=s
to 1/4" shims between mounting feet and base plate pedestals.
must be in place when leveling base plate and aligning to turbine
shaft.

in final.The following instructions assume that turbine is sat2.
position.

Laval and position base plate so that main pump shaft coupling hub isUse of a straight
parallel and centered to turbine coupling hub.
edge laid parallel to shaft on coupling hubs will be a sufficient',

preliminary check of centering. Couplings should be centered withinj 1/64" before grouting base plate.*

All pump and gear reducer shafts should be checked for level before
completion of base plate leveling and prior to grouting.

Check between all equipbent shaf t ends to assure that spacing is
equal to that shown on drawing FC-45768.

alata te grn" red aad we , ali.. ant with diel fadicaenr= .,

Begin )Whaa hana3. should be made per the general instruction manual page seven.
;- at the main pump to turbine coupling and work back to the booster

pump coupling last.,

.

Set main pump higher than turbine to acce==edate turbine ther=al-

'. Set high by the amount reco= mended by turbine manufacturer.
~

i growth.
0.004" (0.008"

Set speed reducing gearbox lower than both pumps by
total indicator reading) to allow for thermal growth.

A realigment with dial indicators must be perfor=ed once again
i

;
At4. after installation of all suetion and discharte eieing.

locating dowels should be installed
co=p}etion of this alisment,A final check of alignmentat til pump mounting feet.
should be made with all equipcent at mornal operating
temperature.

"Beddinr. In" of the bed plate and reinsation of certain pipiusA realign =ent of5. stressen will affect aligreent of all equip =ent. At this time
eqeipment should be made after severa. months operation.

*

the loca. ting dowels at pu=p =ounting feet will require taper reamingThe speed reducing gearbox should be doweled
,

to align both dowel holes.
at this time and not before.

.
.

: ,)
<

:
i
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LITTING INSTRtJCTIONS

..

cemolete unit - Main, Booster and speed reducing Gear (total weight1.
L .. 28,500 lba.)

Attach * rigging to base plate at four (4) points labeled V-Il on outline
drawing TC-45768.

-- Rigging should be positioned for a straight vertical lift oniv when
all equipment is a;tached to base place.

2. Beoster ou=o - Type DSK (vaight . 4,000 lbs.)

Detach shaft couplings and cc:znon auxiliary piping before lifting
pump separate from base plate.

Booster pmp may be lifted separate from other equipment by using
two (2) wire rope slings. Position a sling beneath each bearing*

housing bracket on punp casing, or use lifin: lugs VL-3 (two) as
i ghown on drawing TC-45768.

! 3. Main ou=p - Type REC (total weight . 10,680 lbs.)

Detach shaft couglings and co==on auxiliary lube oil piping before
lif ting pump separats from base plata.

. ain p=p *y be lifted se;*r:t: frr= other : ui;= t t; f:ur (4)M
wire rope slings. rosition esca sling under one of four lifting

|( lugs on pump casing. Lugs are labeled V-L2 on drawing TC-45768.,

4. Speed reducing gear - (weight , 920 lbs.)

Detach shaf t couplings and co==en auxiliary piping before lif ting
separate from M 1e place.

The speed reducing gear may be lifted separate from other equipment*

by actsching riggi.ng to (2) 5/S" eyebolts located on the top of
:;, gear casing.

.

J'

.

.
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M P S/N: k5-768
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shop w w g .69' PACIFIC PUMPS. INC. 65-770g .696 "5-772
M .698 PARTS LIST b5-TM

.

,

M -700 ,

, , , .

....m,.,wru .... w.. . -
. .u,.. w: |

-
--

, v. , .

N
013195 1 57 - 21 MP

1 1 1 MP 3 5 HAFT W/8 JHJ KING 58URY *
2 CPLG 4 F AST STO STWN PUMPCTUR PUMP 45

'

/
2 CPLG 2 1/2 FAST 570 STWN RMCHCGR PMP45 '

A24119 6 . 11
1 1 7 sRING DEFLECTOR A24119 6 ' 11
1 1 7 '1t!NG DEFLECTOR QUTER
1 1 13 HOUSING RADIAL BEARING UPPER HALF * M6371 013197 / 101

1 1 13 NOUSING RADIAL BEARING LCwER HALF * M7297 D13197 / 101

. 1 1 28 MP2 IMP LST STG RPM 4000 VT AC CLR .0 M7282 C15774 2' 3 317 60 MP

1 1 37 MP 1 CASE ELEV UPR HLF * SEE PARTL M/ M7299 D13192 / 2 MP

1 1 37 MP 1 CASE ELEV LOWER HALF SEE ITEM At M730C 013192 / 2 MP*

1 1 47 MP 13 BASE PUMP 45772 / 78 MP'

A24L29 6 11
t 2 2 48 BAFFLE ST A140 NARY OIL 2 HALVES,

1 1 48 BAFFLE STATIUNARY OIL 2 HALVES A23129 6 11
A24124 3 14

1 1 49 RET AINER OIL SE AL RING

- 1 1 54 BEARING THRUST 8 JHJ LESS COLLAR
'fC15171

3 277
1 1 51 SLEEVE THRUST BEARING 2 HALVE 5

% LE0100 8-

A24123 4 11
1 1 55 RING OIL SEAL*

1 1 57 COLLAR THRUST 8 JHJ ING580RY
814290 19 15

1 1 59 NUT THRUST
- A24126 1 68 16

'

818666 14
1 1 61 COVER END
1 1 62 HOU$ tNG THRUST BE ARING UPPER HALF * M6373 013198 2 s

1 1 62 NOU5tNG THRUS7 BE ARING low'ER HALF * M7298 013198 2 }
C15171 3 277-

f 1 1 63 SLEEVE RADIAL BEARING 2 HAL9 5 819046 1 11
! 1 1 65 BUSH PRESSURE REDUCING 818100 15 18 14
i 1 1 76 SPACER THRUST COLLAR A24121 14

1 1 89 PLATE INNER RETAINER A20218 11 1 14
1 1 165 KEY FLEX CPLG A60559 42'

2 2 215 COLLAR SHAFT SLV 819047 11
1 1 226 WRG RING CASE 2ND STG

.

1 1 227 BUSH PKG 80K RAD END 13 HAFT
816045 11'

440556 11
1 1 228 BUSH PKG 801 THR END A60558 2 42 21 9'

1 1 238 IMP LOCKNUT RAD W/CARJR SEAL S18259 12 23
2 2 246 KEY IMP SPACER SLV

'f 1 1 258 WRG RING CASE 157 G g819047 11-

A20209 7 5 23
2 2 276 KEY IMP A24122 3 14

', 1 1 326 PLATE OUTER RETAINER A60555 11
1 1 337 SuSH CASE SPACfR 818854 99 1

i 366 HOLDER UNIONeTCPLE ASSEMBLY
.

818856E 99 1

366 HOLDER UNIQ4 TCPLE ASSEMBLY C15944 23 MP-

2 2 375 MP 4 PLATE SEAL A22822 ,
42'

2 2 439 KEY SHAGT SLV B19064 62 21
2 2 443 SLEEVE / SEAT. SHAFT 013196 264 _

1 1 463 CASE,$ PACER A60459 5 11g112 2 594 BUSHING SEAL JLATE 2
2 2 595 GA$KET 810x8 3/400x1/16
2 2 656 D' RING SHAFT SLV ARP 568 241

LU5680 2 41 211'

568 LU5680 2 65 211'.
1 1 674 /5E AL RNG CUTER RET PLT 0 RNG ARP A60558 1 42 \21 9

p 1 1 67K IMP LOCKNUT THR W/CARTR SEAL 308 N
.i 3 3 645 N1PPLE EXTENSION TBE 1/2x2 LG SCH 80 \

.

2

-Pm48 264
i, ..)

(
)
o
i

I,_
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HERRINGBONE GEAR.

SPEED REDUCERS
.

AND'

SPEED INCREASERS.

.

t

INSTRUCTIONS
for

I
l.I v.,%:%.ll5, g, Iv.1 v b br g'

-Q sw mr --

and

Operating-

>i '

1E9[1B[G
.

COMfaERCIA!. GEAR liilliS

-

. .

LEDCIDC5 UOrdESRV e R2EaGC00C50 G@.?#f!'.: Dolfos, Houston, Tulso, Las Angeles, New York, Chishoma City, Corpus Christs. Kiloore,franch 'of fices:
WicMia F:ffs, Cc:per, Wyo., Gr:s! Sc-d, l'en., Cd:us. 7:3., !:=.,:!:, Ch!: !! Cu o':,1L., Ef 8ir.;':-- ,'' *

Ill., Laforette, Lo., Sidney, Mont., Edmontoa, Alberte. Canodo, Bakerstield, Den.cr. Regina. Pan p.a
* * Hobbs, Midland, Norche:
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INSTRUCTICNy FOR INSTALLii4G, LUBRICATING AND -)
OPERATING LUFKlH COMERCIAL GEAR UNITS )

.

-

Power moy be tronimitted .to * from the~

1. General Description
sIo* speed shaft by' means of floxible

.

Lufkin Speed Reducers and increasers'of cupung, sprock, pnkn, or V.M. Ru..

the 'poro!!ct shaft type are continuous tooth ible couplings should be used on oli high
herringbono geors generated by the Srkes speed sbofts unless opproved by Luikin~ -

process. Gears, 'sholts, and bearings are Enginn, ys.to not drin coupung on shaft,
designed to withstand-100% overlood. when ** N * * "" C ' "* * N * 3 ' ''~ ** " *
storting for.mohento'ry' operosion but sheuld 6e gms and bmings. b ovoM treue,
not be run for exter.'ded ~ periods of time with heat the coupling in a both of oil end shrink
o horsepower greater then the service

'

on the shaft.
retir.g on the nomc.pfete. Slon s';ced shafts

.

"
-

are sigidly fixed endwise to position gears
and to oficw for any,externo! ihrust, but .

high speed shafts are o!! awed to float for .;.he fhig Ws sbid be th &.

propor gear alignment. It is importent that installing a gear un!!:

no endwise thrust b3 exerted on the H.S. *
-

shaft for fcor of 'de noge to the gear teeth or'
l.^ Bring the geor unit into a horizontal#

bearings. position and support on brood !!st shims lo-
cated adjacent to and on ecch side cf the

Housings are provided with eyebolts for
foundation bolt holes. Severci s* nim thick- 3

lifting cnd core should be, token to prevent nesses may be needed to rcise or lower the
>

domoge to the air breather located on the the unit to bring th.e geor unit in the some
inspection cover when taeving. horizontal plane os the connecting shaft.

. Test run.in at required speed is conducted
on every Lufkin Gear Unit before shipment. 2. Move the unit on its. sh.ims until the

'

gect unit shaft is in the some vertical plane

, os the connecting shaft ' with the correct.
,

{ spacing between coupling hubs. For the
;

, ,
.,

,
*

* !!. Installation coupling clignment follow the precedure'

Correct mstol!ction is essentio'l for proper recommended by the coupl.ing manuf:cturer.. . .

-

cperet. ten. The ; ear should be mounted on o ony one of the three un.ts (driver, gear, er
,

i

rigid and substantial foundet. son, preferably
.. .

.
dr.iven) may be l.ined up first one tne otner..

on concrete or stes!, so that vibrat. ion will two lined up with it in a similar menner
...

be at a minimum and proper cl.gnment w.ll ment.ioned above. Coupl.ings should be I.snedi i

be ma. ta.ined. Foundation bolts should be up with.in .005,,.
.

.

in
. - .

embedded in concrete foundations when> -

constructed, and if pessible some provision 3. Before tightening the foundation bolts,
,

should be made for doweling. Foundosion
, * be,sure" that the base sets evenly on allbelt. hole end dowel pin. hole spacing con be-

shims so that distosiion airer tightening the
.

'

.
*

' obloiried froin 11,s buse layout.
i '

.

8
.

e

_

;

.

.
.
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the belts will not o::ur. Bofere stcrting, . Initial pirting (pit: cf pin head size er
).-

check again for cligtencnt with all three"
smaller on tooth surfaces in vicinity cf

(' units bolted down tight. In case of mis- pitch line) may be detected during in;tial

alignment cerrection should be made bercre priod of gear cperation.This !s not sorious
detrimental if gradual, and unic:s itnotunit is put into operation.

goes beycnd initial stage.They v.ill usuo!!y,

disappec. with norn cl wear. Il pecgrussive
-

4. ;After complete olignrnent is obta.ined, pitting (centinneus formation of pit: in in..
,

the gear unit should then be deweled to the creasing size and number), securing (rough.
fcundation or bese. The bese fienge of oil oned toot.n surfaces), or gall.ing (oggravats.;,
Lufkin Gear (! nits is drilled for dowel pins. condit. ion cf scouring / snculo. occur, notify. . .

the nearest Lufkin Office.

Do not mount c Lufkin Gear Unit in any
..

position other than horizontal, unless 'the
The gear unit under fu!! lood and continuous
duty might become hut onough to preventthe unit _ has been specially built for this ~

' loying the hond* on the housing near the

,

purpose. Speciel provisions must be made
for lubricatinn, other than horizontal mount- bearing for even a few soc:nds butth;s is

not serious so long es the temperature
~

ing. stabilizes cnd does not exceed IB5*F.g
**

4

Foundation bo!:s, housing bolts and fittings
should he checked for tightness as vibrc-

{- !!!. Storting tien tends to lo sen them.'

Before stenting the gear unit, fill the oil
sump in the cose with the quantity of oil

.'

col!cd Ier on the name plate and of a vis-
cosity co!!ed for in the table on lubrication.' V. Spore er Repair Ports

The proper level is indicated by a sight A special ports list assembly is provided
gage on one end of the gear unit. The oil for every Lufkin Gear Unit. When ordering
should shcw about half wcy on the glass. spore or repair pcrts send all infermation
Be sure the pin hole on top of the gage is stomped on nome plate, on:I the part name,!
olways open so thct oil will show exoct part number and ports list drawing number

'

g,y,[, from the Ports list Assembly. St.ite number
of parts desired and give complete sh:pping

.

Instructicns.

IV. McIntenance If parts orn returned to the factory, he sure*
. .

$ake o careful inspection of the unit offer that each part is tagged with all infermotien

the first two weeks of cperidion. Remove necessary to completely identify it.

Inspectica cover and inspect gear teeth. A .

flashlight'is useful to see if there has been Lufkin Engineers will gladly advise you en

E. O graduol' smoothing cnd polishing of work- any gect prchicms you might have. When in
,

,

doubt contact the nearest Lufkin Offec:.f .. ing surfoess.
1 ; |
.

jr
. . , ..

.
.
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LUBRICAil0H INSTRUCTIONS )
-

the oil should be drained of the end of twoThelubricating oils used in LufkinGeor Units . weeks and the *cose thoroughly flushed. The
sho.uld be high grade, high quality, well refined original oil.may be used for refilling only if it-

petroleum oils. It is essential that the oils be has been filtered. Under ordinary cperating
cle:n; they must oiso be non-corrosive to gears conditions the oil should be changed every
and bearings. They must be neutral in reaction 2500 hours of operation or every six months,
and possess good , defoaming properties. When

whichever occurs first.
operating retnperature is high the oil must have
good resistance to oxidstion. It is very important to the successful cnd

satisfoctory operation of a Geer Unit that care.
Straight mineral type lubricants are to be used fuI attention be given to proper lubrication ond

under ordinary operating conditions. The tabu. that the lubricant be kept clean. Every pre-
Iction below shows the viscosity of oil to use caution should be taken to prevent water and
for all types of Lufkin Gear Units. When Oper- foreign particles from entering the ge:r c:se.
cling in the range of 0 to 40*F ombient temper- In unusually dusty otmospheres and where
oture, the lubricant should be carefully selected
to make certain that the pour point is below

,,there is topid rise and foll'in temperatures
cousing excessive condensation inside the

the lowe:t enticipated temperature. cose, it will be necessary to change the oil
more frequently than specified above. \

When a new Gear Unit is started in operation r>

RECOMMENDED LUBRICANTS FOR LUFKIN GEAR UNITS

1 AMBIENT TEMPERATURE

15'F - 60* F 50* F - 125'F
,

| AGMA Viscosity AGMA Viscosity

, ; Gear Unit Number Lubricant 5.U.V. Sees. Lubricoat 5.U.Y. Sees.

I $ No. of100*F No. of 100* F

2 280-360 3 490-700
563 ond 584

2 i 280 260 4 ; 700-1000

i 5105 thru 52010: D100 end D120
52211 thru S2824: 0145 thru D440: T145 th u T195

3 490 700 !. 4 I 700 1000

4 700 1000 5 | 1000-1500
T220 thru T720

2 280 -360 3 490-700
- -

All Tyoe "M" Units'

1 180 -240 2 250-360'

,

All Tyo "N" and "NM" Units
,

,

*

LUFKIN FOUNDRY & MACHINE COMPANY hou..
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SPECI AL INSTRUCTION S FOR ST ARTIN G TYPE N

(-. HIGH SPEED GE AR UNITS
,

k A pressure lubricoting system is provided for o!! Lufkin High Speed Gect Units. This
.

l.
sy: tem includes on oil pump,for deliveringoil from the sump to gear mesh and bacrings;

*

,

an oil cooler, for cooling the oil ofier it Icoves the pump, on oil strainer to collect~

sediment and foreign metter in the oi!; o check volve to koop the pump primr.d citer
initial sterting; o pressure relief volse to prevent excessive pressure in the oil lines

-

and c:cler; on oil pressure gage to indicate oil press.are in p.s.l. before entering beer.
ings and gear mesh; o sight flow indicator to visually inspect the flow of oil, and a
sprey nozzle, to spray the oil on the engaging gear teeth.

Before storting, fill the sump to the required qucntity as colled for on the nome p!cte,
.

.

11.

with the proper Ichricant, and cbserve the fellowing instructions,
t

Unscrew the pipe plug in the vertical oi! line near the pump and fill with oil of1.
the some type as used in the unit. This primes the pump and is caly necessary
for initial stcrting. The check volve., keeps the ' pump primed on all future shut

-

downs unless the unit has been discssembled.
.

Unserew the pipe plug Icc:ted over each high speed bearing cnd pcrticily fi'lf
2. l pressurep with oil. This lubricates the becrings while the pump is building up oi

to the bearings. This is only necasscry for initial stcrting. The slow speed beer.
Ings are self. lubricated from oil reservoirs loc:ted within the housing.

Check to see if cooling water circulction is stcrted, and is of sufficient quantity3.
to keep gear unit within proper tempercture rcnge.

*
.

Check rotction. Be sure that the gear unit will rotete in the direction fer which
-

I
4.

it is intended. The oil pump is undire:tional and must rotate in the direction for
which the arrow indicctes. If other direction is desired it will be neesss:ry to
replace the pump with one of the opposite d!rections from our Lufkin Plent.

:

If it con be d:ne conveniently turn the unit over a few times by hand before cr;,ly.
'

'

5.
Ing the power. After the unit has been running severcl minutes, check the pressure
gage and sight flow indiccter to sce if oil is flowing to the bearings and gent mesh.

, The oil pressure should not fe![ below 5 p.s.t. and the temperature should never
' exceed 185 degrees F. Remove the eartridge from the oil strainer and wo:h with

t

|gosoline before replacing ecch time the oil is changed.'-
/

6. Couplings on TYPE N units should be as close to perfcet elignment as po::ible.
( Check with coupling manufacturer for mcximum mis:lignment for spends involved.
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.- MECMAN7 CAY, SEAL MAINTENANCE
'

.

/ae_c,
* 1. Removal of Seal Asse=bly from Ptano g.

In order to understand the following, reference must be made to the
seal essembly drawing C-15962.

To remove mechanical seal for inspection, it is necessary to first
If theremove the complete bearing assembly, including housing.

seal to be inspected is on the coupling end of pump, the coupling
~ (2) must be removed prior to dismantling the bearing.

Proceed as Follows:

WHEN HANDLING SEAL PARTS AND ASSEMBLIES, Er*REMI CARE ISNCIE:
REQUIRED To AVOID DAMAGE.

Remove seal flushing piping to seal plate (375).a.

Turn retaining plate (1065) into groove in shaft sleeve (443)
.. .._ -- b.

and lock in position by tightening cap screw.

Loosen set screws in shaft sleeve collar (976) .c.

Remove cap screws, holding seal plate (375) to casing (37).d.

Slide seal assembly off of shaf t and remove to bench for inspection.a.

2. Disassemb1v of Seal Parts

( Remove shaft sleeve collar (976) and "O" Ring (656).a.

Loosen cap screw and turn seal plate retainer (1065) out of shaf tb.
sleeve (443) groove and retighten cap screw to keep retainer
out of the way,

LayCarefully slide shaft sleeve (443) -out of seal plate (375) .
seal plate on bench with stationary seal insert (2) up. Slidec.

sleeve and place on benchrotating seal ring (3) off of shaft
DO NOT ALLOW EITHER SEAL RU3BING FACE TO CCNTACTface up. NOTE:

ANT CEJECTS, AS THE SLIGHTEST NICK CR CHIP WILL RENDER THEM

USELESS.

Slide re=sining seal parts off of shaf t sleeve in the followingd. order after loosening set screws (S) in seal collar (5) . Seal
"O" ring (P), compression ring (4) and seal collar (5) with,

springs (C). -

Carefully slide stationary seal insert (2) out of seal place
with fingers by pulling parsliel to seal place bore, and lay

e.

face up on bench. Remove insert "O" ring (6).

3. insoection
(2) and seal, ring (3) faces for chipped, nicked,L

a. Inspect insert
s,:ratched, grooved or heat checked surfaces. Surfaces not freeshould bef of these defects and which are not perfectly flat

t

i
replaced.
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insert "0" ring (6), seal "0" ring (P) and shaft s1ccvo
- .

,

"0" ring for deterioration, scratches, gouges, etc.', on allInspectb.

If any of these defects are apparent, or either part.isBest practice is r-sides.*

misshapen or crushed, they must be replaced.
'.

NOII:
to replace all three parts when seals are disassembled.(- hT,i FARTS MUST A1SO BE CIVEN TF.E SAME CAREFUL INSPECTION.

shaf t sleeve (443) for scrstches , wear, etc. ,. Clean and inspect If no1E free of damage or wear,c.
at the seal "O" ring contact point.
it should be replaced,

,,

Clean and inspect bore of seal place (375) at the insert "0"The surfaces must be free of pitting,d.
ring (6) contact points.
gouges, scratches, etc.

.

5, 4, 5, 594, and 976 for general appearance.
,

Inspect parts C,If any appear to be worn irregularly, misshapen, or fit poorly,a.

they should be replaced.

4.. Mechanical Seel Assembiv . f
. .

Smear a small amount of' glycerin in seal place bore and carefully
(2) with "0" ring (5) into sesi plate (375)a.

Carefully wipe clean,push seal insert
until "O" ring bottoms against seal place. line free cloth.
rubbing face of seal igsert (2) witn soit,
Using a depth micretieter measure the distance frem seal inner

*'

plate face to rubbing face of seal insert face at four placesReadings should all agree within
around circumference of seat.
plus or minus 0.0015 inches.

( Install parts C, 4, 5, and tighten set screws (S) on shaft sleeveb.
(443).
Smear a small amount of glycerin en shaft sleeve shoulder and slide
"O" ring (p; and seal ring (3) onto shaft sleeve after carefullyc.

line free cloth,
wiping all seal faces clean with a soft,

,

sleeve
Carefully

.so as to avoid nicking or chipping, slide shaftc

Compress complace assemblyd.
assembly 14.:o sesi plate (375).-f. . ..
against seal springs and turn seal plate retainer (1065) into.

groove on shaft sleeve (443) and lock in place,

Insert shaft sleeve "O" ring (656) into groove in bore of shaf t
s.

sleeve (443) .

I_nstallation of C =olete Seal Asse=biv to 'Pumo5.
Verify that shaft sleeve key (439) is mounted in shaf t with theInstall new seal place gasket (595)a.
flat head machine screw. Insert
on seal plate and slide complete seal asse=bly onto shaft.

.

'

and tighten equally, the cap screws holding seal plate (375) to
(- casing (37).

, e

e

.
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Install shaft sleeve collar (976) and set screw to four placess
'b.

on shaft sleeve.
.

-

~ ~ ~ ~ ~

( - ~~- -~~M iiTfI' fick!EiWICtoLIEfET'scr.;S To saArf AT M157DfE.

Install deflector ring (7) and' bearing and housing comoletec.

as described in manual.
sleeve collar (976)Tighten equally all six set screws in shaftd. Sgake set screws in place. Turn retainer placesagainst shaft.out of shaft sleeve groove and lock in place with

-

(1065) 1800 OPERATION 5.d MUST NCI BE PERFOR.'{ED UNIIL 3 EARINGcap screw. NorE:
ASSEMBLY IS CCMPLETED AT BOTli ENDS OF PUMP.

Replace seal piping.a.
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SELLER SMALL PROVIDE BY G-30-6f! A!!
c.m.. . . .

SUCH
0F THE PUMP BELO'.! DESCR10ED.

'

DOAWii:G SHALL BE LESS COMPLETE TilAll THE OUTLit! EON ATTACH''.*:T A TO SPECIFICATION
OR/Mii:G 5 8

0;tAUlilG CODED 8'AL88
21 A9223, CUT S!!ALL pyygg 7,g,; g.0LLu.!I.::G IllumTIuti:

A. OVERALL Oll:Ef:SIO:iS
UCIGHTD. ft:CHG'; "0LT LOCATIC;:S ta:D SIZZS -

C.
k D. !!OZ2LE L':C.'.T I L:10 AND S !"iES '

1.1:*1 S l 7 E R
C0::~UIT DG:ZS LOCATIG :
D 1ST/:.'CE F:''::' t U:n' S!:7.FT CEin En:. i:'E TO S 10~

E.
~

F.
EDGE OF THC CASE
OlST/.NCE FRO 1 FUMP SHAFT CENTE!!Lil:E TOG.
DOTTC:t OF CASE END OF THE FU;iP S! AFT -DISTAf;CE OF TH':
EXTENDS Pl.ST Ti1E EMO OF THE BASE

H.

OF THIS

Tl*:E IS OF THE ESSEi:CE IN THE CC:r.>LET10::0"t.'.'ll:G A:!D ITS SUCSEQUENT TECH :! CALli: STALL /.TIO::
ACCEPTARCE DY CUYER.
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\ CdN'llfitIAT10M Sl;:Fr swen ,,swm,

CCr.*>ANY*

RE*/CI%:. .atCE OF TH+.ic
~ t.

t:OCt. tan tt::iscY OsVit!ON
'!::s t'ONTit!L,/.llCN c;I*CT 10 SufuCCT TO 11:1 lt:!st.'S AfJD (.O' UITIONS ON Tith F A'.'E A*!Df:Y SU. PLEMENTS. SPECITICATICt:5 Cr."

IRS.7 5385HT Af!O ALL OTitCit CONTIRUATION OMEE1C OF This OP.0ER Af4D AA1CO HEllEIN BY GEFcf:CNCE.o( | usit ar ec: ( TeTai. r...
OTiltu DOCU .1Et4TS E xt'la!CSLY 1:iCORPOf:otscsiirtsoN os cbor{s on t t viers]'
io'u'in7 sty |~ t .'

SHOULD SELLER Fall TO DELIVER Tl!E IHSTI.LLATION:.

OR/Mll:G DY 6-30-G9, OR S1:0ULD DUYER CUTIFY

SELLER r.Y TELEGRAPH CY 7-2-G0 THAT THE INSTALLAT10:1G IS TEC:NICALLY U!:ACCEPTACLE, SUCH FAILURE
.

'

OR SUCH 1:0TICE 5 :ALL CC; STITUTE THE cat!CELLATIO:OF THIS PURCHASE ORDER AT NO CHARGE TO THE GE!:ERAL
DRAWit: '

i

ELECTRIC CCMPANY.

PROJECT , - LILCO

ARTICLE I - SCOPE OF SUPPLY
: ...............

SELLER SHr.LL PROVIDE ALL fuTERIALS AND SERVICESNECCSSA~;Y TO DESIG*I, FACalCATE. TEST AND DELIVER: -

'
8

THE FOLLC'.flGG:

HIGH PRESSURE COOLANT INJECTION /HPCI/ PUMP LESS
lH ACCCRDA:!CE WITH T11E FOLLOWING:1 1 EA

DRIVER,
DOCUMENT TITLE

DOCUMENT !!O. REV. NO. DATE ..............-

........................

3 G-23-0D ST/iUDARD ' REC:UIREliCl:TS'( FOR lilGH F!< ESSURE21AD225
t.MD 1TS 5-23-09 COOL %!!T IUJECTic?
ATTAC!::1;)T A 2

/HPCI/ PUMP

117 C352 f> ,P2 1 3-19-09 PUMP, HPCI SYSTEM,
f

PURCHASED PART ORAulNG

CUTT-MELD EMD PREPARAT10:?
1 12-3-00

200At:200
~:'::I';f.~. DATA SHEET

21AD223Ali 0 -

2 31 3 G3 SPARE PARTS REQUIREMENTS*

21A9025
GE!!CRAL REOUIREMEl:TS FOR

2 2 10-GD vel:DUR ORAUl;:GS21A1150
.-

. . .

O 6-10-50 QUt.LITY CONTROL PLAN
I

DEVI AT10;; DISPOSITIO::
'

. QSI 7.2.19 3 12-G-G3
REO.UEST Frt0CCOUSE

DIM'NSIO !S OF SAFE Ei:DSo 3 31-C3731E22r,
i>URCHASE ORDER SUFFLEMENT3-69

E

ARTICLE II SillPrit:G
........

0TIFY

SIXTY DAYS CCFCRE Sl!!PP!!!n DATE. CUYER SHA.LL I:ZTHER T!!E GO'J35 REQUIRCD 111 THIS FURCHliSE. _ .
,

,

l SELLER W::~ _1ctrj71:::;.:tn 0:: ut.GE 3/
" * ' ' ' " "2 . . . . . . .'

__
- - - . - - . . . . __,
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, ,ql. OM ,, D OCVUhSE SID2 Of TI:s0 ,] ,

,(.EE.^.Ii.EJE,la!,7 S:::.M Af4D ALL O'sHCR CO* 1mUAllON SHEETS OF *illiS 01:
.@
I

'
435 CO*;TiiiUATION S1!EET 15 SU" 0CT TO T1:C TLn!.M AliD cot #,eT!G4W t: Tl;f T AGL Ar4U51: AND ANYcuffLEMEfiTS.SPECIFICATIC :E On

CCCPORATCD I:'IDElH CY REr'.RLi<CL
"

| u iv en.cc i ror.u rnicOnitn 00,70'.":t4T5 CXPnCSOLY lt:
ocseni.vio

o, cocos en sinvices
im | rw.u, w |

ORDER ARE TO CE PUT ll;TO OPERATION WIT;:lN 0:!E YEAR
03 PUT !!!TO STC2 AGE FOR A LO::GER PERICD UP TO THP.EESCLLER SI:*iLL I 0TIFY CUYER OF l'.'.;:t!ER !!f..~dtilC!!

!'
.

GOODS ARE TO DE DELIVERED A!D ST03ED IF T11EY ARE !!OT
YEARS.

ANY

TO DE PUT lt!TO SERVICE F03140?.E THAN 0."E YEAR.
MODIFICATIO:!S !!! C00DS CAUSED BY SELLERtS RECC C4Et? CATION

- '

SPECI AL HANDLING
SHALL DE MADE AT SELLER'S EXPENSE.
MET 110DS OURit:G ST07 AGE SHALL CE SPECIFIED DY SELLER.C0i'PL1 At!CE WITil SUCH INSTRUCT 10i;5 SHALL DE AT GUYER'S

'

i

EXPENSE.

MARKit:G
.......

ALL ITEMS ARE TO DE 14AR *ED AS FOLLO'dS:
.

*

MARK P -0. -N O : QTY. PROJECT GE- ACCT. -t:0.
...................................

' 23-1 AA950 t LILCO /70 BE ASSIGNED /

DELIVERY REQUIRED-BY .

.................... 1,(
.

PU:'? - 1 -G-72 .

C DATES S!iC'c!N !!! ATTACIC:Et:T A TO00CUi4Ei!TS - 0:1 TI:;

SPECIFICATION 21A0223.'
'

i

f
ARTICLE 111 FACRICATIC:! SCl!ECULE

~

. i

iHE F/.CRICATICU SCHECULE ATTACH'IENT A, SHALL BETI!E FOR:-l CF A HOT (120MTAL Ot.R CHART.r ,

PREST!!TED ll:

DARS SlinLL CC Fa0V10ED TO SHCU THE.MAJ03 FACRICATIONAS MACllluli:G no:1-0ESTRUCTIVE TEST!::G,0|

CPERATIC::AL TCSTS, ETC. FCR EACH fiAJCR CD:'PO:!ENT A?:SU3-/SSEi:CLY FOR EACH ITEM IN THE FURCHASE ORDER FROM
OPCl:ATIO::S SUCI:

i

i
INCLUCED SHALL DE

RECEIPT OF MATERitL TO SHIPi'.ENT.THE SCHEDULE OF EVEi:TS F02 t'HICHREQUIRES HOLD OR
'
,

i IDEi:TIF I CATIO:: C::THE APra0PAI ATE 00f LI TV CD:17:;0L plt.!:
NOTIFICATIO;l 0F TliE QC REPRESEt!TATIVE.

AFTER APPROVAL OF THE II:lTif.L SUCMITTAL OF THE FACRICATION
.

Sci:EDULE, IT SHALL CE !!!CLUDED AS AN ATTACH':EilT TO EACHI REP 3ESE!! TINGA VCRTICt.L L t!EI;0:!Tl:LY PnCCRESS REPC. 7. CF EACH OF THC MAJC2 COMP 0MENTS
Tlic STATUS OF FACalCATIC::A!!D SUD-ASSE!*: LIES AS O!' THE DATE OF TliE P303RESS REPORTF3EVIGUS VERTICAL STATUS Lit:ES S11ALLSlit.LL DE ACOCD. FACalCATlG:! SCHEDULE(- ret:t.l!J 0:1 EACl; SUCritTTAL OF TH::f*0MTHLY PacGCCSS REPORT.
ATTACI;ED TO T:::

/COMTit:UED 0;! PAGE f .

-
,_

. . . . . . . . , ,
, ,
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cormnet. Tier: c:::ET.

| (bC a$2Ev"oivisica
'

f ~ . a:'!S CN Y!NU/J.TOi! EHEtiT IS SUPECT TO THE TE L*S /.ND CONDITIONS Ct1 THE FACE AND F.EVERSEQ13f! OF T}t'I "--T!tJUATICN SHEET OF Tills CRDER AMD AfiY SUPPLE *.iE!!TS.SPECIFICATICNS Cf(
.

..ST SH 0 f AHD ALL OTilEn CC :OTMC R DO;"U*.T NTS E;;lWSSLY If;CORPORATED HEREIN BY ltEFEHENCE.I u,. r.n.e, i raru . -i

j ossenietion or cocos on ss wiess
:u j emn-v |

-

RE5/ISIC;:S 70 Ti1E FABRICATIOil SCHEDULE SHALL 1107 BE.

MADE W!!E!! Stil'PAGES Ill SHOP SCHED*)LES OCCUR.
*

REvlsto::S SHr.LL 0::LY DE MADE WHEH SHOP OPERATIO;:S!

ARE ADDED 03 DELETED, 03 AT THE REQUEST OF GEt:ERAL
-

>

ELECTRIC. .

ARTICLE IV TRA!JS llTTALS............

ALL 00CUMElli SUC:llTTALS ARE TO DE 14ADE US!?:G TilETRA!1SMITTAL FC~tliS NED 705 SUPPLIED DY CUYER, AND SHALL
BE SErlT DIRECTLY TO:

GEt!ERAL ELECTRIC CC;tPAtiY
EliGil:EERii:G RELEASES .

175 CURTiER AVE!JUE
SAtt JOSE, CALIFORNIA 05125

L.L. KLEll:HESSElit :t - 14/C 630ATTH:

Ot!E /1/ COPY OF EACH TRAt Sit!TTAL FOR!i G'!LY SHALL DE
tta.lLED DIRECTLY TO THE DUYER.

I( !;L:!TML7-FROGRESS RCPCOTS $
ARTICLE V ........................ , -

..

HCNTl!LY PROGRESS REPC37S, ATTAC!E;EIIT A, SMALL DE
,

,.

SUC::ITTED TiiE FIRST DAY OF EACH M0;1TH, STA3 Tit:GFOLLGMi!!G AVARD OF THE PURCHASE!

WITH Tile M0tiTHTHE REPORT SHALL II:CLUDE THE STATUS OF
,

(!

|| Et:Gl!!EERII:G,f'ATERI AL, PARTS, FACRICATIG?!, ASSEM3LY-CRCER.
ACTIC.'! BE!?:G TA:E!P IN

TEST A!!D A;;Y POCOLEM AREAS.EACH 1:R00LEli AREA AND/Cn TO RECGVER SCHEDULE DELAYS
i

|

SHALL DE STATED.
;-

It SFECTICi! FOLLGUll!G PRCLC;:GED-STCal.GE-
ARTICLE VI ....................................... ,

8'SMOULO T:C GOODS GE HELD !!! STC04GE FOR A PERIOD:

EXCEE01;;G O!!E YEAR AFTER THE DATE OF TiiEIR DELIVERY,'

|
SE*.f.O'.. S:OLL HAVE THE RlGl!T TO lim E A REASO:!ACLEE GnCOS AT A Tit:E TO CC MUTUALLY1 It!SPECTIC ! 07 TI:
AGREED Un<c.! DETUEEi! CUVER AI D SELLER IN ORDS TO!

DETER:tlNE IS EYMER THE GOODS !!SVE DEEN Of.!~?.GED DU311:G
'

-

SELLEn SH?.LL f;OTIFY CUYER
STORAGE Ca INSTALLATIC':. TPE!!TY-FOUR
IN URITil:G OF A*:Y SUCH 0/Ji*.GE UlTHit:OF SUCH !!:EFECTIC;; C2 NCilE
HOURS AFTER CC:*PLETIO::
SHALL DE DEEl'ED 70 l:1.VE OCCURSED.!

!

|f, EUYER SIGLL PAY FOR SUCH li:SPECT10;t AT TifE FOLLGUlk'''-I
'

RATES:'
'

A T iggg n ; 7 g o p . . . . . . . . . . . . . . . .
'

1,
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sn-.;
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*

CC"'b* * 'Y4b CIVIFIO?l
.

i

UE."T T*) TH: ten!.G NiD CCITITIONS ON THF F ACE AND fiEVE. SE SIDE OF TH
q* fJU0thA;t E

07 CO.; Tit UAT OU N!*.ETS OF T1al".ORDErt AND AtiY'*,*I!71.EfaENTS.S?EOIFICATIOf 0 CRJTiut'ATIO'J SHEET 13 S : .

(. THG CO:
.

CTHtrl DOCU~.;ENis F Xt'CC 4,LY UJCOn!'Dr.AbiU Hin2f ti BY fitFE HERCS.| umt nics | sovnr:lRST SHCFY Af!O ALL 07::

es scr.trtirm oT coons on se nvict s''s.s | Cus.s.tity |

Fca EACH 1: Cat:AL EIC:*T 1:Ot;n DAY t!C3!CED PLUS ALL

APP 30Fal ATE /*:0 !!EA50 :AFLi* TR/. VEL At:0 LIVit!GSCLI.ET :S II SPECTil:G REPRESE!:TATIVE
-

*

EXPE!SES 0*:
FRO:1 T!-|E TIME CF LCAVING SELLER'S BASE LOCATIONUllTil RCTUCN, AT ACTUtl INVo!CED Fft|CE TO
SELLER At:0 P307tDED THAT t.!!Y IJECESSARY AIR
TRAVEL DE LlHITED TO COACH ACCOMODATIOMS.

$7.00/Ita
--- -- - - ---

2. AT T!:2 Rt.TE OFFOR TIME SPE!!T 11! TnAVEL TO At:0 FROM THE JOB
SITE GUnit:G THE NORMAL t!0?Kil:G HOURS OF THE
DAY.

3. TRAVELit:G 15 TO BE DONE tJITl!!!! T!!EFPERIODM0;10AT Tiin0UGl: FRIDAY O!!LY.!
.

4. !!O GVERTit;E SHALL DE EMPLOYED.

S. THE It1Mll*U:1 CILLit:G FRO:1 MCU3S t|GR: ED OR SPEi!T!!s TRAVEL SHALL CE FIFTY PERCEl:T OF Tile DAILY RATE.
6. SIC;!LD SELLEn S REPRESEt:TATIVC PDESCNT Mi:*ITLF FOR

Tl:IS t!C3R AT Yi:2 f.FSEED TI !E CUT LC DET/ :::ED FnC!i
_

SUC!| UUnn C7 AC*iS 07 //.iLU3f.S 70 !.QT 0:' THE PART(.
CF CU'iEi:, T11E TI:'E CF T!!E DL*La,Y S1;*iL l'.C DEE!iEDN
UCa!* ll:G HCURS.

|
A SEPARATE FUNCHASC 0*! DER SH/1LL DE URITTEN FOR
THIS SERVICE AT THE TIME IT IS REQuinED.

ARTICLE Vil F.O.U. DEST!!!ATION
..................

SELLER TO
FRICE 00~S f07 II:CLUDE S!:1;'Pil*G CMI3GES. SELLER T!:E!! TO SUC:lli
SHIP POEPAID TO DCSTit:rilC:!.
REQUEST FOR PAY:.i*!T SUCSTA::TI ATED CY A CCr Y OFACTUAL FnEPAID FREIGHT DILL 03 Ti;E FIU/L INVOICE
II?DICATl!!G f.CTU*.L SI:!FPl!!G CH"GCES.

/
ARTICLE V!l.! PAYMEt!T1

; .......

AFTCn SUCMITTIL CF IN INVOICE CUT CEF03E FINAL PAYi;ENT
IS Mt.DE, THE FOLLC'c?ti:G 15 REQUIRED:

-

RECEIVlMG

Til! CUYEa I?.!ST !!*yc 217"En A 07ect!!ATl0*:IUSPECTIL:! I:2:G*/ b3 SHIPPl;!G P01;:Y CECEIPT lt:CPECTIC::1.

0:: Ai CVERSEAS S IMIENT.

G7 tic CUYCD TH.".T ALL RC|)UIPEiC?!TS
DETERMl;:7. TIC *:CF Tl;E G:'.0CR, II:CLUDll:G GO::U;;E!:7AT!C:1 AND RCC0005,i 2.'

l IIAVE C::Ci! ItET.
|

/CC:: Tit:U~O C:! Pl.GF G/
.

s:a :.t.: ..o .. ..
.

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

, - - _ . _ . .
. .

*- up De -y.
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: neat , ca: m,

. . . - ca 'Y CnNTifJ1.1ATION EHEET
, * t.xl E/in r;IE"5"5"i Divisio:4 E AND REVERS 3 S!C: OF Tl2

-'

4INiiON Fli"lET is vR.'dCT TO Til5 TChtd A:!r.'CudfstTIOi!S OM THE F ACSPECIFICATIOf;S CC
?!.07 E:::' T M40 ALL 07::. .: s .7;Tl;;UATIC;;;iHEEls OF THIS ORCER AND Ally SUFPLE:.1EI4TS.

3

(. '1;i3 CN;TI: *"'

OTHEll ()cc:t.:1 f;75 CXi'C".:Ci.Y li.00RPOR ATED 115 RCh4 BY REFEriENCE. | fotAtri.1| umt reacs
ossenerTick cP ooons on scnvicss

| cura r:Tv |H8's

ill TI;E EVE::7 THAT DOC 1."'E;;TATIC:1 SUC:llTTALS HAVE gyr
>

.

CEElf CD:TL1ED t||T!! AT THE T!!'E OF SillFMEl:T AS
DETED!111]ED DY THE CUYE3, THE!! S PERCEliT OF THE
TOTAL PUNC1!ASE 030ER PalCE WsY DE WITitMELO DY
DUYER Ui!TIL DOCUMEi!T SU'JMITTALS ARE . COMPLETE.I

'

liiCLUDit:G T1:0SE FCR PARTI AL PAYttEf:7, SHALL DE
FORMACDED. TO THC t.0DOESS SMG-|N ON THE FACE OF THE FUCCHASE
If*Vo l CES ,

DILLS OF LADl!4G A!!D SHIPPl!4G I4AiilFESTS MUST BE030ER.-

ATTt.Cl:ED TO !!! VOICES. .

01710NS
REGAP.DitG.T112 PRl!!TED TERMS ACD C07:..........................................
THE Ot1E YEAR EXTEUS10:10F t!ARRANTY SET FORTH !!! SUOJECT
13. /D/ OF PURCHASE ORDER SUFFLEME!!T E IS TO BE
It!TERPRETED AS APPLYll:G TO THE REPAIRED CR REPLACEDCCMPO:4El'TS 03 SCnVICES 0;:LY, AND i:07 APPLICA0LE TO THE

A!!Jil:G GOODS 03 SERVICES t! HIC 11 HA0 !!OT CEEN REPAIREDREl:
C3 REPLACED 0:1 THAT OCCASIGN.

M!!T A TO SPECIF1CrTICil
T1!'J! DOCU' CUTS SPECIFIED !!! /.TTt.CH:Fli'SY SE:!TE:'CE CF SU:: JECT 21 0F PU2 CHASE 0.iDER( OT!:ET:

SUPi:1.Ei*.E!!T E IS TO CE lt:TEai ?ETED AS !!ki REQUIRil:S SELLFRTO I:CL: f.SE YO EUID FOR GUYERS FCME?S10;! DGEU:;El!TS REVEAL!".G
21AM 23, TI:i:,

| SELLER:S lb.i:UFACTURIUG MET! IUDS.

ARTICLE IX E!! TIRE AGREE!!Et2T -

I ................

E PROVISIC:!S OF T!!!S TURCt!ASE ORDER AMD t.LI. OTl:ER OCCUMEilTS1 CY 1 EFEREl:CE SHt.LL CG:STITUTC Tl;E ENTir.ETI
II:CLUDED Tl:El:El: TI:E Pt.RTIES HERETO /J:0 SUPERSEDES ALL1, RELATli:G TO THE SUCJECT -AGREEi'Ei!T CETV!EEf:
PalCR t.GREEMEi!TS, VEnDAL 03 URITTECE A!:21!DED C::LY !!! tlaiTli:G.| 11ATTEn 1:!REOF A:;0 Ct,::'

ARTICLE X PURCl:ASE CaCER-/MOU :T
..................... _

THE TOTAL AMCU:!T OF THIS FU3CliASE C?OE3 IS
- --

j

.

.
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'V

3 Company purchase order AA958.
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CALCULATICN/ PROBLEM CCVER SHEET j i.

i0630-001-044[ Calculation /Preblem No:
{~ Materials Analysis of Pacific Pumps (HPCI Pump)Titic N555 Equipment

OualificationCilent: LILCO Pro k;
0630-001-671\ Jcb No:

Design input /Reforences:
~

.

Refer to Table of Contents on Page 2.

.

Assumptions:

Refer to Table of Contents on Page 2.*

Method:
!
t

(
Refer to Table of Contents on Page 2.

a.msrxs:

The purpose of this calculation is to determine the temperature and
radiation tolerance of the materials of construction of Pacific
Pumps High Pressure Coolant Injection Pump.

CHEC:GD | APPRCVED 2N"E
(PERFCRMEDBYREY.NO.f REV!SION '

/0 Original
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O

1.0 PURPOSE

To determine the radiation tolerance of this device by1.
ewamination of the materials of construction.

2 determine the temperature tolerance of this device by2.
examination of the materials of construction.

20 SCOPE

This calculation applies to the Pacific Pumps High Pressure Coolant
| Injection Pumps exposed to environmental conditions at Shcreham

Nuclear Power Station, Unit 1.

30 REFERENCES

1. Pacific Pumps Drawing C-15962, Type DSK " Seal Assembly,"
t

l
Ravision 2, dated 9/15/70

I

Durametallic Corporation Drawing 2D-96354, dated 6/30/70, Dura2
Seal Type "Inside PTO."

Pacific Pump Drawing C-15962, Type RHCH ".~eal Assembly,"3.
Revision 2, dated 9/23/70

4. Pacific Pumps, Inc. Parts List for Pump Serial No. 45-768.

Inc. Parts I.ist for Pump Serial No. 45-769
( 5. Pacific Pumps,

6. ROC, K. Trotta (EDS) to J. Gruseke (Pacific Pumps), dated
8/13/82

j 7. Handbook of Plastics and Elastomers, Charles A. Harpe r,

.tcGraw-Hill Book Company, New York, copyright 1978.'

8 Parkinson & Sisman, "The Use of Plastics and Elastomers in
Nuclear Radiation," Cak Ridge National I4boratory, 10/19/70.

9 ROC, K. Trotta (EDS) to P. Pizzarillo (LILCO), dated 8/10/82.

10. ROC, K. Trotta (EDS) to R. Roberton/F. Sayles (Mobil 011), dated
8/17/82.

4.0 METHOD OF ANALYSIS

I The temperature and radiation tolerance of all materials contained
within this device was determined by a document search of published
materials and other EDS calculations. The sensitivity of the " weak
link" ecaponent is then assumed to be the temperature tolerance or
radiation tolerance of the entire device.

:.I-e - NSSS Ecc:PME:re ocAL:r: CAT:CN
\ p)fd pa ym.Y(I< O f |W|FK l''t.ini'5 - k W
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50 BASIC DATA AND ASSIMPTIONS{
only non-metallic materials have been evaluated since they will5.1 be the most sensitive to potential heat or radiation damage.

60 SINMARY RESULTS

The limiting material with respect to temperature is Vapor Tech
Light with a maximum operating temperature of 160*F. The limiting

materials with respect to radiation are BUNA-N (HYCAR) and Jeoprene
7 rads.with a radiation tolerance of 1 x 10

I

7.0 BODY OF CALCULATION

See Table 1.

.

(

;

I

1

1

1 :.::.co - Nsss rec:P.ec ccA:.:F: CAT:ca
//172 *( AA/4LyC/S QF Mic/f/C P' /'1G /"P:tJ

M* $ne m es, .nm, a-,

(.t

i o er g<me;# w.n ecs() nuclear c ,3 ,_ cc 1_ g o ,/ a. ,
. ,, , -, --

~. -.
.
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Prepared by: pim'/ t Date 8"/8-82
Calculation No. 0603-001-044 Checked by Q [4 ,6e. 4 /f,/[ Date: J ./ tf - M*.
Ravieion No. 0

, TABLE 1 [,

|
8 | !

| 'S
| COMIONENT MATERI AI4 EVALUATION WORKSilEET
| l *|
I | !:

j | Manufacturers Pacific Pumps Model No. RHCH | [| l
| '[

| | | | TEMPERATifRE RADIATION | t' |

, I C m nent | Material | Reference | Maximum Operating | Reference I Acceptable Dose | Reference | :{;

| | | | | l | |
*

i | Pacific Pumps | | | | | | | j

| Part No. 656 lityca r | 3 | 250*r | 7 |1 x 107 rads | 8 |

,' | Shaft Sleeve "O" Ring | | | | | | | 5i

! | | l | | | | | ;t

| Part No. 595 lihcar | 3 | 253*r | 7 |1 x 107 rada | 8 | l'

.
| Seal Plate Gasket | | | | | | | [ I,

: 'fj | | | 1 | 1- | |

| Part No. 6 |BUNA-N | 3 | 250*r | 7 |1 x 107 rads | 8 |

I | Insert "O" Ring | | | | | | | I;

? | | | | | | | | [

l | Part No. P |BUNA-N | 3 | 250*F | 7 |1 x 107 rada | 8 | 3

| Seat "O" ning | | | | | | | }'

| | | | | | 1 I .r

| Part No. 2 | Carbon | 3 | Not Sensitive | |Not Sensitive | | 'I

| Insert | | | | | | |
'

| | | | | | | |
7 rada | 8 | |

| Part No. 674 |BUNA-N | 4, 6 | 250*P | 7 |1 x 10'

,

| Seal Ring Outer Ret. | | | | | | | .;

| Plt. "O" Ring ARP5682 | | | | | | | 1

| | | | | | | | I
!,

; | Part No. 806 | Neoprene | 4, 6 | 240*F | 7 |1 x 107 rada | 8 | ,
.

f

| Wehr. Stp. Clr. Grizzly! | | | | | |
I

| 3/161DX1/20DX1/4 | | | | | | |

| I | | | | | | |

| Part No. 1020 "O" Ring |160N A-N | 4, 6 | 250*F | 7 |1 x 107 rads | 8 |

| ARP 568 000 | | | | | | |

1 | | | | | | |

| Part No. 1060 | DlIN A-N | 4, 6 | 250*F | 7 |1 x 107 rada | 8 |

| | |
<

| "O" Seal Ring Press.
| | | |

| Rad 5 1/2tlix5 3/400X
| 1 -| | | | | |

Sheet 5 of
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NYb',h[Prepared bys h eteh Dates
S.3 p), ;,Calculation No. 0603-001-044 Checked by Q ep 6, , /, est Date: 3

iRevision No. O ' r
TABLE 1 0 |

I k
| '|! l COMPONENT NATERIALS EVALUATION WORKSHEETl I | t ;

I I I
I Model No. DSK I ('

Pacific Pumps
j i ,Manufacturert I !

| | | | TEM PERA'IURE RADIATION | f' I ,

I W nent i Naterial IReferencel Maximum Operating IReference , Acceptable Dose IReferencel !

I I I I I I I I ['

| | {
IPacific Pumps i I I I I .

| | .$|| Part No. 595 IAsbestos i 1 | Not Sensitive | INot Sensitive

| Seal Plate Gasket i I i 1 | | | 5

'

I I I I I I | |
I!

I Part No. 656 I I I i l . I i

I Shaf t Seal "O" Ring litycar | 1 | 250*F 1 7 |1 x 107 rads I 8 i ri

l I i i i i l I .'

!! I Part No. 2 Icarbon i 1 i Not Sensitive i INot Sensitive | | s

.| | Insert i I I I | | | f

i l | I I I I | '

I Part No. 6 IBUHA-N I 1, 2 1 250*F i 7 11 x 107 rads 1 8 |i *

| Insert "O" Ring i i l i i | i g

i i i l i I I I l

1 Part No. P IBUHA-N I 1, 2 1 250*F 1 7 |1 x 107 rads | 8 | 't

t

i Seal O Ring i i i i i l I
'

i l i I I I I I

I I I I I I I |

| | | 1 I i i i >

l i I I I I I I

I l I i I | | | !

I I I I I | | | !

I I i 1 1 I I I |

1 I I I I i 1 I i

i l I I i l I i

l i l i I I I |

| | 1 1 I i | |

1 I I i 1 1 I I

I I I I I I I I

I I I I i

i l I I I

[Sheet 6 of
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Prepared by Au,*

Calculation No. 0603-001-044 Checked by: 4 . n , . dgf g, ( Dates 4 ,' ,s ' - { ;

:1 Revision No. TABLE 1 [O

'

l :
I (I COMPONENT MATERI AIS EVALUATION WORKSHEET

| | |
l l t

I Model No. Vapor Tech Light, Savarex Ir0 1 !'

i Manufacturers Mobil I
RADIATION II

I I I I TEMPERATURE
Referencel1

I & nent I Material IReferencel Maximum Operating IReference i Acceptable Dose

I I I l 1 1 I

.|
IBearing IAnbrication Oil IMobil, Vapor Tech I 9 | 160'F i 10 11 x 108 rada i, I10

,

.i i ILight I l | I I I

i i i l i l i I I

|} ISpeed Reducer Gear Oil IMobil, Savarex L-O I 9 1 230*F i 10 13 x 107 rada l 10 1

1 I I I I I I I !

I I I I I I I | .'

I I I I I I I l

I I I l I I | | |

| | | | 1 I I I e

1 I I I I I I I

I I I I I I I I ,i

t i I l i I I I |

I I I I | | | |

! l I l l I I I I :.

1 I I I I I I I :

l I I I I I I I !-

i i i l i i i l 1
-

1 I I I i 1 I I i

l i I I I I I I |

I I I i l 1 i I !

i l i I I I I I I !
3

) I I I I I I ' I I i

I I I I | | | | | ,

i i i l i I I | i

l I I I I I. I I

I I | | | | | | :

I I I I I I I I .

I I I I I I I I

I I I I I I | |

1 I I I | |

I_ 1 -

7 of /. SSheet
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Tslephone Meeting Other

k DATE Aucust 13, 1982
Joe Gruseke FROM: Ken Trotta

TO:

P H O N E N O.: -(201)382-4400
COMPANY: Pacific Pures

Hich Pressure Coolant Iniection (HPCI) Pumo Material Code ExclanationSUBJECT:

Summary of Conversation:
.. -

,

helpfull in identifying the materials ofincluded inMr. Gruske was mostpreviously identified in the parts list
the Pacific Pumps Instruction Manual for Serial Nos. 45768 andconstruction not
45769, Revision .1 dated 5/25/72.

Material No. 211 -
The materials identified were as follows:Material No. 281 - Teflon:( Buna-N; Material No. 229 - Neoprene:Mr. Gruske also identified many
Material No. 347 - Asbestos.metallic material codes not previously identified.
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e: dis () nuclear c/fu,.4 0450 - c-/-62 '

( EDS Nucteer inc.
445 Broac e Roac
Me<velle New Ybra 11747
(516)454 0200

August 19, 1982
0630-001-NY-102

Pacific Pumps Division

136 Central Avenue
Clark, New Jersey 07066

ATTENTION: Mr. Joe Gruseke

SUBJECT: Verification of Record of Conversation
(
!

l Gentlemen:

Thank you for the information which you supplied to EDS with respect
( to material code explanation. EDS Quality Assurance Procedures

require that you re eive the enclosed record of our conversation of
August 13, 1982.

If this is an accurate account of our conversation, no action is
Should there be any errors or misunderstandingsrequested of you.

in this record, please contact me at (516) 454-0579.

Very truly yours,

fr1~LC
Kenneth Trotta - Engineer

Systems Engineering Division

KT/ja

Enclosures

19:17 f : . .':- - -

San Francisco. New York * Acants. Pens
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( RECORD OF CONVERSATION P. Lynches
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3 Telephone Meeting Other

KenTrotta/II DATE Aucust 17, 1982
FROM.

TO: Francis Sayles
Mobil Oil Corporation PHONE NO.: '60m 777 'ono'

p

vap r Tech Light and Saverex L-O Radiation and Temperature Tolerance
| SUBJECT:

Summary of Conversation:
i

.

,

In response to my letter (EDS Letter No. 0630-001-NY-093) of August
| Mr. Roberton and Mr. Sayles provided me with the following
|

13, 1982,
inf ormation :'

vapor Tech Light is tolerant of radiation up to a value of( lx108 rads.i

Vapor Tech Light can be used up to a bulk temperature of 160*F.
7

Saverex L-O is tolerant of radiation up to a value of 3x10
rads.

Saverex L-O can be used up to a bulk temperature of 230'F.
to me shortly.

| A letter confirming the above information will be sent

1

!

.

S6El'/3 c /.::D, __ =:.

'
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Other
@ Telephone Meeting

N DATE Anm?'* 'O- '982Ken TrottaPhil Pizzariello FROM:
TO: 929-8300 x-234

L LCO P H O N E N O.:

COMPANY:

High Pressure Coolant Injection Pu= Lubricants
SUBJECT:

i Summary of Conversation:

is ured to lubricate the pumpPhil informed me that vapor. Tech Light the speed reducer.
bearings and Saverex L-O is used to lubricat.' The
Both lubricants are manufactured by Mobil Oil Corporation.
maintainance schedule requires the pump bearing lubricant to beAt this point he cotid provide noreplaced every 12 months. reducer.

( maintainance schedule information for the spee<4

|

1

|
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Od:sQnuclear ci-u.c, ,@. c.- 30 -J a / - C M

.
E O S Nuctear enc.
445 Broad Momw Roca
Melvme. New Yorm 11747
(516)454-0200

August 19, 1982
0630-001-NY-101

Iong Island Lighting Company
Shoreham Nuclear Power Station
O & S Building
P.O. Box 628
Wading River, New York 11792

(

| ATTENTION: Mr. Phil Pizzariello

SUBJECT: Verification of Record of Conversation

k Gentlemen

Thank you for the infomation which you supplied to EDS with respect
to High Pressure Coolant Injection Puup lubricants. EDS Quality
Assurance Procedures require that you receive the enclosed record of
our conversation of August 10, 1982.

If this is an accurate account of our conversation, no action is
Should there be any errors or misunderstandingsrequested of you.

in this record, please contact me at (516) 454-0579.

Very truly yours,

/

th .A

Eenneth Trotta - Engineer
Systems Engineering Division

KT/ja

Enclosures

O S//Erpr /=> yJ /_=

San Frnr.* %. New wys * Anants . Pens
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~ ~ REFERENCE LIBRARY
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MATERIALS AGING REFERENCES

.-

NO.
TITLE

* s

Parkinson and O. Sirman, "The Use of PlasticsW. W.
and Elastomers in Nuclear Radiation" in: Muclear
Engineering and Design, Volume 17 (1971) 247-280, North 1
Holland Publishing

"1000 Hour Heac Aging Study,"L. Small and E. Sheer, 2
B. F. Goodrich Co., unpublished report

M.'H. Van De Voorde, " Effects of Radiation on Materials
and Components," CERN 70-5, European organizations f or 3
Nuclear Research, February 26, 1970 ,

Modern Plastics Encyclopedia, 1979-1980, " Selecting
Plastic s f or Elevated Temperature Perf ormance," pages 4
481-488, 536-570, and 616-639

" Nuclear Engineering Handbcok," Harold Elherington, 5
editor, 1st edition, McGr aw-Hill, 1958

"The Engineering Propertie s of Viton Fluorcelastomer," 6
E.I. Du Pont de Nemours & Co. (Inc.)
Boston Insulated Wire & Cable Test Report No. 73C212, 7
Prototype LCCA Si=ulation Test, 6/18/73

,

..) Component Aging Due to Accident Environments (EDS 8Calculation 0630-001-002, Rev. 0)

Arrhenius Model for BUNA-N (EDS Calculation 9
0630-001-003, Rev. 0)

Arrhenius Model for Cross-Linked Polyethylene 10
i

(EDS Calculation 0630-001-004, Rev. 0)
.

Arrhenius Model for Neoprene (EDS Calculation 11'

0630-001-005, Rev. 0)
i

Arrhenius Mcdel of Viton Gaskets (EDS Calculation 12
0630-001-006, .Rev. 0)

Arrhenius Model for Ethylene Propylene (EDS 13
Calculation 0630-001-007, Rev. 0)

14and M.V. Davis, " Radiation Effects OnBruce, M.B.,
Organic Materials in Nuclear Plants," Electrical
Power Research Institute Report No. NP-2129 (Nov., 1981)r

15" Handbook of Plastics and Elastomers", Mc-Graw0.A. Harper,
Hill annk comp., N.Y.. 1978
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5 ^ THE USE OF PLASTICS AND ELASTOMERS IN NUCLEAR RADIATION *
1

W. W. PARKINSON and O. SISMANi ,

i Ost RMge Natuneet Laboratory. Oak RMgr. Tarumsere 37831. t&4
| 3. ,

U
Esempred 19 Octener 1970

l

j Comance pensucs and einstomers are duecnbod in gameral with emphanas on the rotatson between chemscal strue.
>

i t ?

| 9 anse and cassamanas prupertans and m _ ---- The asistactaos u( re=raam with orgsaac matenads a presented] sury briesly and radisuom.amenomd croesuntag and scunaa. wtuch lead to chaages ta physacal properons, are discus.J ;
d see.

The rad 6 - h -a hmages in specirac piesuca are esauribed. Polyethyisnc. wha;h can be regarded as a preto.d c

type for the more comaptex podymers, deve6 ops creentsaka at the rats of 1 to IJ for every 100 eV of radiacon energy] shooreed.llte hardames and elastic emoduhas sacsease and the flesn'belity and ductality decreasc untd the ua:(uJacss
#

at duous abuve 80' rada a manert.sn for summe appdicauona. Potystyreas demonstrates stabdaauon by the aromaue
fing, eadstgoeng cheags at a l@eer rats than podyethyIsas. Polyststhyl methacrytste exanaphiles polymers con.'

taening one quateramry carham atuan, wesch lumda to chain menssua and raped lums ut sucngta properuca. Puaymcrs
;

with a hqih cunicas n( strumsly c6scuomagnure elemmets ateo dm5tado rapedly.a

FLatusesrs ase desas.ausd sparststy beamuse simstacity and fissibelity am affected very rapadly by Une crossiintang
and er==aa produced by radianoa. Flamily, venome appucauons of pensocs and etastomers is reactor systems or
their vicasary ass M.=d The properties wouch are esaportant to the applicataca are presensed along with the
ndastu e < changes a cases properass..

,

'

i.h nature and charactenstics of piastacs and vtce, with the consequence that they must be care.
:

( j einstomers
fully selected if they are to De used at temperatures
much above ordinary atmosphenc levels. Examptes of

}j h familiar plastics and rubbers of household and tfus class of plastics are polyethylene, poiystyrene,

f =aistnal use are organic matersals that gam their un.
polymethyl methacrytate, and the nylons.

Another class is thertriosettinr p/ amer. Thesc
. mal physacal and mechanical properuss from their7

; q nauiecular sue."Those long.dtam molecuies are
materials solidify at high temperatures, althoug!t raw

1 ale up of numerous repeating (monomer) untts; grv.
matenal for molding may be solid at room temperature

i q such natenals the name high polymers.The ensm.
and may tique(y temporarily upon heatmg. The

1 nng classtfication of these matenals is based on
softetung, wtuch is not reverstble in the c:se of the
thermosets, obviously has great utility m the moidmg

} ..aractensacs which are important a thatt fabrica. of cr* plex objects. Some thermosets are available as;

een and uses.
One class is thenriopdestacr. Thess metenals may be liquids in a partially polymerned form and can bey

! '
; - tasefed reversably at high temperaturcs, and thus are

used with remforcmg matenals and solisf tfied at

normally adaptable to moldmg operations. Intncate room temperatures by the addition of chemical
8

i ,s sases can be fabncated econormcally at high produc. cunng agents. These vanations m mitsal form arid,

i ta rases. However, the low softening temperature of cunng temperatures permit an extremeiy wide hu.
tude a manufactunng processes employmg these g

| _ ane matenals puts a limit on the conditions of ser. materiais. The irrevernbie hardemng silows many of \
i these materiais to be used at tempe stures much
| j '3 spur 69 o( the provecies taad entman of the USAEC higher than the limit for most thermopiasucs. O e
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t0Lampies of Llactmuusta arc the placuul l'ormalde.be Inghly reactm both before and after neutraheaueni a c:m he
Thus, the reacliuna to prenjuec TmW pnwuc

hydes, the alkyi polyesters, the eponlet,and thefilm-(urunug intrediouta ha massy psiuts and costings.quite complex and may be ion reasuom as wen .a
*

free-radical rencouns.The major typcs of reacuunsFinally, there are the risebers or eiestonorrs.
.

These matartals m characterised by tdch elasuotyinvolving the radicais are listed below.

and are usually soft and easdy extenable.There are
medaritass between the elastomers and the thermo.1. Commensuon: "

piasuca at temperatures well above their softenmg
n

d behave ;
temperatures;mdeed, the rubbers solidify an uctt
as thermoplastacs at low temperatures (below their

13 H H H it i si

glass transsuon poets). An essenual differena,howcwor,between the rubbers m their cured state and] [*' .j8'*"[[("
b to

the thenec;' 'W is the reestance of the rub ers
plastic flow. Although they are subject to highI 2. Abstracuan:

deformadon at low stresses, light crossdirtiung g g

prevcats Oow, and thc soft liquid 4ike structurcH + HC-C-C11- H + .C-C-CH
permits raped recovery upon removal of stress, thus

t H ::11 it 11,

confcmns the high ciasticty charactertsuc of these3 D*P"*Pu"= =
Croes4inkangin the rubbers is analogous dicmi-HH H 11 H H tl H !! f fmaterials.

HC-C + *C-C-CH ~ HC-CH - C=C-CHally to curing m the thermosets lt ts termed|
il H HHH HH II Hl

vulesan=non and has a long hastory a the deve op-

ment of rubbery materials. Vulcaruzation can bebrought about by chemical reactute of a number of
'

"" H 18

11 11 11 ij i;
reagents, but sulfur is the usual one. Obvmusly, the

,

! H la 11 II H 11 ,

HC * CaC * HC-C-C . - IIC-C-C.C.c .~ uphysacal properucs of these materials depend
I HHHHH

H HH HHH

strongfy on the degree of vulcanazanon,and thesame base polymer can be almost liquad, or hard andlonic reacuons may also proceed througn Jaom.

|
i

i

paesy, depending on the degree of vulcantzstion.haampics of clastomers are natural rubber (polyiso.poetson or combmauon steps to yield samd:r nnai
products.'Another type of reactwn is mu.ceubr Jc.

prene), butyl (poly ssoburylene), NBRMrutrilebutaliene rubber), suiconc rubber (polymethyl.composiuon, yiciding products of lower mukeuLrin
weight.Compicx nuxtures of products resub iro

sdonans),and neoprene (polychloroprene). these rescuons and some of the prod- ets eaa arae
w

from uveral different mecharusms. The :hemi:si
strucutre of the startmg matenal will determme me

2. Ra'diation effects rates of the intermediate rescuons and the yieids of
,

2.1. latenscraon of radienon with orgeme marerat/rthe mdividual products.
itis posubic to generdize the yicids of the maior

The mierncuon of both gamma radiataon and
products according to the type ot hvdrocaroonirradiated. Saturated hydrocaroon (aik:ne r Scuicsfeat neutrons with rnatter yasids energeuc parucles,f he

wtuchinteract with the orbstal electrons o t
atoms of the absorbmg medium to iontse or exate

havmg straaght caams give the atgest G.vaiues fx
nd

them to higher energy levels.Thss iontratzon ahydrogen,i.e. G a 5.

encitatica disrupts tne valence bonds in orgaruc
,

an <

% The G*uue a uw yua of a radmuon mouccc mea
compounds. In hydrocarbons the caroon.hydrogenbonds ase broken most frequently, but carWonpreessa as cas swmost as' moames prooucea or arma
bonds are also ruptured, so that a venety of freePer 100 W of ressant wry aesoroec.

d The d

tedicais as weil as hydroym atoms are produce .

,
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w.w>weessee. 0 Tiense. Messner and edemonisrr
2.2.Reserkm ofpolymers m e runsalon fir &f

The other mejor product is the bimoiecular Plassics and rubbers are much more esady damaged
emopling compound produced with a yield of about '-by radladon than ceramscs or metals.Thas suscept-
O=2. Geneous, low moiscularWt hydrocarbons arebility to chany by redfarfoo limits the nucieer use of
produced at about one-tenth,the rate of hydrogen,these metenals more than any other property. The
The products with rooiecular weights intermediateeffects of radianon,however,are different for the
between thoac of the starting matenal ar.d the bimo-various chemical structures. and the degree of radianon
locu si producu are produced with G o(0.2 to 0.5.stabdity may vary over several orders of magmtude.
Branched aikancs give lower yields of hydroyn andThe rupture of chetmcal bonds, subsequent to;

higher ywids of products from rupture at the branchthe ionisation and ucitanori produced by fugh-enerEY
,

1

pomts. Cyclic alkanes show a different product radiadon,yleids fragments of the larle polymer mole- !

penem. wtth unsaturated products becoming cules.The free radicals thus produced may react to 8

apprecable (G = 2.4 to 3.3), while low and inter-chany the chemical structure of the molecule. The !|

mediate molecular-wetght products from fragmentationpolymer molecule rnay undergo scission (breakup into||

of the parent compound occur in very low yields.small molecules), or cross-linkmg (recombmmuon into |

Unsaturated aliphatic hydrocarbons (oiefins or a network structure). The free radicals may also re-
sikenes) produce much less hydropn than the setu-combine into their origmai form, with no net change. j|

rated ones (alkanes) - about Gal - and the yields ofThe cross.unking and scisuon reacuons result m a
other pscous products are also low. On the otherchange in phyncal propertws of the matenat The j

,

'

kend, the yield of high-molecular. weight products type and rate o(change depend on the compettoon
'

resultmg from coupHng can be quite h!gh if the between the setsson, cross 4inkmg, and recombmanon
carbon <arbon doubic bond is in an accennbie postuonrescuons. Net scission will cause one kmd of property

changc. whde net cross 4 inking wdl have a much dif.
(near the cham end).Arninatic enmpounds(e.g.,benrene) are of specialferent effect. If the recombinsuon reaction predom-

serest because of their resistance to radisuon.Theseinstes, the charry wd! be slower. The rate of change[

compounds are characteni.ed by the resonance sta-depends to a large extent on the chemical structure
,'
(

bifred aromatic rmg, wtuch apparently can absorbbut is also affected by the physical state. .

earrgy in gomg to an excited str.e and can disspate
is excitsuon energy throiT a process which does not2.3. Ownges in phynest structure and properner
derupt the molecule. Benzene, for example, has a veryCroes41nkmg mcreases the molecular weight of a

,

I

lowyield of Cg, = 0.04. Coupling rescuons consumepolymer, decreases the solubdity, and increases the
sout I molecule /100 eV absorbed. An important softerting temperature. When enough crossdinks have

formed to bmd the matenal into essenusHy one lorEtcharactensac of aromet2rs in mtstures is thetr
potecuve abillry. Caseous products from rasatures ofmolecule, the matenal is completely insoluble, arid

skanes and bertze w have been found to be far belowonly swells when placed in a solvent. Further irradia.
de yickl predicted from the fractional cnmpombon.tion will bmd the podymer into a three dimensmnal

The anmistic either dissipsies excitation energy networt, the network becommg more ngid. The
wthout decompomuon or it acts as a free-ra sca properues of the polymer are now a function of thed l

scavenpr. Other substances which rney serve as free-denary of cross 4 inks in the nctwnrk tenacture. .ind
tsdical scavengers and reduce the efTects o ra a s are little governed by the chemical structure. !!y thisf di tim

e aikancs are the assuotadassis ased agmg stahdtccrsprocess a liquid 4ike, soft amorphous poiymer wdl
and in plasucs, rubbers, and ods.The protective efTectchange to a rubbery material and then to a hard glassy

s' additives is icss merked in the radieuon reenstantsubstance,

summenca. Radiacon-educed processes in solid hydro.The effects of scismon are, m mort resnects, sono-

aubens wdt he qualitauvely simdar. Certainly, thesite to those of crossmtmg. Here the molecutes are

amsel events a the rescuane ws0 be identical Thebrokers into smaller fragments.The molecular weight
is decreased, solubdity is mcreased, and the softerung

{ ses of secondary react $ons wtD depend on the< estility of reactrve fragments. Hydrogen yseeds frompount is lowered. The shortened chains and grester
jaruBn was are found to be almost as high as those
rom tiound alkanes.
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mamber of cham ends lead to weakenmg and ofiaa toCas ruees from uradamaad peuusi and nanomen 1 C
,

f
embntelamaat even though the maurial may have be..f

i come somewhat softer. In some mawnsis the son:n.
cas eveyd ur __

ing elToct is su iety that it results m a great mercase C, or m4/g CPI

'{ Maarmi mo4ecu 3/ 3 io* rah vacmas b
Crys:allinity is an important property in polymers, tuo av

-

and it also a affected by radiation.Cros>tinkms tends
--

"

to destroy crystaillmty, as evalenad by an increase ""I

in transparency in nylon and polyethylene. Crystallin-l o.os t.5
Pwyto-metnyistyrvne n

try can be increased in polymers dat undergo setssionNanarnt runner tbs

;o,;

because then is less restramt on the shortened moie-Styren*4= tads:na runost
a

60) O.I5
'dO8 'l

cules and they are mots easdy onented into the crystal3 'Y'"'*** ''8 "'' P""''
structure. The unpoct strength of polytetrafluoro- "'

ochylene, winch ar'ame t+ :narkedly increased after
i

a408. -1
Asdano.(onnaMenyde pWytrwr

a smallirradiation does, presumably haran= of an m-uaham+fon=4mmyce pueymer uA5 10

crease m crystallinity. Most polymers that sczasaon, ics'hdom fdhr) !*
howcett, are reduced m both impact strength and Urserurmaldchrus pusynser

o.at

(codulous riurrtg tb) 0.15 5og
important sade reactions to sctasson and crostlink-Nitnlebuudstw ruboct o,is 4

mg are the pruductiuse oflow.mulocular weight fag-po4yonsthyt m thasytus:
c .. i.ui,6

1.5 35

u. 5 3

ments and the cronuun of unsaturatson. Many of thePuyumyl=as (*rupauianist 13 40

low-mo6ecular weight fragments are gases. Some poly.Aura dassycos carounate-
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t .5 35
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smewr not energy muired per MinL Bom me
po4ywwr are ism accurate ior : sten matenus.

reac of crunnlindung isa polyethylene and the rate of
season a polymethyl methacrylate and polytsobutyi.be increased by the termination of a free ::.;te:;i wit
eee ate strongly dependent on temperature. The terreanygen, or cross 4maang mignt ce ennancea n :.:e
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peranare dependence of radisuon damage for mostformauon of perox2de littxs. In tne masen:as stua;e-
piaaucs and rubbers is, uttfortunately, not well known.however, me not result appears to be precommanuv

For very many pimencs and rubbers the effect of
,an mcrease m scission rate wnen oxy

gen .s present.

amygen on the rate of radiasson damage is not known.The amount of oxygen ordmanly ets:otvec in tr.e :r:
One espects. however, ths the reactree species must tenal is not enough to change me reac:Icn r:te verv
be sensuve to the presence of oxygen. Sctssion may
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: 1The propernes of yn.e maseriais and the effects
class, the polymers are generaDy listed in the order of
increasmg compleury.

of radiation In the text, the polymeric mater 21s are separatedi

into the plasucs and the rubbers because of their wide
, ll.ffastics difference in phyncal propernes and techatcal appii-
11.1. Intr:Juction cataons. Simdarty, the plasucs are further subdivided

The chapter follows the widely used convention of into thermopiasucs and thermoesttmg plasucs because
; kapistmg the matenal by the chemicai name or classof differences in fabncauon methods and m proper.|
e'the monomer or monomers, usually with the~p7elh des of the (1 rushed product. Physical propernes of the
;mry. to distmgussh the plastic from the chemical

as tastenat Although tfus is a gaaerally accepted
plastics which are significant m their selecton for var-

""

ious applications are summanzed in ref. [1::1
.wrenoon,it is a poor bass for arrangmg plasucs
ad rubbers in an orderfy listag because it arrvolves so

3.1.2. Polyethylene
sary amtnguines with common matenais and so Polyethylene is the samplest of the polymene ma-
sasy unfamiliar names with newer materiafa. There- tenafs, essenuaDy a linest hydrocaroon with a mam
srt.cbsmical composuon has been adopted as a
bas for arrangement ance it a independsat of

chain of carbon-carbon litucages,

t==aariature systems, and since elemental compose M M
ses a frequently important to the reactor engineer. ---:-;---'

. . of com,o.oon .e ,iasuca contammg
apr carbon and hydrogen ase listed first. Next are Vanations in manufacturing processes ywid polymers
ennnes contammg these elements phas oxygsa, fob

of different degrees of brancamg wbcn have varying
,hsed by polymers contamang halogans. Witfun each

E
F

C
,

,
.

|
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alle up to about 10'' rads if the applicauon does nodiauon.

require that it remam soft and pliable.The raeducted rescuons produa much gas. 90 to 957. o
a f f

f destees or crystaillaity and, conesquently, a range o ,eed at
-"+d properues. Polyethylene polymernd

The rates of dw fundanwntal radiauun.mduwdhigh peesmare has about 30 branches per thousan
wtiich is hydrogen.; . = The/ 8 and is

,

seactions may be useful for comparison purpows. cross.hnkywidis G = 1.0 to 1.5. the mam chain-yic
*

carbon atoms and a domeity near 0.92 g cm .
.

idf the spec.I
about 505 crg"% At the other end olow pressure has 3 7 Very

is 0.2 G,and the bydrogen ywidis G = 3.3 to . .
dr.

trum, linear masenalpodymertze at
,

9 /cm ,and crys-8 f s lins.

recent studies have shown that the rare o erns .
'

very few branches, a donaty of 0. 6 ginitt=ri== up to 951 As shown in table 1, t eh tenale oerate

iag un very puru pulyethylene increases aster mu
;

l but vares l

strength of pulyethylenes is reistrvely ow,f dus poly *

over a factor of 2 for the dilToroin types omer. Elongation at break is also highly dependent on
doses.

