
PRELIMINARY NOTIFICATION OF EVENT OR UNUSUAL OCCURRENCE--PNO-Ill-87-138 Date November 3, 1987

This preliminary notification constitutes EARLY notice of events of POSSIBLE safety -

or public interest significance. The infonnation is as initially received without
verification or evaluation, and is basically all that is known by Lie Region !!!
staff on this date.

Facility: Cleveland Electric illuminating Licensee Emergency Classification:
Company Notification of an Unusual Event iPerry Alert

Perry, OH 44081 Site Area Emergency
General Emergency,

Docket No. 50-440 X Not Applicable

Subject: SHUTDOWN BECAUSE OF EXCESSIVE MSIV CLOSURE TIMES

At 1:38 p.m. (EST) on November 3,1987, the licensee initiated an orderly reactor shutdown
fromg3 percent power after two Main Steam Isolation Valves (MISVs) failed to close during --

testing within the required Technical Specification limits. The remaining six HSIVs closed
within the 3 to 5 second requirement. There are two valves in sequences'on each of the four
Main Steam Lines, one valve inside the reactor containment and one valv'e outside the containment.
The valves that did not meet the closure time were both on the "D" steam line -- the inboapd
valveclosedin18secondsandtheoutboardvalvehadnotclosedwithinthetwominutes%econtrol switch was in the close position. The tests were observed by the Resident Inspectors.

Subsequent tests of the two valves resulted in closure times within the Technical Specification
limit.

During testing on October 29, three valves did not meet the closure limit -- the two valves
on the "D" line and the outboard valve on the "B" line. Subsequent cycling of the valves
provided acceptable time respons s.

(M
An Augmented Inspection Team 3 s eing dispatched to the plant site to review the circumstances1

and possible causes of the M51V closure problems. The team will consist of the resident
inspectors and personnel from Region l!! (Chicago) and the Office of Nuclear Reactor
Regulation. A Region III Supervisor will head the team.

Region !!! will issue a Confirmatory Action Letter to the licensee docu. anting the licensee's
agreement not to resume operation of the plant without concurrence of the Regional Administratcr.

The State of Ohio will be notified.

Region 111 was informed of the test results and shutdown at 1:15 pen. (EST) by the licensee.
This infonnation is current as of 2:30 p.m. (EST).

CONTACT: R. Knop (FTS 388-5547) M. Ring (FTS 388-5602)

DISTRIBUTION:
H. St. EDO NRR E/V Willste Mail: ADM:DMBChairman Zech PA IE NMSS DOT:Trans onlyCok Roberts ELD OIA RES
Com. Bernthal AE0D NRC Ops Ctr
Cornm. Carr
Comm. Rogers
ACRS SP Regional Offices
SECY
CA INP0 NSAC
PDR RIII Resident Office

Licensee: (Corp. Office - Reactor t ic. Only)8805130212 800415
PDR FOIA
M AXMEL L 88-16S PDR f j, , _ , , , ,,,
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Docket No. 50-440
Docket No. 50-441

The Cleveland Electric Illuminating
Company

ATTN: Mr. Murray R. Edelman
Vice President
Nuclear Group

Post Office Box 5000
Cleveland, OH 44101

Gentlemen:

This letter confinns the telephone conversation on November 3,1987, between
Mr. Greenman and others of this office and Mr. A. Kaplan of your st6ff
regarding the Main Steam Isolation Valve (MSIV) failures occurring at the
Perry Nuclear Power Plant Unit 1 on November 3, 1987. With regard to the
matters discussed, we understand that you will:

1. Take those actions necessary to ensure that complete documentary evidence
of the "as found" condition of equipment being inspected is maintained.

2. Provide a step by step troubleshooting program to establish the root
cause of the MSIVs failure to meet acceptance criteria.

3. Not disturb any components that offer a potential for being the root
cause 'ncluding power sources, switches, solenoids, and the air system
directly feeding the MISVs until that action is approved by the NRC AIT
team leader.

4. Except as dictated by plant safety, advise the NRC AIT Leader prior to
conducting any troubleshooting activities. Such notification should
be provided soon enough to allow time for the team leader to assign an
inspector to observe activities.

5. Submit to NRC Region III a fonnal report of your findings and conclusions
within 30 days of receipt of this letter.

We also understand that Perry Nuclear Power Plant Unit I will not be made
critical without the concurrence of the Region III Regional Administrator or
his designee.
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Please let me know immediately if your understanding differs from that set out
above.

Sincerely,

A. Bert Davis '

Regional Administrator

cc: F. R. Stead, Manager, Perry
Plant Technical Department

M. D. Lyster, Manager, Perry Plant
Operations Department

Ms. E. M. Buzzelli, General
Supervising Engineer, licensing

DCD/DCB (pliance Section
and Com

RIDS)
Licensing Fee Management Branch
Resident Inspector, Rill
Harold W. Kohn, Ohio EPA
Terry J. Lodge, Esq. '

James W. Harris, State of Ohio
Robert M. Quillin, Ohio

Department of Health
,

State of Ohio, Public >

Utilities Comission ;

R. Cooper, EDO
i

W. Lanning, NRR
F. Miraglia, NRR
G. Holahan, NRR i
M. Virgilio, NRR
J. Partlow NRR !
X. Connaughton, SRI ;
J. Strasma, RIII i
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DAILY REPORT REGION XII

DATE: 11-02-07

LICENSEE / FACILITY NOTIFICATION / SUBJECT

CLEVELAND ELECTRIC ILLUMINATING CO./ SRI-PC/
PERRY UNIT 1 EXCESSIVE MAIN STEAM ISOLATION VALVE

(MSIV) ST ROF:E TIMES

EVENT EVENT NO. 10515 (UPDATE)

ON OCTOBER 29, 1987, WHILE OPERATING Al APPROXIMATELY 75% POWER, THE
MSIVs WERE INDIVIDUALLY FAST-CLOSURE TESTED. VALVES 1B21-F022D, 1821-F028D.

AND 1921-F028B EXHIBITED EXCESSIVE STROKE TIMES. SUBSEQUENT FAST-CLOSURE
TESTS WERE PERFORMED AND THE VALVES PERFORMED SATISFAC TORILY. THE VALVES WERE

(DECLARED OPERABLE FOLLOWING THE SUCCESSFUL FAST-CLOSURE TESTS. THE LICENSEE

x] BELIEVES THAT THE EXCESSIVE INITIAL STROKE TIMES MAY HAVE BEEN DUE TO
pIMPURITIES IN THE VALVE ACTUATOR PILOT AIR SYSTEM AND THAT THE IMPURITIES WEFE
, DISLODGED DURING VALVE OPERATION. BASED UPON DISCUSSIONS BETWEEN LICENSEE.
NPC REGION III. AND NRR MANAGEMENT PERSONNEL HELD ON OCTOBER 30. 1987. THE
LICENSEE WILL PERFORM ADDITIONAL FAST-CLOSURE TESTS ON THE SUBJECT VALVES TO

ONFIRM T HEIR OPERABILITY SHORTLY BEFORE 1HE PERFORMANCE OF THE FULL REACTOR
ISOLATION STARTUP TEST. THE FULL REACTOR ISOLATION STARTUP TEST IS CURRENTLY
SCHEDULED TO BE PERFORMED ON NOVEMBER 6. 1987. THE FULL REACTOR ISOLAlION IS
THE LAST TEST IN THE LICENSEE *S STARTUP TEST PROGRAM. WHILE SHUT DOWN
FOLLOWING THE STARTUP TEST 1HE LICENSEE WILL EXAMINE THE MSIVs AND MSIV
ACTUATORS TO FURTHER ESTABLISH THE ROOT CAUSE OF THE EXCESSIVE STROIE TIMES
EXPERIENCED ON OCTOBER 29. 1997.

FEGIONAL FOLLOWUP: THE RESIDENT INSPECTORS WILL WIINESS MSIV FAST-CLOSURE
lESTING TO DE CONDUCTED PRIOR 10 THE FULL REACTOR ISOLATION STARTUP 1ESI ANL*
WILL INFORM NRC REGION III AND NRR MANAGEMENT OF THE TES T RESULTS.
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| Deltech 510 Series Filters remove the dirt
and the problems from your compressed air. 9

_

Oust, dirt, rust, pipe sca!e and other particulates are particles produced as the compressor wears: and as a
introduced into your compressed air either at the air prefitter to a refngerated dryer, to keep dust and dirt

\ intake or by the system itself. These particulates cause frcm fouling the heat exchanger.
*

''

excessive wear in moving pans, clog small onfices in
precision instruments and controls, and contar-inate Features / Benefits '

products and processes. In short, they slow down Lower Maintenanceproducten and step up maintenance. * Reciaceacie element wie its extended surface area
Filtration ;s the simplest way to remove troub:esome removes more dirt for tonger penods of time than any

particu!ates from your compressed air. And, of the otre' particulate fUter. This means fewer element
many different types of partbulate futers availacie reciacements for !ess ma:ntenance and lower oper-
today, none can equal the overall performance and at ng cost,
cost-effectiveness of tne Cettech 510 Senes Fdtcr. * Di"erentia! pressure gauge witn red green zones on

Th.s h:gn eiciency part:cutate fiiter for compressed the cial face ehminates guessacrk. Ind:cator in the red
air and natural g as provides nominal 3 micron fdtration zone stgna:s e!ement rectacement. Gauge is stancard
with a lower in-service pressure drop and a greater on Model 511 and targer.
dirt removing capacity than any otrer particuiate filter e E!ement and matenals are compatible with most
now on the market.

. comoressor lubncants, except ohosphate esterAvadabte in 14 mode!s, the 510 Senes oMers air
base types.

flow capac:t es up to 15.000 scfm at 100 psig and e E:ement core can withstand pressure surges up100*F. Ma;nmum operating temoerature for all models to G psi c.Merentalin Models 503 through 518
is 150*F. Maximum operating prossure is 250 nsig (g3cg;s $19 inrougn 526. 60 psq. E!ement collapse
for all units througn Modet 520, anc 150 psig for is m<nimizedlarger moce:s.

Lower Pressure Drop
Applications * Exencec sur' ace area of element resuits in tower

You can use the 510 Senes FJter to get cleaner air and pressure crcp. and therefore lower compressor power
ccs m oabetter compressed air cperat.ons in any compressed

air system that's lie!y to have particulate contarn:na. Fully Tested
tion. You can install it, for example, downstream of e Eacn futer and indicator housing is pressure tested
a desiccant cry er, to capture desiccant cust; after a to 1h times maximum operating pressure.
nonlubricated compressor, to remove Teflon or carbon

FILTER SIZING CHART
~

*
, <

SG3 9 12 16 19 23 26 29 33 37 40 43 49 58 66 75 91
505 32 40 45 50 55 60 65 70 75 !c $3 89 100 110 120 1,40
508 60 94 108 120 1:0 140 150 158 1E5 175 t!c 195 410 235 2s5 300
St1 175 200 230 250 2M TJO 320 340 363 375 395 420 475 520 $55 650
512 200 250 290 320 350 380 410 440 470 500 s3) 580 650 725 600 950;

i 518 400 500 580 640 700 760 820 870 940 1000 10A0 1160 1330 1450 1600 1900

1
'

O
- . ~ . . _ . _ . _ , , _

_ ._..__ _ __ _ .. _ __ _ _ __.- ___ _. _ . _ _ . . _ _ _ _ _ _ _ _ _ _ . _ _
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q wound not fe:t type. q

h ~

!j ; *

it cannot re ease heer
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air stream. ;
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| * E!ement is rep' aced in \ 0
|

I I
,

| kne ey remov,ng vessel I
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;
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p'D'ng conne0*cris. {F i w ,

O* E!ement is nonc4rectonal. ! '

/ it Cannct be est31ec g ;'

I anCOrrectly
.

I A:R IN pQ , '}
g e Large volume surnp rold; ,-

. ~2'

dirt separa'ed me nanica!!y j
.

B)

*

k /- cy fdter housing Reduced
I d.rt lo3d on e ement/

reduces Oressure drCp. '

%% caA N extenes e1ement ide %
i,

V e s 5:3.se voces 595:6

How to Size Your Particulate Filter w<de range of flows without loss in futrate emciency.
Seng a De: tech 510 Series Fdter for top performance To accurately s: r2e your uter for a pressure drop other
in your a;phcat on :s simple. Just cetermine the f:ow than 1 psi, the air f!ow to be futered must be adjusted
rate and pressure cf the a:r to be fdtered and setect the using the following factors
appropnate mode | from the fcer seng chart.

Irvtial Pressure Drop Flow AdjustmentExarnpier # F**'*'
Se!ect a pamcu' ate fater to remove desiccant dust
downstream of a heat reactivated compressed a:r 05 1.45

dryer. The dryer cehvers 490 scfm at 100 psig for the 10 10
operation of preumat,c hand tocIs.

1.5 0 83Model Selection:
in tne filter sTng cha't, read across to the colus nn 20 0 69
for 100 psig in'et a r pressure. Read down this co!vmn

~

and select a Mter cacat': of handhng the required
flow. Se'ect Mocel 512. wnich can handle up to 500 in the fmer sang examo!e above. the selected fitter

sCfm at the spec f.eo coerating pressure and 1 ps, Model 512 is rated at 1 psiinitial pressure drop. lf the

initial pressee dico a0phcation can to'erate a 2 psi pressure drop, the flow
to be futereo can be acjusted for an ecurva!ent 1 psi
pressure drop as focows:Effect of Pressure Drop on Filter Sizing
Acjusted Flow = Required Fiow at Pressure x Flow FactorMaumum w fiuw rates in tre fJter seng chart are

based on an intt:al pressure drop of 1 psi. However. = j90 scfm x 0 69
= a38 scfm

in any grven fdter a cnange in fkrw w,:1 cause a change

-] in pressure drco across the futer. the higher the flow, Using the fdter seng chart, for a 338 scfm adjusted

(V the higher the pressure drcp The operating range of fbw setect Model 511. In this case, the higher accept-
each 510 Series Fi:ter is broad enough to permit a cole pressure drop lets you select a smaller fitter.

.
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OThe Deltech 810 Series Filter for cost-effective
improvements in your compressed air operations

Filtration is the simp:est way to remove the any of the leading competitive filters tested. The

g common contaminants. . ed, dirt and water. . from 810 Senes has a theoretical efficiency greater than

compressed air. Unfortunately, this simple solution is 99 9999+ %, and is capab!e of removing particles as-

often overiocked until the contaminants slow down small as 0.01 macron. ,

high-speed a:r tools, clog precision pneumatic Lower Maintenance Costinstruments and controls, or cause product spoilage.
U to 99+ % (by weight) of incoming contaminants

process interruction, excessive maintenance, are removed by the 810 Series Filter before the
dopntime or even a comp!ste plant shutdown, compressed air reaches the uniquely Constructed

shere are a number of fdiers on the market that W TM '' pre-cleaning"is a major factor in
are des gned to eliminate the troublesome, costfy roviding an element life approximately twice that of
problems caused by compressed air contaminants. competitive fHters (see chart). This results in less
Scme of these futers work better than others. But there maintenance and lower replaceme.nt cost.
is no compressed air fdter avadable today that can
match the overa1 performance and cost tenefits
provided by tne Dettech 810 Senes Filter for ChaNo Em
compressed air. Compare these key factors with
any other compressec air futer you are now using
or considering fcr your operations:

% Toca cogerwe Fw Chage EeNot
Lower Installed Cost $ 8 0 5"' '* >/The Ce! tech 810 Senes Fdter operates at hign A g
efficiency without a prefilter. It can even hand e slugs [ W
ONater. Ctrer futers recuire a prefilter er a dryer or e

!both. Prefuters. plus their asscClated piping, fittings New E em 8:e: awe E evt U'e
and labCr,incre3se installed Cost and resut!in !

aperc oatte pressure crop over the complete
filtenn; system Cornpressed Air Contaminants
Lower Operating Cost Where They Come From
E!ement replacement in typical competitme futers Compressed air contaminants can enter the
is recommended at 10 psi pressure drop. In the system at the compressor intake or be introduced
stancard 100 psig air system, a 10 psi pressure into the air stream by the system itself. Water and
drco recuires a 5% increase in compressor power wa:er vapor, dirt, oil and exhaust fumes are some of
consumpt:en Tests indicate (see chart) that under the contaminants that are commonly drawn in at the ;
equivalent service conditions the 810 Series Filter compressor intake. Lubricating oil and metal particles 1

Cperates at a much lower pressure drop, and therefore from wear come from lubricated compressors: carbon I

lower compressor power usage. or Teflon particles, from oil-free compressors, rust i

High Effleiency
' '

Actualin serece compansons show that the filtration What They Can Do .

efficiency of the 810 Senes FHter is unsurparsed by Power Air-Water, oil and solid particles form a
sludge which gums up air-cperated dntis, motors,
chucks, presses, automatic feeds and other

'

O |
!

.
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pneumallC devices. Causes rust and Corrosion and
,

\ reduces tool hfe and efficiency.
'

Process Air-Contaminants.in compressed air %

used for process can senously affect the quahty of '

ingred ents or products, and in some aopi cations.
can even produce undes:rable chemical reactnons.
Instrument Air-Even minute traces of oil, c!rt and

.

rnoisture wdl c!cg onfices of air-coerated precision ; y
instruments and controis. When this happens, tneir N.,

fGQabdity to initiate. mode! ate. terminate or otherwise s
;

d rect mach;nes anc processes is impaired and d'Rp.Q ,. 3
ccsuy malfunctions can occur. g$fg,hp- .4

a

ly Y1:q
How the Deltech 810 Series Filter W 9 i#gui
Removes Contarninants $lt
The: 10 Senes des,gn utinces teth impingement and 'k

,

cen".tugal action to remove up to 99% of all partic'es.
g ',g , ,,yNLutmur.wo sgo , dropets ano even s!vgs of water be'cre tre a:r ever .;f,

rr acnes the fdier e:ement 1rese contaminants drcp % ou nyi

, tc tre bettcm cf the fater fcr c'senarge tnrough a g
cra.n valve (an automabc type is recommenced). The . %% INointriuno WC-

"-

"cre-cieaneo" air tren passes inrougn the uniquely 8 * ' " "

gracac mu twec:a 'ayere of tre element wnicn remose hd
decreas:ng9 smarer pametes, mists anc crcp:ets. W

%j
with maximum effic ency and lo.v pressure creo A
specia!!y dessgrec anc ccnstructed inner dra n !ay er .

captures the ac ed mists, which fall to tne bottom
of the fdter for easy removal tnrough a manual drain g
or an automat 4c drarn, depending on model.

~

Air leaving tne 810 Senes Fater is c!ean and free
of harmful oil, su.tacle for use wherever high quahty 4
compressed air is recuired

A pressure crco indicator,' mounted on the fdter,
senses pressure crop across the fi:ter. For greatest
operating cost efficiency, the fdter etement snould be

,

replaced before pressure drcp tecomes excessive and I
robs your air system cf cntical compressed air power. p |
Greert' red zones en the dral face of the pressure gauge % ,9 -

J
Iet you check at a glance the ccndition of the fdter ig j

e!ement. Wnen tne incicater reacres the red zone. .- K l-

f7it's time to change the e:ement. ,

'
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How to Select Your 810 Series Filter This refers to the volume the air occupies at standard

i Selechng a Detteen 810 Senes Filter for top conditions (68'F 14.7 psia and 36% RH). *

performance in your apphcation is simole. Merely Example: For an air system with a 40 hp csmpressor. .

*

cetermir e tne ficw rate and pressure of the air to be select an 810 Senes Filter to remove oil. liquid water
fdtered, anc se:ect the approonate filter from the and solid particles from 155 scfm compressed air '

model selection chart. at 110 psig.
Important: Do not select filter by pipe site. In the Model Selection Chart. read across to the
Since compressed air pressure vanes from system column for 110 psig inlet air pressure. Read cown this

to system. the volume after compression depends on column and select a filter capable of handling the
the pressure-the nigher the pressure, the smaller the recurred flow. Select Model 815.
vofurne. For example, one standard cubic foot of air The operating range of each Dettech 810 Series
compressed to 125 psig occupies only 0.1 cubic foot. Filter is broad enough so that it covers a wide range of
Therefore, the common method of specifying ait ficw flow rates and pressures without loss in performance.
rate for sizing atmost all equipment in a compressed However, prolonged operation above the maximum ;

air system is standard cubic feet per minute (scfm). inlet air flow should be avoided.
!

MODEL SELECTION CHART

_
> p, INLET est PRESSURE ' !

0N '565 bd5 ed/ 50 : .QUVy
y Gn " * . 55dTMSt. u

'

I i ! ! I i I

815 3. 5' 6i 7 81 10 - til 12 14 15 16 ' 181 22 : 25 29 1 34

812 6 9' 12 ' 14 17 1 19 ; 221 25' 27' 30 > 33 i 37 | 43 i 50 56 i 69

813 13 1 19 1 23 i 29 * 34 i 30 - 44 ! 50 ! $5 i 60 t 65 t 73 | 86 i 100 i 113 1 135 !
814 1 22 t 30 i 39 1 48 1 56i 65 I 74I 83I 91 i 100t 108i 120I 140i 165 I 185 1 225 i
gG j Q . ;. | *; . g: . q, .7 . p _.

*- i'. *
^

- s..,
_

x s, - ,zz,-q ' ~ i74
-

y L ; q y y -| ;- ;. q,..
v . ; .m-- ,- , . -.. -

'c.i a -' ca., . j *c. %', n F.' ; Y. '. '

,,

i.fil ' 7 d ~D rY ' U 'k''[ M
. W. .,; $

- -
. . 1.-1'.. '

Yf '- ' :O c_- . 8 '

: c,

:W.KQ.My Q.''Q~ & %. ' tY. ' , { : Q Q q:. j. g '~g~-

820 t 215 ; 300 | 3851 475 I 560 6501 735i 825i 9101 1000> 10851 1215 1435 i

821 i 320 i 450 i 58o 1 710i 845 975' 11001 12351 14601 15001 1625 1825 2150

822 430|600i 7754 950|1125i1295 1470' 1650! 1825 2000f 21604 24301 2870

J
| 823 645| 905 .1165 1425 | 1690 | 1945 2200 2470I 2740 3000i 3250i 3650i 4310

,

|

i

i 824 i 860 i1205 i 1555 I 1900 i 2250 i 2590 M40 33001 3650 4000 4 4330i 4870I 5750j'
E82SI PT075' 1505'.194 4F2N0ih28'14DS(RM % IiG 44570K5006@ 20 (6090 Kl190)
DH 0610 '22e@t29101'35 W 74220' [4877 ?$6% @c190 %6850 h 1$8130 h9740 3 0,700' '

. E827$ '1150 'J010' 389 @14750563($ ti94 17350 (*8250 4 914 4 10.000' i10.800 : 12,100 .14 2 0 |'
E828H2680' 3770D4860D5940*1704 @ <4i24il9151010.300 11,40M500< 33.500 .15.200 17,900'

|
j E829I i3220 452 0 5830;7130M8A50' [9tAF 11.0 4 L 2;300 J3,700115,000 ' dE200 '.18.200 [21,500; i {

1
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,n 1
( Drain (1) cischarges large |

,
I' Quant,t es of separated,

Contamcants (automatic. - - - i

CAA N O) type recommenced) & CON oi
Drain (2) discharges oil (manual
type supphed mth 811819)

W)ce's 811 througn 819 woe,s 820 througn 829

i Low Pressure Drop Long Element Life No Profilter Required
* Initial pressure droo at * Uno;ety constructed element e impesement and centnfugal

standard cond: tons is only has service life approxrnately acton remove up to 99% of
0 4 psi twee that of competitrve hiters large partcles oil arcorets and

4

3 e"Pre-cleaning"of air slugs of water !
sgnJcantty reduces Lube Resistant Materials
contaminant (caing e hpatiole mth petroleum No Contaminant

-
|

|
of element base Cf synthetic tubricants "Blow Through"

e Remanng contaminants are
e Oranlayer caotures Douid |

,

ma r s'[es, a7a r Meintenance/ Safety Alert m:sts. wnch fall to sump js
tnrough graded layers g e Gauge indcates trne to fone m at -

a mutt >-mecia element change element e Etement core withstands

e Reduced resistance to a<r * F#e'Wh'sses,"if kcsered pressure surges up to 100 psi
|

'

; ficw througn element means *h'te under pressure, to atert d@emaM We!s 811 ;
ktwer pressure drop, more WCrker of danger (Modets 819 through 819(Moce!s 820 i'

compressed air power at point and smal'er) Ihf0V9h 629 % DS')jO of use e ASME code 4esigned vessel

3 (Model 820 and larger)
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wye s 6'1 Wou;" 414 Rw 8'S t'%;- s'9 Woe's 8M WCW SM

4' % . C00eseECnotes preses > . $ N .T. VigAPPROKi""*.;~.ih hbdtSa4 W. . DetDesdoks Oreest *W. . .s c 'd

2,s E 0 . ,V. F ,-
w.' .