The
3.1.3. PolypropylenePolypropy6cne is very umstar tu pwyeihysene .nopolymer type, and is relatively high for plasucs.l hnied for epro.
althoughit is not made from ethytene,can oc r=d-uiar weight dhanhunoes is guncral yte conttud over u unga
ed as renved from polyethylene by subs tu

i

the polymer, and vansuons penn t soskapact strength and melt propernes.The phynca
l and hain

methyl group on every carbon atom of the mam cd the

cheaucal propertnes, the ease of proceanng, anng the gg

anoderate cost of putyethylene make it amol d house. . .c.c...

roost common of the plasucsin industria and HI

bodd use. Large quantiues are used in sheet, fdm an
103'

ngth "

molded items. Its softening tempera:ure and streli.aut it to moderate.tcusperaturc and nouload.bestm
Polypropylene is made from rennery by.produa pro.

g

d widety.

semcs.Within these linutations it ss useSince the electrical propertws are unusually good,
h pony.

pylene,wtuch allows it to be competsuve witin.

large quanuties are used in cicotrical apparatus asethylcte for some purpuws.The methyl pimps
.

B se of the

(branches) may be a ngni. hand or left-hand cun-Gguration on the mam cham. If the arrangements amorphous and issulation for wiring and coansal cables. ecauh icou can

sesaplicsty o(its cheiaucal structure, puiyct yserve as a prototype for the action of radiauon
un

is random (atacus). the polymcr i hesh data on

softAnd rubbery.On the other hand,if the brancare alLin one con 6gurauon or the other (isotacuc .puiymers, and the literature is repictc witud - both from )

the elTects of radiation on this mater
ts a high dediauon.

a besc and an engmeermg vwwpomt.The rainduced chesages in the phyncal propertes arethe regulanty of the polymer chaus pernuddlus.

gree of crystallimty with high tensde strength an ,the matenal be.

tratrve of the readts of c.ac"aking;cornes hard and finally bnttle (glassy).The ten
ste

Only the tsotactic polymer is commercially im.tougluwss.

Portant at present.The meitmg pomt and the giass.
d then

strength increases l'or maid radiauon doses andecreases f'eriarger exposure.The elasuc modulus tsl are hagner

transinon temperature of polypropy enesed :n appUca.s

lacrossed,and the plaauc.Gow regaon of the stres -
'

than those of polyethylene. 2nd it ts unona umdar to those of polyethylene where the ;re;
.

b es more

strain omrve is decreased as the matenal ecorn sufyThe

ngid. The softerung temperature is increased.er strength and higher sofreams temperature junbcrs prouwci m.
changes at low does leveis coastitute very res iits higher cost. Stretchmg of Tdms andi food i

an onented crystalline structure that has unusuastrength sad toughness.Such nlms are used m arprovements in metanal for electrical insuist on,
'

l hyi. l ge

packagog, containers, etc. Consequently, po ye tc "W by irradianon is presently bems mar.rule the $bers a
,

volume m pacKagmg applicauons. wally,

kated at the rate of several mdlion pounds annuPolyethylene is a reistrvely radiation-resistant poly.
~

d
very useful m carpeung, rugs, anc cor age.aos u

|

Surprtungly,upon trradisuon polypropytenemant sessuon at nesriy as hign a rate 0*rd oing

mer;it is more reestant than the polymers un ergng stom.

,shows predomas polytsobuty6ene.G = 4.9. At nagner Josesiseassson,but not so roussant as those contauus begm

aus groups. Although some of the propetueabsagmg at moderate damos, polyethylene may
be us.
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i generally reduce the raciation reestance of polystyr.
immon appears to decrease while the croes4fakmg ens.The ofrect of air and oxygen on the radiauon

( pehlincreases untd they have simdar rates at G = ~1.
These dienging y sids appear to be reisted to the in-

damage to tinckW,.ss appears to be slight but'

there is a small postirradiauon asidauon m air winch
ausse in vinylidene unsaturadon, which results from depends ce radianon does and *== For thm

,

'

usam ami appears at the new dinan onds. Conse. film or sheet stock,irradiadon in aar at low dose rates|

gusady, the radiauon stability o(pdypropyfene is may permit oxidauon amman to dorninate over cross-
amederably fees than that of polyethylene. At mod.

liniung.The radiation damage is two to three urnes as
t

asse does there is a losa a impact strength, tensde
grcst for fast neutrinis as for cquivaient dosez uf

;

asungth, and clangsoon at becak. At high radlauon
Ames(over 10' rads) polypropylene becomes acreas-

gamma radiation.

ogy softer and more flexabie, apperendy indicating 3.1.5. Poly +methylstyrene
as dommance of the scasaon process asam. The addiutnial methyl sade group ut poiy.o-.nethyt.

styrene grves it a mam chain stdTer than that of ocly-
11.4. Polystyrene styrene, which results in higher softening temperatures

Polysrytene can be pictured as polyethylene with
but greater brittleness,

sie groups of phenyl nngs on altamate mam cham

arsons. H
HCH

!! II g |- - -c-c- - .
---C-C---

38 , al
|

N

. The phenyl groups are buikter than the methyl groups it is difficult and experarve to polymerum, and its
nipolypropylene and the electronic a:Tangement in former applicadons as a hard, high-temperature plasue
2 arumauc rutg grves muda stronger attracuve forces han been taken our by improved or modified poly.
terweer: netshbonng molecules. Only the atactic ma- styrenes.The addition of the methyl group oppoute
anal ts marketed commercially, and the molecular the benzene ring on the main cham produces a qua-
snicture of this form stves an amorphous matenalin tomary carbon atom,wiuchleads to session under(

f
sludt the strong intermoiscular fon:es raise the glass- irradiation. Consequently, the matenal ts relatively
tossoon temperature above 100 C. Polystyrene is a sensitive to Pdiauon, as evidenced by a very rapid;

nyd.giassy, triaeparent plasde at ordinary tempeia- decrease in shear strength. It has not been studied
sues,is among the cheapest, and is easy to estrude, 8188"88'CIY-
asid and color, its eW propertaes can be im-

l puo.ed by adding rubbery polymers or copolymeEz- 3.1.6. Poly-para xylylene
og with butadiens or acrylorutrde. The opaque mod. This new matetial is interesting because of its um-
And polystyrenes have upper temperature limits et P e suucture and aromanc rms. It ts marketed asi

: 50 C and impact strengtha sufficient for appiaances, n a
ac. Remforced gradea show stall higher impact - - -c / -c - - -

38meegths. II ~

As explamed cartier, the phenyl rings staedhe poly- Parylene N, and its chlormated denvanves as Parylene
syrene assanst remarfan It cross-imks slowly (G = C and D.The phenyt nns m the mam drain gives :hese

!103 to 0.0a) with the rate of scismon w yar. ding metenais a suff molecular structure with moderately
a C < 0.01. The yiedd of gas from polystyrene, most. strong mtermatetnr forces and hign softentng tem-
i hydrogen and methane,is also very low. These low peratures, fer example 1000.hr use temperature abovet '

aum4andung and sassace rates mann that the mechan- 95 C, and short-ume use temperature above 270 C in
i sul propernes of polystyrene changs very !!ttle up to klart atmospheres.The expensve preparatton, vapor
dass exceedmg 10** rada. F1satacuers and copolymersI
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yirida pdyvmyl alcohol. but usually aboui 5% of dic
262

pulymeruatna, tirruta it to fugh< cat applicationssamt groups remam unreacted. Decomposcon ofI
1

winste its supence phyncal and dasisetnc propertiespolyvmyt acetate with formaldchyde, butyrmdchytle.g$
are in deinend, e.g. thm.flim diciectncs for capacitors,ur methanoi pruduces um cortccmdtng t'urmai,buh

*
'i

,

' y> and mappurung elements for very small, quick acungyral, or ather.!

essetronic ccenponents. Radiauon tsauas has not beenNone of thsea matenals is wideiy used as a pusaci

extenatve, but the aromauc rings appear to lend stabd.in itaeff.The hydroxyl groups on polyvmyl Aunos
'

'

. ity.On the other hand, weathering testa show that theennfer water sniubihty, and is is mcd m waone. ica-
'~

! material is not ronistant to UV redlauon, so the radia.tde stzes, and as an adheuve. The nydroxyl youps .a

|
. non reenatance should not be assumed to exceed thatsender it resutant to organte solvenu, and useful in

of polyethylene.The halogenated dertvatives wouldsolvent.renstant hoses diaonragms, gnActs. and other
be expected to lose their electncal resutance at con. ficaibic components.The etTect uiradiatum un puey.

uderably lower radisuun doses than pudycthylene. umyl alcuhui has not been mvesugated extcume:y a
it' appears to undergo scunon m both att and vacuurn.

3.1.7. Polyvinyl alcohol and its dertvstives with C -- 3. The carbonyl content mercases durmg
These Polymers are polyethylene with the corre. irradianon m vacuum as well u m air, and ccundary

- sPondag substituent group on alternate mauxhamrescuons ofliberated hydrnayl radicais may be resoun-

carbon atoms. "" "

scas4on a higher than that of polymethylmethary.11 H
late, the no:clumcal properto u( puiyvmyi .ncidiusII H . . .c .c . . ...-c.c...
probably deter. orate more rapidly.gg igs I O

Polyvmyl acetate has a low softenmg point. 4 soitOH

O ,C-CH and flexible, and is soluble m aromauc, crygenated,
j ' rolyvmyi ancosoe ,

and chlormated solvents,but not tri water or anonsucH*

hydrocarbons. It too is used m adhes4ves, cuaunp.
|

poey,.yg ,a ,,,

and textile unns. Radisuon studies have been maceHHHH
- -C-C-C-C- - - mostly with the copolymer with vmyl chloride in

. Hk wturft the acetate was a mmor constituent. The effect
of radlauon on the rnechanical properties has not breagg
studied.

Polyvmyl formal ts widely used in coanng etectrw.-i
wire and as a vamish, smcc it has supenor flexanihty

,

HHHH
. -C-C-C-C-.. and abrakon reustatice.The dTests of radiattun tuvc

been studied only on a formulation contamang 105
*

IH H,

plasuctzer in thm sheet form with hmited scess to airli H HI g
durmgirradisuon.The observec property changes.n-C.C-CH
dicate that cham sctsuon a the predomtr. ant react:aHHH
Tenstle strength and clasue modulus were recuero Eht krytal

- st about if rads,while elongation at Dreas wa o
HH creased about the same fraction.

Polyvmyl butyral ts a tougn, hign.strengtn custx,. ~~~
'

~~

used as the mteriayer m safety g!*ssat a espec:aa.

O

d adapted in that about 18% of the ester groups o( ar
parent potyvmyl acetate are left unreacted with ou-H
tyraidenyde,but are subsequency hydrolyaed to seOn :oPoeyveryt smeayieese droxyl groups. These posar groups ;mpatt auhes
glass layers without addiuonal boncmg agents. Se

-

~

Polyvmyl acetate is prepared by the tescuon of ace'etasue modulus of potyvmyl outyral increases ason
tytens with acetic acad. Hydrodysts of the acetate

*

?
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yield of polyethylene The scismon rate could be ap.
, indicating a dominence of crose41aking;inpreciabis and would maka the net cross.linkang rate

'

the elongation at break decreenes. The tenalesomewtist higher than reported.The appesent cross.
,

( drops to 50% at 10 reda, a more raped de.linking rate is hagher in aar, than un vacuum because of |8
)

thee shown by polyvutyl formal. ibe formation of peroxy cross.linka.

k commerczal uses of polyvinyt methyl ether to.
those of the aostate, and there in little use for3.1.10. Polyphenylene oxide.

Polydimethyl phenylene oxide, usually caIIed poly.shd polymer treelf. The low-molecular. weight
phenyicne oxide cosmncrcsdly, contams both oxy.

I
polymer crosa.ilnka.

Ben hnkages and aromauc tmgs in the mam cham.
HH

Polyformaklahyde,

| & acetal polytners, products of polymeramg the II

5tuup, have a mam<.1nsin of altamatialCtf- .../ \_o-.'

:al oxygcu atoms. l'idyformaldchyde homopoly.
-

g

and acetal copolymer mth formakiehyde are
CHg

as Deinn,while the copolymeris avedable d.

#' Ith '"d t "I "**' *"d """#"*l!I Ihll h" I d
siectncal propertaes - low loss tatigent and disupationGicun.

factor from -170 to +190 C. Its dimensonal standityH
,,..co....

and resistance to moisture and atmosphenc agentsH
make it useful m efectneal and electrome applicauons.

homopuiymer is amung the strongest and stifiest d
88 8 f*P acement for glass and staardess steel m me ic.

;he thermoplastics, and has outstanding creep andl
ces, and in food procesung and

.With m h My
- asefulness over a wide temperature range,it finds

han&g $pment. It she khave.samdarly to poly.
temp th ate unduinadiation.

tions as replacement for metals. et

h acetal reuns are rcantant to orpmc scivents .

I'I'I I" '" *Y P **"*8
to water, but strong acads and bases may induceThe phenoxy thermopiasucs are ethers of btsphe.

y
"

decomposation.The regular structure pet.
tugh crystallimty, which contnbutes to the good

n i A and gfycenne. The chemscal structure is umdat"'

Ym*f f'Paxy knnosettmg o
propertaes and hd romstance, mut- fcPCstm8 umu Per mhuk

t

( ' t'or Ecars, beanngs, and other inochamcal and e ec,
l 28 m-

' ' " * ' * '
componenta. With radlauon, polyformaldahyde"

asected to degrade by chain scission at a littje
*

H,

rate than the daemically samdar polyethylene Y HHH
Ids.

' Deinn has poor radiation stahdity at 10'' \ .c. \ / oc_c_c_ _ _
-

. -o_I
- I H I H0

} 11 Polyethylene caide y
The umple, regular chasa and the polar forces of'

.

',
ether linkage m.sa this matenal crystanine, waxy,The phenotaes have good mechanical and elec:rtcali-

properties and long-term thermal.agmg charactensues.11 11

They can be proceued by injection and blow moldingi - - -C-c -0- - - -*

for contatners, packagmg etc. Extrunon mto f'dm orNN

fibrous. The hagh fraction of other linkages con. abeet gtves heat.neslaole matenau of high strength anc
clartry that are useful for packagmg foocsrutTs andh nodubdity in water, so that it is used as a plasno.

A te and as an additm a nonpolymenc masenals rath.other items. The ether hnkage makes the polymer soi.
shas as a base polymer. Effoca of radianon on theuble m polar solvenu such as ketones, wrule the pen.

apsenng porprties of ttus matenal are not known.dont hydroxy group stves good adheson. Consequent.]
I hedianon in vacuum asvos about 4 the cr ;"-*g

,

*

a

4
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The acrylics ato clear and stable to weathenng andse /

ly,the materialis use[for conting paper and texulesmur2his for outdoor sagns, etc.
' '

,

The quaternary carbon atom attemaung along theand as a struenarsbdhaarve, Waf jouung of met.!k
ans. Behavior under irrs<tiarba should be similar tomasa cham of polyrnethyl methacrylate yscids fairlyC3

rapid scission under trradiauon. Along with scission'|| that of the epones.
!y there is decompositaan of the ester group to yicid the)

asses Hs,CH.,CO, and CDs.The cham setsuon utd3.1.11 Acrytics and modified acrylics
- .

:
The widely used acrylle plast 2cs and resans, forside-cham decompostion lead to embntilement anoaf J

practical purposes, can be regarded as polymethyllum of tensic 34rength at f airiy fuw raduuun dmea.i*

mathnerylate, saml vanations through coputymcrtzatuuThe opuc:d properties are also degraded by tne gen.f2

or bleedins. Trade names are Lucate, Pleugians sadtration of colored decompusmon products and pre.~.:
', asanably by the formauun of free rudicata and trgrie;;

electrons. Upuis standing m .ur, the nanlatum ni mePerspex.- .' is
rescuve specaes or their spontaneous decompustion jI 18t I g g
results in slow bleactung and recovery of transparencyi.; j.- g ---C-C...
h radianon-mduced changes in engmeenng proper---C-C--- H I HHv{ H I
nes are shown in table 1.The sc:ssion yield is 6* 1.7Ig bg cf Noc.CH
and the gas yield corresponds to the decomposaconHH'J H

!) ,,, g7, g,, of I ester sade group per sc:suon. If bulk polymemy
merhacrylate is heated after irradiation. the radisaon.1

Acrylic remns are 90% or more methyl methacryl-produced gases cause foammg.
f

,f ase sopolymerued with a highcr alcohol ester ofThe behavior of poiyacrylates under arradunon ha
,[ methacrytic acid or with an esser of acrylic acad Thebeen studied only from a basic sianopomt. The ao.

modified acrylica ass polymethyl methacrylate, co-sence of quaternary caroon stums m the mam chun>,

podymertzed with smail amounts of styrene, a-methylresults in net cross-ludmg m contrast to the puty-7

styrene,butadiene, or samdar monomers, or they aremethacrylates; pvmg them better reustance to radia-'.

bloods of acrylics with polyvinyl chlonde or some non.The protecuve effect of the phenyl group was;

other fimuble, rubbery polymer. The polyncrylate es-observed in a senes of phenyl polyacrylates wmch :s.
ters are enore flexible and ductile.The polyscrylatequared higher radiacon doses for cross lincng t%n!

esters are not widely used as plastics themselves, butalkyl esters.I lj the softness and fleubdity of the ethyl ester (po y. t

athyl acryiste) lead to its use as an elastomer (see un-3.1.13. Polyester, alkyd and allytic reuns
Polyesters are condensanon poiymers formed fror

,

- '
der the rubbers).

Polymethyl methacrylate, with both a methyl anddifunctional alcohols and dicarboxylic acids. These
a bulky esast ade group on every waad mato-champolymers are widely used m the form of both therms,
carbon, has a retsavely stiff mam chain.The esterplasce and thermosetung renns.The polar ester grou

grves strong intermolec.dar forces that confer tougn.
youp also psnerates ini.wtar attraction. Con.sequently, the methacrylate esters are hard, glassy, andness and strength to the polymers even at relanveiy

,

_ abramon roastant, and have a fairly hagh mammum.Iow molecular weights. The thermepiastic poiymers

service temperature of rbout 100 C. havvig a relatively regular moiccuiar structure (i.e.,
To increase the impact reestance, rnethyl rneth,those prepared largety f rom ethylene glycol and

terepnthatic se:d) have a hign degree of erystaihnny
acrytase sa wy,tp . d with as acrylate to grve amore fleuble po&ymer chaan, or with a hasher ester of

,

methacrylic acid to impart a degree of internal plasti.
cization, or with butadiene, or blended with PVC. Co- HH 0 0

- -0-C-C-0-C - h-C-
-

polyrnensation with o<nethyl styrens further settfens -

die mais cAmma- rusms the service temperature Limat.
aa

'

Cu,a, ~,- w . , educe. .e co- a me Polystayisas wephuimats

M producta.

,,

j@-
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i

greater than that of the unonented product. Other\

k ( factors that appear to influence the rate of radiation.l
'

L induced change are atmosphere, the thickncss of the

] g/ spacinion, and radiation does rate. trradiated Mymt<

1 ! iness appean to b una&cd by hW aging up to
11 11 7 H Il g7 | 117 200 C except at radiation doses above 10' rads.| [ il 11

! ..-o-e-c.o-c-c-c-c-o-c c-o-c-c.c-c . The thermosetting polyesters att male up of two
It H | HH

distinctly dilTerent groups.One sniup, the alkyds,is
IICII

pecpesed from saturated dihydrony alcohols and di-1 '

\! banc ac2ds, all or part of wfuch must be unsaturatea.
l ',, | A second system of thermusetting polyesters, the
I| g allyisc reans, utilizes dibauc acids (usually phthabe
J f g p,,ip , acid) and the unasturated monohydroxy alechol,adyt
1

- alcohol. An amorphous,hard structure results from
] | three.dirnensional cross linkmg which is usua!!y em.

8

ployed in filled or Gber-reinforced formulations to
- '

) I f give ngad, strong, and impact renstant structures.

45 _ 4 the heavily filled condition.The ability of these poly-
The alkyd thermusets are used for the most part m

j' catcrs to wet treated glass Gbers and to form structuresi

8T31 : 7 \$ of high strength 40 weight ratio with properly unent-
i 31 ::
i

i: ::
- - -C t' - C - O .- C / c-o-C-c-C- - -

1

! Ii 18 Il II
- H'; 11 ed and distnbuted Gbers has permitted the rcplacement

i of mctala m many applications.
| Grin: poey sier For the heavily filled or reinforced matenals, the

t clTect of radiauon on the Eller itacir wdi be the deter-
{mi crmacquently are strout. tough, and resastant to mintng factor. Ccifulosic Glcrs will be readily degrud-

enucals. water, and weathenng. Stretching or draw-

agincreases the crystallinity and onents the cryual-
ed by radiauen,inorgame matenals are generally re-

,

' <

ustant to radiauon, and common formutauons high -|
'

[ ] ' ies to give Gims and Gbers of unusual strength. in asbestos or fiber glass will be much more renstant.
The thermoplasuc polyesters are marketad very The unfilled resm will vary conndcrably m sensauvity

sidsfy as Gbers and fabncs, orismally with the trade tc adiauon, depending on me fracuon of aromaue
:ame Dacron but now under trade names of several

, aneufacturers(Kodel, Forucel). In f!!m and sheet
stags or phthalic acid in their makeup and *he nature
of the cross-linking monomer employed, and the

knn, the plastic is marketed as Myler and Terelene. encent of cure, or unreacted unsaturated groups. Thus.
4

k n especially useful in electncal items where irdi- unfilled polyesters may show meresses in tensle
r. ctnc propernes, its high softenmg temperature, and strength and hardness at moderate radiacon doses and
s toughness are needed. Capacitor and madsung wdl retam useful mechamcal properties to X 10' racs.

, Acet nock are notable appliesteorts. whde (;lled formulauons are useful connderably be-
The radlauon stability of the thermoplasuc poly-

mers rank. somewhat lower than that of polyethyb yond this done.Their behavior ur.det irradiation is

=c.Wlule the measured rates of gas formauun, cross- very sondar to that of the phenolics, desenbed below.
| tzang, and sessaaon are law, the changra in mecharu-

a propernes are relatrvely rapid.The evolved gases
3.1.14. Polycarbonate

se mostly CDs and CO. with C from 0.1 to 0.15;
Polycarbonate resns are polyesters synthenzed by

atsof cross linkmg and m are also withm this condensanon of phosgene with btsphenol A or by
d

ester exchange of a carbonate with a dihydrony aro-
up.The elonganon at break decreases at about the metic cornpound.They are usually modiGed with
as rate as for polyethylene but the tensde strength,

glass retaforcement and che tucal stabdizers. The
unaly much greater, decreases much faster.

carbonate ester group has strong polar forces. max.ng
, '

| Drweted films appear to have radiauon stabdity'

|

|
t . . _ , - ,

| .

,

,
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polymers wtuch scasaton. Inc unTdicd
.d orgame-: .

4
- 7

filled piesucs swell and become bnttle at high racia-H
HCH O

uun doses, and a solubic pecxJuct is formed winca
g . . -o / \ M- -od--- may cauas disintegrauon of the Nasuc m water.3

d
3 di However the inorymc Tdled matenal shows much

-

better reestance to radiauon and is affected oruyH( O
silghdy at 3 X 10' rads. For unfilled reun, the tensdeY

the reen hard, tough, and giving it moderately lugh strength usrcases but tlw impact strength decre:a.a.
rs
't $. sonening temperatures,it also has low nsold shnnkagePhenuhes cuotammg murgame tilleri ran among the
i j and m=tly is used for appliance parts, molded most radiauon.renstant plasucs. '

k-
' peas, pump imp.nars etc. Sheet stock Mth fiber.

; j

glass reinforcement makes strong appliance and 3.1.l6. Epoxy resms
tool houmass. The unfilled matenal is transparent, The epoxy polymers arc thennonctung resuis bascu'

.

l can be stessa stetilized, and can be used at tempera. on polyethers formed in condensauon reacuons be.q *

.i J tures in excess of 100*C, tween bisphenoi A and epschlorohydnn as mdicated
' ' . .I.. The quatemary carbon atom and the carbonate below.They require relauvety large poruons of eurm;"-

ester group probably lead to cham scismon under irra.agents, must of which are ammes. thereby meurpurst.
; diadon. Polycarbonates have been found relauvely ing nitrogen mio the molecular structure.

*

.

senstuvo to radiation, degradation of mecharucal prop.
%

.. erties bems comparable to that of polymetyi metha. H

. J Hf tt tt
||cryintc. '

- c - c - o / \ -c / \ -0-C-C-o - -sn '

U.
H H H tibt $H~'~

J.J.15. Phenolic resms|$ The phenohes are thermusettang resms prepared II ;
7 '

| from formaldehyde and vanuus phenois that polymer.
| tI ise and cross-imk by condensation reactions. They in general, the high concentrauuns of renduai*'

hydroxy and other polar groups in the muiccularg
",

structure g!ve the epoxies very strong adhesive forces.
e

H -C- - -
~ j. - - -C / H The wide range m flexibdity, hardness, strength and" g H other propetues,! cads to applicauuns m cuaungs.

-

adheuves, encapsulauon, unpregnanon and remforce-4 tio ticus

-3 \ mont.
j The radiation resstance of the epoues is rougnly.

are the oldest plastics and among the most important compuabic to that of the phenolies. Aromane eunng; ;

. industnally sance they are low cost and propernes agents yield products that are much more resstant
-

/' } and fabncsung technaques can be vaned through than those obtamed with aliphauc curms agents. Suo-7
. changes in the chemical structure and in the remforc-stantial differences between the e:Tects of ac;eieratec

1 lag masensis. Furthermore, they have high streas'h,electrons and gamma and rescer radianon hasc deen

good ch===c=1 and best seestance, and are easdyexpiained by the difference m dose rate m air. Oxyge
.

=aLiad They are supplied as liquida for coatmg or plays .ua tmport.aat part m use degradauun vicou:s.

isopregnanag and as mo6 ding powder or pellets. Inand at high dose rates it may be depicted faster man
both matances, they set to hard, strong, but some. it can diffuse in. For dus reason ttucxacss a au m:-
ames battle,11nal products.They are moet frequencyportant wnen spec: mens are .r-adiatec :n air.

-

used with f!Ilers or reinforces matenais, which may
be wood panier, celluloss fiber or fabnc, calemm 3.1.17. Cellulose and its denvauves
carboaste, slica, glass, asbestos, etc. Cellulose is a partiy crystallme natural puemer ot

'

UnflRed phenoi-fortasidehyde shows mtermediateca: bon, hydrogen, sad oxygen arrangec m a cumpics
-

'

Indiados reestance not as good as that of polysrytenelinear structure of cycuc g ucose repestmg unit.. The4 t

or polyethylene but much better than that of the
|

.
.

4 ;g
~-n;s

~ - ~ -
-- _ . . . . . - _
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unbeg[It differs from the other celluloso esters under11 0 11
c-C irradiation in its productson o(lary qusnutaes of gas.gjH NO C- - - - Irradiated shoet and thick 2r stock warmed to the. . .o..c !is k-O softemag temperature grve a spectacular reicase of gas

h0gg whr:rt inflates the specunca to several umes its ortg.H

H lana volume,

r

hoe hydruny groups por glucose ring permit the dis. 3.1.18. Polyvinyl chlonde
j asiuon of.5 thih== in reacdve synts.Subsutunon Polyvinyl chlonde (PVC) has a regular mam-cham ,

'

s'the hydroxy groups by ethyl groups gives the ther. nructure, and polar forces assoc:sted with the carbon.
r

1 napiaasc ethyl cailulose, whde treatment with afi.l C3
|I pezus acids yields the sciluinee esters which are use. - - -C b- - -

I:

leias munding cuenpounds and,in the caso of the HH
'artase, as a textile fiber (acetate rayon). The moisg.

u reentance and weather resistance of these cellulows'
chlorme bond stve the pure polymer high crystaffinity

,

| %rrvauves are pncrally poorer than thoec of most
and lugh strength and ng:dity. Its low cost and me

:pauca.The upper service temperature is about 70 C. range of propertes possbie with fWer and plasucrzer

hse properucs limit the uses to thune where capos loadings up to 50% have made it one of the must

;er to severe environrnent conditions wd! not be
abundandy used of all thermorfattics.

limposure to cadict light ut seniang radiation re.
pucred.1 heir goud mukling and strength diar. leases hcl from this polymer. Fortunately, ..i the case'E

Y mensua, as well as their appearanur and low cost,
o(light, this reacdon can be stopped by staddizers.

j pe chem wide usage as decoradve h==hald items, Other radiation-mduced changes vary greatiy, depend.
j mettaes, toys, and ; h=a= items.

ing on the addiuves.
K j The acetate, propionate, and mazed acetate bury. The unainW hard, strong form shows fittic

|ae are the caters in common use. The vanadonssoas the esters and the other, along with differenceschange in tensde and unpact strength up to 10 rads.j 8

4
I e peasucuers, provide a wide rany of propernes.

Some plasucued formulauons harderi and snow about
the same radiauon resastance as the unplasumed ma.

( l b polar carbon omynen hakap results m strong
tenal, whde others are more sensuve by at ietat an

j ,sieraciecular forces which contnhute to the crys. O' der of magnitude. The liberated hcl rapidly reduces
deuty and strength of these polymen.The large

j 'bcuan of the chemical structure made up of such the electncal resastance. ,

j Ectronegarrve atoms contnbutes to faarty rapid 3.1.19. Polyvmyi chionde.acecase
j mhauon-induced deconnpondon. Celluices undergoesCopolymerundon of 5 to 20% vinyl acecare with

sanon rapedly (C = 10), but cedulose denvauvesap.
. ;nr to be somewhat more reestant than cellulose

vinyl chloride yields a plasuc that is b=uefly poly.
vinyl chlonde, but fess nsad and softer with intemal

t cal.
! Radisuon effects data are avadable on athyl cellu. plasocuadon. Under radiacon, sc:sson predommates

.

i Ims.ceGulces acetate (rayon), e=33"la== propsonate,
in the unf" died polymer, and HCi:s produced. It

i

, shiese acetate-butyrste, and celluloes nitrate from
blackens at relativefy low dotes and drops severely in

J na on sheet stock with limited oxygen.The tennale electncal renstivity. Before the sidor changes, how.
ever, a lary increase m the piasuc.Ilow region of trie

; ';neerties are reduced at least ten tunes as fast as forstres>stram curve is observed, the efongauon at breax
j perethytene, but eat as fast as for polymethyl meth.

lacreasing up to 200% at 5 X 10* rads. After trus the
stytsas.

Natural ceHulose (cotton, wood, etc.) undergoes plasde softens and wea ena gradually.'

, senos quste rapidly and takes on a charred appest.
3.1.20. Pouvmylkierm chlande

| es.CeGuices nitrate a flammabie, which precludes Another halogensted vmyi polymer that has en.

,

' e sse as a moiding metenal, but Ita unaque toughness
sees it uesi\al as a cosang sad as entruded sheet and joyed industnal use for a number of years is poiyvinyt.;

<
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er, w>aremison. O.33ssums. /Isstacs seit creuonarrs
cuntamcrs, aand for esostncal cousmp, where their

'v
ma

leertness sad lugh sernperature reustance jusufy tne:r) ,
,

ust.Thear low coefncient of fn6 tines, makes them
: HQ

i O -C C - -
useful for unlubncased beertn$s and sading surtas.

T } [ Il C3

These materials underlo setssaon under trradianonIdene ddonde, used largely as a copolymer with vmyi$ ,'
j

r
and in syste of thest reestance to atmosphenc ox2da-ddonde or aostate. It forme partly crystalline, strong, dj

hard remas. Both piaerwwari and unplesuctaed poly,Don, they degrade mudt more rapidly when irractate
$

i
in air than when irradiated m a vacuum or men asno

v s

[ vmyf6derne dinonde copolymers Gnd applicauon a3

sphere. The e Tect of waygen durmg irradiauvo is les11caabne buses Gm.muided pips fitungs,ste.T 4

in CTFE than m TFE. CTFE is more reustant to ra-i irradisuon of polyvmylchionde with limited accemT

of ur produces predommandy dtain sc>smon and adianon damage than is TFE but both materian func7,f d eventnadv rnor
raped lose m strength and ciestncal romstance, withSircugtle and c6csincal rusastance an; ?

bic at modcrate radsauun dunes.i
evedutiusi of IIC1. The importance of oxygen with regard tu rada:.twn, 't

i
stability mdicates that the effects of bnth dose rate|

,

j i i
3.1.21. Polyvmyl fluondePulyvmyl11oonde,slee nuorinc counacrpart ofand thickness are 4so likely to be very impurtam wnen(j.*

( I

5

putyvsnyl ddondo (Todlar) is avulabic m Ghn formfluurta:crboen polymers are arradiated m air.
'

| |C h,
|

ased a tuut , acuble, and has high scnails strengt
3.1.23. Chlonnated polyether ipenton)]

g
{,,

h
;

The imcar structure with pular groups vi ihap
b5~ (. g.

halogezwontamtag polytraer gives a fuga degree of[IJ; : ::
l3' n|

Polyvmyi fluoside is umitar to polyvinyl chionde in HCCIM
_

il | tt
that it hee good resatance to most chemical agents, --C-C-C-0

-Np but also has outstanding weather resatance as surface H H

panels and house sading, and for contmg fabncs.Radiauon stabdity is prubably umilar to that for poay-
.,

" 6
a.t ,

t* vinyt chlande. Wty and moderately h2gh serme :esupera-., {{, ,q' tures. with good corrosion resstance and strengt ,an
h d

Cosopietely bologenated ethylene forms two wide-
b mold shnnkage. Radiauun staedity is pmaaiy

v.:
3.1.22. Fluorocarbon polymers

I
fy used polymers, polytetraDuoroethylene (TFE)'''Y P'*'-< d
(Tclluu, llaluu, and T!uukui-TFli) and putywhlututri-.i [' 3 ' * N"'"Y **'D**d'I '

nuoroethylene (CTFE)(Ken-F and Plaskon CTFE).
.

P&, win % mbade is a mtrugenontainuigJuicz' *T. ]
The copolymer of nuoroethylene wuh perfluoro

'

*h*'" 9 **"' *ddi" " P
Y**# *i'h * D" LAY *' **";! 4 iI

propylene (Tenon-FEP) is also comms into increannguns.The TFE and CTFE homopolymers have ample
[. HH' '

- -C-C - -

edar structure and moderttely strong mter.- 5 n*
molecular forces. /

d.. _.!s .FQ gFF - - -C -C - -.

i - -C-C- -

FF
'

ade group on siternate carbon atoms of ttte muFF
cham. It as thus a very hard ngac matena4 with ratne:All have good tensde strength and are tough, also ex.

- *

tremely mest chenucally and useful to excepuona ylow impact strength. It itss not been extensvely :esdll.

y i
ed but appears to have very good resistance to rat.aa-high temperatures (250 C in the case of TFE). Hot!

preseng of powder compacts are requved for TFE,but the other resans are more suatable for convenuonal
tion, comparable to that of poiystyrene."

febncauen. They are used for tubel. gaskets, seals.
-

-

.

~~?~;nc
- I ,
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f
found in uw Gesural strength and Ostwiec cuenptcu. '

( f 3.1.25. Polyamides ive strength of a polyurethane-(aam sandwich arrada.
The condensation polymerrzadon of diamanes with

I I, aced to 10' rada.
eerbonylic scads or of amano acids with tfumselves
Isuds to a group of thermopiasocs now genencally term. 3.1.27. Ursa formaldehyde and amine (camsidehyde
ed synons. The most common member of the group. rosas
synon.66, has sut cartpon atoms in both the diarmns Urea, metamine and andine condense with formal.

,

i

and thcarboryLic acid.The amano acid wuh ax dehyde to gree comp 6cm nitrogne,.smitauasig rewti

arbon atoms yields nylon 4. Polyamsdes with up to Proper rescuon condiuons lead to cross 4miang (ther. )
,

I

12 carbun stunis latwasu anude fiukaiprs are mame mosetung) ance the ures and ammes cari bensve as
''

, factured.The amade group has strong intermolecularpolyfunctional monomers.I

f .

Itisitasasis u ',3 is is is it ? . E" /"'C- - - -
"

<

:

[ - N-c.<: .c c .c-e-N-c-c-c-c-c-c. . . - g g

Il 11 18 it H 11 HHHH N
'c'N

li ;n
< rmes wtudi produce crystalline structured, chemical. H 18 3

N -C - - -

..-C-N-C-N... ;Hly rssistant plasucs having moderately hagh service:I
Jf temperatures (l50 C for nylon 46). On the other hand, " Mabine.is abrasasachyde

the amide group is subject to attack by acids and Uros fonnandeayde;

[
Aalses, and thesc plasucs are somewhat more sus.

,epubic to these reagents than are the hydrocarbon a
polymers.The crystaillesty and strong mtermolecular -N-C-. Amstew fonmaakhyde

forces impart h'gh strength to the polyamides drawn elt
sto liters.Thus, these podymers arc widely used ca |'1

Ingh-performance Gbers and textue fahncs.
The must pronounced efract of radiation is harderung

( m cruesJinking,but the polyamides have a hegner In the andine polymers,such cross 4iniung requires
fsoo isc:ssaan to crosn4taking than polyethylene. the reaction of the hydtogens of the phenyl nog. and
bs theit totention of strength and clongation as poorer. this renn is frequently used in the non.crossdinted,
bi nhects of nylun and nylon fabors arradiated in thermoplastic form, and has good ciccincal proper.
ur have been found to detenorate much faster than ues.

| nadt stuck.The alditsuu of anLaunulants improves The urea and metamine reans are thermuaetting
he radiauon stabdity of nylon libers.The polyamides molding, coating and adheave matenais.The urea
do not harden as fast as polysthylene, seems require (Ibrous Mars for good tenste strength,

I

and are usually formulated with wood fdlers or cedu.
11.26.Polyurethma lose.They are hard, glassy, and sotvent and stam re-

Polyurethane plasues are either thermosetting og sestant, and withstand mtermittent exposure to boil.
tmnoplastic condensstaca polymers, fundarnantally ing wster .
may dightly different from the einstomeric poly. b6elarmas teams cost more but have grester
methanes discussed under rubbers.Their good adhe. strength and temperature resstence, withstandmg
esa charactenstacs, toughness,and abrassoa resistance 100 C conunuously. Furthermore, retaforens with
see them useful for comungs and adheaves. They asbestca fiber incrosses their temperature reustance
a also widely used sa ngid foams, which :'.re idenucaj Aarther.
a(ne elastomenc foams esospt that different curing The radiauon behavior of dus whose group of
guna impart the danised rtydity. Rigsd'podyurethanesformaldehyde condensation polymers La umdar to

| user tiradiauon should show radianon stabdity at that of pheno &. formaldehyde rosas.The andine-form.
,

fg

.j has as good as that of the elesermaa*.foo changs was;

-

t. ;graimmisamemme
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'no H
fh HCH

aldehyde resins are the most radiation reestant o t e
.

/ \ -s- ] - ,*

I h youp,probably because of the benzene ringin thetr. . .o. / \ .c. / \ .o.
a

$ H-

I O. I, -

structure HCH
.j [ I' 8

3.1.28.PolytandesThe polyunades aredaamoon polymers of t!w
w,

3 f'8'
2 dt. 3.1.30.Saicone plastics

anhydridae of stracarbonylic acids and primary
einanos. One comunerosi product structum is s own

%11 cone reuns euntam nu careon,:aroun Imu mh
* I

. here (arosnatic polymudes of pyromanitic acad).the polymenc cham.
g

'i
H

I ~
Another has only the imade linkages in common.13'

11 0
I

f } f ~~
'~~

I

f / \-O/ \~~~,, HCH
4 :' H

f
1- j ...N'\I #

An sikyt tnchlorosdane m the polymenz:ng mixture
'
,

9 I || introduces crosMms.mg and allows h2gh-temperati.rcl 1- O
curing.Their outstanding charactensucs are mertacu.

.

5 'p The polyimutas are !dgh temperature resistant.Thereustance to sotvents, moisture repellancy. retenuunf
i

aromauc pyn n"i" midas (Vespel. Kapton) remst a rof properues at tugh and low temperatures, and ow
'

50 C. Another pro-,

to 273 C and for short caposures to 4 duct (Cymnannwia XP1) is tasable to 260 C and is soluble
' I
,

coeffic:ent of fricuon.
- I Uses are tugh. temperature coaungs for meta.licandtheannplatac.Since malding extrusion,andothercomponenu and electncal insulaung varnishes. fre.|
[

methods of thermo(orming are dif!1 cult for high. tem.'.
qucntly with alkyd reuns for convement curmg pro.

"

perature masenals, the aromatic pyromellitirmdes arel

perues. Silicone resms are used un large vulume asmolding compounds. usually with tillers of salica. iiber
d

avadable at peesent only m bdleta, shaped forms, an|

I
',

The polyunades are used in hith. temperature elec-film stock.|

glass or asbestos.Radiauon stahdity ts about intermediate for poly-l
tncal insulatmg sheet and components, gears, s eeve
bearmss, housmgs, and as enamel. They have inctionalmenc materials: the sliphauc ulicones are less reustam(' s

than those containmg the phenyl group in their stru
~

diaracternocs sunilar to nylon and even betier i nn

ture. Class and asbestco lammates and onencl c retaminates modiTed with ulicuiws au show exapuun.strenge and weer r-tsace

1.itde change occurs in strength after irradiadon ofThe polymedes are reistrvely rematant to radianca,
'

ally good radiscon stabdity compared to the untd!eu
'

.

flims it,
thick specanon'sTo 10'' rada. But 0.002*n matenais.-

radiased in att at - 2 x 10' rads /hr had lost overhalf their initial tensde strength at 10'' rads, and the3.1.31. lonomersBy copolymenzmg olefms wit vmyi carooxylicelongation at break wasless than 10%, of the imtial
acids (for example, ethylene and meda.~ylic sc:cl.*bnomers* mat have a hydroe:rbon mam cham wim

~

value.

acadic suis groups are obramed.These groups c n be
neutralized w 2 common metallic canons (sodium.3.1.29. Podyndfoes

Polyndfons has good strength and electncal pro-
,.

pormmm, magnesum. :mc) to impart strong, iocze
parties from -100 to + 165 C,The molecutar chamcommets of phenyiene rings !!nked alternately by qua-intermolecular forces to the polymer structure.

>

IH Hl fY1 iornary carbon atoms, osygen, and sulfone groups.
The P ostylene stag and the malfone group confer res.. .L c.c.:. _c.c. L .

*

h [ H H j,, L ,. j ,,,
omance standization, but the quaternary carbon indity wouldO'
Ibo chess leads to sessman. Radiation stab

,

,

he espected to be only moderate at best.'

Wm . .

e
; -.?*26

'' M
_ . . . - -.

, ^
,

.

.
-

-. _ "* - . - -' -



._-

-

_. .

.. .

.
' .

d 27I
W.W.Aressess. OJimment i'Isarser mest edawoners

%. 3.2.2. Natural rubber
- As ordinary temperatures ionamers have propernes Natural rubber, polyisoprene, is a sunpie bydrocar.

( seder to m. "M polyethylene, though trans. bon havsng a four carbon mam cham repeating unit j

pesency is hash. At high tempersaarse the ionic inter.with a methyl side group and a doubie bond at the
duet bonds are broken and the ionamers can be pro. second carbon atom of the monomer unit. Natural
.ausd by the usual methods.They are tough, soir ans-nabbet has the chean segments on the same (cts) s, des *
ad crane.coastant, but are Lisailed in creeps strength,of the doub4 bonded arbons,wtule gutta-pertha and

Radistauswnduced changes shouldbe andar to thosebeista are trans, and are largely crystzuine and fenni.
a polyethylene unless the carboxylic (raction of thecry inatsad of rubbery.|

pedysiser a nuhataussal;it loints to documpunc, whde ,,
arthac:ylate groups undergo scismon.

,,

M. Aubbers .. m . . _,
a tt isu. . i-i

The base putymers for rubbers are *alastomcra*,
dich do nos differ substanually from thermoplastic Radiation-induced cross linking reduces the clas.

ad ibermosettmg teams. It is the formulatang and scary and tensde stragth @g.1); the material be.

p**amng. the introduction of reactive ingredaents,
enn=s hard and bnttle, then the strertgth mereases a.

ad the subsequent chamacal reactions which impart gain, the rubber has boccane a glass.'

er properties differentiating rubbers from piasues. Natural rubber is not lugh temperacure reststanr'

The essenual characteranc of an elastomer moleculeand often cannot be used around reactors for this rea-
ssubdisy of the segments of the po|ymer cham. son. However, for moderate radisuon doses,it ret.uns

fossequendy, the intermolecular forces must be weakits resdaence and resistance to permanent set when un-

ad crystallecauon must not occur. Ptarung points der stress or cyclic stram. Radiation damage is much,,
,

f Aug the polyrner chman are also needed to prevent greater when stressed, particularly when oxygen is
.,

*

iw and to provule forces oppoems extemal stress. gment beauno minne damage.
,

.

la practical rubbers' dec pomms points are peuvid-
- al by dismical bonds imking polymer chams either 3.2.3. Ethylene. propylene rubber (EPR)

aractly or through solid particles.The formation ofThe sunplest elastomer is the copuiymer ethylene-i

( ness links during vulanemum or curtos and the con- propylene. It differs structurally from poiyethylene
end of thett distnbuuon are accomplished by a host only in having frequent rnethyl sade groups.

4different addiuver and a wide range of curmg con-
4anas.The propernes of the flaal product are altered

! mrther by the mcorporsuon of a wide verwty of addi-
pes. Iteanforcing additives produce a stiffer ssoch. '**
F12actang additives produce a softer stock. Pigments [ j3

rr added for specific colors and earm idaa ts to im.
j l'.

y j j
; rose life. Carbon is a pigment-remforcement addi.
se. Physical properties of rubbers are given in ref.g **

;f,' '

gj
U.10,13-16]. ;

g i !g Robbers refer to formulated, processed and cured
JJ

emerais ready fut use.The irradiauon propertaas and3 ,

3 ,, 7
tenenor may depend strongly on the additrves, per- ;* j ;

fillers, and un the cure or ex- 3' |maiarty the resnfurcuit
|nat of vuleanszauon. The acsson of radiar6aa wsil be j ,

=Lar=d by the Gilers and additrves. Furthermore, e *, # ** '

eh e- is amniogous to addido.aivtd. .annmare. aan .

me=riasi, whde scusson anay be the inverse. Irradia.|

ses properties of the rubbers are gives in table 3 and4 IA'**'* '***l'" # ** **88**d namral rueber (11I (

4. g psymids on irradiscos are in table 1.
1
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) 3.2.5. Polybutadiene rubber
Polybutadiene differs from polyethytene m havingH

.
' '

one double bond in every four-carbon repcsimg urut.. itch*

33 ,NN, ,H | ,
|| H H H-C-C-;M -C-C-

-------

p3 .H 13., . H 11 . , - - -C-C.c-C . - -
H H i}' O.

De ande groups inenbit crystalltsation, thus confernng
3D-cas #ymer u d and elastane, whde the

1 t

*-'
disin mobility, while the saturated structure provides * " " # "E"''''P#d '"" N

:g

s==**=ar* to sunlaght, host, and oaone This elastorner '*"* WY"
remasts acals and alkalics, but not uryuis solvents

The homopolymer crosslinks rtnddy and has poor
'''7'-

'

and ous. Saturadon prevents vulcantzauon, so most |
Wucts ars #pd wuh a M

' " ""***""*
diene,

.quanuty of a dioicfinse monomer;cycfopenta
I " "" #"

bestadiens,etc. Noth vulcang.ang and remforvenwnt e e p lym ru er, BR.'~

with carbon black I'diers are facalitated. formerly CR.S (Covemment Reserve (BunalS), wah
nynne u

There are no data on the effects of radiation on .

commercial materials. Esportmental sampics soften af.,0 to 4(yX, os styrene, finds high. uiume use m urcs
.

ter irradiation, as does polypropylene. Large losses in 18 !! H H ~
- - - C-C -]- - -C =C-C-|-

-Pt 18
-

.

'

-

tensde strength and gain in the percent compresson
lH 11 11,

%

set occur.
I

;
~ 3.2.4. Butyl rubber,

Butyl rubber (polytsobutylene) has a saturated car-Its resstance to radisuon ts better than that of most
bon-carbon chain with two methyl groups on alter- syntheuc ruebers,but not quite as good as for natur:a

'

[ nate carbon atoms. Usually a ilttle tsoprene ts copoly-:.
rubber.

martcod to grve some unsaturation for vulcaruzauon. The radlauon-induced changes are due to eross-i

lirdung. Stabdity results from the phenyl rmg. Wu ofH
the radiation-induced dtange a due to degradauon of.' HCH

H | the butadiene urut, and environmenw factors sucn asj
~. - - -C -C - -' *

HI oaygen are important,*
r ix n
{ | . H 3.2.7. Polyacrylate rubber
'

The polyacrylic rubbers, putycthyl acrylate, have,

L -.' Tho sade groups are adoquate to inhibit crystallieauonhigher heat reustance than natural rueber. are not cam.
j
l J

'

and the hydrocarbon molecular structure ts stable toaged by ozonc. and may be uwd m mon mi> at elevat.e

unidauve asms and to diemical agents.The gas anded temperatures, but the radianun staoility :s some-
*

,

vapor barner propertws are also good. Furthermon,- .. nn
the raw matertal is slow. cost termery product. Conse-

* - - -c .c- - -

quently, Suryl rubber finds high volume use in tubes H l 1i H
for automobile tires, in hoses, gaskats, seals, and stm- gC (W CH""
Est applicauons,

Radiation induces high rate of chain setsuon art what lower. Tensiic strength and etonption i;ener:.dv

Butyl rubber because of the quaternary carbon atomsdecrease for moderate radtauva exposure. The pro:-

in the mo6ecular structure,wtth rapid delradauon. ernes benste as espectea for a poiymer whicn eross.
'

. Buryl rubber becomes soft and loses strength, be.11rtks, but the behavior depends somewnst on ene r,pe

coenmg a tarry, viscous liquad at relauvely low radia. ,of acrylate. Polyethyl acrylate show .irmf at properry
,- dianges to natural rucbet.
- 16aa doses.

..r
.

'

J, ,'.

.

w h
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,M,
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radiation doses increases hardness and decrosses,

1. htadaene.acrylonitnle rubber (hBR.nitnie bu. elasucity as in natural rubber. It a much supenor!(- f. 12.
;taAems rubber,CR.N)

to natural rubber when irradiated sa oxypn under|
,

| The acrylonitrile cosimatin commercsalmetenalsstress becauen it rosats umane.
Isenes from 20 to 45Eh nitrde group increases udl

i ad solvent roastance, and thss rubber is unoJ for sea s,3.2.11. Fluorocarbon rubber
gahe a, and homas esposed to lubncants, bydraulicTwo base polymers are used in formulatmg hoto.!

carbon rubbers, One.largely a polymer of chlorotn.I
l huds,etc.

'N H H H 1 buructhyleno (CTFli),is martsted under the trade| 'H H 9

C-C-C-C- ---

| - C-C - name Kel.F.
--

.- a,
| H J, E s

Ct F
, ,, ,c .,c ., _ ,,

i The radiauon stahdity a somewhat poorer than that yy'

| oimatural rubber. At low dumos das matonal suftens,h other Anorotubber is a copolymer of nnylidene
i k to seassaon, but at high doses croso41nkmg pre-

,

comunates and hardenmg is observed.Tenale strengthQuonde and perhoropropytene (VFFP), and is mar.|

i
(

areases as moderate doses, then decreases. and final-heted as Viton and Fluoral.
i lonitrde contents (see phiyincreases asam for hig acry

5g.1) Acrylonitnie content appears to have no efTect FCF

'H F,_ _as (bc ita.rcase m hardacas, but the rate and percent
,

'

; p p j_m1 __

caenac in tensle suength a greater with larger g g p ;a
,, ,

'

muunis of acrylonitide.
Vartanons m the monomer tsuo are employed to

,

12.9.Vinylpyndine rubbers optimize different propernes.||
L
- The pyndine nns,like the benzene nog, lends radi-Both types of horocarbon rubber are fleuble and

!
N anon stability, and the vinylpyndine rubbers are near.resistant to omdataen, hydraulic tiusds. lubncants, and

solvents up to 20d C. CTFE formutauuns are more,, g

rapidly damaged by radiauon than the other
t

| _ . _c.c . _ .
typean air at room temperature Kel.F loses 25% of| Hp N

j
f

-

its ongmal properues at - 5 X 10' rads, but a more
'

'

rcsastant m silicate ester hads and in mcrt :..c.ms-'

. y ss resatant to radiauun as natural rubber. Hardnessi pheres.

aceases and clongsuon decreases because of cross,Tlac VFFP supulymcrs tolerato 10 tunca lugher ra-I

! Imiung. Isradiadun up to 10' rada did not show strussdandon doses. However, rmther type is smtable for
long-term use m radiation in v abcre 17' C.Viton-AI c

in air at 200 C diantegra*.cd a. l# rds,Lt remamed|
; eacktng.

12.10. Polychloroprene rubber (Neoprene) usable to much hig.nc.ca tri vgon or d:cuer od.
i

'

Neoprene has wide applicanon because of good re-The more reestant Vita. S rwm.d /.s ten:dc strengthS

,
snance to weathermg, sliphatte ods, and stresurackbut lost half its c'.ongsuon at 10' rads at 200 C in po.

.

!

| as by asons, and moderately good roastance totyphenyl ether. * Acturads* and filler matenal have no.'

It O 11 It improved radsstion stabdity./

- - -c.c-C-c. -

H H 3.2.12. Polyurethane rubber
Urerhase polymers, both plasucs and elastomers.

'( isst. Resistance to aromatic ads, and chlormated are made from dusocyanates, usually aromauc. by
condensanon rescuons with cross bruong agents hav-

,

ad polar notvents is poor.
Radiauon roastance a not as good as that of natu-ing two or more funcuonal groups ths provide reac-

s

nirubber har== of the ddonne, but 's as good as tive hydrogen atoms. The rescave hydrogen com-| -
'

taiof most synthouc rubbers. CrMhuting at high'
'

!
i

.

I
.

!!.} -
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Most of me radiaconwiamage data avadacte are for
'

4

a niediyl mercapran adduct of putytutadicnc. wnn.h
:, , , ,

pounds are usually polyethers or polyesters with un.
I

innsied inyuresayi peups.The itswyanate is usuallyhas better properties man the unsaturated matenal.fpartecularly 2;
and much hettor radantmui rusatancuuslytene dhoocyanate or diphenylmethane diisocys. j
lugh temperatures. S'- N'enn stability equals or bet-tes are

sinse, allheng)s siipiastas anal gailynseric sessynna
'

.

tags that of nanatal rubber. and resistance to sttaaimanuang inte.maMot speaalty matennis. by oaone is better than est of neoprene.The M's
' '

*

|Nymer a kner man bsaturated ma+
,

Nh MH HH ;i

-C-O-C-C-O-C-C-C-
- - annara

HH HH nas.

$H
3114. Chlorosulfonated polyethylene (hypalons..c.n-

Cids J Hon. j

Otlorosulfonation of polyethylenc y:
crystallioc pudynier llenabac smaigh su crve as an|

il I
ciastomer.

A sammnon feature of urethanca is the arethans link' {H

, [,, "g ,"g , ,.
,,[,g

,,

sgs in the podymer chain derived from the isocyanatelagrediant. WIthin this structural characteristic, differ.
- ___

f L H C1 4iH W"' bt 1J,

oss.o
eat starting rusterials yield a manifold assorunent o|

|
| properues. Consequen(ly, polyurethanes range from

'

C3d ba
the reote common soft, tienible rubbers to har , a r .it limda application at higher asul lower temperatures

'

!

stor><enstant contings and adhesives. than many rubbers and reststs ods and gresses exceptPtJyurethans rubbers show radiation stability as
,

aromatic and chlormated types. Radiauon resstanagood as or better man natural rubbers. Hardness,
'

is not quite as good as that of most rubeers,but tsd p
tensde strength and elonganora decrease sligh y uquite sausfactory for many appiicanons. Hardncu &b een

to about 10' rads, wiuch ind':ams a balance etw% and ehem sesanon. At higher doses thecreases and clungauon decreases with radiauon czovI

I m ; "_
metenel becomes harder, weak, and brittle, bu t mayin air as room temperature. it retams its tensicsure.

std1 be useful for some applications up to 10'' rada.Polyurethane rubbers are sensstive to monture andstrength, and 75% of its ongmal clunganon and anue-
goes only 60 to 70% compresuon set to doses ofd et.

show poor radisuon stability when irradiate wk
3 X 10' rads. Anti rads mercasc the radiauon rewThey are roastant to most organac solvents, and areh hyd. au. cance, but data are Lacaung at fugt temperatures.

therefore often used as seals and gaskets wit
lic fluads, etc.The temperature of continuous serv.ce

3.2.15.Polysullide rubber
Is not as high m, for natursi rubber. Polyndfide rubbers are prepared by condensing:n

alkyl or unular orgarus dichlonde with an alkaa pony.~

3.2.13. Adduct rubbersUneatursted polymers are subject to ozone damageadfide, usually sodium tetrasulfke,
3

at the double bonds when under stress. The adduct
rubbers eihmnate most of the double bonds by reac., , jj,3,3, , , ,, jj,ojj,3,3, , ,3

kl a gg aag
ting the polymer wie a low molecular. weight si ygag

The elastomer that resuita can be processed on rucecr.mercaptan.

fabncatmg mactunery, cured wim zmc once. 2nd rt.
H

r

HCH
inforced with Caroon blacx.The vulcam2ed procw.sH | N N
sre more resstant to ods and solvents than the nycr>gf~g~g**~~~~

carbon rubbers, but have lower tensde strengtha sr:a*

3< H
b abrasoo and beat reustance.
H

-

. >

.

'k

; t
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w.w>sresamme o umism,rienne.=r riesia wrr
use is generally outade the core. For lush dux regions

''
e

ceramaca or metais wtuch can mthstand much h2gherItadisJon stabdity has been studied for stuokol ST
bbers. Radiadon resis. radiadon doess caust be subsuturad, though this often

, q ad thaakoiFA polysulfide ruuses is only a littie better than that of Sutyi rubber,
g

causes desagn problems.
For most appilcauons, most polymenc maserish

Teende strength besms to decrease at low radiationcan be used to radiauon ermroninen of at least tO'
,/ ,

dessa,while the n W and handness remam reis.|

inds. Some are unsfut to 10'' or 10'' rads m timated
'

>

moly undanged,due to belancing of crose. linking
I

applications. Pmhably mme are mud berner than ilus./
j d,

ad chain scasson. Finally, acusion predominates an!
,' .

even with large amounts of maneral tiller.
te pruperty daieges are as espected.The ctwupres.Pigh dose rates cause heaung, and properues of

'

| d he
mas set is gready increased under irradiation an tpiastics and rubbers may be strongly temperature de.i
m:tenal eventually softans to a tarry consstancy.

pcudent. Aho, the radaauun-mduced dange may de. pond on the temperature, atmosphere, kmd of radia-
,

| '

|

aca, dose rate, and conditions of stress on the mate-f 12.26.Silictuio rubbera
'

f
Silicono podyn.crs are unaque in that they do notrial, and vanes wideiy eth cherrucal structure. Phys.

astaan carbon in the main cham.Their snicon.onygenbackbone imparts unusually high operating temperatures
j

ical property dtanges are ususuy more severe m the
> 270 C) as weil as Ge;ubdity at low temperatures

chemical structures wtuch undergo chain session.j

b

ad reestance to ods and chermcal agents. They can e
4.2. Gaskets ami seal.:f made with many vanadons in the orgardc groups at.Plasuc and elastomenc matenals are the most pup.b tdimethyl
ular for gaskets,0 rmss, and other seals, where soit,txhed to the maan-cham silicon atoms, uth

ad methybphenyl polysdomanes are usualViny , a.readaent matenais are required, rubbers and some ofd
'.genated alkyl, and nitnic s.de groups are substitute i

rur specal purposes.The elastomers are genera y
the softer plasucs(such as polyethylene and po yvi.ll C

. stable mechamcal propertnes. Ligand sdiconcs whichj ampounded with linely divided sdica or lime or e.
nyl chionde) are used. For temperatures below I50f d

d piastes m a
there is a wide sciccuon of rubben an Ullers and with
vancty of hardnesses, with or without

I .we quwkly at nxmi temperature (ruum tempcaturemany different addiuves to grve the desired pruocr.fpre.
nsicarirnng, RTV) furnah a convenacnt means o

For tugh. temperature application the sdicones. Au.panns Acaablo molded esems and replicas.nes.

Siliconc rubbers are less reestant to radiation than
l

orocarbons, and polyamades are used, or various re a.
,

(
:sst elastomers, but more reestant than polysuffide
abbers and butyi rubber. Fluorine.contaaning s .Dvely new polymenc matenais. Some may be used upili

to 300 C or above, as previously described.mass are the most senettre, wtulo compostions con.Propertaes of most importance for thu applicauon
assag the phenyl rms mthstand doses an order of:ngmtude lugher than those for the more common dj.are hardness, tensile strength, elongation, compression

set, plasde flow, and reustance to solvents or chema.
arthyl polymer. The suicone rubbers harden ratheranddy when irradassed.The tonale strength of manySome polymers are much more renstant to changecah.

:ennuisuons increases under irradiadon in air up toby radiation in the absence of oxygen. such as wnen10' rnds, then decreases rapidly. Bangadon is theimmersed in oil, which must be consdered as well as} fh
<

anst sensiuve property,usuaDy decrossmg to hal t eI

agetal value at 5 X 10' rads at room ter sperature
compeubility, for gaskets and mis tn suemergeo

1

,

ad at 5 x 10' rads woen irradiated at 200 C.
I

operauon.Itadianon-mduced cherrucal rescuons m these po.
lymers often produce gas and corrouve ccmpounds.
sach as HC1,wtuch may limat their use. Aho the seals.::y Wcome less compadble mth the Guid because ofJ 4.The use of piesdes and =aa=r==s around reactors,

|

radiauon damage to the Guid.Both cross-linkmg and cham sesson destroy theit./manducaan
,

The use of plasucs and osastomers around reactors
sisetted to areas of reasovely low radlauca intenety.

einstomenc propertaes of orgaruc polymers. The cross.

Therefore, except for very low power reactors, thetr;
*

i

-
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w.w>weenson o umasi. Maries mat desso.ners ?

na I
I nde.Where high temperature or exposure to corrouve

|} }
'

linkmg reaction makes the matanal hard and brittle,liquids or solvents dietstes the use of more expenssve
f 1h whAs se scission reaction softans the polymer and matersal, Duorocarbon obs4omers, alicunc ruoects. |

[}$' uon is the most detrimental. In some applicauons a consadaration bus abrason is a probicm. then the wee

|
produces now. Generally spenlung, the scisuon reac.or polyurvennes are used. If lugh fleubdaty is not 2

'

d
74 anal which is gradually becommg hard and batik may coeng comamaly employs a remfmtg fabn; com-

.I f. het for a long tame if f t remams undisturbed. Com. Posed of etther fiber glass or texule materuis. Thu .s.

i
preeman set is increased drastically in rubbers whichimpressuted movern! wuh a varnulm en.unct by-?$ scismust,and than is ampucally bad for scals umod hacr.er,wtuch may be an alkyd polyester or epoxy. /4

v' carnatively, a plastic or rubber sheath may cover the
.S auttanty.

reinforcing fabnc. A Gnal type of wire covenng is tha
t i 4.3. Noser, /3srsble tubny and dispArstma for so6enoids or motor wmumgs where denbdity is4*

Soft plasucs (polyethylene,11uorocarbons. poly. not toqmrod but compactness. reikodary and overtoau
vinyl cidonde, etc.) and rubbers are widely used for(tamperature) reestance are. Some examptes are

- ,;
0

| flexible tutnog, hoess, and diaphragms.The choice ofonamels and varnuhes composed of phenotics, cpox.*

. nestenal is genera #y governed by the fluid, the atmos- ist, alkyd polyesters, siUcones, and, recently, the higa."[j
phere, and the temperature. semperature polyumdea.y it is always required that the hoes retam strength, For ngid, structural components requmng mech.

.

but not necesssaly Sexibillry. Since radianon wd! usu. anical sitength (for exampic, ternunal strips. cuimcc.
' - *

,

i aDy destroy the Gembdity much sooner than it will tot plugs), phencha and other low.cust thermusets~, '
the tansde strength, one osed not be too concemed are widely used. Fiber. and powder.fdled epoxy and." -

about the early phases of radiation damage tn applica- alkyd resms are in very common use where their loweri ;

| tions where the hoes is placed in a permanent conGg.molding temperatures and their supenor unput
"

, ' utstion. However, cices41aking usually increases the suength justify their lugher cusi, for matance, ymtea.!

{
, temperature at which the polymer changes from a streutt boards, vacuuuHuoe bases, and waier boards

*

, '

11embia to a hard material, so when tiembdity is re- for switches. Components which have speculiicd func-
'

f quaed at a reistively low tamperature, the usefut lifeuonai or fabncation requirements nuy be nule of one

,

;
' of a meenal that cross.haks may be quite short, of thn newer thermoplasucs hr.ag dimensional stabd.

Many hoems incorporate a filler with the polymericity and good moldabdity. Congonents such as con.
.

!
i

metanal to add strength or reestancs to damage by oector sections, cod forms, covers, and housmss are
weather. laorgame (!!kts such as liber glass, asbessas, molded from polyptwaylene oude, polysulfone, poiy-

.

and carbon wdliacrease the resistance to radianon, formaidchyde (DeInn), polycarbonate (L:xan), and
and may greedy increase the usefullife of the hose. polyether (Penton). Obviously, where the elecincal3'

The gas yistds from a number ofinadiated maten- characterunes are outweighed by other consderauens.,

' ' als are smm in table 1. Cas generation is undestable components may be procuced from almost any ot":he
*

in evacuated systems and hydraube pressure systems. innuinerabie polymene matenals.
The effect of raducon on the electncal properues

4A.Sectricalfandenon of these insulators is generaffy sught except on the
,

Sectncaliasuhtmg matenals can ysty from soft halogen.contammg polymers, e.g., polyvmyt chtunce,
- .

*

Demble contings for wires, to rigid sheets or blocks livorocarbcas, and chlottrtated poiyethers. In these
forrang tecnunal stnpa, or to supports for circutt com. matenals, radiation evolves the halogen or hydrogen

.

ponents thernselves,in general, most plastics andhadde acid witich. with mouture, forms a good acc-i-
| ,

j ~ eesstomers have adequate electncal renstmty urdess trolytic conductor, and electncal resuuvny degrades
'

:-W with fillers wtuch have high electncal at moderste doesa. For the other poiymers, the e:ec.
'

i ~

conductivity, not used in normal foemuhuon unless tncal resutmry is more reestant to radiauon than m
conductmty is requared, the mechanical propernes and is a en2etly the strengt.-

Osunonly used wsre usadanoa at moderate tem. properues $st wdl determme the semca lifeume. The|
-

puestures and auld environments are rubber (bot an.radianon-mduced changes in the strength of poiymen-

,

;r cural md synchecac), polyethyhes and polyvmyt chio.|

!
.. ' ,
v:
s

f;
)% ei'M

m
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w.w/wesemmi, o.sloness, amarers d edevammers
J

| ;j heresse durmal conducti+ tty ard icd:e mold shrmk. ' *

age and cost without loss of good electrie.1 prcp rues.$2iccer potting traterials nave the gutest f.exdul.maserals are discussed in other parts of shis chapter
.

;

and psesented in tables 2 and 3. ity and anuesture rosaswwe, and ase muilabic in formu-
4,

i

e'

lations ta tgmg frorn room tempermare vulcan zang
J

Polyssenc matennis are widely used for thermal(RTV) rukers to thermosetting ream.They should) O.71ssrwest uandeauw
,

,

not show great sensatmty to radiadost, as st.renstri is' ammbcaon, at times in the form of fibrous packmg!
mors titan adequate. Hirnever. r:Jiathm.p era Q

j
! ? , but presarily as very efficient tow osasty foams.

' ',

heyumthanes. polystyrene. natural and syntheticps may be isapurtant. For tugh.fre+ esey ,tse. theI

armce lif.it;me is likaly to be limited by less tange. t!|
,

, , ashbers, moJ putyvinyl d Jurade are comunca, butalsaces any plaatje or alan ===ecan.be formulated mid darlectnc breakciown sutngth.',
,

(its
| | esth fostrang or blowmg agents at some stage o

production.The essenual property, thermal conduc-)
;

ovity,dopcmis un the donsty of the Tuam more than
<l

|
l Ralerences

a the polyrner itself. Moumum densiues consstenti )

' with acceptable mechamcal properuss aroseboot 2 lb/R.O. satt and J.C. Caro 4L Radmuo Etruta i a or.
-

!I sa==: Mannnis cae aesnac Press.New yors, tput!ti
(t'(0.03 g/cm ), where the thermal conductivity ap-

12) O. Sbmaa med C.D. Sorp. Paracal properuns or : e-einse Pinaraca. USAEC Rapert ORNL 923. Oak R4,e
8

|
f

poaches a mairnum, independent of denstry.At tiusc low dcastaes the thermal conductivity of
!

| 'y M or w
J '

the bulk esetenal approaches that of the gas in the
1

y and Einssomers. USAEC Report ORNL t 373. Oni Ridgecells. In puiyurethanc fuerns 11oorocarbon blowmgl *

agents give conducuviues as low as 0.01 Iltu/ft br F
(41 W.W. Par **= Saw State Dwision Aa.su.i Prusreu

'
Nat.onna Lamoratory, July 1953.f

f 9 x 10'* cal /cm esc. C). Other blowes agents yieldReport. USAEC Report ORNt<2413 Osa Redse ..e-
*

r
thermal co/iductniucs about twice as high. Howeve ,

,
.'

j jY,[
3

< | haamsng foams gradually incnase tn g ,'""'' R 4mmeniced wnon g Psmanducuvity dunns their agmg due to progressive
f !

epiamment u( the fluorocarbon gas with att by diffu.nacreethyesne (Tenos). USAEC Report CRN L.TM.f
os um

1737.Oe. Rates NaucaniLatesk.g peorury 1967

lq m.Herracos and R.G.nerson,cwouas a s PhyncuN " G****""8 "'*d D*S*"' M''"**3'trradistion of polymenc insuf=rion first racy slightlyi non.

( aceans the evolucon of gas and thus the thermal coc.I i
'

(1938) t98-316.
Ascuvity(as in the case of fluorocarbon contammg(71 kt walls and I. Wilhameos. Nyvinyl cniorms compos.I

f asas for Ramessace to lamese C. ore-aadiauon. octr.; fossnsk Also, cross-bruung and scianon wdl alter thecompressive and tensde strength of the fonrn,and
>

Platssa Ji (195a) st 1.| (4| J. Symes andw.1. Maas. Eeckoce cMaues fromby
ubert uporanuss of a device depends upon support ma Raduum; cs Wd scts- um
3foemed component podymers whach un efge- tad. Zuy, Chem. 43 (t93 3) 25sp.

,

(9] LD. Annan sad K. Ralph.Seeme Effectsof Radution on
t

son c: n listut the radiauon tolerance severely,
Cat Epczy Kasa Srstems. Snush Laport AERE R-

j

!
,; 41fortug or ei=C armg compotundrMany polymenc systems can be formulated to pro.

3043 Festeary 1960.
(101 R. Harnetton, Eussomers (or Use ,a Aadmuon Fiends.

1 l
!

ETects of case. tm ILcinuon a Nient r uocers -t re reestance,and Part V:
g,,,,, 4,, ,3 , , ,g ,, ,,3,,y ,'We the electnc:d resstance, moss u lj

(t 4| w.w. p ,sisu 3,a v.x, y.artaaret Annual trocessmediansesi proporucs required for contin 5 electrica
Report. Reactor Chemarry Devuton. USACC Ramrtautponent.s. However, methods of application restrict

,

ORN WL Ou RWee Nauormi Laoorssory, &c. J t.
hdk pottmg to reistively few polymers, since com-
pounds that cure as moderata temperatures are dear.% jh,L%_mm ,_
*.conequenify, epoxy re=ns and shcone etasco- No.1A(WGrMiu New Ycet.1964K

(131 0.u.(a r,.p. 3 ,n.,s.n.ac.ag R,g.1,,,R ra,yand Seenfopiessa of HapTegapmune Nucaser Radu-
>

ms and reans are the most used.
Filler toedings of arks caksum carbonate, tale,

.

as,as tugh as $0% by weight can be incorporated to

.A
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[16| C.R.Teton. Jr. t Ed.). Reactur 114adb.msa, v.,4. i-

v.
ame Remnanst liestware.W ADC Techamma Report Meestaan. 2nd Ed. (tams.mak.a Pubunners. Nw Yors,

f I l.h d. 54493 musta Raamarch Co Mare !?59. 1960) p.1994

. 'J. )..' [14] L Asnmeson, Desammers for Use a Radistana FinMs.|l7| u. p (u) Radsta,e t hem 4 we ...*wu
e- -a Kans.r . Lt JJsed o(Cammen Rademake as fless (Acadrenas huss. New Yovt. 4971).Q esamers.xamher Age 52 (1957) 468-470.' +

3 g [ISj R. llarrestas. Elsasessees for Use in Radsstana FisMa.
,

?'4
7 k IV: E.f9mes of G.sman Radaatana os mardo Dustmeers.

'

Rahiser Ago 8J (1954) 472-480.,
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v=woductics
,

Tempesture |

In its syriad of application , rubbe many times has to vi.hstand heat.tre:d *I-
s * = . This need ;-- !

perforsmace requireme=ts fer elastones are bec:mi:g scre d
-

'5
greater heat resistance is critical in the aut metive industry, * re tsehigher under-the-hood temperatures has been escalati:g due to; smaller eng nes,

i

Because of these fac.crs more ,

aan powe equipment and emission control devices.and more rAber parts are operat1=g at temperatures vey close to curre
nt accelera- '

tad heat aging test temperatures. difficul-

The convergence of service and accelerated test ta p tures is creatisgl ccepted, historically
ties is predicting rAber part life based on current y aCoc.sequently, rubber chemists a=d engineers ared
adequate, 70-hour test methods.bPMmr to use longer test times, up to 1000 conti=uous hours, at elevated Aut: active engi eerS
temperatures to select properly-for:ulated rAber compoun s. i d

have estimated that 1000 hours of contimuous testing relates te de time requ reAcv-
by the average acterist to ace:mma. Late 50,000 miles over three to five years;blisced .\,_-j

ever, an exact correlation with on-car performasce has set been esta
l s =-

This nport was 1sitiated' to f1=d the service ta=peratures of ma=y ccusec e at recipes ter
( mers. -The recipes chosen van representative cf goed heat resista=4 -

the elastenar used. ble. This

After testi=g, the question arises, when is a pc2ymer so longer serviceal pet = ca: oc.4,r be
requires a person to defise a fail pc1=t; havever, an exact faiTherefore, this author chese set ,e<

deterzLued by testing actual parts in service. ively sev'

define a fail point but to presen the data is an oh,jec.1ve and a ecc:paratcriteria

In this manner the rende is velemmed sad e ecuraged to use his ev:
(In the APPe= dix ce nader es: fi=? hepresentaticas of this data.)eay.

in defis1:g sevice f.esperature life. test ncipes, actual results a=d a.:nnaber of differe::

DLscussics fle: ed is t e
Changes in de sat'.:re of a rAber vP** *e duri g agi g are re*.ase are u. sed to c:xc;are the heat resis acce
changes is stress-strsia pr perties.It vculd be usef'.:1 if .he changes is tensile s .re:g.h
of dit eres: vulcaca:stes.

ec=peu=ds c=uld be -es-

and elcogstien could be c:nbised is a single = umber so ths:This has led to the concept of the Reta= tics 1sdex:
dily compared.