8 ePP986
&m5 wwGHTOrmee m- ' Dressi m .' L Nghgf M., . p a. + s , %.3 .ej j c

t .

:st. C'w. s0-
- . *

? ,. BePT. Plange tad'T s perf.A. DEPT Plangs)g4 % Mt.> . ; _ ,,e.'

u .j./
tt .

D.% C. q',s wch '7.Ja c. ;w . A 1. . Jus . $- + -% r ;- %** t 7e ' C - WW *--*

I Orw coem 4Gli i 35 j 78' I. 71 j l 1 l I .

912 | 3$ | 11 2' | 'o 5 i w i '. i Cru coca ! $ 1

813 1 45 | ?4 S' I t3 6 | 1 l '* I Crw coca I 'O '

414 4 45 1 20 6' l 99 7 | i 1 | 'e ! Ory coca 12 1

% ' f. Oraar coca e : *h . reccM 15 <~ .c58152 M 6.tCt 42SE J / 22.T4 XO '>|L* . 4 O 1W *

R316W t' *T tG **N,318 + . > 3a7 ;' . ;e +4 . .+ & . tw ' L-- > % oran axW' 1-C VA . J ? *.w.T 20.u-%'
,

%417'h W S. tie. 7.;$2.5 3 M 43 47 a ap .,' L- V ' ' .
' 2; fa* *%- Oran coch ~ rm Y: m . a*n 30 e&

'

$815% C85t +; 416 ; '.tt 41Ja coy-ti +% " - -3 - % Orari eccsts .7% Pf WiM105 44 m.

A819M M4 8$C % 815$ 4 59 S ? @ <74 sh*u ,. .W . % Oran cock - W' 6 4. 73 .'?! '#.w.135 v.,*y tr'
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WARRANTY
\

DE LTECH ENGINiiERING,INC. (del. TECH) MAKES NO WARR ANTY OF MERCH ANTABILITY'

AND NO WARR ANTY OF FITNESS FOR ANY PARTICULAR PURPOSE, NOR DOES If' MAKE
ANY WARRANTY, EXPRESS OR IMPLIED, OF ANY N ATURE WH ATSOEVER WITH RESPECT

TO PRODUCTS SOLD SY DELTECH 03 THE USE THEREOF EXCEPT As is SPECIFICALLY
SET FORTH ON THE FACE HEREOF EVEN THOUGH IT MAY HAVE BEEN NEGLIGENT.
DELTECH SHALL IN NO EVENT BE LIABLE FOR DIRECT, INDIRECT, SPECIAL, INCIDEN-
T AL CONSEQUENTIAL OR PENAL DAMAGES DELTECH M AKES NO WARRANTY OF ANY
KIND, EITHER EXPRESS OR IMPLIED, TO "CONSUMER $'' AS THAT TERM 15 DEFINED IN
SEC.101 OF PUBUC LAW 93 637, THE MAGNUSON MOSS WARRANTY FEDERAL. TRADE
CO*.'MitSiON lYPROVEMENT ACT,

Dettech Engineering. Inc. (Dettech) warrants to its customers, and to no others,that those products
manufactured and sold by Dettech to such customers shall, when properly applied, maintained, arid t

operated under normat conditions, be free from defect in material and workmanship.

Upon c! aim to Delte; this warranty app!ies when such defect appears in Deltech n anfectured fil.
ters and punfiers wit a twelve months of serilce and which .re returned to and rec.! e:! by D.!tst.h |

( or, in the case of doers, reported to Dettech within twehe .-.onths of service but not !coger than [
'

'

\twenty months from the date of shipment. *

r

Upon cfsim to Deltech this warranty appfies to defects in Dettech manufac wred parts or corr.;cr ents s

if such de'ects appear in such manufactured parts or con ,>onents whie.h a'e ret.rned to and se;a..ed
"

by Deltech within twebe months of date of safe by Deltech. ;

j

i Any claim m=1e pursuant to this warranty shall be conditioned upon Dettech inspection of pro 1uct
upon which c! aim is made and Dettech determination that there was a defect in material or work +
manship. Those claiming under this warranty shall, at Dettech's option, have one of the folfening
veraedic a; inst Celtesh in substitution for all other remedies or rights. The right (a) to repayment,
or if n paid, to credit of the purchase prica, or (b) to replacernent of said goods, or (c) to repair of

,

said ge 's, and in any aient Dettech's manimum monetary liability herewnder sha!! te to rs?vr.d,if
pe d, oti : wise to credit, for that part of the product which is subject to the defect cn which the
c! im is beied.

t<

Dettech ;tclucts repaired or rep? aced pursuant to this warranty shlt be warrented for the uitspired i

portion of tlie m.eranty appfying to t'e original product. Any technicot ad.ict furnished before or
,

aber de'i.ery In re;ard to the use or ; plication of Deltech products is furnisSed withoet chU2e and '

on the basis that it represents Dettech's best judgment under the circumt!a9ce ' Jut that it is used at I,

the recipient's sof t risk, j
,

>

V;Ud:tici of this warranty is contingtnt upon adherence to the stated p: rent terms for iny and all
| ie.oices tsf4 ting to the purchase of the unit,
i |
I I
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or dolng an) work on this equipment be sure the internal
fNTRODUCTION
Deltech $10 Series Particulate Filters are designed to pressure has been completely sented to the atmosphire. ,

r

remos e. a hen used in ac:orJane4 with these instructions,
rust, se4te and other particu'at:s and liquid centaminants
fr om comp ressed air. Consult the fa ctor) for suitability of RECEIVI: 3 & 1$PECTION .

-

these 61ters for any other compressed gas or gas imxture. Immediate:;, upen receipt of >our De! tech $!0 Scr:es
an, canyy sput it for any damage that may hase

>

To ensure effe:tb e use and continuing good performance """*d Amg 54 ping. Hue is any sign of damsp
of the 510 Series Filter, pmons cencerned with the do not .nstall or attempt to repair the Giter as this imy

"' ' #I *" N '9insta'!a: Ion use and mainterance of the 61ter must '"' 'D O'' ' * * *Y * -

car.ful:y fallaa he instructicas sh en in this m:nual. for acticn to be taken.
I S L* iTY Since the 6|ter is hyped F.O.B. Tactory, the carr'er is |

. >

De'ech $10 Series Elters are designed and built with' '

safety as a prime consideration. Each filter is tested to responsible for any darnage incurred during s!,ipp:ag.
l l|2 times its maximum operating pressure prior to Such dar. age is not cosered by the fiher warisoty. To .'

raeive cc:apensation for damage,6 : a claim . !th the..

shipm6nt from the factory. carrier. D:' tech will :.ssist in es cry w ay postit!c to rce:if3

Do net allow the t ansparent !cns cf tre differential any probicms. 3

presiure gauge to come in contact with methanol, ,

ga>oline, x3 ene, toluene; s>nthetic or Cre. retardant INSTALL.ATION -

! '

lubricants (chforinated h>drocarbons, phosphatt Fiping
esters); lacquer, aromatic or chlorinated hydrocarbon Series 510 Filters must be selected on the basis of flow
sobents; acetone or other letenes. Rese rnaterials rate (sefm) c.nd pressure of the air to be filtered, net on

cause the lens to dissche or tiress crack and may the basis cf pipe she. Piping she must !so be sdected |

result in equipment failure and s. *ious personal injary,
on the bas:s of air f'ow rate and pressure .nd net enthe ,

size of the filter connections. A threaded c:Jm:ng '

De ute of re;beement y :rtsor elemen's o" ,r th n hnse bushing may be needed to install Sour filter :n the r

su;;!ied b) Dettech m:) muse failure o| .he fi!ter or pping s) stem. 3

stricas pmunall: jury. nerefore, Det:cch Le;Weiing,
[

'

13c. t<:rs no re pc.ntibility for the consequences of the Lecsticn in Cy: tam
use of equipment in which nonapprosed p:rts.re used. Maumum operating temper:ture cf the 510 Series T her 3

is 157 F. I.ist.!!)our Siter de netic.m ef en. fic ere' r |
Do not use the filter at preuures er temperatures which cr at any other !c:ation in the system where ib: esm.

.!
e s ce ed the muimum pr nsere sad remp:<e:ure shov n on pressed air temperature does not ewed 150*F.
the filter label. %dels fl9 !!. rough M5 are sy; lied
with a connection for the sitichment of a pre:sure When used with a refrigerated dryct, insta:1the 6 %f

relief ..he (See Fi;ure 1). 53efore these fitters :re p! aced upaticam of the daer to paesent feu!!rg of the bt |
In smice, the cust;mer must imtsti a prature relief . exchangm. When wd Mth a depcmt dr)ct.in<tr.::the i

deslee in accord me =!th p. 4;raphs UG.125 throu;h fiiter downstream of the dryer to proent drAant dust

UC 1.16 of the AbME Ec!!er and Precure Venel Code, ftom passing dou.trom.
i Section Vill Dhiston I, -

Whsn the fihcr i stalbl !n an e..i.t:.nr ;if..g y . tem.

Come-oed air can te danprous. Safd) preeuties !oate the feer mr as ps3te to ibe ;c:ai of .ne.
must be 9%rsed in the use of e. mps....d*str .nd P.Ac.!,to that ..c .ne.. nut: *td . the u"c par.t ull f.

compimed :Ir squiprnent. * :far: Mn;i. ; d.c ci .. tnt be c.med r.eie 3-.dly with (Le Thr t it.> ' s ?.vn. j- t'

1
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Ft;vre 1 ,

FILTEit INSTALLED WITH 3-YALvli SYPASS !

i

$18 chrance equal to the oserall! .igth of the Siter is
i

Filter 3ypcss
A M ah e t> pass around the filteris recommended se ' hat ades ite. For Models $l9 through '6 a'tcw 18 inches. ,

<

( elements can be changed without shutting down d e |:
. ranch line or,the complete sit system. A typi:21 byp.ss Cunr.ut: ens '1
arrangement is shown in Fipre 1. Do not a:1 Obscrse inlet : d out!ct conr.e tions er.d dit siion of air /
p: ping to place any stres>cs on the Siter connect,0w theflow.These at arled on M16'ter ho nin;s. Cor.nection ',

; ions.
)

sites are listed below.
i A second Siter m:y be it. stilled in the b> rats to protect '--

downstream equ:pm:nt while the primary fi:ler is being "g,'|im at.
serviced. 0 ^ tt eaa n c:=nem.

l rast.evnte ,

" ' ' " "*' ''" 5 8 ta**"i
'

* *' (~'a '"8
--

j This attan;ement ('.tede!s $19 thrcush 5 6) stro :!bws ' ' ' ' " "
maintrnan:e to be performed on the autonatic drain '

<

yahe without shutting dcun the filter. While the system ya na vasst sts 4 .a ';

is pressurned, slowly close sabe D to isolate the drain
s3$ 1/2 us%:i s?Q S at t ,Vahe,

104 1 va%st sit s 38 2 U2
(Dr In V:ttes 8" ' ' " ' " " * ' ser s :- 3,

i Liquid oil and wat:r that fall to the sump in the bettem
of the filter must be drained periodiestly Do not :: tow sig g g,,,,, us to vt 4

i

j liquids to build ap la the simp. .iccur.;uhted Uqsts will
ste 3 f.* .e . a. H4 to or a

be bio An upwa'd into the filter c!ement and rn) cause
,

! high pressure d:op, short ettment hie, c:cment feitore us sa ur
-

e

et re-entry of separ:.ted contamirsants into the.it stream,
j us ta va s
:

|
Models 503 thrcuch $15 are supp5ed with a runus!!y
opcrated drain at the center ef the filter bttom.Models
$19 through 522 hate a );! inch NPT drain connection: C/.UTION

j Models $23 thr:v;h 1:6 hase a ll .in h SPT drain
connutiert. An :.uto.natic dtr.in sshe, t.ved for the C0 t'0T AE' IRSE COHNECTIC."S TO AIR I.!NE..

;

A.it :4yna:go, 'uY OCCU31.: CGNMEC'itONS
R%dhT U .Uu ,,r.asimum crersting tre ssure of tre Glter, is scrow.j

rnended for these models.4

Rewrie new e:3 atro xcutif airis e!' wcd tobleedbackCivstance
1

The 510 Series fitter m it L::nin":J .e:t;c:1:3 qihe thro;;h the 'ihr she the compttw ! .iir sptem is eut
man %I drain or 4rJn cer. red.cn at t!.s b tt.,r't M:aw Lw t. If ter.d.t:ons whih re>*.it in iescr>e flow c.innot

| crck:'h dGrar..e b6bw the Chr f.'r i . d * g* 4 Ad be , rO"Icd, i>t.ill & Gh.d s.the et tIie U.st!ct of de
,

"

demrnt up*ausc.ent. ; : p. <td kr W ! ' 'al '' . .;h ''.'t c r.
;

2'

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



. . _ . . __

-
o

-
.

-
..

'

.i.

. ,
I

i ,

!
1 .

O PF.R ATIO N 5.For blodels $19 through 5:6, slowly open salve E.
On.:). r 510 Series Filter has been installed according Internal pressure will sent through sabe E. ;

: to ir.structions,it is ready for operation.
*

Once the internal pressure has been completely sented
When the air system is started up, any moisture and oil to the atmosphere, the element can be replaced as''

t

that have condensed in the system wilibe carried to the described below, i

|' filter A sudden rush of accumulated condensed liquids
'

' may cueed the f|ow capacity of the drain sabe and be !

\, forced back thieugh the filter, causing high pressure drop - Modeis 503 through 514
*

and hquid carryover. To present this, the fo!!owing 1. Remose bottom bowl by unserewing it from the '

procedure must be obser ed when the att system is housing.
started up. Refer to Figure 1.

2. Remove and discard taturated element. t

4 1. Disconnect electrical power to automatic dra.m valve

]. (if installed). 3. Cean any material out of bottom bowl. Use only soap

2.Close vahes A, B and C. ,
a '"''" "** '*'" * *

3. Ogn vab e D and, for hfcdels 519 through 5:6,vahe E.
5. Pesition 0 rings in bottom bowl. :

j 4. Slowly open . !et sahe A to the filter until'he con-m

] densed liquid a nd oil are drained out. When alleonden. 6. Reattach bottom bowl to top housing.
sate ts drained, close vahe E. For hiof cls 503 through :

'518, close man st drain D. 7. Slowly open vahes A and B.

5.Very s!cwly open out et sahe B from the filter. 8. Cese sabe C.
(

,

<

N 6. Connect e!ectrical power to automatic drain s abe. 9.Cose uhe D. The filter may now be returned to :
? senice,
i The Giter is new ready for air system start up.

;

FILTER Et.1:AENT REPLA ;EMENT Models 513 through 526 ,

With the C!ter in senice, the 4e:urrulat..on of contam- 1. Vent internal pic:sure of filter to atmosphere (see '

1 inants en the elem.t cau>ts a graduat increase in pres- abos e).
sure drep through the filter. P: essure drop is indicated

'
; by the differential pressure gauge (standard on hfodels 2. Disconnect electrical power to automatic drain salve.

511 and larger). When the indicator moses to the red
aone the cicment must be replaced. If the element is not 3. Remose bolts in bottom flange. ;

; cha nged as indicated, exces>he pc>sure drop may result
j in element failate, allowing contaminants to pass 4. Remose sessel bottom.
] dow nstream.

|
5. Remose and disesto saiutated .' :(s).ION

6. an a ' ^ ":: FORE THE FILTER 15 DISASSEMBLEO, SE '

, p d t
-

:SURE THE INTd3:fAL AI3 PRESSUPS IS COM.
!* PLETELY 'n!NTED TO THE AT iOSPhdRE. 7. Insert new ekmeat(s) in ** using.
:
'

If your filter is insta"ed :s show n in Fig"re I, the k"ow- 1. Rep? ce sessel be' tom ai d belts.4j' ing pc>:edure must be carried cut to unt the internal
pressure. 9. Tighten belts.4

' *l.Opn sabe D. 10. Consct c'ectrkal p0uer to acomatic drain sahe.

fk 2.Stoely open uhe C. 11. S!ow!) c;en ut es A ed B.
'

g

i
| 3.Ciese sahes A and B. 12. Clo,e uSe C.
.1 =

at. Ior .'!?di's 03 l'.? cup,h $ll, intctMl pinute e.ill ),1, C.nc u'.e E. I'.e t %r r ay new be returned to
sc*tthia..h.ra.-.slJ2in D. ,c M r.

3

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
|
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INTRODUCTION rate (ssfm) and pretsure sf the !e to be filtered, not on

Deltech $10 Series Filters are designed to remose,when the basis of pipe site. Piping size must also be selected /"

( used in accordance with these instructions, oil, oil mist, on the basis of air Gow rate and pressure, and not on the \

liquid water and dirt from compressed air. Consult the
site of the filter connections. Athreaded reducingbushing ,

factory for suitability of these Olters for any other may be needed to install your filter in the piping system. {
compres>ed gas or gas mixture.

Location In System
To ensure effectise use and continuing good performance Maximum operating temperature of the 810 Series Filter

of the $10 Series Filter, persons concerned with the is 150* F. However, since filter performance is improsed

installation, use and maintenance of the filter must at lower operating temperatures,it is recommended that

carefully follow the instructions given in this manual. filtration temperature not eaceed 120* F. ;

\ he use of replacement pans or elements other than those install your f!!ter dow nstacam of an af:ercooRr or at any :
i

supplied by De!!ech may cause failure of the Glier or other location in the system where the compressed air

serious personalinjury.Therefore. Deltech Engineering, temperature does not exceed 150'F. If a refrigerated

Inc. bears no responsibility for the consequences of the air dryer is installed in the air system, locate the filter

use of equipment in which nonapproved parts are used. downstream of the dryer.The dryer will remove a con-
side rable quantity of dirt and condensed liquids, reducing
the contaminant load on the filter and increasing the

SAFETY
De tech 810 Series Filters are designed and built with elemer't life,

safety as a prime consideration. Each filter is tested to
11,2 times its tr.aximum operating pretsure frior to When the filter is installed in an existing pipiry system,

locate the Siter ai near as possib!c to the psi of use.sh:pment from the factory. Oil and dirt that hae accumulated at the use , int will

Do not use the 61ter at pressures or temperatures which be remosed more quickly with the filter at this lxation.
"

exceed the maximum pressure and temperature shown
on the fi'ter label Filter Eypass

A 34ahe by; ass around the filter is recommended so
Do not allow de transparent lent of the differential that elements can be changed without shutting down the I

press.;re gauge to come in contact with nethanol, br:nch !!nc or the complete air system. A typical bypass f

( gaseline xylene, tolsene; synthetic or fire retsidant arrensement is shown in the schematics below. Do not (,

!ubrica nts (chlorinated h>drocarbons. phosphate esters), allew the pi;ing to place any stresses on the 61ter
-

lacquer, arornatic or chlorinated hydrocarbon schents; connections.

acetene or other ketones. Dese trsterials cause the
%s to dissche or stress c ack and may result in equipment .

j
failure and serious personalinjury,

Comprened air can be dangerous. Safety precautions $
must be obsened in the use of compressed air and com- c

X A* ovipressed air equipment. Before changing the element or -~

doing any work on this equipment be sure the internal c 4
pressure has been completely sented to the atmosphere. A .4xr , x_ 6 ,a v

V v Autcvmcea -

AM W U 4 4 C%T C AM h%vg
Ad aMCEIVING & INSPECTION ,

Immediately upon receipt of our Dehech $10 Series g .cxf- ]3

Fitter, carefel:y inspect it for any damage that scar hase 1.g em , A b e Scy,3g
;

oscurrcJ during shipping. If thereis any si;n of hmage g.

do not install or attempt to repair the Glter as this may .'f*0V '''C -:::*' -D *
insalidate the warranty. Ccntact the factory 002 328 IR') , ,,

for action to be talen. ; g ,.a % E d ' ( q.[g l~

l
'

Sinee the OSer is shipped F.O.B. Factory, the carrier is g,33.c

responsible far any damate ixurred duri,.g hi,;ing.
Such damage is not cosered by the 61ter watranty. To
recche com,mns.stion for damage, file a c!Mm with the g,xta m m'.> os vocas spac'.''e- ::s

ca rrier. Dc! tech will assiit in OGry wsy posti'24 to IGClify .

Sny prsbIcms.
4w smto m me es

INSTALLATICN
Fiping |snies bio Tvica must be estceicd an t',e bois of.% Date 1

,

!

9
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For applications that carsnot tolerate oil during element INLET, CUTLET CONNECTIONS
'

; replacement, a second fiher should be installed in the
i

b) pass. wn PtAmos
Wooet (ladeel WoDSL (nachee) *

This arrangement also allows maintenance to be per.
su 1:2 m aformed on the automatic drain sabe without shutting

down the filter. While the system is pressurized, slowly ,3, , , , ,,, ,

close salve D to isolate the drain sabe,'

ti3 s ta2 4 [

DRAIN VALVES
''' ' 8#8 8

The surnp in the bottom of the filteris not a catchpot-it (
\ is part of the Shration sptem. ,,, i . e, er. ,

.

IMPORTANT: 00 NOT ALLOW ANY LIQUIDS TO sis we ers e
,

ACCUMULATE IN THE 8OTTOM OF THE FILTER. m a m to

ifliquids are allowed to accumulate in the sump they will sis en to
be blown upward into the fiher element and may cause .

#m a m 1:high pressure drop, short element life, element failure
or re entry of oil and other separated contaminants into m 12,

the air stream.4
_

ons emaiu

; Each $10 Series Filter has twodrain outlets. A mr.ually cowtction i r set c o+.e cric = s w set

operated drain at the center of the filter bottom is sup-4

plied on models 811 through 819. Stanual draining once r

per day is usually adequate. All other drain outlets must
be Otted with drain uhes rated for the maximum op- ,

erating pressure of the filter. Automatic drain vahes *

are reco. amended for these out|ett Drain sahes must C PER ATION^

Once your $10 E r:es Filter ard utomatic drain sahe(s)*

discha rg e sepa rately. Drain o*.tlets must not be connected e

to a sinpe, common drain uhe, base been intar i according u instructions, the Cher
;

is ready for epe do n. i*

Claar:n=e
The 510 f :es F.her must be imalled sertically with When the air >> tem is started ';p. any moisture and oil
the center .:n a' the bottom. For dismantling and that hase ceaderied in the sptem will be carried to the i

e!cment sep: cement in htodels 311 through S19 a!!o* a G!ter. A sudden rush of accumulated condensed liquids '
'

i 5 inch c! car: nee hkw the lowest portion of any drain may exceed the Cow capacity of the drain sabe and be
uhe or piping attached to the filter. For hiodels 8:0 forced back through the fiher, reducing element life. To

_

through 529 anow a 42 inch cicarance above the filter for present this, the fo!!owing procedure rnust be obsersed
; clement replacement. when the air system is started up. ;

C' rec 3cn of Flow I. Close vahes A, B and C.
;

lObarse intet and outlet connections and direction of air
Cow. Thue are marked on alif.her housings. On h!odels 2. Open uhes D and E.
511 threush 519 connestions are NPT. straight through
the top casting. On Wah 100 through 609 connretions 3. Slowly c;en intet uhe A to the fiber until the con.
are Cangd. The inlet connection is r car the butto n and densed Equid and dim dra:ned eut. When allconden. ,

the cut!ct connntion is near the tcp of the filter housing. sate is drained, c!'>e uhe E. t

'

Connection sites are listed below. -

4. Very slow!) c;en outlet uhe B. I

: CAUTION |

FILTER ELEMENT REPLACErlNT-

00 ?!OY REVEW COPHECTIONS TO AIR LINE. With the fiher in ssrQe.the re;!a. Ze etc.nent adsorbs
ELEM2NT FAILVdE MAY OCCUR IF CONNEC- oil, causine a padualine:es.e in ;.esure drop through
TIONS ARE REVF.RSED SINCE FILTERS ARE NOT ihe c!craerd. Preswre drcp is Ind:cated bs the d.fferential
C:itlCMEO FOR P3 VERSE FLOW, , ,,.ssure ; p. Whe .e.e i-fater r'oMo ;he red senet,

the element muni te eqNed. If the Ameni is nota

( Rocrie flow r :> aho occurif airis allowed to bteed bstk chanpd as :..di,st d. o.1 wdl be ferced threugh the i

-(' thromgh the The when the compressed air sptcm is shut cl. rnent ir.to ibe air !Ne. I
I

Jewn. If cend:0..s a hich resuh in u tr>e Cow cannot
be ;rcut.:ed. ;n tail a cheel uhe at de cuttet ,nf the if; cur Sher !. ' 'i -d ': m m Fiure 1.tre fis!ksing"

CD(f- prathrs mot be a: .,d .: to, vt he i.:;rr a! premre,
,,

!
. \

_ ___________________
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CAUTION 7. Resttach bottom bowl to top housing..