Retention Index ($ Tensile ret =' =d) I (4 21ca=* tics re.aised)100
a

mis gives a value of 100 for no change and 0 for cestylete is11ure af either preper:7l

It eas decided, that although some elastamars may shew an iscrease is tassi e erd in the 1:dex and
elongation after aging, that this increase should not be reflecteSome examples vi n , perhaps, ex-
theref=re a 100 gb4the highest possible i=dex.

(v; plain hav it varhs.w w
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Tensile Te:sile Eer4atic: E :gatic: Calcula:ica Retenti:=
I.dex

Retained
Retained C5.arge _

Change

% Y $ %

9CXSC_
72

20 60 1CC =

10 90
.

6CX60.

E5

80 -40 60 IF =

-20
scuoc

Sc

BC +20 100 loo =
,

| 20
loCnoo

100
+20 100 100 = .

+20 100
1CCIso

5C

20 100 -20 80 loc =

Six types Of elastemers vere tested:

1) Polyac:flates

2) Epichlerchydri:

3) Ethylane Pr: pyle:e .:
,

,,, .

k) 51 rile
5) Chiereprese

6) Chl rosulf::sted ;clyethylece
n

Tes:peratures fren 250 T to 375 7 vere used, with ax; care ti=es of To heers, 3 veeThree types cf tests vere ::::
($CL hours) and 6 m o (ICCS heurs).

1) Air Tes: hbe; tested at roc = e=;ersture

Air Test Nbe; tested at elevated ta=pestres2)

3) ASD( f3 Cil ; tested at room tangerature
The recipe f:r esca elss-

b results of these tests appear 1: Tables 1, 2 and 3Samar listed ens be fou=d is the Appe= dix Tables k thru 9 a:d the ravAlso, for hose more comfortable W.:h da:a
data 1: 0.- a.- .

form can be found in Tables 10 stru 25presented in a more traditional form, the author vould like := draw your at:en::. n
to Tables 26 thru 25.
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. . . ' perior best resistant alas-h

A leek at Tables 1, 2 and 3 show Hycar 4041 to be t e suThe author would like to reiterate that the compounds c osend with proper compounding tech-
h n were._

tener tested. These recipes were designed for connarcialesly representative of good heat resistant recipes aalso, this data has shown that the concept of ars in the traditionalmiquae all indices could be improved.
use, not to just withstand heat, l

Estention Index is a valuable concept by listing the e astome
and expected order of heat resistance.

L. 5. Small

E. 5. Scheer

$k/4
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TESTID AT RCCM TEXPERAT;*Pls _.

AIR TEST TU3E ACED C CIVEN CONDITIONS:
250c? | 2759 | ?c24 | 325 4 i ?Sc4 | ?54 l

.

=

5 $ 5 5 5 5 E G 5 5 5 9 5 6 5 h G s

o m e o m e o m e o m e c m e e m o
.-

e-
:-

93 94 89 100 96 51 51 57 26 53 b2 10
c-e-

&c*r "G1 .

83 77 71 T3 70 k7 67 54 2k 56 11
o

Hyce kok3

69 38 35 46 22 -

Hyei 2co/Eyce kc21

62 58 35 72 30 17 39' 2 -

Hyein loo

59 44 17 63 9 5

g7ein too/gyet: 200

kk 22 10 34 9 2

'yei 20c/3cn Black

58 69 56 65 k5 5
Ey e i: 2cc

6'. k9 24 53 11
3pearSh5/ Peroxide

54 kk 26 58 3k
r; car 5k5/se r

96 67 k6 100 32 7
Rype.:n 40

71 1k k k6 o -

Eycar 1011

0 61 26 5 64 o -

sycar ickt/Eycar 1091-5

86 10 o
vneopress

i

, I - - "
l

*
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.

$

.
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TABLZ 2
(

RE|'E:CICli IICZX
_

EN ELE 7ATED TD'P'7ATURES

_ AIR TEST TUEE ACED APTD TEnw AT THE GIV
| 250c? | 2754 | 3C2cr | 3254 | 350cc

. . . . . .

e e e a e e e e e a e e a e e
. . . . . . . .

e5 s es# e# 5 e si es#.

m e
o m e o m w o m e o m e o--

e-e- t--r-
100 100 & 100 77 Sk 120 al ik

Zycar 4C41

-100 & 69 97 78 68 60 31 18
Hycar 4C43

kk 39 12
Eydrda 200/Eycar 4021

87 53 ko 86 25 8 is . .

Eydrin 100

75 43 13 63 ik -.

Hydrin loo /Eyeri: 200

44 26 21 k9 22 -

sydris 200 Ten alack

66 53 2
zydrin 200

64 94 kg i
95 -

Epcar 545hercxide

78 100 Sc 1
90 -

rpear5AS/sul.:: x=cr

83 70 61Hypalon 40

SC86 24 - -
-

Iyear loki

63 - -

C 66 3h -

Hycar 1Chl/Hycar 1091-5

100 10 k
seopress J-

.

| i

" .

t

***-*.e==weemye.c,_. ..

- ~-___
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?WCON M
TESTD AT ROOM TEMPE1UCURE

ASTM #3 OIL AGD AT Gar i CONDITIONS: C

250% 275 7 302 r0

a a a a a a a a a

e s s e s s e s s

c m e o m e o m e
MM&

.__

63 62 73

syce 41 '

,

65 53 55 62 60 5s* .

syce 4c43
17

57 37 43 k6 -

| xy e_: 2co/gye e 4021

To h2 34 62 29 5

Hy e_: 100

63 'hk 17 56 29 h

sye.: Ico/EyL-1: 200'

kk 22 10 Ac 8 3

Ry e_: 200/3c -31ack

100 58 22 58 25 1

Rye. 2co

N .A .
2pec 5k5/Perexide

3.A.
Epcar5L5/scit: cccc

,

78 52 50
Eypale: ho

69 49 6
sycar ics:.

Tk 9 2
Iycar icsVEycar :.c91-50

w=e J

t

- - _ ._- ' * - - - - - ,
4W&4

,
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3 I 3 L I o G R A P E _ _Y

R. S. Auda and Dr. Hazeltes "A Method fer Evaluati:g the Hea Agi:g Chara:-1

dher
teristics of Ethylene P;;pylene Eisst:mers" prese=ed at the 105th R

01 sty; Tere =0, Canada May 7-10, 197k .
Division Meeti:6 cf America: Che:1:a1 S

.

- Iffect Of
P. E. Starser '*Keat Resista: e of Nitrile Rdher C: :peunds 2

2.

Varicus Additires" 3. T. Goodrich corel pment Report of May 10, 197L.
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APPDrDIX

They were sixed ac-
TABES + thru 9 shev .he recipes used .J

cordi=g to sea v s N precedures.

An tests vere deze is
TA3CS LC thru 25 shew the rav data.

acccrdance with AS"M methods.

TABG 10 shevs Crigi:a1 Properties and Mccrey Vis::sities..

TABLE n shevs Origi:a1 P-:;erties tested at elevated te=per a-

tures.

TA3US 12 th:-217 stav the Air Test Tube data.

d

*m 18 th:2 22 shev .he Air test tube tes.ed at elevate
tem;cature data.

TABE S 23 tt 2 25 sh=v the ASTM $3 CC data.

l

TA32S 26 th:-2 26 are suz:stry charts of the precsedits 15 tab es
The auth r veuld suggest

sh vn in a scre .rsditi==al saccer.
tr/iss ::

that these . tree tables be referred to when ym are

decide the best elast:mer c use f:r your par-icular a;;11: ::::.

71:any, TABC 29 is a 11sti g of c=m;cundi:g ingredients.
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TABl! 4

(-
- WJLR PCCACRrm REOL*_S

_

.

-

100
Eycar 4041 loo

-

BYcar 4C43 -
2

Acravax C 2
-

Stearic Av.d 2
2

TE-80 .

65
N 550 Slack 75-

N 326 Black
510

Admex 760 21
Stalite 5 -

1
Santevhite W stals 030.4
Spider Sulf.:: 14

.Soiium Stearste 1
~

-

Potasium Stearste
190 3185.h

(.
.

~ ~ ~ ~
* *mewooeme ,em e..m

_
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T_ABLE 5_

(
..

I_ MIN RECT 4
.

ko -

-

100
W .a 100 60 100 100

30-

Rydrin 200 -
-

-

70-

Bycar kO21 -
-

15 -

-

Stearic Acid 1 1
1-'

Magnesium Stearate
.

.
.

.

Red Idad
. $

A 5 5,

-

5
Dypho. 6 7 7

-

7 15Dr:bal 11-
1

31elser 0.6 0.6 0.7
-

.

Nac .
.

.

1.

Stalite S .
.

.

0.1 -

90 35 90 90 3c omte
.

s 770 alsek -
-

k0 -

-

! N 550 Black 7 7

7 7 7

5 5 5 5 5DCP

Pars;1ax c50 1 ;
1-'

-

1.2 1.k 1.2 1.2 15ZO-9

Warecure C 35-
-

-
.

si 512. 233 20.
.

.
-

eelex 23 c.5-
-

.
- -

Elsaa A-169
___

216.3 n8.3 186.2_

218 3 195 9

b..-

.

S

:
J

h

'. .

t
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TABLEk'
,,
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.

,

- EPCAR RE &

*
50

Epcar Sa5 75
,c
~

N 550 25

Suspar 2260 E

03
Line Cri:!e 05

.
.

Sulfa 1
-

Stearic Acid 3
-

War o.S
* -

2
-

15
.

3ctyl %i:ss a 0.6
1

SuL*ssa: R .

8
Age Rite Rests D .

; -
-

Vercx 131 3)
214.6

4
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TABLE 7

k
EYFA!4N ?J.0L*35

1

|
*

1100 )

%P*lon d !

20
Litharge

5

M*611te D
50

N 991
100.

1 -w -n~-

h
INK Polyethylene

20
Coldflex 1000

25
Sundex 890 .

15
sac

3
. .

Konflex A
1 als

Tetroce A
25y

IVA-2
l
1 33k.0
i
1

!

i

:

I

!

|

|

b

w = & mis--+y__
.. .hM Chas
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TABLE 6
,

.

%

I_TCAR N RECI". SI

. 40
100

Eycar 1041 60 '
.

Eycar 1091-50
j

5
Zine oxide 15

2
tem.gsrd kk5 15

-

.

Agerite Stalite 1
1

Stearic Acid -

k0
i

s 550 60
80

s 991 ao
.

Ei sil 233 15
15

Adanx 760 10
10

Flesc-icis P-4 2
2

TE.ao 2
.

'siteo 127 0 *5
C *$

su.trar 10
.

crs 15
15

2CD 15
15.

_TrD
262 5

258 5

(-

,

t
' ~ ~... ..
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l
i r_ ,ur RECI?!
7

I
4

1 100
1

J
5eoprene W

1
I
| Arsacs i

4
I
.

,

{
Octamine ,

15
I Dodecyl Mercaras -

k .

Maglite D
05

Stearic Acid
20

FIF
90

Laminar .

15
L1= seed Cil

10
Eine Cxide

1
NA-22 ._

247.o
.
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h
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tenotest VIsCoelti laron Rotor-12 toc (25e rl
a

*

| NYCAN HTCAR NVDRIN HVlHtIN HYDSf 98 84VIARIN HVORIN
8:ITAN 1;PCAR HYPAlast NYCAR NTCAR tesOPRSNE

*

t 404l 4043 20e 100 let 200 200 545 545 40 104l 1641 N

flVCAR
rl.R0xtDE eul. rum 5091-50

ltVDRIN IWat DONORHYCAR 200 til.ACF
doll

le 19 56 el 46 80 74 46 56 25 28 le 29

> 31 13 0.5 10.5 le 1 1.5 > 10 7 14 5.5 ) 9.5
Vlaunalty

9es almum
,

29 20 le le 30 10 39 60 6 29 9 33 lev5

16e 360 415 160 168 360 160 860 160 16p 160 360 160
.

Osse Osuntleloses
Timo loin.1 o.Tg. (0C5

1sangese thusalalocus e .
- ,ime it.. . . l 170 lie

See 464 156 See 928 478 720 468 45d See 558 225 *68S ClO
Tunt,.

754 928
1900 ll 0

1354 126e 1510 1314 1548 221 e 1450 2448 l ef 00 1938 lite 1325 1528sw le t smal Psups a 8 em 1350

204 250 280 268 278 61 0 260 490 500 200 200 See dietest seas.stus

71 66 69 so 75 60 15 68 72 61 65 65 651846 temlieless
turm e lee

| Eluengallon '

: Masdnown
! lie 16n 164 16e

e 2. 5 -8 -l6 -1.5 -17.5 -24.5 -20 -15 -9.5 -19 -13 -Il -30( Astet 138 05 3)
165 lie ist 147 145 151 1554 Galamase tusslanal Stitiness

-5.5 -20 -22 -21 -26.5 -1). 5 -12 -15 -30 -24 -23 -22.5 -15

ys quct -0.5 -25 -24.5 -25 -30 -35.5 -16 -40 -18 -30 -25 -25 -16O'

-32.5 -3).5 -10 -29 -34.5 -40 -45.5 -47.5 -47 -16 -27 -29 - le
,

72 4"cl

-35 -41 -4).5 -50 -50 -37 -29.5 -11 - 89
| Tie Inc)

-86 -19 -12.5 - 18 -16 -41.5 -42 -50.5 -50.5 -39 - 38 -10 -40.5
; # 0

35 -16.5 -15 -liT5e 8 cl
:! fl es quel
,

I t* I"cl

f
.

!

e

e
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ORIGINAL. Ple0PERTlitS TESTED AT EI.EVATED TIMERATUltES

NYCAR IITCAR IfvDRlN HYDRIN M DRIN HVDR;M IlY DR t .d
CPCAR EPCAR flVPAllut HYCAR NyCAst Neigggyg

4048 404) 200 1d0 100 200 200 545 545 40 1941 lett N

NYCAR
PEROXIDE SUS. Putt 5091-58

MYCAR HYDRIN HON IWWR
4021 200 O t.ACK

ORIGittAS. PROPKIr?IER At 3I0000 TDerERATURE
See 460 758 908 928 470 728 460 458 See 558 225 260

3150 1268 1370 1370 1540 2250 1450 2440 1680 alle 8700 1125 1528

200 250 2e8 260 270 650 260 490 450 280 290 500 4le
Bett samletus.,*

13 66 69 80 75 68 75 68 71 6) 65 65 65

f Tamalle
Elosesation
Nasdnume

400 910 6te 454
(MRIGINAl. PhtWERTIES At 250'#r

230 290 500 400

Tonelle 59 57 58 60

Elowjettene
Nor dnuum

OttittlNAl. PtilWEleTIES At 475Dr 160 Sie

650 760 920 900 910 620 860
250 die

Tue. mile 290 450 200 350 220 210 200 60 56

Eluawsntion 45 15 15 65 73

H4:Jouse

640 400.

(MegallNA3. PlatWEstTIES AT 300"r
720 83G 730 960 620 190

190 33 0|

190 230 140 170 270 2l0 190 200875 610 .

61 59
I Tammile'

51 45 75 75 67 718.luenget ion
Has elnous

!',

I

e

.
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ORIGINAL PROPERTIES TI:STED AT ELEVATED TEMPERATURIES
,

k

NYCAR HTCAR IITORIN IfYDRIN 911D148 N ISYDRIN ItVDRIN
EPCAR OPCAR ll1P AllMG HTCAR MVCAR

.ggnPRtnr

404l 404) 200 100 800 200 200 545 545 40 lett 1948 w

HYCAR
PERGEIDE SULFUR I091-50

HYCAR
HYpBIN NOed D(MWIR

200 ut ACR4028

5
4

4stIIGig6Al. PIBOPERTIES AT 12WF 645 750
450 600 620 010 170 280

Tuenelle 110 260 110 ISO
Eluengation 53 50 64 77
sea s deness

00mlGigeAt. PleOPElsTIES At 3 5088F

475
Tussel le I00Eluewgatlug 5)
staeJnusa

g
t

.

I
| 04 Isill4AL. PitlWEleTIES At 3 7 5'*F .

Tussellu
EloewgatIun

;
IIes etsaume

,

4

i
.

\
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AIR TEST TUSE AGEO At 12t C 1250"PWesEST enres ftMPtaATues
O

MTCAR HVCAR MTOSIN ffYDAIN NT Dmibi MTDmite IlfDRIN
BPCAN EPCAR ltTPAfDet MTCAR TCApr leBOPpang

4041 404) 200 ISO 200 200 200 545 54 5 40 lett e t t ',' W
IfCAR.

PEROXlDE SULrUR %89 8 -50=
HTCAR MfDRIN Most

IW)e#0R

402I 200 isLACK

14 setas AGals 3 25% 3200 1980 1250 1420 *
1700 e6 el2 -6 -7

Wltionate Temelle, pel 270 200 300 30 eel?

t Tesielle Chesuge -4 -29 -15 -?ISO

% Ultimate Elusugatium 64 72 74 -4-42

t slus.agettun Cleasuge ei e7 e9 e978

Steiro nasonaue P P P Pe3
PPols.Le Hardness Classwje

180" Runal

t-isnous *aamer-61 $ L 1200 2475 I I,5v I60s<

e51658 e6 e46 g

ultisante Tassenile, pel 190 to Ij ' deele
ISO -99

t Teessile diasuge -II -86 p<
I 85-114 Ultle.ato uluswpation 69 93

al e2)
I t Elusujattues Cliasone 46 428 |99 F

Staus e stande. esse P F
,,

PPulnts Hamilnesa dinewje
B B 8" Isussel

.

6 WEEES AsiED 121 C 1110 2075 2458 12500

1320 el6 670 et5 -15

Ultimate Tunelle, pel 330 10 10 0-10

t Tessalle Cl.asw3e -54 -96 -95 -100160
% esit imatu Eluengatioss 74 96 95 96- IS
t n;lue-sat tun C1.aspju ell ell #10 e3I85 .

SImero Itasdeemem P r r FeIO
,

PPuleit e Has Iness Cleeswje
130u suedt

.

3
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taeus 11
tijt tys_y_vues Acso at 135 c (p5 r)p_ves av mares vseessavnes0 0 s

mvCan arcAn strositw nyswitw uromin uvidit u nyomin
sPcAn BPCAR HY P AIDet NvCAR NvCAR NEOP9ttet_

40 1848 te41 w

! 40el 404i 200 les leo 200 200 545 545 .

livCAR
P3h0Ett* SUE.PUR 1091-se

NYCAR IIvoRIN 90001 sxwson
4o2n 20o an.Aca

Ilse 192e 195e 191s 17ee 2400 late 142e le7e lies1e nas name 179ac

-6 set e27 -13 +22 -2 45 e26 el8 #6

a tonelle Onenge 224 164 168 jle 174 328 248 300 lie 378: elateste venelle, p.4

-12 -18 -48 -49 -35 -35 -46 e7 -54 -36

4 slosagetloon Change 68 07 e3 73 e2 67 15 67 79 73t ultlemte Klonqsation

Stause magelname e2 e7 et 65 47 -1 43 e4 ele es

Palmte mandname Cenasuge P P P P P P P P P

P
let" tonal

3464 1830 1624 1276 3148 2198 1928 1300 2544 2154

1 witismate tunelle, pel 434 e5 -43 -22 -le 46 el5 e47 e62

t fismalle dience 288 lit 128 236 150 270 200 90 e 4
-8

-16 -42 -56 -62 -42 -45 -56 -60 -100 -lee

4 slusasettua cleanage 12 90 of 74 e4 69 ?? 13 97 96I t ultimate Elungation

Stess u pas lenuss #6 ele el2 e6 #9 el e5 ele e32 e ll<

Pute.eu teandness Chenaje P P P P P P P P P

P
Ite" seenJ

0 *
-

6 tsuuss ACs0 535 C
1120 1500 720 See 26e 1558 1956 436e

un t lenet e Tune t t e, pel 49 -55 -60 -82 -16 et e20

t Tenelle Chasajo 204 90 100 ISS 70 ISO 160 20
-Il

-20 -65 -63 -15 -73 -63 -64 -94
8 Ultimate Eluemjation

I t slusies tlun Cleango 73 92 86 75 80 75 00 39

Steua n Mar.Innes e7 el2 ell of e5 43 48 e26*

; Pulutes Hasdnese Chasvje p p p p p p y

p
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1250 P) TESTED AT 12 toc0O
AIR TEST Tullt AGED AT 12t C

leVCAR llTCAR llYpellN HYhttlN MYDRIII HYDRIN llVD8tlN
EPCAR EPCAR MVPAIDH MYCAR NYCAR

tegnP RElst

tett 404) 200 800 106 200 200 545 545 40 lett 1044 N

IIVCAR
IIYDklN NOtt PEROXIDE SULPUR I09I-50

lanteORHYCAR
4029 200 81.ACK
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79 tetS AOtttt Ateht TW8TWO AT I 85"C
688 42 -22 8 #24 -10 0 -4 428

IS ISO 200 190 200 200 230 130 260
Wltlante Temelle, pel +11 -40 -17

-13 -25 -43 -14 -5 0128
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AStes 3 OIL AGED AT 8 35*CJ275'P) tesTse av sanse tweem_atves

NYCAR HTCAR HYDRlW IITDRIN lifDMIN llYDRIN IIYDRI N
RPCAR EPCAR IfTPA1 Del NTCAR MTCAA

tefTIPRC90C

4045 tot 3 289 100 104 208 200 545 545 40 1841 3041 W
MTCAR \

PERGEIDE SUI. FUR 5091-58ttTDRIN M0pe DOHORItVCAR 200 Bl. ACE
402L

1158 2e15 lese
7e was anos 5 3S*c

978 2040 2364 2438 1920 1988 e19 e22 e6

Wltimate tensile, pel -23 ele e SS e42 -33 e31 200 250 429

t Tennelle Cinasige 218 168 ISO 178 38 8 ISO 0 -ll -28

8 Ultimate Elongatlos -16 -43 -30 -37 -49 e ll 42 78 il

4 Elosegetloon O enge 4S 13 02 77 72 78 -21 95 +6

Sloose nardnese -21 e4 *2 42 e4 43 e35 +1.4 48.4

Pointe perdnesee 06enge 424 e1.3 e).6 42.3 0.7 42.e P P

4 hlisme Weight Cleange P P P P P P

0 twad 1288 1175 354450

039 ISIS 1870 360s 1458 1584 - 4 2'. -33 -74

3 WEEE5 ACEtt IIS C -34 -4 e 36 49 -34 e9 200 les 18
O

20e IIS IIS 320 200 150 -29 -64 -te

-20 -61 -58 -56 -67 -42 39 16 06Ultimate Teselle, pel
% Tenelle Cleasige 42 75 SF 80 73 76 -24 +38 e25

-24 e6 el e5 45 el e4 *0.3
t ultloate Elongation

P P P
% Elongation Cleange e26 45

P P P P P P
Shora clasdeous ,

*

Pointe MeeJnese Claastge
& Wolisme Wolght Change

0 toast.1130

8 1160 750 450
6 WEscas 4Gatp I35 C

960 1370 8520 778 1920 859 e3 -56 -66

-24 -13 -10 -50 -54 -41 178 68 50Ultimate Toeielle. pel
t Tusielle Cleasuse 100 140 110 800 130 los -39 -70 -91

-Je -50 -Se -63 -79 -62 41 86 90
t Ultimate Elowjet ton

43 15 32 76 70 13 -22 #28 425,

'
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P P F
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AST_ee glL ACEn Ay_l5ej,,pe2*FI Testas a7 som fungptAtual

HTCAR IITCAR ttTDRIN llTDMIN llTpetitt itTORIM HtpAIN EPCAR
EPCAR HTPARAsf MTCAA MTCAR 90eO*98 tc

4048 404) 200 800 800 200 '200 545 545 40 1848 1848 w *
i

ItTCAR
'

Pl;R0ElDE S ul.FUp 8898-58HYDRIN penH twMe0ReffCAR 200 Ot. ACE
4028

79 nas MaEn 150"C

esit tmate Tenelle, let 1828 Sie 2060 2358 2500 1998 lete

-87 -26 ell ele e I6 -le e30

244 28 6 lie 168 ISO 280 150t Tuseelle Cleange
4 -16 -54 -30 -44 -54 -42t ultimate unusmgation

56 42 15 04 77 73 77
t Elungat tues Claange
88.ute Hardnesse -17 -24 e6 44 #2 e5 +2

el4 #28 e4 e 5. 0 43.2 s.6 se
) Puleete Hesdnese Cemenspa

P P P P P P P
i % wulieme wolglet Cleange

8 u 0'8 Isveal

j eenmas Mite 850'N:

Ultimate Temelle, pel 3238 958 li9e 1920 1879 928 978

-9 -25 -25 -38 -58 -40

les 200 ISO 100 180 120 lie
t Teessile Cloenge

-le -24 -El -59 -80 -584 ultimate Elusegatlose
60 41 11 83 77 70 70

; t uluempat toes Climnge
el 42 #2 -5

Stoute Hardeemse
-

-13 -21
Puleets MasJnese Cleaseje e0

e13 e29
I- P P P P P P

! 4 volism.s tsalglit Cleanwge
,8 lse* sont
{

I 6 tetras M;Est 150'8 c
1820 1998 1920 104 140 430 le

-2 - 21 -35 -78 -98 -88 -99
tettimatu Tusselle enel

ISO 570 70 00 Ile lle 203
t vuensile dessage

-25 -12 -7) -19 -59 -82 -93
t ult imates e.lusopet ton

61 49 el to 64 65 50
t Elo. gat tun Cleasujo
Stens en II4e dnume -10 -17 412 0 -9 -3 -25

% wulemens Wunglet Cl.a wju el) e27 e6 49 e5.8 e7.8 el2
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M Liznits on Extrapolation ofk

.

~ s value corruponding to the design life soluted in
This la'the desscn modufus. Creep and Creep Rupture Curves

,,, ply a safety factor to the design modulus to calcu.
s arocksag modulus. This is rarely necessary in metal Thm are several importet limitations on the extrapola.
'

en but is in plastica design to correct for any un. tion of creep and creep rupture curves that the designer
.. unties arising from extrapolations or other com. should constantly bear in mind.

Safety factors of 0.5 to 1) In general. cmp and creep rupture curves should notynneethat may have been made.
be estrapolated more than one decade of time. Thus

.r.are typical.3 $2bstitute the calculated aorking modulus in the100.hr. creep should not be extrapolated beyond 1000 hr.;
1000 hr. curves not beyond 10.000 hr.. and so on.l l the width

eart daign equation. For emai .de, to ca cu ate
2) Crnp rupturs eurves at elevated temperatures should4 a simple rectangular boam required to limit the

saumum denection to a specified value when tha spanbe estrapolated with caution because of the danger of
.ad depth of the beam are fixed, the working modulusdownturnings which have been discussed above.

31 Some erperiments have bun conducted to verify the-.euld be substituted for E m the following design equa.
accuracy of cmp extrapolations. They indicate that creep
data in the range of 1000 to S000 hr. when extrapolated oneion.

h decade or more can be expected to yield emp modulus
-

b
values that are from 10 to 35G higher than the actual.

*
.

. . - .

where b = width of beam; d = depth of beam: L = span; values. This deviation should be taken into account in the
* = load; a = maximum deflection allowed; And E = safety factor applied to the design modulus.
solulus.

.

.
.

Selecting plastics for
akvated temperature performance '

'.
.

.

electric constant and dissipation factor, for examplel of a
hweing a plastic for elevated temperature performance is particular plaatte may change caly modestly at elevated

. s

temperatures while the rigidity and strength (creepmodulus and creep rupture) are reduced drastically; andw of the more important and complex tasks facing the
asignit and materials engineer. It is important. of course.
hause of the limited temperature range of plastics com.r

tred to structural metals and 'because the differentFrom the foregoing,it can be seen that there can be no
vsee versa.

ciliss cad grades of plastics vary widely in their eles atedsimple mozimum use temperanare for a plastic that is
aperature capabitines. These differences in capabilities likely to apply to allor even most of the properties that sre

important in elevated temperature applications. Storeover,certain key properties of plastics are time-dependent; fore one of the principal characteristics that distinguish
Vtneering plastics (epoxy. nylon. polycarbonate, thermo-

example, rigidity (cmp moculus), strength (creep rup-f*> tic pol) ester. etc.) as a class and certain specialty pla:.
ture), and agmg resistanct As it was explamed in de pre.ca (etre, polyimide, etc.) from the relatively low.
vious section. Designing for Stangth and Rigidity underoperature volume plastica (polyethylene. polystyrene.
Static Load, thou ume dependent properties cannot be.c. etc.). and their selling prices tend to reflect these dif-

fences. Obsiously. the designer and material selector predicted from short. time testa. Therefore. such simple
tasta as Vicat softeni tg temperatun or de:Tecnon temperased reliable critena for elevated temperature performance
ture i.nder load (trevt), formerly called heat distornon' nake an economically opumum material choice.
temperature, are not meaningful m judging matenai
suitability in applications where esposure to elesated
tempmtwe is more man mometary Eve in momutary
esposure situations, such tests have very limited signifi.

4

: Selecthag Criteria for eence and. as we shall see. are more otten misleading than
daxinzuzn Use Ternperature helpful.

To judge the elevated temperature performance of a
ach trsteria tend te be eemples for two reasons. First.plastic with respect to a particular applicanon the me.
-re are a number of diffent properties that must be tonal selector must consult the values of all the properties

germaine to the application at the maximum temperatureto cuisaleration for most elevated temperature ap.
of the application. For example. if long.terin deformationof plastic, and these propernes tend to very with

't

are in a namregular amanner. Thus it in necessary to under static load is one of the critical de ign con.iders-
Lions. then the creep reodulus at the design temperature'rk with peuperties as Asactions o/ temperature rather

/

will be one r>f the properties upon which selection wi?i tewn am sinfr salued sfm.sants. Second, diffmnt proper. s fairly compb
a ut pla.tio u.oally do rw4 sary with temperature in thebened. Thi. contept is simp'e tu sta'e. hu

*

.ur *.ny. Fne esaiuple, the dielectra Isme pnipertke (di. "' 4W
neotrio M5r05 fr:09 vsr A.

.

# dim *
' N T = m me hp, .
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Cat'egory 4 Sett Generating Temperature E"ects:
;(''t . t

to carry out because of the possibility and vften nemsity of Properties in this caterney insolve physicat ,j, .
,e

eat ..

making compromises between the different eriticalchemical changes m the plastic that senerste heat !. *!

bly, the.e preperties are inherently compies, are .,f f
..-, *

properties. part cost, and part design.To minimise the cost and time required for prototyping
3

special treatment. They include the (cIlowmg. eg , .'and toolitig, the designer or project engineer should carry discussed m alateredition of the .\lPE Design C ne,
,
;

out a systematic material selection analysis as early as
,

'

. ferigue. ',

possible in the deselopment of an application. Such aTriction and Wear Resistance.
""-*

* -

program consists of the following steps: from mability.
1) Identify all the elevated temperature sensitive Arc. Track Retist.snee. '"15'

properties that are critical to the application (see bglow for ' ' ;' "
? 9 ~~ 'a discussion of these propertiesL

2) Eatimate the minimum performance values required ~N.
by the application or the range that might be steptable at yg cateo.ory 1 Properties-

.

,d..." '* J,',
'

to

the design temperature.3) Make a preliminary list of candidate materials by Short-Term Effects ,-

comparing their propertie. at the design tempnatua to Form Stability: Transitional Behavior of Pf astics
' " ''S',,',

. '[n"[h'"the application requiremeets.
The best way to form an instantaneous and meani..4) Scrun the preliminary IIst further by eliminating te a- ,,,,,y
picture of the overall effect of elevated temperature en[

' ,h reeY[;
terials that do not meet othu essential requinments of the

application, such as fastenability, colorability, fab-ricatability, etc. Generally, if an application requires ele-plastic is to look at a plot of its short time modulus
temperature up to the onset of melting or degradation, icsparticular sigmficance is the in. phase or elastic moes (:,igion' /,Iwated temperature performance, this will be controlling in-

material selection and therefore abould be the basis of denved from a dynamic test, such as the Torsion p,h. Tiber'T5
dulum, ASTM D2236. (There are several methoe,

,, pea
initial screening. measuring dynamic modula vs. temperature of plast:es .ce 3y; ?..:nt Wh -

the Torsion Pendulum has the advantage of a simp!..,
,* tangular spectmen that is readily fabricated fmm e

ging :g, :,

plastic by realistic commercial fabrication proces".u..nd rn en:n.srh,snat e
whenas other test methods generally are limited to tg- H: General Effects of Eevated %its ,o

films or monotizaments. See ASTM Dms ror tut eem
The significance of the dynamic :est lies m its abiliti

o n. . n . .
| Temperature on Plastics separate the response tolead of elastic mechanisms <d:

snefy d.

the plastic, such as chemical bonda, crosslinks
si...s tran..c;

Virtually all properties of plastics are affected by raising
crystallinity. from vacous mechanisms, which gm .i,h:earme app

temperature but in difTerent ways and to different degrees. tendmg u,y
creep and other viscoelasuc effects. Consequently. a picTherefore, an independent approach to each one is re-
the elastic modulus vs. temperature redects changes ,a Sc.quired from the standpoint both of understanding behavior

and application to material selection. In the fo!!owing dis-principal loadbeartng mecharusms in a plastic ar.d hr4 e limit yf fc
, '
| ,a et of :3e ,

its performance under any mechanical stress.cussion, the major properties involved in elevated tem pera-
From such plots we can make two sery imperf ered bv a I'

I

ture applications of plastics will be taken up from both
generslizations. One, virtually all plastics fall inta Mr arain.e3

'

standpoints. For convenience, we can group these
four different patterns of temperature property benas sahat b.e.

properties into four categories. amorphous thermopiaatic. semic ystalhne themupia4;ed : :de.S here 3rsn
thermoset with transition and thermoset without e:Calegory 1. Short term effects: tion.Twn, all but a handful of plastics are domma'ce S. anou ,,Propnues in this group are affected simply by the fact of
large and fairly broad transinon. csilea the pass :~iw1 ne 3n,..which has a profound effect on all mechanical and d,H r esa--3:,raining the tempersture.They include the following:

Form Stability (Melting). !.ty!ere,an
Dimerusonal Sta6ility-Reversible (Thnmal Espan-

ture property patterns are shown in Fig.11. Their mirs,es m :: Typical examples of each of the four types of eds:ure e ,
properties.

sion),
Dimensional Sta bility-Irreversible (Shrtakage ). b .s h e e ,-
/mpact. ( Always improved at elevated temperature and features are summartzed in the followmg.' i the g s,,

so not necessary to consider in this context.) ( 9.a ren:
1) Amorphola Thermoplastic:
Example-PMMA (Polymern>( Meth:c.viatei

h s :ts ;se mMost Electncal Pmpertzes.
Stress Strain tDiscussed in the section on Rigidity and

In this class, which also includes Pve, Sari. sas, pclyst>Te i as a e i as .Strength under Static Load.) phenylene oxide based plastics. polycarbonate. re ferr-a-ce
polysulfone. mechanical properties dec-ease at a -eisuhmpi,. 3s ,;) modest rate with increasing tempnatun until the o-sdagpear :o yCasagory 2. Short. and Long Term Effects:

Propernes in this category show both short term effectatheir sfoss transition. This temperature marks the adIDie those tn Category 1 plus long term effects. These in-
these ability to bear contutuosa loca una to re-iaut :me imoerta

,

sionally atable. Howevn. they remain nasonsoly !:rn nt!y h;tershade the followmg:

ble i.e retain fabricated shape without extemst 'd nuch as tweCreep.

through most of the tranation, which may cover a rande raien ;nt.Creep Rupture.

20 to 50' C. Above their gians transitions they are und-emiening,CAemscal Resistance.

melts, although substantially higner temperatJ erysrailir:e ;Catogeey 3,t.eng Term E#ects: generally are required to reduce the =elt vueosity e'on. As the ;Properties in this category respond only to long-term es.f point where the materials flow med'ly in estrudern himeable toposure to elevated temperature. They include the follow-s
molding machmee. There is no simple test for the on+a snee ; - e-

-

the glass transition: The ow:. test. marked by an x fer'remra: ce :ing-
Neet Asma Resierence.
UI, Temperature Indes.

i
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per temperature limit when elevated temperature er posurel indicates a
3:srials gr:phed la Tig.11. general y is oflong duration or conttttuous
versture close to the upper end of the transition.

-

f plot of 3) Thermoset With Transir4on: Esample-Epoxy
.

arser. the onset osa be closely estimated rom ah dynamic test.This cleas. which also includes ures. alkyd. thermosettmgvmpanion property also derived from t e polyesten, and diallyl phthalate, is similar in somelog decrement er damping factor. Creep modulus andressects to semic ystalline plastics and very different m
,p rupture data also clearly show the disappearance ofe.ticalloadbearing ability at the beginning of the glassothers. The stmilanties lie in the effect of the glass transi.

tion on rnechanical and thermal properties and the reten-
tion of significant mechanical properties above the transa.utsstion.
tion (see epoxy in Fig.111. In chts case. the retention is duel N lon

remicrystilline Thermoplastic: Eramp e--
y

to chemical crosslinks rather than crystallinity. Thel
.is cleas. which also includes po!yolefins. aceta a,

primary difference, of course, is that thermosets do notmelt and therefore do not have clearly deilned form stablel differs from
cropolymers, and thermoplastic po yesters.
amtrphous plastics pnneipally in the obday to retainlimits. At high temperatures they gradually oxidize anc~nficant mechanical propertses above these glass transi-

-a This is due to their crystalline bonds and the fact
-it the crystalline meltmg pomt of a polymer always ish

gantially higher than its glass transition. Howner. t e 13

|-. transition does cause a reduction of as much as 50 toin both short term and time. dependent mechanical10~-
6 wem'

N /*'enohc 0*'eera-

perties f escept impact, which is improvedL This5
--.

lline
4tly reduces the usefulness of unfilled semicrysta } pWA / ponytnovoac- |

E

: tics m loadbearing applications. To overcome that"tition, reinforced grades containmg from 5 to 40', ofg
*

%
' ..,

been .

-a fibar. miners! particles, or mixtures have 6 g
.eioped. The effect of the fillers. shown in Fig.12, is toI f Nyion 6 men ,I

' .

i fh
% anttally raise the level of mechanical propert es o t e1

ver its whole temperature range but withouti ! DM Woc,atec on jo' the temperature or the effect of its glass trans - # 'C' - curw ev i _, ,

alting pomt. In the case of an amorphout plastic{ Ecort 400 f
ss.

P*wc -375 j
bestuunite in Fig.12) this resulta simply in a gain in ri-e at

k!.ty with no significant increase in temperature range.-
#y

, '| '6 -- 50 reh
meser. in the case of a semicrystalline plastic t is fto

,
,

i above
o 100 . 200 300 soo 500 6cc,

wuently raises its loadbearing ability in the reg on
glass tranattion to the point where it is useful in manyThua. the filters have the effectTemperam Y
obeannt applications.
estending upwarda the useful temperature range of the~

i

Fig.11. Dynamic snear norsion) mocutus vs.
temcerature for representative enermose's arche limit of form stability for semicrysts!!ine plastics ist cie.

l
rtnet of the crpta!!ine melting point, whien is readi ymermooiasacs. snowing :e ecoon tem: erat.ren

.",ured by a Differential Scannmg Calortmeter (oses oruncer ioac (07Uu at 264 c.s i
cler tnalytical test. For filled grades, the ort;t. yields aHowever for
tenhat lower approximation of this value. ._

tilled grades, the ort;t. indicates s' temperature'if it - i,

neuh:re stound the midpoint of the glass transitionFig. 1*"
Nr abose room temperature, for eaample nylon m , , , , , , , ,
18 th) transition occurs at or below room temperature. Urban 20% pass-
for example with polyethylene, polypropylene. . '

* .*

3 ut)lene. and acetal the oft;t yields an arbitraryBoth of5 .
g .

h
8perature sosaewhere below the melting potat.h thermo- j,g4 A ; * 0 4 'C'" - _ '

se cases are different from those of amorp ous
_

' W*[30% ' 455 -
tfie upper g

$ tics whett WTut appfosimately measures
-

ea'o< cecec en
of the glass esensation for botn filled and unfilled

. Oh m.o ^ /' !
'

i3 curve ev
tra. This ash in what the smit really reeansdi

ff t j ~w6 i *
druys its unahahmen is relative comparisona of di eren
*tica as well as its enhas in predictag elevated tempera-

j Q,,, I
*

i>s c ,ector:ee.420
1

* performance and its use can lead to maajudgments. untaea - tso ; j .I
Miample. as llustrated in Fig.11. it incorrectly makes ig gappe:tr to be a lugher. temperature matenal thari

,20%,orceo.295
pass iW

'reportant offect of the glass transition is a sig-
g

uruee - Its -

an ,,

i;
g g g g ,ng g

hcher thermal coefficient of espanaron sDuse -7

a= much as two oc three tamos the value below it. Thie
saa./
-' be s. ken into account m selecting a coefficient for f ea&'We '' ~"

t dimen.iunmg. It aleu lead. to increased vulnershilitv~-
smicryst.i fine pl.i tice to thermal ussdation ahnse theOg 12 Oynam.c snear Corsiom e-cc.As esf
n .itirn. A* the plastic espand. NL. te rapidk it beme. temccrar.re *: amorc%.s aac se*c vs a.t.-ce'" **'"

rv permeaNe t..us3ven is = the sItst of heat.edne ..n.as.h ;in r* , p. crwe.p rupture. andgces re* * c? lP * %. s.* c es"- "5..
. . .

fo*m.ssa. . te. ; -t ie== . .

- .n.n n .
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a single thermoset f4 mily represents a .hift in the g7,j
e- e
1 Co'. , *

transition of nurly 10o C. The dynamic m..Mus al t , ,p ten( degrade thermally. usually accompanied by surface de-terioration, cracking, and/or warping. There is no preciseindicates one of the prn:cipal property adsantages d iSour
method for measuring the onset of deterioration.Thermo- Class of plastics. namely vignificantly higher r@bly v...,ip,) Cu

..

gravimetric Analpis (tca) measures weight lots as a funC-tion of steadily increasing tempersture and gTophically in.wide range of elesated temperatures. ,ont
wt'U

4) Thermoat Wi:' tout TransitionWamp!c-l": = ~. cdicates the temperature at which degradation becomesThis small class, which also includes metamine art y, o7n'
gt i,

rapid. Howeser. no consistent relatsonship between sca
data and loss of performance properties has yet been cone, differs from other thermosets only in the absena w ,rand'

developed. The Torsion Pendulum test can indicate whenglass transisson. ,* nsfw

deterioration has proceeded far enough to affts t the dy-
ge

Summary of Transaronal Behorior The ele.. g nsionemics modules, but this presents some practical testingto ventilation and equipment temperature performance of most plastics is Amina:4 p Cort'problems with respect the temperature of occu rence and tempersture re ;e .g k

the glass transition and,i.s the case of semicrystal!in, genstics, by the crystalline melting point. The ghss t'rar..: elevamecht.y ers;tOne of the principal values of dynamic modulus plots,
fouling.

* such as Eg.11. is the pinpointing of the midpoint and
profound negative effect on s:1

temperature range of the glass transition.both of which forthis class of thermosettirig plastics can be varied readily byexcept impact. and on certain thr m.esulthas a
des

properties, such as coefficient of expansinn. Therefs, ,rn
properties.

resia chemistry to produce very significant differences inknowledge ' pf the transitional behavior cf plast::s ,res anelevated temperature performance. This is particularly
necessary to unders:and their elevated temperatu s sg Partsderised from a 6x pa.true of polyesters and eposies where the range of grades in ar.

pabilities. This kncwledge is best b

temperature modulus plot, especially a dynamic mod.. .d er csince elevated temperatu o behavior of plastics is toe :3, hree -
-

plex and too varied to be described by simple tests, su.h a,:rreveVicat and orts. It is important to note, however, that g) Re:.
_

,,
0 015 - , ,

though the transition 5 plastics affect both shortorpess.f
and time depende::t ;tperties, the short term moc is oernal*

whether it be dpamic y stress strain, cannot preic : i. k
values of time dependea properties such as creep mn:.:#n m0 010 -

and creep rupture s M ngth. Therefore. enmpar# Vs Cf3h'
between dynamic moduli of different matertnis at a ; .,rg IS0* F moso ha
temperature may not indicate how they would co=;.,,4

- -

Jrow :8 0 005 -

h
under a time dependent stress. 'fibrou:

'

200* F. nec ,. ally o-
Dimensional $tability: Reversible Eff ecta1 . ct is et

Plastics in general are subject to much |arger dimen/ rachanges et elevated temperatures than metals. The a 'if*<
,

0.55
.

3 0
.

' O 0.05 0.10 0.15 0.20 t

coemeients of expansion vary from two to ten times e s* ts suPwe e canoes. c. he p.=

of typical structural metals. Moreover, the espartsu: plastics is subject to a number of variables that snoc ,s and
g

Fig.13. Effect of tnickness anc moed temcerature
on sentwage of .niecnon moeced nyion 6/6 placues ,ey 4 t

,

(anneanec for 1 nr. at 325' F ).
,s es er.;
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ldwign dau. @ese
.d ',,,;stroccount in the selectiott of expansien frequently are not lineard or lightly filled|

.

.,ceefficients o
. 3 temperature. especially for unfille R &. ms% ces f

'

* ,
.

i ificantly in 15 .hd @., r, u ta,9!

scients of expension increase s gn
.p ns

. [.,ng through a glass transition. For essmple. e 757
~

"

d wil ur.dergo such a O st V .g b* b * ,

l

~4e in coemcient of therma expanC. and this is a compound
;pu,ene a j.pthd spory molding compounsion from 30 to 90I l q

gog g ,, ~"
.

*

.ni inches per lach per degree
-4*.

p.,iard forlow thermale pans:on. fficients of [
...

(meequently,it is avcessary to measure coethose k Ace * _

imnmn as a function of temperature and to use Nv;%%O ynw yj |
,

uramspond to the temperature of the application.
~ Neon 6

,

M ,,, , ( PsT ISph%e.a. .g .
Irreversible Effectsts are subject to

Pecartions eLoens.enal Stability:.w .e

4 elevated temperatures, plasdes parthat which occurs as """l., pt.
w.mihie shrinkage in addition to

/

k into account
N.f-

2~ci.a

.wult of processing. This must be ta en "#'* dd temper-h.m
Vee drugning parts that will be used at elevatemolds and dies from whichg ;vavcjt. tr

h b

r.n and when daigning t ew parts are made. Plastic parts also at times are su jecthDkage. along with a
.

%gn eenery coryewee ]
I Po'yoropy"ut. re #

.. .

. earpage, which usually involves s 800it. ,,
600j 400.f

mber u(other factorsThree mechanisms are responsible for most post. process.],f 200*~
4,L

trreversible dimensional change.streues. In any plastics Dwo -coAs @ o s2...e
ddi lding. adjacent sec.

th er . |' ti Relaxation of mol e nrt te I tes of a part may shrink at different ratas setting upto differential
m.h t

^AG.15 Creep mocAs <s :em eramre (at '000 nr ).Mena, but especially in it:jection *no
*

I ramal streseen between them Lasdicti ly differentuf,L

i nnkage. The most common cause is s mp _

3 TJs of cooling by different thicknesses'of wall. It canI **n be caused by orientation of the polymer molecules,- 3
E e t'

4aW
h ortlices. ;

..t

''Jrh is promoted by high rates of flow througs and by the presence
'_ r .

CUnfWeca

g ;g p ,3.,,,qore,,
,|i Warpagearrow channels, and thin sect on ,

f fibrous reinforcements. such as chopped g!aas.
vnq

p % 'q @0% pass Worcee ' |
the% r

* 41h occurs when the internal stresses relas either as* a cooling immediately after molding or, if the part is
r ppg 7

^

'
150 E@ yon 6

j '*d efTectrvely annealed after fabrication ! ster when the |
,

ni r'
hire

I PST DMh*d :
*

in use.

-s tb { drtissubjectteelevetedtemperaturnN polymet properties that control orientation are com.h part and mold design.Neon 6 Whg I|;/gl
aul.1 ' , js and involve interactions wit
esm . ; t00i#arvcar:orateg

''y usually must be evaluated empirically. In genera .F p ,a m y., .h -

,aeser. plastics with high solidification shrinkage, suc
'

!

*14 semicrystalline thermoplastics (15 to 30 miis/in.).l i and j # * *'
- |

*d to be worse than the amorphous thermop ast cs h,e-Q. _

3 Puat. process crystallization. Semicrystalline plastics*'rmoneta(I to 10 mils /inJ. ct
! fe bwnwg ,|i ;

**1!y solidify and coolin commercial processes to an n.
j uven 6 "M! 'd

'Splete degree of crystallinity. The degree will depen| [Pervcaroons:e ,jditions 1 [uoces poc.mgn are e. g
;

N4 on the particular plastic, the proceuing con
;

ld or die .sg
%luding melt temperature and flow rate, on mop @I [ie ,,,g g,, pve - '||

Upon
and especially on the quenching ecnditions.|

,

.y" tag. a fabricated part can crysta!!isa further and this
i

| J **D * "2 j.
g he acompanied by additional shrinkage. An examplei [I w erse oorvemyn a!
.

* % in Fig.13 where the very significant annealing '}{ I :0.000

et a nylon 6/6 is plotted asainst wall thickness atsold temperatures. The thinner plaques at07 J
5000,

b'tr maid temperature are quenched more during

he,e a greater potential for recrystalliaing and shrink.
.

g,,,,,,,,,
have a lower as. molded crystallinity. and there.eo rum.m snev .s morar.m ta C v i

i

;je during sansating or heating in use. It should be noted*t annealing of a semicrystalline thermoplastic, especial.
, N

j , g 81is conducteo above the glass transition tempera.
-'.7'' ell usually produce a stable degree of crysta!!inity inilibrium. OnceCi

e.
84 tequired to bring the part to equ

(| % the part will cease shtmking as long as the end.-

{''9perature is below the ennealing teraperature.Pnot.ptwou curing. Thermonetting p!wtics enn con.g
, ,

\ ta cruwlink and coweguently shtmk irrevervblyuctisM; 8' 4 5 P. OF " '47 1P.
'
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Fig.17. Ty icai nest-agtog curves, accoreng to theUncerwriters Laoorator es temoerature incea systemF;g 18 Sec ec moceifor ce mat on of the
-

|p e 9

temperature encem fr0m Arrae%.s 010ts Oetwe0 'r:jempr re s
neat ayng curves. a::Or0 ng to it'e uncera g , his >
L3CO'a:cres Mmceratu e nces system dAar

i ch f pat
after processing. As in the case of thermoplast cs, sud mold Y'
shrinkage must be taken into account in part an

One.they measure performance in a very realistic an 4:is directly related to the design requirementa of Se$P' '.design and in the judgment of suitability of a materiajfor a particular application. The amount of shrinkage
2" .

pl cat ons. Two, they span both shcrt. term (houn.h in, the for-

iiN"[will very with the inherent reactivity of t e res
and long. term (months. yearsi performance. Thus.enarts similar to thcae in Mrs.15 and 16 can be gener::,'.*'

d tem-
mulation, the concentration and type of filler, moli h the

perature, mold cycle. and the temperature to wh cpart is heated in use. In general, thermoset parts canboth at shorter and longer times. depending an tne ce.., # life of the application or duration of the applied stress. M"'
be

Le by

normalized in the same way as thermoplastics. The distinction between the dynamic moddusanneeling at or above the espected maximum use tem-
desenbed above and creep data pnmarily is one of puren.#The dynamic modulus presena an overai! picture ci to''5M*|perature. However, the tendency of some thermosets topoet cure is so strong that nor=Hution may be impract -

I
i

comples elevated temperature behavior of a plastie :tlocates the all.important transinens that domin.ae if$
1 to

cal Eumples that show the wide range (leas thangreater than 20 mils /in.) of poet. process curing encoun-properties including creep. Because it is a shcrt.rer, u.filler systema
tered in different thermosetting resina and however, the dynamic modulus cannot predict the aers [2y

loadbearing capability at any particular tempersture "l'3, creep data aos oaty $upp!r the toad car *ot ity a":nenet uare graphed in Fig.14.s

but indicate over what portion of a ptasuc s tem wiIV: Category 2 Properties- span it is unfuuor bearing signincant :cacs. !

Short- and Long-Term Effects
i
,tU
i

Creep Moduive and Creep Rupture 3 Pronerties-In the section on Designing for Rigidity and Strength under
-

V: Catef2Or"J r

Static Load we developed the principle that the primarydeeign properties of plaauce are creep modulus or creep
e i

Loncr. Term Effectsd how
strain and creep rupture strength. We also i!!ustrate

D
The

these properties varied with increasing temperature.Hest aging Resistance esposure tu eies, e
Under long term (months, years)numencal values of these properties, then, are the proper to sttan I
temperatures in air, plasucs are sunject

t

measures for judging the loadbeanng ability of a plasue a
i

oxygen and crone which can *tth ume se;;ra:ed as

any particular elevated temperature and should be usefor matenal selecuan in elevatedpolymer through a senes of -hemical rescuvns ans : Ja

about failure. The endurance of plasucs u.tder n.s tthe primary batia l of how
temperature loedbearing applications. An examp eFig.15 as a bar

em Jfactors :ncluding
posure depends on many

this can be done is shown in Figs.15 and 16.chr rt compartng the creep modafua at 1000 hr. of a group o
ee m

temperature. presence of podutanu in the att. prf J

ultraviolet radiation. and whether tempersture.i;enestr-ame, such as fatigue. are involved. Howner. m I
23* C

thermoplastics at three different temperature-100* C. and 150' C. The length of the bars representa c ed glass reinforced
h 1

'proech required to measure the basic rnpun e oJ

plastic without regard to complicating facters de:v:-values of the modulus for unnIIed an
g eda. Fig.16 is a aunitar bar chart of creep ruarureattength for the same matanals. The bar charts show thathave substantial ri-one pnncipal factor which .s derived from tne mtencre 88

plicauon. That factor is whether or not the pl.wie L-d98
under continuous significant :ced dunng tne eieutewhile most of these thermoplastics i !

gidity and strength at room temperaturr., only a few reta n
enough of those properties at elevated temperatures to bearsignificant loeds. This is in spite of the fact that t e e e-

.J

perature exposure.If the pla ue will be under continuous sigmiicanth l d c o: ~~
('' then endurance must be measured by meansli te melt- w3

vated temperatures may be tower than their u t ma
ture. The reason for this, as destioped .n be neDesigning for Rigidity and Strength under S.itic L.C

Creep properties are particularly powerful tools for judg-Ins temperatures.

ing elevated temperature performance for two reasons.
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This is then coesidered to be the temperature indes of
..

the plastic for that property. (As practiced by UL. the-es. elevated temperature, and ox!dation interact in

procedure for selecting the index from the Arrhenius plotsusually involves comparison to a control standard materialway and it is necessary to test in a way that realis-[n csimulates this lateraction in order to determine
.

J' ,ge loads and espected life at any particular ex-and other steps to correct for random variations, oven

f' .,semperatues. la the preceding section, the example,rn Plastic Pipe Design System =ss used to explaintemperature veristions. etc.).
The stress strain properties, impset properties. and

electrical properties frequently do not degrade at h same
i;shnique and illustrate typical behavior. In a situation
*

a .there la as significant load during the time of ex-rate. Therefore. there is a separate temperature index for1978-79 edi-
$ v. typical of many electrical applications where theeach of hm (see Temperature Indes Chart.

tion, p. 616). Moreover, thicker specimens usually take2.. r serves mainly as a passive insulator,it is possible to
1 s a simpler but more time-consuming way. (One oflonger to reach the failure point at a given temperature.

This requires a temperature index for each thickness (stan-d..bantages of creep rupture testing at elevated temper-
dardiud at approximately 1/32.1/16,1/8. and 1/4 ind as

y-e b that although tasting for endurance requires lcngthe strength levels of 6 plastic at different tem-well. The result is a matrix of temperature indices withp;
q aree can be developed in a relatively short time- three diffennt properties and several levels of thickness, . e 2000 hr.). Such a system has been devised andas the elements.UL uses the temperature index as a guideline in ciualW-4.. cod by the Underwriters Laboratories for many years
kae following is a simplified description ofit. ing materials for many of the standard appliances and

other electrical devices that it regulates but in a conserva-
tive manner and qualified by judgments based on long

Ais system, specimens of plastic are oven aged at esperience with such devices. In other words, they do not
MemperatureIndex.

apply the indices automatically. In general, the tempera-ture indices, particularly the one in the column headedg:ssl temperaturse, usually considerably higher than thedt n for
rpated use temperature to secelerate degra a io , .

"Both electrical and mechanical properties"(seeTempera-.wd of one year. At regular intervals during this period,
ture Indez Chart), which is usually the most conservative.

"

L :(e.are withdrawn and tested at roord temperature for
can be used as a safe continuous use temperature for lowh

, -b sireu strain, impact, and electrical properties, sucd impact strength,
,

resale strength, flexural strength. Izo load mechanical applications.
3.ie irnpact strength, and dielectric strength. A plot isit should be noted that not all the indices in the chart are

-

Based on experience.

,44 at each temperature for each property of the percent UL will grant a generic rating, which is always much loweri ition of the original (control) value vs oven aging time ' the result of oven aging programs.
than the indices based on testing, simply on the basis of thenin Fig.17.The time required to produce a 50% re-
identity of the plastie (nylon, phenolic, polystyrene, etc.).. of the original value is selected as an arbitrary

5

This permits a supplier to qualify his material for certaindat and these times are used to make a linear Ar.low temperature applications without incurring the% plot of log time to failure vs. the reciprocal of the

expense of an oven. aging program. Such ratings are aroi-trary and not necessarily an indication of the capability ofAte exposure temperature as shown in Fig.18. (The
. enius relationship is a rate equation followed by many

the grade or the generic material. A list of the generic rat-ings of all the plastics that UL has recognized is contained
^

|-ural reactions.) The linear Arrhenius plot is then
escolated to predict the temperature at which failure
d be espected at an arbitrary time that depends on the in the appendix to the chart-'

anal's heet. aging behavior (usually about 998889
..

Ptnamic mechanical properties of plastics by torsion pendulumI
advantages

Dynamic mechanical tests have importantover analytical tests (Differential Thermal Analysis. Dila-, -

tometry. Clash Berg, etc.) in measuring the transitions
~ . .

that uominate the temperature dependence of plastics.4

These advantagn include direct messunment of mechani. cal properties (modulus, loss factor) and measuremen: of
*.cf , . cfi uw

both the range and onset of transitions. Of several availacieamember troe'

dynamic test methods, the Torsion Penda.m (DynamicMechanical Properties of P!aetics by Means of a Tonionai( ,j,

f

Pendulum-ASTM D2236) has the additional advantages
'

of being appliesble to virtually all plastics and of using a
- mert.a as,

simple specimen readily fabricated by all commere:al,

Soec" processes or cutfrom parta.
'

Fig.1 is a schematic drawing of a Torsion Pendulum
;'

showing the form of the data, it produces. In the test. ,a"-- teracer siur *--

simple rectankular specimen ts clamped in a jaw that is8d"*"'d
.

attached to the toner end of a vertical rod which is held and
supported by low friction bearings near its upper end. Thehearings hold the rod upright but permitit to rotate free!y.r m uno

enertrocoroer
, . The lower end of the test specimen is held in a yoke that isnor sewa m

Szed tydly and permanently to the base of the test ma-chine. Fnue then the rod is rutated the specimen is twisted
'

l

i , ,g , I 'ason Pencutum test ecuiement-O ilnwerbecomes a tutsinn spring The yo've.

} and in effect
*

!

f { Mra * * C
UCO,*L.4 r4 A47@ . % .wMC, AF

1

! t
.
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range of~ plastics while keeping the c ei nen ;;eometnsame; and 3) an insulated chamber equipped with a 4,
.

clamp) permits the specimen to move freely in a vertical( ing and cooling system that permits wristien of the :
direction thus keeping the stress one of pure shear and par-mitting a stress analysis to be made that yields the desired temperature from cryogenic to over 200' C. A sing!, sn,s

!
men normally is tested over the whide tempers tire .3dynamic properties. Other important parts of the appa.'

retus are the following- 1) e differential transformer (not)and strip chart recorder that generate a contitiuvus graphin euccessise steps.
in.the test after temperature equilibr:um :s enh:j

of angular displacement of the rod (and specimen) vs. time the specimen is put into usedlanon by rnaavas:y or :.,
.

h d anically twisting and releasmg the rod. The spee: menwhile it is oscillatingt 2) an inertia disk mo'unted on t e ro
,

I
cdlates freely for a few seconds graduaily being dar-po

to increase or decrease the moment of inertia of the systemand thus estend the range of the irtstryment over a wide
'

by its internal friction. This prcduces a M
damped oscillation tracs on the recorder chart shw
rest

Fig.1. Frequency of the oscdiation redects the ei,
'

rnechanisms in the plastic and from it is caichen
elastic sheer modulus. The envelope curve that defin,.

-

successively decreasing amplitudes of nsediation ren,
<

,I
_

Gass danadion^
' the viscous mechanisms in the polymer and from it is;

{'" culated the !ctorithmic fIcs) decreme*:t which is ansiceI
to the loss tangent in sinusoidal tests. This propertyijb siso be obtained directly from the test electroniesilf f

.

D **"*

J pendulum is equipped with a log amplif'.et bee Fg
*

3a NN 1.ake the loss tangent, the log decrement relates the en3 h ty _
- ' ' -

20 40 60 80 100 120 140160 ISO modulus to the loss modulus. Therefore, from the3,
' N< ' '

-40 20 0
properties the loss shear modulus can be cale:.LTornoerature, t '1

-

Usually the elastic shear modulus and Icg decre: ent'

sufficientto characterite the dynamic behavior of a plau
'

4 -'
.

- 2
: - Calculations:.

3,g ~#-

Ornet of tranotion s.' d
N E!csne Shecr Modulus.

F
20 40 60 60100120140 t60 t80 200 E88C#

-

* where:~ 40200
Terrgerature. C. g.,[64stLft) I = moment ofice :a.

*

\ g bt' / 8 / cm ',
-

F'g. 2. Dyr amic mechanical procemes Oy Torsion f = free ency. Hz
Penculum vs. Temperature et a tycica) semicrystaMe Nte: When 4 is !arger L " I'Ntn of W'f:m*::
mermootastic (nylon 6. cry) snowing offecs of g: ass than 1.0, a correction factor8 Cm

transitron anc c ystaitine meiting transton anc must be added to G'. (See b = wicth of specen .
metnoa of cetermining their onsers. AS"Di D n36J t = thicxness d irecn

cm., Los Decrement x, , am. ugude wm,;
'! (du~ tensionless e osc.1:at.eni )

,

4-:n(4,
_

,

,we f =, e,

1,es,
..s. ;e i rut a n ar auss

} &ns 2"

3* i Loss Modulus. "D O 3 )A
pascols 1 pasest = 'Odynes/em.e \ <

g. , la5 x 10"pE ^

G" .
"

d , ,, _ 0 20 0 20 40 60 60 too 120140 '60 tso 200 '

4

N w.cerure."C.
- r

Typical torsion pendulum data are plotted :n Pp,i

4. { 1[ 3 for semicrystalline and amorpnous dermoc. amp
! ] upper curve in each figure .s the etasne -toca. 3 vsg hop perature, which clearly shows de dramatic effects a

a
g=

glass transition on the mecharucsi propert:es af bets
"

a Onnet of transnan
-

Eg
6 \ } tics and on the melting of the amorphous rese

-

shows the crystalhas meit:ng transition of .:e sems.
"

y
20 40 60 80 100 120 160 160 180 200

,

talline plastic. The lower :urve :n esen : pre :s tn
~

b o 20 0~
-d

decrement vs. temperature on the same tempen:urey ,,,y, ,.c, _.

as the elastic modulua. The dramatic rise n :ts pro
as a result of the glass transition anc the er. maine -F'g. 3. Dynam.c necnanical procerties ey Tors,on ing point permita a fair:y close estirnste of 2.e ansetPenculum vs. Temoerature of a typical amoronous peratures and thus the effective meumum Mactethermoofastec imoostiec codypnevene coce. negn

CJ T ), showing eifec* Of gtess transition anc memoc temperstures.
e

of cetermimngitsonset.
*

l
.

t
'

\

l
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E Dimensional stability at elevated temperatures .
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1 product description
VITON* fluoroelastomer, a fluorine-

its original prominence with a
growing number of uses detaded in

containing hydrocarbon polymer, a later section of this booklet.is a high-performance synthetic
rubber wth exceptional resistance to VITON is marketed as a raw matena
ods and chemicals at elevated to the rubber manufactunng industr-

temperatures. Since its by the Elastomer Chemicals
commercialization in 1958. Du Pont Department of Du Pont. No finishet
has developed a variety of products are made from VITON by
types of VITON possessing speofic the Elastomer Chemicals Departmer
property improvements, notably in

"E Our customers offer a vanety of
istanc solid and cellular products. solventand en p-

compression set. solutions and coated fabrics, all
based on VITON.The compounded

Among the earliest uses of VITON product can be molded extruded,
were O-nngs for severe serwce or calendered using standard rubbe ,

conditions. This continues to be an processing equipment. j,

important application, while shanng
I
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| Popedies f
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I VITON* fluorce(estomer is an

~-

*excepnonal rubber. It possesses the
tradinonal raped recovery from
daformation, or resilience, of a true

| elastomer. It also exhibits mechanical
properties of the same order of ,

magnitude as those of corrvenoonal '
,|

synthetic rubbers. However, the
i resistance properties of VTTON are.

. ;

|
in many respects, far beyond the !

|
rangs of those of ordinary rub' ers. .

cMechanical and resistance propemes'
j

of Du Pont VITON will be discussed '
,

in that order.

I t

,
1': ;.,

. ,_

neral-purpose formulations of D*.~I
' ' -

'l

VITON were used for the ,} .
__

e
-

measurements reported herein. '

except as specfically noted. The , ..,: .

values cited should be taken as 4e *~
~

. .

representatrve of what you might . E=- 1 _ f| 8.,* ," . '

g g- *I & M 3 gexpect of a product supplied by a ,,. " c- m ,o
reputable rubber manufacturer. b g ,. - (

,ce, e,8 8
<- ,{ r , - -g

.- 'yExact duolicacon of every figure, ,4

|
however. should not be expected. d -- rm

I ''
As is the case with all elastomers.

'
i

VITON may be compounded to 6,

' - .. _. - . .

-
-

_.

Ak
The mechanical properties of VITON are

gsh and e6engasson
nas frees -65 to 00*F.

evaluated in a varwtv or eeuspment.a

*Q nie, be made on vtTON becluding this denarnic fles tester.
|

conee&ied enclosure of \
!**

|

|:
'r

*

I.k
'

- , , , , . - , - -- - __ ,-=--- .:_.:......... . _- .
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MECHANICAL PROPERTIES
|
|

t

typical comoounds of VITON range
HARDNESS from 75 to 150 percent.
The durometer A hardness of
general-purpose compounds of COMPRESSION SET
VITON* fluorcelastomer is approri. Figure 1 illustrates the exceptionally
matefy 70. Harder and softer good compression set shown by a
formulanons (50 to 95) can be typical compound of VITON after
fumashed and products with grett test compressions for vaiious periods
apparent softness may be obtained

of ti.me at 300*F. and 392*F. (149 andby the use of cellular VITON,

Depending upon polymer and
meaningful when it is realized that

i

most rubbers have a service temoera-formulation, hardness may change ture ceiling fess than 250'F. (121*C);

very littte or may decrease 5 to 15,

I points at temperatures between 250 FA8RIC COATING
f'

,
and 500*F. (121 and 260*C) Suen,

- vananons must be taken into
Coatings of v1 TON are commonly

' -

consideranon in specifying hardness employed on fahrrcs to confer
, '

of products used at elevated necessary heat or fluid resistance to

the er'd product. Adhesion to theh** temperatures. fabne is generally good and.* ni,

,~~\ ]'
| ,,

'-
depending upon the heat resistance|

*I \ TENS!!.E STRENGTH f the,fabnc u, sed, temperatures up|
k., h Compounds of VITON have good| ,

*
,

t 550 F. (288 C1 cause no probiems
i

|
~

v|f
tensile strengths, adequate for most..

applications. A typical value. when Heat stabilities of three representative~

! tested at 75'F. (24*C),is 2,000 ps fluoroelastomer coatings on glass

(140.6 kgicm.'). And, measured at fabnc are shown in Figure 2. As can

f 300*F. (149*C), the tensile strength be seen all three compouncs exhioit*

of VITON remains in the vicinity of excellent heat aging properties and
i

f 600 psi (42.2 kgJem.8). are useful for more than 100 hours
at 530*F. (288'C)

|
j ELONCATION AT BREAK Above 500*F. [260*C1 single piies of

Percent elonganon at break is a coated fabrics are more stacie than
common yardsuck for evaluanns a mulnple piies. This is because at

rubber's durability in service. The these h'Sh temperatures tne cecom.

performance et VITON at 75'F. position products of VITON cannot

, (24*C) normally ranges from 150 to escape as reaciiv from muin.olv

| 300 percent elonganon at break. construction. Thetr entraoment
| At 300*F. (la9'C) the elonganons of causes faster detenorstion.
,

I
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.
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Figure 1.

Long-Term CCmpressi:n Set cf VITONs-
~' -

Compression wt, %*4

AtAt At

O Time, hr. R.T.* 300*F. 049'C) 392*F. (200*C)

5012-

! 1,000 6516
2.000 79

-
<

4.000 21 22
96

8.000 21 32
,
'

i Asw ons. w s.
I so =>

RE51UENCE . .%2..

fluoroelutomer make it suitable for
. Heat Stability of Glass Fabric Coated with VITONThe dynamic properties of VITON*

.

' Compound ' Compound ' Comooun[f
'

use as a vibranon isolator at high . ,-
A 8 C

temperatures and as a vibration

I
damper (energy absorber) at room

* , , - - *

- *, ~ 1 ply 2 ply 1 ply * 2 ply 1 ply' 2 plyj .

temperature, in the latter case. ., . .'O.ngmal grab . - '
.

.

.' .

'

however,it would normally be ' . tensile strength;. . .

'"194 ' 80 190 109 .185-

employed only in very corrosive * -Ibliinear in. .

06.2) 04.6),
'57' 12T 94 128

91
0 4 3) 0 3.9) 0 9 3) Q 3.0)

environments. ~ * . y

ADHESION TO METALS
-'2 W'*I

After 50 hr. oven - - .93 *123-~

VITON can be adhered to a vanety ~ aging at 550*F. Q88*C1 06.6) Q2.0) 002) Q1.6) 0 6.8) C 2.9)
*

78 96 54 102 74 107
cf metals.using special adhesive c After100 hr. oven ~
formulations also based on VITON. ' aging at 550*F. Q88*CF 0 3.9) 0 7.51 (9.6) 0 8.2) 03.2) 09.1)

Assemblies do not fail at the bond.
. Sono strength exceeds the tear .' % Weight Loss
, ~~ ' -

,-

*
,

:- .

f strength of cured VITON,both at ' After 50 hr. oven -
agmg at 550*F. C88'C) . 6.7., 7.4' 8.0 8J 7.8 8.4-

g'.,. Q4*C) and at temperaturesgh as 400*F. G04*C). The
- -

esive bonds also endure 500*F.
- After 100 hr. om '' 12h ' 15.2 13I 19J ,13.8 18.2 ' .

/C) heat agmg. Figure 3 lists gng at 550*F. C88*C) . .

_

representanve peef adhesion values
~'

'
' ~-

between VITON and some common
.

.
'

-

metals. - . - .- - W3 . -

. -

'
'

$ PONCE PROPERTIES '* ''
. . . - ^ ^

Ceilular VITON,in densines from Adhesiotr of VITON to Metals *
=' .

10 to 95 lbJft.', (0.16 to 1.52 g/cm.').
Aged 64 hr. at 500*F. Q60*C)

I

cffus the advantages of extreme Onginal,.
'

Measured | Meuured
softness and compressibility while . ' - Measured
ratainmg to a high degree the Metal at 75*F. G4*C) at 75*F. C4*C)lat 400*F. (204*C).-

exceptional heat and fluid resistance 160 G8.6) 20 0.6) 6 00.7)
ci solid fluoroelutomer products. Aluminum

160 G8.6) .20 0.6) 6 0 0.7)
Both open and dosed cell matenals Brass

can be produced. Steel 160 GS.6) 20 0.61 6 00.7)i

*1N* punt adhuman en Utenaar me 1g/cmJ. All fashsrer weeg W tendt tearvas,

e

#
.

***s W L Pat. & Tm. O*t.
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l RESISTANCE PROPERTIES
able in dynamic applications down

mechaaical propernes better than
to -10*F. (-23*C).Again we point out the influence of any other elastomer. Oil and

compounding upon spoofic chemical resistance also are refatrvely Thickness of the sample has a
marked effect upon tests of flexibilitypropernes;like aod resistance, unaffected by elevated temperatures.

electrical charactenstics, water Cornpounds of VITON remain at low temperature: the thinner cross
absorpoon, etc. General-purpose usefully elastic indefinitely when sections. of course. exhibitmg less

formulanons of VITON* fluoroelas- exposed to laboratory air oven aging stiffness than thicker ones at every
tomer will be referred to throughout up to 400*F. (204*C). Continuous

temperature. The bnttle point of
unless otherwise indicated, service limits are generally VITON, at a thickness of 0.075 in.

(1.9 mm.),is m the neighborhood ofIt is important to note that if you considered to be:
a

require a high degree of resistance -50*F. (-45'C). Dependir g upon<

| to a specific exposure you should >3,000 hours at 4%F. (232.C) thickness and hardness, this value

stress this' fact to your rubber 1,000 hours at 500 F. (260*C) may range from -25 to -75*F./

supplier. He can fumish you with a 2 urs at 550*F. (258,C) g.32 to -59'C). Under certain
product specally compounded to 48 brs at 600*F. (315,C1 condicons, some of these fluoro-

suit your purpose. For instance. 'I'8' **' P' "'I5 # '"
[ volume swell of VITON in hot water For fleeting exposures to 1,000 plus satisfact nIy in dynamic applications

can be reduced by two-thirds eF. ($38'C), where a rubber part at temperatures appmaWng hir4

| without significant sacnfice in overal must perform a function and then is bnttle points.
; performance. Similar improvement destroyed.VITON often can provide Although VITON has limitations at

of other resistance properties the necessary temporary protecvon. very low temperatures when dynamic
can be achieved through specal service is required, stanc applications

are readily handled. As a matter ofcompounding. LOW TEMPERATURE fact, general-purpose O-nngs madh
[ Especially in aircraft and space of VITON have proven satisfactorv as
'

HIGH TEMPERATURE equipment, both low and high static seals under crvogeme condi-' . - .
temperature conditions must be

| and simultaneously retains in good
satisfied. VITON is generally service-

tions approachins absolute zero.VITON withstands high temperature'

|
|

t

I

r

I
creaseless secoewd for hish-v.cu== am

8P' dg
| (1:10-*mm. Hg) semce up so 450*F. nom,--

- -.
i. 7..(232*C.) is closed by a reedient - -

of omeganseg-and radiatet
VfTON.

a

.

[

* Est. U.S. Pet & Tm. Off.6
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~ GASKET OF VITON
.g VULCANIZED TO
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Valve inside ist aircraft wheels uses' -;
'' gaskets od VITON* fluoroelastomer.

7

. ..
SpeciAcation calls for operation from,

,

i
/ pressures over 300 psi (21.1 k Jcm.r),| E

. /- 1
j '.

! 5 -,t $,
'

- .4 . .y
! .

' g Tlie flange seal of VITON on this vacuumdrier cover was in place for 12 years..

~ Estimated temperatures within thet,
-

Jacketed stamiess steet vessel ran
; NF. (238-249'O and the contents

were acidic organics. Seal replacement.,

' I,
.

was enade only when the drier had to be '
.

8 .* stochanically overhauled. At no time had'

s-
, [.- .

the seal shown any evidence of leaking.

rg , *
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_y.
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| RESISTANCE PROPERTIES

On the other hand VITON is not CAS PERMEABILITY
FLUID RESISTANCE recommended for service in low

VITON is relatively impermeable to
>

'

VITON* fluorcelastomer has the best molecular weight esters and ethers, air and gases, ranking aoout micway
proven fluid resistance charactenstics ketc nes, certam amines, hot between the best and the poorest
of any commercial rubber available anh drous hydrofluoric or chloro- elastomers in this respect. These

i
to date. It has excellent resistance to sulic nic acids, and a few proonetary comparative measurements were
oils, fuels, lubricants, most mineral fluid. such as Skydrol 500A. The made using standard sized specimens

| acids, and resists many aliphatic and solubility of VITON in low molecular (154. cm. by 1 cm. thick) of typical

j aromatic hydrocarbons (carbon we'ght ketones is, of course, useful compounds, each exposed to a!

,

tetrachionde, benzene, toluene, in producing solution coatings of pressure differential of one atmos.
phere at 176*F. (80*C

I xylene) that act as solvents for other VITON.
! rubbers. The permeability of VITON can be

Tabulated on pages 18-19 are modified considerably by the way it
:! evaluanons of VITON versus a is compounded. But,in all cases.

regrasentative list of nearly 200 fluids. permeability increases rapidiv with,

j increasing temperature. Additionaf .

data on the permeability of VITON
are taculated in Figure 4.

-

( ; :. - - -

. . . - *

. .

.

.?. -p .. . . . . _ - 'F*rgure 4| 1 ,

'.,[ gyi j , Permeability * of Compounded VITON' -p ., , , .