/
SEFORE THE FILTER is DISASSEMBLED, BE 8. Reattach drain lines. (

I SURE THE INTERNAL AIR PRES $URE IS COM.
PLEYELY VENTED TO THE ATMOSPHCRE. ,

,
,

10. cose sabe C
5 f.Open sah c(s) D.

|1.Cose salve E. The filter is now back in sersice. ,
*

| 2. Slowly open valve C Models 820 through 429
.

1

3.Ce>e vaher A and B.

4. Slowly open sabe E. Intemal pressure will sent abose).
'

2. Remose bolts in top flange.

Once the internal pressure has been completely vented
;

to the atmosphere, the element can be replaced as 3. Remove cover,
ji

described below. 4. Remove hold down bolts for elements.
,

'

Models 811 through 819
5. Remose element end cap.

t

. 1. Disconnect drain lines at manual and automatic 6. Remove elements and rep! ace with new ones. -

i drain sabes.

3.Remose bottom bowl by unscrewing it from the 7. Replace end cap and tighten hold.down bolts.
;
' housing, '

8. Replace coser.
j

,I3. Remose and discard the saturated c!cment.
9. Rc;1 ace anj tighten bolts.

( 4. Cean any material out of bcttom bcwl. Use only soap (
10. Slowly open sahes A and B.and water.

!

i $. insc t new element in bettem bowl. !!.Cose Sahe C |.

4

f 6. Petition C. rings in bo. tom bowl. 12.Cose vahe E. The filteris new back in sersice. j

! .

,
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gi 'g UNITED STATES
*
.

a

;- I NUCLEAR REGULATORY COMMISSION
;; ,

/ wAsmNGToN, D. C 20655

t,% **"*/ JUN 261985 U A GROBE
~_

;

JUL 10 gcq |'

Docket Nos.: 50-440
and 50 441

,

I

o

,

Mr. Murray R. Edelman, Vice President ;

Nuclear Operations Group
The Cleveland Electric illuminating Company
P. O. Box 5000 ;

Cleveland, Ohio 44101

Dear Mr. Edelman:
'

1

Subject: ,,

Request for Additional Information Regarding the Air Quality-

Standard for the Service Air System Changed in FSAR. Amendments ;
i

17/18 - Perry Nuclear Power Plant (Units 1 and 2)
'

'
i

.

1

On the basis of its review of FSAR Amendment 17 and 18, the staff has identified1

the need for the enclosed additional information. The information required con-

has been changed from 3 to 40 microns for maximum allowable particle size.cerns the basis upon which the air quality standard for the service air systems~j ;

.

within 5 days after receipt of this letter.Please advise the Perry Project Manager when we may expect to receive your reply.i

1

Sincerely,
, ..
i -

0

Y
I

M B. J. Youngblood, Chief
i

Licensing Branch No. 1
.

Division of Licensing
:
id

,

; Enclosure: As stated '

cc: See next page
1

|

t |

!

,

4-5-040347M M-
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IMr. Murray R. Edelman Perry Nuclear Power Plant<

The Cleveland Electric Units 1 and 2 !

Illuminating Company '

:

:
'cc: '

: Jay Silberg, Esq. Mr. Larry O. Beck [Shaw, Pittman, & Trowbridge The Cleveland Electric '

1800 M Street, N. W. Illuminating Company,

Washington, D. C. _20006 P. O. Box 97 E-210 i

Perry, Ohio 44081,

,

Donald H. Hauser, Esq.
1 The Cleveland Electric

Illuminating Company
: P. O. Box 5000
! Cleveland, Ohio 44101
|

j Resident Inspector's Office
U. S. Nuclear Regulatory Comission

i Pamly at Center Road ,
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1 Ms. Sue Hiatt
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j

'

Terry J. Lodge, Esq. .

|
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|
4 Suite 105
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!
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-

Terry J. Lodge, Esq.
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ENCLOSUqE

AUXILfARY SYSTEMS BRANCH

REQUEST FOR ADDITIONAL INFORMATION
PERRY NUCLEAR f^WER PLANTS, UNITS 1 AND 2

DOCKET NOS. 50-440 AND 50-441

-

_ Process Auxiliaries- Compressed Air Systems .

1.
FSAR Section 9.3.1, as revised per previous amendment (s) issued
Amendment 17, and FSAR Section 6.8.4, as revised under Amendment 18 st t

, including
the following: a esi

t

"The system meets the design guidelines of ANSI Standard MC-111 (ISA
a.

S7.3) with the exception that the maximum allowable particle size f
- -

air to safety related equipment is 40 microns." or
.

b.
"During operation, instrument air quality will be tested

,

basis, at the filter discharge for dewpoint and particulate contami
, on an annual

tion.
The required air quality to safety related components supplied

na-
from this system is:

zero particulates larger than 40 microns, dewpointless than ~40*F.
On failure to meet acceptable air quality, branch

lines will be tested to detennine the extent of the problem and
corrective action needed."

"Air quality will be tested on a yearly basis downstream of the
c.

.,

package for dewpoint and particulate contamination. purifier''

The required air
quality to safety-related components supplied from this system is:
particulates larger than 40 microns and a dewpoint less than ~40'F "

zero
.

In order for us to evaluate these statements provide the followiinformation: ng

i
;

1.

Provide the basis for your system design deviation from three(3)i

micron ANSI, MC-11-1 limit to 40 microns proposed limit for the
i

!

air quality.

!

l

l

|
|

i



I |.

1- -

.

1-.

2 |i

I

|

b.
Provide verification that the involved safety related equipment will
perform its intended functions utilizing the proposed 40 microns
instrument air quality. Provide listing of the safety related

.

i

equipment and corresponding manufacturer's recommended air quality,

Verify that the air quality, at the JNLET of the involve safety
c.

related equipment, will meet the proposed 40 micron limit in order
_

to perform its intended function. Provide procedures and/or
technica1 specifications to test, detect, and correct the

degradation of the proposed instrument air quality at the E
of the involved safety related equipment in order to assure its
intended operation..

.

*/

-
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!n ff h " * d'"
CAP 15 - 31 INLINE CENTRIFUGAL COMPRESSOP

O G EN ER AL D AT A - REVISED 801
TG-40136 3 I,':' >

(4 ', C
g,

RATED CONDITIONS OF SERVICE 3.
-3,

;;

-|
AIR

TYPE OF GAS j28.61
MOLECULAR WElGHT 14 O !RATIO 0F SPEClfl0 HEATS 470 <

.,RELAlivE HUMIDITY 14 7 PSIA Y'
ATHOSPHERIC PRES $URE

..,

14 4 PSI &
'

I. ;

INLET PRESSURE 90 *F. i .. l
INLET TEMPERATURE !139,7 PSIA , , , -

DISCHARGE PRESSURE 1475 ACFM 6 q'
;

M,, kINLET CAPACITY 517.5 BMP
POWER 3600 RPH . .

INPUT SPEED

;}IN95 "F.
COOLING WATER SUPPLY TEMPER 4TURE 3

COOLER P ERFORMANCE ef a
!r'^

COOLING WATER SUPPLY PRESSURE 12 5_ _ P S I G M A X I WU M
-

I ?COOLING '1ATER AVAILABLE PRESSURE DROP 17 PSI MiniMUN
NyG _*

g ' '.-lhTERSTAGE AIR TEMPERATURE - MINtHUM 90 :

100 .g, o
OPTINUM

! (MAllMUM 130 ,r,

CCOLING W ATEP TENPER ATURE RISE 30 'F. .

J*v
{p'80 cpy ;iGTAL COOL ING W ATER FLOW AT RATED CONDITIONS i9

I N
Oil SUPPLY TEMPERATURE - MININUM 104 *F.

M
'

OPT IMUM _ 115 'F.
)"

NAxlNUw 122 ar. ,

t'
extET AIR F;LTER PERFORHANCE g,

N0HIMAL PRESSURE DROP (CLEAN) 2.0 M 0

b. $ |
NAXINUw PRESSURE DROP (DIRTY) C.0 M 0 I

CIL FILTER PERFORHANCE .

'

6 PSI
NOMINAL PRES $URE DROP (CLEAN)*

20 PSI y
NAIINUM PRESSURE DROP (DIRTY)

*

13
5is

Cil RESERVOIR DAT A y
NORMAL CAPACITY (NEW CHARGE)

43 GAL. S -

HAXIMUN OIL LOSS AT REFILL 4 GAL. ,|j'

pf {MINIMUN Olt TEMPERATURE BfFORE STARTING 60 F.

,hh
AIR REQUIREMENTS *t

N
I N S T R U a8 I N I AIR - SUPPLY PRESSURE TO PANEL

30 PSIG NINt4UM
;)' Ir - - 125 PSIG MAIINUN*

-4 QU A L IT Y-C L E AN '( IC H I CR ON NAI). DRY CONSUMPTION
30 SCFN MAXINUM j

SUPPLY PRESSURE 10 PANEL 30 PSIG HININUW !i SEAllMG AIR -

125 PSIG HAXIMUM ' . '

' ?h .
'

CONSUMPTION 10 SCFH HAxlMuw :
'

!q[ + (
.

sLB9ATl0H LlHITS'

<

's. ALARW RELAY TRIP LEVEL 15 1.6 MILS PEAK TO PE AK. (Filter in) gj
; SNuTOOwM RELAY TRIP LEYEL l$ l.8 MILS PEA TO PE AK.(Filter in)

f.-
G l[57 ;

.

.

D
'

ggs.'e - .- s-E, i,
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SUN GEAR
(INTEGRAL WITH SHAFT) STAR GEAR ASSEMBLY .

INSPECTION COVER / COMPRESSOR SH AF T INSERTS CASING

RING GEAR II- _ .-m m

|r-~

-- - bbE '

IMPELLERS
''

-

I'/f h: _ h
COUPLING g~ '

g; p.g.y T
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'' ' DIFFUSER DIAPHRAGMS

'

[[
NOTE: COMPLETE CARTRIDGE

( \\~ (- ASSEMBLY SHOWN BY
CROSS-HATCH LINES2

I \

INS E RT"O" RING S

CASING AND CARTRIDGE ASSEMBLY CROSS SECTION esco21 17s
FIGURE 2
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. 1'74' CAP 4010-5 Pa;pe 23 p
'
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Decemtiet 1978 8e

CENTRIFUGAL AIR PACKAGE 4 - - -- -;
a '

CAP 14 20 |
:

Type CAP i

y Engineeri.ng Data l- *

L '

ke-

' '

'

r '
,

) [ tuIno
_ [ commsson castna| ;

-- - q g ;
j -

|
p

- - '

*EIIf ,,, g,y""5': t,

i . I ! tt < s t

f| Q M.w.-]$y 'k ?I

; ; ,_. .-
' $- _ , , .

4 El ,
'

L M = '"'''
'

N(,,
'

y

j g.- h,'stnes f ; noten-- 4

,

. $.g i.._-. ., m _ _ . r

W- 'o i

'N
-

hh "

r nou svsf r u -

t
.3 (' *

To atmosrHFJE SIDE OF CHE CKu
, vAtyt av

$. To nuR TO GE AR 10 IN L E T t' CUSTOM E R i

3 /t stat ENo st at (No st at

f sy 1 -
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M
3 SE AL AIR SYSTEM 4

ITEM DESCRIPTION ITEM DESCRIPTION k ,'

i 1 Pressure Regulating Valve 4 Check Vahe y .