~

,
~

' 75'F. 86*F. . 250*F.' 400* F.
- .

bl
A A -J ' - (24*C 00*C (121*Q . (204*C.

'

--

M |
. Air 0.0099 x 10-' -

, - Carbon 0.59 r10-'
--

,..
,

- dioxide -

r 17.4 x 10-' 67.0 x 10-'-

I f. Helium 0.892 x 10-' -), -

0.0054 x 10-'
--

;- Nitrogen'

, 0.11 x 10-'
-

-.

Oxygen -

i. a .ucum.vasvisessem
. .

c

.. _

.
-

A
== a.w co is i.

-

::
to leheressey cosidem ther preeksets of
WrON, each as these shown at right, wiE
semesm6may perderne in the 6eW winere
edner ruhhers feil conspiseudy.

_
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ENVIRONMENTAL RESISTANCE
RADIATION RESISTANCE VITON has excellent resistance toFLAMMABILITY Exposure of VITON to gamma atmosphenc oxidanon, sun and

1 VITON* fluoroelastomer. 'ae radiacon from a cobalt-60 isotope weather. Samples weathered m direct
Neoprene and HYPALON* synthene source bnngs about an increase in sunlight showed little or no change|

,'
rubber, is a halogen-containmg poly-

hardness and sti . This seems to in properties or appearance after
mer and thus is more resistant to be as a result of an i

ased state
13 years' exposure in Flonda. Thebummg than are exclusively of cure induced by the radiation. same is true for samples exposed to'

hydrocarbon rubbers. For dynamic applications. VITON various tropical condicons in Panamaj

| In laboratory tests, products made should not be exposed to radiacon for ten years.
cf normally compounded VITON will exceeding 1 x 10' roentgens. For

| y
I bum if directly exposed to flame but staDe applications, higher dosages

will go out when the flame is are pennissable.VITON gives n unaffected by ozone concentranons
removed. Natural rubber and marty evidence of radiaconwnduced stress as high as 100 ppm. No cracking|

occurred in a bent loop test after'

synthsocs vall, under the same g.
one year's exposure to 100 ppm ofcondinons, connnue to bum. VITON ranks about midway among ozone in air at 100*F. [38*C).However, despite its advantage

commonly available elastomers withsuchf.nger othef matenals m,
Qoratory tests, VITON will bum .f

respect to radiation resistance alone. The biological resistance of vtTON( i

lved in an actual fire situanon. However, since high temperature is also is excellent. A typical com-!

frequentfy involved simultaneously p und tested against specticanon
,

.sti compounding can enhance with exposure to radiation, the MIL E.3272C showed no fungus
|

.tlke flame resistance of VITON. One pracecal effecuveness of VITON growth after 30 days. This spec'

formulanon, speofically developed correspondingly increases. In many Cover 5 four Common groups of fungi.
fst the Space Program will not ignite cases, the temperatures will rule out

Under extreme vacuum conditrons
'

under condicons of the NASA test, most other elastomers and plasacs. VTTON exhibits a weight loss of only,

whech specfy 100 percent oxygen at
i 6.2 psi labsolute). ELECTRICAL PROPERTIES

2 3 percent,indicanng that it es
virtually completely immune to

FOOD AND DRUG CONTACT
The electncal propernes of VITON outgassmg. Products of VITCN are
suggest its use as a wire insulation commonly baked at 400-500*F.

The U.S. Food and Drug Adminis. for low voltage, low frecuency (204-260*C) for 16-2a hr. in ordertranen has amended its regulacons applicanons requmns unusual heat to post-Cure them. This procedure
to provide for the use of vulcanizares and fluid resrstance. It normally has a removes virtually all volanles before
cf VITON in the formulation of D.C. resistrvity on the order of the item goes into service.rubber arncies intended for repeated 2 x 10'8 ohm-cm., a dielectric con.
food contact use. stant around 10. dissipacon factor

More details are available in the of about 0.05 and a dielectnc
Federal Register, Vol. 33. No. 5. strength of 500 volts per mil
Tuesday, January 9.1968. Part 121- 12.000 volts per mm).
Food Addioves.Subpart F Food
Addiuves Resulung From Contact
With Contasners or Equipment and *

Fnod Addleses Otherwise AffecDng
Food .-4ubber Arecies Intended for %5Repeated Uen.

Bectrical Properties of VITON at Various Temperatures
AsRA580N ItESISTANCE (Tested in air)
$ad products made from VITON are 73*F. 300*F. 390*F.

uth and long weanng. In the
24*C. 149*C 199'c

er abrasion test a loss oe,
-lution of 0.1-0.2 trnifigrams. 0.034 0.273* 0.39 to 1.19'

{ "; n a H-22 wheel and 1.000. gram Diesspecon Factor.

land was measured on a typical (1,000 Hz.)
10 5 7.1 9.1

' f N* Dielectnc Constant. 9
(1,000 HzJ

"tamumise W
*S*S U.s. Poi. & Tam. Ofr.
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| AUTOMOTNE
,

Many opportunities exist for the Since 1962.VITON has been the between overhauls as a result.

Incorporacon of VITON' fluoro- standard seal material on diesel
Hydraulic fittngs in automonve
sennee are reliably sealed agamst

elastomer in parts for the engine and engine brake solenoids. These vibration induced leakage by sfeeves
devices have been installed in morednve train of modem passenger than 50.000 vehicles rangmg from of VITON which absorb angular

vehedes and trucks. Cost is a major
factor m this industry and any use of dry buses to logging trucks. The dispiacement and withstand hot oils.

And automanc transmission front
a high-pnced elastomer like VITON 0-ring seals of VITON were pur-

pump seals of VITON have proven
is an excepoonal testimonial to its chased against MIL-A 25897 speci. their worth after years of successfulficadon and hold against hot lube
premium performance. However, oil at up to 60-70 psig (4.2-4.9 service.
the long. term value provided by
VITON es being increasmgly recog- kgJcm .) in the truck engine. Other automotive uses for vrTON8

nized a: jusufymg its use in place of Off the-road equipment also uses include an axle pinion shaft seal,

cheaper maanals as pehrmance VITON. A major manufacturer has diesel cylinder liner seals solenoid

msurance for certain automorrve standardized on VITON for rear plunger ups, seals for automatic

,

crankshaft lip seals in its heavy-duty transmissions in buses, vacuumpartt This rs true not only for
extreme exposure condicons but, m diesel engmes used on certain of tubing and diachragm for a spark

sonw cases, also whm only its earthmoving machines. Some of advance mechanism.
moderate condicons are normally these engines have run 8.000 hr.
encountered. r,* . amg-w-= - .
In carburetors, rwedle valves apped q .- ,9 ,.*,.;p33 g y-y e--=g y* M ' p '".....

w -i.js --. W w
-

,, ,g; ,g,ff ,,. ,, , f '. -
.

3j. . j,'
-

with VITON provide a resslient, -

b.{ .

, non-flooding carburetion system. A E%;et.c' 4 b -
-y',. .4 :., " .fuel-resistant. abrasson-resistant t e .,:g ,:., , '

seanng matenal that is the key to a.

component of VITON on truck Fa%{--{'
dy ,. ,. i f , "'E

..
.4,- .-

g d.;*[''-
, . g, r d ',, *

f.M. 4.r'p.Q3... g$':||'h",*carburetors is the accelerator pump -"% =:.w /
r 5x - $ ' . .

.55.Mf-V'1f.3ME'ccup which must remain dimension- ?#
_ ' ' . . .

'

[ ,* hy-
-"

ally stable within dose tolerances .i;T *

' * * ' ' - 3..

'~ .

in order to function property C, * - ..~ '"

k~_. c.".N
'

Valve stem oil seals made of VITON ' h';)@
have been used for a number of 1 .5' ' ~ ~

years on one line of heavy-duty 8.-3ESEy:d' w a-a,'~- -- -- $ !
truck engines designed for 100.000 <

- i
. A '

males (160.930 km.1 of maintenance- , |1 "* V - _ q __~M _ '

.

free operation. And many have run
-

{Jg',|
over 150.000 miles (241.395 km.) . g.,.

j without modent- a severe test of , . :q"' r. _- - a
''

t'i*d(;i$
- _

, heat and oil resistance, ~

I
. ; .-

.. o

(j g
. -

-

- . ~ . ,
b

-

-_- f 3gf:'; - K w. - ~
'

, . _ Mr. ' . : ,.-
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gaar crankshaft osal of VITON on
8P'I3-

.

3Q.2Q .I eerehneswerf aEeeses has reduced \

-.:g,$m&w& E5iI' anamnenance and J . engsw itse. K.f; !t
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{ sure conditions is a pnme5ility of matenals under extreme

Aircraft designers have reported aircraft manufacturer, involved
!

O-rings of VTTON have a usable dynamic tests at elevated
I

requisitz in this field. The high and thermal range of -65 to +600*F. temperatures. O-rings of VITON,ca .

low temperature properoes of (-54 to +315'C): and at 680 to property designed and installed,

'

VITON' Muoroelastomer have been 730*F. (360 to 388'C) tests have according to their recommendations,

well demonstrased in a number of been successful but service life is proved capable of successfully;

circraft and mensile components: reduced to about 30-40 hours. They completmg 50.000-cycle compression

mamfold gaskets, coated fabncs, further report that VITON has tests at 500*F (260*C),

firect! seals, hes: shrinkable tubing excellent abrasion resistance and
and fitungs for wire and cable. resistance to thermal cyding. a Among other applications of VITON;

i

mcsnc adhesive sealants, protectrve common condinon encountered in in aviacon are its uses as an abrasion.

coaangs and numerous 0-nns seals. rapid ascent to, and descent from, the resistant solucon coatms over braia.

An additional charactensne of stratosphere or higher. In several sheathed igninon cable: heat.

tests, VITON sealed just as well at resistant connector seals on ieti

{ VITON pernnent to space
components is its ability to seal room temperature, and also at engine winng hamesses; flexible,

I

tsainst "hard** vacuum, down to a reduced temperatures,after a0 impregnated fiber glass sheathing for

range of 10 *mm. Hg by actual test. the mal cycfes as it did when new. electne wire; coated fabne covers

Other elastomers, after two or three for jet engme exhausts between

thermal cydes, would no longer flights; and syphon hose for hot

maintain their seals at room engm. 'ubricants.
temperature. One study on the
service life of O-rings, run by an

. * ~ J.<
'

let engine exhaust covers are made of~

glass fahnc consed wvth VTTON to standawr. # W 8 % - _-"W +~
..

* . " i soo 700*7. (260 m*CJ
- ~ . v, . -..
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sealants and gasketing, five-eveestant
caseed fahnc. cahie jacketing, protectree

e
e ceashiss and veness seeds.
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J ' f h Ae.reenshie seals of VITON
< are dangned for"teerd-vacuussr* .eace

_

_ below 1 s 10-remn. Hg,"
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" universal" seat has simoished the
production and markedly reducedthe number of customer service calls

,

pumping station handling more than
80 different solvents, oils andI

p

chemicals. Seals of VTTON used inon the instrument.
the piping's swivel joints and Out VITON serves the chemicaltelescoping jomts were inspected industry in more ways thar as seals
after two years service and found

alone. Fluorcelastomer lined valves
eliminate heat and corrosion womes

* Y**
",, d in many a plant. Transfer hose for;

Another example is a door gasket for solvents and reactive petrochemicals
is in daily use for both processmg

,
a wood impregnation autoef ave,
Temperatures to 245'F. (118'C.). and distnbunon facilities. Included
steam pressures of 150 psig 00.5 kg1are installations on ocean taniters as
cm.8). and exposure to cresol oils well as highway trailers. Procortioning
and other phenolics are involved. pumps handling highly reac*>ve
VITON overcame the permanent set chemicals are ecuipped with

i

deficency of the original woven diaphragms of VITON Processmg
asbestos gasketing and gave much rolls for hot or corrosive service areI

longer service than previously tned covered with VITON And aerosol.I

synthecc rubber seals. prope!!ed solvent solutions of VITONA " universal" material of
construction is the ideal sought by are spraved on as mulb-purpose

A third example .s the rotameter

engmeers in this rough.on.
manufactured by a leading supph,er

maintenance coatings throughoutharned production and maintenance
i

the chemical industry.
equipment industry. The high costs of measurement and control

equipment. All of its rotametersinvolved in dismantling and replaong
failed components to say nothing intended for m:etering chemicals are

of the production losses, far fumished with O-ring seals of

outweigh any matenals cost factor. VITON.This adoption of a p

Standardizanon on VITON.
fluoroelastomer is becoming more i [""*.t
common as its economic justificanon

-
=> /

.. in longer producDon runs between 7

maintenance shutdowns is bemg
more widely demonstrated. In two ;k-["documented instances, chemical -

. .'

piping and equipment seals have
remained in uninterrupted service - 7, g-
for over 10 years. <=-- J

f

VITON is very close to being a [, < q'p,,

.

unrversal seal for chemical process ,
t

equspment. One example is a %..'

f ~

g
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Packing od pipeline swiwisi joiset is liesv4y N

, , -

enawaod wie deposata h years of = *T, {. ..

handing a variety od solvents. yet it p
suutamos as leak.deve as w$nen Erst

og ,' .
7
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insenGed becamee st's snade of VTTON.
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Door of wood storepation autoctave is
seaJed alamst hot phenolic preservatives'*
try an 0-ems o4 vfTON* fluoroe4astomer.

, f. p The emproved seearrvvacuum sealing
- * Syttem W woven asbestos gahets.
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.wm e,ca4 artui etroved tana
P g truck transree ho,e arter oniv one

MW. Theft a fiose lined with Vf70N'z' '**-
, was trie11 Now the hose lasts over a vest

ist routme tanmer use.
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MISCELLANEOUS INDUSTRIALUSES
,

customarily replaced only during
sesel mill signal cable, deflector rolls penodic maintenance overhauls.Cutting across all industry lines are on high-speed tinplating lines, Exposure is to a vanety of hydraulica wealth of addinonal applications precision-molded balls for check fluids at temperatures up to 325'F. i

where the good mechanical volves in oil or chemical service, and (163*C.! and pressures. in some| properties of VITON* fluorcelastomer an assortment of O-ring seals for test cases rapidly attemating, up to 2.000i have permitted it to replace comen- equipment in an automotive psi (1a0.6 kg Jem.81.| nonal elastomers. To ate a few: manufacturer's expenmental lab.
| stable-dimensioned 0-nns seals in According to the lab's mechanical
| the meters of automacc gasoline The lattermost example well design engineer, their previous seals

i

blending pumps, high-vacuum seals illustrates the general principle that " baked so hard they snapped like ,

for a proton accelerator, a heat- and we have been stressing in this pretrels'' when removed after acorrosion-resistant expansion joint for booklet. Previously, various test ma- short time because of feakage. Thea unlity company's stack gas exhaust chines had to be dismantfed every switch to VITON eliminated a realducts, tubing and seals for a variety of few days to repair leaks. Use of maintenance headache and, he feels,
!

| premium-grade indus trial instruments, VITON permits the units to run has come very close to providingI conveyor nres for hot plate glass, continuously for three months without the long-sought " universal seal.''l
packing rings for hydraulic activators attention to the seals. Seals now areon steel mill ladles. lacketing for

J"
h' '),
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a4oided padmng rings, smede of VITON
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- _ .4 wim asbestos desh, seal
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leydreoGe aconsters of steel milllades. I
Remethe,.._ ': . 9 hydranslic emids ., g .
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AMS-7278D AMS-7280
,

MIL-R-83248
59ec VITON Spec VITON

Spec VTTON
>j Ongmal

Origonal

Tensde Strength, psi 1.600 1.735 Termie 5crength, psi 1,200 1,735 Tens.le StrenEth. psi 1.600 1.735! Origonal
, k 1cm.' 64.4 122.0 . kgicm.' 112.5 122.0

'f 5

125 190 Dongstion. % 125 190 Dongation. % 125 190, kg/cm.' 112.5 122.0

; Dongsten % 100% Modulus, psi 350 880 Hareness. Durometer

. h s cm.' 2a.6 61.9 A pomts 75 =5 79
H2rriness. Durometer t T. *F.. max. +5 -475 = 5 79A poena

T. *F.. maa. +5 -4 Hardness. Durometer
75 =5 79 T.*C. max. -15 - 20

T.*C man. - 15 - 20 A points
T. *F, max. +5 -4

Comp +esseon Set-ASTM T, *C., max. - 15 - 20 Aged 70 hr. at 75*F. C4*C in
D395 Method g Reference Fuel 3
70 hr. at 75*F. Tensde Strength. % change -15 -15

6 Ge*C.% 15 12 Aged 70 hr. at 71*F. Q4*C in
Reference Fuel B

Uongation. % change -15 -10

Tensde Strength, % change ~15 -15 Hardness. points change - 5 to + 5 -2

Aged 79 hr. at 73*F. 04*C in Dongation % change - 15 -10 volume.% change o to +10 + 1.6

geverence Fue( 3
Tensde Strength % change - 20 -15 Heroness. pomts mange -5 to + 5 -2

Dongation. % change - 20 -10 volume, % change O to +10 + 1.6 Aged 70 hr. at 392*F. (200*Q in
Staurfer glend 7700

Hartness. pomu Change =5 -2 Tensde Strength. % change - 40 - 26
Volume.% change O to +10 + 1.6 Aged 70 hr. at 392*F. (200*C in Dongation. % change - 20 -16

Anderal L-774
Tensde Strengm. % change - 40 - 13 Mtoness. pomts change -15 to +5 -9

70 hr. at 347'F. (175'O in Don 5ation.% change - 20 + 11 Volume.% change O to + 25 + 19.5

og,e glend 7700 Hareness. pomts change -15 to +5 -7
,sde Strength. % change - 25 - 22 Volume % change 0 to + 20 + 11.3 Aged "O hr. at 482*F. G50*C in Air
pnon.% change - 20 -5 Tensde Strengtn.% change - 20 -2

( dness. pomts change 0 to -15 -7

volume. % change 0 to + 20 + 16.4 Aged 70 hr. at 482*F. (250*C in Air Dongation. % change - 20 -10

Comoression Set-ASTM D395. Method 8
Tensde Strength. % change - 30 -2 Mareness. pomo change o to +10 +1

- 40 - 10 weight.% cnante -5 - 0.94

Stancard Measurement. % 10 0 Dongation. % change

Measurement After 18-hr.
Hardness. points change 0 to +15 +1

- 8.0 - 0.94 Compression Set-ASTM Dh5, Method 8
Cooling. % 15 7 Weight. % change

70 hr. at 392*F. C00*C. % 30 13

C__ - " See-ASTM D395, Method 3 336 hr. at 392*F. C00*C. % $5 32

| | Aged 70 hr. at 523*F. (275'O in Air
70 hr. at 392*F. G00*C % 50 13

' Tensde Strength. % change - 35 - 20
Dongatron.% change -15 + 42
Hardness.pomu change -5 to +10 +1

We,gnt. % change - 10 -5.06

C%- - See-ASTM D395. Method 8
22 hr. at 392*F. C00*C. % 15 8

d_* . " 5et-ASTM D395. Method B .-
Aged 166 hr. at 347*F. (175*C

5Sumcarc Measurement. % 20 15
.

1% j,Measurement After 18.ht. ;i
Coodes % 35 24
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} antinOomient

C
| Acetaldehyde

C
l Acetic aod. 20%

C; Acetic aed. 30%
Acetic acd, giacal C

Cr Acet C anhydnde' CAcetone
A4 Acetyfene
A'

Aluminum chlonde solutions
AAluminum sulfate solutions

Ammoma. anhydrous C

! Ammonium chionde solutions A

Ammomum hydroode solutions A

Ammomum sulfate solutions A
CAmyl acerate.

AC12*Amyi alcohol
A.BAmline

8(158*Amline,

C'300*; Amline
i ASTM oil #1 A(300*
i ASTM oil #3 A(350*
| ASTM refemnce fuel A A

| ASTM reference fuel B
A
A

ASTM reference fuel C Ar "i
with a parucular fluid also depends Asphalt

Banum hydromede soluconsProducts made from VITON* on such vanables as temperature,
fluoroelastomer are successfully time, velocity of flow, aeration, Senzaldehyde

-
seer

C
used in contact with a great vanety stability of the fluid, degree of con. Benzene

..

Bf158'
of fluids,in many instances at tact, nature of suspended solids, etc.

*
-

temperatures far higher than are soram so eopradcal with o6a dasemes. g it is always advisable to test the sont aod solutions A
choice of premium-priced VITON ts product unde actual service mine, anhydrous liouid Act
justified by its trouble-free service conditions before specficanon. If
which saves far more expensive *' ts should C

'5 ' Butyl acetate
j maintenance and downcme costs. d A I

| To assist design engineers concemed
service condicons as closely as |"u d[d

A
l possible. Obviously, your rubber Calcum bisulfite solutions

Awith specfying rubber components supplier should be provided with Calcum entende solutior's Aexposed to severe chemical complete detas s on the conditions
Calcum hvoochionte. 5%
calcum hydromede sosutions

Aenvironments, the a: companying involved, since correct compounding Calcum hypocnfonte. 20*. 8t158

1

tabulacon has been prepared. It and processing are important to the Carbon bisulfide
A

incfudes evaluacons of the fluid success of any resilient part where ^
resistance of VITON versus a chemical resistance is one of the C" d *"'|
selecnon of matenals whose service requirements. Caroon tetracnionde A(158
mfluences, at vanous temperatures g,,,,,,, 3
and for certain exposure nmes. range Chionne gas drv A f *i:

from virtually no effect on, t fe or no eftect
, Chionne gas wet

f 4

complete solunon of, products made C0 * * ** Chloroacetic aco
from property compounded VITON. ' '"'

complete destruccon Ch ro
We emphasize that it should be used T--No data likely to be Chlorosulfome acd

C
Aas a guide on/v. The tabulation is companble Chromic acid. 70 50*.

based on laboratory tests and records X-No data-not likely to be Cine acd solutions
A
A

of actual semce performance. But CompaDble
Cooper enlonde solutions

an elastomef"5 degree of CofnpaDbility

4.

C
|
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Copper subiese solutions A JP-5 A8400*FJ ' Silicone grosse A

C-4_ ' ont A000*FJ JP-6 An00*FJ SKYDROL 500 C

Creceoes oil A(212*FJ JP-6 5(350*FJ SKYW8E 450 CD32*FJ' -

- A Kevosene An58*F.) Soap solunons A

Dibutyl phthalate B Kerosene 9(400*FJ Sodium chlonde soluuons ACW -_-4

Diethyl sebecate 3 Lacaver solvents C Sodium dichromate. 20% A

| Diocryl phthalate 3 LacDe aod A Sodium hydronde. 20% A

1 DOWTHERM A A(212*F.) Linseed ori A Sodium hydroxide. a6% % A

DOWTHERM A B(400*F.)
Lubncanng oils A(158'FJ Sodium hydromde, a6% % C(100*F 1

Magnesaum cilonde solutions A Sodium hydronde,50% C
Epicolorohydnn C(122*FJ Masnesium hydroxide solutens A Sodium hydroude.73% C

CErhyl acetate Mercune chionde solucons A Sodium hyperfilorite. 5*. A

i .
Ethyi alcohol A A Sodium hypochbnte.20% 80584.)

A Mercury
Ethyl chlonde W alcohoi A-8 Sodium oevonde solutsons A-

gEthyl ether w hylketone C g,n o,g gg)
Ethylene dich6onde . A-8020*FJ

i Ethylene stycol A(250*F.)
Methylene chlonde 8000*FJ 3,,nn,e g,g
Mia'MI 0'l A 5tannous chtonde.15% A*

Ethytene onde Cf158*F.) Mobil XRM 206A N*** * NU ~

Exxon 2380 turbo oil (fubacant) A092*FJ (asrtmit ag. lube) A050*FJ Steanc acd T
Ferne chionde solunons A A0 58*F.) ANaphtha 5tyrene
Fluositioc aod T A(176*FJ A(250*FJNaphthalene Sulfur. moltenFormaldehyde. 40% A

Nirne aed.10% A Sulfu dioude,h,ouid A
Formic sod C058'F.) r

NitnC sod. 30% A A
Nitnc aod. 60% A Sulfur diomrie. ps, *

FREONf 11 3

NitnC aed. 70% A Sulfur tnom.de A
fagoN.11 TO30*FJ'

NitnC aed. 70% 8(100*FJ Sulfunc aed. uo eo 5% A
/ EON 12 A-8

i Nitnc aod, red fuming 8 Sulfunc aed. 5-10% A
b iEON-12 8030*F.)

Nitnc aed red fuming Cn58*FJ Sulfunc aed.10-50% A
REON-22 C
REON-22 Xt130*FJ B Sulfunc aed. 50-80% A

Nitrobenzene'

FREON-113 TU30*FJ Oleec mod B Sulfunc aed. 60% Ac50*F.)
F1tEON-113 A'

Oleum. 20 25% A Sulfunc acd.90% A(158*'.s
A 4

FREON-114 Palmitic sod A Sulfune aed. 95%
F1tEON-114 T(130*F.) Perchloroethylene A(212*FJ Sulfune aed.35% Af153*FJ

Furfural C058*FJ A(212*FJ Sulfunc aed.fum n1C0% ofeumi APhenol
Fyrtruei 220 (hydraulic fluid) A(212*FJ B000*F.) Su!furous aod A

PhenoiACasoline Phoschonc sod. m A Sunoco X5-820 (EP tubncant) A 000*fJ
A A(212*F.) Tannic aed.10% AQue

_ onohonc aod. 60%PhA(250*F.) A T " d AGvcenn ' ~~"* '' aed. 70%*

An-Hexane Phosphonc acid. 85% A
Hydrazme C T W W C

p .,Pickling solution upe .

| Hydrochione aed.20% A
(20% nitnc aed. 4% HF' A

" * * ' ' ' '

Hydrochfonc sod. 20% A(230*F.)

N MW4 acd.37% A(158"FJ P'CIII"I 'd"'*" Tnchlorethviene Ap

M* "'tnc aed. 4% HF) A
inchloroethviene Bf158,FJ

M-W.Jhs nod. 37% 3(230*FJ Pickling solution Tncresvi phosoNate A000*'J
g,q,,cygn,c aod A

07% "'ene aed.4% HF) CI225*F.) C
Hydrofluonc mod. 48% At212*FJ A Tnethanolamme

Picne acid A
Hydroduonc aed.75% B(158'F.) P***8"um dichromate solutions A Tnsocium pnoschate solutions

A
Potassium hvdroxide solutions A Tung oilHvdroduonc aed anhydrous A

A (158* *.1A A TurpetitieHvdrogen Pydraul 312C A058*']
Hydroge peroundt 90% A C WaterPyndine A(212* F.)
Hydrogen peromsde. 90% C(270*F.)

W suinde Of270*FJ QF12023 (s|ncone brake fluad) AG92*FJ
Water

A
SAE #10 & A Kviene

gr15s*F >A A xy4,nefaaamne 5ea e
, A

i fosseoped aieshol A She'' %tw A 30? 3092*FJ Zinc chionde SWutions
C- Isossepyl esher i1

A8400*FJ
L JP 4

* Wht540NS POR EXPO 5URE TEMPERATURt5, INOtCATED IN TABLE
,, a nipewed se==* et t. t. de sear

# 8 '* * * F. ec op, oc e F, sc, op, og'

100 38 158 70 220 110 350 176'

| 120 of 176 80 250 121 392 200

122 50 212 100 270 132 aco 204

' {i

. 130 54 225 107 300 149 550 288

.
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FOR FURTHER INFORMATION
.

= to leading rutdper manufacturers throughout the
f VITON and sellthrough local $Du Pont suppi.es re.v VITON* flus.1wortd. They, en tum, tabocase seack :tenu as weet as custom parts o

.

ruheer goods sug "r - O to end users. d cts
To otetaan more mformadon on VITON, contact your normal source of supply for rubber pro ui d cate

or werte to Ou Pont for a list of enanufacturers who produce these noms. (Please be sure to n a'' ' " " '

the parktaler products en whech you are interested.) licamon, contact the f
,

|{. if rau weh to evalunee vtTON for a cuseom rubber product or for a new appElenoner Chomsds Department 06stnct 0+rece nearest you. A saaes-sernce engmeer wil
l

f u to a rubber manufacturer
wem the oppommsty to discuss your applicahon and can re er yoomp4 econ.
weth the fac66tses and empenence requered to follow your protect to c

;

'

ng u.s. P i. a tm. ow.

I

I
! Canada

U.S. Sales Offices Du Pont of Canada Umsted
Montreal, P.O. Box 660Soston, MA 02110

(617) 423-7120 (514)861 3861140 Federal Street*

Toronto Dominion Centre,
(416)362-5621Chicago, IL P.O. Box 26

7't'0 N. Ocero Aenue
Uncoinwood,it,60646

012)982-4000
United Kingdom

Du Pont (U.K.) Umited
l Detrth, Mt Elastomer Chemicals Department

29201 Telegraph Road Mayiands Avenue
P.O. Sox 985 Hemel Hempstead
Southfield, MI 48G37 Hertfordshire, England

0 13) 559 6000 0442 61251HP27DP

Los Angeies,CA 90022 Europe, Africa & Near East
5717 E. Ferguson Dmi

Q13) 645-6851 Du Pont de Nemours
International S.A. g
Elastomer Chemicals Department

Menlo Park, CA 94025 50 52 route des Acacf as

)
', 2180 Sand Hill Road (415) 854-1135

,

CH.1211, Geneva 24,5witzerf and
'

(022) 27 81-11,

*

Stow OH 44224 C16) 929 2961
. .

4330 Allen Road Aasstrana

Du Pont (Australial Ltd.
West Trenton, N108607 Northside Cardens

F P.O. Box 2707 (609)882-5505
164 Walker Street

770luver Rocd P.O. Box 930
North Sydney, N.S.W. 2060

(G2) 9294455New York, NY Australia
To reach West Trenton 925-3290
c4fice call tatin America & Far East

E.I. du Pont de Nemours & Co. f!nc.)
Elastomer Chemicats Department
Export Sales
Wilmington, Delaware 19696. U.S.A.

,

E.1. DU PONT DE NEMOURS & CO. (INC.)
ELASTOMER CHEMICALS DEPARTMENT

WILMINGTON, DE 19893
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BCETON
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!

--n INSULATEC,

WIRE & CABLE CO.
(

! se ear svassv. mostow. assacwuszyts crias . iam ass zenz .. . s. os o.'

October 30, 1975 .
- ,

i ,

*

Bechtel Company
P.O. Box 607, .

15740 Shady Grove Road .'

I Gaithersburg, Maryland 20760

Attention: Mr. Peter Anas
;

| Sub,3ect: The Toledo Edison Company
Davis-Besse Nuclear Power Station

I Bechtel Job 7749
Instrumentation Wire and Triaxial Cable
P.O. #41598
BIW Orders #1000 and B148

,
'

i Gentlemen:

This is in reply to questions by your Mr. R. Vatsan,

! A
j concerning LOCA simulation tests on the subject cable.
i We wish to clarify that prototype LOCA test on

- Item 1, 2/C #16 AWG shielded cable, was perfor:ned in an auto-
clave at our Boston facility. The test was conducted in

i accordance with Specification 7749-E 1'T. nare. 11.2 M.
including air oven aging, irradiation, energi::ing at 240V,,

j
7-day steam / temperature cycle, and a wrated water spray ofJ

at least 1800 ppm boron throughout the test. The required
; IR measurements (para.11.2.3 4) and physical and electrical

measurements (para.11.2 3 5) were all reported in our Test
Report 73C212.

Regarding the triaxiai cable, our Part Number
9660-C-G20, we refer you to our letter dated July 17, 1975,

to Mr. R. J. Haas of The Toledo Edison Company. A copy of
this letter, along with the LOCA test data, is enclosed.

1

I We trust that the above information will satisfy
) your IhCA test requirements. Please contact us if you have

j any further questions.

i Very truly yours,i

BOSTON INSULATED WIRE & CABLE CO. .
'

m
}

:

1
. .. ,

N <re .. sv

( RK/rhc hard Nger)
encl. Applications Engineer,

|
oc: Mr. R. Vatsan

;
__ -..___

.
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T. Russell
R. Kruger (2) '.

*
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.

G 8 7. 2GS 2807 ae. - b ,* '3 0. 0 4

S S B Av S v e E CT = S C S T O N * M A S S A C h* W S ETT S Q 2 9 2 5 .

*July 17, 1975

Mr. R. J. Has:
Supervisor, Electrical Purchasing*

Purchesing Department for Davis Besse - Unit 1 Construction
The Toledo Edicon Cogpany and *

The Cleveland Elcetric Illuminating Co=;cny
P.O. Ben 929
Toledo, Ohio 43601

Re: Tricxial Cable for Toledo Edicen
P.O. No. 41598D
BIW Order B148

Daar Mr. Mcas:

This is to confirm the information discusced in
our telepheno conversaticn with your Mr. Caleccu;;io en July

and to Parnish documentation on the subject ccble.15, 1975

O The subject ecble is BIU P:rt Nu=ber 9660-C-G20. ~

AlthouGh your purch:se order did not origin lly require docu-
mentation on LOCA siculation, we have furnithod this s =2
cable for several other cpplicction: requirins LOCA, cnd us
have shoun the ccble pescos LOCA testc.

-

Test Report 75C008 is furnished to she: the re-
sults of a recently cc=pleted test en Part Nu=ber 9550-C-G20.
This report shous excellent perfer=:nec afte::' c 104 dry LOO.".The radiation conditioning cnd duration ofsimulation test.test greatly exceed those required by your Specification
7749-E-17 .

We are also furnishins Fisure III shcuin; th:
results of a LOCA s1=ul: tion test en : si--ilar 75-ch: cea::ici
cable conducted at the Franklin Institute Resc ren L: berate-ries (execr;ts .^ c= Repert F-C3859-1). This r: port demen-

double ther 1 agin;stratossencellent perform:nce cfter
cycle of 163 hcurs at 121C, one of wnien included cicultent-
ous irradiatien. This thor =:1 conditiening is in ences: Of

Thethe single c;cle required by Specificatien 7729-: *7
LOCA c;* le (IE2E Std 323-1974) is also considered cuch =:re
severe then your 7-dcy test.

.

.
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k Mr. R. J. Haas
Supervisor, Electrical PurchasingPurchasing Department for Davis Besse - Unit 1 Construction:*

'

o
.

We trust that the data presented will demonstrate
the cable's excellent abili,ty to withstand LOCA conditions andPlease do not hesitate towill satisfy all your requirements.
contact us if you have any further questions. .

Very truly yours,
-

BOSTON INSULATED WIRE & CABLE Co.

vb{ %
W-

Richard Kruge.
Applications Engineer ,

RK/rhe
Mr. P.. D. Calca=ug510cc:
Mr. E. C. Novac .

,
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STON INSULATED WIRE & CABLE
.

*

Generai Date Sheet
*

,

'
TEST NO.:PAR. 75C00P. I

( .
SPEC' far Westinghouse Reactor

DATE 5/13/75 | ['(
CA SIMULATION Special Test

0 rads gamma prior to LOCA cycleCONDITl(,NING: 2 x 10 TESTED GY- i
.

W. E &nes .

'

PART. TYPE NO.: 9660-C-020 68. [uMCMC1cp;-

N,, g um:
CUSTOMER: !

2 x 10T rads prior to LOCA cycle
;

TEST REQUIREMENTS. and 900F (in 24 see) . 51 esig -- Hold for 15 minutes.Hold C 252F for 10 day .2oOF fin 12 see)f
Reduce to 252F and 16.5 esic over lo min period. Straighten, give 40x bend, test 0 80 volts / mil for 5 m nutes

'i ' in water.
I8-8.5 with Uc0H

Spray cable with 2,000 ppm boric acid adjusted to pH|
,

i20 feetL =

IRthroughout the test. IRPress.Te=p sni-salc ;Time Conc-snac
*F psig

M /LM /L . ,

Steam
0 |5 8 x 1020 x 10 +-

0 '

O 2.5 x 10" 1 x 10"75 '

60 -

16 6 x 105 3 x 10' !10015 min
0 !1 day 252

16 20x105 1 x 10
5 days 252

16 20 x 10>+ 2 x 10' ; .

9 days 252 L 2 x 10' :

16 20 x 10
20 x 10D+ 20 x 102- (ifI 13 days 252

0200 217 days D 20 x 10 - !'

0 20 x 10 + '

5 !200 5 20 x 10 -51 days 20 x 10 +0 i

104 days 200 t

., (
annaneene and inne- wh y .i d ewmn-w, e

w.
'

menlied betw .n
_ 2700 vn1ts the emble was r4meved frem thedevs. '

After 16 davs end see n after 17given a 40x bend, and passed a 7500 volt acchamber, straigntened, Cable returned to chambertest
in trater (5 minutes) .(80 V/ mil) croof_ test the conclusien of 104 days the cable

At

for further testing at 200F. including a 40x bend and a 5 -inute a: : reef _

11,000 volts cond-inner shield and 1,000 volts snielc-s..ield.
10CA test.withstood a Post

test in water:
|

CE%C-G2'U'bEI.T T*5IRt!C*OF
e=ductor - 420 AUG 10/32 tinned cooper
Insulation -- C-osslin!:ed polyethylene _

,

.

! Inner Shield - 533 AUG tinned copper braid, 90'E min coverage
Insulation betstaen Shields -- Cross 11nked polyethylene
Outer Shield - 433 AWG tinned copper braid, oog ein eev.73,.,

(,1 Jacket -- Bostrad 7 CSPI thlorosulfonated colvethylene
1 _ GF 1 pt.GE3

PAGE
CD - .4c0"(1) Boric acid spray discontinued.

--

_ . . . . -

__

,
- - . . . . .
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FIGURE III
i

-
-

,f;,}-& ; .I .i;.

a,, .o*

.

! * % % um

,.

* *

[
.

.

. .

,-!

FRANKLIN INSTITUTE RESEARCH LABORATORIES TESTS _

A 75-ohm cocxini ccble, similar to the proposed cabic withthe same crosslinked poly' ethylene insulction bue a neoprene".Quclific e-
,jacl:et in place of Bostrad 7 (CSPE) pesced the
tion Testing of Electrical Cables Under Simultencous Expo-
sure to Radiation, Stccm and Chemiccl Sprcy" progrc= conducted by Franklin Institute Research Laboratories.(Note the doubleThe -

testing included the following conditions.'

aging cycle.)
Aged -- 168 hours et 121C -1.
(without radiation)! '

Aged 168 hours at 121C with
,

: 2.
simultcI)ccus irrcdiction of
50 x 100'rada (50 mescrads)

.

>

IEEE 323 LOCA cycle, including
i 3 two excursions frc= nor=clcenditions to 340F cnd 110 prig,

.
-

^

for a durction of 30 dcys with
sicultenecus irradicticn cf

;

150 x 106 rad (150 cogcrcds),
Total irradiatica -- 200 x 100

i '

rads (200 cogerads).
.

'

The cable was energized at 600 velts thrcushcut the 30 dcyLOCA cycle, and passed a 2200 volt ne test at the conclu:1cn
.

of the LOCA cycle.

Upon ec=pletion of the cbove tests at Frcr.!:lin Inctitute
;

It

Resecrch Laborctories, the cable was returned to BIW.f 40x

was then subjected to a post LOOA test centisting of aFolicwing the ber.d, the ecble withstood 5000 volts ce,

I

bend.
for 5 minutes while i==ersed ir. water.!

i
~

: _

')

1 .

3 .

! .

('
.

;

i
---

-...
. . . _ .

- - - =r = ~ . . .- : - - --- _-3..--..-..~-- __ ,_

' - - - - , _ _. _
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LITY CONTROL PROGRAM E PRO

iJRES
C,,

TRANST.41TTAL FORM.
-

.

Post Office Box 607
'

15740 Shady Grove Road
c a .,,8ue. M. - 207e0Bechteg Company

( .

- =

DATE: Jure 18. 1973
Mr. J. E. Rath
Joston Insulsted Wire & Cable

FILE NO: 1535. E-17TO:
E65 Bav Street

i TO l7___TEco OAE iW/A
PROJ. CONST. MGR. 1 W/ABoston, Mass. 02125 2 1W/A

X.. SHOP INSP. SUPV.
~ y,y.D.Lenardson

-

*

TEco OAE
g

.ft

@ APPROVAL WITHOUT COMMENTS._D FOR INTERIM USE, RESUBMIT WITHIN
,

APPROVAL WITH COMt.iENTS, RELEA2
20 DAYS PER ED 6058.
NOT APPROVED. SEE CCMMENTS MARKED ON PROCEDURES. RESUBMIT FOR3
APPROVAL WITHIN 30 DAYS PER ED 6050. APPROVAL STATUS

PROCEDURE NO. REV. TITLE

Prototype Test Report @
7749-E-17Q-10-1

- *

No. 73C212

NOTE': This satisfies requiren:ent (3) and (5) of Form ED6053 and the(6).prototype test resuics porcion of requirement

i

I
P

WHM/ DIS /mma
..

ec: S. N. Saba v/o
E. M. Steudel v/o
W. E. Wilson v/o

.

.

VERY TRULY YOURS,
'

s2 ,,.. /
,

LE, PROJECT''Ei GINEEF.''

W.

I e <n 3

' *.'* * k~mf*~ %-~
-m ,

T. E. - D. B. y' /::-2Co'CAE- ACCEPTANCE DATEacC. JUN211973 :

C. A. ENGT - j

*

.

.

"e- 4 m 9,, ,, , . _ _ . .
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ATTACHMENT.I '. .'
' '' *' ,

. -

.. .
e

* . * *, . . ' -

, .,
. .

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

. . .
..

( ,' ,

* .

| ..
. .n. ,. * ,

..:: .' ., . ,' t. 4 . . .
.

-' .* .
.. .

.

.. . . ,

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

- r .

* ., . ,
.

, g.~ . ~ . . ,. .. .

. t, .
.

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

' ' '

. . k ,','''.. . ,..|,7, iifAnfA;;ON CER7 TICATIO.i .

.' ee.
. ...,.s....,. . '.

.

[#
. . .

. .

-.

. . . . . . .... .

' '. .
. '". .. ..

A Y' .$$.

%., .

'. n~t.go.: '

o a. I-

. . - . . - '
' [. '. ,

'

'"' .Do'se Rate: , ,f..# / e
* b .,. Mlej ('" ' [,; c h " / M ,Aln d

'

.
'

~

., ' '

i...
. ,'

...[ic. re4e 7 3S > ,

]
_

,

. ;., .-.To t a L D o s e :~*
i .

. .
. "

.
-

-.i .,

.. . .

c . - 2.:g ' 3 */.3 . . .

.

Comp 1sted:. k.'Date;. Radiation.
..

, *
- '',

,'
- .

:* . a . . .
. .. *. ,

.

,,
.,f .

.,.)-.!Sourcei . Cobalt ,60 ,,
, ,

. .'~.
.- .

. Irradiation perforrr:ed in air at ambien: temperature
. . . .

(-1/2" water).w....
.. Conditions: ' (700P) and. slight negative pressure .

' '

. ' . ~ , . . . . ..; . , ., .
-

.

. . .. . .

* Max. Tenp. bf Sample During Irrad ia :. .on : // o E, . .. .. .

.. . . .

, ,
'

I' o c .* .. .

Dos'ide[ry was'p'erfor ed"usinz a Vic crean.-
. ' -

Dese late Moser and Probe.
' ' . . -'Jr .' Do s im e try. S y s m:

:- *4 . i.
~ 5.55 Integrating ' January 15, 19 71 . y .c

.

.: unit was c'alibra:ec of usint Cobalt-SC.. ' ' -* * -
.

.

,
.

' . . |Victoreen Ins tru .gn: co-:pany ,'' ~ ' ~ c a l! .,r s c i er. s are
.'and Cesium-137 ,ocrc.es whosai . . . . .-

Bureau of . .~ '
.. ' . :

''
,

. - . .' ej ' . : traceable t o t h e ' '.; ; S . .h t i o n a . calibration certifis. e-
;. . . ' .

- '.; Standards. A copy of'the-

* $ .j . Y '.' . ' . . : ,#..'.;,,.'is available.
.

- : .

. n; . '. . . , . '. ; .; ,. .. , , ' 1 ft exposure to u nle, v.. ,

San'ples were:rotered at.
tsened d.aring.. . ..

-Other: uniform dose di: tt ibution.
'

.

t a more
f..

.
. . $bserved: .

-
, ..

. . Q4 .

. Post-Irradiation Defects
.

., . ....

.. .
, .

.
. .. . . . .... :....;. ,.. ..s. .

. . .

.

. - ,:
.'r .

. . . ._
.-: ..

....
*' ' . . . . . ~. .

.

.

:.e
.

. .,

. . .

.

. c ..--
,. ,

. ,

... . .
.- .

.;
- .

.n ... -
..

, . . , .,

:. . '. ,
. -

.
. .

. . . .--

'was radiation processed. ..., ,, .. . . .
. . . . .

' the'subfect produe'

'l n This'is to' certify tha: *

. .
.

.

' in the aforementione.d manner. . ,

. . ' . . . . , . , , ,..
.

. , .
. , , ,

.. . .
g.

,
* ~ .

GeorgeR[. Diet: -
. .. .: . . ^

. . - . . - ,

. . . . ,

. , Manager, Radiation Services
-

,GRD:mG
.

{ .*
,.

.,
.

.

..

. ..
.

.

. e.,non.: i;0 H 837..:7;].

Isornodix ing::. 25 E .. .ar ns Rs. . r..iiiover %* ..w;.o..e................. .o

." .

. . =.
. . . . . .

"

_

W . ' - " '
. . ~ _ _ _

_. .

.
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DOSTO3.A Al T ACl!!!CflTEULATED. WiflE & CAOLE CO.
'

-.

.'.'

.- :
'

.,. . * - -i

*M ' .'. General Data 3hcct
. /, , ,' '

. . .
^ .. .. ,. .. *. - ,,

. .
.

.

. ,

l_

( ame Test Dechtel 7749-E-17
' PAR:

TEST No.;
I . .

$PEC: 11.2.2,2 o 730258 _J
*

DATE.* -
. ,.

yJUITIONING. .
, , , . , M 12173-

- _- -

y ne
'' ' TESTED BY: | ..

*/' .
- W. D 7 r n qi,,,_!

'
-

\RT. TYPE NO.:
J S,-18$$-A Hocirontal

~

,

'
-

LAS. SUP. CHECK.*-

* i-
' !i-

eJSTOMER:
Toledo Edison.

..

CST REQUIREMENTS:
.

* ''- Ac cor d i ne- to abeve hpeci f f e at f or-
|

.

.. . . . . .
,.

.t
'-

, ,

..-
-

.
.- . ..

.
, ,

.
.

- . .
...

_ - . ,
-

Ignition Time 30 sec. . ,"
.

' '. ; . .
-

.
..

. *
. . .

.. .

Insulation failure ti=c
-

. .
:.. .

. --.- .

.

. . . 8. Nd failure after 10 min...

''1. .No. failure after 10 min.
. . . s.

'

, 7. No failure after 10 min. -
.

2.' , No f ailure af ter 10 min.
.No failure after 10 m'n.

.,
. .

. .

,

3 .. .,No failure after 10 min. . 8...

.

. 9. No failure after 10 min.
. . '4. ,. No f ailure ' af ter 10 min. .

No f ailure af ter 10 min. , , 10. No failure after 10 min.
.

! - .
,

'

'
. .

.

,;. .

. Cent;Lnued to burn 0 sec.. ~ '

d f burner.
, . . ,

.'Ceble damage 20' inches , apprbximatc1y 35" on eitlier si e o
- ','*

. . . .

. 'Did cotton ignite? No . , .',e.. ~ . - ,. ,.
.

,, ,

t - - . , .. . - -.
- .. ..

, ,
.

.. ,, ... .-
,

-
-.

.;. . -

,-
.

...

Thermocouple Readings: ,: ,
; -_ , ' , , .

,
.

>
-- -.*

.' . , ,
, .

., . .
. . .

,

1.- Temperature of flame at .that point which would be in contact with'
. ,.

.
- , -

the cabic was measured as 1450*F prior.to test. ,

' ,
-

- *-.. . ,..

. L. - * : . i '.
--

- . ,:. .,
,.' y. ,. .

. ,
- ,,, ' - . . - .. 2. . . j ,. , ,

,, --- *,,
. .- .

.
. ~ .

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

.~ , , .

,- - - . .
. ,-

.. ,
.. . .

,, ,

! Q "M.| 3 ttin. 6 Mi .Thermocounic 0 & Position
- .

- ..*

. . - .: : . ,

81 (center) * . J. 500*F 1460*F 1360-r - . .. ,
.

* .
~

.A.

82. (lefc) 140*F. 150*F 160*F*

4~

'"'r' * r
. frieSc) 1 18:0*F 200*F.

c
- .

. .

.
. se as to be directly* Thurraucouple repositioned citer 1st - ssurementa

ove r f t,%, .

0 6. . F1.GES
** PAGE _ ,,

.
.

- - -- +e.p$ @.p
ee .m -

= we y e., y = - , .
e..- . .
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J INSULATED wiHE & CABLE CC +9
. .. n . a . . ,

. . .

j ~

BOS ,

General D,ats Sheet
- ,

.. . ,

.

-

,-
. .. , ,,

,
_ TEST NO.:.. _

.R : 73D758 __

af:- Bechr.el 7749-E-17
_

,,,,11 , L 2 . 2,.hSPEC;*

DATE:

( Flann Test c/12/73 _
*

|
goNOlTIONING. TESTEC DY; i11 , Barncsnone
/

FART. TYPE No.: Vertical LAB. SUP. CHECK.
*

t,$S-1885-A
e

' |-.
*

| CUSTOMER: Toledo Edison --

', TEST REQUIREMENTSAccordino to above s guu;I ' i c " M'-
U* .

'

Ir. .

._ _
. ]' -

-

__

__

,,
,

| -- _ - _ ,

'., .
_-

.

~

t
. .

Ignition Time *
'

. Insulation failure time
.

6. No failure
Failed after 10 minutes 9 min. 30 sec. .

'

1. 7.
2. Failed af ter 10 minutes 9 min. 15 sec.8 .-*

-
,

3. 9 min. 25 sec. 9.- No failure -

Failed after 10 minutes4 10. No failure
* ' 5. 9 min. 25 sec. d flicker.'

Continued to burn 4 min. 55 sec. very ce.all containe
.

Cable damage 39 inches from point of impingement.
.

.

.' Cotton did not ignite.
Thermocouple Readings:

.

in contact
Temperature of flame, at that point which would be
Lith the cable, was measured as 1450'T prior to test.

1.

.

'

j...
. .,

, *r
2.

~ Theremeount e Re -d 4.-e= '.

|10
1 2 3 4 5 6 7 8 9

f fhertr4 couple v & Position Mi.. - "!n. "i. "f .
" i . _,

900 860 910 6t.0 ' 95.0 900 000 N00 550 !e.g iMin. Min. Min. Min. Min.
! .

}

500 660 320 820 vue 880 800 760 300 > 3.:0

01. '(burner location)

400 580 660 640 620 600 '620 700 600 60;

(18" above burner)#2. i j
*

I J3. (36" above burner)
;

l
.

r *

. .

' - - ..

(
- .

-
G ',G E 3.

. .

_OF_
P ACE __

.
~

,
..

-. ( ..
, ,

,

- ,

|
'

--...

--We*MO'M* ,, ,_ ,

e p&PW"6 --#'-



AT T ALnt:C IT IV
TON INSULATED WIRE & CAOLE 3

.4.

B
General Date Sheet

. .
Q

-

.

TEST NO.:PAR:
SPEC: .> 1 f se st ?

Environental Tot?'Unchtal'77a'1.F.17 11( * TEST: DATE:sost Accident- ,, a.sn 7,*

I CONDITIONING: 16 R h et '11 '1 0r rartia* inn onen tvin" .mac
-

(5ampie 1/fC in 1ength TESTED BY:Air oven aned
PART. TYPE NO.: L55-1BBSn, 12 ft exnosed to cvele)

u. ca nes
'

_

Toledo Edison Co.
|. . , a n ,, n , n ,.

TEST REQUIREMENTS: A,., n,..q n
3

Record Insulation Resistance |

At becinninn of test rooci teen. Ia. *

b. .0nen an hner o hich aract-
*n~-

|

c. Once a day at i cer nress. A tonn. !

.

<
_

.g i . , . . Insulation P.csistancel.
* .

:I" . .. J .
.'' . . . /.~ i ~ ' - , ..~ ~ - '" "' ~.: . ._ , ; .

Conductor.il
- Coriductor #2 .

. .. ,. . _. . . ..
;. .;._... _ . _. - . . . - ...

. . . .. . . . . . _ . . . . .
.....: .. : . .: 4 . - ...

, . 3
.

(I i ti. l. . ~ 510 0 .r.te q 4, .M.'. 34.x 10
r. reg n/ f!' i- , .

i . , . . . . . , , 3 u .. ... .

.
. . i ... .. ,, , , , , e

_ . .n. . _ . .a.- . . 3 ,, . I c. ,
r ._. __1 ._ _

. . , , , ,, . , , w-
. .,.

. .1 C, ,. ..e. . _. . , . . . . . ..

. 153. . . .

_;....... .204 .". "" .".. . . 204 " ."" "" ''; h. m
.

......,i i _t _~ g . . . . ; .
- ...

.._t. ._4 i
t . . .. .273 ." .236 e_ ' ,'j.. : m... _ , . .

..
.. , "

_. "
" '"

~_.

9. ^2 4 0 V. a p p.l i e d c o n t i n u-
. . . . i "-. . . . _

. 30 G i " '" :"
- .324 .

P#e'
.391 " . . " . .. . . . . .Jusly between :rca'di'ngs o, "

. 3 0 4 . .. ." . ,"
"--

' c " "" .oN._ ;.. u.
425 ," ' :" 442 .

. . . ,
. .

" '" . ! $ ~u . _ . . "a _ . .

__ J .5Ci... . . . . .
' . 5 1 0 ' ' "' '" '"'

-

... 6 7 9
" "

!. o
. .

i .

. 0 e n d b f .t e s t 'c a b l e:
"- '" " "

'c''. .661 .765 ",, .I'u!,-0. K... 0. 1..,0. K..V A C 5 m.i. .n. .s. ..-
i. . " "

.765 " , , . " . , e"
,, o e

.935 .

.95.. . ..

i. . ,
. . . ,. in ,, a

. 35 . " _ . " ,"
. .... . _, . . . ., r .

."
. I, . 9 3 5. . ". _." . ".. . . . ...... .r,

.

. .. ,. ; . . . _ . _ . . , . . .>

_ . . .- - . .. .

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

- - - . - . ' . .

Reduced scoperature & Pressurc-. . _,.
.. ... . . .

. . . ,

. . . t_ i i. 1

, . . . . .
.

2 8. 9 me g"/i-i' 32.4 megh/T' .,< 1 day
. . . . . . ,

'

u. .. ..s ..
. . . . _. c. . _ p......._ '

, , ,, . ., g,.".'; e a n a:. .. . .
.

, , . ..., u o o , 3y. ,.. - .,..-.. .

.
. ......r.,......., . m 3e.j

. " 8 4 day
. -i.- .. - a -.j_e. -,. . ... . .. y . . " ". . . . . . . . . . . . . .

" " ." 40.0.
. . _ _ .. . . .

|52.6.. 7. m . ::. c.cy-

_.
. . . . .. m' Saturday'& Sunday

5. d c.' ) .
. . _ . . . . . . r......,m

4 . .. . ,. . ; . . c.. taken
'. . . ...._ . . ..

. ._ A . .. n o ,,. r e a d i n e.
.

-

, , . du,/.i .. ,, ,,. . . . . . <. .. ,, .. .. ,,...,.,...r. 5-..
. . . .. . ; ; . .

. . . . . . , . .

. t . . ... .
.

,10.9 0 ..". " .._" .. . ( . 3 4 0 . . . ". " . l, .,

.. . . , . . ... g ".

.. | ,.

. . . . . . . . . . . . . .-. ,A.f.>+ e.r ..C p o 1 i o g.
..

.. .

;
-

.
.

. g. 4/._ _ . ., ... . .

. . . . .. . ..., .. .i. .. .. . _ . .; i........ .. .
. ..r . ... ; g.. -

.. . . . . . .c. . .. . q ... . g..q , ., ,-. . , ,,.,. ,.. _.
9,

. , . .. . . . . . . . . . .. . . . . ., .
..s.. ..... . . . . - .

.

, .. .
..

; i. . . . . . -,.,, ...
, , . . . . . .

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

_. 4.. . . i __ . .
: ... . _ . _ _ _ . . . _ .-

.

_ _w . -
.

( , - - . . . . I ... ,..

,.

. .-
...

. ,
. . . . . . .

g . . . .I : . . ..,.i... . . . . . .
. . .

s. .. -.. . . . . .
.

.....j.- ., ._...i._.
. . _

I ,. . .

; .. 3 .p. .
, -.

, 7 .. .. *..0 E 0. .; i t ., , ... _OE.

P AC E__
. . . _ .p

,

*.,

!

. _ . . . . . .

- -_

-.D
...gi,,,g, ,

- . . - . . .

-m..,,,, ._ * * * ^ * ' * _ _ , ,_
-

" - - - - - - - ~ _ . _ _ ,_
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8 No.7749 - civit .-
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EttcT; .
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.

I I
._
' *

LAYOUT
! !a e s.g_j 7 Mpg $pf "" ~

( CUST0ftER: ,,To 1 e( o EMN.on ',
-

, , . , , . . . . . . . .
nuetraw ,

ametr--h ", .-* %;* -T." ~'.* *"' "~'] ' '' j, Customer.PO Q159C c. ' ' i i*
. y-,QAE .- , *. ,, , ,. ,j,- g ' g;,, ,,,- .

- - - -

,_.acMirter ! . , , , , ,

a
,

p ,, ,Customer Item! 1
,

J C ,7, ,7,;C,|PURCMastNG f e

| $ 7 ,, ( ( % . . Ms.\f." /..
d. ESTIMAT reg | e

8 L I * * *''*****'***''*;***
SWITCH YARD I 4'.' - f - 8 / , itCV.UJ8

CONSTRUC flotil } tde-* .]

~.re,sc ,Q^- - ' -^
-

aBtE;tA I c[tc M-M bM d, it , riabicPrototype test rep
of Occhtel Company sy J. L.c a rr. Mo s to n Insulated Uire on
January 12, 1973

, ,,

* _w... .

. .,

(1) Para 11.2.1 Radiation Resistance Tes t .

Con'di ti o n i n g : (a) Samples air oven aged for 168 hrs at 121 C.

.

i total' dose(b) Aged sampic3 rradiated to a.

i
- of 3.5 x 10 rads (Sce attacned radiation .

1 certificate - Attachment 41)
.

l
'' Tests Spec. Para Results

(
- ,

p High, Voltage 11.3.1.1 a pass 1 KV a-c
for 5 min, c-c,

a-c -

, , , , , -
,

t m-

~
I

g Insulation 11.3.1.1 b I.R.Const=35,200l

F Resistance
L

Continuity ,:11. 3.1. 3 0.K.

== ! 2365 psiTensile S t re rtg th 11.3.2.1
C ~

1.J.3.2.1 200';
j y Elonnation -

,
-~

' 2
Gravimetric Water 11. 3. 2. 3|i 5.24 mg /in'

'

, C;|g Absorption
-

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

3.511.3.2.3a ; diel, const =~ " ' ~
Elcetrical tlater .. ,

[ ,] @ hh b.
'

,
.

/ Change in capacitanEc ("T-14. day 5 7-14 d'a v.) coutd n o'c c e p o t a i n e::
-' f EO v o1,t s / r.rQg o n tJ t h d aefdue to sample failur.c ati.strc.ss d.

( of test J =' ' ' ' '
,

R .E- - |. l Q= & '?
~

- 3ns t ., ag i

-a
::

..
. a

.:-~:.--=--- - . . - . . . _ . . .:':. :~. ~ ~ '. - - - - . . _ -. . . . _ .*
. . .
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j Flame Resistance Test
-

| 2. Para 11.2.2
.( Spec. Para. Conditioning Result

~

t a. Test

i Yert. Flame 11.2.2.1 none pass,

*

(IPCEA S-19-81, -

sec 6.196)
168 hrs 0121 C pass4

"

Vert.'' Flame-

J

1

The results of the horizontal and vertical tray tests,
performed per para 11.2.2.2 a and b, are included asb.|

'
-

These tests were' : attachments II and III of this report.'

h l Company
. witnessed by both Toledo Edison and Bec te730258.personnel and have test flumber

.

'

<
-

.

Post Accident Environment Test _3. ' Para 11.2.3
j

Sample was aced for 160 bre o 1?1 t
f

Conditioning: a. '

Aged sample was irradiated to a dose -b.
100 rads (See attachment I for radiation
certificate)

in
The results of the autoclave test cycle as specifiedIV. The I.R.

para 11.2.3.3 is included as Attachmentreadings required by para 11.2.3.4 are also given in this
-

j,-
attachment.

,
.

At the conclusion of the autoclave test cycle the tests specifiedThese tests are considered
'

,

in para 11.2.3.5 c & d were performed.i the results will beto be part of the autoclave test and as such
; found in Attachment IV.'

| tests as specified in para 11.3.1 and
THe physical and electrical1 from the autoclave and11.3.2 were also performed af ter removal
the results are listed below:

SPEC PARA RESULTS
TEST

2400 psi11.3.2
I Tensile Strength 185"11.3.2Elongation

2
1.43 mg/in,

11.3.2.3 bGravimetric Water
; Absorption

diel const=3.0a
>

f Electrical Water 1-14 day: 2.4011.3.2.3 a
Absorption (E.M.60) 7-14 day: 0.3~

Stability Factor:0.4%
, o

*

(11 -

.,

'

l, _ _ _ .
. _ .

=696

- - - " _ _ __ _ _ _
- - - ; ~ ----

-

~ ~ ~ ~

. .M ,. __ . - _ _ .

P
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i

! Assumptlons:
!
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i

| -

uetnee

-

Refer to Table of Contents on Page 2 of 9.
|

.

I

The purpose of this Calculation is to extend the qualified operatingRemarxs: han

time of components which are qualified to higher peak temperatures tseen during a postulated LOCA/HELB but for a shorter time than required.

.
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L0 PURPOSE _

The purpose of this calculation is to equate the aging
degradation experienced by a component during anj

environmental qualification temperature test to the aging it
'

will experience due to the variable temperatures it will bei

exposed to during postulated accident conditions.,

2. O SCOPE

This method applies to the qualification of components which
I are qualified for peak accident tageratures but not f or a
'

sufficient length of time.

I 10 REFERENCES

A Review of Equipment Aging Theory and Technology, EPRIi
1

Report No. MP-1550, September, 1980.

4. O ASSIM FTIONS

The degradation due to aging is an irreversible1. Therefore, all eff ects on materials due toprocess.,

'

aging should be cussulative in nature.

An activation energy of 0. 5 eV will be assumed for all| (
2. theAccording to Reference 1, Page 4-10,materials.

apparent activation energy of the aging process may vary
Since the smaller theO.5 to 1.5 eV or more.frostactuation energy, the less time is required to degrade

using O.5 ev isthe material to a specified point,
considered conservative.

Material degradation is dominated by a single chemical
i
1

3. reaction
process which has a temperature dependent;

This allows for utilization of the Arrehnius
,

i rate.

M odel.

Cogonent will respond instantaneously to the accident|
1 4. (1.e.s temperature of entire component is'

environment
equal to the environmental testperature at any given
time).'

,

i -__

e <RP 9///Att %9 4/Mr> Co**n~ v Asw &# Te %Wr
> Ev.,xem ME].

JOs NO $/JO=C8/=fTl
CALC No poO p

~ Y $&D* W= CQ /

fWV SV Gaft CMEKS Daft

,

,

- - -
, ,.'*~ ' , "'

=
-

_ , , ,,

c- , , - - - - - - , . . _ , . .,r,,v-e ,-w,w,s,ma,.n ..,,,_.u t' '
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j
DEVELOINElc OF METHODi 5. O

1

The aging model generally accepted by the NBC and industry is1

. the Arrhenius ModelJ

I

t = B e.Ar (Ra /., 4 4-1) s* !i

i
;

fsAce A Detesc fuckini-& be To
B= Com(Uusr kreene &esmw)
f = 1Aarw r>ad fa a sy& u.7e ,a u s 6 w er m = 8 . 6/7 r / o * S N /*K

!
'

ka
T= Assoturr 7"c."/dmes (*k)i

1 A special f onn of the equation is:
{Q. $_

k $ =' j __) , _ | f$EF |, Im V-|6 _

{
be ) K TS &

kA. YNEtt [gg $Vaud#73 g
h k ca g $ ct ete s' k M e IB 7- de*Jo rnaw
k tatAnanen.r.
|
| ( This equation states that has. ting a material or component at
! temperature T, f or time t, will produce the same amount

of degradation as will be produced at the service temperature
| T over time t,.
! s
1

f Equation 2 can be pwritten. ),|

|
%= 4 ey - -.L / .

r !
c 1; 5p.or xe

,

h b * b.9 CMf 5.8K /O --|- - _

'

-

3 TA I4 } .,
.-

Because moet accident temperature profiles are not constant
like the test profiles, but rather spike to a peak

a more accuratetemperature which then decreases with time,
aging model can be developed which takes advantage of theThis can be done by dividing the
decrease in temperatures.
environmental profiles into N number of steps such that you
define some fixed time interval tg such that tg = g.

N

O SRP %//91 < 4k/t/ C onwm- k la3 DLar To bM'd
*

&>v*tw unr<r5 P^CaEme no h.cc/ . 4 7/ y'

o,y
e d S $ D8 N " " e -oev- m

. . _ .s.

- - - - - -

i ~,= .-_ ;;, ._
- -- --r_-_ ~ ~ . _ . . . . . - . . . _ ~ - - - - .

~-

-
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This tg will replace t in Eq. A Since aging isa the sum of all these tgconsidered a cumulative effect,
test times will produce the same degrees of degradation| but f or time t ..| incurred by the test at the same Ta

|
For the first iteration, the peak accident temperature is|

3 along with the assumed test time tgsubstituted into Eq. Ti.e result will be a
f and the reported test temperature T .a

service time t, for which the component has undergone!

similar degradation but at the lower temperature T *s

The temperatures for the next iterations are obtained by!

using the environmental profile temperature t,
corresponding to the t, calculated f or the previous

The qualified time will be the sum of all the ts'

interval
: for each interval.
e

/ / 9! N # - N
E }/&;_,) K (G )*

-[3k'
~

$*8xlO
,

{ ' ~~~ N exf1

| p/
.

-

WMEtt & 5 |,2s 3, . . .|

I @ Ts= Ts(d)) . 74 is MrAn= TJe( @ Cousmst
'
.

A sample problem is provided as Appendix A.i
'

'
i

|

|
|

|

-: 'T $/Wff 6dMEnr kGlor% .)<J C b kt 20&W
O QP 9////#1 -

[nNe :-E:u1% ''GE
Jos NO 9 N #*C / - 6' / _ ['

OF :/

'& Q $f ? Q = CC/ * C.71
*

IWV gy 2 75 CMWEE3 MTE
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APPEA/ DIX A
'

(
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A ds = .8 Hea /.c 6 ponw.

& 5e Nesr /xrcuriosv) X /.: Tswa 5

Tx G,.a k eur Pwas c aee-cin

% d.s = . 8 se .
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Refer to Table of Contents on Page 2 of 6.

Assumptions

6.
Refer to Table of Contents on Page 2 of

'

i

e

Refer to Table of Contents on Page 2 of 6.
(<

!
!

Remarxs:

1he purpose of this calculation is to determine the maximum service
temperature for Buna-N Gaskets for a service life of 40 years.
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(- 1.O PURPOSE
-

The purpose of this calculation is to determine the maximum
temperature that can be maintained on BUNA-N gaskets for a
service life of 40 years.

2.O SCOPE

atThis calculation applies to the qualification of equipment
the Shoreham Nuclear Power Station containing BUNA-N gaskets.

3.0 REFERENCES

A Review of Aging Woory and Technology, EFRI Report ho.1
NP-1558, September, 1980.

1000 hour Beat Aging Study by Larry small and Ev Scheer2
(BF Goodrich) Table 18.

datedROC, AD Sawyer to Ev Scheer (BF Goodrich),3.
December 16, 1980.

4.0 hETHOD OF AhALYSIS
|

The aging model generally accepted by the hhc and industry is
the Arrhenius Modelt

8 ME h m Ht=Be
I
l

Time to reach a specified endpointt = (usually determined experimentally)B = Constant
Activation energy=

Absolute temperature (OK)=4

A special form of the equation is:

~ t~~~

Where the subscripts "s" and "a" describe service and
test conditions respectively.

mm - ussS EocIPMENT QUALIFICATION
ARKHElHUS MnDEL OF RlJNkN GMETS
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1 me e n,,, u m _,-,
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( 50 BASIC DATA AND ASStatPTICNS
'

HYCAR 1041 is assumed representative of BUNA-N (Esf. 3) .1

Tensile stength and/or compression set are the critical2. Tensileproperties required by a gasket material.
stength is required in order to maintain a pressure
boundary against the f orce of pressure transients.

BUNA-N rubber was tested at 121 C for 3 weeks and the
0

3. (Ref.tensile strength was found to have increased 13%
.

2).

6.0 SUMMARY RESULTS
0

BUNA-N gaskets can withstand a maximum temperature of 104 F
for a service life of 40 years.,

7.0 BODY OF CALCULATION

4 / I
--6 _~

-

A X K Ts Ta

f = 410 r.s= 7080 a ny

f = J wxs
|=o.64g\/ (FEF. I)

}{ = 8. d/7xD c
-

e
K

$ = /2 / 'C = 3% K
'

gogo wu )
_

0. 8C e V_ l-
3H /< '

3 WKb ) 8.$llt $0 f,Y' 6
^

'N

4.4+ = 1780.2 (Q - 0 DOM +

K = 3/3 *K = /0 + *F
m m - NSSS EQUIPMENT QIm1ITICATION
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0570-010-681
yrts: n m _nns_s.1

edSgyJgnUClear
(_ COPv: 3 1,onfie1d

RECORD OF CONVERSATION~ J Mankevish
P Stowe.

M. Ballard

.

O Other'

Meeting
' Telephone bl. 12/16/80DATE

TO: Ev Scheer FROM: A C-- m ''

P H O N E N O.: 216-447-6000
COMPANY: EF Goodrich

1

BUNA-N Specific Name
SUE 7ECT. .

"

Summary of Conversation:

I called Mr. Scheer to verify which elastomers listed in his
1000 hour heat aging _ study' were classified as BUNA-N.

BUNA-N type elastomers are:

HYCAR 1041/HYCAR 1091-50HYCAR 1041!
nese type elastomers would be representative of general BUNA-N(. . Furthermore, BUNA-N generic name is
me danical charactsristic:.sr.cnymous with GR-N and NB,1 type rubber which stands for ACRYLONITRILE

Also, Mr. Scheer identified the difference between
BITTADIENE Rubber. BUNA-S is also called GR-S and SPR which standsBUNA-N and BUNA-S.
for Styrene Butadiene Rubber.
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.
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Mett1cc
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i

Remarts: .

The purpcse of this calculation is to deter:nine the maximum service
temperature for cross-linked polyethylene for a service life of 40
years.
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I 1.O PUEPOSE

The purpose of this calculation is to determine the maximum
temperature that can be maintained on Cross-Linked
Polyethylene for a service life of 40 years.

20 SCOPE

This calculation applies to the qualification of equipment at
the Shoreham Nuclear Power Station containing Cross-Linked
Polyethylene natorials.

3.O REFERENCES

A Review of Aging Theory and Technology, EPRI Report bo.
1

NP-1550, September,1980.

73C212.Boston Insulated hire & Cable Test Report2.

4.0 METHOD OF ANALYSIS

The aging model generally accepted by the HEC and industry is
the Arrhenius Models

f == B e. K T (jfggj,Eq.+-/)

'Aime to reach a specified endpointt = (usually determined experimentally)B = Constant,'

h = Activation energy
Absolute temperature (OK)T =

A special form of the equation ist

$b$|j Sh* k'~

i

Where the subscripts "s" and "a" describe service and
| test conditions respectively.
|
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BASIC DATA AND ASSIMPTIONS50

Cross-Linked Polyethylene was thermally aged for 1681.
hours at 1210C. Following this aging, it was
irradiated to a dose of 1 x 10 rads and was subjected8i

At theto a high temperature naturated steam test.
cariciusion of these tests, the material maintained its
resistance and integrity (Ref. 2).

6.0 SUMMARY RESULTS

Cross-Linked 3clyethylene can withstand a maximum temperature
,

of 1170F for a service life of 40 years.

7.0 BCDY OF CALCULATION *

& = Y hs ~ n i\/x.A si

4 = fo yM = 340, w hrs
In = M8HU
k=//JeV

( M '
' K= 8617x to ev,4g

% * |2/ t = 314'K
1

360A00 MM =AUeV
5 .

}_.
~

i

,At ~
/48 MMS kgi7xto 3*V 39f*/<e --

*K

~76+ = /3H3.4 (f - 0,002J4)

% = 320 2 *K = ||7 "f_

- MSSS EQUIPMENT Q N ?FIC& TIONt? "

MdHENN/!MEELOFfRX! UNKC) AtyF' 7H'/LDJF
' AGE.me e nn n.nn,_,,, 4,

"*
O WS /2|H}fI M ~[ J 22-$2 & 0630-001-dC3 4or
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Metnoc:
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Remstus

The purpose of this calculation is to determine the maxi =um service
temperature for neoprene for a service life of 40 years and the qualified
life at a service tentperature of In40F.
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' 1.O PURPOSE

The purpose of this calculation is to determine the maximum
temperature that can be maintained on Hooprene for a service
life of 40 years and the qualified life at a service

0temperature of 104 F.
.

20 SCOPE

This cm...ulation applies to the qualification of equipment at
the Shoreham Nuclear Power Station containing Neoprene.

30 REFERENCES

No.A Review of Aging Theory and Technology, EPRI heport1
NP-1558, September, 1980.

1000 hour Beat Aging Study by Larry Sr.all and Ev Scheer2.
(BF Goodrich) Table 18.

4.O METHOD OF ANALYSIS

The aging model generally accepted by the NRC and industry is
the Arrhenius Model;

f=8e (/?ff /, sq +-l)

Time to reach a specified endpointt = (usually determined experimentally)ConstantB =
h = Activation energyAbsolute temperature (OK)T =

A special form of the equation is:

(REE I, Ed.+-14)~

.jt =

Where the subscripts "s" and "a" describe service and
test conditions respectively.

Ln,::o - uSss EQUIPMErl Qt:AL M CATION
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( 50 BASIC DATA AND AESIMPTIONS_

hooprene rubber was tested at 1210C for 70 hours andl. was f aund to have changed in the following manner (Ref.
21:

1 Tensile strength increased 264.
2. Elongation increased 84.

6.0 SI:MMARY RESULTS

Neoprene Rubber can withstand a maximum temperature of1 72.50F f or a service life of 40 years.
,

Neoprene rubber is qualified for 6 years at a service2.
0temperature of 104 F.

7.0 BCDY OF CALCULATION

) 6)h=K Ts %
~

f = 40 yg.s : .340,400 HRS

4 = 7o NC
i

4 = o.e7eV Cats 1)
~A

K = &&l7x IO eV/og

fa = /2/ t =3% *K

aso,+ooHRS 0.87eV t I
-

.At 70 HR$ Qj7,,g-S \/ 7,* yyqog
ag.

! 0. 0024+ K8. 62 = foo 96. 3 T.1

72.J*Fy :: E1S S 'If =
-

7"m - wasS rocIPMENT QU17-MCATICN
ARRNEL/NK /MDfL OF' A/ZOWENE m.*

.ca ao n,m.nm .x-, N
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70 Body of CALcut A flos/ (cony)

fdR A SER V/d[ 7/MPCRA7?utTC of

/o f 'F (40*c) 7~Hf SERVici LIFE cAA/

B[ CALCULATED AS :

= $ ! - - '-
} s$}'t k rs n

6 = 70 HRS

$ = d 87eV
~3

K = 8.si7xio eVj'y
TS = /04 *F : 3/3 */<
Ta = /2/ 6 " J5V g

A1 !L 0.87eV _L _ .!.
84/7 slo g (3a'N

=
*A J94 ?<#

*K

4 !L = d. (3
70

D: C .63C
-

70

b = 33,024 HK = d.O5 YEARS6

rnm ~ uss EOuu: uc cw mn---~:,
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' ''M
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Refer to Table of Contents on Page :

.

Assumptions:
.

Refer to Table of Contents on Page 2 of 7.

Method:

Refer to Table of Contents on Page 2 of 7.
(

Remarts: service temper-

The purpose of this calculation is to determine the maximumature for Viton fluoroelastomer gaskets for a service life o
: ' f 40 years.
i
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1.O PURPOSE

2e purpose of this calculation is to determine the maxians
temperature that can be maintained on Viton fluoroelastomer
gaskpts f or a service life of 40 years.I

2.0 SCOPE

This calculation applies to the qualification of equipment at
the Shoreham Nuclear Power Station containing Viton;

|
fluoroelastomer.

3.O REFERENCES

Ibe Engineering Properties of Viton, E.I. Dupont De1.
Nemours and Co. ( Inc. ) .

A Review of Aging Theory and Technology, EPRI Repcrt ho.2.
NP-1558, September,1980.

4.0 hETHOD OF ANALYSIS
|

The aging model generally accepted by the NRC and industry is
the Arrhenius Model;

f =~ $ & /?b0h $'|
,

1

Time to reach a specified endpointt = (usually determined experimentally)ConstantB =
h = Activation energy

Absolute temperature (OK)T =

A special form of the equation is:

. - != fl& SA M)) Ik Ts %
y

s)
Where the subscripts "s" and "a" describe service and

| test conditions respectively.
I

|
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4

RASIC DATA AND ASSI.MPTIONS( 5.0

Tensile strength and/or compression set are the critical
1 Tensile

properties required by a gasket material.
strength is required in order to maintain a pressure
boundary against the force of pressure transients.

2750C (528 F) and the0
Viton was aged for 70 hours at (Ref.2.
tensile strength was found to have decreased 20%
1).

6.0 SthMARY RESULTS

Viton can withstand a maximum temperature of 129 20C
(264.60F) for a service life of 40 years.

7.0 BCDY OF CALCULATION

A f; = b .! -! \
K Ts Te)ta
6 = 46 YRS : .5SO,400 HR.S

fa = 70 HR4

$ = /. // e V ('{ry,2)I
K = 9.617 xii' eVfog

7a~ = 273 *c. = 448 *K

/. // eY _.f._ __ h) 330.400 HKS =.

'# M 8.6/7xlo'~e V ~f5 /*)
K

8,42 = /2,882 ( h - d.so /82)

-g = 402. 2 cx = ECM 'F
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The purpose of this calculation is to deter:nine the maximum service
temperature for Ethylene Propylene rubber for a service life of 40 years.
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( 1.O PURPOSI

The purpose of this calculation is to determine the ==w =Im

temperature that can be maintained on Ethylene Propylene for
a service life of 40 years.

2.0 SCOPE

i 'this calculation applies to the qualification of equiprent at
the Shoreham Nuclear Power Station containing Ethylenet

'

Propylene rubber.

3.O REFERENCES

A Review of Aging Theory and Technology, EPRI keport ho.1
MP-1550, September,1980,

1000 hour Heat Aging Study by Larry small and Ev Scheer2.
i

(BF Goodrieh) Table 19.

3. ROC, AD Sawyer to Ev Scheer (BF Goodrich), dated Januarf
5, 1981.

4.0 METHCD OF AhALYSIS

The aging model generally accepted by the NRC and industry is
the Arrhenius Model;

(= g e KT (Rtk l " +-l)i
(

Time to reach a specified endpointt = (usually determined experimentally)ConstantI =

Activation energy0 =

Abeolute temperature (OK)>

I T =

A special form of the equation is:

(REF.1, EQ. 4-l).A -=

Where the subscripts "s" and "a" describe service and
test conditions respectively.

|
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BASIC DATA AND ASSIMPTICNS50

EPCAR 545/ Peroxide is assumed representative of EPR1.
(Pef. 3).

EPR was tested at 135 C for 6 weeks and was found to
0

2. have changed in the following manner (Ref. 2):

Tensile strength decreased 164.1.

2. Elongation decreased 244.

6.0 SIMMARY RESUI.TS

Ithylene Propylene rubber can withstand a max service temperature
of 144.50F for a service life of 40 years.

7.0 BODY OF CALCUI.ATION

j (ft ?k I .!
i ta ) K Ts %

fs = 40 YRS = 2080 wxS

fe = 6 WX,5
(

4 = 0.9s eV carei)
e.c17xio ' ev/og

~

|< = .

% = /3s t - 408=x
4

A eoso wxs =:. 0 9s eV I . _L
6 WKS 8.fl7xto gg Ts kS *K*A

| *K

& B4= |/024 7 (f - c.oo2+s)

"I] * 33 S *K = /f A S *F
_

F- m - NSSS EQUIPMENT Q W FICATION P
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p u . 0370-o25-671
O!dS@nUCleaf'

Cory: a Ironfieid
- RECORD OF CONVERSATION P Stowe

A 4awyer
J Haverly
M Ballard
N Woodward

; -

% 1. File
|

hTelephone O Meeting O other
:

TO: Ev Schaar FROM: Alan Sawyer -- DATE 1/5/81/

216-447-771:
BF Goodrich PHONE NO

COMPANY:
,

| SUBJECT:
in00 MEm Heat Ad ne Study

Summary of Conversation:
.

Ev Scheer was contacted in order to identify which polyner
tested was representative of EPR (Ethylene Propylene Rubber).

Mr. Scheer stated EPCAP S4S/ Peroxide was mostrepresentative of EPR.
He also stated EPCAP 545/ Peroxide and EPCAP S45/ Sulfur are both
EPDM rubbers which can be cured with both sulfur and peroxide while

( ' EPR polyner es7not be sulfur cured, which is why EPDM rubbers are
easily tested but sull representative of EPR.

,

AS/cjc

.

!

.

.

.

PAGE _6. OF 6-
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EPRI PERSPECTIVE
-

'

i

PROJECT DESCRIPTION'

Equipment in nuclear plants east be qualified to perfom safety-related functions"

after long periods of exposure to low-level radiation during operation and after
The'short periods of high-level radiation during accidents postulated for design.

effects of radiation on materials is therefore one of the topics addressed in the
.._.

EPRI Equipment Qualification Supplementary Program (RP1707). This report by the
,

"ecrgia Institute of Technology presents the results of a literature search for data*
,

The data are intendedconcerning the radiation resistance of organic materials.
eventually to be included in the computerized Equipment Qualification Data Bank

.

(RP1707-2).
,

.

PROJECT 080ECTIVE
*

The main objective of this project was to deter' sine, to the extent possible, a low-
level threshold dose for radiation damage to organic materials in plant equipment.
Equipment located in a benign plant environment and exposed to less than the-

threshold dose during its design life could be excluded from the general qualifica-
tion recuirement for radiation testing or further analytis of ndf ation effects.
The infermation compiled can also assist in the design and qualification of equip-
ment subjected to high-level radiation doses.

PROJECT RESULTS

The report includes an overview of radiation effects and an extensive Ifst of
An. . ,

organic materials in order of increasing resistance to radiation damage.
im;:ortant finding is that a total dose of less than 105 rads produces no significant
degradation of mechanical or electrical properties. (Notable exceptions are equip.*

8 orsemiconductordevices.) Also, at this level, no
- ment that contain Tefion

significant synergistic effects of radiation c:mbined with other environmental
The results of this work.,

stresses, suen as elevated temperatures, were identified.
will be of interest to utility engineers, ar:31tect-engineers, equiement manu-
facturers, and regulatory staff involved in the cualification of equipment for' ' -

radiatien effects.
.

"ecrge Sliter, project '4anager,

Nuclear Power Division
.
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A8STRACT*
,

( A literature search was conducted to identify information useful in datannining-

the lowst level at dich radiation causes deage to nuclear plant equipment.
-

Information was sought concerning synergistic effects of radiatica and other
,,

! environmental stresses.
i. Data on

Organic polymers are often identified as the weak elements in equipment.
radiation effects are sumarized for 50 generic name plastics and 15 elastomers.

.~

Coatings lubricants, and achesives are treated as separate grovos.
,,

. With a few noted exceptions,
Inorganics and metallics are considered briefly.
these are more radiation resis*. ant than organic materials.

,

Some semiconductor devices and electronic assemblies are extremely sensitive to
Any d eage threshold including these would be too low to be of practi-radiation.
With that axception, equipment exposed to less than 104 rads should

,

cal value.
Ecuipment containing no Teflon should not be sig-not be significantly affected.*

nificantly affected by 105 rads.

Cata concerning synergistic effects and radiation sensitization are discussed.'

The authors suggest correlations between the two effects.

.
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SIM1ARY.-

!(

Much of the equipment used in nuclear power generating stations will be subjected!
_.

In accordance with applica-to low-level irradiation over the life of the plant.-s

ble industry standards and regulatory requirements regarding equipment qualifica-~ ~ ~

~ tion, the effects of such * benign * environments must be addressed either by test

_

or by detailed analysis for all safety related equipment (including equipment
-

not classified 1E). Additionally synergistic effects of irradiation concurrent
.

with other environmental stresses must be considered.
'~

.
. .

A concrehensive literature search was conducted to identify infonnation useful
in determining a low level radiation threshold for nuclear plant materials, congo-

Additional detail on the type and extent of damage possi-._

nents, and assemolies.
ble under various conditions was sought to provide guidance in the selection of'

materials and cortponents which :aJst function in hign-level or * harsh * environments.

s_,

Data bases consulted in this search included NTIS (National Technical Information
Service), ERA (Energy Research Abstracts), Science Abstracts, EDS (Energy Infor-

..

mation Data Base) ed INSPEC. These were canputer searched through the Georgia
Tech Library and Oak Ridge National Laboratory. Applicable information from miscel-
laneous sources is also included. Equipment qualification reports usually provide
little infcrmation relating to damage thresholds and were not specifically sougnt.

.

Two principal processes which occur in the interaction of radiation with matter~~

Ienization and excitation _ of absorter atoms is the principal, ' ' - are considered.
process leading to damage of organic materials through chemical reaction of the'-
excited ions and/or free radicals. Damage to inorganic / metallic materials is
primarily related to physical disolacement of electrcns and/or at.~ns and conse-3

l
quent disruption of the crystal lattice structure of the abso-sing materia .

With certain very notable exceptions, inorganics/metallics are much less suscenti-*

Semiconductor devices function througn
ble to radiation damage than organics.
designed imoer'ections in crystal stnacture and are quite sensitive to further

Any all inclusive threshold._

disruotion of those structures by disolacement orocesses.
identifiaole from existing data would be too low to be of cractical value to the

Additionally the cotical preoerties of glasses may be affected at radiation
industry.

levels aooreximately ecual to those mica affect the :nost sensitive organic materials.

-
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A separate review of the extensive theoretical infomation and test data available onj
displacement effects would be useful in establishing guidelines for the selection and_~-