'

2 Pressure Gauge 5 Back Pressure CutrcI Valve
1 ,'

3 Low Seal Air Pressure Switch
''

,

, The seal air system prevents oil from leaking out of the compressor or into the compressed air stream and prevents >

' , encessive air leakage between the stages of compression. j ' 7, Q

[ 7 h|5' Oi! leakage is presented by bu'fered seats located inboard of the journal bearings and at the in speed hub extension ]
! #wu the casing cover. Air leakage between impellers is controlled by interstage shatt seals which are non pressurized. i,# ||
[ All seals consist of renewable babbitted shells located over Serrated sections of the compressor shaf t and hub extension. # '

gy- *

|j leal supply air to the oil seals is pre piped from the regulating system in the control panel to drilled holes in the com- gi (
t pressor casing 'eading to the seal areas. An air supply shut of f vahe is normally furnished by the purchaser to conwrve g /',f+ H when the compressor is not running I,I [

!

Ibe supply air pressure is controlled by pressure regulating val.e (1) with pressure 93uge (2) which is set to maintain the
- a

hj
sdoper seal supply pressure. Seal air from this external source is supplied during start up and whenever the compressor Mt

4 unloaded preventing tubricating oil from being drawn into the air passages 1 ow seal air pressure switch (3) prevents O [.3

|i operation of the auxiliary tube oil pump and, therefore, starting of the compressor unless the proper seal supply i'
,.

,[ pressure has been established. ,M
,

Aring loaded operation, air pressure in the compressor rises, and supplies seal air through the cea end seal thus k I
i1 e6minating the need for an external seat air supply. Reverse flow is presented by check valve (4). Excessive pressure ,{

twild up is prevented by back pressure control valve (5) which is set to sent the exec 55 air when the seal pressure in- p )
i

*

ceases to about 1 PSI greater than that maintained by pressure 'egulatinq valve (2). ;[ (
*

!
N supply prr ssure to the hub seal is reduced to the proper value by an orifice installed in this seal air supply line.

-{
,

hj p,
- t

,e }-
I

c.

y g g a

- -
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f
U Every 6 monthsf;Wd .

i'

1. Remove and clean out drain traps on chiller $
(E) and prefilter.y y, .

c ;2
Have refrigeration engineer inspect refrigeration system and! t'

valve sequencing for correct i-( pressure settings and readings. functioning and confirm all
.

?

f3.
Recove cover (F) and inspect desiccant for contamination.

i
#

L j Consult
Deltech Engineering for advice on desiccant replace-je nent

-

and for additional desiccant._ x.
t,
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OPERATIC::AL CHECKING AND TROUBLESHOOTING

Genera'*.p ,

#5'$
't; '

1
! As described in earlier sections, the flow of the refrigerant and. \

air is controlled autenatically from the cam timerj the electrical cabinet. (G) located in
-

'ff
<f

Operational Check - Drying
1

, .

{ jj

with the right bed drying the air and the leftDuring a normal cycle the following conditions should be observ d.]
~'3

e
bed being regen-

|
erated.t

j1. Right tower is at line pressure.
2. Left tower is at atnospheric pressure. !s 1

.. .

12
{

|

1

m__



Yj
n i

-
.

1

.

l
I.

g NOTE
,

The tower on the drying cycle should be at line pres-
sure, and the regenerating tower should be at zero
pressure.

6. Check and log the refrigerant suction pressure for.the re-
frigeration compressor. ;

5 Weekly h,,,
10 Check air pressure setting for operating cylinder. Gage (A) !*'

should read 60 psig minimum. . jH
ps

i.
i

hM NO5hMI*''
J[

i g
gj

- h;
.. ;

?~ ! 6 'Ie y ,. . , ,m,
t

/ ...

! |,. . , - -

y-
.

_
-

.

i ; ,<=

-

'|
'

,
2. Inspect refrigeration sight port for system condition. |

'

a. A continuous stream of bubbles indicates loss of re- hifrigerant charge. i

Nb. Color change of indicating area from green to yellow j.
indicates contamination. For further information refer

,

to troubleshooting section of this manual. )
d

$(
3. Insure that regeneration purge air pretsure gage (B) is a*

correct setting. (Refer to Specification Sheet.)

V4. Inspect let-down solenoid valve (C) and muffler (D) for p
blocking.

0-.
5. Check oil level in oiler that supplies oil to the air cylinder. = T !

Use any light lubricating oil. m.

h*6. Check oil le'el in refrigeration compressor. - --

*

t
sk' i

,Uv.

7, |11
'

N. !

h
.

g t4 '
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The dotted line indicates th
.

t. cycle. Refrigerant
flow'for the instance shown ie flow of refrigerantleft

bed, as solenoid valves SB and S
#

for the coolingthrough check valves CA and C s through theleft C are open, allowing flow
'bed is on the drying cycle and th

D.

Under these circumstances
+

generated.
versed when the rightThe flow pattern through the de right bed is being ,rehet

tower is drying. esiccant beds is re- .

A second control valve !

tion with the TEV to prevent (hot gas bypass, HGBV) j 6. (

compressed air is being usedprovide capacity control for thefreeze-up within the chilleris used in conjunc-
!

compressor when little or, no
t

and to EEih,.

the flow of refrigerantOn Model E99 and larger units 1. C

through the desiccant vesselsa second TEV is used to control
,

valves are preset at p
s

by the startup engineer dependithe factory and may be readj .

These
ments should be made only by a tr i

. '

ng upon the application.usted on siteAdjus {
See the maintenance sectiona ned refrigeration engineer,t- g
cedure and temperatures.

of this manual for adjustment pr
,

p
,2

h
-E}

o- 5t
h

MAINTENANCE I

-

Daily *YhE

$'t 41. d
Automatic drain on prefilter f

,insure proper functioning I(if fitted
trap and clean all internalindicates a possible malfunctiA discharge)in excess of onshould be checked to

.

on of the drain trap. e pint
0moving parts.2 RemoveAfterfilter (if fitted) ?

manual valve on filter. should be blown down by operati
'

excess dust particles, This will prevent s

ng 2 Ins;etc. the buildup of
{

NOTE i a.
Just after startup

-
b

be expected during nornal ruwithin the towers w,ill cause msettling down of the desiccantf
}

b.
nning periods. ore dusting than can famount of dnsting will diminish The3.

checked to insure itChiller drain trap located at b with operation.3. Insu.
is present, check condensate dischargeis working.ottom of chiller should becorr-

Use the manual by i
If more than 8 ounces o'oass toremove trap, .

a 4. Inspcclean and replace.4 f liquid { bloc)Check for a positive discharline. 1

ge from the purge air muffler 5 CheckL.
Check and log tower pressur or

Use a:

bed sequence to assure that sye gage readings in relation to6 Check
stems are functioning correctly

i10 ,

'y,9ggg Q,b,v". V ~ . ?. .

^
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DESIGN FEATURES
.

Desiccant System !
*

,
I

aeds: Deltech Heat pump Dryers utilize desiccants such as silica gel, factivated alumina, or both to adsorb moistura. Life expectancy p.
,

for the desiccant in Deltech Heat pump Dryers is three to five
hyears, depending upon inlet air quality and flow uniformity.

Since there are no internal electrical heaters to cause largean

temperature differentials as in other types of compressed air ;
dryers, the deleterious effect on the desiccant of excessive j

; temperature has been virtually eliminated.
-

s

kThe heat exchangers within the desiccant vessels act as a support p
for the drying media while also ensuring uniform heating / cooling j/

distribution during the drying and regeneration cycles.

-
hElectrical System.

t
4The electrical system of the dryer is designed around a cam timer (.;

that provides all the control function for changing the air flow t
and cooling / heating flow through the desiccant beds. y

't.

Indicating lights and all the other controls to provide starting fj
and protection for the compressor are also included. The elec- p
trical schematic included with this manual details all the equip- h

ment provided for your dryer. The circuit describes the function k
of each control provided. b

Refrigeration Syste...
p,

Refrigerant flow to the chillers ic automatically regulated by a
thermostatic expansion valve (TEV).

.

As shown in Figure 4, a system of solenoid valves (cam timer con-
trolled) and check valves has been added to the basic refrigera-
tion circuit of expansion valves, etc., to direct the flow of [

,

refrigerant from one bed to another.
.

h.....( . . .

._ . _ 4. y _ _ _ _: . :_u . $.s D . . . ... .s,,

f
. - - . . . . .f. ,

f% ,-

[. m"
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'
u .- s

i1 m', ;

V - | .i ) j-
'

.sf. . a,h]1
c., . ,

S
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>

t., = TJ N
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l'Figure 4 ;.
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! THEORY OF OPERATION- .I

De s i |>

The Heat Pump Dryer functions to provide a continuous supply of
dry _ air by automatically cycling the operation of two desiccant bedl Delt ,

- one adsorbing moisture from the air, the other being reactivated.. 'a c t i-'
<

Desiccant is used to store the water removed _from the inlet air * -for
' until the cycle reverses and the water is carried out to the at- . year

mosphere by the low pressure reactivation purge air. Reactivation ' . Sinc
of the offstream bed is accomplished by reducing the pressure of 1 tem;

*

'a portion of the dried air, thus expanding its volume, and then j drye
passing this purge air through'the bed of desiccant that is being - teng -
reactivated. At the same time, this bed is being heated by hot
refrigerant. The basic principle which makes this type of re- The'

,

activation possible is that, at a given temperature, the quantity for.

'of water vapor carried in a saturated air stream depends only on dist
the volume of the air. A volume portion of air at atmospheric
pressure can contain as much water as a similar volume at an ele- Elec
vated pressure at the same temperature. The amount of water vapor. .

removed from the system during reactivation is determined by the The ,

torperature and flow of reactivation air. The dryness of the that
exit air can therefore be maintained at a very low level by con- and
trolling the temperature and flow of reactivation air (purge air) .

Ind: '

The Deltech Heat Pump Dryer utilizes a chiller to remove app,roxi- and
mately 75% of the moisture contained in the inlet air before the tric
air contacts the desiccant. The amount of desiccant needed to men
adsorb the remaining 25% moisture is much less than that required of , ,

to adsorb the entire moisture load as-is the case with ordinary -

desiccant dryers. The energy removed from the inlet compressed get
air in the chiller is used for regeneration of the offstream
desiccant bed. The inlet energy, increased via the."Heat Pump" pe r

action of the refrigerant compressor, increases the tempelature the '

of the purge air, and thereby decreases the flow of the pu.ge air
required. As

'tre
The capacity of a desiccant to adsorb moisture at ultra low vapor gic
pressures (ultra low dew points) is increased as the temperatcre ref
is reduced. In the Deltech Heat Pump Dryer, the chiller (refrig-

'
eration system) is also used to maintain the desiccant bed at low

'

temperature throughout the drying cycle regardless of the heat of
adsorption.

,

The refrigeration system quickly cools the desiccant when the
vessel cycle shifts from regeneration to drying. Fluctuations
in the dew point of the exit air are much less than those exper-
ienced in drying systems that do not include refrigeration. '

:

Since the desiccant is not exposed to the very high temperatures '

needed for regeneration of systems without refrigeration, desic-
cant life can be expected to be substantially longer. ,

The Deltech Heat Pump Dryer is the most efficient desiccant drying
system available. With proper maintenance it will provide years

'

of trouble-free operation with very low operating costs.

8
i

i
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It is advisable to. install the dryer with a bypass valving ar-
s rangement (see Figure 1) to allow maintenan'ce of the dryer with- i

r
ut interruption of air flow. All air lines must be adequately

rd supported so that no load is applied to the. dryer connections.ion.
'

ters
UTILITIESale

c
Electrical.the.
The normal operating voltage is 440/3/60 unless otherwise spec-
ified. Check the specification sheet at the front of this manual
for the actual voltage and current ratings for your dryer.

A generalized electrical schematic is given in Figure 2. The
wiring of all transformers, relays, controls and functional com-
ponents has been completed at the factory in accordance with the

3 electrical. schematic supplied with this manual.

A 11
''Power Supply

220/1/69
220/3/60 C || 0 to cerpresser

,

or 440/3/60 ,

C || 0

@ h trci :greast t r.r.s t c rw r,
-=-

O2 g g g g c..:re .,, ten-

O A @ se u rre...r. eentrel ..it:-yAb,

@ st.rs ec u :s: =>l;@o v,

@ Ca*;ressor rennic; lagFt
5

@ "Ort ro1 timer
@M,c e ..,, . ., ma,r.1, .e i m ......

e e ...,, ,o... . _ r.,. .e ,m ....r.

k @ i.pr....rse.ston car.irol. [

|CK
*

@ cepressersi.tson controlsb

Y ,-

Electrical Schematic Diagram
:

,

Figure 2 ,

The dryers are constructed to NEMA 1 standards unless otherwi"
specified. Make power connections according to the electrical

L1 schematic supplied with this manual.
is ,

/over NOTE
Lng s

i
pro- GROUNDING OF THE FRAME IS REQUIRED.