use of sereiconductor devices and complex electronic components. .-

This study addresses organic materials; no further consideration of inorganic /
~~~

Additionally, simple organic concounds, generally
metallic materials is made here. i
not used in nuclear plant equipment, are excluded from considerat on.

.

_

Information presented in this report concerning organic materials used in plantfor
equioment suggests an exclusion from test or further analysis should be allowed#

4 rads or less. Nonelectronic equipment
ncnelectronic equipment subjected to 10 5less than 10 rads should likewise be
dich contains no teflon and is subjected to _-

At these levels there is no significant degiadation of mechanical or
Also at this level noexcluded.

permanent electrical properties of the listed materials.
indications were found in the literature search of significant synergistic effects'.

of radiation combined with other environmental stresses or sensiti:ation toIn general, equipment f ailuret occur at some higher
subsequently insosed stresses.
level involving censiderably mort than threshold degradation of conconent materials.

.

ffi-

While each manufacturtr's formulation (s) of a particular generic material is su
ciently different to preclude statistical treatment of test data, theoretical
censiderations supported by test data indicate that a specific threshold must exist

In all cases, the icwest identified damage threshold is reported [for each material.
Many materials have not been studied in great detai_1 and estimates of theirFortunately,

thresholds may be reduced on the basis of further tests and analysis.
hert.

f the

the most sensitive materials h_a,ve, been studied extensively and reduction o-

exclusion levels stated above is not anticipated.

The term " synergistic effect* is used here unen cercarative data for simultane-
-

ously and sequentially aco11ed multiple stresses indicate nonecual changes in a1

The ters " sensitization" is used wnen aoolicatien of one stress
i

|

given material.
changes the material so that the rate (or type) of response to a subsequent stress' Sensitization * and ' synergistic effects"
is different from the original material. t ess and
art different manifestations of the changes that occur in materials under s r

,

| are ete:gnized as interrelated.
-

Direct data identifying synergistic effects for materials is extremely limited butInferem:es
data identifying sensitization effec *s is available for many materials.I

ffects that
are sade based on these sensiti:ation effects c:ncerning the synergistic e

'
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oc:ur in maltiple stress environments. Tables identifying sattf als for dich _.i

strong, moderata, and minor sensitization effects are known are included.I

---

From the limited information available it appears that selection of sequential test
r

programs dich saximize " sensitization * effects will result in the best achievable
.

simulation of the synergistic effects that would oc:ur in real environments.
,,
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Section 1
..

! INTRODUCTION
I.

. _.

Any equipment which performs a safety related function in a nuclear plant applica-
tion must be proven capable of performing the necessary function (s) throughout its
installed life (including normal Itfe and any accident conditions through wnich it

The effectsThat proof is provided by equipment qualificatien.mustfunction).
of a nuder of environmental strtsses including tencerature, exidizing at:nosphere,~~

mechanical stress (including vibration and seismic effects), hostile chemical
As pointed out

environments, electrical stress, and radiation must be considered.
.

and others, the exact duplication of the effects of long tem, low19by Carfagno
level and multiple stress environments is not technically feasible.

..

Industry stan-
Exact duolication is not the intention of equipment qualification.
dards (IEEE ANSI) identify methods which can be expected to provide at least

.

equal degradation of the type (s) that could impair performance of a safety related7

Substantial efforts are made to provide assurance that effects whichfunction.
fi ~ are not well understood are adequately simulatad.

51
60 and IE Sulletin 79-01B is an asses m t..

Aneng the requirements of NUREG 0583
of the effects of radiation environments previously considered benign (creating no

An additional requirement is that synergistic
significant stress on equipment).

,

effects of radiation in Cz:bination with other environmental stresses be evalu-
ated.

The stated objective of this work is to provide a technical basis for determining
a low level threshold for radiation damage to nuclear plant materials, components

An additional implied objective is to provide information useful
and assemoties.
in identifying synergistic effects.

A comorenensive literature search was ccnducted to identify information useful in
Data bases consulted included NTIS (National Teca-achieving these objectives.

nical Information Service), ERA (Energy Researen abstracts), INSPEC, EDS (Energy
Dese were ex= uter searened using

Information Oata 3ase) and Science Abstracts.
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facilities at the Georgia Tech Library and Oak Ridge National Laboratory. -)
_ . .

References published prior to 1960 were excluded from the search but much
significant test data from early work is referenced in more recent pubitcations.
Some selective judgment was used to exclude sunnaries of sumnaries and treatments~~

Investigations of chemical
too general to provide new or significant information. >l
reaction mechanisms are numerous but are cited here only as they appeared re evant

Many manufacturers have conduc*.ed radiation !

.,.

to the objectives of this study.
Radiation resistant formulations with

damage tests in various environments.
damage thresholds far above those of the identified generic materials are known.

'
'

It is unfortunate that much such information is not published because of pro-lish
prietary considerations. Also, regrettably, re2st articles for which no Eng .

translations were available were excluded.

Results of a somedat similar but more limited survey are published as Appendix C
The few conflicts are discussed in Section 4 and identified for.of Reference 61.

specific materials in Section 3.

Preliminary data searches indicated that the proposed method of treatment (tol
provide a statistical treatment of radiation damage thresholds for a few materia s
and equipment items including ceplex electrcnic components) would not be

Specifically, little threshold infermation is availa01e for conclete )feasible. Also " threshold * in that context implies impaired
'

conconent/ equipment items.
function of the equipment and does not include consideration of the f act that many

~

While a nunter of
equipment items function acceptably with degraded materials.
materials have been tested extensively, test environments vary as do formulations

An identification of the lowest reported change
of generically similar materials.
in any property of a given material with identification of test parametersh to this
whenever possible is a conservative and technically justifiable approac

study.

Organic polymers are most often identified as the weak elecient(s) in operating
equipment and so as a groun were selected for cetailed study.

Inorganics and metallics are generally little affected by radiation environmentsI. ortant exceptions
that cause considerante degradation in organic saterials.

m

are identified in Section 2 wnich is a genert1 discussion of radiatior ffects.

1-2
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Table 1-1 provides definitions for a number of the terms and units used in this
.

\ review.
,_

Section 3 sumarizes and references detailed test data for specific materials. f
Materials are categorized on the basis of most frequent use as thermoplastic, |A few materials are identified in

-

thermosetting plastic, or elastomeric material.
cific fomulation would best fit a single

more than one category, though a spe Mate-
Further subgroupings are on the basis of chemical similarity.,_

category.

rials are identified by generic name; an alphabetic index of some familiar trade
names is provided in the appendix.

Section 4 provides the authors' conclusions concerning the data reviewed along
.

with a table of radiation damage thresholds (4-1) and supinary data concerningw .e~
Some of the higher thresholds

sensitization effects (Tables 4-2 through 4 4).'

cited in Table 4-1 are based on limited information and may be accurate only for a-

single. specific material and set of test conditions.

. A user seeking information for a specific material (s) should first locate its
generic name through the appendix or an outside source such as the manufacturtr's

Apolicable infomation concerning radiatius effects can then be located indata.

Section 3 and Section 4

Selection of materials for service in radiation environments on the basis ofConsideration of the type and
threshold information only is ,nol recommended.~

extent of degrading effects of radiation and other environmental stresses on
specific materials along with the operational requirements of a particular
equipment design should result in selecticn of equipment with a high potential for

,

qualification.
t

r-

t...

4
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Table 1-1 .b
OEINITICNS

the amount of energy absorted from the radiation f leid
-

absorted dose per unit mass of irradiated material

organic compounds characterized by open chain structures
aliphatic

aldehyde organic concounds characterized by the presence of
the H-C=0 radical

~

saturated aliphatic hydrocarton compounds characterized
-

aikane by single carton-carton bonds

unsaturated aliphatic hydrocartons characterized by at
alkenes least one carton-carton double bond

a massive positively charged particle (He++) emitted by
alpha certain radioactive materiais; particle energy depends on

the parent material; penetrating ability is limited

organic compounds characterized by closed ring structure
and resonance stabilized (shifting / shared) unsaturationaromatic

A
a particle emitted by certain radioactive materials.
negatively charged beta has the characteristics of anbeta
electron; a positively charged beta particle is a post-

(positrens are not a significant c:nsideration fortron
pcwer plant envircrvnents)

electromagnetic radiation (photon) mitted when energetic
electrons or betas lose energy due to the influence ofbremsstrahlung

the electric field of absorber atoms
a chemical bond formed by the sharing of electrons

covalent between adjacent atoms 50 that both remain electrically
neutral (neither is an fon)
chemical band for .d between separate polytrer elements;

crosslink cress 11nking may be intermolecular (berneen molecules) or
intramolecular (berneen earts of the sarre molecule)
the basic unit of intensity of radioactivity; equal to

Curie 3.7 x 1010 disintegrations per second

the absor:ed radiation dose at a particular death in a
s ecific absorcer; death-dose cur res snow the distribu-death-dose
tion of absorted energy in a scecific material

;hysical relocation of at:ms/ elect-ens of an absorcer,
througn collisicn precesses, resulting in disrvocion ofdisclacement
the saterial's crystal structure _

1-4 )
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Table 1-1(Continued)

DEFINITIONS
r, -
.

6.

an effect on a material which is different in magnitude
' f' dose rate effects or type (for the same total dose), depending on the
**,*

-

irradiation rate; effects may be transient or pennanent

natural and synthetic rubbers; elastomers should be able
~I elastomers to undergo stretching to twice original length and

retract rapidly, when released, to near original lengtht,

a process by which energy is supp11ed to electrons,.

.g.
atoms, or radicals, rencering them chemically more reac-excitation'

.s. tive
an atom or radical group of atoms having one electron notP r' free radical involved in bond formation; free radicals are highly
reactive and usually highly mobile6-

electromagnetic radiation (photons) emitted by certain| . . . . .

{* ganea radioactive materials; gamas are 'nore penetrating than
comparable energy particulate radiation

- .

the SI recomended unit of absorbed dose which represents4Gray (Gy) an absorption by a specified material of I x 10s..;

ergs / gram; 1 Gray = 100 rads'
*-

the nureer of molecules of a specified type for-ned or
;

G-value consumed per 100 electron volts of energy absorted by a
system; it is also used to specify the number of reac-,

i ; tions that occur per 100 eV absorbed

an eiectrically charged at:mi, radical, or molecule
resulting from the aedition or removal of electrons byion
any of a number of possible processes

*

'
'

the process of ion formiation,

fonization
,

exposure to radiation
| 1rradiation

organic compounds characterized by the presence of the
ketone cartonylgroupq=0

-

Linear Energy Transfer - the radiation energy lost per
unit length of path through a material, usually expressed.

LET

in kiloelectron volts per micron of path; a higner LET'

value indicates more effec-ive ionization of the aDsorcer' '

an uncharged elementary particle cresent in the nuc!eus4

of every atom heavier than hycrogen. Neutrons areneutron
''

'

released during fissionj

a process by which absorter items tec::me radioactive
neutron ac*1vation througn caoture of a neutron by the nucleus of the| ,

I aosorcer
'

i 1-5
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Table 1-1 (Continued) '}

DEINITIONS
.

-

'

organic compounds charac*.erized by a repeating structural
polymers unit

the traditional unit of absorted dose representing the
rad absorption by a specified material of 100 ergs per gram

of that material. I rad = 10-2 gy .

the esission and prepagation of energy through matter or
radiation space; also, the energy so propagated; the term has been

--extended to particles, as well as electromagnetic
radiation

a group of atoms dich take part in chenical reactions as
,radical a unit

deconcesition of saterials induced by irradiationradiolysis
the historical unit of exposure to radiation; one

Roentgen Roentgen (R) produces an abscreed dose in air of 0.37
rads (air); the absorbed dose in other materials depends
on the energy of the radiation and the composition of the
absorber

the precess by dich chemical bends are brcken; also, the )scission nuster of bonds breken by the process

an effect on a material by a particular stress such that -

sensitization effect the rate or type of resDonse to a subsequent separate
stress is different than it would have been for the
original material

~~

an effect on a material of two or , ore stresses aopliedm
synergistic effect simultaneously which is different in magnitude or type

than that of the same stresses aoplied separately

an organic material dich will soften on heating, but
will revert to its starting preserties on ecolingthermoplastic

an crgante material dich hardens permanently en heatingthermosetting plastic
or curing

(as radiation damage thresnold)threshold the icwest radiation dose wnica incuces permanent change
in a nessured preserty(s) of a material; also, the first

|
' detectable change in a property of a material due to the

effect of radiation

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

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



. - ~ ~ . . . . , . - _ - . . - - . ~ . . . - ~ _ _ .....-..--.--.,-;. . . ... .... . _ .
.__

--

.-

t

-

.

Section 2

-

.
DISCUSSION 0F RADIATION EFFECTS.L ,-

.,.

Radiation interacts with matter by two principal processes which are of interest
physical disciacemt of the atoms / electrons of a material result in

t.

here,
fonirstion/etcitation processes.,, disruption of the saterial's crystal structure.

result in highly mobile and/or energetic atoms and ions. Though both processes"'

occur for all materials, damage to metals /inorganics is principally related to" ' -

displacement effects. -

.s,

Chemical bonding of inorganics is io'nic and so further ionization does not usually
induce chemical reactions within the material. Chemical bonding of organics is'"

covalent and damage to organic materials occurs via chemical reaction resulting"-

Displacement effects are generally not sig-from ionization / excitation processes.
a. The

nificant for organics because of their less rigid molecular structure.
effects of either process may be subdivided into transient effects and permanent

This brief discussion of complex effects is not intended to be c:rnolete.* effects.
References 22, 25, and 37 treat basic concepts in some detail and cite more rigor-

7-
ous treatments.*

Whether a displaccent occurs is determined by the masses of the colliding parti-t-

{ cles and the energy available for a given collision.
This implies that chemical

coricosition, radiation type, and energy spectrum are of primary importance.
structure andWhether a displacement is permanent (or damaging) depends on the

physical state of the material. Much of the total dose absorted by
.

inorganics/metallics does not produce displacements and is dissipated with no net
,

. effect.

Most is
fuch less of the total dose absorced by organic saterials is dissicated.
used to initiate or accelerate chemical reactions througn ionization and excita-

TheThe type of reaction is determined by the material.
tion of absorcer atems. "he effects ofI

| extent of reaction is determined by the total energy available.
l energy J ailacle ,i,s usu, ,

_sdiation tyce,_and enegyyctp in mod _1fyiny _the totae
This is a stateent of the classical ' equal dose-ecual damage"A iy mipor_,l

approximation for organics.

21
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Most equipment items in nuclear plant environments are exposed to gama radiation'}
Some are also exposed to beta and ._

of various energies over their normal lifetimes.
Only ecufpment in close contact with

neutron radiation of various energies. Accident environments _
radioactive materials might be' exposed to alpha radiation. -

In short, the

- would contain particularly high levels of,, beta and gamma radiation. '

radiation envi .gt is mier. -hj l

3 d 3 . Concur-
Mt f acilities are not available to du_pt,fgate.such tTylex enviro _nme(t l i
rent neutron and gama exposure can be provided by experimental reactor faci it es.

d. Gama exposures can be provided by concentrated isotooe sources such as Cobalt-60
-

Beta exposures can be provided by electron accelerator facilities.
-

o
Q or Castime-137.

1

Y% Exposure to radiatica,. ype m a m alv may he possible but theg atchino gf_e g y.

Additionally, both practical and technical considerations limitI NJ g
g3 spectrums is not. Radiation simulation is most often performed by

the feasibility of this approach.
providing equal or greater total absorbed dose to sensitive materials and comoo-
nents with an isotcpe source of gama radiation and utilization of the "ecual dese ,|

'

[ equal damage" concent.

" Equal dose-equal damage" does not apply to inorganics/metallies so the effects ofThis is usually not imoor-
plant radiation envircnments may not be well simulated. .)
tant because most incr3anicsheta111cs show no significant damace even in the most

Special cases occur which require further consid- ''

extrene equi: ment environments.
Though no detailed treatment of these was made in this study, some notedf

' eration.
in the documents referenced by this study include: .

Ingreased fragility of some glasses and ceramics at exposures greater than1.
10 rads.

# rads.
Changes in the optical properties of some glasses are noted at 102.
Transient changes in electrical precerties occur, the significance ofIn benign environments it tacears that3.
wnich is acolication decendent.only c=molex electronic c:mconents and semic:nductor devicas might be
affected.
At least some gemic:nductor devices are ver/ suscectible to radiation

Avery' noted radiation induced f ailures at less than 2004
damage.

; rads.'

Temic0ncuctor devices have imoedect c*ystal structure by desien snd seme of__tMese
anyt.f.2rther disru: tion of the c ystal structure. Transi-

are_v,ery mucn affected by
ent enanges in electrical crecerties wnica are unimportant for insulatiens may
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- Radiation
be significant to the proper function of conclex electronic conconents.

( tolerances depend on design considerations and applications.
--
.

An in-depth study of such special cases would provide guidance for avoiding use of''

the most sensitive devices / components. Criteria might be identified which, if~ ~~

met, would be proof of some minimum radiation resistance greater than the lowest' '
.

A 1.
,value found.

Y
Further discussion of radiation effects herein are limited to those that pertain'

to organic polymers.I **

. . . .;

EFFECTS OF RA0!ATION TYPE AND ENERGY SPECTRUM
on

A test radiation environment must provide at least equal radiation dose to thei .c

most sensitive materials in an equipment as would occur in its real plant environ.'

.

i ment.*

The energy of any radiation source is degraded as it travels through a material.
...

The absorted dose at some finite decth in the . aterial will be different from the
,, s

absorted dose at the surface (the amount decends on incident radiation energy and*

A ' depth dose" crofile will result.10 Different radiationabsorting material).
types may produce very different profiles in a given material or comoonent.

r
"

:
6 . Consideration of the LET (linear energy transfer) and penetrating abiitty of

radiation types is useful in determining whether test radiation environments arer-

LET is defined as the amount of energy deposited in a material per unitadequate.*

path length of the radiation and is usually expressed in kev / micron.
.

For alpha particles, LET values are many times as high as for other radiation'

Fenetrating ability is very limited. The energy of a 5.3 NV aloha is
types. !f alona radiation is a part of a
totally abscreed by a 35 micron layer of water.
particular ecuipment environment, the effects are significant only for thin films

Damage to such films or sur' aces signt te
or material surfaces in direct contact.
greater than from equal doses of beta or gama radiation.II

i ,_

3 eta particles have LE values in organic materials accroximately ecual to those
The penetrating acility of teta radiation4

of ecmoarable energy gama onotons.
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is strongly cependent on the density of the absorbing material. V_ery dense mate-
r.tals are quite effective in stcpping beta radiation. ,The maximun penetration _

.. )
_

# [g'f ,of a 1 MeV beta particle in fugt.te,p.! tie is aboutJm1111 meters while in iron,

f-

,g
ef' the range is_ reduced to about 0.5 me. -

,

(/ Beta interactions also produce some Bremsstrahlung (photon) radiation which is
- effectively low energy ganna radiation.37 The ratio of energy deposited as Srems.

_

strahlung to the energy deposited as beta is:
_

Brensstrahlung/Ibeta = G800E

E = beta energy in MeV Z = atomic nunter of material
.

The dose from Bremsstrahlung is usually less than 10% of the incident beta dose.
|

Neutrons penetrate more effectively than alpha or beta particles of comparable
Neutron interactions with material

energy because they carry no electronic charge. Usually,
art complex and no simple approximation of penetraticn depth was located.

Neutron activation of abscreer
neutron effects are simulated by gacma radiation.

The effects are often not large for organic
atoms produces radioactive materials.
polyners but for components with metallic parts, contamination problems may be')

LET values are higher than those of ccaparable energy ganna or betaserious.
.

radiation.
Energy is deposited

-

Ganma radiation is scst effective in penetrating material.
.

at an expenentially decreasing rate given by:

0=0,e"#* ..

O, = incident dose ,

0 = cose at capth X
X = depth of interest

| = energy cependent aosorpticn c efficient of material .

#

It is certainly apparent from censideration of' the penetrating amility of radia-For Organic
tion types that c:nsideracly different cesta dose profiles can oc:ur.
materials snielded fras diract noosur= _to the radiatien environment,,,ga raa radia-
tion is usually the only type tnat :enetrates to the material.,

f
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for organic materials or c:meonents directly exposed to mixed radiation environ-
;.-

'

Colwell (under Sandia Laboratories spon.
ments further consideration is necessary.,

sorship) generated comarable death dose profiles for Cobalt-60 and for the mixed '

~ . ~
beta, ganna radiation environments hypothesized for a loss of coolant acci-

6000 is an adecuate simf ator of the chenical and
-''

dent.23.10 It was concluded that Adequacy for
; physical degradation that might occur in a particular reactor emble.

.-

'other organic components is implied by considering that LET values are approxi-. , ,

mately equal for ganea photons and beta particles in organic polymers ,52
3 and,

[ should produce accroxin ately ocual daage in materials that are nottherefore,'

thicker than the effective penetration depth of beta particles (ganna simulation
, ,.

would then be more than adequate).
, , ,

EffectsNeutro ; effects may not be as well simulated since LET values are higher.'~~
Parkinson noted cross-seen to be minor except for highly ur. saturated polymers.* . .

linking of polystyrene by neutron irradiation to be about three times as great as
with an ecual dose of ganea radiation.42 Smaller effects have been observed for

. . .

highly unsaturated aliphatics.U Most nuclear plant equipment will not be exposed'

to a significant neutron dose.*

.

EFFECTS ON .80LPER CiEMISTRY
.

Absorbed radiation provides the energy necessary to initiate chesical reactions.

The direct effect is ionization and/or excitation of the molecules of a material.
In solid polymers free radicals are the most frtcuent result; in liquid systems the,.

{ productien of molecular ions becomes more c:enon. A numcer of conceting chemical
-

reactions may then occur, the most important of these being cresslinking (bonding

' . ' . betneen molecules or parts of a molecule) and scission (breaking of molecular side"

The formation of low molecular weicht gasecus by-products made
or main chains). Irradiation of materials inan imcortant egn g eration in either tvee of reaction. j

,
,

hernetically sealed devices may incuce significant internal pressures from the'

liigner mole weignt gasecus products may be "tracped' inexpansion of such gases. -

thick polymeric saterials and induce significant internal stress.

E.mpirically determined G values are useful in maxing radiation damage predictions.
G values are used to s ecify the numcer of reactions of a particular type induced.

If the G value for the reaction of interest is known, anper 100 eV absorted. *he
'crder-of-magnitude" estima*a of the radiation damage threshold can be made.
following treatment is as suggested by Charfessy.30

.

A certain amount of chenical enange is recuired t: precuce measuracle enange in the''

:nysical precerties of a material. Most polymers recuire acugnly one cnange
Z-5
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Defining a theoretical damage threshold, X, as the nuncer of radsper molecule.
required to produce one change per molecule a value can be calculated by:

_.

(Eq.1)
I = (100/G) / M(1.0365 X 10-10)

-

!

M = polymer mole weight and G = G value (as defined above) -

The equation is derived from:
-

11
6.24 x 10 electron volts (eV)1 erg =

13
100 ergs /gm absorber = 6'.24 X 10 eV/gm

1 rad = .

the weight of one polymer molecule=

Mole weight polymer /6.02 X 1023 (Avogadro's nuncer)
a

=

nunter of eV/ reaction since G = number of reactions per 100 eV ..

(100/G) =

Then by definition:

1 rady ,(100/Gl , __

d, eV/gm8 6.24 X 10

')6 ,

Substituting typical values of G = 2 and M = 1 % 10
g

which gives Equation 1.
_

in Equation 1 gives:

5 .

I = 4.8 1 10 rads

G values are effectively chemical reaction rate constants and like rate constants
The endiation da w r *3rathofd

will vary somewhat with envirenmental c:nditions.
-

If this decendence is
is then partially deoendent on environmental c:nditions.

c nflicting estimates of the threshold.value will be found for thesignificant,
same material tested in different environments.

Any scecific material has a nunter of tessurable precerties nnien don't change at
.

the same rate and so the precerty selected for Masurement suostantially affects
Differences in for-ulation can result in "same

the radiation resistance found.
generic name* materials with significantly different etsistance to radiation.
Further, suestantial cuantities of long lived free radicals :ersist in some

This will result in ractation sensitization anc/or
materials after irradiation.
dose rate effects.
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The types of reaction dich can occur depend primarily on the chemical concesition'
of the absorbing material. Table 2-1 identifies dether the dominant reaction
mechanism is cross linking or scission for many of the polymers treated in this, , _

It must be recognized that environmental conditions and variations in for-' study.

mutation influence the dominance of a particular mechanis.a for most materials. .

~ ~ "

'M ta erials identified in both parts of Table 2-1 are particularly susceptible to
Some effects of crosslinking and scission on material properties. .

such influences.
. . , -

are indicated in Tacle 2-2.

Radiation damage thresholds and overall radiation resistance are decendent on the
] An approximate order of radiation stability is:polymer's basic structure.

substituted aromatics > aromatics > aliphatics
.

, ,-

.

Among aliphatics the approximate order is:**

alkanes > ethers > alcohols > esters > ketonesr~

This order is aporoximate only and does not imply that every polymer in one class
.,

Also, basic compounds are
is more resistant than all polymers in a 1cwer class.

,

Satursted alianatics are
generally more stable than concarable acidic compounds.*

Unbranched chains are lessmore stable than corresponding unsaturated aliphatics.'

reactive than branched chains. Compounds containing quaternary carton atoms are

particularly sensitive to scission processes and are damaged by fairly low radia-
Teflon, butyl, rubber, polymethyl methacrylate and cellulose are,

tion levels.*

included in this group.'

r*
Physical mixtures of polymers will usually result in a product with radiationt

resistance between that of the most and least resistant component and directly
.

Simple dilution is inferred.
related to the percent of each component present.

,

|
_ . onhcmogeneous mixtures would show nonuniform damage.1

Cccolymers frecuently show much better radiation resistance than c:rnoaracle anysi-
Since enanges in enemical structure are involved,

cal mixtures of the commonents.
a polymer with greater or less resistance than either c:moonent is a possibility.
Usually the c: polymer has an intermediate resistance not greatly less than the

Cecolymers often incerocrate the most desiracle enaracter-
most stacle comoonent.
istics of the cor-conents....

west cxr ercially available materials c:ntain additives and fillers which influ-
Inorganic filiers are not susceptible to

ence tneir radiation resistance.
.'
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damage at the levels of interest here and are usually effective in increasing)Carbon black is usually least effective and ~

radiation resistance by dilution.
is thought to transmit most of the energy it absorbs to surrounding polyner molecules..

the mechanical properties of the base
_.

. Organic additives are of ten used to improve Most contain antioxidants. Many ,

polyser (plasticizers, flame retardants, etc.). Others have been
antioxidants are used up by chemical reactions with oxygen.

~~

developed which do not change permanently but catalyze reactions of the base polymerld occur in their
which result in less degradation than the reactions which wou

'Antirad" additives, including but not limited to antioxid, ants, aredia-
those which have been found to be particularly effective in increasing the ra
absence.

Dramatic improvements in the radiation resis- ~

tion resistance of base polysers. Crosslinking polwers are
tance of the most sensitive polymers are possible.
often rendered cuitelanitive to oxidative degradation by radiatico and the use .

of effective antioxidants can significantly improve their radiation resistance.-

This is usually not of concern
Additives can also have a detrimental eMeet.
for plastics and elastaaers although some halocarbon flame retardants are known35,10 It is a signi-
to reduce the radiation resistance of some esble insulations.A nunter of the additives necessary for other
ficant concern for most lubricants. i i
desirable properties rtsult in a final product which is often much less rad at on }
resistant than the base polyner.I

--

Highly crystalline solid
Physical fers can influence the extent of degradation.
polymers say trag reactive chemical species and inhibit or delay their reaction.
One polyethylene containing crystalline and amorphous regions showed roughly three

'

times as much crosslinking in the amorphous region.38 The crystalline region
Surface area / volume ratios of

contained high concentrations of free radicals. U
test samoles may ineact the effectiveness of congeting reaction mechanisms.

hadiation excited chemical species are stored to some extent in many solid polymers,
Free radical " storage * occurs to

including those wnich art nearly amorphous.
a lesser extent for thin films and for samtfluid and fluid polymers such as ache-

For these, access to both internal and external co-reactants
sives and luoricants.In any case the presence of tracced radicals imolies a catentia_1
is less limited.

The mechanism (s) of such delayed reaction will cepend onfor celayed reaction.

environmental concitions._

Z-8 )
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Table 2-1-

I 00MIMMT PROCESSES IN IRRADIATED POLYMERS
.

,

.
.

Scission
''I

Crosslinking

..!. .

Polyisobutylene
Polyethytene

7- Poly-4-methylstyrene
;, Polystyrene Polymethacrylates,

Polyacrylates Polymethacrylamide
Polyacrylamide" ''

Cellulose
i- Polyamides Cellulose acetate

*

, Polytetrafluoroethylene*

[,,, Natural rubber Polychlorotrifluoroethylene
Synthetic rubbers (except polyisobutylene)

Polymethacrylic acid
U' Polysiloxanes Poly-a-methacrylonitrile

Polyvinyl alkyl ethers Polyethylene tertphthalate
*

Polyvinyl methyl ketone
.

Chlorinated polyethylene
Chlorosulfonated polyethylene

.

Polyacrylonitrile'

Polyethylene oxide

Polyvinyl chloride.

Polyvinyl chloride
; ,, Polypropylene

Polypropylene Polyviny11dene chloride
Polyviny11dene chloride Polyvinylidene fluoride

....
.

I- Polyvinylidene fluoride

Adapted frem Reference 58 (and others)
.

.
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Table 2-2 }
.

EFFECTS OF CROSSI. INKING AND SCISSION

-

Crosslinking a

Scission
_.

CAUSES
CAUSES

Increased molecular weight '

Decreased molecular weight
Increased Young's modulus

Cecreased Young's modulus
Inceded viscous flowReduced yield stress for viscous flow _

USUALLY CAUSES
USUALLY CAUSES

Increased tensile strength .

Decreased tenstie strength
Decreased elongation

Increased elongation
increased hardness

Decreased hardness Increased sof tening temerature
Increased solubility

Decreased solubility
Decreased elasticity

Gas formation

E2 rittlement )Decreased elasticity

._

SGMETIMES CAUSES

Em rittlement _.

Gas formation
Cecreased melting temperature

.

Adapted from Reference 9

..

O

e

2 10 }

-
- - - - - - - ~-- - -

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

u___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _ _ . _ _ . _ _ _ _ _ _ _ . _ . _ . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ . _ _ _ . _ . . _ ._



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .

. . a. ._ . . . ;:.r== " ' ' " ~ ~ ' ~ ==. .==: ~ ~ ~ ~ = ~ ~ ~ =.=. m = - . . . . . . . - - - . ." *

..

.

..

EFFECTS OF C3*SIMt3 ENVIR0!f(N1'5(
As previously indicated., only the initial ionization / excitation of polymer

The chemical composition of;

molecules is indeoendent of environmental factors.
Environmental conditions,g

the polymer determines possible reaction mechanisms.
detemine which of these possible reactions will_occyr[and at what rates.7

..L. .

'This implies that changes in a material subjected simultaneously to radiation and
other environmental stresses could be different from the changes that would occur

--

,|,
in the material if subjected to the stresses separately and sequentially.

A

" synergistic" effect could occur.~"

.

Few simultaneous (cortined envir:nmenti tens have been per#ormed to investj,q, te
a

synergistic effects cuantitali,v,e,ly, jut a good deal of information is available
,.-

,i
concerning radiation " sensitization" of various materials to subsecuent exposure

to other environmental stresses. h e4 Tt" lM* C Occ 4 k ntt N!""

Hars :la Uo r<e. R.*~1 Ni e. "

gwio e.w-4t. f-em s s ers. Au 5 sa, co.. This.

For many polymers radiation significantly ac:elerates oxidative degradation.
is clearly demonstrated by many cor:carative tests of identical materials

.

; For a few polymers more
irradiated in air and in inert at:noschere or vacuum. This inclies that" radiation damage" occurs in nitrogen or vacuum than in air.f

For some materials
exidative reactions can inhibit other more damaging reactions.

Oxidation is acpar-
" radiation damage" is about the same in either environment.

Problems occur,.

ently not a significant reaction degradation mechanism for these.
in providing sufficient oxygen to more than the surface layer of solid polymers

;, ,,,,,

Carefully prepared thin films are
because oxygen diffusion is a slow process.,. . ,

j
Post irradiation ac:eleration of oxidativeoften used for comparative tests.' - -

degradation is often observed for thicker solid polymer samples and is thought to
be related to the reaction of "traoped" radicals as oxygen becomes accessible to

, -

.

them.
.

Enhancement of " radiation degradation" at elevated ta"'oeratures is cualitatively*

For most this may be simply an ac:elerationwell estanlished for many polymers.
of oxidative reactions wnich would oc:ur over a longer time at lower teameratures.
For others radiation may result in significant changes in the themal resistance

, , , ,

Crosslinned matarials have higner mole neignts and elevatedof the colymers.
Polymers which undergo dominant scission will havemelting points may occur.*-

-
reduced mole weignts and may snow significantly lower melting coints.

-
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Some polymers appear to be more resistant to radiation plus elevated tangerature.)
,

Radiation induced crosslinking . appears to "I
than to elevated tesserature alone. be

inhibit oxidative degradation in some sucn materials, for others the effect may
related to an increased melting point of the polymer. .,

h chanical
Many materials and components show reduced radiation resistance w en mei g than '

stress is applied during irradiation, with intermittent stress more damag nThis may be due in part to the production of free radicals by
'

Crysta1112ation effects have also been suggested as signiff-constant stress.
mechanical stress.Ucant to mechanical effects.55 Exceptions occur, a nunter of lubricants show bet-

_.

~ ystelastemeticseajs "

ter radiation resistance in dynaufc than in static tests.dynamic stress.

emhibit less increase in scression set when irradiated uncer
.

Tables 4-2

Materials for which sensitization effects are known are indicated in-

through 4 4 of Section 4. ~

il

In equipment qualification, combined stress effects are simulated by sequent a
~

Sensitization to subsequent
The first test is usually irradiation. itization). This

-

testing.
environmental stress occurs (if the material is subject to sens
is intended to simulate synergistic effects as can be seen in the suggested dose-.

The dagradation indicated by section C would not }
damage profiles of Figure 2-1.but appears to be because time is not a coordinate.
be instantaneous,

_

Figure 2-1

SUGGESTED DMAGE PRCFILES FOR SIWLTAMECUS/ SECUENTIAL TESTS
,,

Curve A = Simultaneous ( gama & ten:p.)
.

I
Curve BC= Sequential ( gama before tet.p.)

#
- .

%

O
a
3 \ g
a V ICg % I ..

e I t
-
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Clough's investigation of low dose rate oxidation effects for two materials known
to be susceptible to the comoined influence of radiation, oxidation, and tager-

*

atur:10 is of particular interest. From graphical test data (recroduced in
.. ,

'

Figures 2-2 and 2-3) it is clear that the stroncest synemistic effect is related*

Ten to fifteen
~~ I to oxidation; degradation is blocked in nitrogen atmosphere.

.
- percent decrease in elongation (most sensitive property) is noted for PE

8 6irradiated in air at 83 C at - 1110 rads. This etziparts well with damage

! thresholds indicated by higher dose rate tests at aseient tenceratures for thin
.,

films.36 PE and PVC fomulations with both higher and lower thresholds are'

reoorted in the literature (See Section 3).**

sa

These tests provide an' opportunity to compere simultaneous and sequential test
Sangles were subjected to 83 days of thermal stress and 83 days of

..

! data.
irradiation (-10 megarads for PE and - S.7 megarads for PVC), as indicated by~

{ points e and f in Figures 2-2 and 2-3. Though each sequential test actually

required two 83 day periods, a better comparison of effects is achieved by adding
-

an equal stress line to Clough's figure and shifting the sequential test points to
that line, as indicated by points e' and f'. It then bec:res apparent that,

f
secuential testing acoroximately simulates the synergistic effet of the coneined
environment if _ radiation ,.is,the first_ test ,and idose rates are ecual.*

-
_ _

_

( It is further possible that points e represent radiation sensitized sta*Js for
both materials and that further thermal stress would result in degradation;

[
profiles similar to curve BC of Figure 2-1. It is not oossible lo_addresi dose

L rom this datt.,since_,oniv one dose rate was used forf
{" rate effects analyt_i, cal.1

i- .each materfial

It should be noted that efforts to provide simultaneous stress environments don't
.

always result in more realistic estimates of equipment or material service life.. ..

' Reference 44 (coatings) and Reference 59 (insulations) recort comparable
sequential and simultaneous stress test results. Unfortunately, in both cases-

there dces not accear to be adecuate access of air to the simultaneous test
facility (small airtight chamcers). This is precably more serious in the
insulation study wnich involves materials known to be sensitive to oxidative

degradation.
-

Radiation induced transient increases in electrical conductivity are known at
levels below the threshold damage levels given here.1 3ere acaears to be no

fer acuie-ent in low dose rate _an_d low total ocse (benign)si_gnificant e#'ect
noiat en envirenments.
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Figure 2-3
.

!figure 2-2 '

POLYVINYL OILORIDE D[ GRADATION |

IM VElllYl[NE DEGRADATION
(Adapted from Reference 10) s >

! !
(AdaptedfromReference10) 3I

Dose Rate = 4 x10 reds /hr j
'

3
Duse Rate =4.5 x 10 rads /hr,

*
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At higner dose rates transient changes in breakdown voltage, dielectric strength,
may seriously affect equipment operation but usually degradation of mechani-

,

etc.

cal properties is the limiting effect.
~

E Permanent changes in the electrical properties of most materials will occur at

A .. .
some level above threshold. The presence or absence of electrical ioad & ring
irradiation does not accear to affect the type or extent of permanent **adiation

Permanent failure mechanisms induced by and
-

,_
da. mace" to any significant degree.
durir.g transient changes in electrical properties are excluded.

_

. . . .

The presence or absence of moisture does not acoear to imcact the "radiati,on res,,1,s-

tance" of mest matarials Cellulose was the only material treated here for which.

such an effect was clearly demonstrated. " Radiation damage" to polyurethanes
,,_

may be greater in moist environments but these are easily degraded by noistu~e
alone and comparative tests were not found. A nurcer of materials exnibit increased*

55
water absorption in harsh radiation environments but this generally occurs only

.

at levels where tne mecnanical properties are greatly degraced.
*

t

AGING EFFECTS /COSE RATE EFFECTS
*

The least well understood and the .most . difficult effects to cuplicate are those,.

that result from a c moination of long termyo_w level stresses. 'Accaleration"
~~.,,,.. .... . . -

of " radiation aging" effects is as much " state-of-the-art" as is acceleration
;- Defining adequate tecnniques requires careful c nsider-
[, of other aging effects.

ation of known dose rate effects including:

Transient electrical effects are dose rate desencent but are usuallye..
'. e

mest severe at hign dose ratas."-

4 I rads /hr result in accroximately equal degra-Dese rates of 10 -10dation fer equal total dese to a given material if other environ-e

mental stresses are equal (Reference 3).,'

Enhanced cegradation occurs following irradiation fer many polyners;
t

innibited cegracation occurs for a few macarials. These may be
o

,

I termed sensitization effects.

The mest significant ennanced cegradation is usually associated1

with oxidative reactions. Degracation ' rem otner celayec reactionsi e
' - ,

is usually minor.

Little e: m - ela tut nts 4 avif*id e '-r res: matarials c:ncem-
i e

'Ino syrerois:1c effects of :cse races. .

1 -

..
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)Chapiro.21 G111en.28 and others have conducted dose rate studies for specific _'Unfortunately, only coneerisons of innediate.
materials which are of interest. |

rather than delayed, effects were found. The extent to which sensitization '

effects compensate for the less dasaging direct effects is probably adequate ~~

. (based on inference), but congarative studies would be helpful. A
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' ; . . .. Section 3

RADIATION EFFECTS FCR SPECIFIC MATERIALS
-

e c..
. . . .

Data for specific materials is presented in six distinct groups on the basis of
. . . .

These are:similar properties or applications.
,

....
Thermosetting Plasticse

. . . .
Thermoplasticse

--

e Elastomers'

%=.

e Lubricants
. . . . .

e Adhesives(
Protective Coatingse,-

.

Within each grcup, materials with similar chemical structures are presented.

The lowest threshold identified is indicated to the right of the' together.
generic name unless there is good evidence that the value is not generally

In that case, the lowest value found is discussed in the swearyapplicable.
The preperty first affected is indicated beside the threshold value.

,-

I data.

The unit
The dose unit most often used by the nuclear industry is rads (air).I Tnis is within about 1% of
used in most of the data reviewed was rads (carbon).k For some data,
rads air for Cobalt 60, the most cocinonly used radiation source.
dose was specified as rads (polyner), which is within 5% of rads (air) for most

,

Gacna dose units are excressed here simply as rads, ignoring the small, , ,

polymers.
Neutron and beta doses art exortssed as they were

differences ameng these units.
Some calculations and conversion factors are presented

in the cited references.-

at the end of this section.

..

THERMOSEM ING PLASTICS
Many of these

Ther nosetting ;olymers harden permanently curing heating or curing.
rigid plastics are quite radiation resistant, but are Tess versattie than theme.

,

plastics.
-

31
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Amincolatt esins_R
-

They are
These are reaction products of aldehydes and certain anine conocunds.i d coatings.
most of ten used as molding materials but to some extent in adhes ves an

,

5 rads / impact strength. tecact strength
Aniline Femaldehyde/ threshold - 6.7 x 10 7 rads

of Cibanite increased above threshold dose with a 251 increase at 1.3 x 10
-

Tensile and shear strength and elongation
but 501 loss at 1.2 x 108 rads.
decreased at accroximately the same rate with threshold, 25% decrease, and 50%9 rads, respectively. ,,

decrease occurring at 9.1 x 10 , 2.4.x 109, and 3.6 x 107

Elastic modulus was unchanged at the highest dose.36
-

Melmac
Melamine Formalde*vde/ threshold - 6.7 - 106 rads / tensile / elongation.
(cellulose filler) displayed approximately eoual decrease in tensile strength and70, _

elongation with threshold, 255, and 505 decrease at doses of 6.7 x 10 , 6.6 x 1
6

Shear strength exhibits the same threshold, but is reduced8 rads. 8 rads.and 1.6 x 10
A 25% decrease occurs at 3.9 x 108 rads and 50% at 9.1 x 10..

more slowly.
Imcact strer.gth was little affected.36

6 rads / tensile / elongation. Plasken Urea
Urea Formaldenvde/ threshold - 7.5 x 10 Threshold, 25%
showed decreasing tensile and shear strength and elongation. 6 7

decrease and 50% decrease in these properties were observed at 7.5 x 10 , 3 x 10 ,-

Elastic medulus decreased sifghtly after 3.2 x
and 7.3 x 107 rads, res ectively. 7 rads and was reduced

_

Impact strength decreased initially at 3.2 x 10
107 rads.
251 at 5.8 x 108 rads.36 _.

A 501 reduction in impact
Casein Resir/ threshold

4 x 106 rads / impact strength.
iceroid, was induced by 3 x 107 rads.

strength of the protein-based resin,
Tensile and shear strength and elongation were initially chanced at aoproximately8 rads.

7 rsds and reduced to 50% of the original value at accroximately 10
10
Elastic :redulus was unchanged.36

.

Ecoxy 2esins/ threshold - 2 x 100 rads or greater / varies -

Me mechanical and42 recort detailed inves*1gations of
Referencas 25 and Novalac and glycidyl amine types sre

-

electrical orocer fes of various ecoxies. With some curing
even more radiation resistant than standard epoxies (OG23A).
agents, doses of a x 109 rads have resulted in no loss of techanical orocerties.-

.

Reference 18 recorts that standard ecoxy resins cured with aromatic amines mere

3-2 )
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more radiation resistant than those cured with aliphatic amices or acid
._-

'

109 rads and 2 x 108 rads,
anhydrides; threshold damage occurred at

Novelac has been found to be quite resistant to oxidation while, , ,

respectively.
many others arg not. _A certined environment of heat and radiation was found to be_
less seven than heet alene for one ecoxy f aminate.36 Electrical properties snow--

.I. ~ some variation from exposure to radiation environments, but are of adequate
stability for use in most electronic circuits.36

,,

phenerv Resins / threshold - unknown
.

Though chemically similar to epoxy fornulations, radiation resistances of phenoxy
...

One test indicated aresins appear to be generally less than that of epoxies.. .

loss of 75% of the initial tensite strength af ter 3 x 108 rads with most of the'"

material's ductility also lost.55
.

Furine Resin /thetshold - 3 x 108 rads / tensile / elongation.
. .

i

asbestos and carbon black-filled, furane-based resin, shows very goodOuralon, an
The properties measured (tensile and imcact strength,,

; radiatica resistance. 8 rads and
elongation, and elastic modulus) showed initial degradation at 3 x 10,

25% damage at 3 x 109 rads.37'

Phenolic Resins / threshold - 3 x 105 to 3.9 x 108 rads / elongation
,

Ifnfilled and cellulose-filled pnenotics are not particularly radiation resistant
and after irradiation became more susceptible to moisture damage and

Phenolic f aminates and mineral-filled heno11cs exhibit very good
**

disintegration.'

Phenolic laminates irradiated at te-cerstures as.

stability in radiation fields.
nich as 900er retain flexural strength as aced as or better than nonieradiated,

E$ntrols._0xidation may be inhibited by radiation-induced reactions in this*

Transient
case.36 Electrical properties are generally stable to high doses.
increases in leakage resistance of a factor of 10 have been noted in connectors
utilizing :henotics, but recovery to original values was rapid.33

The least

resistant pnenotic resin recorted was linen faoric-filled, with 25% damage shewn
The most resistant was asbestos-filled (Haveg 41), with 25%

at 3 x 106 rads.-

damage after 3.9 x 109 rads.36 Gracnite filters do not accear to be effective5
Grachite-filled Kartate exnibited thresnoid damage at S : 10with pheno 11cs. 9

Some pnenolic laminates have been found unaffected by as much as 3
10.

rads.

rads.
.
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6 rads / elongation
Polyestee Resins (Excludino P5thalatesl/ threshold -105 to 10 ..)

~

Polyester resins (allylic and alkyds) vary in radiation resistance, depending onThreshold for
the aromatic content and the nature of the crosslinking monomer.5 to 106 reds.37 Elongation of _,

radiation damage to most nonfilled resins are 10 6 rads, and 50%
' Selectron 5038 (unfilled) was reduced amoreximately 20% at 8 x 10

One sineral-filled polyester (Plaskon Alkyd) showed damage
after 109 reds.

'

7

thresholds for tensile, shear, and intact strength, and elongation at 7.9 x 10
9 rads.36

.,

rads; 25% decreases occurred around 3.5 x 10
Polyesters may be quite sensitive to degradation by ultraviolet radiation and by

,

Like the phenotics, they show dramatic increases in radiation resis-
oxidation.
tance with inorganic f t11ers. _.

One polyester-glass faminate exhibited no change in tensile strength or elastic
Electrical properties (permanent) of one mineral- ,

8 rads.modulus after 4 x 10 Reference 61 reports a
filled polyester were unchanged after 2.5 x 109 rads.55

7 rads, but test data for those
threshold for GPO-2 and GP0-3 lastnates of 10

.

materials was not located.

Dia11v1 P5thalate, GlassJf11ed/ threshold - 1.8 x 109 rads /tensite/ elongation

Though technically a polyester, this raaterial is treated separately because of its
-

Only since changes in physical and electrical properties have beenstability. 10 rads. Ultimate elongation and
noted for glass-filled CAP after doses up to 10

~

9 rads at 6000
tens 11e strength increased (ingroved) after a beta dose of 1.8 x 10

Transient increases in insulation resistance were(5.3 x 1016 e/ce2, g . 1 .weV). 16 ._.

followed by rapid recovery.33 At a neutron dose of I x 109 rads (1.67 x 10
n/cn2, E 12.9 NV), dia11y1 phthalate was fcund suitable as connector insulation

6 rad threshold indicated in Reference 51 is probably based on ~

material.33 The 10
the threshold of the orton filler.

polvimice/ threshold - 107 rads / elongation / tensile strength

7 rads. Tensile strength
One polyimide film was initially affected at 10
increased, then droceed gradually, but was still greater than 50% of the original
value after 109 rads. Elongation decreased gradually beyond thresnold and aas

DuPont li-film snows taresnoid loss of elongation st
,

9 rads.reduced by half at 10 Tensile strengtn
4 x 108 rads, but retained 50% of the original _ at 3 x 109 rads.
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was initially changed at 109 rads, in cir. In vacuum, elongation was first

.

10
9 rads and retained bet *.er than half its initial value at 10affected by 10--

rads.47 Electrical (permanent) and physical properties of Kapton were stable to
109 rads and were not greatly degraded after 1010 rads. Oielectric breakdown

.
,,

during electron irradiations have been observed to increase with increasing dose.. ,

6
** ' rate and/or elevated tercerature.33 No doc.rientation was found to support the 10

rad threshold indicated by Reference 61.,-
.

Polvurethane Resins / threshold - approximately 107 rads / tensile strength
~

..,-

Therneplastics and
Polyurethanes are polyester or polyether diisocyanates.

elastomeric forms are also available. Various curing agents and additives result
.

in a range of susceptibility to radiation and to radiation-sensiti:ed oxidation., , , _

. . .

' -- STA-Foam AA 402 (urethane foam insulation) was reduced in congressive strength to
34% of the original value by 8 x 107 rads when irradiated in air at 27CC.

7 rads resulted in only a.

Vacuum irradiation of the same material at 400C to 9 x 10
17% loss of excressive strength.4

Reference 36 recorts that CPR-20 and CPR-1021 ther nal insulations showed little
change in compressive strength at 109 rads. A urethane f aminate exhibited initiala

weignt loss at 1.75 x 108 rads and 11 weight loss after 7 x 108 rads. Minor
8 rads.36decreases in flexural strength and elastic modulus were noted at 7 x 10

,

.,

An electron irradiation of one polyurethane to 1.8 x 109 rads (5.3 x 1016 efc:e2, E
= 1.0 MeV) at 60cc resulted in sericus physical degradation, including 67%
increase in hardness, 76% increase in stiffness in flexurt 59% decrease in
tensile strength, and 99% decrease in ulti:nate elongation. A separate study.

,

;
,

14 n/cm2. E > 0.5 MeV and 1.4 x 100 rads gamaincluding exposure to 1.2 x 10'

- resulted in insignificant anysical degradation. Permanent changes in volume
resistivity and insulation resistance were less than one order of magnitude for
both studies. A polyurethane foam encaosulating c moeund snowed transient

.

decreases in insulation resistance of nearly 103 during radiation exoosure at a
11 n/cm2 second (E > 0.1 Mev) and 6 x 10 raes/ hour gama. Full4

/~ rate of 1.5 x 10
15 n/cm2 (E20.1receee y occurred within 3 days after a total excesure of 1.5 x 10

MeV) and 1.3 x 106 rads ganna.33
;

i
I

f

I
-
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J6 rads / varies
Silicone Resins / threshold - approximately 10

6 rads for silicone form 1ations
Xtrsher37 suggests thresholds on the order of 10
except glass-reinforced resins. __

Threshold loss of tens 11e strength for one unfilled silicone resin was noted at 7
,

7 rads.55
6 rads and 50% decrease in that property after 7 x 10

-. -

x 10
*

Reference 25 reports post-frradiation degradation of silica-filled polysiloxanes-

The effectiveness of colloidal sulphur and benzochenone additive in
Phenyl methyl siliconesin air. ,,

reducing crosslinking and oss evolution art discussed. __

are mort stable than dimethyl silicones.
Reference

Elevated te-ceratures usually result in reduced radiation resistanclu7 to 1.8 x 108
37 estimates damage thresholds for silicone insulations at 4.5 x 10

6 to ;.6 x 107 rads at 2000C in air. Reference 33 notes
rads at 25cC, or 4.5 x 10 7

satisf actory perfor nance of one silicone-alkyd wire insulation after 5.3 x 10
'

d

Roentgens at 150cc. Reference 59 c:rcarts damage to silicone insulations excoset e(oxidation
.to simultanecus and sequential radiation and elevated te-cera ur -

effects may not be adequately reproduced in the simultaneous test). )
One silicone-glass facric f aminate subjected to simultaneous temperature (500cF)

..

and irradiation showed tensile strength 11C% of that of a control scecimen-

7 rads and 70% of the control value
subjected to temperature only af ter 2.1 x 10Cne heat-etsistant laminate retained accroximately 50% of
after 8.3 x 107 rads. 8 rads and 2 hours in boiling * mater ,,

its original flexural strength after S.3 x 10
(tensile and c:ripressive strength were greater than the original value).36

A

silicone-asbestos laminate shewed only minor changes in physical precerties after-

8 rads at room te.eerature in air.37m
6 x 10

3 rads / flexural strength / elastic :cdulus
gene /thetsnold - accroximately 10

Pyrrones art polyimidazooyrrotone colymers. *he condensed trematic ring structurt-

Reference 55 reports thresnold changes in
is quite stacle in radiation fields. 8 rads. Soth increased gradually
fiexural strength and elastic seculus at 1 x 1010 rads (E = 1 'deV) and 5 x 109 rads
to 1010 rads. Electron irradiations to 1 x 10
(E = 2 Mev) resulted in insignificant degradation of mecnanical and pernanent-

10 rads yield strength increased by aceut 70%;At 10electrical properties. f the

tensile strtngtn *as unaffectad; and elongation deCetased by tW-thirds o

3-6 )
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Dielectric breakdown induced by electron irradiations have been
--

original value.
observed to increase with increasing electron flux and to decrease with increasing#

No dielectric breakdowns were observed for proton irradiations withtemper ature.

similar par *.icle fluxes."-

"Pp

,L THERMCPLASTICS

Thermoplastics soften when heated, but return to their original properties when
9

cooled. These are the most versatile plastics. Cross 11nking can transfons then
. . . .

into thermosetting materials.
.,

Acetal Resins / threshold - 6 x 105 rads / tensile / elongation*

Test data was located only for the, , -

Acetal resin is chemically polyfornaldehyde.
5 rad threshold, which may have been

homopolymer, Celrin. .. Reference 61 lists a 10
; ,

5
derived from Reference 4, which gives an " order-of-magnitude" threshold of 10*

Reference 48
rads, but referred to data showing a 7 x 105 initial change.i

~ 6 loss at 8.x 106 radsrecorteddless''iT Nnsi1e" strength it 3 x 10 Fa7sland 50
' ~~

6 rads,
concurrent with 20% loss in elongation at 1 x 106 rads, 50% loss at 2 x 10,

and 90% loss at 3 x 106 rads for a 0.02-inch thick specimen. Reference 55,

5 rad threshold for tensile strength and elongation for a Delrinreported a 6 x 10*

A 251 loss of tensilewith lower initial tensile strength and elongation. 6
strength was observed at 1 x 106 rads, 50% at 4 x 106 rads, and 75% at 6 x 10

Loss in elongation was 25% at 0.9 x 106 rads, 50% at 2 x 106 rads, and 75%
,

.

rads.
at 3 x 106 rads. Reference 36 reocrts poor retention of physical properties at

The
" 4.4 x 106 rads. Tests reported were static, in air, at ameient temperature.

acetal copolymer is sold as Calcon. Some other copolymers are Alkon, Durathon,
;
L-

Ertacetal, and Hostaform C. Chain scission is probably daninant. Acetals are

often used as gears, bearings, or other molded-plastic parts.7

. -

Acrvlic Resin /thresnold - 7 x 105 rads /tenstle/ elongation

Test data for
Acrylic resin is generally 90% or more polymethyl methacrylate.

..

Lucite and Plexiglass give f airly similar estimates of radiation resistance.'

Reference 36 reports initial changes in tensile strength and elongation for Lucite
7 rads and 50%

-

5 rads, with 25% loss in elongation at approximately 10at 7.5 x 10 7
loss at 2 x 107 rads. Tensile strength was recuceo by 25% at approximately 10

, rads and by 50% at 2 x 107 rads. Loss in itgnt transmission was a proximately 50%
at 5.5 x 106 rads. Shear strength and imoact strength nere first affecteo at

.

37

!
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7 rads
-

Both these properties were reduced by 251 at 4 x 10approximately 107 rads. 7 rads
and 50% at 6.2 x 107 rads. The elastic modulus began increasing at 1 x 10 ~~

and was 12% higher at 5 x 107 rads. Increased oxidation has been noted following
trradiation, but heating at 80cc in air for 1-6 hours shows about the sameAbout 35 al/gs of gas is

-

degradation as 500 hours of room tenverature storage.37
' evolved at a total dose of 109 rads, Ggas is approximately 1.5.

A portion of the

Heating during irradiation causes
gaseous products are trapped in the polymer.

~'

foaming and expansion of the material to 5 to 10 times the original volume by
G(S) = 1.1 -1.9 at room temperature in air, but increases attraoped gases. -

higher tenserttures.

The softening temperature of polymethyl methacrylate is greatly reduced by largeI -
.

Reference 21 reports a distinct decrease in softening
radiation doses.
temperature after 7.0 x 105 rads.

1 x 106 rads / tensile strength
_olyacevlonitrile/ threshold - aoproximately

-

p

6 rads for fibers sub-
Reference 25 gives a tensile strength threshold of 1 x 10

Reference 9 reports significant loss in ,

jected to neutron irradiation in air. 6 rads and suggests a maximum use
tensile strength for Orion fibers after S x 10
level of 5 x 107 rads. Dolan and Dynel are other comercial names for polyacrylo-

nitrile fibers.
,)

5 rads /unknow ..

polvmethyl Alena-Chler9acrvlatefthreshold - approximately 7 x 10
~'

5 rads and 25% damage at 1.1 x
Reference 36 reports a damage threshold of 8.2 x 10 -Reference 37 reports

6 rads, but does not specify the properties tested.10
radiation resistance siellar to polymethyl methacrylate and the thrtshold is

Tests were performed on comercial .t

assumed to te the same as that of P9A.
sancies of Gafite.

Cellulose! threshold - 1 x 105 rads /tensite strength

Reference 9 found threshold radiation damage for cotton fibers irradiation in air
4.a x 106 raos. Reference

at about 105 rads and a 231 loss in tensile strength at 6 rads. The basic
58 recoats a decrease in treaking strength of 5 to 7% for 1 x 10
conmonent of electrical insulating papers is cellulose.

.

d

:
I
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Reference 21 repor*.s that post-irradiation degradation occurs only if the moisture
content of irradiated sarmles is quite low. Degradation at higher doses is rapid.

G(S) may
Decreases in crystallinity and increases in hydrolysis rates are noted.A

Reference 33 repor*.s a f ailure threshold for capacitors usingL. be as high as 11.--

14 neutrons /c:n2 (E > 2.9 MeV) and 3.96 Mrads garraia
' - '- paper dielectrics of 1.04 x 10

'at 850C.
.

Cellulose Oerivatives

Chemical derivatives show better radiation resistance than the base polymer."

. , .

-.i . Cellulose Acetate / threshold - approximately 8 x 105 rads / tensile strength. Refer-
ence 9 reports the 8 x 105 rad threshold for Rayon fibers and suggested use limits

I''"
7 rads. Reference 21 reports some reduction in themal resistance.!-- of 2 x 10

Temerature at break of specimens under constant stress was gradually reduced from
2xf.. 1700C for the unirndiated samples to 1350C for samles unica had received

t Reference
10 . The effect was the same in air or N2 and at various dose rates.

'''
7 6 rads, 25%

36 reports initial changes in shear strength of Plasticele at 2 x 10
[" decrease at 2 x 106 rads, and 50% loss at 3 x 107 rads. Imaet resistance and

Tensile strength was 50% at the*-

elongation were degraded at about the same rate.
,

original value of 6 x 107 rads.

' Reference 37 notes that dielectric properties of cellulose acetate are stable to
Reference 48 reports

higher radiation doses than are the physical properties."

9 rads with 17 ml/gm evolved.
. Ggas =0.08 after 10

I

Cellulose Acetste Butvnte/ threshold - 3.4 x 105 rads / elastic modulus. Tenite !!~

has been tested in fiber and thin film for-n. Elastic modulus is the firstI
I- property affected. Reported thrtsholds are 3.4 - 5 x 105 rads with an increase of

-

approximately 20% at 3.2 x 107 rads. Imact resistance is effected above doses of
A 25% loss in imoact resistance occurs at 6.5 x 106 rads or6.3 -8 x 105 rads.

more and 50% loss is noted at 19 - 30 megarads. Shear strength, elongation, and-

tensile strength are affected at acoreximately 1.5 x 106 rads, reduced 25% at 2.3*

x 107 rads and 50% at 3.3 x 107 racs. Oxidation effects occur. Reference 48125-411 thick samles.
-

reports better radiatien resistance at high dose rates for

Cellulose U t nte/ threshold - 5 x 105 rads /elongatten. Elongation of ?yralin sam-
5 raas with a 25% reduction of that procerty at 3.5 xpies was affectec at 5 x 10 6

106 and 50% loss at 1 107 rads. I :cact resistance snewed a threshold of 1 x 10
-

3-9
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The value at 3 x 106 rads was 50% of }
rads with rapid degradation above threshold. 6 rads, but these

Tensile and shear strength was affected at 1 x 10the original. At 2 x 107 rads, tensite and shear strength
properties were not degraded quickly. 7 rads. Large quantities of gas are
were 75% of original values and 50% at 3 x 10 -

evolved.

5 rads / impact resistance. Im act resis- __

Cellulose preeionate/ threshold - 3 x 10
5 rads.36 but was set 11 75% of

tance of Fortical samples was affected above 3 x 10

the initial value after 4.4 x 106 rads and 50% at 1.5 x 107 rads. Tens 11e6 rads and 50% at 1.5 x 107 rads. Elongation ,

strength was reduced 25% at 5 x 10
6 rads and 50% at 1.5 x 107 rads. Shear strength was

was reduced 25% at 3.5 x 10 6 rads.
5 rads, but was still 50% of the original value at 3 x 10

,
'

affected by 4 x 10
Higher values art observed for thick samples 8 and G as = 1.5 with 35 ml/gm

4 g

evolved at 109 rads.
_ _ .

Ethocal R-2 shows
Ethyl Cellulose /thetshold - 1.5 x 106 rads / impact resistance. 66 rads, 25% reduction at 5 x 10
initial reduction in im aet resistance at 1.5 x 10
rads, and 50% loss at 1 x 107 rads.36 Elengation and shear strength are affected

6 and 50% at 4 x 107 rads.
at 2 x 106 rads. Elongation is reduced 255 at 4 x 10

6 and reduced to 50% at 2 x 107 rads.Tens 11e strength is affected above 3 x 10 Refer- .

Tests reported were for static irradiations in air at ambient temperature. ,)
9 rads.

ence 48 gives Ggas pproximately 4.6 with 105 al/gm evolved at 10
-.

a

4

Halocenated Pol m ei

Many of the commercial halogenated polymers are chloride or fluoride substituted
~

vinyls; others are substituted polyolefins.

6 rads. Reference 48 recerts
--

Polvvinyl chloride. Riefd/ threshold - greater than 10
20% or better retention of tensile and notch impact strength of a 0.17-inch thick

5 rads / hour and ancient temoerature to a total .

sam ie irradiated in air at 2 x 10 Reference 33 reports very serious degradation at
1

!
cose of approximately 109 rads.

.

t Radiation
9 rads for rigid PVC feradiated at 60cc with 1 M electrons. -

1.3 x 10 is the
resistance is undouotedly dependent on thermal and oxidizing conditions, as|

resistance of plasticized PYC.
.

.

9
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5 rads / temperature at break.-

polvvinv1 chloride, plasticized / threshold - 5 x 10 I

Reference S reports that DC resistivity of one PVC cable insulation was affected
6 rads and sensitivity to hot water and steam was increased soove thisj . after 5 x 10 6 ;

Large decreases in oxidation resistance were noted above 5 x 10 .
,,,,

I

value.'-

I . Scission or crosslinking may predominate, depending on temperature and oxidizingi. Plasticizers and additives are not generally known for caninercialconditions.
materials, but a f airly large range of radiation resistances occur'for different_

| Reference 48 reports results for 4 and 20-311 samples ofmaterials (Figure 3-1)."

The 4-<sil sample lost approxi-
Geon 8630 irradiated in air at room temperature.

,

(- 6 rads, but retained less than
mately 20% of original tensile strength after 7 x 10
50% after 1 x 108 rads. The 20-eil sample lost less than 20% of original tens 11e

!.. strength at 1 x 108 rads. Elongation of the 4-mil sample was reduced 20% by 1 x
7 rads were required for the same change in elongation of the 20-

107 rads. 7 x 10
Similar indications of extensive oxidation effects were observed with311 sample. In air, tensile strength;

4-mil samples of Geen 8640 irradiated in air and vacuum.
was decreased a: proximately 205 by 7 x 106 rads and 50% by 1 x 108 rads.

7 rads and 50% at 8 x 107 rads. In vacutsu,

|
Elongation decreased 20% at 2 x 10
tensile strength was reduced 20% by 7 x 107 rads and etcngation was reduced 20% by
6 x 107 rads. References 21 and 39 note marked differences in thernal pecoerties
of irradiated PVC. A reduction in the telting tercerature of the polymer occurs
in air (but not in vacuum). Reduction of the temperature at break of samples

5 rads. After 1.1
heated under constant stress was noted for samples after 5 x 10,

The rate of
7 rads, a 30 400C reduction in temperature at break was achieved.x 10

HCL evolution is affected by the temperaturt during and subsequent to irradiation.
7 rads. Offfusion and

HCL = 5.41 (-900C), = 13 (300C), = 23 (700C) af ter 2 x 10
,
*

G

permeability constant are increased by irradiation but may decrease again at
Crosslinking is inhibited in air, but may be enhanced by inclusion' higher doses. The

of polyfune-tional materials, such as polyethylene glycol dimethacrylate."

temperature-oxidation resistance of c::mmercial materials will vary with the
j

effectiveness of free radical scavengers and antioxidants,'
..

polvvinvl Fiueride/ threshold a:pecximately 107 rads / elongation. DuPent R-20 exhi-
7

7 rads and 50% loss at 5 x 10
~ bits a oreximately 20% less of elongation at 2 x 10

8 rads. 54 coleTensile strength was not accreciaoly affected below I x 10rads.
, thickness and cose rate were not given.a8 Polyvinyl flucride is also marketed as

One
Radiatien assistance is probably less at elevated tem eratures.Tedlar.

electron irradiation at 600C to 1.3 x 109 rads resulted in severe pnysical
.
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degradation but unchanged insulation resistance and a 7% decrease in dielectric
Dissipation factor increased one decade.33constant.

,,,

8C vtetrafluercethyleae/ threshold - 1.5 x 104 rads / elongation. Reference 47~

4 rads for Teflon (TFE) inreports a threshold change of elongation at 1.5 x 10-

rads, of shear and imonet strenoth and4air, of tensite strength at 2.1 x 10
!.

" elastic modulus at 1.8 x 105 rads. A 25% decrease was noted at 3.4 x 104 rads for
elongation, 1.2 x 105 rads for tensile strength, and 4 x 105 rads for shear

Im act strength increased 25% at 3.6 x 105 rads. Oxidation effects
strength.

Radiation resistance is accroximately ten times greater in
, ~ ~ , are quite large.

Teflon hoses tested under simulated operating conditions failed,vacuus or fluid.
by leakage, at 1 x 105 rads when exposed to internittent fluid pressure of 1,000

.

psig and at approximately 1 x 106 rads when subjected to 1,200 psig static
..

The radiation exposure-damage relation was relatively insensitive topressure. Teflon back-up rings (in
tagerature in the range of 100 to 350cF in that test. 7
fluid) have been found serviceable in some soplications to soproximately 4 x 10
rads, although physical degradation occurs.36 Sharp decreases in melting

tagerature were noted for irradiations above 3300C.
3

Teflon-TEP (cocelymer of fluoroethylene and perfluoroprooylene) is more resistant
Teflon-FEP shows ten times greater radiation resistance inthat Teflon-TFE.

vacuum and sixteen times greater resistance in air for 10-mil films.46 Temoerature
effects have been noted. Damage at cryotemperstures was negligible for a dose

,

that produced 4C1 loss of tensile strength at 73oF and 60% damage at 3500F.

( Electrical properties are affected differently for irradiation in air and vacuum.'

TFE volume resistivity has been observed to drop by a factor of 10 103
2 in vacuum.

2 after irradiation (gradual
radiation and to drop an additional factor of 10-10

~ recovery may occur). One Teflon-insulated wire is reported to show slightly
reduced flexibility at 103 rads in a 5 psia 02 atmosonent at 900C. A similar
Teflon wire lacking a polyiside coating present on the first wire did not show

.

reduced flexibility under the same conditions.33 This indicates that the
materials were incemoatible, not that the radiation level was significant.

Terran, Fluorton, and Hostaflon FT are a few of the other comercial names for
Main enain scission is dominant and there is little evi-polytetrafluoroethylene...

dance of any cross 11nking during irradiation.

..
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j}6 rads / shear strength / elastic
Polychforotrifluoreethylene/ threshold - 1.2 x 10

Reference 9 reports aoproximately 505 loss of elongation and fwact
modulus. 7 rads for a 0.3 cm
strength with negligible change in tensite strength at 1 x 10

Reference 33 gives a 475 loss of elongation,
sagte of Xel-F trradiated in air. "

7 rads.
165 decrease in impact strength, and unchanged tensile strength at 2.4 x 10

2 have been noted .

Decreases in surface and volume resistivity by a factor of 10-10
7 rads with no post-irradiation recovery. ,

In the irradiation of Kel-F to 2.1 x 10 (Reference 37 gives a
A concurrent decrease in dissipation factor occurred. 6 rads

6 rads for shear strength and elastic modulus, 3.6 x 10 -

threshold of 1.2 x 10 7 rads for tensile strength of
for elongation and tgact strength, and 3.6 x 10 8 rads for tensile

Fifty percent (501) damage levels were 1.1 x 10 8 rads for _Fluorothene. 7 rads for elongation and ineact strength, and 2 x 10strength, a.1 x 10 Reference
shear strength (initially increases above threshold, then decreases).

'

55 notes return to original values of volume resistivity, dielectric strength, and-

Oxidation effects are not as
are resistance for PCTFE after 2 x 108 rods in air.
dramatic as with Teflon, but radiation resistance is better in vacuum or inert

Hastaflon and Trithene are additional tradeScission is dominant.atnesonere.
names.

Reference 37
Polyvinv11dere chieride/ threshold - 3.7 x 106 rads / elongation. 6 rads.

-

reports initial change in elongation and impact strength at 3.7 x 10 -

6 rads and shear
Tensile strength and elastic modulus are affected at 6.4 x 10

4.1 x 107 rads. A 251 loss occurs for elongation
strength begins to decrease at 7 rads, for tensile strength at 1.6 x 108 rads, and
and impact strength at 4.1 x 10

Reference 36 provides supporting data and
for shear strength at 5.5 x 108 rads. -

Tests were in air at ambient
notes general dartening and evolution of HCL. Cata on concarable materials, such
tenceratures on connercial sancies of Saran. Reference 48 reports lower radiation
as Vestan, Yelon, and Diorit were not found.
resistance for a vinyl chloride-vinylidene chloride copolymer with an accroximate

6 rads and a 50% decrease
20% decrease in elongation and impact strength at 1 x 10

at 1 x 107 rads.

6 rads /not s:ecified.
Polvvinv11dere nuor ee/ threshold - approximately 3 x 10d

7 rads in air or vacuum, but was brit-
'

Kynar 400 showed only color change af ter 10 8 rads. Volume resistivity was
cle and lost flexural and tensile strength at 10
reouced by acoroximately 105 after 2 x 108 rads in air. Otssipation factor

.

*he dielectric c:nstant was unchanged.~ .1o
increased by less than a factor of 10.

8 rads at cryotemoerstures. Elevated tem ers-
anysical damage nas noted af ter 10
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Reference 13 indicatedtures would be expected to increase radiation sensitivity.'

the lowest value, but did not indicate property changes at that level.
-

Tefrel F1uereceivmer (Coeolvmer of Ethviene/Tettsfluoreethviece)/ threshold 7..

Tafzel insulation exhibits a decrease in elongation of accroximately~ /plongation.
L 25% at 2 x 107 rads and 50% at 3 x 107 rads. Dese rate effects were noted withThis is probably due

higher rates leading to less damage for a given total dose.
to greater oxidative effects at lower dose rates.28 Electrical properties are

-

The manufacturer's datareported to be stable at much higher radiation doses.
8 rads. Samples irradiated in

shows serious reduction in flex life after 1 x 10"

nitrogen were not as much affected as those irradiated in air.'

Reference 36
Polyvinyl Chloride Acetate / threshold - 1.4 x 106 rads / elongation.

Elonga-
reports softening and darkening of this material with evolution of HCt..
tion increases rapidly above threshold with a 50% increase noted for vinylite at *

|' Other physical properties are not affected until much higher radia-x 107 rads.
Shear strength of vinylite is affected initially at 5 x

-

tion doses have occurred.

|
107 rads, tensile strength at 5 x 108 radr. and inoact strength at 4 x 109 rads.

7 rads. One polyvinyl
Reference 55 notes increased water absorption af ter 1.5 x 10

chloride acetate saccle irradiated at 60oC to 1.8 x 109 rads (with electrons)
showed little' change in hartifiess and tensile strength whfie flexibility increased

Ofelectric constant and dissipation factors were unchangedapproximately 30%.
while insulation resistance decreased by 10 .33 Refe-ence 48 reports a 20052,

! increase in elongation at 5 x 106 rads, followed by gradual softening and weaken-

|
ing of the plastic.

b..

4 rads / flex life
Alf onatic Polvamide (Nvlon Fiber)/ threshold - 8.7 x 10

' " Refe-ence 26 reports reduced flex life of nylon tire cords (nylon 6, 66, and 66HT)
4 rads, but also notes that tests on tires containing these cords dieat 3.7 x 10

Irradiation of the same fibers in vacuum showednot show as pronounced an effect. 6 rads. Sensitivity to radia-
only a 10-15% recuction in flex life after S.7 x 10

.

A numcer
tion in air is estimated at four to five times greater than in vacuum.

- - of effective 'antiraes' are availaole. Doubling of radiation resistance is
reported with Arcoflex C.and a four-fold increase has been ooserved nith aufnone

Mylon fiber with an age resistor anc onenothf azine showed littleor pyrogallol. 7 raes
change in tensile strength and 1.5 times original elongation after 1.7 x 10

Reference 21 recorts similar tenavior of nylon (polycaprofactaml
in air.

'- 1rradiated at temperatures of -40CC, rocm tem::ersture, and 10000.
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Reports of transient electrical effects were not found, but Reference 33 reports9 rads (5.8 x 1016 e/cm2, g ,,

permanent effects fras electron irradiation to 1.8 x 10
Insulation resistance increased about one order of sagnitude,I

= 1.0 MeV) at 600C.| dissipation f actor decreased less than an order of magnitude, and dielectric con-~
I

~stant at i KHz decreased a maximum of 325.I
.

| Aramid/ threshold - 7 x 106 rads / elongation
t

Aromatic polyamides show considerably better radiation resistance than aliphatic1 -

Kevlar and Momex nylon are better|
types and are less sensitive to oxidation. 8

Nomex yarns have been reported to be unaffected ,by 3.3 x 10
known trade names. At 5000F and 1.4 x 107 rads, the yarn retained 45% ~

rads at ambient tercerature. Reference 13
of original elongation and 62% of its initial tensile strength.36 -

The value
classes Kevlar as similar in radiation resistance to polyfaides.8 rads), was .

indicated for Namex, Reference 61 (24% loss of elongation at 10

I probably determined at elevated temperatures,

i polycarbenate! threshold - 7 x 105 rads / elongation

Reference 55 repor*.s initial changes in elongation of polycarbonate film at 7 x
| This property increased, then decreased to approximately 50% of "

original at 7 x 107 rads. Tensile strength first increased at 3 x 106 rads, then
)105 rads.

8 rads.It was still greater than 50% of original at 1 x 10decreased gradually.
Reference 48 notes an approximate 201 loss in elongation and less than 205 loss in

.

8 rads for 3-311 Macrofoi film feradiated in air ortensile strength at 1 x 10 8

Reference 36 notes that t.exan was too brittle to test after 2.6 x 10
6 rad threshold given by Reference 61 is probably anvacutan.

The 10rads at 25cc in air.
" order of magnitude" value and is in good agreement with the value noted above.

I

|
polvolefins

Only ethylene, propylene, and isobutylene-
These are alignatic alkene polymers.
based materials are useful c:mmercially.

This5 rads / increased stengation under stress.polvetnviene/thresnold . 3.3 x 10 1

thresnold value does not indicate damage, but, rather, an incrovement of origina ,
properties.
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Reference. 36 gives data for the irradiation of Alathon 3 files (various
thicknesses) and for a 2-eil Marlex 50 sample. The Marlex lost approximately 901
of the original elongation at 4.4 x 106 rads, but less than 15% of original,

The 3-eil Alathon saaste retained more than 905 of its original
,

tensile strength.~

elongation and tensile strength at 3.7 x 106 rads, but rapidly lost strength abover
;. that dose. At 4.4 x 107 rads, tensile strength was approximately 33% less than

was decreased by approximately 871.the original value and elongation
Radiation resistance in vacuue is quite good, with approximately 505 loss in

,,,

8 rads.<

elongation and an increase of tensile strength of nearly 50% after 8.7 x 10'

Effective antioxidants are known and may greatly incrove radiation resistance
|-' Many

(Figures 3-2 and 3-3), but are not always used in connercial form 1ations.
antioxidants are relatively insoluble in PE and say migrate frae the polymer

.

(particularly at elevated temperatures), leaving it subject to rapid oxidative
,.

8

Reference 50 notes that, of 40 polyethylene insulations tested, only'

degradation.
3 demonstrated adequate radiation and fire resistance for nuclear appiteations.

Reference 8 reports detailed tests of commercial cable insulation and jacket

.

saterials, including HDPE (high-density PE), NF-CLPE, and C3-CLPE (nonfilled and
,

' carbon black-filled chemically crosslinked PE) cable insulations. They noted that
dielectric loss was observed at 5 x 106 rads and oxidation resistance was greatly
reduced at that dose. They reconnended service limits of 1 x 108 rads. Chapiro21
reports detailed investigations of oxidation-related dose rate effects and thermal

Increased melting points and other beneficial effects of radiationeffects.
crosslinking of polyethylene are discussed (also see Reference 52). Outgassing of'

|' PE is extensive during irradiation. Data from Reference 10 is discussed in the
An appropriate damage threshold for most cable materials ispreceding section.i.

about 100 rads.
,

Polvercoviene/ threshold - less than 4 x 105 rads - no specific data. This'~

threshold is determined on the basis of its more susceptible chemical structure
!

and general similarity to polyethylene. Though the damage threshold in air may.-

appear to be as hign as 107 rads, References 52 and 32 reocrt extensive post-
1rradiation oxidation of polypropylene syringes after ster 111 ation doses of 2 -

Reference 32 also notes that this sensitization to oxidative"

2.5 megarads.
degradation is totally blockec by teta-activated thicether aaditives.

<

Jenere-Resins / threshold-2x106 rads / elongation /tensite strength. Reference 55
|

c

reports this thresnold value, but does not report dose rate or sample thickness.'

' 3-17
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A lower threshold would probably be noted if oxidation effects were maximized.
8 rads. Fifty

Greater than 50% of original tensile strength was retained at 9 x 10
7 rads. Radiation

[, percent (50%) of original elongation was resorted at 7 x 10
-

resistance would be decendent on the effectiveness of antioxidants, as are the
Vacu m irradiations to 5-10 megarads result in improved properties.polyotefins.{ ,t.ichtencerg electron discharge effects are less for sodium ionomers than zinc-

ionomers.30 No other data was found for organometaltics.
,--

preeviene-Ethvteme polva11emer/ threshold - 1 x 106 rads / tensile strength /elonga-
;

The polyallamer suffix indicates a unioue bonding mechanism. This material'' tion. Data for ethylene-propyfene
is neither a physical mixture nor a true copolymer.
elastomers would not be applicable.

*

.-

' A reduction to half the original tensile strength occurs at 4 x 107 rads and half

I~
the initial elongation is noted at 7 x 106 rads.55 Reference 36 reports results

The overall radiation
of irradiation at room teSerature 20!cF. and 2SOoF.!

resistance is not good. Oxidation effects have not been investigated.
,

!
Reference 33 recorts that

Trendiation Medified Polvolefin/no thrtshold recor*.ed.
.

wirt insulated with this material (from Raychem Corporation) coccleted a wet
.

No seriousdielectric strength test after a radiation dose of 500 megarads.
degradation in physical or electrical properties was noted at this radiation

This femulation must contain very effective antioxidant /-antirad
[ 1evel.

Reference 61 indicates a 108 rad threshold for polythermaiere.additives.

!
Pelvethylene Terechthalate/ threshold a.4 x 106 rads / tensile / elongation

'

7 rads.9 Dacron tireDacron fibers are not significantly degraded below 2.5 x 10
cords irradiated in air and vacuum shewed similar flex life, tensile strtngth, and'

elongation. Quinone and cuinhydrone are effective antirads. Mylar (oriented FET-

Reference
film) appears to be more radiation resistant than nonociented fibers.

7 rads. A
55 notes threshold changes in tensile strength and elongation at 4 x 10

.

8 rads and a 50% decrease in ten-50% reduction in elongation is coserved at 3 x 10
sile strength after 6 x 108 rads. Only s11gnt recuction in melting temoerature of

Greater scission rates (degradation)
PET occurs with increasing radiation dose.
occur at lower dose rates, but it is not certain whether oxidation is involved.25
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36 Cegrada-
No themal acceleration of radiation damage has been noted up to 2000C. )

7 rads.33 Mylar film capaci- -

..

tion of electrical properties is insignificant at 10 Outgassing during irradiation8 reds.36
tors have been found serviceable after 10Mylar is susceptible to ultraviolet radiation and to com-is minimal (mostly H2) -.

bined heat and vacuum. ,

parvleatlthrtshold - unknown '

Poly-para-mylyenes and derivatives show better electrical, optical, and thennal
properties than Mylar (sop 1tcations are similar), but mechanical proDerties are

~

l No

not as good and radiation resistance is censideraD1y less than that of My ar.
a

specific data was cited.55, 48

Polyohenvlene Oxide / threshold - approximately 105 rads / tensile strength
5 rads. The

Reference 55 reports a slight increase in tensile strength at 10l 109
material maintains slightly greater than original strength to accroximate y

Other properties are not reported. Noryl, PPO. and Alphalux 400 arerads.
connercial names for this polymer.

7 rads / flexural strength
Polvsulfene/ threshold - approximately 5 x 10

)h

Reference 16 reports this threshold and reduction of tensile and flexural strengt
8 rads (in afr) for one aromaticto half the original value af ter 1.7 x 10

8 caused little reduction in
-

Irradiation in vacuue to 3.5 x 10polysulfone. Increased sensf ttvity to radiation at elevated teaceratures is
flexural strength. Reference 61 indicates an ' allowable'is evolved during irradiation.noted. 502

7 rads, but no supporting test data was located by this search,
dose of 10

7 rads / tensile strength
polvstvrene/ threshold - aoproximately 2 x 10

found reduction of tensile and flexural strength to accroximately 5C% of
Sowner14
original values for unstacilized polystyrene sheets (3.tve) in air at 200C at 1 xf

8 rads. A
Only 25% of initial values were retained after 2 x 10

8 rad vacuum irradiation produced negligible changes in the same matariai.
8 rads, ganna.10

5 x 10 Recorted
Connercial products contain various antioxidants and stacilizers.

8 to greater than 109 rads. Reference 36 notes cost-
thresnolds range from *.0 Permanent decreases in .
frradiation oxidation effects for cznercial materials.f magnitude

( volume resistivity and insulation resistance of one or tno orders o
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occur after doses as low as 4 x 106 rads.33 5tynne is approximately three times
-

more sensitive to neutron irradiation than to genna irradiation.
,

7 rads. Tensile
Acrylonitrile-8utadiece-Stv ene/ threshold - approximately 10""

8 rads.
strength increases above threshold, but decreases after about 2 x 10

{ half the original value was retained after 109 reds.55 Other
than' 311ghtly more

styrene copolymers also exhibit radiation resistances less than cassercial
E.

The extent of radiation protection achieved will depend on the
! polystyrenes. Styrene-acrylonitrife and

relative proportions of the polymer conconents.''
9 rads at 600C, but

styrtne-cutadiene survived electron irradiation to 1.8 x 10
electrical properties were degraded. Styrene-divinyl benzene was little affected,-r

under the same conditions.33 Poly-alpha-methyl styrene also shows radiation
-

. . .

resistance somewhat less than polystyrene.48 Since polystyrene shows post-_

trradiation oxidation effects, cocolymers probably also do, but no recorts of this'~

ABS and SAN are comon trade names. The 107 rad thresholdeffect were found.
indicated in Reference 61 may be an order of magnitude value, but it is used since

-

oxidation effects might reduce the 2 x 107 rad value (Reference 55) identified in
*

! this search.
.

Vinyl polvmers

Vinyt polymers contain a high degree of unsaturation and may be susceptible
to both scission and crosslinking processes (see Table 2-1).

6 rads / elastic modulus. ElasticPolvvinv1 o tven1/ threshold - accroximately 3 x 10t
u Elongation at break

_ modulus increases during radiation (indicates crosslinking).
.

7 rads.L Reference 36 estimates a 25% damage level of 1.9 x 10decreases. 8 rads and in
Reference 55 indicates a 50% change in tensile strength after 1 x 10['
elongation after 3 x 108 rads. Butacite and Saflex are trade names for this mate-i-

rial.,.-

7 rads / tensile /elas*ic modulus.co1vvinv1 Femal/ threshold - accroximately 1.5 x 10'

Irradiation cf Formvar resulted in decreased tensile strength and elastic modulus.
--

Reference 36 resorts 1.2 x 108 rads as a 25% damage level. References 55 and 48
inoicate 50% damage levels at acout 109 rads. Scission acoears to te dominant as

Reference 61 indicates an orderit is in polyvinyl alconal and colyvinyl acetate.
of magnitude threshold of 107 rads, anich is in good agreement.,
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7 rads / impact strength. All physical
.

polyvinyl Cartazole/ threshold - 8.S x 10
properties appear to be quite insensitive to radiation and are reported as

,

9 rads.48, 55 Reference 36 indicates 25% damage to Grinlan F at
unchanged at 2 x 10 The threshold
4.4 x 109 rads. Other consnercial names are t.uvican and Polectron. -

value cited was determined for Polectron.36 .

_.

El.ASTOMERS

This tene includes natural rubber and a nunter of synthetics with similar elasti-
,

ASTM designations for most materials are provided in parentheses following
.

city.t .

the generic name.
..

Polyacrylate (ACM)] threshold - approximately 106 rads / set at break

Chaafro21 discusses crosslinking and scission rates for various esters of acrylic'

$1milar crosslinking rates were noted for methyt, n-butyl, and isobuty!
acid. It

Phenyl acrylate was more resistant to radiation-induced change.
Reference 37 notes that scis-acrylates.

was also mort resistant than phenylethyl acrylate.
sion is dominant for lower radiation doses, bat that cross 11nking is more
pecnounced above 8.7 x 107 rads. Reference 9 suggests a 25% damage level at 3 xOne test

Reference 36 reports results of a nuncer of separate tests.
106 rads. 6 rads and 251 increase after 3 )

.

of set at break revealed threshold change after 10
Another study reported thresnold change in congression jx 106 rads for Hycar PA. 7 rads. Elongation

6 rads and 251 increase at approximately 10
set at 1.5 x 10
decreased, with threshold, 25% and 50% decrease at 3,15 and 30 megarads,

Tensite strength also decreased, indicating threshold damage at 4 x -resoectively.
Reduction of compression set througn the addition of7

106 rads and 251 at 6 x 10 . Hycar PA-21 with UCP-38 antirad
antirads was better than with most other rubbers.7 rads. The same
exhibited soproximately 50% concression set at 3.7 x 10i