.

.-

t

?
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I
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Prefilter ,..
i

It
-All. desiccants are adversely affected by oil or oil aerosols. ##If the compressed air is supplied by-a lubricated compressor, ".

adequate filtration of the inlet air is imperative. Standard
""EDeltech prefilters are designed specifically for-this function.

In systems which rely on non-lubricated compressors, prefilters.
are recommended to remove foreign particles, rust, dirt, scale

q

and water. The prefilter must be equipped with an automati Elrdrain trap to discharge accumulated liquids separated from the -

inlet air stream. - The
ifi
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f
!i Heat Pump Arrangement

Figure 1

Afterfilter T
r i

Deltech Heat Pump Dryers are designed for air velocities well g
below the fluidization point of the desiccant. However, it is
good practice to install an afterfilter to prevent the carryover
of desiccant fragments during line surges or unusual operating
conditions. A standard Deltech afterfilter is available to pro-
tect downstream equipment from desiccant particles.
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3-13

IPotential cause j

'

valve line-up of instrument aar header system.
.

Discussion

Had an improper valve line-up in the instrument air header
system eccurred, numerous other air users throughout the
plant would have been affected. Belcw are listed valves and
the pessible ccnsequences had they been advertently closed.

1) 1P52-F640 (manual drywell isolation) Improper line-up
cf this valve would have preven ed repeated actuatier
cf 3 '-F0;"A, 3, C, and D. This valve would als_

isolate the MS T. valves as well as the personnel air
lock ~at 599'10" 'Elevat' ion . ' '''' - --''

2) 1932-Mcv-F646 (drywell isolatien) Hsd this valve
closed, it wculd have been indicated by status lighte

_
on . both . H13-P601 and H13-P870. panels in the contrci.
room. EP.IS points EC-007 and 008 would have also
indicated closed.

3) 1 P 5 2 -M ~/- F 2 0 0 (centainment isolation) (A) Had thic
valva been closed the entire air supply into contain -
ment would have been isolated which in turn w:uld have
.affected instrument air supply to all the air, users off

~ '

of the air distribution manifcids' P52-J600, 601', '602

6C3, 604, 605, 606, 607, 608, 609, 610,.Gil, and 612.
..(B.).Also had,this valve been closed it.would have been,.

indicated by staius lights on' bot % ' Ehe H13'- P'6 01 nib'
- " ' '

H13-P870 punels in the control room.
4) Manucl valves PS2-F554 and F605 - Had these valves bee.-

c1csed they would have isolated a large number of the
air users throughout the containment.

With all cf the discussion above the fact remains that the
valves did operate as observed. This would not have been
the cause since the valves would not have repeatedly func-
tiened.

i

conclusion )
1

iUnlikely to be occurring.

.

I

hf'
. _ - - - - - - - - - - - - - - ---
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potential Cause

Air pack wiring and termination failure resulting in r hct
short.

Discussion

The air pack units are self contained for each solenoid and
wired to a common junction box. This wiring and associated
hardware is provided by the manufacturer. The field wiring

is terminated at the respective solenoid valve junction
boxes. Refer to drawings D-209-013 Sheets 2 through 9 for
each of the MS:V assemblies.

per review of the interconnection wiring diagraus and
.correspending elementary schematics, the wiring'and termint-
tien infermation is correct.

.The :centrol schematic. for operation of the respective
solenoids is "fail safe" by design basis, which requires'the

~

solenoid coil to be energized to prevent an isclation.
De-energitation would resu'.t in closure of the valve.

The wiring to cach valve is classified as Class 15. Al-

though the .120VAC pcwer ,to each of . the A & B. pilot. solenoid
'

valves pairs if centinued in a corrhon cabl'e, each conductcr
is properly sized and meets the separation requirements.

.

.The cables are rated for 600.. volt insulation, besides.having' ' ''-.. '

- minimum current draw. Therefore, the potential ' for a hot
short is improbable.

References

D-209-013 Sheets 2 through 9.

Conclusion

Unlikely that wiring er hot short is a potential cause. i

|

|
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3-15
.w
Ipotential cause
L

Glated contacts on control and relay ccmponents ce' 'g [.

high resistance which would result in alscontinuity and
potential mis-operation of the MSIV circuitry.

Discussion

contact integrity and circuit continuity of the respective
solenoid valve coils is constantly monitored by measuring
the coil circuit current, in addition to an indicating ligh:
(white) which relies en actuating contact integrity tc

rensin encr; iced. F.efer to attached partial cf drawing
E-203-013, Shee: 10 and Shes 11.

fhe'isol'ation contrbl circilit(s) ar'e a " f a i'lc saf e"' design;-
'

which re:uirer the solenoid coil to be energized to preve. :
a r. iscl3:icn. If ccntact gla:ing hed occurred resultir.g ir
a. . disconti nui ty (high resistance at connection er contac;

. peints) in the control' circtiit(s') , the~ resulting 'ef fects ' '''

wculd cause the lack of voltage to the coil (s). This
c:nditier due to the "fail safe" design basis, w:uld cause
an undesirchle isolation (closure cf the M5:V valves)
rather than a failure to isolate, ,

References
w,(..- - . . . . . . . .v ,- .

Shects H05, E10, H11 and HM,.
.. .

.

'

D-208,

Conc _lusien_

Evidence cf repetitive tasks to cycle these valves clon;
with the proper configuration for power and contrcl indica-
tion does not suggest any potential failure. Also, the
control circuitry and electrical components for each of the
inboard and outboard MSIVs is identical. In that there is
no past or present evidence to support this cause scenario,
it is highly unlikely that this is the root cause of the
probicm.

_ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _
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i

|potential Cause
L & |

1

Relay failure or incorrect operatio6 r.esultine l' s

mis-operation of the MSIV valves.
1

1

Discussien

The associated control and relay ccmponents are located in
the PGCC which is designated as a non-harsh environment and
is also scismically designed. Furthermore this area is
controlled for relative hcmidit*/ and temperature. The

likelihood of a failure or incorrecc operation due tc

c: ::nen: failure is highly i practical in that this failure
would have to occur en three (3) different MS V log-,

ic/ control circuits. The... prcper operation and closure cf
the'se valves and repetitive testing positively indicatids.

that relay failure is not.the cause. Also, as shown thrcu;'-.

testing and verifi'catio : the centrol' functions and indicz.-
' - tion was correct. ,

cenclusi;n

Unlikely and highly impractical that relay failure is ;-

poten:ial cause.
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3-17 ar.~
~

Potential Cause
~

!.Panel centrol switch failure or mis-operati on.

Discussion

The control switches nos. S1A-D and S2A-D are General
Electric type CR2940, 3 position maintained contact. All of
which are located in the PGCC. The contrcl schematics as
shown per drawing B-208-013 Sheet 10 (inboard) and B-208-013
Shee: 11 (outboard) are identical. No test data or evidence
has been identified to sugges: a failure of the switches.
Espetitive testing has demonstrated the p cper operation c.'
each cf :hese control switches.

. .
. .

, .

References

3,208-013 Sheet HG4, H10,.and Hil. .

Cenclusi:n

Evidence of repeated acceptable testing to cycle there
valves does no: suggest any potential failure. As se:h 1:
is highly unlik.ely that this is a potential rcot cause c.
tne problem.
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3-18
_

_ . - _ _ .

Potential cause f
Limit switch settings inccrrect or inoperabl

. b- r .

e. j
IE L

Discussion

The limit switches (total of 6 each) for each of the MSIV
inboard and outboard valves are NAMCO type as furnished by
Atweed & Merrill Company. These limit switches are not ar
active component in the control scheme which initiates
opening or closure of the respective Ms:V valves, rather
they monitor and provide 1ccal indicatien in the centrtl
room for valve position. Refar to elsmentary dra'ein;c
3-203-013 sheets H'0, H1*, and H36._ .

'

' haccurate' ' liin.it' switch ' settings i;, s

.Tne p'otential' for'.

i

::ssitie, but c:her independent sources can verify and
. provide indication f or closure or opening of the valves v_L

Agal-instantaneous steam . flow and steam,. line pressura, . of thethis issue would nct impact the actual operation
valves.

~

Feferences

3-203-0*3 Sheets H10, Hil, s.nd H35.-

r .- s , , , , , _, , , ,.

Cor.c lusion

In that the limit switches are not part of the contrc: i

circuits, mis-operaticn would not affect valve closure,

i

1

|

!
!

.
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3-19

Potential Ca_ usa , ' ,r--

t
-

Mis-wiring for indication of ir.strumentation or E..e . !~

%,

Discussion

This potential cause was recently a problem wherein the "A"
and "B" sol.enoid valves were wired to a common Re ctor
Protec Jan System (RpS) bus. 'I he basis of the desig-
requires that each of the trip solenoids A and a for each ci
the MS:vt be wired to different RpS buses. This issue ws:
corrected via the preparation and issue of Design Change
Fa:ka;c (DCF; 870414. .i.s part cf this design package End c
prerequisite for start-up, each cf the M5~Vs were verifie:
and tested for applicable pcwer sources and fun:cicnal

' o'p e r'a t i o n s . The probability ~of additional'wirin'g' errors it'
'

-

highly unlikely in that repetitive testing of these val.i:
did no: indicate cis-operation.

- . . . . . .
- ,.

References

B-203-C'_3 Sheets H05. H10, Hil, and H36. j
1
1

f
' Conclusion

i

Although this . item as a problem.. prqvicusly, . . it is highty. |. .

unlikely that a sib lir type cf problem could be the root !

| c aus e . The efforts .: resolve this RFS problem, retestin;
.. ared. management expcs :.re: .significantly rule . cut .this . poten . ,'i .

tial cause. Also, r;;:nt testing of the specific valves i.. ;

question indicate t'.a: the instrumentation and switches are {.
,

Correct. j
1

|

.

.

~ _ _ _ - _ _ _ - - _ - _ . _ - . _
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Potential Cause f.

,

k , yey i

Data acquisition failure. I;
f

Discussien

Failure in the data acquisition and recording system could'

lead to improper assumptions on closing speed being drawn.

Valve speed data is taken and recorded using the TK.'. subsys-

tem of ERIS. This system has the capability to sample data
fr : a .eide variety ei signals for la:er analysis. Data en
react:r pcwer, steam flew, rea or pressure, limi: switch
position,.and scienoid curren; are all censistent. Keasure-
ments' extsrior to' ERIS , Jmain' control panel' ahd * back pAhel ' '

indica.ing '.ights, f or e:: ample, are also consistent with the
ERIS datt.. In sum ary, multiple concurrent failures ne:e:-
sary.for.this scenario to occur make.,1,.t.incre,dible.

. ,

cone '.u s ion

Highly unlikely to be cccurring.

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

. e. , ... ...c . .. . .
.

- _ , _ . - . . _ _ ._ __ , , _ . --.
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3-21
*

Potential Cause

Procedural e.rror for testing. Most previous M 5t speed MS 7
closures have been performed using SVI 321-T2001. The first
failure was noted while performing the test per STI-B21-025A
section 8.3 and the remaining failures were noted while
performing the MSIV strokes using the system cperating
instruction (S.O.I.)

Discussion

Althcugh most previcus tests have been performed using ths
s 'JI , t h :.c is no: the f i r.r : time that an STI has been per-.
:crme:. .s s earli as a v / 2 2,, e a an .o. . - S t . - 0 . . .4:n sect 4 cr :... . . . - , . .
, . .

was used to fast. stroke the valves. Additionally, the urs
e f' the SOI 'has 'b'een' 'demeris'trated " bef ore and af ter tfie ' - ''

f _'_ures. During the E:1-F022D, 321-F0283, and 221-F02.:
'

~

failure en 10/29/87 and' he E21-F022D and B21-F028D failur-
en.11/3/87. the. SOI .was used, however..th'is., is the same..SO;.
that was used for the re.Taining valves which passed their' ,. .

stroke time.

conclusion

It is h ;h_y unlikel, that -here is i procedure proble,

G. . a c. . . . .:,-. : .. . .. . ,_ . .
.

* = 4 , .

e
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3-22 s ,

=

Potential Cause
: -

High Stea.m Flow /High Reactor Power Interaction. All previ
cus icw and high speed MSIV closure tests have been per-
formed at low to medium reactor power. The potential exists
that the higher steam flows associated with high reactor
p0wer could interfere with MSIV closure.