6 rads.
formulation without the antirad shewed 50% compression set after 3.4 x 10Alona-nacthyl amine
||nirradiated controls tock on only about 131 comoression set.
and Ft.X (N-chenyl-00-tolyethylene dia.saine) are also rec:neended antirads,

0 rads / tensile strtngth/ elongation
adduct tuote-sjthreshold - accroxir;tely 4 x 10

Adduct ruccers are made by reacting diene ruobers (polyoutadine, iscerene, etc.)
Data was fcund only for methyl

| with alkyl mercaptans to remove unsaturations. Reference 9.-
mecaotans of polycutadiene and one mutadiene-acrylonitrile adduct.i

i
notes that tetter initial properties often -esult from the recucac unsaturat on,

f
.
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and that adduct rubbers show better radiation resistance (particularly at elevated
Radiation resistance appears toterceraturts) than natural or neoprene rubbers.

increase with increasing saturation. Small changes in tensile strength and alongs-
tion (less than 101) were noted for 86% and 92% saturated (methyl mercaptan)"

adducts of polybutadine at 4.4 x 106 rads. Decreases in elongation of-

~ sproximately 20% were noted at 1.9 x 10. reds. Tensile strength increased for7

A 65% saturated adduct of butadiene-acrylonitrile showed slightly less
3.

both.
radiation resistance, but more than its corresponding butadienacrytonitrite., , ,

;

' . Mechanical property changes at 4.4 x 106 rads wert small. One study, including
irradiation of an 88% saturated adduct of polyeutadine at 750F and 2000F,j-
Indicated that radiation resistance was about the same at both temeratures.36..

Data on compression set characteristics was not found.'

-

Butyl Rubber / threshold - less than 7 x 105 rads / tensile strength'~

Butyl rubbers are copolymers of polyisobutylene with small percentages of iso.:

Reference 25 dis-e

Butyls are the least radiation-resistant rubbers known.prene.

:
cusses reaction mechanisms. Degradation is almost exclusively by chain scission

If crosslinking occurs, it
I (quaternary carton structure) with G(5) = 4.1 - 5.0.

is with G(X) less than 0.05. Polymercaotans and t-butyl-dichloro-benzene
additives were found to inhibit degradation somedat.

Reference 36 reports one observation of a 25% loss of tensile strength for butylj'
i. rutber at 7 x 105 rads and a 50% loss at 3 x 106 rads. A 25% decrease in elonga.

tion occurred at 5 x 106 rads and a 50% decrease at 7 x 106 rads. Higher dose
levels were noted for another butyl rubber (tested at a different facility), with,

j 6 rads. A 25%threshold changes in tensile strength and elongation at 7 x 10
decrease in elongation occurred after 4 x 107 rads and in tensile strength after 2'

5 rads
x 107 rads. A 20% decrease in compression set recovery was noted at 9 x 10

6 rads for butyl gaskets
! for one material and a use limit of amoroximately a x 10

Reference
and seats (at temperatures below 300cF) was suggested in Reference 37.

6 rads. Changes in-

a suggests use limits for a butyl-based insulation of 5 r 10

oxidation resistance were not found at that level. Refer W.es 51 and 53 indicate
degradation of mechanical orcoerties at 1 x 106 rads, and Reference 54 indicates
* severe * damage to butyl rueber hoses in service st an accelerator facility at 5 x

--

.

f 106 rads.
1

l

|

|
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Ethylene Preov1enefthreshold - 1 x 106 rads / compression set

Although some experimental formulations showed poor radiation resistance, a numberAs

of commercial materials appear to be comarable to crosslinked polyethylene.
f i s of -

with other polyclefins, radiation resistance will depend on the ef ect venesReference 28 recorts
antioxidant systems (especially at elevated tageratures).
dose rate effects with greater degradation at low dose rates den the total dose

7 rads for one ethylene-propyisne cable insulation.
exceeded about 2 x 10
Reference 8 details effects of radiation on cable insulation and jacket materials,-No changes
including EPOM-based and EPM 4ased insulations (both minera) filled).8 rads (dose rate
in oxidation resistance were found following total dose up to 10

Etongation of the EPOM insulation was not significantly

changed after 5 x 106 rads, but was reduced to 48% of the initial value af ter 5 x
]was 5 x 105 rads / hour).

I 107 rads and 37% after 1 x 108 rads. The EPM insulation retained 81% of its
|

6 rads, 411 after 5 x 107 rads, and 26% following 1 :
*

unirradiated value after 5 x 10Reference 39 also reports very good radiation resistance of EP rubber
x 108 rads.
(EPOM base) and that cables using special chloroprene jackets and EP insulation

"

passed IEEE-383 tests.
8

EPOM retained 79% and EPM retained 9C1 of the original tensile strength after 10
.

*

Changes in permanent electrical procerties were relatively unimportant. )
Reference 35 reports similar results for ethylene propylene cable insulations, but
rads.

i l
'

reports that a fire-retardant additive appeared to cause instability of electr caJ

7 rads. Reference 55
properties in an EPJM4ased material at exposures above 10 4 rads,

f reports minor reductions in mechanical properties of EP-F234 after 5 x 10
6 rads. A 50% decrease in|

,

but less than 25% decrease in those procerties at 107 rads and in tensile strength after 2 x 108

elongation was noted after 2 x 104 rad value is not cited above, since it is not generally-

rads. The 5 x 10
acolicable and does not represent significant change to the material.

Sarcarin5 reconnended an !? c:mpound (Parker-Hannifin E7a0-75) as exhibiting theHe warned
best known comoination of radiation,' fluid, and temoerature tolerance.One EP
that variations in c:noounding can cause wide difference in properties. *

7 rads and would be
coneound showed 29.5% increate in concression set after 10
acceptante as a dynamic seat, wn11e one (Parker-Hannifin E515-40) exhibited a6.55

He recenenended that no
increase in that procerty under the same test conditions. 7 rads cue to excessive
dynamic seals be used after esdiation doses greater than 107 rad 't110wanle" dose for IP is for

Reference 51 indicates a 10conertssion set.
polyethytenes.
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5 to 106 rads /concression set (sest)Fluomelestemees/ threshold - 10

The use of fluoroelastomers for 0-rings, sealants, and gaskets is often desirable
{ because of their high te perature resistance and escatibility with diester

| 6

fluids, but in radiation environments, outgassing of corrorive acids and high
i

References 4 and 13 report "thrtshold" propertyI . compression set can occur.
' changes between 105 and 106 rads (no specific data). Barbarin6 suggests that['
fluorcelastomers not be used as dynamic seals beyond 106 rads and points out theirI
tendency to degrade in water or steam. He reports changes in mechanical proper-

ties after irradiation to 107 and 108 rads in air at room tencerature. Both
Fluorocarbon V747-75 and Flucrostlicone L 677-70 took on excessive compression set

-

:

af ter 107 rads (greater than 651). Threshold changes in tensile strength,i.

6 rads and for
elongation, and hardness were noted for fluorosilicone after 1 x 10F
Kal F Elastomer (trifluorochloroethylene-vinylidine fluoride) after Z x 106

'

rads.55 Viten A exhibits a radiation damage threshold of 5 x 106 rads in air at
.

ambient temperature.36 At elevated temratures, radiation resistance of fluoro-,.

Reference 37 reports disintegration>

elastome_rs is reduced, car +1cularly in aira

of Viton A (viny 11 dine fluoride-hexafluoropropylene) sarcles irradiated to 8.7 xi
Resistance in argon was still extremely poor, with a

105 rads at 4000F in air.
'

75% decrease in tensile strength noted after 5 x 106 rads at a000F. Viton A
-

| frradiated in MIL-L-78C0 oil (diester base) at a00cF snowed only minor changes in'

6 rads and approximately 401
tensite strength and elongation after 4.4 x 10
decrease in elongation and approximately 101 loss of tensile strength after'1.7 x

I
*

107 rads. Of the fluorcelastomers Kal-F and fluoros111 cones (methyl silicone
Viton A and Poly F3A (1F4) appear to be

-

base) are probably the least resistant.
A modification of Viton A, known as Viton 8..

about eoual in radiation resistance.f or LD234, appeared to be about twice as resistan:, with about 50% decrease in
8 rads at

elongation and negligible reduction in tensile strength after 1 x 10*

400cF in bis-pnenoxy-phenyl ether. Viton 8 sealant for nulations also demonstrated
Two fluorinated polyester-

| better retention of mechanical procerties than Viton A.
elastomers manufactured by Hocker Chemical, HA-1 and HA-2, wert also recomended

,.

as among the most resistant fluorcelastomers.36 Dynamic tests have shewn Viton A"

able to retain sealing ability in Versilube F50 and MLO-8200 at 83 megarads in one
test, but allowed some leakage during the final stages of a 380-hour test at 200cF

-

and pressure of uo to 3,000 psi in Oronite 8200 af ter a total radiation exposure
performed ac:ectaoty under those conditions.377 rads. Static seal:of 5 x 10

Viton 3 irradiated in vacuum has shown post-irraJiation degradation during 2 weeks
storage in air.a Long-term effects may be aDout the sarne as for Viton A.

t

..
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Use Itmits will degene strongly on asp 11 cation, but caution must be used in

~

6 rads in dynamic applications .

seleciton of fluoroetastemers above approximately 10
,

' and 107 rads as static seals.
-

'

A radiation crosslinked fluorcelastomer (c polymer of tetrafluoroethylene and-

fl
propylene) discussed in Reference 52 should be investigated as potentially use u

Properties appeared to be better than those ofin nuclear applications.
chemically similar tefzet material.

' -

5 rads / elongation
Hvoston (0981/ threshold - 5 x 10

Chlorosulfonated polyethylene is of ten recomended for electrical cable jackets in]
Its -esistance to radiation, tenverature extremes, fire, '

nuclear environments.
oxidation, and oils and gresses (except aromatic and chlorinated) is quite good.'

.

Though some CSPE formulations show early decreases in elongation.5, 29 others show
7 rads. Reference 28 reports a very

threshold changes in that property above 10 0% of
rapid drop in ultimate elongation for one CSPE insulation to acoreximately 4

7 rads. Further decreases were gradual
the original value af ter less than 1.5 x 10 8

and the material retained greater than 100% ultimate elongation after 1.8 x 10
Two cable jackets showed much mere gradual decline, with approximately 50%')

decrease after 75-100 m'egarads. Both retained slightly less than 100% ultimate
rads.

elongation after 1.3 x 108 rads. -

Data from Reference 3 includes an 11% decrease in ultimate elongation for one CSPE
7 rads. At that radia-

5 rads and a 415 decrease after 5 x 10jacket after 5 x 10 d

tion level, tensile strength was increased, oxidation resistance was not change ,
A recomended service limit was set at 5 x'

and electrical properties were good.
7 rads (as for all jacket materials tested), but it appears that a higher ifmit

-

10

could be acceotaDie.
157 rads (gama) and 1.2 x 10

One chlorosulfonated oolyethylene exposed to 3.1 x 10
I

n/cs2, E > 0.33 Mef, snowed only 151 decrease in elongation and no significant15

Af ter 1.1 to 1.5 x 108 rads and 5.5 to 7.0 x 10enange in tenstie strength.
n/cs2, this material still retained acoreximately 4% of tne original elongation.,

I

! 7

Reference 55 resorts thresnold changes in tensile strength and elongatien at 10!

7 rads, and in tensile strength
rads with 50% decrease in elongation after 6 x 10 .

after 6 x 108 rads.

.,
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Reference 39 indicates some of. the variationsiin resistance of chlorosulfonated'

polyethylene to radiatica, thmnal aging, and high-tencerature stems 19 relation

I to variations in fomulations. :
i

L- I
J

Hydroquinone has been found effectiv' in increasing radiation resistance.
Actual-

Irradiation in air usually results in greater degradation than in vacuum.
,

values for radiation-induced cong-ession set were not fouw (not gene-a!!y used in
,

|

!
sealing applications), but it is thought to be less resistant than inst elastomersr-

| in that respect.37 Reference 61 indicates a 107 rad " allowable" dose for C$PE,'

which seems overly conservative. #
,

.

I ,

Natural Rubber (NR1/ threshold - 2 x 106 rads /coscression set 7

- .

The resistance of natural polyisoprene to radiation alone is good, but resistance
to ozone and elevated tenceratures is poor, and rapid degradation occurs for

Antion 4010 (N-cyclohexyl-N-
f sancic irradiated above threshold under stress.
' phenyl-p-phenylenediamine) was found to be effective in increasing the radiation

resistance.37 Threshold changes in congression set we-e noted af ter 2 x 106 rads,
7J 6 rads, and in tensile strength after 2.4 x 10l. in elongation sfter 5.5 x 10 6

rads.36 Reference 55 reports threshold change in coceression set after 5 x 10
rads. Elongation was first affected by 9 x 106 rads and tensile strength by 2 x
107 rads. A 50% decrease in elongation and tensile strength occurred after 1 x'~

|"
108 and 5 x 108 rads, respectively. Reference 25 provides information on reaction

Retention cf Yerzley resilience is excellent and resistance to'

mechanisms.
changes in permanent set during flexing of irradiated natural, rubber was good.36

.

Neocrene (CR)/thresnold - acproximately S x 105 rads /congression set
,

'

[, Several neoprene cable jackets have $een investigated for nuclear acolications.
,

8 recorted decreased resistance to oxidation above 5 x 106 rads31odgett

[
(resistance was reduced by half after 5 x 107 rads). Ultimate elongation was 93%
of the initial value after 5 x 106 rads, but only 46% af ter 5 x 107 rads.

-

Reference 23 reports greater degradation from simultaneous irradiation and thermai
.

aging than from sequential testing. Reference 39 reports the effect of ketone-
Cne necerene material

amine and thiocartonate antioxidants on chlorcerene rueber.
,

Tenstie strength decreased by
showed grtster degradation in vacuum than in air.
9a% after only 1.9 x 107 rads. Samoles irradiated in air :ecreased 15% in tens 11e

/
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Both air and vacuum irradiation resulted in anstrength for the same total dose. 7 rad level. Another test
' approximate 50% decrease in elongation at the 1.9 x 10

~

indicated that two of three cznercial necorene c2counds examined exhibited post-.

36
' frradiation degradation after storage in air.

Ref.
Piference 13 rates neoprene as a preferred elastomer for space acclications.

'erence 37 notes only minor changes in mechanical properties of one neoprene (aro-
I -

Reference 55 indicates thresholdf 7 rads in air.matic plasticizer) after 8.7 x 10
6 rads, in elongation and set at break

changes in compression set after 2 x 10 6 rads, and in tensile
-

6 rads, in strain at 25 Kg/cm2 after 7 x 10after 5 x 10
st.-ength af ter 1 x 107 rads.

Nect.rene sects used in a simulated turbojet accessory system did not f ail in a '

Temperatures were 190cF to 300aF, hydraulic pressure was 0 to '-200-hoir test. Meoprene 0-rings.used in a
1,000 p:,19 nd radtation dose was 1.75 x 106 rads. 8 rads,

pressure tubes were found serviceable to 10
gauging system for reactor
though harde wi.

Excessive cornortss en set and loss of flexibility may occur at radiation doses
a8 reports changes in compression set rec:very at

above a few megaradr. Reference
,

8-9 x 105 rads. )

6 rads /coreression set .'fitrile (NBRl/ threshold - approximately 10
The ,

Various copolymers of acrylonitrile and butadiene are conmercially available.
nitrile group provides increased of f and solvent resistance and thersal resistance~

Mitriles are resistant to ozone cracking, but tend to stress crack.is good.
Some generalizations can be made concerning variations in radiation resistance.
Polymers with higher acrylonitrile content tend to show better retension of

..

high acrylo polymers is initially high, but mayElongation oftensile strength.
decrease more raaf:11y than low acrylo c:ecounds at moderate radiation ex:osures.In general, the absolute
This trend in elongation may reverse at higher doses.
elongation value remains higher for the hign acrylo c mocunes and everall

'

radiation resistance is slightly better.
j

in a series of tests varying curing agents and acrylonitrile c:ntent (50,. 40, 33.~

Wita
and 20%), a peroxide-cured 50% c::clymer showed the :est overall resistanca. f

radiation curing, a 40% acrylonitrile was mars stable than higner or lower j
A 20% acrylonitrile was most staDie of the sulfur-f

_

percentage acryto comocuncs.
1

|

|
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Stability of high and meditse percentage acrylo compounds to aircured polymers.
irradiation is not greatly affected by carbon black fillers (strength and
elongation), though better flexibility seems to be retained with minimum carbon

{' Resistance to irradiation in JP-4 fuel was greatly reduced by carbon blackblack.
in both high and medissa percentage acroly polymers. A large number of antirads-

. have been found to incrove overall radiation stability and congression set

cliaracteristics. One nitrile rubber with Antion 4010 was not stiff or brittle
[~ until exposures reached 5 x 106 reds.36 Reference 6 mentions two Nitrile

formulations which show little concression set at 107 rads (N674-70 and N741-75),'
but does not give specific values. Reference 41 reports extensive tests of the

f-
!. physical properties of a consnercial M8R 0-ring compound. No significant

difference was noted from irradiation in air or oil. Mitriles with antirads areResistance
highly recomended for dynamic seal application at low tezeratures._

Reference 13to elevated temperatures is less than that of most other elastomers.-

- classifies MBR as a " preferred" elastomer.

Reports of
Some formulations are probacly not suitable for vacuum applications.

f
softening, tackiness, and rapidly decreasing tensile strength of specimens
irradiated in vacuum have been noted. This would indicate predominant scission.'

One
I The same materials irradiated in air exhibited predominant cnstslinking.

7 rads was noted.report of pronounced oxidation after exoosures above 4.3 x 10
Other tests indicated approximate equal radiation resistance in afr. vacuum, or

,

Reference 55 notes threshold changes for Buna al (probably no
|

inert atmospheres.'~

;
- antirad). Tensile strength was affected at 5 x 107 rads, increased to

i __

approximately 4 x 108 rads, then decreased racidly. Elongation was affected at

!
approximately 2 x 106 rads and decreased by 50% after 7 x 107 rads. Set at break

f
and c moression set were affected at approximately 2 x 106 rads. Strain (at 25
Kg/cm2) was affected by 5 x 106 rads. The threshold noted above is given in'~

i

Reference 36. Reference 37 reports static and dynamic tests of Suna 38 hoses at
r-

terceratures up to 350cF and static pressures up to 1,200 osig and one
t.

intermittent pressure test with 0 to 1,000 psig. Buna-M was all right un to about
The; 4 megarads in the static test and at least one negarad in the dynamic test.

,

elevated temocrature was prebaoly mort significant than the radiation level in'~

that test. Reference 51 also cites a 106 rad threshold for nitrile rubber.'

I

i
I

|
..

j

I
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6 rads /canoression setButadiere f BR)1 threshold - approximately 10 ~)
-

References 21, 25, and 30 report various investigations of the cheefcal reactionsThe all-cis
induced in polybutadiene (and copolymers) by tonizing radiation. The homo-
. polymer is soft and elastomeric, the all-trans polymer is crystalline.

,

polymer is less radiation resistant than its corresponding acrylonitrile and
Resistance to compression set during treadiation is less than

styrene copolymers. -

Specific data is cited in Reference 37 for mass
that of natural rubber. It retained 70% of the
polymerized polybutadiene containing 50 phr of 14AF bicck. 8 rads, _

original tensile strength and 31% of the initial elongation after 1.7 x 10
but hardness increased 20 Shore A units.

.

Polyiscorene. Synthetiefthreshold - 106 rads (7)
_

Radiation resistance should be similar to natural rubber, but no specific data on '

Reference 25 gives some information on chemical
physical properties was found.

reaction mechanisms.

6 rads /corroression set
Polvurathane f au.11 threshold - approximately 10

Polyurethane is usually rated with natural rubber in radiation resistance.
Salanced cross 11nking and scission accear to occur in both air and vacuum for most)One concound,
formulations with about equal damage in either environment.

Chain scission2018/40, did shew more degradation in vacuum.Vulkolla, Grade d after
was dominant in that environment and a complete loss of strength was note

Irradiation at te-ceratures up to 250cF indicated that tenstie strength8 rads.10
was degraded about equally by radiation at ambient or elevated temperatures.

_

Ultimate elongation of sancies irradiated at higher temceratures was generally
Comoression set

greater than that of specimens irradiated at ancient temcerature. Extreme
is greatly increased by elevated temocratures with or withcut radiation.treadiation in the presence of moisture
moisture sensitivity limits application,

Estane VC cured with dicumyl peroxide has
may lead to are rapid degradation. 7 rads.
shown good radiation resistance with 50% cerncression set after 5.5 x 10
Adicrene C, sulfur cured with carton black reinforcusent, shewed poor radiation

Polyester-based urethanes are scre resistant than polyether-basedresistanca.
Both p-pnenylene diisocyanate and dienenyt nthene 4 a'-diisecyanatemater a's.d

One Estane, VC, retained 30t of its initial tensile
ara effective antirads.
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strength at 6 x 107 rads and 50% at 2 x 108 reds. A 20% decrease in elongation
occurred after 1 x 108 rads and a 50% drop at 3 x 108 rads.48

F
Reference 37 reports threshold damage at S.7 x 106 reds and 25% damage after 4.3 xi

'*

107 rads. A tendency to soften (scission) was noted to about 4 x 106 reds, with-

' hardening above that dose. Tensile strength and elongation both decreased
,_

gradually.
_

Reference 55 provides data for a urethane cable insulation without details of the~

Tensile strength was decreased by 50% after 107 rads and,by slightlyfor nulation.
greater than 75% after 108 rads. Elongation was approximately 90% of the original

~

value after 107 rads and approximately 50% after 2 x 108 rads. Hardness was
L.

slightly greater than the initial value after 107 rads and about 125% of the,

'~ unirradiated value at 108 rads.

Hardness was unaffec-g-
Reference 6 reports data for polyurethane P542-70 0-rings.
ted by 108 rads, tensile strength was unaffected by 107 rads, but decreased by 60%

:,

after 108 rads; elongation was reduced 165 by 107 rads and 65% by 108 rads. One-
7 rads and tear

hundred percent (100%) flexural modulus was increased 30% after 10*

strength increased 22% after 107 rads, but was 52% less than the initial value
after 108 rads. Congression set was 55.5% at 107 rads and greater than 90% after

108 rads.
t'

k- Styrene-autadieee (SBR 1/ threshold - 2 x 106 rads /cxcression set / elongation

7he rnost radiation-resistant SBR rubbers are those with the highest styrene
contant. Crosslinking is dominant. Stress cracking has been noted after doses as''

i
low as 4.3 x 107 rads. No data was found comparing air irradiation with vacutsa or
inert atmosphere irradiation, nor was any information found concerning the effect

Ozone aesistance is poor and limits..

of elevated temoeratures during irradiation.
acD11 cation in radiation environments. Threshold changes in hardness were observed

, . .

in GR-5-50 after 5 x 104 rads in one test, but 7 x 106 rads was recuired to''

Threshold changes in
increase the hareness from 62 to 67 Shore A units.
elongation, compression set, set at break, and strain at 400 psf /in2 were noted
after 2 x 106 rads. A 25% change in those procerties oc:ur-ed at 107 rads.

-

Tensile strength was unenanged at that dose.36 The low dose change in Marcness is
~~ not consistent with other data of the same test or with other tests and is

probaoly an error.

3-31
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Reference 55 resorts slightly higher thresholds for mechanical properties of Suna-
~

)
7 rads. A 50% damage level was indi-

No change in hardness was noted below 10
cated for elongation, set at break, congression set, and strain at 29 Kg/c:n2 at 6
5.

Tensile strength exhibited threshold changes at that levet and hard-
x 107 rads. ,-
ness was less than 125% of the original value.

.

Radiation resistance of Synpol 1500 was increased when acridine, pyrene, or fluor-
_

The best antirads found for Synpol 1500 were
anthene plasticizers were used.
derivatives of p-phenylene diamine or phenyl naphthyl amine. _

Reference 41 reports investigations of the radiation-induced changes for a ceniner-
~Hardness was

cial SSR 0-ring formulated specifically for radiation resistance. Stress strain effects were minor below 3.6 x 107
unaffected below 1.8 x 107 rads. 8 rads. Elonga-
rads and " good" tens 11e properties were maintained after 1.2 x 10

Concression set was the most sensitive
-

tion was still 20% after 1.6 x 109 rads.
7 rads. That concound would be effective as a

property and was 50% af ter 3 x 107 rads and be useful for some applications at higher
dynamic seal at least to 10
doses.

5111cenes h?0lfthreshold S x 105 rads / oxidation resistance

Inorganic
Silic:nes exhibit excellent resistance to extrene temperatures.
fillers, such as silica, are generally needed to achieve good initial tensile

The silic:ne rubbers are :nort resistant to radiation than butyls and
..

pregerties.
polysulfides, but a becad range of radiation resistances occurs, depending on the
structure of the silic:ne molecule, the vulcanizing system, and the presence.of~

Environmental parameters, such as
additives, such as fillers and antirads.
elevated temperatures, oxidizing conditions, and mechanical stress, may greatly

Reference 36 provides detatis for the irradiation of
affect radiation resistance.
dimethyl, methyl vinyl, methyl phenyl, and other c:nsnercially available siloxanes.
Reference 25 discusses comparative stability and enesical reaction :nechanisms.

011 and fuel resistance is usually less than that of necorene or nitrile ruebers.
Radiation-incuced c:moression set tec:mes excessive for 1tany formulations.
Outgassing during irradiation is less than eith hydrocarten -uobers.

After ! x..
Reference 3 reports data for ene dimethyl silic:ne cable insulation.

Elongation was recuced
7 rads, tensile strength was 100% of the original value.10
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to 90% of the initial value after 5 x 106 rads and to 34% after 5 x 107 rads.4 after 5 xOxidation resistance appeared to be greatly reduced (by a factor of 10
106 rads and by a factor of 106 after 5 x 107 rads). Despite this, the cable was

f
suggested as usable up to 5 x 107 rods at 70oC or below. In view of more recent'~

- .. data on low dose rate effects, following such a suggestion would seem imprudent.

.

Peroxide curing agents may leave residues which render silicone rubber more

|
susceptible to oxidation. Radiation curing usually results in better resistance

,,

to concression set.36''

r Reference 6 notes that two silicone 0-ring formulations showed ac:eptable resis-
:

_

tance to compression set after 107 rads. S 455-70 had 31.45 compression set and S

604-70 had 205 comortssion set. Resistance of those formulations to silicone
fluids and moisture was rated as poor.

I' Connectors employing silicone rubber insulations can withstand exposures to as
I

much as 1015 to 1016 neutrons /cm2 and 107 Roentgens at 550C and still provide
reasonable electrical performance. Transient decreases in insulation resistance,

{' occur during irradiation with sininamns of less than 10
7 otuns. Encassulating

c:rpounds RTV-501 and Sy1 gard 182 and 183 were not seriously degraded by exposure
to 2 x 1013 to 7.5 x 1015 n/c:n2 and 2 x 106 to 108 Roentgens garna. Dow Corning

8
R-7521 maintained good physical and per nanent electrical properties after 5 x 10

! | rads at 23cF or 1 x 108 rads # 2000C.33
,

'
!

Reference 48 notes that one dimethyl silicone rubber lost 50% of its initial ten-
g'" 7 rads at room temperature, or after 5 x 106 rads at
L. site strength after 5 x 10

Silastic 50 a80 was found to be an ac:ectacle seal material in 450cF oil2000F.
after 3 x 106 rads.36 Reference 61 also suggests a 106 rad threshold for silicone

,.

"
rubbcr.

hieko1 (PTol/ threshold - 3 x 105 rads / hardness._

The radiation resistance of Thickol ST and Thiokol FA polysulfide rubbers is,''

camparanle to that of butyl rubber. Though c:nsiderable cross 11nking occurs,'-

scission is dominant and a * tarry' texture will be observed af ter hign radiation
Ton than necoreneThiokol rubbers show better retention of ultimate e'Onga:

' doses. *hioxo1
and polyacrylate elast:mers, thougn tensile strength is raoidly degraded.

,

ST c:ntaining alpha naonthylamine or .1-onenyl-1-0-tolylenediamine and Thickel FA

..

3-33
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containing beta nachthol (antirads) both showed ultimate elongations of 250 to-
2801 after 1.3 x 108 rads.37

Reference 36 reports that one Thickol ST formulation showed a 50% de.rease in ten--

6 rads. Another Thtckol ST tested~ site strength and alongation after only 1 x 10
at a different facility exhibited threshoird changes in elongation and set at break6 rads.

5 rads, but only 25% decrease in those properties after 4 x 10
-

6after 5 x 10
Tensile strength and strain at 400 psi were only slightly decreased after 5 x 105 rads and in

Threshold changes in comortssion set were noted after 5 x 10 -

rads.
hardness after 3 x 105 rads during that test.

Three Thickol sealants (PR 1201-HT, EC 801, and EC 1373), top coated with nitrite
. -

rubber, were irradiated in air and JP-4 fuel. Though semedat degraded, they were
~

found serviceable after 2.5 x 107 rads. Another sealant (PR-1422) was found to
'

7 rads and 24 hours of
maintain satisfactory stress-strain values after 8.7 x 10 -

post-trradiation aging at 275cF. Only minor differences have been noted for com-,

parable irradiations in air and vacuum.36

Lead peroxide, dichremate, and manganese dioxide-cured polysulfides show sistlar
radiation resistance, thcugh the dichromate curing might be slightly better for }overall radiation resistance and lead peroxide curing is noted as yielding
polysulfides with generally poor heat resistance.36

.

6 radsVinvlovridines/ threshold - greater than 10

_Though specific data is limited, the raciation resistance is indicated as quite
.

Carbon black-filled stock shewed little change
similar to that of natural rubber. Elongation was not much affected at 4.3 x 'in tensile strength below 4 x 107 rads. 7 rads. Silica-loaded

6 rads, but was decreased by more than 25t after 4.3 x 1010 6 rads, but increased
stock lost tensile strength at doses of less than 5 x 10

8 rads.37 Mo stress cracking as cbserved in tests at
.

again at doses above 1 x 10
exposures uo to 3.7 x 107 rads.36

..

PROTECTIVE C:|ATINGS

'he raciation resistance of protective coatings varies eith a ntt ter of factors,
,

including sigments, plasticizers, solvents, catalysts, curing arants, and
Damage thresholds are seldom established fecm the trsts per er-ed, tut

d

additives. -

and 56 3rovide discussions of consideraticns 'ecessary in the
References 9 Li,
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Reference 13 provides
( selection of coating systems for specific applications.

guidelines in the selection of themal control coatings, as well as general-
*

!, purpose coatings.

f
Reference 44 presents the following generalized statements drawn from a number of

' ' ' sources:

1. Pigmented coatings are more resistant to radiation than thoser-
' containing little or no pigments. Carton black inhibits damage,,

Extencerwnile some grades of titanium dioxide accelerate damage.
pigments appear to contribute to color change.'* ,

Realistic comparisons of different coating systems can be made2.
only if the same pigment contositions are used for all vehicles.

3. The choice of primer is important when a coating to be subjected
,,

i
a to radiation is applied to metal substrates.*

!" 4 The degree of cure for any specific system can influence apparent

!. radiation resistance.

. 5. Residual solvents can influence radiation resistance.

6. To a point, gama radiation (and heat) initially imoroves the
physical properties of many organic coatings. Exposure to radia-
tion beyond a given point tends to excessively crosslink ar:d/or
degrade organic coatings. This leads to coating enerittlement
which develops into failure. For epoxies acolied to steel,
failure usually occurs at the metal-coating interface.

Data is presented which indicates that for the systems tested (includirg phenolic'

and epoxy-polyamide formulations), sequential simulation of nuclear environments
and accident conditions results in greater degradation of coatings than simultane-

..

ous tests.

The influence of the surface to which the coating is acolied is often quite signi-''

For example, one vinyl coating (Anercoat 33) failed on an aluminum panel
,

ficant. 9 rads.after 2 x 108 rads, but f ailed on a concrete panel only after 1 x 10
Coating on concrete were, in general, more stable.9 Further data on specific
mounteo coatings in that test are given in Tacle 3-1.

.

As indicated in Reference 13, many coating systems are not greatly affected by
radiation excesures below 108 rads. Phenolic alkyd enamels, silicone alkyd

9 rads...

enamels, and alkyd-epoxy formulations may be useful above 10

.

.
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Table 3-1 _-

RADIATION RESISTANCE OF MOUNTED PROTECTIVE COATINGS

_

Gasona Dose

Surface 108 Rads Accearancea
Polvmer Base Trade Na.ws

Alkaloy-550b Concrete 9.4 No failure -

Furan Steel Rod 8.4 No failure

Modified Phenolic /ephesive-80lb Concrete 9.4 No failure
Steel Rod 8.7 Orastically

enerittled
.

Silicone Alkyd Solar Siliconec Concrets 6.7 No failure -

Steel 6.7 No failure
Alkyd

Epon-395d Steel 6.7 No fatture
"

Epoxy

Vinyl Chloride knercoat-33* Aluminum 2.1 Failed:
blistered

Concrete 10.5 Failed;

blistered -

Steel 8.7 Failed;

blistered
*

Prufcoatf Concrete 8.7 Failed;

blisteredStyrene
Steel 8.7 Failed; )cracked

Steel (Wet) 0.8 Failed;

cracked .

Corrosite-229 Aluminum 2.1 Failed;

blisteredVinyl
Concrete 11.0 Borderline

failure

i

Examined for bitsters, cracking, hardening, tackiness, etc.l

a

Atlas Mineral Products Comoanyb
Solar 31 vision. Gamble Skogmo, Inc.e

I
d The Glieden Comoany1

'

Mercoat Corporatione

f 3rufcoat '.aboratories, Inc.

Corn site Corcorstion1
.

Sourca - Reference 9 -
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Reference 56 indicates three coating systr.cs (two epoxy-based and one modified,

9 Roentgens in domineralized water.
phenotic-based) that did not fail af ter 5 a 10'

Evidence of greater radiation resistance in air is also cited."

Threshold
Thermal control coatings are more susceptible to radiation danage.5 rads, with
' change is indicated for one silicone coating, 513G, after only 10

-

appreciable damage af ter 106 rads. Another silicone, Thersatrol 6A-100, was the
,

'-

best indicated in Reference 13, with threshold change at about 107 rads and"

appreciable damage slightly below 108 rads. Inorganics and acrylfes were also'

'-

indicated as preferred thermal coatings.
e

i.
UJ8RICANTS

Radiation resistance of base oils is the dominant factor controlling the radiation
lubricants may be more resistant than base;,

of lubricants. Finishedresistance
oils, but are connenly less resistant due to ,the influence of additives necessary'

Scatic tests may be quite misleading.
to achieve other desirable properties.
Dynamic tests can result in dramatic decreases (or increases) in apparent use

g-- 9,13, 24, 36, and 37 present data for many tubricants,limits. References Some useful generalizations taken fran4,

including some dynarnic test results.
Reference 9 are presented below.

The identity of the organic base fluid is the most important
.

Base materials vary a1.
factor in resistance to irradiation. An
thousandfold in their susceptibility to radiolysis." '

i

approximate decnasing order of stacility is polyphenyls, poly (phenyl ethers), alkyl aromatics, aliphatic ethers, mineral oils,[.
aromatic esters, silicones, aromatic phospnates..

011 lubricants. in general, can be classified according to dose2.
ranges, as follows:

t- i i ted.
a. 106 rads or below: 've unusual problem from rad at on no

106 to 107 rads: Methyl silicones, alienatic diesters, and
phosonate esters become affected; polymers in solution

b.
For most other cases, other environmental factorsdegrade.

are controlling.

107 to 108 rsds: Radiation effects on physical properties
,,

rencer diesters and certain mineral oils marginal in perfor-c.
Oxidation stacility and thermal staoility are

.. *

mance. Scme luoricants areadversely affec*ed for all fluids.,.

l usable; some are :narginal in this range.
-

|

l

I
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Oxidation and thermal stability of most .-)8 to 109 rads: Ma or changes occur in10 dd.
lubricants are seriously imoaired. Aliphatic ethers, aromatic esters,

,

most pnysical procerties.and certain mineral oils (carefully selected) may be used.

109 to 1010 rads: Polyphenyls, poly (phenyl ethers), or -.;
e.

alkyl aromatics are recomended. i
J

Radiation damage becomes extremely
f. 1010 rads or above:I.ubrication with even the best organic oils is -}limiting.

very restricted. l

Additives normally used in lubricants, e.g., antioxidants, anti-ffer radiation "

wear agents, EP agents, and antifoam agents, su3. ;

Their deofetion during irradiation, or their radiolysis i

products, can cause complications below radiation levels at which
'

damage.
*

the base oil degrades. ~lThey are
Selected additives reduce radiation damage in base oils. j

most effective in the least stable fluids.
4.

.-

Radiation
02.idation drastically reduces the life of a lubricant.

.5.
accelerates oxidation.

The role of te serature is interrelated to that of oxygen, addt-Radiation damage is generally a minor
-

~

6. tives, and radiation dose.
function of temoerature below about 300cF.
Under irradiation, greases first sof ten because of damage to theasslinking of the oil.7.
gel structure and then harden because of cry rads. Soecial
Conventional greases are usable to about 10 9 rads. )
products are availaole for use from 109 to S x 10

Many machine elements have some tolerance for degradec lubricants.8.

than would be Dredicted from the static radiolytic changes in aIn some cases, a system will function for a higher radiation dose
.

critical physical property.

Sonded dry film tubricants are generally most stable (with or without radiation)
and their use is recomended wnenever possible.

!

ADHESIVES
I

Reference 15 provices data on the radiation stability of many schesives, thougnA numoer of ecoxy

-csc are based on static tests in air at room tercerature. l
, ;nenotic, vinyl onenolic, and modified nylon onenolic achesives retained usefu
| .

orocerties after 109 rads.
1

hoxy, ecoxy Thiokol, nitrile-Jnenolic, and nitrile-eccxy-cherotic achesives0 rads. After 103 rads, necorene-onenotics ,

retained useful orocerties af ter i * 10

3-38 )
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( exhibited useful prope* ties and neoprene-nylon-phenolic adhesives maintained
useful properties after 5 x 107 rads. Reference 13 suggests that use of neoprene-

1

nylon-phenolics and cellulosics (uttich would be even more sensitive) be generally |
"

avoided. l-

!

0xidation is an important factor in the degradation of adhesives at elevatedF

Most show better thermal resistance in vacuum or inert atmospheres,tangeratures.
but one epoxy-phenolic adhesive, Hexcell 422-J retained better shear strength~~

af*ar exposure to 109 rads at 3500F in air than after exposure to the temperature-

air environment alone.36

i

DOSE CALCULATIONS / CONVERSIONS

The ICRU recon: ended unit of exposure for I or ganna radiation is the Roentgen (R)
,

which produces an abscrbed dose in dry air under charged particle equilibrium of
.

0.369 rads:
1 Roentgen = 0.869 rads (air)*

The absorbed dose in any other medium can be calculated if the energy of the* The following
exposing radiation and the canposition of the absorter is known.;

equation and values for mass energy absorption coefficients ( u en/ o ) and for
equilibrium factor ( A,q ) are taken from Reference 63.

( #en/ p ) - carbon = 0.02670

( # en/ # . air = 0.02560-

A q (1.25 MeV CD-60) = 0.985'
e

Then:

) medium
rad (medium) = ( u en / 0

) air .985 rad (air)( # en/#

rad (carbon) = .985 rad (air)

rad (carbon) = 0.989 rad (air)

Reference 3 provides infor nation on accropriate methods for measuring and calcu-
lating sosoroed cose in scecific matarials resulting frcm exposure to various

Factors that influence the total aoscrted dose incluceradiaticn sources.
radiaticn type and energy spectnm as = ell as chemical c:mcositicn and thickness

of the abscreer.
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Occasionally, it is not possible to detemine the absorbed dose from the informa-The fo11cwing conversion factors taken frem Reference 36 can then-

be used to make some estimate of the absorbed dose in organic polymers.tion available.

For exposure to: _

1 M eV electrons
2

e/cm x 4.5 x 10 m reds _

1 M eV photons

2 4
y /cm x 5.0 x 10 m rads

_

Themal neutrons - 0.025 eV ,-
n/cm x 1.06 x 10*I2 a rads

Fast neutrons - average of 1 M eV
.

2 x 4.17 x 10'I a radsn/cm

These values appear to be based on assuming a thick sample of material with aThey are indicated as rads (carton) in
chemical ccmcosition similar to tissue.Although accurate within a factor of 2 or

Reference 36, but this is misleading.3 for a2st polymers, the neutron conversion factors would be in error by more
than an order of magnitude for pure carton.

,
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Section 4
-

* ' SDNARY AND CONCLUSIONS
'

.

.

The starinary threshold listing of Table 4-1 supports the suggestion that
radiation effects are not a significant concern for organic polymers at or below
104 rads. It is, therefore, suggested that,nonelectronic equipment containing
these materials will not be affected. ,It..it fut*,tter suggested that

5 rads or less.
nonelecicanic ecuioment without Teflon will not be affected at 10
Further explanation is provided here for the few cases where radiation-induced

+

'

change was indicated below 10 . A threshold of 5 x 104 rads was noted for one5
*

ethylene-propylene fornulation, but the property changes were minor and
corrraercial materials show thresholds of 106 rads or greater (106 is the cited

,

, , threshold in Table 4-1). A threshold change in hardness was cetermined forj
styrene-butadiene rubber at 5 x 104 rads by one investigation . As indicated in'

the lowest threshold reported
Section 3, that value is probably in error;
elsewhere is 2 x 106 rads. The change in hardness (if real) would not

4 rad thresheid forThe 8.7 x 10significantly affect mechanical perfomance.
Roughly 25% reduction in flex life was noted -nylon fibers is of more concern.

This test appears to have maximized,

for nylon 6, 66, and 66 HT fibers.'

The fiber form provided maximts availability to oxygen andsynergistic effects. Further
the flexural cycling test provided a very sensitive damage indicator.
degradation was gradual; 8.7 x 105 rads resulted in a 40-6C% decrease in flex

5 rads.
Nylon sheets showed a damage threshold greater than 10life.

In sissnary, the suggested exclusion levels are felt to be quite conservative.
reviewed for this report, the icwest dose indicated as making a

. In literature 5 rads for Tafton
substantial contribution to equipment failure was accut 10
hoses subjected to the additional stress of elevated temceratures and pressures.

100
Other radiation induced equipment failures are associated with doses of

(

f rads or more.

|

.
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One polyethylene / polyvinyl chloride cable insulation, containing a nylon inner
sleeve, did show serious deterioration after 10 years in service at ambient

,

6 rads.10I

temperature of 30 40aC and an estimated radiation dose of about 2 x 10
The nylon in this case was exposed to more than 20 times the threshold damage ~

This may have contributed
.. level and more than twice the 40-60% daaage level. -

greatly to the overall component performance (see Section 3 data for PE and PVC-.

for other pertinent information).

No threshold is suggested for electrical equipment which might fati due to '

hign radiation dose rates; for normal ' aging" dose rates,transient effects of
transient changes in electrical properties are indicated as negligible. -

No threshold is suggested for semiconductor devices or electronic assene11es.
,

-

.

Appendix C of Reference 61 treats a nunter of the materials treated 'Jy this
study and identifies equipment types in which those materials are corrnonly

The tno reviews are basically in agreement, but a few exceptions arefound.
worthy of note:

Data
9 allowable level is indicated for most f aminates.A 10

considered in this review indicates that cellulose (pacer or9 rads. )
e

cotton)-filled laminates would be seriously degraded by 10

01 allyl phthalate (glass-filled) is indicated as an exceptionally ~The threshold cited is
good electrical insulating material.probably for unfilled material, which is not generally used.

e

'

7 rad allowable dose is indicated for most cable insulating
Whfie accurate, it fails to indicate that specifice A 10 ..

materials.
materials are available wnich tolerate much higher doses.

Table 4-1 identifies the lowest threshold found for each material, the reference
first affected.

which provided that value, and the material procerty
|

Tanies 4-2 througn 4 4 identify materials for which sensiti:stion effects were
It is

found for irradiation above threshold and the nature of that effect.f
suggested that test programs =nich maximize such sensitization effects will test {
simulate the synergistic effects that could occur for the materials in an

,

coertting anvironment. .*

4-2 )
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Sandia Laboratories and CERN (Eurcoean Organization for Nuclear Research) have a
number of active programs involving radiation effects and are continuing to supply,

The Radiation Effects Information Center of Battelle Menorial
: ,

new information.; Institute supplied much of this information reviewed here, but is not currently
Two of their major studies are not cited in the reference

I active in the field.'

REIC 46 was neglected since that information is included in Reference
I ~ section.

REIC 38 was neglected because it deals principally with electronic compo-33.

{
nents; information on organic saterials is included in referenced works.

,,

,

A substantial effort was made to include and reference all pertinent information
i One report identified too late to be included in thefrom the literature.

references was UD-NEMA Technical Report No. 708 (1964), which provides data for
Omission of that and any other

the irradiation of a number of plastic laminates.
,

'

as yet unidentified work was unintentional.
.

|

t

s

r
!
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TABLE 4-1

Sul9%RY LIST OF THRESHOLD DOSES )

Lowest Reported Report Property _

Generic Name Threshold (Rads) Ref._ Chanced

Material _
1.5 x 104 47 Elongation

Polytetrafluor ethylene
-

' Aliphatic polyamide (nylon) 8.7 x 104 36 Flex 1tfe

1 x 105 9 Tensile ..

Cellulose strength
(increase)

-

105
55 Tensite

Polyphenylene oxide strength
~

Polyester resins (unfilled) 105 to 106 36 Elongation
(most)

105 to 106 4, 13 Concression -

set (most)Fluorcelastomers

3 x 105 36 Impact ,

strengthCellulose propionate

Cellulose-filled phenotics 3 x 105 36 Hardness

3.4 x 105 55 Elastic
moduluscellulose acetate butyrate
similar toAporox. 3 x 105 .1one
polyethylene .

Polypropylene

3.3 x 105 21 Elongation ,

increasePolyethylene

-}5 x 105 55 Elongation

Cellulose nitrate
5 x 105 21 Thernal

-

resistancePVC(plasticized)

5 x 105 8, 28 Elongation
|

Chlorosulfonated
polyethylene

5 x 105 8 0xidation
Silicone elastomers resistance

6 x 105 55 Tensile
Acetal resin strength /

elongation

6.7 x 105 36 Imoact
strengthAniline formaldenyde

7 x 105 55 Elongation -

Polycaroonate
7 x 105 21 Tenstle/

Acry11e resin (P'HA) elongation

7 x 105 37 Tensile
-

Polymethyl elongation
alenacntoroac yiate

7 x 105 55 Tensile
3utyl rueber strength

,

1

|

. _ . _ . . . . _ _ _ . _ _
,

. _ _ _ _ _ . . . . . . . . . . . . _ _

-
--- ..-.
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Table 4-1 (Continued)

Lowest Reported Report Property
Generic Name Thrtshold (Rads) Ref. Chanced-

Material*

'

Cellulose acetate 8 x 103 9 Tensile
strength

.
-

k Graphite-filled phenolic 8 x 105 36 Elongation

8 x 105 48 Compression
Neoprene set

f
Polyacrylonitrile (fiber) 1 x 106 25 Tensile

L strength

! Propylene-ethylene 1 x 106 55 Tensile /
elongation

polyalloner
Polyacrylate elastomer 106 36 Set at break

{ $111 cones 1 x 106 37 Tensile /-

elongation /
'' hardness

Ethylene propylene 106 55 Compressiont-
' set
5 elastomer

Butadiene rubber 106 37 Czeression
set

|titrile rubber 106 36 Compression
'- set

Urethane rubber 106 55 Corroression
set

Polychlorotrifluoroethylene 1.2 x 106 55 Shear
strength /

I elastic
l modulus

[
Polyvinyl chloride acetate 1.4 x 106 55 Elongation

Ethyl cellulose 1.5 x 106 36 Imoact
strength-

None established 55, 48
Parylene

Styrene butadiene rubber 1.8 x 106 37 Concression
'

set /eTonga-
tion

Vinyl pyridine rubber 2 x 106 36 Comoression
'- set

Natural rubber 2 x 106 36 Concression
set

4
.

Ionomer resins 2 x 106 36 Tensile /
elongation

- Polyvinyt butyral 3 x 106 55 Tensile st.

4-5

{ .b
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Table 4-1 (Continued)

Lowest Reported Report Property

Generic Maine Threshold (Radsl_ Ref. Chanced

Material
~

3.7 x 106 37 Elongation
-

Polyviny11dene chloride
4 x 106 36 Impact

' Casein resin strength .

4.4 x 106 36 Tensite/ ~

elongationPolyethylene terephthalate

6.7 x 106 36 Lnoact
.

strength
~Melamine formaldehyde

(cellulose-filled) ,

7 x 106 36 Elongation
Aromatic polyamides

7.5 x 106 36 Tensile /
elongationUrea formaldehyde

Mone established 23 Elongation
-

Tefzel
S x 106 13 Mot given

Polyvinylidene fluoride
107

47 Elongation /
-

tensitePolyiside

107
36 Elongation

~

Polyvinyl fluoride
1.6 x 107 36 Elastic

roodulusPolyvinyl formal

107 61. 55 Tensile
Acrylonitrile butadiene strength

2 x 107 14 Tensile -)Polystyrene strength

5 x 107 16
Flex strength

Polysulfone
6 x 107 37 Tensile -

strengthPolyurethane resin

7.9 x 107 37 Elongation
Polyester resin (mineral- (most) _,

filled)
8.8 x 107 36

Impact
strengthPolyvinyl carbazole

108
55 Flexural -

Pyrrone resin strength

2 x 108 or more
25, 42 Varies

3 x 108 37 Tensile /
-

Epoxy resin
elongation~ ran resin (astestosu

and C3-f t11ed)
4 x 108 38 Flexural st.

-

Polyester glass faminate
5 x 108 36 Flexural st.

Silicone-ascestos laminate
Asnestos onenolic faminate 109

36 Flexural st.

1.3 x 109 33 Tensile
strength /.'Glass filled diallyl

anthalate elongation
-

_

g)

-
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) Table 4-2 g

$
MATERIALS FOR lAllCll STRONG SENSITIZATION EFFECTS IIAVE BEEN DDl0NSTRATED

iu 0
,

1
'

<1
i '

! MATERIAL EFFECTS RELATED 10* DEMONSTRATED BV C0694ENT ;
3

02 Ileat Other ('j'

') Acrylic X Increased oxidation rate folloutng 800C in air for 1-6 hrs gave about -

i i

,|! Resins irradiation the same damage as 500 hr air storage

detectablechangeafter7X10g60cc
Infilal softening temperature

| | (Pit 4A) X Decreased "sof tening" temperature.

' radsof irradiated acryllcs (" softening" =
j increasing elongation under constant After 2.3 X 106 rads softening teep.

flucite) was 1508C
,

'

, ; ;j LPlexiglass) stress) |',

'{ LPerspen)
X Gaseous degradallon products At lower temperatures cracklag

-

j (gas) cause " foaming" at high temperatures- and crazing would be expected ,|

2 gas diffusion is lleited*

.
4 Increased oxidation rate following Does not occur if radiation was in i

i Cellulose X 'inert atmosphere, nor if moisture4

trradiation
(paper) content was above 31 .

+

r
Increased 18 0 absorptien and(plant flhers) X 2 $

( 11 0 ) H2O soluhtlity.2
i

I Jower radiat|on_rtsistance in air than, lleating in air folloulng irradiation
.

i

| p' Polyvinyl X
in vacuinr[same formulat'len) produces approuleately the same

Chloride
Lower radiation resistance of thin damage as thin film or low dose rate !

films in air than thick samples (same tests i

.i (PVC) formulation)
-

< +

tower radiation.resistancatat lower
<

dose rates _in. ale-

X - effect is related to environment marked*
No - effect is not related to environment marked

blank- no data to indicate whether an effect related to that environment occurs
i

|

.
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Table 4-2(Continued)
9

'

'

HAIERIALS FOR lallCil SIRONG SENStillATION EFFECTS HAVE BEEN DEMONSTRATED
.

i I
: r.

'

g:
I; CapetENT TrI' Ef fEC15 REl AIED TO DEMONSTRATED 8Y '

l' HAIERIAL
02 lleat Other I

Total of 30-400C reduction after-

:| (PVC) Reduced melting temperature after
trradiation in air (but not in vacuum) 11 X 100 rads

X

!
Increased outgassing rates at elevated Outgassing is prlacipally llCL

,

i ,
*

,

|| temperature (alrorvacuum) !
; .;

.

; i. t
I';

FEP teflon shows better oxidation I

'than in vacuisa'{UIne,}t_Ance in airresistance and better total ILower radiation rest
formulaiton)X

[ Polytetra- radiation resistance |f luoroetleylene Lower radiation resistance for thin,i
flies in air than thick samples ,!

! I* ).|| p 'g' (same formulation) i

:I p Temperature resistance not greatly
Sharp reductions in melting point

affected in the range 100-3500F
dien irradiated at high temperature,i o, X

j

?

Reduced fien life of fibers irradiated1 .
1 Allphatic X

|
Polymelde Lower radiation resistance in air than 4 - SX better resistance in vacuam

',in air1

(Polycaprolac- In vacuum
.

tam) !

o|0
iN0 s

}
(Nylon) |

Simliar results at temperatures to 1000C4

i ;

t|

: i :
! i .
>

! 5

\ -

i i
l'

I
,

ii

)j . .] i. .

-
-

.

i*

b# y

.
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,,-1j Table 4-2 (Continued) !!

|5
., } - MATERIALS FOR intlCH SIRONG SENSITIZATION EFFECis HAVE BEEN DEMONSTRATED )|'

|i
|' CGetENT ..

f MAIERIAL EFfECIS RELATED 10 DEMONSTRATED BY !F'
02 Heat Other

; .

Lower radiation resistance in air than
| Polyethylene Ii

in vacuum ,

Lower radiation resistance of thin films {!
.,

than thick samples (in alr)i ,i

j Lower radiation resistance at low dose |f
p[:;

.i ratesl*
J

1 Greatly increased heat resistance if 5i
II, trradlated in vacume ' |:

i} Some increase in temperature resistance i

when irradiated in air ;j!'

', Limit of 15000 in air Related to peroxide formation .

Ii,! t!:,

1

Increased oxidation rate following Radiation resistance generally p!+ I

Polypropylene X less than polyethylene'

[i-irradiation,

Lower radiation resistance in air than,

'

,j In vacuum
!!

I Cross 11nking rates reduced above 350C l;
. ,' t.

iI !
Increased oxidation rate following !,,

Polystyrene X
trradiation js

lower radiation resistance in air than ;,-; in vocuum,

I Approximately 3 times as such damage LET effects for highly

(LET) from neutron radiation as from gauna unsaturated organics :;

.'

or electron

_ _ _- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __-
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i Table 4-2 (Continued)
l<

MATERIALS FOR %#tlCH STRONG SENSlIIZATION EFFECTS HAVE BEEN DEMONSTRATED
!.

IN

CO W NT
|- MAIERIAL iffECTS RELATED 10 DEMONSTRATED BY {4

02 liest Othcr
f

Decreased ostdation resistance 1.lttle detall located
Effect should be greatest with !,ff Polyester X '

Resins longest most unsaturated ester
base,,

(excluding
,

i

t

'

1 'Phthalates)
i

! tower radiation resistance in air than Vitog A " disintegrated" after 8.7
!;

vacuum, inert atmosphere or all X 103 rads at 4000F in air g' jfluoroetas- X

|, .[ toner "OK" after 4.4 X 106 reds at
j!,

'

Increased oxidation rate after 4000f in all ;i
I

; Irradiation g- '
4 u.

- *| 1.-

Some decrease in radiation resistance Holsture resistance generally not !a
, X

i .; at elevated temperature in inert good '

atmosphere.,

s 4 tower radiation resistance at lower
.

l*

_g Neoprene X'

' dose rates
Increased oxidation rates

'

ifollowing trradiation (2 out of 3 i.
formulationstested) Prabable tesperature effects |'

1 4

f |
X tower radiation resistance in Apparently little to no crosslinking

'| for that formulation in vacuum'

vacuum
i (some in air)

,

;
+

)
-

.

I I
.

. I
! .

!,

! i e i ..I i i I,

,4Q' ." '
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If | I ||Table 4-3 ,.

| !., |
MATERI ALS FOR WlilCH * MODERATE" SENSITIZAll0N EFFECTS HAVE BEEN DEMONSTRATED ,j

.! |
7: f '-

it

!'
MATERIAL EFFECTS RELATED TO DEMONSTRATED BY COMENT j

}
'

02 lleet Other,

i a

;h No dose rate influence over range !

'

Cellulose NO
; of 9.2 rad /see to 0.9 rad /secd1 Acetate ik
'3 Same results alr/ vacuum ;

i

Ii Tegerature at break under constant *

X
load decreased from 1700C *

untrraplatedto1350Cafter
- #2 X 10 rads

.

*

.

!, |,.

Lower radiation resistance at low dose
, ,

Terrel X ;
rates,

-; Reduced flex Ilfe in air (not in N ) Reductions in thermal !
2 resistancis probable ,!

l!,

'

ri

Lower radiation resistance in air |i'

5Xy Polysulfone than in vacusse ||
X Lower radiation resistance at ele-

{!
i

vated temperature

i
e

4

P

9

*

i :

:
i

.
a

t

9

=
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lable 4-3 (Continued) ^

I'

MAllRI ALS FOR lAllCH *H00ERATE" SElastillAil0el EFFECTS HAVE BEEN DEH0ftSTRATED.

k* f,'
I C(DeeENT

MATERIAt. Ef f ECTS RELA 1ED 10 DEMONSTRATED BY .J 7 ! !~i | Og Ileat Other ,

f;
j| ,

Results are variable - depends on
!i

,,

)1 Epony lieslas X curing agent ,

Novalac is rated as especfilly ;

3, j oxidation resistant :=i Ostdation may be blocked by I 3',j Some greater resistance to beat plus radiation crossilakingX I!
- radiation than to heat alone

.

'
'I1

X Cellulose filled and unfilled resins ''

Phenolic
(H O) shois increased sensitivity to

,2
i

.
Resins moisture after irradiation

j Ontdation may be blocked by ,,

Temperature plus radiation less radiation cross 11aking
,

| $ 1 X damage than temperature alone for i
'

N

|
4 - I.s

. Variable outdation resistance from
Motsture sensitivity is

i

" minor" to four times as appilcation limiting
I

,

I p Polyurethane X ~~
1 Plastics sensitive to radiation in air as in !j

,,

i wacuun i
!:

'

I |,
Increased oxidation rate folloulng ;,i

'

p' Silicone X irradiation for silica filled 1-
; l Resins
j polystionanes !

Lower radiation resistance at j
X

elevated temperatures i~

!

l Sillcone-altyd insulations and Amidation may be blocked by
|crosslinkingglass filled laminates are more j

{ resistant to temperature plus '

; radiation than to temperature alone '' '
, ;

:
.

i I . I I |I e-' (,w'
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Table 4-3(Contlaued) ;i<

;

! MATERIALS FOR lAllCH W RATE * SENSlillAitou EFFECTS HAVE BEEN M MONSTRATED
.

'{| ' i.

'I,I ff!
C99 TENT

HAl[ RIAL Eff[cis REI ATED 10 MMONSTRATED gy { ',

02 Ileat Other |,
Lower radiation resistance at low Cable insanlation

~ h Ethylene tiX
dose rates i+

Propylene i

One foramelation showed unstable
toccupatibility with fire-

[|X electrical properties after irradiation retardant additive
$I
g-

thlorosul- X Lower radiation resistance at low dose !*
j fonated Poly- rates

|?
- artisylene Lower radiation resistance in air than in ' {vacuun

. |..
.t- Some show greater degradation in air overall aging resistance may.

Guna N X be poor"
than vacuum*

!

Ridsber'

X

(Hitrile) (Mechanical Dynamic P/ essure Test 3500F
Passed 3500F dynamic test
after 1 1 106 rads

;

stress)

Silicone X X Increased oxidation rates following Peroxide residues involved
irradiation -- peroxide cured

rubber ,

Minor changes in thermal propertiesX'

--

O
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Table 4-4 !

MAIERIALS FOR WillCil TESIS INDICATE MlHOR 10100 SENSITilAil0N EFFECTS'

i

j.

CON 4ENT

MATERIAL EffECIS RELATED TO DEMONSTRATED BY

! 02 Ileat Other ~i-
:1

,

Ij
Polyvlayll- I .

Equal radiation resistance in 1.t

air or vace - leo comparative test at elevateddene
fluoride temperatures found

.
,

s

I (Kynar) !

,

Equal radiation in air or vacuun of
Polyce bonate X

3 mit Macrofoil film 100 comparative lest at elevatedIMacrofoll)
LLauan) temperature found ,

i
! !'

- r Flex life of Dacron fibers same for
% Polyethylene I

air or vacuum Irradiation (other
|

Terephthalate Properties also)
I'

I (Dacron) Minor reduction in melting point
' LMylar)" I Radiation resistance unaffected up to !,

t temperatures of 2000C '

i

I Low dose rate test shows greater Reasons uncertain, occurs in air or i
[vacuumscission rates

l Radiation resistance in air is aliout+

-|
Polylwide X

half as much as in vacuus
(ft-ille||j (Kaptoni

,
e

.

~

I

'
i

, 8 | | t )
i 1.._, t.. s

,

v - ;.
*
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Table 4-4 (Continued) e s

; MAIERIAtS FOR lAllCil 1E515 IN01CATE MINOR 10 NO SEN5lillAllen EFFECTS
~ ii.'

i-

3 {1
.!*

|t..
_i|3 CopesENT

'

MAIERIAL EFFECTS RELATED TO DEMONSTRATED BY
|

02 lleat Other ,

,;
4

I Higher saturated adducts show j;=

# Adduct greater radiation resistance
| Rideber I

,

| j.Enual radiation resistance atI
750F to 2000F'

!

: 1 .,

! I

No decrease in oxidation resistance Poor radiation resistance
Scission daninant '|r

.

Butyl I

Ridileer
..-
*,'

ii

Equal radiation resistance in air or Motsture sensitive ;I
-

, 4

- L Polyurethane X
vacuism 't

Rubber'"
s;.

Tenslie strength retention same to i-X
2600F t!

k !!

Comparable radiation resistance in air $ctstion dominant - !
};

Thiokol A

Rubber or vacuum !A

Radiation followed by thereal aging ',.,

no significant thenge

Better resistance to elevated Radiation induced crosslinking |

tesperatures following Irradiation. appears to bicck oxidative ' '|Aramid K*
,

(Essex) About equal resistance to tesperature degradation' ,

LKevlar) alone as to simultaneous temerature/
'ti

|j radiation
I'

|.
|:
E

- i

e
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(ADAPTED FROM REFGENCE 55 AND OTHDS)-

Alphabetic Index of Plastics by Trade Name

,.

.(A)
'

CFEMICAL NAME
TRADE NAME

Polystyrene (PST)
A8COLITE

Acrylonitrile butadine
ASSON styrene (A85)

Cellulose acetate
ACETOPHAME *

Ursa formaldehyde
ACROLITE**

Acrylic resin
ACRILAN

Polyacrylester
ACRYLOID

.. Polyacrylester*
ACRYSOL

Polyacrylacid
ACRYTEX

AFCOLDE
Polystyrene*

Polyethylene
AGILDE-

Polyvinyl chloride
AGILIDE

Polyamide
AKULON

High-pressure polytthylene
ALATHON

Melamine formaldehyde
i ALSAMIT

Polytetrafluoroethylene (PTFE)
ALG0FLON

Polyethylene
ALXATHDE

Polyacetal
ALXON

ALKYLDALE
Polyester
Polyphenylene Oxide (PPO)

ALPHALUZ 400
Acrylic resin

ALTLsLAS
Casein resin

AMER 0!D
Polystyrene

AMPACIT
Epoxy resin

ARALDITE
Polyethylene terechthalate

AA.11TE
Polyester

AROPOL
Polyvinyl chloride (PVC)

ASTRALIT
Polyes*Jr

ALTAC

A1

(
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(B) ~

CFE'81 CAL M PE
TRADE 1 awe _

Pheno 11cs
SMELITE -

Polyvi y1 chloride7
_

Polystyrent
Phenoxy ,

Polysulfone
Polyvinyl chloride

BENVIC
Cellulose acetate

BEX0!D
Polystyrene

BEXTREME Acrylonitrile butadiene
BLENCEX styrene (ABS)

--

Polymethacrylester
8CMOPLEX Polyvinylbutyral
BUTACITE

Copolymer butadine styrene
BUTCFAM

(C)

Phenolic
CALACENE

Polycartenate
CA.wPCO C119

Polyamide (Nylon 6) y
CAPRAM (Film)

Epoxy resin
CARCtntA Polyvinyl chloride
CARINA

Polystyrene
CARINEX

Polyethylene
CARLCNA

Polypresylene
CARLCNA P Urea for naldehyde, phenolic
CASCO RESINS

Polyester
CATABCND

Phenotic
CATALIN

Polyester
CEAPREN

Callulosics
C!LLIDCR

Callulosics
CELLIT

Polystyrene
CELLCFCAM

Cellulosics
CELLCPMANE

Polyormethylene
CELSCN Aniline for'naldenyde
CIBANITE

Silicone
CCVISIL

-
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CHEwfCAL 4AME_
TRADE NAME

Dia11yl-polycaroonate
CR 39''

Polyester
CRYSTIC

Acrylonitrile butadiene
CYCOLAC styrene (ABS).

Melamine femaldehyde--

CYMEL

(0)j

Polyethylene terechthalate
DACRON

Polypropylene/
DAPLEN

01 ally 1phthalate
OAPON

Polyester
OAPCEN

Polyvinyl chloride
DARVIC

$111 cone
O.C. RESINS

Polysaide
OE0ERSON

Acetal
DELRIN

Polyestar
CEIM00ENE

Polyurethane
DESM 00UR

Polyurethane
DESMOPHEN

Epoxy Resin
OEYCON

Polytetrafluoroethylene (PRFE)
DIAFLON ,

Polymethylmethacrylate
DIAKON

Polyviny11 dent chloride
DIORIT

Polyacrylonitrile
00LAN

Polystyrene (sulfonated)
00WEXSON

Polyacrylonitrile
ORALON

Furan resin
OURALON

Polyacetal
OURATHCN

Polyurethane
OURETHANE

Phenolic
OUREZ

Phenolic
QURITE

Polyethylene
DYLAN

Polystyrene
OYLENE

Polyester
OYNAPOL

OYNEL
Petyacrylonitrile

A-3
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(E)

-

CFD81 CAL NAME
TRADE NAMi

Polyvinyl chloride -

EYJ.YYL
Polyvinyl acetate

ELVAZET
Polyvinyl acetate

EMULTEX --
Epony resin

EPIALL
Epoxy resin

EPIKOTE
Epoxy resin

EPON
*

Epoxy resin
EPCPHEM

Epoxy resin
EP0XYLITE

Casein resin
ERIN 01.3

Polyamide
ERTALON

Polyethylene terechthalate
ERTALYTE ]Polyphenylene oxide

'ERTAPHENYL
Alkyd resin

ERVALKYD ,

Pelyurethane
ESTANE

Ethyl cellulose ,

ETNCCEL

(F)

Polyvinyl chloride
-

FLEXCN
Polytetrafluoroethylene (PTFE)

FLUON
Polytetrafluoroethylene (PTFE)

FLUCRLON
Polychlorotrifluoroethylene

FLUCROTHENE
(PCTFE)
Melamine-formaldenyde

FCRMICA
Polyvinyl formal

FORMVAR .

Cellulosics
FCRTICIL

(G)
.

Polyester
GABRASTER

Urea formaldenyde
3ABRITE

Cassin assin
3ANSCLI E

Polystyrene
GECEX

Polyvinyl acetate
3EL7A

Polyvinyl chloride
3ECN

..
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CHO*fCAL NAMETRADE NME

GLIDPOL
Polyester**

GRILON
Polyamide

..

.(H)
,

H FILM and HT FILM Poly 1mide
-

Polytetrafluoroethylene (PTFE)
HALON

Phenolic
HAVEG

HERCULOM
Polypropylene

HETRON
Polyester
Polyethylene

HIFAX
Polychlorotrifluoroethylene

HOSTAFLON
(PCTFE)

HOSTAFLON TF
Polytetrafluoroethylene

HOSTAFORM C
Polyczymethylene

HOSTALEM G
Polyethylene

HOSTALEN PPH
Polyprooylene

Polyvinyl chloride
HOSTALIT

HOSTYREN
Polystyrene
Polytettsfluoroethylene (PTFE)

HYDEFLON

(!)

- IGAMID U
Polyurethane

IGELIT
Polyvinyl chloride
Polyvinylidene chloride

IXAN

(K)

XAPTON (FILM)
Polyimide

Phenolic
KAREATE

Polycalorotrifluoroethylene
KEL F

(PCTFE)
Ndified solyvinyl enlaride

KCROSEAL
Acrytenitrife tutsoiene

KRALASTIC styrene (ABS)

8clyvinylidene fluoride
KYNAR

A-5
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(L)
CHEMICAL MAME

TRADE NAME

Polystyrene ~

LACORDE
Cellulosics

LACTOPHANE
Polyester

LAMINAC -

Polyester
LEGUVAL Epony resin
LEKUTHEM

Polycarbonate '

LEXAN
Polystyrene

LORKALDE Polymethyl methacrylate
LUCITE Polyvinyl chloride

.,

LUCOVYL Polyethylene
t.UPOLEN Styrene acrylonitrile (SAN) ~

LURAN Acrylonitrile butadiene
LUSTRAN styrene (A85)

,

Polystyrene
tUSTREX Polyvinyl carbazole
LUVICAN

.

(M)

Polycarbonata ,)
MAKROLON ,

Epoxy resin
MARAGLAS -

Phenolic
MARSLETTE

Polyester
MARCO let

Polyurethane -

MARFOAM
Polyethylene

MARLEX
.

Polyvinyl chloride
MARVIN0L Polyethylene terechthalate
MELINEX Melamine femaldehyde
MELMAC Melamine femaldehyce ,

MEtox
Polyprooylene,

MERAKLON
Polycaroonate

MGLON -

Polyprocytene
MCPLD

Polyvinyl acetate
i MCWILTH Polyethylene tereonthalate

MYt.AR
! Polyester

ML1.7RCN

4
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(N)

CEMICAL N#8E
TRADE NAME

~~

,

NAILONPLAST
Polyamide

Pnlyamide(aramatic)"

NO8EX YARN--

Polyphenylene oxide
NORYL

Acrylonitr11e butadiene
NOV00UR styrene (ABS)

--

Epoxy resin
NOVOLAC

Polycarbonata
NUCLON'-

Polyamide
NYLONi-

c.

! (0)
..

Polyprooylene
OLETEMP,.

Polyvinyl chloride
0PALON

CRGANID
Polysnide
Polyethylene

ORIZOM
Polyacrylonitrile

ORLON
Polymethacrylester

CROGLAS

(P)
*

l Polyester
i PARAPLEX

PARLDE N.C.D
Parylene

f PERLON
Polyurethane

'' PERLON L
Polyamide

Polymethyl methacrylate
PERSPEX

Phenolic
.

PHENOLINE

PLASTISSUE
Polyethylene film

PLASKON ALXYD
Polyester

Cellulose acetate
PLASTACELE

'

PLEOGEN
Polyester
Polymethyl methacrylate

PLEXICUR
1

PLEXIGLAS
Polymethyl methac7 ate

PLEXILEIM
Polyacrylacid
Polyvinyl chloride

PLIOVIC
Phenolic

PLYOPMEN
j Polyvinylcartazole

POLECTRON

l
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CHEMICAL MA.*E
TR ACE %*E

Polyethylene ~

POLYOUR Polytetrafluoroethylene
POLYFLON polyethylene
POLY 0% -

Polystyrene
POLYSTYROL

Polyethylene-
POLYTHENE Polyvinyl chloride ~

POLYWERM Polyvinyl alcohol
POLYVIOL

Polyphenylene oxide
P80 -

Polyprooylene
PROFAI

Polypropylene
PROPATHENE Polyvinyl acetate m
PRCPICFAN I

(R) ,
~

Polyolefin
RAYOLIN

Cellulosics
RAYON Melamine formaldehyde ,

RESIMENE .

Phenotic
RESINCL

Phenolic ,

RESIN 0X
Phenolic

RESOCEL )Phenotic
RESCFIL

Cellulose acetate
RHCDANITE .Polyvinyl acetate
RH00CPAS Styrene acrylonitrile (SAN)
RH00CRSIL

Polyamide ~

RILSAN
Phenotic

RCSITE 2000

(5)
Polyvinylbutyral

-SAFLEX Styrene-scrylonitrile
SAM Polyvinylicene calcride
SARAN Polyvinyl :nloride
SARAN F

Polyester
SELEC*RCN Polyvinyt enforide
SICRCN

Polyes*.ar
SILwAR

Polyurethane
SCOETHANE

Polyure:nane
SCLIWANE
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C m ! CAL 4AME

TRADE NAME

Polyvinyl chloride
F SOLVIC

Polyvinyl chloride
SOM0PLAS

Polytetrafluoroethylene
50REFLON

Cellulose acetate. . .

STRUX..
,

Polystyrene
STYROFOAM

Polystyrene
STYRON

Polystyrene
STYROPOR

Ionomer resin
SURLYN

Polycarbonate
SU5TORAT

Silicone
SYLGARD

Phenolic
SYNVAREM[* Phenolic
SYMVARITE. Urea femaldehyde
SYNVAROL

.

.

(T)

! Polyvinyl fluoride
TEDLAR( Polytetrafluoroethylene
TEFLON

Cocolyner of hexafluoroorocy-
TEFLOM FEP 1ene and tetrafluoroethylene

Polyprooylene
TEMITE

Cellulose acetate butyrate
f' TENITE SUTYRATE

Styrol polymer
TGLURAN*

Polymethacrylester
TDPLEX[- Polyethylene terechthalate

L. TERYLENE
Polytetrafluoroethylene

TETRAN
Polyurethane.

TEXIN
Polyprooylene

TCRTULEN P**

Polyethylene terechthalate
TREVIRA

Cellulose acetate
TRIACEL

Polychlorotrifluoroethylene
TRITHENE

Polyamide
TRCGAMID

Polycrooylene
TRCLEN P

Polystyrene
TROLITUL *

Polyvinyl chloride
RULON

| Phenolic
TUFNOL

|
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)
CFENICAL %wE_

TRACE W E_ ~

Acrylonitrile butadiene
TYERENE styrene (A85)

Polyvinyl chloride _

1YGON

-

(u)
Polysulfone

UDEL Polyester resins ~

UKAPON
Polymide

ULTRMID Polyvinyl chloride
ULTRON Urea formaldehyde

-

UROX .!

.,

(v)
Phenolic

VARCU4 Polyvinylidene chloride
VELON Polyiside
VESPEL

Poly mide
VESTAMID

Polyviny11dene chloride
VESTAM

Polyethylene )
VESTOLEN Polyvinyl chloride
VESTOLITE

Polystyrene
VESTYRCM

Polyester
V!ERATHANE

Polyester
VIBRAIM Polyvinyl alcohol ,

VINAROL
Polyvinyl acetate

VINAVIL Polyvinyl chloride
VINIDUR

Polyvinyl acetate
VIMNAPAS

Polyvinyl chloride
VIMNCL Polyvinyl chloride
VINCFLEX PC

Polyvinyl acetate
VINYLITE A Polyvinyl chloride
VINYLITE

Polyvinyl chloride
VIPLA

Cellulosics
VISCOSE

Polyvinyl entoride .

VYBAK

-

A.70
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CFEMICAL NAME
TRADE MAMEr-

1

Polyvinyl chloride'

WELVIC
Cellulose acetate," WOPALON

. ...

. .

(X)-

Cellulosics
XYt.0 NITE'

Polyvinyl chloride
XYNEL,

,

i

(Z)
.. Polyurethane

Z FOAM
*

PolyethylacrylateL ..

IETAFIN
Polyamide

i~ ZYTEL

6.

e*

1.

e .

f.
-.

b.

!

t.

0 '

..

e.*

9

. . .
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Alphabetic Index for Elasteme-s by Popular Name

TRACE NAMES
CFEMICAL DESIGNATI0M_ -POPULAR MME

Acrylon
. Acrylics Polyacrylats Angus HR, SH

-

Hycar
_

Lactacrene
Paracil CHT
Precision acrylics
Thiacril .-

Vyram

Bucar butyl
Butyl GRI Isobutylene-iseprene Enjay butyl -

Hycar
I.I. mbber -

Oppanol 3
Petro-Tex butyi '

Polysar butyl
Precision butyl
Vistanex M

'

Ethylene prooylene Angus KR
APKEPR

~

C 23
Dutral M
Enjay EPR
Nordel )
01 ethene -

Flucrcelastemers Vinylidene fluoride Angus VA, SV -

Fluorelhexafluor:grecylene Precision fluoro
Viton

-

Precision fluoro siliconeFluoro-silicone

Trifluorechloro-ethylene- 511astic LS 53
vinylidene fluurida

Chloresulfenated
Angus HM
HypalonHypalon solyetnylene Precision hypaion

.

CoralMatursi polyiscerene
Natural Ruccer DRP -

1atsyn
Ckolite
Shell iscortne
Tesns 8..t.

A-12 )
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POP'JLAR NA.W CHEMICAL DEstG. NATION TRACE NAM S

Neoprene GRM Chloroprene Angus G
p Meoorene

Ckoprene.

Pereunan Co.

Precision necorone
Sovprener~

8 ---- U.S. rubber neoprene
'-

~

[* Nitrile; Suna-N; Acrytonitr11e-butadiene Angus 05, 'dR, FR,LR, E. P
Butacril

;, G.R.A.; N.B.R. Butraprene
ChemiguS
Chemivic, . .

j FR-N
; Hertcro1

Mycar OR
Part.er Nitrile,.

j Pertunan
a. Polysar Krynao

Precision Nitrife
I' Royalite

Tylac-

'-

Ameripoi C3
!~ Polytutadiene; Butadiene BR rutter
j- Buna; 5.X.A. Budene

Cisdene
Diefte
Duradene
Duragen.

Polysar tacttene
9 5.X.3.
i Texus syncol ESR
4. Trans 4 or cis 4

Americal SM
Polyisoprene Synthetic Synthetic polyisoprene

Coral
DPR
Natsyn

*
Philorene
Shell IR'

Trans PIP Cariflex

Otisocyanate-colyester or Adicrene
Polyuretaane Chenigum XSLpolyetner

Cenathene
Contilan
Cyancorene
Cesmodur
Oes:nolin
01sogetm
Elast: cast
Elastolan-

Elastothane
*

Estane
3entaane''

A-13
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TRACE NAMES ,)
CHEMICAL CESIG'IATION

POPULAR NAME.
Guldfoam

.

Lamigam
Mearthane
Microyon

-

%1trathane.

Pagulan
Phoenolan
Polyven -

Precision urethane
So11 thane
Texin
Vorylen ,

.

Vulcarerene.

Vulkollan

knerfool _

SBR; Buna-5; Styrene-butadiene Angus R.G.
GR5; SKS ASRC Polymers

Butaorene 5
-

Cartonix
Cariflex
Chemigum IV
Ceco
Darex
Duradene
Flosbrene
FR-5
Gen-flow
Gentro ')
Hycar 05 E. TT .

Krylene
Kryflex
Navgapol
Naug atex
Philorene
Plioflex
Pliolite 5
Pliotuf
Polysar 5
5 Polymers
Solorene
Synool
Tylac

Angus SIL, SISPolystloxane
Arcos11Silicone
Conclastic
Fairprene

General Electric SE Al.

Parter Silic:ne
Rhodorsils
RTV
Silastane
511astic
Un1on Carside :<.Y.

A-14 )
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( popuuut NwE CHEMICAL DESIGNATION TRAOE NMES

Thiokol; GRP Organic polysulfide Alkylene polysulfide
I. F.A. polysulfide rubber
'' Perduren

Precision Thiokol
T~ 5.T. polysulfide rubber

;-~- Thfoplasts
i ' Yuicaplas

f Viny 1pyridine Sutadiene.2-methy1 Philprene
5. vinyl pyridine6.

-r
*

.! .

t.

f*
e
1

4

8*

$
4.

e. -

l..
f
1
e
.

O

.e.

..

O

b.

l

3
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RESPONSE TO NRC VERBAL COMMENTS ON
MECliANICAL EQUIPMENT ENVIROT4 ENTAL QUALIFICATION

SHOREHAM NUCLEAR PO'..'ER STATION - UNIT 1
LONG ISLAND LIGHTING COMPANY

1. What safety related mechanical equipment has not been
environmentally goalified, and when can interim
justifications be supplied?

A: Cualification has been ecmpleted on all but a few items
of equipment. Justification for utilizing the balance
of the equipment until the first refueling outage will
be provided prior to fuel load.

2. NRC's concern is that LILCO response to Item 270.2
(SNRC-737) regarding the maintenance and surveillance
program to ensure operability appears to be cc:enitting to
less than the original Chapter 5 commitment in the EQ
Report.

A: The conceptual approach to using this data to improve
plant reliability and safety envisio*t usi:q "he recent
availabilig of remote acccasing of the PPRLS data base
by the maintenance group and the Inuependent Safety
Engineering Group (ISEG). LILCO has participated in
NPRDS Report Writer User Training and has obtaincd the
logon and password capabilitics. Additionally,
operational feedback received from the following will
be factored into the maintenance program; NRC via LER's
Bulletins, Circulars, and Information Notices; General
Electric and other NSSS vendors; NSAC/INPC through its
Nuclear Notepad and other programs, and other service
contracts such as NOMIS. Specific data requirencats
may be identified by LILCO Office of Nuclear personnel
including Shoreham Nuclear Power Station, Nuclear
Engineering Department, Nuclear Operations Support
Department, as well as other Company departments and
INPO.
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RESPONSES TO OPEN ITEM FROM

NRC ENVIRONMENTAL QUALIFICATION AUDIT

JUNE 2 and 3, 1982

SHOREHAM NUCLEAR POWER STATION - UNIT 1
LONG ISLAND LIGHTING COMPANY

NRC issues raised in the NRC trip report have been excerpted, and
the LILCO answer is provided following each NRC issue. A number
of attachments are mentioned in the LILCO answers. These are
provided at the end of this issue and answer format along witt.
additional useful data.

An index of the material provided follows this introduction. In
order to aid in locating the material, the item numbers in the
index are cited in the responses, such that item 2 of the index
is referred to as (2*).
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INDEX

ENVIRONMENTAL QUALIFICATION AUDIT OPEN ITEM RESPONSES

1. NRC issues raised and LILCO responses

2. Ganima Radiation Calculations:

a. Stone & Webster SNPS-1-UR-22-F Rev. I

b. GE Appendix B, Gamma Exposure, from TR 74-502-2

3. General Electric Documentation

a. GE Dwg. 133D9636 Medium Voltage Penetration

b. GE Parts List No. 3?8x193AC

c. GE Installation DWG. 130D9627AC Elect. Pen. Low Voltage
(2 pcs.)

d. Parts List No. 386x110AC

e. Parts List No. 386x210AC

f. Parts List No. 159C4679

4. General Electric Specification 262A7076

Sealant (Encapsulation Compound)

5. G.E. Letter to SWEC, April 29, 1981, JWB-T-2084

Subject: Electrical Penetrations, NUREG 0588 Qualifications
6. Required Service Conditions Sheet

a. Component List Attachment

7. 100 Series Containment Electrical Penetrations
Low Voltage Qualification Test Report Addendum 1
a. DWG. & Parts List No. PL 195B9474, Rev. O

b. DWG. & Parts List No. PL 195B9475, Rev. O

c. DWG. & Parts List No. PL 195B9476, Rev. O

d. Eng. Change Notice, DWG. No. NE 47750, Sheet 1

__



8. G.E. Letter to SWEC, September 24, 1976

Subject: Qualification Tests - Progress Report (EMR 300 &
301 Test Summary)

9. Test 107-76-05, Use of EMR-300 Epoxy

10. Letter SNRC-250, February 8, 1978

Subject: IE Bulletin 77-07

a. Table 1, Conditions of service

b. Attachment 1, GE Recommendations on Leak Testing

11. Letter LIL-8795, May 11, 1976

Subject: Reactor Containment Electrical Penetrations
(G.E. Testimony before Joint Congressional
Committee on Atomic Energy)
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100 Series Medium Voltage Electric Penetrations

NRC Issue

"Two radiation calculations, one in the test report and another
(SNPS-1-UR-22-F) in the fjle were performed to reduce the
required dose to 3.9 x 10 rads. Both of these should be
provided to the staff for verification of the postulated dose."

Answer

The radiation calculations are attached herein (2*) for NRC staff
evaluation.

NRC Issue

"The limiting material. for containment isolation was EPR. The
applicant, however, should identify to the staff other materials
which are required for containment integrity."

Answer

The attached parts lists and drawings (3*) show the 100 series
medium voltage penetration. The only other non-metallic
component in the 100 series penetration is item 28 SEALANT part
No.262A7076 P001 (see specification No. 262A7026) (4*). This
item provides a support function only, preventing the cable from
moving inside the sleeve; it does not perform a containment
isolation function. The EPR rubber is the only item which
performs a containment isolation function. (Refer to GE letter
to SWEC dated April 29, 1981) (5*).

NRC Issue

"The most recent revision to the EOSR indicates that these
penetrations perform a safety function for line breaks outside of
the drywell. Qualification for the environmental conditions of
these breaks was not addressed. Previous submittals, however,
had prescribed functionability for a LOCA only. Clarification in
this area is therefore required."

Answer

All 23 GE Penetrations were assigned a generic Operating Code,
Duration, and Safety Functions, that were considered most
limiting for plant operation.

The 100 series medium voltage electrical penetrations perform a
passive function only for the duration of an accident. They do
not function in any way for a PBOC, but must maintain containment
integrity to allow proper isolation and electrical properties.

Page 1 of 8
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|,

Environmental conditions are not addressed because a PBOC
provides a less severe transient than is postulated during a
LOCA. Primary and Secondary seals of the General Electric*

Penetrations (Series 100) are located in Zones G&H in the RBS;
the environmental conditions (6*) are as follows:

' Normal Radiation (Zones G & H) 1.8 x 10 Rad

Duration 40 yrs
I

6 months Accident Dose (Zones G & H) 5.75 x 10 Rads for LOCA
3.45 x 10 Rads for PBOC

1 Temp. Zone (11) 190 F within 29 sgc
Decreasing to 120 F in 9
hrs

1 Decreasing to 104 F in 16
hrs,

! Pressure (peak) 0.9 psig within 10 sec
Decreasing to 0 within 17
hrs,

Humidity (RH) 100 %

Because the 100 series penetrations consist of two redundant,
identical seals and the primary seal was successfully
environmentally tested with no failures at much higher;

temperature, pressure and radiation levels, it is anticipated,

that the penetrations will perform their function during a PBOC
without failure.

i

!

,

(

!
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NRC Issue

"The applicant committed to Type B testing as described in
Appendix J of 10CFR Part 50 for periodically verifying the
leaktight integrity of these penetrations. The applicant should
confirm that epoxy or rubber seals in the conductor modules will
be subjected to leak testing in this program, and should describe
the corrective action to be taken if unacceptable leak rates are
obtained in service."

Answer

Electrical Penetrations 1T23-Z-WA2, 1T23-Z-WA3 and 1T23-Z-EA2 (GE
Series 100 medium voltage) will be type B leak tested in
accordance with the frequency and acceptance criteria prescribed
in Appendix J of 10CFR Part 50. During this testing the EPR
rubber seal will see a test pressure of 48 psig dry nitrogen. If
unacceptable leak rates are obtained during this testing, the
cause of the excessive leakage will be investiga*ted and if found '

to be due to an EPR rubber seal degradation, then the degraded |
seal will be repaired at the first convenient opportunity.
In addition to the above leak rate testing program, these
electrical penetrations will be maintained at a pressure of 25
psig, (i.e. each electrical penetration will be pressurized to 25
psig of dry Nitrogen). Each electrical penetration's Nitrogen

|pressure will be checked at an interval of once per every three
months (this interval may be gradually increased to a maximum of

|
once per every twelve months based upon an evaluation of each
electrical penetration's past performance with respect to its
capability to maintain 25 psig of dry Nitrogen). If during these
periodic checks of the electrical penetration pressure it is
discovered that a seal is not able to maintain a positive
Nitrogen pressure due to a small leak, then consideration will be
given to periodically purging the penetration in question with
dry Nitrogen until the affected seal is repaired.

.

.

a
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200 Series Low Voltage Electrical Penetrations:

NRC Issue

"The applicant did not address, however, high energy line break
conditions outside containment and their effect on secondary seal
integrity..... In addition, the radiation dose on the secondary
seal w9s only 1.3 x 10 Rads, compared with a postulated value of
4 x 10 rads."

Answer

The 200 series penetration also has two redundant identical seals
| and both seals are located on the Primary Side of the containment

wall, for Groups 6, 10, 11, 13, and 14. Therefore, a PBOC will
have a negligible effect on the primary seals of these
penetrations.

Page 3 of Test Report 994-76-018 Rev. 1, states:

" Test Hardware Configuration"

"The test penetration was a standard 200 Series design with an
additional Shield Building Module Seal installed on the end of
the penetration outside the reactor. This additional seal had no
effect on the Primary 200 Series seal. The Shield Building
Module was positioned approximately 8 ft from the primary seal
and consisted of epoxy sealant being poured around the cables
which were supported in a 2.50 inch sleeve."

The standard 200 Series design does not have a Shield Building
Module Seal installed, and therefore, the radiation dose received
by it is not relevant to the Shoreham Plant.

Page 4 of Test Report 994--76-018 Rev. 1 states: "All
modules were installed in a header assembly during each phase of
testing except for Gamma Exposure.

The Gamma test facility required the modules be removed from the
header and each module was exposed independently. The modules
were reinstalled in the header assembly following the gamma
exposure."

The header assembly is not affected by a radiation dose, since it
is a metallic assembly and no degradation will take place. Test
report 994-76-018, Rev. 1, defines the maxigum allowable
containment integrated gamma dose as 1 x 10 Rads and
analytically apportions this containment dose to the epoxy by -

considering the protection afforded by the geometry of the
penetration. Each module was subjected to the exposure shown
below:

Page 4 of 8
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Shield Bldg.
Modules Serial No. Primary Seal Seal (N/A to Shoreham)

4/0 AWG TG-8 5.3x10 Rads 1.3x10 Rads
2 AWG TG-7 9.8x10 Rads 1.3x10 Rads
8 AWG TG-6 6.7x10 Rads 1.3x10 Rads
12 AWG *G-5 6.0x10 Rads 1.3x10 Rads
T/C TG-3 5.0x10 Rads 1.3x10 Rads
SRM/IRM TG-1 5.1x10 Rads 1.3x10 Rads

The shield building seal, which is not applicable to Shoreham,
received a lower exposure due to a shielding effect by the
primary side seal during the gamma exposure.

The following penetrations have the epoxy modules located inside
the containment (RBP) and pherefore the primary side of the epoxy
module receives the 3.9x10 Rad exposure (TR 994-76-018, Rev. 1,
pages 9-13) calculated in the test report.

SWEC ID No. GE Group No.
1T23-Z-WB1 6
IT23-Z-WC4 10
1T23-Z-WD1 11
IT23-Z-WB6 13
1T23-Z-WC6 14

All other 200 series low voltage electrical penetrations have the
epoxy seal modules located in zones G and H of the Reactor
Building Secondary (RBS).

The required limiting radiation for these zones is:

6
5.75 x 10 Rad Gamma for LOCA
3.45 x 10 Rad Gamma for PBOC

which is much less than the equipment exposed to during the
testing.

The required limiting temperature is:

194F decreasing to 120F in 9 hrs., and decreasing to 104F in
16 hrs.

,
The required limiting pressure is:

0.9 psig decreasing to atmospheric in 17 hrs.

as cpposed to equipment testing parameters:

340F at 103 psig for 4.5 hrs.
328F at 80 psig for 3.5 hrs.
275F at 26 psig for 17.5 hrs.
210F at 20 psig for 12 days, 6.5 hrs.,

and a minimum tested value of 5 x 10 Rads as listed above.

Page 5 of 8
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PBOC conditions were not originally addressed, because the
penetrations successfully~ passed a much more severe accident
profile without failure for a longer period of time.

NRC Issue

"Unlike the 100 Series penetrations, the 200 Series penetrations
supply power to 1E equipment in the drywell. The referenced test
report and analysis performed by the applicant are insufficient
for demonstrating that the penetrations can carry rated current
and voltage under accident conditions."

Answer

Page 2 of test report 994-76-018, Rev. I states:

"This test report documents objective evidence for design
verification of the 200 Series Electric Penetration, Low Voltage
Design for both integral and free-standing containment
applications. As the 200 Series design is similar to the 100

| Series in most respects, the objective evidence herein is
supplemented by the qualification test report for the 100 Series
design."

Since a similarity to the 100 Series penetration can be shown,
please see Addendum 1 to the LOW VOLTAGE QUALIFICATION TEST
REPORT for 100 Series Containment Electrical Penetrations,
attached (7*).

Additional evidencd of successful testing is presented in the
Nuclear Regulatory Commission's findings on the electrical
penetrations at Diablo Canyon. (Ref. Diablo Canyon SER., Supp.
9, Sec. f) .

"The applicant in Section 3.11.3-6 of the FSAR indicated that
electrical penetrations have been successfully type tested. The
type tests included temperature pressure and relative humidity.
It appeared, from this information, that exposure to chemical
spray, radiation preconditioning, and energizing of the
penetration during simulated LOCA testing may not have been
included as part of the qualification type tests as required by
IEEE Standard 317-1971.

Subsequently, the applicant provided, in submittal dated October
22, 1978, for audit review, an additional test report
No. 74-502-3, 100 Series Electrical Containment Penetrations Low
Voltage Qualification Test Report, Addendum 1, dated March 1974
(7*).

This report indicated that the low voltage power and control
instrument signal and thermocouple penetrations were further
tested as follows:

1. Thermally cycled 40 times from 50 to 150 to 50 F at
95 percent relative humidity at the rate of 3 to 4
cycles per day.

Page 6 of 8
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62. Exposed to 5 x 10 Rads at 3 x 10 r/h before the
penetration was' exposed to LOCA environment.

During the subsequent LOCA test, the penetration was exposed to
steam environment with pH above 8.2 and 100 percent relative
humfdity for 193 hours (3 hours at 340 F and 102 psig, 3 hours atg
320 F and 81 psig, 18 hours at 260 F and 23 psig, and for 169g
hours 250 F and 16 psig. The cable passing through the
penetration was energized during this test.

Based on our review of the test report No. 74-502-3, we conclude
that the test conditions adequately enveloped the design
conditions defined by the Applicant for a LOCA and steam line
break accident, that the tests satisfied the qualification test
requirements of IEEE Standard 317-1971, and that the GE Series
low voltage penetrations have therefore, been acceptably
qualified environmentally."

NRC Issue

A greater than 40-year qualified life was established by
comparison wita data for N229 epoxy used in the 100 series
penetration. The staff does not agree with this evaluation. IE
Bulletin 77-07 and related reports describe adverso operating
experiences with N229 epoxy."

Answer

Please refer to test report 994-76-016 (*8 & 9) Test 107-76-05 -
use of EMR-300 Epoxy, dated September 29, 1976. The conclusion of
this test report on page eight provides sufficient evidence of
acceptable epoxy integrity under the required operating
conditions.

The adverse operating experiences, noted in the above question
regarding the N229 epoxy, refer to epoxy adherence to the
conductor (Farley 1 & 2) and transition connector insulation loss
(Millstone 2). The epoxy adherence problem at Farley 1 & 2 was
caused by tin plating of the conductors. To increase epoxy
adherence at Shoreham, GE Scotchkoted the conductors by a fusion
process. (Ref. GE testimony before Joint Congressional Committee
on Atomic Energy - 1976(11*). The problem of loss of transition
connection insulation was resolved at Shoreham by insulating the
entire length of the conductor within the penetration. Therefore,
the adverse experiences noted in Bulletin 77-07 are not
applicable to the Shoreham penetrations (10*).

Please note that all information, with the exception of Diablo
Canyon, SER. 9, Section F, is presently part of the Electrical
Penetration Qualification Document submitted at the June 2 and 3,
1982 NRC Site Audit.
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NRC Issue

"IE Bulletin 77-07 and related reports describe adverse operating
experiences with N229 epoxy. It is, therefore, appropriate that
the applicant describe the surveillance program to be utilized
for monitoring or detecting inservice degradation of these
penetrations, if one is to be established. Although a commitment
to Appendix J leak testing for 100 Series penetrations, none has
been made for the 200 series."

"If a test program is to be utilized for monitoring inservice
degradation it should be submitted to the staff for review and
evaluation. The frequency of surveillance, type of testing,
minimum acceptable values, and corrective action for unacceptable
test results described."

Answer

The following electrical penetrations will be given the same
treatment described for the 100 series medium voltage
penetrations (i.e., all of the GE 200 series low voltage
electrical penetrations listed below will be Type B leak tested
in accordance with Appendix J of 10CFR Part 50, maintained at a
pressure of 25 psig with dry Nitrogen, periodically checked and
purged with dry Nitrogen if required):

1T23-Z-WB1 1T23-Z-EAl
IT23-Z-WB2 1T23-Z-EA3
IT23-Z-WB3 IT23-Z-EB1
IT23-Z-WB4 1T23-Z-EB2
IT23-Z-WB5 IT23-Z-EB3
1T23-Z-WB6 1T23-Z-EB5
IT23-Z-WC4 1T23-Z-EB6
IT23-Z-WC5 IT23-Z-EC3
IT23-Z-WC6 IT23-Z-ECS
IT23-Z-WD1 1T23-Z-EC6
1T23-Z-WD2 IT23-Z-EDS
1T23-Z-WD3 IT23-Z-ED6

Page 8 of 8
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APPENDIX E

GAMMA EXPOSURE

INTRODUC TION

The effects of radiation exposure on the electrical penetrations are directed

specifically at the sealant compound and its interface with mating parts; i.e. ,

the ability to maintain an adequate bond adhesion. In qualifying the penetra-
t

tion for service environments described herein, the following constraints.
.

are established:

1. The maximum containment integrated dose, both for normal and loss-

of-coolant accident, is considered to be isotropic over a 2 e solid angle.

2. The objective of the penetration performance is to maintain containment

integ rity.

3. The maximum integrated dose (gamma) occurs during post-accident

( conditions.

This report defines the maximum allowable cc,ntainment inte. grated ga:-.ma

j dose (1 x 10 R), then analytically apportions this containment do se to the

epoxy by considering the protection afforded by the geometry of the penetra-

don.'

'
.

This analysis was used to determine the actual hardwarc radiation ex,.:sure

in order to qualify the electrical penetrations .

! REQUIR EMENTS

CONTAINMENT INTEGRATED GAMMA DOSE

The maximum containment integrated gamma dose is established, by defini-
8

tion, at 1.0 x 10 Rads. .

i

.

5-3

. .

., p_ __ _

.W - @@M- * " " * * ' * '

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



.

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

. p3___
-

- --- -- m s m %, _ _ _g m w 3

.

i

( ENVIRONhiENTAL (CONTAINhiENT) SERVICE
CONDITIONS

The electrical penetration shall maintain containment integrity when the con-

tainment environment is subjected to the conditions listed in Table 5-1.

TABLE 5-1

ENVIRONhiENTAL EXPOSURE REQUIREhiENTS

y Integrated Dose
Temp Pressure

Event 'F p sig Time % RH (Accumulative) Rad

The rmal 50 to 0 3 cycles - 100 1 x 10

cycle 150 to 50 24 hr (40 yr

normal SVC)

LOCA 340 125 6 hr 100 2 x 10

325 62 5 hr 100 3 x 10

290 62 240 hr 100 4 x 10'

( 250 25 24 hr 100 4. 5 x 10

225 20 1 yr 100 1 x 10

RADIATION APPORTIONhiENT

1

LNTRODUCTION

This analysis determines the gamma radiation level which would be "seen"
|

by a " detector" located at the epoxy seal of the module assembly.t
'

In summary, the epoxy seal is housed in a steel cylinder, approximately
This seal, when installed in the 2.00 inch thick2.12 inche s in diameter.

steel header plate, becomes located behind the surface of the header plate.

The seal can thus be treated as a detector located in a tunnel, thereby re-

ceiving the appropriate radiation shielding, which is detailed in the analysis .

b elow.

(
Two installations are available: (1) the penetration located inside the con-

tainment and (2) the penetration located outside the containment at the end

t

. - - - - - -
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of a three foot nozzle.
In both cases, barrier protection afforded by cables,

junction boxes and other extraneous hardware are ignored.

ANALYSIS, PENETRATION INSTALLED INSIDE
.

CONTAINhiENT --

Figure 5-1 defines the plan view arrangement of the penetration and detector

location relative to the containment environment.

I
GIVEN: Containment y dose = 1.0 x 10 R

81. 0 x 10 R 7
2 x sieradians = 1. 59 x 10 R/ Ster

From Figure 5-1

Solid angle of each of 4 shielded zones:

f = 2rrh 2rh
where values are scaled from Figure 5-1.*

y 2 r
r

(

whe re:

1 = thickness of material between module header hcles.
d= diameter of the unprotected header hole.

radius of circle = 1+d/2, r=
1

| t= average thickness of the steel header plate in the
respective solid angle.

h = 4 equal lengths of vertical line as shown.
||

l

|

! 2, (0. 92 )
i and 4 : = 1.351 4.250

2 9 |
2 ed /4 r (2.12 )~43 = A/z = -= = 0. 882Z 2

Check (2*
i(

42 = 27: - 4 ( E ) = 6. 28 - 4 (1. 3 5) = 0. 88I

5-5
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l GIVEN: Containment y dose (R,) = 1. 0 x 10 R

y dose. (R ) at module epoxy (detector D )
33

..

- - . -- --

. .. . ..

R
1 (Ste r)[4 +! B]R =

2 n

transmission or protection factor of the steel defined by
where B =

n thickne s s t shown on Figure 5-1.
n

From Figure 5-1 B (Factor)

t = 0.934 0.7
y

t = 2.50 0.2
2

3.M 0.12t =
3

t = 3.00 0.15
4

! 7
(1. 59 x 10 ) [ 0. 88 + 1. 35 (0.7 + 0. 2 + 0.12 + 0.15)]

' *

R =. .
3

7
(1. 59 x 10 ) (O. 88 + 1. 58)=

t.

3.90 x 10 R=

,

QUALIFICATION TESTING

LEVEL OF EXPOSURE / ENVIRONMENTAL EXPOSURE
.

In order to minimize the nur'nber of irradiation exposure tests, a conserva-

tive minimum value of 4 x 10 R was selected as the integrated dose level

applied to the qualification hardware. Table 5-2 lists the qualification hard-
ware and the respective irradiation dose level together with subsequent

environmental exposure te sts to which the hardware wa s subjected.

Irradiation exposure wa's performed at the GE-Vallecitos.

The following summarizes the radiation levels. -

Serial No. 6577788

7
e Accumulated dose 5 x 10 Rs

Rate 3. 5 x 10 r/hr

. .

)- . . . - - . - - - - - . -
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SUFFIX MunfER T E001
PL REVr 2 30C REV

CNFL-P:C CNPL-D
TITLE ELECTRIC PENETRATION, ECSARC

*

GTY DT UN SRC C C P C C D
IDENTIFICATION STAT

ITEN NAME N1 21
157C483PP905 N2 23001 RING, 30X 175A9623P003

002 ROLT,ETE (SHOULDER) N153P25012
8 23
8 23003 SCREW,NACH,PNH M406P13

004 WASHER,$5T SPR LX
1 21.375 SST 143C1541P001 h8 23005 8 HELL 209A5043P008

-'

006 SET SCREU,$ ELF LOCK 19539744P04025
2 21

32 23007 COVER - 12" N402P9C
004 WASHER, PLAIN~~ ** . - . .

810 Nt0P17004C f32 23
009 SCREU,NACH,PMN

-

3 14510-241.38 LS 204342478001
SUPPORT-NEDIUM VOLTAGE 24 23

410 N402P45C 24 23$11 WASHER, PLAIN N405P15C
. - -

012 WASHER,STL $PR LX
24 21FOR .50 BOLT C ST). N203P2fC

. . ,

'

013 NUT, HEX N4 23.50-13 174A1570F005
014 STUD, THREADE3 ROD 204841846001 N

1 14
6 14015 NEADER, NY 159C_412?Gi07 .. AR 23

'

014 CONDUCTOR 24fA1067P001 N1 14917 THREAD SEALANT 174Bf475G401 N

PRESSURE GAUSE 8 VALVE175A8230P012
AR 23

018 1 21019 TURING SHRINKASLE 242A7306P004 2 23020 RDB M400P20
021 UASHER, PLAIN .

2 23FOR 1.00 BOLT,85T
N404P20

022 WASHER,SST SPR LK '.
-- -

FOR 1.00 BIA SOLT 2 23
N227P39

423 NUT,MEX
__

2 211.00-SUNC $$T 19539924P001 f 21
024 BLOCK 262A7304P003 WW X CC
02 R00 163C1902AC v X toPENETRATION, ELECTRIC

133D?&34 L Asw
AR 1F

027 N.V. ELECT. PEN. 262A707AIO01 (
@ SEALANT.

.-
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PARTS LI51 ad e

386X110AC

SUFFIk; WdhsEk ? G001 OnFL-P:C CMPL-D:3 b0c HEV '

TITLE:ELEC rkWETRATION-LOW VOLT PL REV:ECSARC
07i DT Un SRC C C P C 6 cST AT

IDEhi1FICATION
N

ITEn NnhE 2 23
175A9 23P903 2 23

BGLT, EYE (SH00tbEk! N203P25C 1 21901
00L Nui,nEx lo3Cib41FuGi 32 23

.

003 SHELL N402FiC
004 WASHER, PLAIN 3' 23

510 M80P17006C
005 SCREW,nACH,PNH is

3 16
al0-24X.38 L6 157C4/026002 2 21

006 SUPP0ki-Wine 195B9746P06475 6 23
N

007 COVER - 12' 67eA1570PG38 12 23
STUL, THREALED ROD N402F45C 12 23008

009 W ASHER,F LAlm M405P15C
WASHER,STL SPA LK010 12 23
F0k .50 80LT C STL N203P29C

011 NUT, HEX 1 21
.50-13 163C1889P001 7 2J
HEADEA RING-MACHINED 209A4117F027 7 23

B
012
013 0 k1NG 209A4117P030 1 16
014 0 RING 164L5446ACG005 1 16

16 C5446ACG005 1 16015 WIRE MODULE 4

WikE MODULE to4C5446ACG005 1 16ble

017 WIRE MOLLLE 164C5446AC6005 1 21
018 WIRE MODULE 198B6099F001 1 16
619 PLUG, MODULE 164C5446ACG005 1 16
020 WIRE MODULE 164C5446AC6005 1 21

h

021 WIRE MCDULE 23541900P001 6 23
N

022 RING 244A9056P001 12 23
023 CLAMP M400P19

BASHER, PLAIN N
12 23024

.93BIDK1.500D1.10iHK SST 235A1031P37040AR 23
025 'su6T, HEI HEAD 262A7693P001 AR 21

N

026 LUBRILANT 175A88o4F003 4 21
*

WIRE 51AINLESS STEEL 262A7003P001 1 le N
027**

WASHER 174394750001 Ak 23028
FRESSURE GAUGE 3 VALVE249A1067P301 I 2i N

029
030 THREAD SEALANT 157C4639F003 8 23
031 RING, 30A N406Pl3

WASHER,$$1 SPR LK032 8 23
.375 $$T N153P25012 8 23

n

033 SLREW, MACH,PNH 209A5043P010 X CC
SET SCREW,SELF LOCK 163C1902AC

b' W'98 kSI
034

PENETRATION, ELECTRIC 20466172 L' Astf-L.V. g 16
N.

036 AR 23PENEikAl1GN, ELECTRIC 175A5251P003

.

03/
GELASE, SILICONE946.

,

f

4 -n.~.
-

*OWGp
.
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O PARTS LIST NO T 38.x2iOAC
SUFFIX MUMBER ? G001

-

TITLE:REAC' CNThT ELEC PEN, LV iL kcV: 5 DOC REY: CMPL-P:C CMFL-D:

ECSARL-

IDENTIFICATION STAi GTY DT UM SRC C C P C C LITEM NAME
.. ~

004 JUNCTION BOX 246A9277G010 2 to N

005 GASggi 242A71417001 2 21 e

1 02
00e ELEC PENETRATION-L0ii VOLT 356x110ACG001**
007 RING, IACKIN6-UELDING 209"A5119P010 1 23 N

008 SCREU, MACH,PNH N153P250io 14 23

. 009 UASHER, PLAIN N402P43C 14 23

.38
010 UASHER,SIL SPR LK M405P13C to 23

FOR .375 30LT C SiL
015 SPLICE, CONDUCTOR 209A5010P026 130 23 N

016 SPLICE, CONLUCTOR 20yA5010F009 70 23 N

032 ELECT PEN LOU V. 133D % 27AC v 1%% . X 1H

033 PENETRATION, ELECTRIC . 163Cif 0,2AC V WI8El3ST X CC~
~

O
-

PB/ ETNA T/CN /DB/7/fKA T/.0// (AELE i

c!!.ETR/.7/:// +0 | ///St:E JCT B *at / C | CUTJ::! .i' 7 8:s //C 5 GE CA TA:55'VC|N.Q:';
/Tibel-E-At I /Jip;a?-41 i /<~Esos*-at s o s s / Eo 04:GCS/; 74 :C sf

17 Ele?-w-54 i/Jsp?ew-E4 | |Jf C C e J-S C .J5 c !st0LC G:C 2- g

tri: 2 - w -2 2 |JS?I- H-8 2 i 178PC- w fr * Jit 2 2.*CaC G:C3 |

T .'J - Z - i - A 2 IJiPI- E - A3 e tv'!? C ~ .* - 4 : llEn J it:aC GGc a i a

ITEJ- 2 - :-23 /JBC -E - 83 IIC D C |- 82 t 36 t J E/S AC GCCZ ; 1 f

17 23 - E 'w- E t /JEP: W - !.* /J!"C '-S/ IJE6 A 2!O4C GCCen | \

t TZ3- 2 -E -BS /JEGI-E-ES /JSD =2 ES 6 2E6x 2/0 AC G30 7 6~

17 23 - ? - w-ES IJiDJ-w-SS /Js C-w-ES 6:56 n 2:CAC GM5 6

1723 e2-E-C5 /Je*PisE-:3 / it' C a T-C3 tJ2s 1210 AC GC< 9 e

IT E3 m2 E-06 |JSPJtE*DG /JCPOE .'=C6 36e/d/J4C GC09
/T234%-w.C? /J.4PZ e w-CE A78 *0 m -4 CZ JB6 22/0AC GOO 9

/T23 al-w-C/ tJ8?;* w C/ 13290 4 -H Do Ja 6 x ?tCAC GO!O

. 1723 e i- w- Cc- |JBI'Z a w- Cc- |JSPCs w- Ca | 256 2 2tCac Got! ! |

/J! G C s- r-E2 (2&o s 2/CAC GC/2 i i
/ T E3 * ! E BZ /JE P; 4 !-2 2 o

/TZ3 - 2 -w-84 /JBPI- w- Bo /JCPD - w- E6 386 sliCAC GC/3 | |

1723- 2 w-C 6 /J297- w- C , /ISP O - 4 C 6 JE6 a 2/CAC 50 4t i

_/T2! 2-i-!6 isda:- E B6 | /JB "O .? ~24 . &6 /2/0AC G Ct: 1 * *

172: * E - E =:6 /J?c,.;-cf | /Jgio - E-cf | ?ge p 2iceC C,:.e , s ,

s 1
t il - 2 - s- Cf /J! D;- w c! ||J.*i; e CS i256e2t04C0:~7 e

I T2.' - 2 E=CS tidi'i= f CS i /JEF: -2-C3 s.yEe2ft.; SCC:'i 74. :C '.

t i I

i ( l

y CLA% IE TENETAI T;OV.,

.

1

-- - - - - - . _ . _ , _ . . _ _ _
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225&o004P00e
'- -- 001 SUFTORT er 22

00* Rn rin. Un.*wu Ana.EL 225A5:2e*0i2 . . 23 v.

nenE51eE. 60hbihE
o oA,1039003 nAr, ; A

_. ~ 24bAssv3rh02s..
6004 MhnE3akL, 30nsanu An .:

0a A$n6as 6, PONDINu
;48A,1030001 x.1146A'6*?rvv.

00e INSEF.T h. _ , _ , _ _ , B 4 .. . a
ww7 k n i' . L f w e' 6 s . . w.8.L R E

f' Y ! lISA f VCG V! A
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n. 21
245A784BP00.

00E e 6EE ri 2 ;! ..
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SOFFIX NunEER 1 G001 r
TITLE REAC Cnihi E6EC PEN, MV FL REV 4 i,vt KEV: .CnF.-F:C Chro-L:. . .

. .-
dCiAhL

<..
ILEW1:FIGATION STAT OT1 Iii Uh mRC C C F C C Dliin NAhE..

_. i.

001 ' UG. C0hr i(FE 20i A55.it r v;; e. .:

Ol* Buci.sinifin NicF 2i O2.; ; o ;'., N.

003 Li43HEk,FLAln M423945 26 23. - -
. . .

FOR .50DIA 60ii
vv4 iiASnER,5f R,LOCE N407P1: 2e ;,

. _ ,

vvL adi.NEX C0;F29 .c ;3

~ 00e SFLICE INSULATING Ele
225 44's,35dsv i 1; te n

v07 vv 1EskEt Lv6, Cdhi lire 20i n5.- 11 t v0~.
1; ;i n

006 JudCT10W $01 17381203G!.11 16 a

vv, GASEET
1/,A??37F002 ;a h

__

010 mAinER, PLAIN h400Pl5 2ie 23

NAKK0W FOR .50 DOLT SST
013 liAinEk,s:ii 5F A LK N406P15 24 23

.)V 830
v12 10LT,NEA ND N24F2fG10 24 23(

013 C0hF LUG 17eAiS85P00< 1; ;.i n

014 Kisid, S ALklN6-iiE LDING 20insilif01v 1 23 N--

015 ELECTRIC PENETRA140n, ad 328x193AL60&i / 1 9.-

Ole ei A: HEE ,F L AIN n4vyy44 1; 2,3- _ .
-

1.00 GL X .41 ID hS1
Oi7 WASHER,SST SFR LK N406F13 18 23

~'~

.375 SSi
018 BOLT,HEA WD N24F25016 16 23

-

.375-16UNChi.0v6u
163C1?O2AC v'~wiM l2*'~ X CC(- '!0 fENETh&110W ELECT;.li

ELECT. FEN.hELldM GuilAu't. 63Jui&38 / [M,TL. A th.
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2f2A7076 ELECTRICAL PEllETRATICN ICULES
.

'l riest maet see SUwMARYi arv:sfog
'? = = = OVEMALL

4 REVISION . m ' =a j 7=== =ra

_ 8 (4 b N;
si

.

_ y .L c
.. -95-- 3 3 -

.
4 J -T Aj. . _ .

2. l ed y13 - ,gt% -
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~MThis specificatfort covers a two-part, non-flame propagatingIt 6 1 Qt.q
,

epoxy resin s) stem which will cure at fnom teeparature.is suitable fer pettino and encapsulation of electrical icw
37 A2 % l- .+ I6 I4 h~ and hich voltage cables and cable splicas.

i '

50ecificatica .m t-1-1692'iE: Insulatine Coecou-d. Electrical. Eceedc ne.Metnod acal-Electr. PasistancebA**LicAstr 30C." TNT 3 M2.0
Flastics. Pethocs of Testino: Method 1011-Tensile Strength,

Fed-Stdw06: Plastic. . Methods of Testing: 4k,Fec-5td-406:
Indentation Hardness of Plastics by Means of a Carraeter.

Dielectric Breakdown Voltage ard" Dielectric Strengta off$ASTN Spec. D 1706: '

g' y

ASTM Spec. D 149: Electrical Insulating Materials. h
Conditioning Plastics an't Electrical Insulating %:eriaishig ,

AST18 Spec 0 618: , i,,:H%for Testirt. *

e
Ex:csure of PolyMc Meterials to High Energy Pa:f-

.-

%

~

NI%g

ASTM Spec. D'1672:
atien. ... ,

,

.

.!.

'I *j2
.

e@ l
'

.

t. Ny%CUlfE''E'CS
.

3.0
The resin shall be sus lied in the fers of twe lievics. dasigrated fartEsc. cor-ocnent er tre resinI 21 %g

i N .,

(resin) and Part 3 (catalyst or nard ner).
*

il

only small ctmtain a certain aceuct cf :5e.mi sily incrt filler 'nattr a .t st va-cr- gWI

Assin ano hardener shall 9et include any crtmes! constituent: g yeacec

tre easily .5aJer vacuus conditions er at elevane ter.peratures as rect--,H hl

by the rar:ufa:turer cf subject resin to prevent castina irperfectier.s. b o.-pq
Each cer'toatnt shall be free fres i-;uri ties vita-The density of t e c'xo:aents 8s

L . 64'.]
-

holes, and ot*er voids. M
in tne limits of test c:.vnercial ors:tice.

t ,'. and+
attereiaed af ter degassing small be 9.71

1 Ltt/ Gal for corocean e,g j0

11.5 f,,0.3,Lbs/ Gal for cocconent B. ~ ~j
wen sized in the specified rer.ortier.s. vacuut dettasseo. and cured st roetai i al velati*e Eg

tempe-atures not belew 73*T. the resin shall herden witt a ':: n m' loss or significant snetnxage to a unifors. scita mass of s ecifice nare-- -

Af ter corpietion of the curing pericd =rien s .all r.st eacce; fhes and no

days at 73*I' temperature the cast resin'shell show unifem tarenesThe specific gravity of ths pro:erly presared anc. curedF'3s3,
-r.ess .

furt.ter shrindage.
* resin shall be 1.35 + 0.G5.

I

*
-

L&$ . . - - . 2_ '-ew e *-"'s.
. .- .-_ AN .1. 5I se ed

| [ //7 M g, M f//* M| O N S' D !
|

C 4r5
1

| :=:li'd
-

,

.

. *
,

- - . . . . . .
. . . - -

65. Q g&p ~~--i---_ _ _ _ _ _ _ ~~ ~ - ~ - _ _ _ _ _ _ _ . __. _ ,
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rest sease von

. , , , . ,

+
7 6 -

e- P :'''* 3, Physical Requirgeer.ts3. L g
3.1.1 Hard1 tag and Casting -.-

*J
The resin, aner sizing in the proper proportiens as called F
for by the aans.facturer, shall have a arking Itfe of 20

.'!* sin. sinia:s as determined per paragraph 4.4.2 of this %.
~

t P. ,
specification. el g-

b g+
the initial. curing cycle shall Kk.

' The heat as generated duri b. sample as cast into a thin- it4
not escaed 350*F for a oneThis container shall not be Mmelled metal container.attached to parts or devices working as a heat sint for
the latter during the curing of the resin as contained

4[ ttherein.
3.1.2 Properties

the individual commenents and the properly sized, decassed.! U

cast and cured resin shall conform to the requirwents asThe supplier shall be responsible onlySR
listed in Table .for conformance to those procerties denoted with a "Q'. R.4%

(- k.- ~
, -

TABLE I N 39' '

REDUIRD* CIT 3 h
h REGUIRED AVERAGE CEV!ATION

PRCPERTY .
., UNIT 3 FOR * VALUE ' ALLOWED RETE * DICE

t
Seeeara.4.4.1LR,

5heIf Life Mentas Q 6 Mir.imaa 6'

wrting Life IHnutes Q 20 Mini' rum See cara. 4.4.2 4 %

WD
a$q

'

( She e 0 Shore 0 0 60 rewinuit ASTM-017t>s j i.
Hardness Units s' o%

h4 dA
16.8X10-5 *1.0310-5 M11-!-16923E

yGIncV "Eh# Q
-

Coefftciont of
~

I *
C+ Linear Thernet

frarJ 23*CEspansica
to 113*C Crosshead

' Ultisate Ten- PSI Q 2.400 Min. '
speed to be

sile Strength O.2"/ min. Fea- |
-

Elongation at 1 of G M% Min. 5td-406 Metrod
1011

initial _treak ..

*

mttWT5 70

+
252A7076 -i(~ .#6 4' W N Y kXMe_____1[c9_____' ! 4~ -

3 --
M W"' A san Jost -

5,
- - . . .

E h, . h,16h-N
4 | .Cr i,

--
. . . e-

O .

' * * ' * * * 1.summes.* *w _'*'"*~********"ne"g9 * * S 44 # p. msguign. , g

-,-- -,,---,----,,y. . , - . -.---,y--, ~ - - - - - - . . . _ - , _ _ , , . , _ . - - . - - - - - , . . , - - - - - , - . - -__~-
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== 3 nest mot rom E1.ECTRICAL PEETRATION MODU 1.E5ea4+
TABLE I: RErlu!REMENTS(Cont'd) 8tv*o"8

~

'

REQUIRED AVERME DEVIATION
~ *

PROPERTY;.- UNITS FOR VALUE AL'.0WED REFERENCE.

Oielectric Volts / 4 350 Min ASTM-0149 .

Strength Mil ,

#
Vol me Rests. Cha On Q 1X10 Min Method 4041

+ tivity 0 500 % of Std. !406

II
- Electrical Gus ! 1.0110 Min G.E. Cw. 4

Insulation 0 500 y 117C1534

Resistance 175A1083 a. m

Radiadon ends 1 1.0110 Min ASTM-01672 D8

gResistance

Meistbre 5 Q 0.85 Max See para. 4.4.3 h~ -

Absorption o ,

* Q for Vender Qualification; I for Internal o

* Inspection purposes i ,&
i *%*

- Q- g%
y( '8* W 3.2 Packaging .

The matarials for subject concound shall be delivered 'in suitanle c4 b
containers to allow safe transportation and storage by comon and 9other carriers at the lowest rate to the point of delbery. Each g
package shall be clearly marked with the net weight. the annu-
factarer's nisne the type. convenent or c!emical designation, the . 1

( unnuf acturse's lot nummer and the actual date of manufacture. S

%
4.0 fsjALITY ASSURANCE PROVISIONS g

d 'I D4.1 The suoplier shall certify that each individual lot of material con-
4 ".

$ DMforms to all aoplicable requirenents of this spec. The purenaser
3cwill conouct certain tests as stated in para. 4. 3 and 4.a of this

+ spec. So as to verify the accentability of any particular lot. [Q
4.2 Preproduction Samples

ilhen requested, a preproduction samole shali consist of a one pound
minimum sanole representative of the identical material and manu-
facturing process as used for actual production. The preproduction
sample shall se subjected to all asaminations and tests as specified
herein. *' hen stipulated as a pre-negotiated term of the purchase.

order, prior to shionant the supplier shall submit a certified test
+ report to verify his compliance as per paragraph 4.1.

.Mnwis to

ECMML@ND
(.M.9:_____ SAN JOSE

M E,P D _ _ _,,,_M 262A7076
.

[*h' 7pjMcf/.Jy|WWh a ?- - . , , , , ,

' " " ~ '

|'
CI.f. ./ J i

- .u. ,,

e

.o
|
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4.3 Classification of Tests
~

.

,

' As indicated on' Table I. all tests shall be con &cted for the
. ,

I
,

,
,

'

ifollowing purposes:
Art those tests initially performed on

.

4.3.1 Qualiffeation Tests: These tasts "

;

,

the resin to approve it as an acceptable product.I

shall consist of all the ones so identified in Table I andf

shall be performed in accordance with the appropriate para-
'

Failure in any test shall+
| graohs of this specification.

sisqualify the resin represented.
,

Are those tests performed on incoming
-4.2.2 ferspection Tests _:

.fasiviaual loss shipped in fulfillsent of a purchase order % 7
to audit and verify their compliance with paragraph 4.1 C *

.-

and 4.3.1. ""3 %&
i {Inspection 1.ot: For the purpose of inspection and 4 g4.3.2.1 tasting a lot shall be defired as both *.omponents of P hall the resin of the same type.and submittad for

fr)
inspection at the same tise. Q. '

,.
.

%-..e. One con'tainer of each component EkSwoling P-eeedure:4.3.2.2 of eacn inspection lot shall be selected for sampling. -

The esterial in each container shall be thorovenly Q*
stirred to insure complete homogeneity with all settled*

saterial brougnt into suspension.
.

. . ,

Failure of any lot to meet all.

~ *ne acclicaole requirements of this scecification hRejection and eetest:a.3.2.3
The pregerty in cuestion =3 p

sPall be cause for retest. 8C gshall be ratested on new specisens prepared from fresh
If the average retest value fails to meet the| resin.

tPecification requirveent, the entire lot shall be re-|

%. .e'

jacted. 4:.

dty
,

+ 4.4 Test Procedures

tinless othenvise specified, all tests shall be conducted at standard
conditier.s. i.e. 50*+5t relative humidity and a tercerature of

The samples shall be preconditioned according to ASTM~
i73**2*F.

' Spec. 0618-61.
.

.

PRMs To+

e nas si .

5 A g'

5AN JOSE . Nm1 bd Bc/H4iW.4 -
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4.4.1 Shelf Life-

. r . ..
,

,
,

Sotn components of the epoxy resin when properly stored at
73' + 2*F in their unbroken shipping containers shall have

.*

-

.

a sinimum of'six months storage life during which no chemi-
. cal breakdown or deterioration of the resulting properties

as listed in paragraoh 3.1.2 shall occur.
.

4.4.2 Pot Life or Worting Life+ e

This shall be the time from cogletion of the sixing of the
components to the onset of rapid increase of the viscosity

. preventing further casting operations. The mixed resin shall
be kept either at room temperature of 73*F + 2* or a defined
elevated tagerature as recornended by the sanufacturer to
better facilitate casting. The time during iditch the viscosity

,
-

stays below 100.000 Cantipoises sha,11 be determined by peri-
odic measurteent preferably using a Brookfield Viscostmeter ti-
with a number 4 spindle rotating between 5 ano 30 RPM. N. - ,

%"y
g $4.4.3 Initial Viscosity -

' k.
The initial viscosity of the properly mixed resin shall be

( determined using a Brocafield Viscos1 meter with a number 4 m
= r> spindle rotating between 5 and 30 RPM. A 200 m1 cacacity "M-~

*c
tail fom beaker shall be used for the detemination.- The 4resin tagerature shall be 73*F + 2'F or such temperature as N b
reccsuended by the manufacturer Tor the proper handling of

g,gthe mas,.
.

4.4.4 Shore D Hardness .c

A stab of resin shall be cast and cured according to the $ e
@{N

resin senufacturer's instructions. The slab shall have-a y-

minisam thickness of 3/8" and a size of at least 3 souare W
inches. The tests shall be conducted according to ASTM
Spec. D1706-61. An instantaneous reading shall re taken $,5'Q
with a shore 0 Durameter. g g

+ 4.4.5 Dielectric Strength k
Cietectric strength testing equierent capable of producino at -

least 75KV confoming to ASTM 50ec. 0-149-64 shall be used.
,., The cut slab specimens shall be iscersed at leest 1" below

the surface of a bath of high grade transfomer oil. -The
rate of voltage rise shall be 500 volts /sec. The breakdown
voltage shall be detemined and the :lielectric strength in
volts / mil shall be calculated for each specimen. The average
of four values shall be ush to detemine the conformaece to

+ this specification. -

, ,

I EE0If$tL7'N C.Nw_____MEP.D.-____".'." 262A7076
7bjyMc/7-N SPMN SAM JOSE ' uw .. . . e 4 5. .
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4.4.5.1 ' Test Electrodes: h electrodes shall consist oftwo opposes orass rods 114* diameter with edges
-

i

..

rounded to a radius of 1/32". N electrodes shall
be mounted vertically and coaxially within 1/16*. ~
h novable top electrode shall press on the spect-

,men with a weight of 0.10 lbs.
1

Specimens shall be cast in a mold as4.4.5.2 Test Specienn:
' pecif ten in paragraph 4.5.1 of MIL-I-16923E according is+
to the resia annufacturer's instructions. The size
of the test specimen shall be 3"x3"zo.125" +0.010 inch

. . .

.

-
- thickness. Tha large surfaces of the specimen shall ; ,

:
be cast surfaces with a serAth surface condition as eR

. '

attained by the use of polished, steel plates and j''' -

1'

Teflon type acid release agent for the casting process. 1- -
.

.

i
4.4.6 Electrical Insulation Resistance 4 I

4.4.6.1 Volume Resistivity Tests: y g ;

According ta the manufacturer's instructions a sint- *lis
-,< .c
i'-

'

aum of three samples shall be cast and conditioned .

per ASTM-0618 and subseouently be tested per 8'ederal QD :|

jfTest Method 5td. #406. Method 4041
2g ~

q ' i> N I =v-,

4.4.'E.2 For 'In-House" testing: ,

1> 4
According to the sanufacturer's instructions, three g .-

'

plugs from identical resin lots shall be cast degas-
sed, and cured in a mold as show on c:nwing #117C1534: b *

N
part I. Each test plug shall carry a pair of elec- ''- .-
tredes properly shaped and spaced as shown on drawing h'

- -

#175A1083. An electrode spacing fixture as shon on .

Wdrawing #117C1534 parts 2 to 10 shall be used to in-
% 4-

'

' sert and space the electrode wire pairs in the still h N*
liquid cast resin. After corpletion of the curing N Dcycle of the resin, the specimen shall be stabi'i:ed D Q*

at room tarperature according te paragraph 4.4. Then

'Qthe electrodes shall be connected to a piccarneter s '.- + and a suitable stable power supply to provide 500 volts -

The resistance measured over the eleg-. ..
.

;

DC current..

troces at above voltage shall not drop below 1x10'l
'

ePues unde'' an average of 2 min, of applied voltage.* -

-. - 4.4.7 Coefficient of Linear Thermal Excension' ,

. .

~
~ .The 1tnear thermal expansion shall be detemined on at least

.

three specimens prepared according to paragraph 4.a.5.2. The

'.- ramts to-

.~+ * ..
,

, , ,

NEPD .,.'"." 262A7076 . |Ety"tY* RELDtT (74f.Q" -
t.]7.

SAM JOSE7, ///Mw M/-/fp23.se/w'# u .nV- .
CI .-

J Lg.4,.g.-

.
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, +
|

size of the specimens shall be 2* 1ength by 1/2" square andtte test met'iod shall be in accordance with paragraph 4.6.8
. ,.

|
- : --

I.

ef MIL-I-16923E.-
.

t

4.4.8 Motstare Absorption
h ll be determined on three specimens

.

_ The soisture absorption s a
et 1*x3*x1/8" height cut from cast slabs in accordance withThe specimens shall be placed in a desic-+ paragraph 4.4.5.2. After conditiocing. the

cator over dry Ca CL, for 96 hours.speci.iens shall be' enighed, exposed to 96+11 relative humid-_ 4Tfie average percen- .

isy for 240 hours. then weighed again.tage of weight gain due to absorption of husndity shall be
reported as follows:

-

.

0
Wet W ie t - Dev Weicht x 100 4

Dry Weight 4,

,. &
'

4.4.9 Ultiasta Tensile Strength and Etongation W
i

:t' -

The ultimate tensite strength and the percentage of elonga-dg*D
tion at break shall be determined en a sininam of foursaretes according to Fed. Test Ste. 406. Method 1011 with

* *

8< ='

a testing machine crosshead speed f 0.2"/ Min. N t
-

"P

9
- Y

Q
a

%

E*-

u
<< 4 -

- 4e s

Q Q

1$<4
'

~! t
+

l

.
.

-
_

.

. .

MttNTs Tc
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f!UALIFIED PRODUCT:' ]
* scotchcast Resin IR-5237 in Gal. container ;

Minnesota Mining and Manufacturing Co.by: ,

- Electrical Products Division+
- . 250$ Hedson Rd.

. St. Paul, Minnesota 55119~~

'

. Each container to be marked to indicate:
-

,

- .
,

1. ManufM:turer-

2. Manufacturer's Product Identification
-

3. Manufacturers tot #
'

4. The Actual Date of Manufacture.

.
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,

FOR',lA $s12s
SAN JOSE. CA:.

GENERAL ELECTRIC COMPANY.175 CURTNER AVE..MC 391, (408) 925-3371
.

:~ k

April 29, 1981
JWB-T-2084 .

11600.02
Project Engineer - J.O. No.
Stone & Webster Engineering Corp.
P. O. Box 2325
Boston, MA 02107

Cear Sir:

SHOREHAM NUCLEAR POWER ST ATION Uh!T 1 ELECTRICAL PENETRATIONS, NUREG-055E QUALIFIC ATIONSSJEJECT:

JWB-T-2068, May 6, 1981
Reference: i ls useo for the Shcretam
We have reviewed information regarding mater a

already na.e,

Beyone tre inf o*mation that ye.:f l data to show the per.ctratic .s
eet

electrical penetrations.
we ha.e not found additional use u
the requirements of NUREG-0588. Stone & Webster at the
Data on the metallic structural part were sert toIII Code ;ac~s;e.

ASME 5ectier.ificant effec- en contair e ntime of equipment delivery as part cf
Other major components which could have a signintegrity are the epcxy sealing compounc used a*

4-recs
ourd the cotoes6 tne -e:f ris a sealant These

the low penetraticns, the EPR rubber used"0" rings on the icw voltage v.lification teste: rs* SLA.
ire recules.

penetrations, and ther,aterials and the sealing techniques were quapreviously deliveceo .c ya .
the purchase specification and the data ial developed cy GE

t It is r.:t
The epoxy used was a high temperature rubbery ma erGE specificaticns.:

The pressured seal of ine cecirand manufactured by an outside vendor to
i

ulcanized to a caoie s:l4ce onavailable as a vendor catalogue item. te
e, which was in turn welce:

,

voltage units is an EPR rubber which was vThree adhesives were empicye:Tne process ma;.
'

to aicl

the conductor and to an outer metal s eev
|
'

a tube in the penetration flange.in. bonding rubber to the metal and to the cab e
l jacket.

be as important as the materials used.

|
|

'
!

e
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This is, presently all the information readily available.

.. Very truly yours,

J. W. Blakley 1
Project Manager
Shoreham Project

JWB:hmc/1764 & 1782

cc: W. J. Museler J. P. Novarrc
A. E. Pedersen R. M. Pulsifer
J. E. Etzweilcr
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yst C. .r e T t. he*DaT e f e*J
Attachment to EQREF No, erem .RyLy

.

J.O. No. 11600.02
REQUIRED SERVICE CONDITIONSNIT 1

_SHOREHAM NUCLEAR POWER STATION - U

Equipment ID(s): Sr S,wnt.[-ecT
..

Equipment Type: Dec.7/Fsr Nverte T/d AJ 5
EQSS Ref 13 4-O /

Temp / Pres. 9 10 #1. iZ <Applicable Zone:
!Rad. 6. / H

!

LIMITING ZONE NO.
NORMAL SERVICE CONDITIONS:

4 O Xt sTime (duration) Se m oe y G TAru eovi~

I i.OPreasure psiy ~ <a* V"-
___

'T/r' l ~l10 l8

Temperature, 'F (range)
s'O */Relative Humidity, t

Radiation, rads
3 M k a bl(40 yr. normal integrated

l. $ YlOdose) , ganuna

EMERGENCY (DBE) SERVICE CONDITIONS:
__ $ O DYSfOperating Time (duration) _ /g -ilv
fee < 0.4,u r , o .,s.., eo sec .

Pressure psig

l h w r ro O m s w rf../ /7 4 s
_.

sO5-4 - IM 'F eer4 / /f sec acc et re wd. ]/r / "2
Temperature, 'T

ro I20 F ~>9 iets he uws ro to'/''/ __*

s/ Il bt5. s

/00 %Humidity, t

Radiation, rads, gamma
(40 yr. integrated dose
P us accident dose for y, og,f,16-

,

l sI
the above operating ( M

S~. ?fr /0 -H
time)

i

This form may be filled for each individual equipnent or for each specification.
:

However, the current equipment specification service conditions must agree with1.

this form.

Refer to EQSR for the applicable Bldgs., Elev., Eones and operating times.2.
Refer to Appendix E of Shoreham Environmental Qualification Report and FSAR3.
Table 3.11.2-1 for service conditions.
"The Operating Time" indicates the longest post accident operating time.4.

If space for Equipment ID's in insufficient, list ID's on an attachment and5.
reference the attachment above.,

, .

s/1/sle

. . . . . _
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I00 SERIES CONTAINMENT ELECTRICAL PENETRATIONS
'

.

LOW VOLTAGE QUALIFICATION TEST REPORT
ADDENDUM 1

.

'| ).-[ sgPrepared by /
' R. M. fchuster

*
/.

'
Design Approval

N. G. Luria
i

*

|
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INTRODUCTION
I

LOW VOLTAGE POWER AND CONTROL

This test supplements the testing performed on units covered in the " Low

Voltage Qualification Test Report" in which aging, LOCA and severe electri-
cal loading demonstrated that containment integrity would be maintained for1

- power and control modules.
I

This report documents the simultaneous voltage and current loading durtng!

|

the LOC A service environment on qualification hardware which was subjected

to the necessary aging exposures. The primary objective of the test was to
;

demonstrate that the penetration electrical circuits would perform the neces-

! sary functions during a LOCA. The secondary objective was to demonstrate,
,

again, the maintenance of the containment pressure integrity. Both objectives

met the specification requirements.

As discussed in the " Low Voltage Qualification Test Report," there are two
!

generic designs in this classification, namely control (No.10 AWG through1
I

;

No.18 AWG) and power (No. 4/0 through No. 8 AWG). Because of simi-!

larity in construction and configuration, qualification of any one within a
For maximum loading, thegeneric type will qualify all units within that type.

Other4/0 and No. 10 were selected to qualify these basic generic designs.

sizes tested merely substantiated this rationale.

SIGNAL

All signal modules are basically of a generic design configuration in that
each module employs coax (or triax) cable, glass hermetric seals, coax or
triax connectors, all encapsulated with the same resin. Qualification of the
unit tested herein qualifies all signal units for use in a Nuclear Containment.

(
22092S
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tions, when

The testing reported herein demonstrates that the signal penetraments will main-[ i
subjected to the necessary aging and LOCA service env ron

*

boundary.

tain the integrity of the containment pressure
OCA, the signal

Although not specified to be electrically operable during Lbetween center conductor

unit maintained a high enough insulation resistanceohms) to be considered electrically acceptable for use
8

and shield >1 x 30
during LOCA.

THERMOCOUPLE _ d the No. IS
_The thermocouple penetration is of the same generic design antion that actual
AWG through No.10 AWG type penetrations, with the excepThis test, therefore,
thermocouple materials are used in place of copper. d to the nec e s -

demonstrates that the thermocouple penetration, when subjectei t in the containment
sary aging and LOCA service environment, will ma n a
pressure boundary integrity.

insulation resistance
Although not specified for operation during a LOCA, the d was high enough
between conductor and conductor, and conductor to groun

ohms) to operate during LOC A.I x 10

I

:

.

2209E9
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REFERENCES
.

1974

Low Voltage Qualification Test Report dated January
Low' voltage Power, Drawing No.195B9475

voltage Control Drawing No.195B9474 NI47750, Sheet 1

ECN Modification Change @@ Only, Drawing No.
Low

Signal, SRM/IRM, Drawing No.195B9476
Thermocouple, Drawing No.163C1068

'(
.

$

.

!

E20930

(
..

.

14 39

-

;

:
_.

- _ _ _ _ . _ . . .

-ag ''
... m,., ,- , - , - - ,--



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

QUALIFICATION RATING SUMMARY
_

( lishe d
Based on all testing performed the following operating limits are estab

.,

on the electrical penetrations.
I

er

All low voltage penetrations, which include control, instrumentation, pow
t I

and signal are qualified for the following service environmen s.

NORMAL SERVICE (Thermal Cycling)
50 - 150 - 50*F,100% relative humidity120 cycles

Low Voltage Power 50 - 150 - 50*F, 200% relative humidity120 cycles
Low Voltage Control 50 - 150 - 50*F,100% relative humidity
Low Voltage Thermocouple 60 cycles

50 - 150 - 50*F,100% relative humidity40 cycles
Signal

NORMAL SERVICE _ (Gamma Ray Exposurc)
rad area containment integrated dose1 x 10

All penetrations (See Section 5. )

('
LOC A SERVICE

340*F 320*F 260*F 250*F

103 peig 80 psig 25 psig 16 psigTempe rature

100 % 100 % 100 % 100 %Pressure

Humidity, RH 18 hours 7 days
3 hours 3 hours

Duration
10 10 10

10
pH*

gl50*F 3150*F gl30*F gl30*F
Ambient temperature

t

LOCA ELECTRICAL (Throughout LOCA Service Environment above) '

t

| Cur rent
Volta ge

Size

No. '16 AWG through No. 125 volts
Iamp

18 AWG
|
| No.10 AWG through No. 460 volts
| 3 amp

14 AWG
|

* Based on evaluations and tests reported in the Epoxy Report,i ..

I

14 4 '2'J0931Section 10.'

!-
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|
|

Volta re
_

460 voltsSi e
16 amps

460 volts
No. 8 AWG 26 amps i

460 volts
No. 6 AWG 34 amps

460 volts
No. 4 AWG

..

45 amps
460 volts

No. 2 AWG 70 amps
460 volts

No.2/0 95 amps
No. 4/0

PRESSURE TRANSIENT
i

Sp s 80 ap psig in 10 seconds, all penetrat ons.

CONTAINMENT INTEGRITY _ cc He/sec at~

leak rate of <1 x 10
All penetrations are quallfled to meet a
design pressure during LOCA.

(

l

.

|
|

200932
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TEST SETUP e

CYCLE EXPOSUREVoltage Qualification Test Repo
rt."

THERMAL
a

Refer to Section 4 of the " Low
rt."

RAY EXPOSURE Voltage Qualification Test RepoGAMMA

Refer to Section 5 of the " Low
voltage Qualification Test

2 inch size.LOCA Section 3 of the "Lowwere mounted in the 1
--

autoclave described inAll modules Drawing No.

Report" was used in this test.ining hardware defined byThe

with the associated reta
header plate t

ve to achieve the ambien195B9243. autocla
ed over thel

An environmental hood was p ac
temperatures indicated shown on Figures 4 1her ein.

i

as
ed during LOCA were were series

in each modulel

electrical circuits emp oyA minimum of 30% of all wiresThe

through 4-3. t and voltagm
connected to carry curren

.

i

e

'."20933
I
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.

300 250
Temperature, 'T 2080 *

Pressure, psig 100100
Relative humidity, Te 1684

..

Duration, hours >8.2>8.2
Stee m, pH >130 m

>150
Outside temperature, 'T

Module
_

No.4/0 150 150Cur rent,

(S/N Y2257-392) amps -

600'Voltage, 600
volts a-c

8 AW G thr ough 4 /0, the
'

Based on generic design configuration for No
-

i

following ratings are derived:
.

1 Test _ I
V1

1* Derated T
Ratin g

' Volts , a-c'

.( 30*C Density . Derated amps s

De ratin g* arnps '

amps 600
' 150 /18B' 150

188
4/0 235 0. 8 600

150/188 104 , ,
1300,7 600-

2/0 185 ''150/188 67
84 *

SC-2 12 0 0.7 . + , 600
.

, 150/188 y630.7 39) 600
4 90 150/188 '

49 60'O y.-0.7
6 70 150/188 24 - %.' ' ~

30 s06
8 50 ..

-
<-

ACCEPTANCE TESTING _ .
~

, .

e

%

-7
LEAK INTEGRITY less than 1 x 10

ccHe/see'

All units at the end of the test were leaki:ight to'V,eeco and CE Mass Spectro-
'

'

at 15 psig across the entire module. ?Eoth\ '*~
,

)

meters were used in the measurement test.T '
i -

. '200342 e

( _

~ * Based on National Electrical Code. -

_
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13 VAC
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FIGURE 1. ELECTRICAL TEST SET.UP FOR NO.16AWG CIRCUlT
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CONDUCTOR
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MODULE
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220.359
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FIGURE 2. ELECTRICAL TEST SET UP FOR NO.10AWG CIRCulT
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-
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__

I I
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ISOLATED
CONDVCTOR
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AUTOCLAVE
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FIGURE 3. ELECTRICAL TEST SET-UP FOR 4/0 CIRCulTS
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QU ALITICATION HARDWARE IDENTIFICATION
<

The following identifies the prototype hardware used in this qualification

- test program.
..

Remarks
Module Drawing Mfg. Drawing

Serial No. Modification See Notes 1 - 4
Name No.

Vulkene wire
No.10 AWG 195B9474G002 Y7257-251 , None

,

Vulkene wireNone
No. 16 AW G 195B9474G001 Y7257-169

No.10 AWG 195B9474G002 Y7257-211 ECN NE47750 Vulkene wire
Raychem Flamtrol

195B9474G004 Y7257-392 None
No.4/0 wire

Raychem Flamtrol
! No.4/0 195B9474G004 Y72 57-454

None
wire

(See Notes 5,6) Vulkene wireThe rmo-
163C1068G003 Y72 57-381

None
c ouple Raychem Triax

195B9476G001 Y7257-135
None

cableSignal
{

.

NOTES:

Vulkene wire, Drawing No.175A72931.

Raychem Flamtrol, Drawing No.174B94042.
Signal cable, Drawing No. 225A47063.
Thermocouple, Drawing No. 209A4108

4.

Second qualification of the thermocouple module (refer to Section 3
i

of Low Voltage Qualification Test Report, January 1974)5.
,

Except for wire length and quantity6.

The above hardware was fabricated by the Pen Seal Production Shop underi

This qualification hardware is
'the direction of engineering instructions.

,

representative of prime hardware being delivered for plant installation.,

,

[

( 220S37
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TEST RESULTS

(
-

The following is the sequence of exposures and testing performed on the

qualification hardware.

' THERMAL CYCLE

Refer to Section 4 of the " Low Voltage Qualification Test Report" dated

January 1974 for discussion and requirements.

The qualification hardware was subjected to the environment as shown on the
Both primary and secondary seals were subjected to thisfollowing table.

envir onment.

After completion of the above exposure, the hardware was helium leak tight
ce/sec at 15 psig differential pressure through~

at a rate less than 1 x 10
both primary and secondary seal, using a Veeco Helium Mass Spectrometer

(QC production equipment).

DISCUSSION

With the exception of the signal module, the effects of 170 thermal cycles
(both primary and secondary seals) on the final outcome of the penetration

l d been qualified.
ta maintain containment integrity after LOC A have a rea y

Also, in the

(See Low Voltage Qualification Test Report, January 1974. )
t

same report, under Section 3, Page 3-14 the application of rated curren(
'

was demonstrated to have no effect on containment integrity.

is primarily concerned with the additiona:As this overall test, in this report, d to demon-
application of operating voltage, aging exposures were completef the
strate that there were no significant changes in dielectric strength o

A minimum of 40 cycles, representing one plant startup
designed system.
and shutdown per year, was selected, although not essential to the objective

22093S
I. of this test.
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WIRE TERMIN ATION SYSTEM _ i f

The termination system used in providing the necessary series circu t o,

the respective modules is shown below.

Insulation _

Lug or Crimp Drawing No. hModule Drawing No. Type
Name Shri175A8230
No.4/0 225A4815 Crimp lug

Erink175A8230
209A5010 Nylon insu-

No. 10, lated panel
No. 16 c rimp

|

|

.

|

200939

(

l. 5 14 - 12
|i t

*
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THERMAL CYCLE EXPOSURE _.

50 to 150 to 50*T |Cycle temperature
I

95% to 100%Percent relative humidity
3 to 4

Cycles per day

Serial
MEdule No. Cycles

Number
Name_

60Y7156-381
Thermocouple 40Y72 57-135
SRM/IRM Signal 40Y7257-169
No.16 AWG 40Y72 57-2 51
No.10 AWG 42Y72 57 -21)
No.10 AWG 40Y7257-454
No.4/0 40Y7257-392
No.4/0

GAMMA RADIATION EXPOSURE t" dated
( Refer to section 5 of the " Low Voltage Qualification Test Repor

January 1974 for discussion and requirements.
i

The qualification hardware listed above was subjected to the follow ng
environment:

5 x 10 Rads
Accumulated dose 63 x 10 r/hrRate of exposure

d remained
After completion of the above exposure, the qualification har ware! cc/see at 15 psig through both primary
helium leaktight to less than 1 x 10' eter (QC production

f
and secondary seals, using Veeco Helium Mass Spectrom

equipment).
:

LOSS OF COOLANT A CCIDENT TEST sure s, the
i

Upon completion of the thermal cycle and gamma radiation expo
.

,

he following environ-
qualification hardware listed above was subjected to t;

f
(,

ment and electricalloading conditions. 220940'
'
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For those modules requirod ta wp2rct2 cisetrien11y during ths spzclfied LOCA.
the applicable currents and voltages are indicated below.

( Event 1 Event 2 Event 3_ Event 4 ,

340 320 260 250
Temperature, 'T

103 81 25 16
Pressure, psig

100 100 ~100 100 .

Relative humidity, % '

3 3 18 168
Duration, hours

>9.5 >8.5 >S.2 >8.2
Steam, pH

>150 >150 >l30 >120
Outside temperature, 'T

Module

No.16 AWG Cur rent,

1. I 1. I 1. I 1. I
(S/N Y7257-169) amp

volta ge,
volts a-c 12 5 12 5 12 5 125

No.10 AW G Cur rent,
3. 3 3. 3 3.3 3.3

(S/N Y7257-251) amps

(.
volts a-c 500 500 500 500Volta ge,

No. 4/0 AWG Current,
95 95 95 --

(S/N Y7257-454) amps
Volta ge,
volts a-c 460 460 460 --

No.10 AWG Current.
3.3 3.3 3.3 3.3

(S/N Y7257-211) amps
Volta ge,
volts a-c 12 5 12 5 125 12 5

.

For the modules required to operate electrically during the specified LOC A,
Upon completion of the

the applicable current and voltage are listed below. listed
thermal cycle and gamma radiation exposure the qualification hardware
below was subjected to the specific environment.
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!

Temperature, ''T 300 250
t

80 20,

h essure, psig

Relative humidity, % 100 100

4 168
Duration, hours

..

> 8. 2 >8.2Steam, pH
>150 >130Outside temperature. *F

| } Module

No.4/0 Current,
150 150

(S/N Y2257-392) amps
Voltage,
volts a-c 600 600

Based on generic design configuration for No. 8 AWG through 4/0, the

following ratings are derived:

I
I I Test I

I*

30*C Density Derated 1 Rating V
Volts , a-eDe rated amps*

amps Derating* amps

4/0 235 0. 8 188 150/188 15,0 600

h 2/0 185 0.7 130 150/188 104 600

2 12 0 0.7 84 150/188 67 600

4 90 0.7 63 150/188 50 600

6 70 0. 7 49 150/188 39 600
i

8 50 0.6 30 150/188 24 600

ACCEPTANCE TESTING

LEAK INTEGRITY
~

ecHe/see
All units at the end of the test were leakti ht to less than 1 x 108

Both Veeco and GE Mass Spectro-
at 15 psig across the entire module.

meters were used in the measurement test.
/T
C 220s42

i * Based on National Electrical Code.

'h 14 - 15
:i
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CIRCUIT INTEGRITY

' All circuits subjected to current and voltage, as specified above, produced

no shorting or discontinuity.

LOSS OF COOLANT ACCIDENT - LONG TEAM

REQUIRIMENT

BWR plants: 100 days at 200*F, 20 poig,100% relative humidity
PWR Plants: 1 year at 225'F,15 psig, 200% relative humidity

Leak rate <1 x 10' ccN /see through penetrationAcceptance: 2

QUALITICATION TEST

225'TTemperature

Pressure 20 psig

% relative humidity -100 %

Duration 1 year
*

.

TEST RESULTS (LATER) -

*

Test in progress.
* .

.

PRESSURE TRANSIENT TEST

This test demonstrates the ability of the penetration to withstand a pressure

rise of 80 psig Ln 10 ' seconds.

As a pressure barrier, all penetrations have the same configuration, in that
wire and cable are encapsulated in an epoxy resin. The test was therefore

Inperformed on two of the modules, which qualifies all configurations.*
,

addition, the 10 second duration will not cause any significant shock loading.

'

The test setup is the same as that of the LOCA service environment test.
'

With the pressure in the autoctave initially at 12 psig and 250*F GN2 "" '
injected into the autoclave and the pressure increased to 92 peig in 10 seconds.

*7

(r Both units remained hellum leaktight to <1 x 10 ccHe/sec.
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Autoclave
Fressure. Initial Pressure End|O

Units Tested
92 psig12 psig

No.10 AWG (5/N Y7257-211) 92 psig12 psig
Thermocouple (S/N Y7257-381)

IDEDANCE MISMATCH TEST RG-11 TRIAX
V. . .

MODULE
|

f SPECIAL INDEPENDENT TEST

Introduction

This test determines the effect of impedance mismatch on the triax (PG-11)_

electrical penetration.

Design Qualification. Identification
This

Cable assembly, Drawing No.174B9476 (Proprietary Design).
1.

drawing defines the design internal to the stock module.

Connector, Drawing No. T25A4970, Amphenol Cat. No. 531752.

Wire Module Assembly, Drawing No.159C44843.

Cable, Drawing 225A5801, Amphenol Cat. No. 21-5294.

Design Qualification Schematic

- Stock Module
-- Pigtail

Pigtail

r
=::::::

- , t_

a
CableCableConnector

'(ZZ5A4970)
(225A4970) (225 A5801) (225 A5801)Connector

Connector Ref Connector
Cable

(17459476) (174B9476)
(225 A5801) |

Connector

(225A4970)

Results of Test (See Attachment Litter)/- ;

N.

E'0345
14 - 18
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yUCLIAR POWER CDERATION CONTROL DEPARDEh7
,

san Jose, California
g

cc: W. Green
~ January 18, 1972 C. vonDesen

|

subjec5:: Tuurm sicNAL CAntz roR comDDENT ELZCMCAL PENmAUCNS

N. Luria
MC 038

AsA test was run today on the sample cable and connectors provided by you.
you know, the sample consisted of a length of triaxial RC-11 terminated at
one and in an Asphenol triaxial connector, a short length of cable terminated
at both ends-by triarial connectors, and another long piece of cable terminated
at one end by a triaxial connector. The three pieces were connected together
and the effect of impedance mismatches was determined.

As a result of the tests it appears that the triaxial cable and connector con-
figuration can perform with a waveform distortion less than that caused by a
65 ohe termination on a 75 ohn cable down to a pulse rise time of 1.0 nanosecond.
Since the connectors are 30 ohn, faster rise times will show a larger discontinuity
but at 1.0 nanosecond and above the effect is within specification.

The measurement was made using a Bevlett Packard Time Domain Reflectometer and
checked using a laboratory pulser and oscilloscope. I

-
,

1

4 p %$
.

L. D. Test
MC 014

.

.

i

i r~
D'i. Ting

.

14-19
t
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. . . . . . . . . . . . .

- ~ ~ ...... . . ..~_ _ .. _
- _ _._ _ _ , _ ,, -_ _.

- - - -

--- -
_ _ _ _ _ _ _ _ _ _ _



_ _ _ _-

-...._.._m____,-- ---- - -._~ _...__ ,_,,_,,_, _

navision status satar OPL 655 M75 aty.
,e 3 7 , t

GENER AL h ELECTRIC ELEC 7ENETRAT/0NS
'$ APPUCATION

mucktaa autscv onvision FCF Hv ,

- tver

OsrEcinertioa Mon *=c DoTurnLV PW& WlitE MObl/LE ASSEMBLY
DOCUuGT TITLE

_

M

|

REV1510N5

CD - 4-79 p
T A'ny

'

,

OE.MAAqllrAct/E
ISSWED,

|

_

i

.

.

i

'

A 13
24-
+1 _

220947 -

_

\ -

I . ^

TO
-

DEstRIPTION OF GROUPS
, PRINTS

r~
PL 19581+ 75u n.

|
"i"Mkunwt "'''''J "li.*TijE/A I

#^" k secano n t oa ' **= ' ' n e ' L *'= "o -
-.

.

fry ,),,,,[# "O Yt'f464r Wi

14 20
i = s . .&, .. '

q, --

-..
--

f ___.

|; ...

|1
----

-- -- _ _ ___ _. . . , _ _

( *
, .

~ -- _

__-:_- -- .... . . .( :. ,
t

- - - - -
- ^ ~ - - - - _ _ _



_.i...,m,_.__,, ,_,,, _ ,_ _ ]
'

. 1. 1.... ... s .... .s. .
. . - . -.

<
o ..

|
. w

1 E

- -
,. | _4"#

. A6

g- g : : a a : a : s s s a s s8 : 2 88 ?.. .
,

-=='

\:

(......-
w
.
+

i. .. --
= . w - . e ,

I

. .
e
=

C.,
.e
.
-

.
S .-

..

...

3 5.

3- ._--. ' -
E -

a a 3 -5
E

. . -
- -w -.., .. s. - ~

..#. .3 - -
. .. . . -

-
., . - ~~.

*. .

C. -- -
5 - * . * ..

-
.- . .* ---- -> , . .

3- - -*C.D r . . ._~--- - *= =
t *.3 =. .

a.a --

g. -

.., ,

. - C ..

is. ,-,

.
.e
___

~ ~ ~ _ ~ . . ,

s/' E .

. . . . . . .
~.

. . . . . . . . . . . i.
. , . . ~ _ . . . _ .

. . . . . . . . . . . . .-

.J .
.~. . . . .- .,. . . . . . . . . . . .

. - ~ . . ..a,w . .. . . -
~ ~ . ~ ~ - . ._. _ - -

; ., . . . . --
._ _ ~ . . . .. .

. . . . . . e e .e e
. w .e e e ._- . . . -

&- _

.m. m m 6 m e e 6 6 6
. . . ~.. . . .- e e

e e e .e . . . . ~ . . . . e e e e e ,e . e e
- . .. r . . . .-

~ ~ ~ ~ ~ - ~ ~ ~ ~
e* * 6 e m . . . m .

_ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

& =. ,-
- ~ ~ ~ ~ - - - . - - -

~ ~ ~ ~ _ _ - - ~ _ - _,o , ,
E C _-Ww .

., . .-

. . . .
, ;' @ m a a-
_ .o ~ =. =, - . . ~

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

.,e . . . .. w _.
e. . E. E. E. E.

. .-
W ..

o. e. .o . - - :.o.

.n s. i
m .3 .9 .3 e w . O O e?= . . . , O-

.O e6 .3 .3 me o= - e-w w w w
5. .- ca w w w w.6 e

w w w w w a s.
- a a .a - . w ,

# .d . .d
- . = = = ,6 6 m & _ , - - -

, w . O .= - = e= E E E Ea a a a , _, , ,

- - - - . . . - - -
= = = = = r=

=. =. =.. = = = = . . w w w
E E . .,

.E
,, . . . . .EE

- - . . . . e = = = = .E - - - - _
w I. w ._-

.
,

Ii =
' -

WE.-
r g g~

_ .-

N * .

5 I 5 E E |-

E. 5 5 i
1

E.
" ,... , , .. ,

- 1 ..,yae.. _

- -
. ; 14 21

. __ - .
,

2 .
. . . . .

. . . .

t
r
.

. . . . .! __ , , _ _
4

..g...

*** *'*** * * * * a e g asseg = . ,,,g, , ,_,

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



. ._ _ _ _

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

savision :TATo saatt
8tVA

" "T"".

7 GENER AL h ELECTRIC ELEC PENE7 RAT /oNs
arrucanon -

FCF Phi.,avnsan amanov eimie,

trrt j

Osetetricitica Renariac DoraraL V W/RE MobyLE ASSEMBLY
-

1
.

00CwDIT TITLE _

I

!

klC.2!E.

afvtsions _ _

J

'*** p A -71 ~

0' s"s u**c"D .
d

\
i

i

i ,

! ~

\
i

i

|

!
,

:

|

;

i
i

!
i

|

A/.3
2+
41'

_

220.49 -9

O(50RIPDOM OF GRC.JP5
, PRINT 3 TO

~

J

PL |15 S 14 7fq 0 W R 'S - m.

11ME.al|FJMr. 9'?'A'? Kr'j* Yg|A -3^ " '* * %.c ~~ c ~ ' ~ ~ c c '2 ~ ~c- !

fijw & ,n R *1171dfna e CI| 14 22
| = = = = * -d '

!
,

__
.

. . _ _
-.

. . . .,

k - - . . . . . . _ . . _ . . .

I
, . . . - . . . . . . - . . . . . - . . - . . . . - . - . . . -. - - _ - - - - - - - ..



.......u....-,._=.~._...-...,. .- .. - - - - - - - -

. - . . . . -

. . . . . . . .

_

L .
a

.

-
- m.i. W
. t,ea#

i
....

I -

s' 5 *3 3 ,

.

...._-

N.e
e

= ~.
".

e .
e., .
.

- .

.. s

$--
- - r
-

::-
.
.

8 _ s
-:
g!s

-
g -

. .
- .

E
, . ... .

EOE I. - W
-

.

. *- .
.

C.1, 8 - * -
:r

- *
. =>= ; == -

*Gr -- ..-.. _e.. = ,.a =.
O ww ,

e. ~ e.nwI
, _

_

.-

s.-. .c r .
*'

e .

E
E - . .

,a . . . . .
. . . . .

-- . . . =. - - --

~.
,. . . . _

a. . . =
. . e e e

- - - - E,, - - - ::'Y4 E -o
WJ a -

,s '
- . ia -

-. .. W
' c --r .a <

_ -
, ,-

r. r-

E .:
.=

.
,
.z@

a. .
- - -

. . . .
. . .

,
- - -

.

God *

1 IE
' 24 t30

.,-

-

s 5
_

-r .
,

--

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

- - , j-

'
14 - 23 |

I

1.

1
.

,

t, . . . . . _ . . . .
., _ - . . .

,

D %9PMME EO ON * S4 MMMN et 4 g.*er Wu* h# ''*#NMW6 @*D8N9 $ D 6 N #w9 M M # W F .***M * * D4e"'

*P. _ " * * * *, , - - - . - , , - , , - - - ,-q,- ym-----,------y.-.-,--g- - grr. ---e,m- - - ------ -v- - , -- - -- - -.

-



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

.

REYtSION STATES SEEET

#
"*E"' "" P' "E V-

SEN ER AL h ELECTRIC
'

ELEC PENC7' RAT /CNS
-

n y pU u r,DN

d mucLsaa antasy payisio,
FCF M

tyrt

OseteiricatioN E0name 00Tuta.S/G N A L W/RE McDyLE ASSEMBLY
anutus ma -

.
,

MiE_2.

arvistows

Sa- 1-74 /
b

Q E.MA RqlCROME fff
155UEb.

.

. .

.

d

1

i

I
~ A /3!

2. +
4/

f
220j5*

!

| \

|

PRINT! TO
DE50RIPTION OF CROUPS J

r~ PL|158 %7GBWM ._ .an.
d.%il ar w c "" % "_ '*Li*'"' fp

%* "M i7., , % ..YC ^ '4 SA W JOSE,,,,,,,, ,,,,_,,,,,,9_.,,. p
=

sAvt. :: .

1, . 2, c3
. . . . . . . .

1 -

-

. . . _
-.

.

_ _

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

__ _

" . -ee g g q,, ,
.



-=~.=nm, ._ _

__ _ _ ^ " * * * **=e- ~ . . . _ _ , ..-r . ..

. .
- . .

b- ..
ew
E

99 **
e.

k 696

*EE*
- :;: S E E E I E I EE ...**

p q
P

....-

+
|

am a-g | -
*=. es. te.

-- t -
= .

9
. m
-
er . I. . *=
E
E and
- - G.

em
==

-$ E
m B3
5 .

**
g

I ._*, *Em

I **=e 6
B
*g

. , z
hoo O O

*
O **

" W
!m 4'*

E 6 t#'
m 5 Em 9 re 5

o E P= ma eri n S' em 6 6== Ee#9 I O 5 ao
nae e

_

mc= c=m =p e- meausy e -
Y - -Y . ,,. .,,,, .

.~
_ ~ - .s .= f. .

e . - -
O* 40 ,

men
Q ese ene e

e,

(,
= E w

C am
O ee

.
-

8 .

. 3e - .s . . - - . m ,,, - . . .

. . . - - - -. . . . . 9o- ~.
* be S S S S S S & M M e e e S S e *

4

- G. & & fl. S. @ 68 4. G A S. G. A. 4 G.

ts. S S 8='t 8** - #== 8== @ ce m e e G S S 8* O.

- == - e Ob == m S ce . e i .cas e S s== s** W
(m e =E

488

** s= | - e e #== ene 6.s

m.!'
tt W e' W @ @ S W ar ,

e,eI a= W e ce em see a- ==

& ens s.e
6 m. O. m, a,, e, e,n .m ,6 6,. 8,.E 4#5 t#9 #* M S S 9I G. m

m 6 m a . . i
pet e== suo enl

, ,
e.s a.= c. =e= e . , , ~ .- men en
c - m em Ec.m ce ewm

3 == m e em p= e s=
.en m - - ee == a,

y
ta=d

nad 2 s.a. s.ia.O *
. . ""-
- -

== 4 6 *=== es. g me S ed e#5O - 9 B WS E m, ens, ==shww es83 eme#* 3 ==
=m. 3 em

ens . . 6 had =m # s tuf eft
4Af -# 9 $ 5 *.-4 4
E be w D E s

b.d=, E== ==
8 D & 6 e

E E 5 O e"" =
- == 9 m. e e.# , ew e=# ;;

* 4A ed 4A eu. 8=

w w iA iA - n.

w w w s .e. .a. .a. 3 p y
,, e., = e a 3i

. . . w. 3 ,,, ,3 e e- e. == e- == == == ms .G gse eg IaW W
== ges es,, p

ES == == *=

.s.,, E 3 o = .
e oE e

o.e
a a. a. w w - - w

.d s.,.- -

ee .e -a == =r- s s a
w te=- . , . . . . - . ,

- 1
e= \
s.T .e aA. * .*ew . end

e .

*. $,p .

'

=
.

. .

4
p e

'

"I= $ =

E
.= *

ed
| " " " " * -# - =[ at e. t - .

C o.c
-

-n. e a e e e e e e e e m "y
f

", T'.- c .- . . e
.c . .wy

-
, -_

. em om

14 - 2 5 "" -
dbe en. . _ empo

huei. e.

t

|k8

,,.

i
5 -w...

e.+ = _ _

' .

-
. = . . . .



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

> .

t 9 I I , t a t t t t t t t t t f 1 1 e f if f f f f

T
R I N;-T o 4 W g

ag
N t -

E I ' " *

/"E O |
.

T* * ,'
4 N P g& @ s o we 3'). s Ez D*

D **g
*$@-

pl* k
CD| E k8 e m.

"s
mS i

.(an._

I >- u
b 4}g*

yv 8 I Ul *, .J -

mmm- smw -
W~

N .w-wjI * .E / o mi ,
"

s e, %4.g -
u

* C o "%
.

3 h w
w =- Wgh . =# j' <*

f 8 e3 eRA 0 8 Y'
j w rw es '- a

E 4 Ww O
E g g C. p g

2. O" w 2
c k*
~ s

$. ,N.w! WN - .

i *l
..
w

ti
= *

E..w. . PT* : *a a .. We e
Cr 1") .

- e..-

I ~" E = %
m . = - .- it xzw we .- '

.l I * >z y
i w w~O b w -O---

g ' E" -

O |_ u -
-1 , -y ;

_.. E E- :::-' ,

o g ud~-
* w me -

, "
E O.i .

''-
. - -- : ~ = -

I ! ! 21.7i
n w> ;

=
n g .E

. r![
---

E I WNE*bN
l i s5E=r

-

% W"~

[ I e- as:~5: . d ===r-

4 EdoE|
SQ 33"*E<

s . .G Kt
-

n-g * ,w w E d * z .-.

-e*$ 20" E
.a-

E af W W
.4WWE'

! _4 * 5 :-
e>u g.l

._s=E: .___

CEE E3 =<
~

!! $'m l
i*E=52 2:: ossai se e:' -
<r < m <a 823=- -

g %
.

og s .:a : .e .,: ;j. t

3, --*

!!8;

' u-hj . .
. .

-- -
_. ..

--
I

1'
- - .

_

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

|
|

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

t
-

- - , - - -m----. - - - - - _ , .



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

*-- **-~* m .# _- w _,m , _,,, ~ **************-%s....._., _, , . . , _

'

PS.
. see

E

*=
1>9 ."W

s !
te* 8S

O .... :I 5" 5 a a a z a a a
...._

t.d
E
ef'

em

E *= ** 48* *
f % te. es.

,I U P
>

S W
I er*w
r 9W "*

8

$ auf
- E.
a=
"

= ~
$ =W

6 SE
E .-_

_ *Et e
y es..

6 4 g ,

w ~ "
S

e amo ,
g
-

CO = ==
% E w

M ,,,

E E
9e Di

t#9 O
j

== ed
"

O h. ~ ~ . . . ~ - - - - .
&

& 4 6&. K S
- S

63&M see
Ge * . --. j

+ ,

[O e.e e
-

--

O.k -
S .< ,p -

;
< /'' gg

- S. . - - - - , ~ ,

m S S S S S S S S S S S.33 S.S S S S S G S Sw Gto & 4. 4Sw S g
E 4 A G.

e.a =,s=.
E a S S S S e- 7"' eu * 9 9 =

E
S S S S "4

S.- en S e= Po tS c== en em S ==

=.=- p= ce == ene e ce

E - er S tr% w S S e On e tr'
=

g
a e e a m S 6 m m 6

ar ers ses ses erm e. e e+ e ars ene, ,
e, *soL* o P* S 784 ew e==

r= rw eu W|e
e == a ew ew es == r% rw Pu em

D * em. r.=.==3
. -

4.9 F 5
,

O =-

@E== == 3 w
ew

,
8=e3

O == - &S ES E V sen 69 sonw E *me E Men ear = ==
=> Ses. W =

S O 6 - =,- w
|

tes E 4.d had S tan
3-ed e/' EE es. O e e *

e
a e == w o -

a u B S E.- -
O w S 6 s*-
6 4A E
S ! 4# *

taf B *

t.h ' E. .' t.adS w - - . a*w - . . - - -
._,.

. . - .- S
S..,

S. z. S . -
.. - S . w

.

w= w - e. a w .c w a. w a.
--

e

320954w
-

ir'

S.
he*

E.- ; i
,

.
m= -

- m m er er5 ey r* su . y up

= ama. S S S S S S S as B - ==
and Er.

S S S S S S S S S

S|S*= *=5
'" "" j

[* e
14 27?

c.>
e

$
.

. ..- .--.-~ -..
t .

-.. ._

#

2 - -,-- ---. ..., ....,. . , , , , ,

' **"****r s. . n .w... , , , -
,,__ - ~. .._ _-__ _., e .

_

--m--- ,- ,9_---~ _y y, ,, . - - - w---- aw-_-w- _ , - , . - - _ - - _ m ____ __ _ _____ _ _ _ _ _ _ _ _ _ _ . - . _



. . , _ ._ .

. - ..--.m , , , , , . . , _

I._ 7 , ,,,,,
,

|n.,

; _.g_ i
. >. -

_ . . _
, i e .
t|T k I d. 0 *r g3

tL (,
i- | ta rd ge-g. -

L'.",-
0' *

g @*
R CD > Q ;

< mi cq - -

3 0%- 'f; w
. 1

-
4 *

s D. a ,
|

8
~

>V ' w,_

l ".,

e .
3

- W e,,-w
g ws g . gm

s Ezw JS i e<E O~ i *
E !pOame Q

@ o~ o b M o
W o

2 *0 ed
* w
$ 2 gg*

A, :?c'*: .:-,= --- wa
2A g* $ * No
*N ~gh *E -

.J
' W 9 -

; .,. y * ax-

o - ..

z --[-
,

1 5*
b W |. .. . * .;. I I -

. - *
..

.. i. ,; .a ' .*

%Ft * x Q S ,.*. 't ; . . 8.:.m

8 + *s ; _..I, $ g| {,
458-

U **~

ys , .

m o e 7.:r' - : < - .: g u v
.

E and f q= N 'O

N -Ib- **d *
5 to 9 x .p c

E - E ,. ygt ,,, z
. ''e ,

ia go -e 'ps g w- =
.s 1 a@E -C

-e
t == D O

O sn a6 aC O

O 3 o ='" O..*

1.M
-

w e- E., E D 'M'"
, s

""
g e ..

,1 e
B == n.s O

,, e.-. --

.6

. EgXZW .we-.e s .

.. . . .O g- ,,, E o Ea-x
_-

.> e-
* l{ * en K

-d

48 ,,, e *g--- ;

g i. ..i ..
. .E- =. -

1 , O*""'

.= e w == c . '"8
-

DE 4 @g , e O ''E ** -Eg | "a W
I

Es.3
E g:4 w

.m
,;
\ . , n oso at CoE ,2 z. v-

p qwC W=
. W ,.g E-OW "'"

W''. , N OTC Ei
-

y
( *-

mec-W EWg-w
I - ==8 >

*/ g at Di

*- - v a- * *3C |.
m # * h .a v o. o '0

o
:l=v g-.- n- a
I g a~ gg.'

. ,..E-m- as < @ Ef e- ~~ E **d %e C4 o- E E E,D w g
& tad & == to O *'"- O a. -w-

O. x ,* * C., - E ~~ ~**g e'm
N .e w -@E

ge.a son e.# 4 E E 2 as.-
-

E"E-'o5 s.'.,G e E ~O
0 -

>J w
ooz --

's 8 '* 7 ,. E ** $ %Ow u/ = w w -{ .
-

- K
s. @- @

'

I
2 Z== - etq[ - z a- c-*

a W<r Ia=ge>rei-E 2 2 0 N ~>.
t, -

a m
t e E k. , !! P_n<o-s-e<m a **I-3"~"" .--.r-- 2 w ;*g .r. ~ ... .

E. m ms ** ;!L .

,

3*=
-

7 --
' ' '

O
' u

14 28'

(

I
I
i
i
t .. . . . . _ _ _

. - - - - - . -

WP.

--

*==*.--*-------,.,.w-.- . , . . . __
_

_ _ , , . , ,___,, , _ , , _

.!



- _ _

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

. .. , i -H,,,,.,,,,,,,,,,,.1 ,

- ||! | c
,

.sr. >-

s .e. e- l

- hi_
,'

r' E ,

ci;.-
- e g

e(
,

m a
- m :=

- m - c.,,

-n c, s .
o g <J r .

m_ . w s

H. H. .-

zu ,

i o *. o
w e 4; ,

.
-

mv o, . , u
-

. . , ,, u tW""WW- e ''
.c

[ -eo- Js e rr >D< g . .

.E h$ Ew
# "E

BR zz "A@ s~ = ~- i- o o -o= ww w
. ga .|>g, ,-

a m-. in , , , '

fl ']
' (* -

.,
s t ,

& m 'r" e
t je --

D.. c
o<e- i

2''
3- 4t

*- .0 ,. J -
C 4 | 5 .isg

Oi E er A.m~

*i E R M*

o
sr i /= 5 ", E Wg

so a-r ,_
- /.k a, .

W"w E:
.n~

(f F.,
- a _

h B" 5
~

bh gE
_

*
.!o E'i"

'I '. .
- -. 9 0 *:i! # g :,-'- .

,

I Q et Et- a
* *. E ;; 6I. !. rn m -. n - - --

W :5

0a=; EE eE
-

|

!*l lI
5 ,

e .s : e! I -

o I o g =
j g

'
ae o o r;

h. : :EE E'

-z-5 EI
I.

i " -r- e.
: o, * CSEE e-

f =* = , = . . -
. gE**

E~E-

.f Es b5
s: =--a

Dw 507: 45
I WEEE:S

P! 3mm =0.~0,- 2209,e;6i - -- .g<r3 s
* W E EEEfE5

f~ 4df .;;81$%Si
3 w

-
\ m

5 5 s4 4 ; i
.

r z :;
"8 .

:; .. - 14 19

k
|

E
..- . . . . . . . ,

' , , _ _ . ___

' -

* "
_ _ _ _ __ _



. . . , . *-.=.~,.sv g e ,s.. .a.o s e e + - a ...s.=-.* - ' - - - . ^ ~ * * * * ~ - * * " - * - . ~ ~ - --

.
,

~-' ""$$,Ih'"??. ;,g,Ejyir:5 .. - .

6 ENGINEERING CHANGE NOTICE NO NE 47750 <

A # |I APED - CCMTROL & INSTRLMENTATION couT. on st. sn
Ah. J4 74 !ENERAL ELECTRIC CO. maTr asuto -

7 1

MLEY /
Peasncis s ano. EL E C TRICAL PCWC TRA *r/CNSsoumanT

N/ Oetsponsuury uAson coots E 3b*gy",&
o.c.. e x = inte. mo. .= u v. o. es. i = aree. "

O '''"'* *"*'**'*"ESEE SCLoW =-
- =muenas. -

cunigaro..

\. 318X I16 WE
_

L V PWR, El.ECT PcNCTM .

(a ) FoA Pl*Ovu s comPwTo T* /51c +48 2. See I, gyiso 7a
Woes,, qu +,4*ar f quG eNLY --. y, y

Few*M ay McMoyiNg sLetye ('s.ssA IHo Poe1)
i dN EHb THAT DOES NOT flT INT * HEAbcR *kLY.
| RerLAet totTH ssT sterye (1s2.A c113 toon.),
| StcqRE SLEEYE Te DoDY MTH LeCrML {PAmeA. |

(17Mto17?oof f Put). 7417 0) LAyes, w Ryasen
(12 SA5114 Paaf) IN sLctVE k17H quix-sc7 E*#~

|

| (tt 5A +147 Tool) THeN MLL toITH 17CA BI'La Too/ . M 'E S
'

|' 'NsTc; esT 3LesYe sHayLO /AYE APPROX. .eaf (2.55A/449)
i cLesMNce To MActixn EPsxy Br6AC 7eTT/gg. TO S704/<

ascovw,

(1-; rop. maovus s.r c.mrtertb To AbcYE - .,a,, t z cu

ser stusves (uza u(zi.s r..i)(xa L. erat nq?),
RtPLAce B*TH Sleeves t.35A/44o76of) WITH anameenma

~ ' '

rur 0) LAyes or Ruasex (11sAs1ztPes+) |H
ATTW: PR00UCT19e CCNTROI TWE PDt.ADWUte PRuf75 AM ATTACMED TO TM 8 Eggs R5

22o337 =
-

= ^ = - = = = . - . -, "M ..

O = = amtsase D AT accias. 888 "''"uGT'*'s asevel D ves iso
u AY takTEREL WIDDt AT AsBY. OEDEA PAM DEsaQmatvan q 3.
E AT PussWNO m STOCg SCRAP g ygg

("- Q AT vtmem QC TEST WORE
* ** ''

[ J AT FAS DECM. 980P SmiPPgg 3Rt egstu av'' /.

g tia=== 7 a rys r/2 ,p p u
T. .--, e os

. ... u .. m e,,3 - ,

.. ... ....... ...g 90s .. ...thm
,_ ,,,, ,,, .

M ==u =. ,=,y .
.

-. . . . . . . , --

___
._

_

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

4--" . . . . , , - , , -' - - , - 3 - - - , . - _ _ - , _ . ,,_ _ _ , _ _ , , _ , , _



._ _.

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

.-
.

1 ,

l'
-..

-

: : = s" - - - --

: =
E E E

! ! :Es :Es :s :Fs :Es :Es :Es :s
t',

i
: i

15 .15 15 15 .15 15 .15_ .15
'

d : i. : -- -- -- - --
. .-. ;

3 ~.
; sI

.

A'
- r :m :. .., . . . . . . . . .

.
.

E i_
_

I E !! !5I
l.e F:. .

-

s s s s s s s s.
-

p.a i = = = = =: ~~ ~
:

:...;.=
..

:
-- 2: 2 2 2 2 2 e 2 2-

2 2 2 2 2 2 2 2
| I:li

. . . . . . .:-= .c: .
_ _

a e .: . . - _ _

g;
t
a .

. ., . . - - -p
.c : = = c = c =

I:i
-

.

i :

. . . . . . .

:1 _It 2 2 2 2 .S S 2 2=

. . . . . . .

ai.::i ..

::l,4::-s . . . . . - -

g e s ; ; ; e s-
-

o i p:
,

i i.h
t : a s a a s :~

*

a 6 6 6 6 a & b .e

i ========
j :|:|:|:|:|}:|:|:|
-

8
<

j= j=e l=e l=e }=: = g 3=. a
e : .= .2

a
r
: :

= = ======'2I :
:|:|:|:|:|:|:|:|J ! : "

= ft
s_ .l_ i_a .=_j__j__ja_ja_j__.i_

__

a a a.! : ng 3
E'

a..

ff a 5- 73 -3 ;g ,2. ,er ,e ,e .33 3 3 +:
_

\ -

I E. e: +: er v
; ,

- a -= 2 a
,, J. a-

21 a o
-

E. I c. -= -= R.2
E R B B-

E.I c.I c.I c.I c.I
R

- -
-

: ll
s g . A cc e

'
! i 3

a a s s

|| 1:1111
: - .

|
- -

|0 ai! !
,

e

nii i i ...: : : :-

_



. . . ... _ _ .. .. . . .. . . . .. m __. . - - . . - . . . . . . . . . . . . .
.. . . . . ..

\
S .-

.

I
.

* ,_ m
. . . ,. - p b D. ... h b b o,L 6. f d NUCLEAR ENERGYdU..OUp.-

.- :( i SYSTEMS DIVISION

GENERAL ELECTR40 oMANY.175 CuRTNER AVENUE, SAN Jose. CALIFoRN!A 95125
Pfene (408) 297-3000 TWx tao. 01N3H116

Septaster 24, 1976

. Project Engineer - J. O. 11600.02
Stone & Webster Engineering Corp.
P. O. Box 2325
Boston, MA 02107

Dear Sir:

Subject: Shoreham fluelear Power Station Unit 1 Electrical Penetrations
Qualification Tests - Progress Report

For your information we have successfully completed most of the qualification tests
of the Series 200 low voltage electrical penetrations. This is the type of penetra-
tion that will be furnished for Shureham. Tlie design is similar to the Series 100

g type that was used in the past, but it uses two epoxies that are improved versions
of the previous epoxy. The new fomulations are called EMR 300 and EMR 301. The4
modules for the Series 200 units are shorter, but are interchangeable with the
Series 100 modules.

The following qualification tests have been successfully completed:
.

1. Themocycle
2. Radiation resistance

i

3. Short circuit and overload current'

4. LOCA(shortterm) ,

Tests to be performed are:

1. Seismic - scheduled for November 1 completion
2. Long Tem LOCA (100 day) - scheduled for May 1977 completion

The last two tests are not likely to present problems. The long tem test conditions
for Shoreham are 2100 F. 100% RH and 20 psig. This coeperes with the LOCA conditions
of 3400 F. 100% RH and 48 psig for four hours which the unit has successfully passed.
The low temperature is much easier for epoxy to withstand.
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./
k Project Engineer

Page 2
September 24. 1976

In sunnary, the most difficult parts of the qualification test program for the new
Series 200 penetration design have been complated, and the results are favorable.
The two remaining tests are unlikely to present any problems, ar.d manufacturing of
the penetrations for Shoreham is proceeding.

Yours very truly.

E. b. * MU-
E. D. Smith. Senior Engineer
Controis Application Engineering
Domestic Projects I & II
M/C 371. Ext. 2393

rgm

cc': E. Colby
Portland. OR
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Abstract

This test report is objec':ive evider.ce avalifying the use of DR-300 epoxy
in electric penetrations, specifically for Forsurk TVO and replace ent .

modules.

.

|

t

I

.

.

'

.

*

.

l

I

.

.

.

*

. . . . .

.,.
. . . . . . . . ...

., .f .. . . . .
.:-.:....'.. . ... . . .

!
-

. . . _ .

!

i
.

-- . --. __. . . .

,
--

- - _ __



. . . . . . ~ ~ - - - - - - - -- - - - - - - - -

- ~ . . . . . . . . ... .
*

-

o. 1RS237/Da 300I.M.E.E.:. -

5/27/76 - lStart Test:
September 21, 1976 Completed Test: ~ 9/17/76 _ i

i

-

TEST 107 76-05
>m

,,

,

incorporating
INTRODUCTION

The purpcse cf this test is to reconfirm previous test datathe new EMR 300 resin and the 3'i Co. XR5237 in o the presenThe EMR 300 is used as tne
1.0 t 100 series

-

A ratest senedule was setelectrical penetratien low voltage product.
stock pot and XR3237 as the cust:-er and pot.ifferent test secuence, I

up using two een sesi *ccules aten undergoing a dditions.
thereby covering a wide range of in, service con

2.0 REFERENCES
874-502-3Test report document -

Prototype test olan P74-NGL-57
Test report e100 - DtR300/XR5237

Werk order - planning card e46 ('T' NO. THS76) Work order - planning card w!9 ('T' H0. THB68)
.

M.P.I. 27.014

3.0 TEST LOCAT10:1
L.0.C.A. test facility Eldg. W

Engineering lab Room e267 B1dg. AVallecitos Aclear Center, cont 1t facility
.

4.0 TEST EQUIP"ENT Inc.
Mi pot S/N N04282. AR hy pot. Associated Research,Model LC 20
Mass spectre eter helium leak detector, G.E. Co.

'

..

a.
b.

Autoclave S/ti 250 G. E. soec. -

143691c. Pressure gauge S/N

Final controller console, eccel d524Tanney environmental chamber 5/N 8723-3
d.
e.
f. V.N.C. cobalt 60 facilityg. A.C. voltage supplyh. D.C. current supply

Volt / ohm meter P.coel #259 Insulation resistance censuring rack S/N #5
1.
j.

k.

TG279-0125.0 TEST HAP.D'#RE
#16 AWG Electrical penetration, low voltage, serial r. umberb r Y7463-111

#10 AWG Electrical penetration, low voltage, serial num e!

.

*.'

m

. . . ..... .. .. .. . .. . .

f .
.
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Test 107-76-05 I

, Page Z !
.

- Septenbar 21, 1.g76

6.0 RE0'JIREMENTS

6.1 TEST ENVIRO.0'ENT
.

:

Loss of Coolant Accident

0 8
Temp: 9340 F 325 F 2600F

Press: 103 PSIG 81 PSIG 20 PSIG .

*

Duration: 4 hours 3 hours 6 days
A.C. current during L.O.C.A. .

A.C. voltage during L.O.C.A.
i
.

Thermal Cycle Test
'

1 cycle, 5000F to 1500F to 500F
Total of 120 cycles 9 70 to 100t R.H.

Gama Exposure

# 5 X 107 rads .

.
-

( 6.2 TEST SEC'JE':CE OF TEST HARDWA8E
.

#16 AW3, S/N TGZ79-012 #10 AVG. 5/N Y7463-111
..-

L.O.C.A.
Thermal cycle Thermal cycle

~

Gama Irradiation Gama Irradiation'

L.0.C.A. L.O.C.A.
.

7.0 DESCRIPTICN

The test set-uo for both electrical pen seal modules was the same, however,'

the test schedule for module S/N TGZ79-012 was different due to the L.O.C.A.-
performed prior to the ther:.a1 cycling. Final L.O.C.A. - for both mocules
tes perfortted sireultaneously (See 6.2).

!
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8.0 ACCEPTAfCE CRITERIA

Throughcut the test, the leak rate through the entire module. including bethS.1
seals shall not exceed 1 X 10-2 ccN /sec.2

8.2 During loss of ecolant accident test the modules shall be capable of sus-
..

taining the following:
i

123 VAC :
1.5 amps 0.C. ,

I

8.3 The following information data shall be accumulated: |

Insulation resistance during L.O.C.A.o
-

Insulation Resistance after L.O.C.A.o

Sample Withstand Voltage (A.C.)o

9.0 TEST RESULTS

9.1 Verificatien of =16 AWG Module, S/N TGZ79-012

hnitial*L.O.C.A. Test( 9.1.1

The test conditions applied to the f1'6 AWG Module are suemarized in Table
.

After the L.O.C.A. test, soap bubble checks were made on the exteenal1.
boundary of the module with no indications of leakage at 1600F and 86 PS'G. **

There were noThe module sustained the indicated current and voltage.
anomalies during this part of the test. The insulation resistance from
conductors to ground showed the steady values as recorded.,

'

! At the conclusion of the test, when temperature returned to amcient the
following measurements were recorded.

o Helium leak rate

2.4 X 10'g 10-7 cc/sec.8o Vessel exposed end:
cc/sec.o Outside end:

Withstand voltage (inforration data)o

50% of wires withstood 2.2 KVAC (6CH2) for 1 minute duration
-

Insulation Resistance (information data)o

6 ohms 9 500 VDC.81% of wires were in excess of 1 X 10
,

(5) |
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9.1.2 Thermal Cvele |

Table 2A defines the environment to which the module was subjected.
At the conclusion of the test. only ont end of the module remained
. helium leak tight to less than 1 X 10** cc/sec. I

9.1.3 Garza boosure
The module was exposed to the radiation conditions of Table 3.

9.1.4 Final L.O.C. A. Test
The module was subjected to the second L.O.C.A. environment of Table

At the completion of the test, the modules passed the following4.
tests.

8.6 X 10-10 cc/seco Helium leak rate:

66% of wires were still able to exhibit an insulation resis-
* *

.

o
tance greater than 5 X 100 otens # 500 VDC

,

Since this module was subjected to tw L.0.C.A. tests, the primary
objective was to demonstrate pressure integrity due to the small

(. sample size tested.
.

,

9.2 Verification of 410 AWS Module ..

5/N Y7463-111
.

9.2.1 Introduction
This module is the design verification unit which demonstrates bothThe sequence of testing covers
electrical and mechanical properties.

| aging, followed by Loss of Coolant Accident.'

9.2.2 Thermal Cvele
Table 28 defines the envirer. ment to which the module was subjected.
At the conclusion of the test, the entire module remained helium leak
tight to less than 1 X 10-6 cc/sec.

9.2.3 Gatea D oesure
The module i.as exposed to the gamma radiation conditions of Table 3.i

!

,
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9.2.4 _L.0.C.A. Test
The module was subjected to the L.O.C.A. environment of Table 4.

During the L.O.C.A. enviroment, 98t of the wires sustained 150 VAC4 o k.s
and exhibited an insulation resistance of greater than 1 X 10
9 500 VDC.

At the conclusion of the L.0.C.A. test, the module was helium leakIn addition,100t of the wires
4 cc/sec.tight to less than 8.6 X 10

were camble of withstanding 2.2 KVAC (60HZ) for 1 minute duration (wire to all other wires and ground) and showed an insulation resis-11

tance (wire to all other wires and ground) of greater than 1 X 10
oks. '

|
In summary, there was virtually insignificant deterioration as a
result of the testing program.
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CONCLUSION _

This design verification test was conducted to qualify the EMR-300 epoxyin the 100 series design for Fors: nark. TVO and previous recuisition rep ace-
10.

l

.| ment endules.
The verification covers the epoxy capability to provide required pressure
lategrity and elettrical characteristics.

'

The EMR-300 epoxy is basically identical to the previously qualified N229 epoxy with the exceotion that the former has increased stability when su -
b

Both ecoxies are used in the
jected to high pressure steam environment. i nt by

* stock" module caly and both are protected from any steam env ronme
I .

d cables.
the 3M Co. XR5237 epoxy used to encapsulate the pigtail wire anlon;

,

The change to EFJt-300 was introduced for the purpose of increasing thetem reliaoility of the product and in anticipation of any future recu
'j

ire-
t -

sents inccease in operating temperature / pressure environ:::ent.k i l
.

This test deconstrates that EMR-300 is acceptable fer use in the e eetr caThe

penetration uccule design and outoerforms the previous N229 epoxy. increased elongation property of EMR-300 allows for a greater gn=a r
adiation

exposure which is one measure of life performance.
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TABLE 1
i

INITIAL L.0.C.A. TEST FOR #16 AWG
ELECTRICAL PENETRATION LOW VOLTAGE SlN TGZ79-012

.

Date of Test: 5/27/76 to 6/2/76

340eF . 325 F 260eF8
Temperature-
Pressure PSIG- 103 PSIG ! 81 PSIG 20 PSIG

| Duration- 4 hours ; 3 hours 5 days
t !

I.
4

TABLE 2
*

THERPAL CYCLE EXPOSURE TEST

Tamp cycle: 50 to 150-500F
4 hours. Cycle time

i of cycles 120
RH, s ) 90t

. , .
.

.

TABLE 3_

..

EAMMA IRRADIATION
.

5
Exposure rate: 9 3.5 g 10 R/hr

5 x 10 radsTotal exposure:

Date of test: 7/26/76 - 8/1/76

I

|
TABLE 4

FINAL L.0.C.A. TEST

340 F 3250F 2600F'

01

Pressure (vessel): 103 PSIG 81 PSIG 20 PSIGTamp.:

Duration: 3 hours 3 hours 18 hours
.

.

* eP *

(9)
'
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W12:C-250
Februsry 4, 167S ,1

!!r . 7 . " . ')' 'Ic il *. ;, *13 rec t or
1)irectors t.e of one:ulators/ oimra tions
lle gion 7.

U. S. 3u :les: 2eyulat.ory 'to-r,.innion
f31 Par'. ?,venut 19406King of Prussin , Pur.nnylvanin

2.'. T.ullotin 77-07'

e,taticr. - 1: nit 1
O nor0%9 !!ucir.sr Povarnnetet !o. S n- 3 2.'

Dear 'tr. O'3si13 v:
cont tined in Int,p..nion andIn respc.nre to t' r- request

r.nforce.cnt 7u11etir. 77-07 (Decenber 11., 197 '.)
<ro have

( conductri a revic.? of the Shorchvi Plant to ac'.trer.:. the
,.

quastion. . containe:I ti.ornin..

"ill bee.y cific ren..onse wa
As part of t'ic S'.iore'trr9:ncric letters previous 1f sent to ths 'IRC,

i

referencino ""sc
as part of t'To n37ufacturcrn anneric ren,onqc.

.

lettern vo .ill be re 'erencin<7 are as Foll.r.:s:
1977 "loctri:n1 Ft:. tritiorraLetter 1: P.,ve hor 31,

Lotter 2: :h :. -Ser .'', 1677 - Electrical Potaetrotion-
:'ffectn of P1lintion x, soc urc.e

Pent tratiori -ther thor 5,1977 - :llectricalLotter h
Le o'.n

! Par cod , G. !' . to D. C. Pisehut,These letter s cru frc, O. G. T,ctters t.rc ?.ttached
Anie.tni.*. nirector Oncr. Tech. FC. s
to respanne.

npccific <!usstionnThe follo inq v:ill enrve to inver thr-
1.0 throaqh 3.2 cnntained in the subject bulletin::

cr.ntsir.tx:nt. elcetrical penetrations
70uastion1.0 W you hava

that are o' tte.- G.L. 9eri es 10') , or arc other-3 upon ar, epoxyvina sini)nr in that t e ry In:n 1:
scalint and a dry nitronen prc*tsure environe.ent
to ensure taa t the c12ct.rical ana pres';ureso as to ensurecharacter 19 tics are r.nint.nine:-

! -
.

t

$'
i.

, _ . ... .. . . .. ..,
4

- - - - - _
, --

--~ - -.-. ..._ ,
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~

't.c. J. D. O'P.cill" Pagn 2-

IU *1alletin 77-07fte :
,

(
.

- . -
~ . - _ .

the fm.etional enpability as rn*1uirc.1 by thennre.esly , (1)
plant's safety analysis re; ort;of electric
to conure adequate functionine.; to ensurennfety re 12 teel equis mnt and (2)
cont.ain:mnt icsh tightner.s. If you do use

p.:nctrations of this tipe at your facility
de:Cri'so the manaf seturcr and r..odel nut.f.ier
of thenc units.

The S5orchan Station utilizes GeneralYnn.r:1 etric f crias 200 cicetrical p?nctrationsAnswer 1.*.
Ref:rence letters discussin tM contain'r.nt.

generic design for this tyne series.

If you do not have tienet.rntion n9sem511cs of
Question 1.1 tM ty: 2 (s) referenec! in Iter 1.-) above,

deteribo th ? type (s) of pene tr ations c .<j. ,
in use or'

r':mufact.urer and m b1 r.u ihar nos?n1'nne J for use in safety u. steics at your .

h e i l it .'.

Answer 1.1 ::ot Arc.elicable .
,

i:-bodded in*M ti.c trwitinn connector r.in: .

Question 1.2 t >e e,m:.y as di scu sed in Iton 3.0 alaove have
r. i ins.:lation jachot?

Unlih.> the ponctrations utili cd at
Annwer 1.2 7r :.

"illetone finit f 2, th e- transition connector
sir. ; have on insulatiora jacket over the entire
10.vy th .

i
,

For tho >e tan: trations rrfc.icne >1 in Iter: 1 above,
Oucstion 2.9 t.n' rusnufneturer's pres:rit ed nitrogen pressure

b sen mintained at all tiros during shi;pinq,'...:
and installation?storn ;n,

'she in';tru : tion riannn3 proviCod 'iy the vendor rtakes
provi: inns for mintenance and orc:surization duringThesc proscri:>c?.An.w'cr 2.0
sSin: sine;, ntorsqe an.4 installation.'

v.et.50.h have Mon fo11osted.

.

9

. . . . .
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Fchruary 3, l'87 3.

- 'tr. J.P. O'Reilly Panc 3
Re: 71: ::ulletin 77-07

Is there a nred, as rinterninnd by cither the
Otwstion 3.3 vent or or . yourncif, to maintain penetrationsi

pressurizce" durinq normel operation, to assure
functionability during a LOCA.
' ::e ven. lor reconmendation, rar;ariine; orcasarization
nr'.* nttached. They will be follound on Choreha..Answer 3..'

.

'I'nt ner. ares have you tchen to ensure tnat
Question 2.1 vne trations of thir. type .3111 perform their

tienign function under LOC 3 ce>nditions ? (design

r'?vic i. enolysis, or toetc) ?
'I'ic S3orehan pr'nr.tration uurch .se r.pecification

Answer 3.1 required rect mnive qualification testing for the
cloctrical proportics unr1 for the penetration toTshic 1 attacheduit'2r.tand the LOCA enviromient."en?trations varcgi .". r enn:litionn of nervice.
onalifi-4 to thesn environment t1 conditions.

<

e sicaaures th.-t provitic this assurance
Question 3.2 Tre t':? to satisfy the Co-r.ie: ion's requlstions

al. quat 9 to Part(~'.ncral !)ccign Critarin f or 7 p; endiy. .%
.,0 ; 17. Critoria , Appondi>: 3 to T' art 5) ?*

o f t.hc'' u r e imarns t.1.en for the desirp testint-,

Annscr 3.2 l- ::t.rical >cnetrations n s:r Slies provide cS r;ustena tisfy tv ''or::i salon's regulation .n : urar ce tn

If you have anf a&'ition..1 qu mtion, in this ar-a, plear.a contact
us.

i:RC office of Inspectioncc:
Very truly youre, and rnforcementDivision of Reactor Inspectici

Prograns.s,- s..

'fashincton, D. C. 20555
. . .

.

T.' J . liuri*.o , bec: 11. Chau
Project Mana.*cr Dist. List 14
Shorehar: Nucletr ?nuar Station Enq. File A21.200.

M. T. Keatinc
ft:C/cl M. Shanks (GE)

i F.. J. Brabazon (S&M).

. Attach. J. Blakley (GE)
F.. 1. Younglinc ._' --

Karl Eniel (SRC)i

I Al Toth (NRC)
f P. J. Scannell' .

I*
! . . . -. . -
t -
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ATTACHMENT 1*
-

.

f...ContainmentelectricalpenetrationsmanufacturedbyGeneralElectricarepplied with pressure gauges and fittings for pressurizing the interior
'

-

.lume of the penetration seal. This is to facilitate leak testing and
to maintain a positive pressure within the penetration during operation.
The positive pressure is maintained to reduce the potential for moisture
cnt2 ring the seal which can lead to long term degradation of the seal.
The purpose of this Service information letter is to make certain that all

.uncrs of General Electric containment penetrations are advised of the
e

(N )rGeommended mode for operating the penetrations with a positive nitrogen 2

prassure.

DISCUSSION

'G3neral Electric has manufactured three types of electrical penetrations.
Cannister Type, 2) Series 100, and 3) Series 200.Thase are known as 1)All three types have provisions for pressure gauges to show internal pres-

The installation instructions in general require purging and pressuri-oure.
zstion with N2 and testing for leaks.
These electrical penetrations are passive equipment and, if properly
installed and found to be leak-tight initially, should not need repair
or replacement unless mechanically damaged. Thus, N2 pressure can be

Pene-opplied and held by these penetrations over long periods of time.
trations should be pressurized after installation with 15 to 45 psig of

for normal operation. Periodic checks should be made to verify that
N2 is being maintained.a positive pressure (with respect to the containment)

is not necessary to assure con-essurization of the penetrations with N2.

(;N .ainment integrity or electrical integrity if there are no leaks in the
If a leak develops in the penetration, and the nitrogenpanetration.

pressure falls to atmospheric, then the penetration will " breathe" withThis breathing
changes in barometric pressure and penetration temperature. Thiscan draw both moisture and air into the internals of the penetration.however, in thewill net have an immediate affect on electrical integrity:
long-term it may lead to gradual deterioration.

RECOMMENDED ACTION.

General Electric recommends that all containment electrical penetrations
conufactured by General Electric be pressurized to a pressure of 15 to 45
psig with commercially available dry nitrogen and monitored periodically
ofter installation to verify that a positive pressure is being maintained.
During commerical operation, a check interval of three to twelve monthsThe intent of this recommenda-chould be established based on performance.
tion is that the penetration seals should be kept at a positive pressure
(with respect to normal containment pressure) to preclude any potential
coal degradation from moisture intrusion.

seal is not able to hold a positive N2 pressure due to a small leak,
-

m

If a ation should be given to periodically purging the seal with
in an attempt to keep moisture out. The seal shouldcons

commercially dry N2
. be repaired at the first convenient opportunity.

in

cxcessoftheIEEEStandard317limitof1x10~geakratetesting).f any penetration is found to be leaking (when~

cc/sec., the seal should
.

be repaired.

For further information or assistance in repair of electrical penetrations,
f please contact your local General Electric service representative.
) _

.:
i
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70ble 1
CONDITIONS OE SERVICE

-

.
s

Normal Service Environment
..

The outboard and inboard and of the assemblies will e

be subjec- to the following ambient conditions during normal
continuous operation:

Outboard End
Atmospheric

Maximum pressure
110 FMaxirt.um temperature

Maximum relative humidity 901
ContinuousTime 5.3 x 10J rads ,

Radiation level

Inboard End
2 osig

Maximum pressure 135 FMaximum temperature
1004Maximum relative humidity
ContinuousTime 3.68 x 10' rads

'

Radiation level

Maximum Emergency Environment

Outboard End
15 psig

Maximum pressure
212 F for

*

Maximam temperature, F 6 hrs, 150 F
for 100 days
100%F.axin.um relative humidity "

1.7 x 10DRadiation level

Inboard End
Transient Conditions

1 2 3 4 5

Time 1 hr 3 hr 6 hr 1 day 100 days

|
Maxinum'

48 48 48 25 20pressure,
psig

- Maximum tem-
pcrature,F 340 340 320 250 210

1:

*

01/30/74
c-11600.02-71c

,
,

9

*t
1
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i po..e m:sm susmcexm com.oau m

MGLee/JobBo[ *

Copy to: V Mberidan*
,

~

Proj . Engr.-6 LSMaciejewski:

! TFGerecke (LILCO) ELCusick-3-86W (WR)
JPA11en.

NGLee/ Chrono File
AEHechew
EAPutkonen
3Shair

: RGBrunner

| CSS 2L5/7
| General Files
! JPInvrence
;

!
-

| Project Ent;ineer
i Ieng Island Lir|nting Coe:ps:y May 11, 1976
| Shorehas Nuclear Power Station J.O.No. n600.02
i P. O. Box 618 File No. 2L1.21.1
i Wains River, KY nT92 LIL- 8795
i

Dear Sir:

PURCRASE ORIER No. 310578
i R1;ACIOR C3'ITAIHEC IIOCTRICAL PETETRKIIOUS
1 SEl-13'4

BEOR 'JJ: NUCI2:AR 70iCR STRION - tNIT 1
WOBO hB003,.-

_

'. At a nsult of inforr.ation received concerning General Electrie Icarins: -
|
! the contai::::ent electric penetration supply business, the fonowing
j information has been pthered.

! E explains that it originsuy got into the penetmtien supplyi

i business in the early days of reactors as a service to t'acir cus-
tacers because ut that time there ven few other suppliers. It rev

|
believes there is a sufficient number of suppliers so it intends te

' drop this line of work. In addition to Shorcha:n, it has ether unit 5
| in various staDes of design and manufacture. E! zwcognites its contreet

oblications with its custcoers, especially in resced to varrentees.
It presently has agreements with licensees in Japan and Cernany to
manufacture penetration parts. E is at this time for=ulating its
intended pelicy in regard to spare parts after manufacturing han
stopped. Indications nas this win be complete in a few vecks. It-

will continue asnufseturing throuch 197T in order to complete iti,
present contracts. ' At the tirae of submittal of the recommended spare
parts list, we can tace a hard look at the requirener:ts a18 evaluate
M parts to purchase, keeping in mind the GE prograr.s.
$ .

t.
~

>

e

S
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_
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75

In regard to the testinony of the former C engineers before the
Joint Opngressional Coezittee on Atomic Energy, the fonoring infor-

*

The former GE encineers stated that W epoxyuntion can be given.
adherence to the conductors at Phrley 1 was deficient and caused
five percent of the instaned alestrical seals to lesh under mornal
environmental conditions.

W. Earl Ibcith of E, 8en Jose, states ht between Parley 1 & 2.

These
a total of 13 modules out of about 390 were reported leaking.
were detected by a drop in nitrogen sage pressure over a period

The leahir.g modules were returned to E and tested in theof time. NoneOf the 13 modules, 7 were fbund to leak at the factory.shop.
of these leahed at a rate of 1xitr2 em 3/see which is the maximunfield instaned lesi rate. They did leak at a rate greater thanThe ex- -

1x10-6 em 3/see ictich is the *=ari== production lash rate.
planation provided by E in that the conductor pins were improperly tin
plated. Six of the 7 leakers were from the same manufsetured let.
The penetrations to be supplied for Shoreham win not have thin tinThis
plating but instead win be Scotch coated by a fusion process.In addition,.

win increase the spoxy adherance to the conductor rods.
the epoxy to be used for Shoreham is a newer compound ht exhibits; E will supply the latest fully qualified
greater bonding strength.
materials for Shorehan. We have requested E to submit a letterStN has experiencedI

sonfirming the above information from Mr. Smith.
no problems with & E penetraticms at the PASNY James A. FitzPatrich| 7
Station nor is it autre of any problems at other installations.j ,

The former E Engineers also stated that during simuisted IDCA con-The GC
ditions, the penetration epozy has in some cases reverted.
reply to this is that during the experimental development of e?or,yCertain mixtures tested for

i

! mixtures various compounds were tested. None of thean installation in Italy did fkil the qualification tests. SfN has
materials that failed were ever installed in working reactors.
a copy of the qualification test reports en the penetrations and thesei

r oppear satisfactory.

Baaed on the above information, we believe ht there is no significant;

At
reason to aske any changes regarding the electric penetrations.}

this time, we believe there are suffielent instaned spare modules andi

spare assenblies to handle additions which asy be necessary as the design
'

If major chances were required in the future, the sparej

sleeves sould accoanodate penetrations of other annufacturers, ifWe win continue to closely fbunv the activities of E in
develops.*

|
j mecessary.

.

regard to this matter.
| - T If you have any questions, please ocatnet us.'

Very truly yours,
i

' -

E. F. Anon.

|( Froject Ihsineer

' [9i

> f, IFLtATN .

i
,__

.._. ,_ _ ,,,,

~""' -
_ _ _ .

- - - . , - . - , , - - - - - g,,._,
v--___.,-,es * ' , -

-_p.- - - _ - . _ . _ - - - . - - - - ----v-

'
- , . . , . - -



X_ ~ . - . _ .- : ~ ~-

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

,. . .:- - . .

. - . . - . . - - - . . . . - . - - . . . . . - . ..

Shsst 1 of 4

RESPONSE TO NRC VERBAL
COMMENTS ON ENVIRONMENTAL
QUALIFICATION REPORT SUBMITTAL DATED
MAY - 1982 - REVISION 2

SHOREHAM NUCLEAR POWER STATION - UNIT 1
LONG ISLAND LIGHTING COMPANY

1. Wh do the RCIC System Components not have to function?

A: The Environmental Qualification Status Report (EQSR) ,
included in the Environmental Qualification Report
(EOR) classified the RCIC components as "Op Code B"
indicating that these components would not function
during a postulated accident. However, the EQSR
which was submitted in Rev. 3 on August 13, 1982
modified the "Op Code" to "A" for certain RCIC
components indicating that those components will
function during a postulated accident. The RCIC
system does not need to function as a heat removal
system during the postulated accidents.

2. Why were Uninterrupted Power, Condensate Transfer ar.d Storage
System not included in the Electrical EQ submittal?

A: On Shoreham, uninterrupted power supply is not safety-
related and supplies power to nonsafety-related equip-
ment and instrumentation only.

Condensate Storage and Transfer (lPll) System is not
required for accident mitigation except for the lE51
and lE41 level switches located on the condensate tank
for automatic transfer of HPCI and RCIC pumps on low
condensate storage tank level. These switches are
Class lE, however, are not included in the EQSR be-
cause they are not located in a harsh environment.

3. Why was the Suppression Pool Pump Back System not included in
the Electrical submittal?

A: The Suppression Pool Pump Back System is a subsystem
of the Radwaste System (lGil) and is addressed in the
EQR. Several components included pump 1Gll*P270C and
flood level elements 1Gll*LE645A,B are utilized by
this subsystem and have been addressed in the EQ
program.

4. Was Regulatory Guide 1.97 Rev. 2 implemented?

! A: All instrumentation exposed to harsh environment which
are necessary for safe shutdown have been included in
the EQR.

.-. . . ..
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5. Is all EOP display instrumentation included in EOR?

A: The EOP display instrumentation is included in the ;

EQR as part of Reg. Guide 1.97, Rev. 2 study as
type "A" parameters.

6. What is the status of the equipment in the TMI action item
program?

.

A: The safety-related Class lE Electrical Equipment required
for those system commitments and additions for NUREG-0737
are incorporated in Shoreham's Environmental Qualification
Program.

A review of the Shoreham TMI Action Plan responses (FSAR
Volume 16) was conducted. The equipment identified as
a result of this review is listed below and included in
the EQSR, except mechtnical components. Equipment required
by R.G. 1.97 is identified by the designation "RG" in the
EQSR.

TMI Items Addressed
In Environmental Qualification Program

REF: FSAR Volume 16
(Response to NUREG-0737)

Shoreham responses to the following of NUREG-0737 section reviewed:

I.D.1 Control Room Design Reviews

I.D.2 Plant Safety Parameter Display Console

II.B.3 Post Accident Sampling (lz96)
No Class lE harsh environment equipment in these systems.

[

| II.D.3 SRV Position Indication
1B21*PT153A.L

III.D.3.3 In-Plant Radiation Monitoring
1D21*RE085A,B
Other Class lE equipment is located in a nonharsh
environment.

II.F.1 Accident Monitoring Sampling

lZ93*PT003A,B Containment Pressure Monitoring
lZ93*PT004A,B
lZ93*LT001A,B Suppression Pool Level
lZ93*LT012A,B

|
,

|

_
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.

II.K.3.13 Reset Logic for RCIC Steam Supply Valve

Equipment located in nonharsh environment

II.K.3.15 Time Delay Relays
-r.

Equipment located in a nonharsh environment

II.K.3.22 Auto Switchover of RCIC

No Class lE harsh environment equipment

III.A.l.2 Emergency Response Facilities

Equipment located in nonharsh environment. Some
signals originate in R.G. 1.97 instrumentation.

The Shoreham response to the following section of NUREG-0660 was also
reviewed:

II.B.7 Inerting

1T24*AOV001A,B Primary Containment Nitrogen (Mechanical)
1T24*SOV001A,B Supply Valves, Controlling SOVs
1T24*PNS001A,B and PNSs (HCNT, CISL, SAFE)

1T24*AOV004A,B Suppression Chamber Nitrogen (Mechanical
IT24*SOV004A,B Supply Valves, Controlling SOVs
1T24*PNS004A,B and PNSs (HCNT, CISL, SAFE)

Flooding from high energy line7. Scram Discharge Volume (SDV) -

breaks:

Did Shoreham address flooding through stairwells and equipment
hatches?

A: Shoreham's assessment of a postulated SDV line crack was
provided in response to Shoreham SER Open Item No. 61
regarding NUREG 0803. This report concluded that environ-
mental conditions resulting from a postulated break in the
SDV were enveloped by the worst case PBOC for all equipment
required to mitigate a break in the scram system. (See
Section 3.5 of SNRC-703 dated 5/13/82.)

In particular, Ilooding through stairwells, equipment hatches,
and other openings was specifically considered for a postulated
SDV line crack in the same fashion that flooding effects were
considered for other pipe break / cracks previously analyzed and
reported in FSAR Appendix 3C. This includes the effects of
dripping and spraying.

... . . . . . . - . . - - - - -
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8. Why was the equipment replacement program in the EQ program
different from that described in classification letter?

A: The equipment replacement program is described in the
" Equipment Environmental Qualification Action Plan"

. reviously submitted in Revision 2 (May 1982) to thep
' Environmental Qualification Report. The replacement
program and equipment testing program has been modi-
fied based on the refinement of radiation calculations,
shielding, or review of additional documentation. The
latest status of the action plan will be submitted in
early September with Revision 4 to the Environmental
Qualification Report.

9. Please advise on the atatus of interim justification (IJ)
submittals.

A: The interim justifications for Shoreham are being prepared
in two phases. The first portion of these justifications
are found in Appendix H of Revision 3 to the Environmental
Qualification Report submitted on August 13, 1982. The
remainder of the interim justifications are scheduled for
submittal to the NRC in Revision 4 to the Environmental
Qualification Report in early September.

.
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' - ~ ~ ~

L. . . . . . . . . _. . . . . _ _ _ . ~ ~ ~ . ~ ' ' - ...
. _ ,- - _