Discuscion

Althcugh al'. previous tests have been run at low pcwer, th-
valve design basis is closure at full flow, and the capabil-
ity cf the valve t: c1:se under f ull power conditions has
been dex.cnstrated r.rerous ti.mes at numerous cperating 3WRs.
Tne . valves that showed delayed closure are identical ir

^ de' sign to' valves 'thdt closed within* specifications, and' the
af fected valves 01: sed successfully follcwing cycling. Thc
valve design is such that pressure d:cp associated 'i :':
steam ficw.will..actually, assist in. closing the valve.

.

Cerclusier

It is highly unlikely that this is.the cause of the probler

.. .. ; ._, ,. ,, ,,> > - .+
,

.

O6 g

|

!

|
|

|

\

l
I

1
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3-23 as
,

I
Potential Cause e

i

Incorrect reassembly and installati:n of F - ir ;::P Tc. ; '

air packs were all removed, however not disassembled, during
the September 22, 1987 forced MSIV outage. The purpose fer
removing all of the air packs was to allow for temporary air
supply to be installed and allow local struking of the MSIV
to check stroke measurements.

Discussien

During the September 1987 outage all air packs were removci
frer the MS:vs to facilitate local s:: king of each valve te
set the stroke length. A.fter final reinstallati:n c ths

air packs. there were several fast and slow streres per-
f'rmed.' Th'ese ~ sticke's 'were' performed using SVI ' C71' '''003 9-' F.

~~

o
and SVI Sli-T2001. Sven though S'/: .C71-TOO23 (slew strche
testing) does ncy. tes: the same val /es as S*/I BnT2001 (fast
stroke .t;estings) .. the ,'sa;te. . air pack is used' and the . sating. '

surf ace betseen ''tlie air pack ' n'd actuator remains' ' th'e same'a

as does all hose connections.

Conclusion

It is highly un'ikely th s. t this is the pr:bler duc :: ch_

number of'strckes pcrfer.i.ed after reassembl,.
' s .. .

. . . , . .
. . . . . , ,.

*
. tz ..,s * , , , , , p _. ,_, , , _** '\ (' s .% ' s. ,

.
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Potential cause

!Actuator binding / stem binding

Discussion

Bit. ding of the actuater internals for both the hydraulic and
pneumatic assemblies is highly unlikely. Neither assembly
is subject to external loads to cause stem bending. The
hydraulics are not subject to external particulate centami-
nation and centamination within the main air cylinder .re.1
score the cylinder but could not likely stop the move.e.ent b-
resisting the air pressure forca.

- - '- -*

.. .-. .

This cause would likely have shown up during' prior histor)
of -stroking the valves and would not likely apply to multi-- '- '

ple valves at one time. Nor would such binding likely apply
to the top of stroke only. Thus this cause'is estimated to
be highly improbable.

. - ., . - :.-,_ v. 3 . . . . . . . , , ., ,,,...;,,,,,,,. ,

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

l
1

1

1

I
1

l
,

1

|
\

.
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4-1

Potential Cause:

High Temperature

Discussion:

Localized high temperature conditions existed during the plant cycle due to
reported steam leakage and elevated area temperature indications. Steam
leakage is knovn to have occurred in MSIV IB21-F022B packing and the MSIV
leakage control system isolation valves. This leakage was in the direct
vicinity of the MSIV's affected by slow closure. Steam in excess of 300
degrees F is suspected of being directed toward the subject MSIV air packs.

.The observed. hardened dimp es.on..the,~ disc . holder assemb.ly ,and core as,semblyl
~ ~

hardened'elasiomer seals'in the dual so1enoid valves is' consistent''vith high'
temperature.gonditiens. Other evidence of steam conditions include
degradat' ion'of the solehoid'valv'e'0-rings'an'd 'obterved rust / moisture

~

- . discoloration.of the 1821-F022p. solenoid. coil.. implying a, steam .envir.onment. i
.

l

Conclusion |
|

The high temperature is considered to be highly probable in the vicinity of j

the 1B21-F022D,1B21-F028B, and 1821-F0280 MSIVs. i

|
|

|

|.j . , i . s.4 ,, , , . . .. ,.a p. , r, g .a ,, . .. . . , . .i,3,-... .
_

. . s.

. s . . .<. . . .. .v. . .. . .c ... , .

_ _ _ _ _ _
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potential cause ~.

Blockage of the dual solenoid valve exhaust port with tape.

Discussion

During the previous MSIV refurbishment where the Tir packs
were removed, duct tape was used to cover exposed ports
including the solenoid valve exhaust pcrt. On F028D the
exhaust port tape had apparently not been remcVed folicwing
the refurbishment. 31c0ke.ge of the solenoid vcive exhaus
port could delay the closure of the MSIV.
However, the streng:t. cf the tape adhesive is :encidered'

weak compared to the pneumatic prescure forces. .ypically
the tape will blow outward remaining connected en ene side
during .de-energi::ation . and fall back i- place lik2.a flap.
Fu'th'r tests of the F028D valve has' verified the '. tape ''is sr e

. not an effective.bleck..- . . . , . . . ,,,
, , .

cr.clus ien

Very un2,ikely to be occurring.
. .

'* * ' - L . , . . . , . , , . ,, , , , , ,

...7, v. ,.- .

' ~ ..* ' . .s . . . . . ,,

.

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



.
.

.

4-3

Potential Cause

Jamming of kinematic c0mponents. r- -

Discussion

In order for the valve to shift to the de-energi:ed condi-
tion, both solenoid movable cores must slide within their
guides. The disc holder assembly is also a guided component
which must shift for the valve to operate.

Failure of the ccmponents to shift may be caused by fereign
material ccntaminati:n :' the sl.tding surfaces, either
particula:: cr flui: (idhesive in nature) , er by physi:3:
. damage.to.the valve. parts.

- , ..- - -

. ,.

Examination of the F022D valve, and the air supply cy :e
' ,'

has ho identifie'd any unusual ' substances ' cr d a m a g'e w h'i c h- '

.could explain.the MSIV delayed. closure. condition.. Con' sider '.

ing the proportion of valves which demonstrated the delayer'
.

closure (3 et 8 ) ', an extremely dirty' system would be
expected for this effect.

.

Ce r.clu s i c -

Unlikely to 'e o: ur in;..

#- . . . . .,e . , . . , . ,
., .. ,. ,, ,,,,..x . ,. , ,. ,

. . .
,, ..

*
.,

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -
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IPotential Cause

Cxidation of EPDM rubber compound used in gaske. ,I ._ -tdk
disc seal materials.

-

Discussion

oxidation of EPDM rubber in the presence of a brass catalyst
has been suggested as cause for a similar incident at

Brunswick-2. This has been docur.ented in IE Bulletins 85-17
and 30-11, and in INFO Significan: Even: Reper: 57-85.
Review of SIR 57-55 indicates that althcugh catalytic
cxidaticn is a p::ential cause fcr the Brunswick situation
that utility was never able to determine the exact cause fc:
EPD:: degradation. Tnere is, however, a relatively large

-data base for use' of EPDM clastcimer''in brass ' valve"bodies '+''

with acceptable results.

'' ^ ' ''' '' ' " *"' ''

Conclusi'on
'

Catal ti: exidaticn of EFDM in the presence of brass canne:
be ccmpletely ruled out as the rc:t cause for pilct valve
failure. While postulated as a failure.. mechanism, its
validity has not been preven. If catalytic oxidation d:e:
play a part, :. : is mes: like'y as a contributing fa::: , 1-_

the.h.7'. ter;erature scenario, fer example.;

. .

. ; . g. . . 3 ,,. . n , . , , , , . ,. .- ....t.- . .. .. . . -- . .. ,

. . *.
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Potential Cause

Residual magnetism folic *.iing coil de-energi:at. .e k LL L

,-

|

Discussion

suf ficient residual magnetism of the ferritic steel materi-
als in the region of the coil could cause the valve to
remain open following de-energi arien.

The prchability cf this is considered low. The vales ':e.

not sh:.: repeatable effects which would be expe::2d f r e.-
residual magnetism.

Also,.while theoretically , pas.sible', no -similar ~ experience
has bee'ri found ' elsewhere.'' ' Any residuil"' magnetic ' forces, -'

would be 1 '- :r. pared to the closure force unlesc additi:.nl ,

magnetic' mass'was'added to the coil'vicinit'y.
. . ... .. , . .,. , .,. .

Conclusien
-

Unlikely to be cccurring.
.

~
. . .. .

. .

...u- n. <. .. . u,, ,;. s., .. . . . . . .. . m ,_, ... s . . ;.. . . . , . , . , . . ., ,,~ .
.

_

- . .. .,., .

,
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potential cause
i.J-#.

+

i ;,

Wrong materials. 'd LL
e ;

,

Discussion

This failure root cause description considers the use cf
wrong materials for the disc holder elastomer seal. The -

potential for wrong lubricant is considered separately.
,

Dimpling cf the dis: holder seal in the dual solencid valve !
'

is p:stulated to result in wedging of the seal in the ,

,

e.:haus: ::. cylinder ;cr:s. The use cf a :: ng materia: |>

could result in the observed dimpling. The proper dis: '

is an . ASCD pro utili:ed in : heir
material, b' ll'f fed valves. 'prietarv. Ep?M,Materihl broblems.may'incidde the-. . ~ ' '.

nuc' lear q a * t-

f0llcVing: ;,
-

-
. ., , . . ... ,

. ,

. Wrong . ...paterial o f. lower. .stzength. , or , ;;;sr. val,.- .. . . . '

capability.
-

.
.

;mpreperly cured EPDM.-

'

Impreperly f.)rmulated.EPDM,-- . ,' - . ., , .

.

An material may. be.perfcrmed to i(*:.ti-
'fy, analysis cf the diethe"materl'a'.1 or. t: :mulaeivr.; hewever r .1: ris . uni-1:n27 -:. --

;

.deteritine..tha. relativu.,c..ux.e of . t..(. c,,comj;pu.nd..: . > ,. .. .
. . . . , , , . . .. ... ... ,. . .. ... .

, . . . , ~ . . .

i
, , , . , ,

conclusion .

Moderate potential.

1

4

4 j

l

|

|
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Potential Cause

LOCA seal vapors u - .

- - _

Discussion

In order to seal the solenoid housings on the solenoid
valves a LOCA seal is poured in the opening and allowed to
cure. The cure reaction reportedly produces hydrcgen gas
Hydrogen is a reducing agen which might result in softeninq
cf some elas:ccer materials under certain conditicas.
Hydreg:n's offect on EpDM is probably unlikely due to its
hydr oca rhe.. t Ithy'.ene : . ,:pylene ) structure.

Additionally, hydrog.en . being .very . light would tend to ris; ,,

from its point of' application, which is several inches away
f rem the valve '.'::*t.. - s. .

..
. . . , - . s , .,

Conclusion.
.

Unlikel'; :: be cc urring.

. .

.

## , g % *

. *e ;* m .. I * .4 s s. s - . * . . ,e .~ . - * .. . ; .s' ..e
'

*
.
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Potential Cause
L

o-ring / lubricant interaction ,

Discussien

During the disassembly and inspection of the ASCO dual
solenoid valves, the three bcdy gaskets (o-rings) were found
:: he significantly de7:aded. Degradation included harden-
ing, flattening and adherence to the mating valve body
The Observed c r.dition of the gaske:s is censistent with the
effe:rs of an improper lubricant. The EPCM gaskets are

N r. ally a silicone tilsu s c ep;ib'.2 to hyd:ccarber oils. T
'-

- - i (Dow Corning 550).is use d. a.s a . gasket lubricant.. EPDM... i s

compatible with silicone fluids.
.
.. ..

The degradation c'f the gas?.e.ts 'eculd not affect the va'1'.'e
itself, as they are located away from the moving. components. .. ..''--

Ecwever, vapors frem. the lubricant (no signs of f.luid
migration were observed) could result in softening of the
disc pads resulting in the dimple ef fect suspe:ted as being
the physi:41 cause of sticking.

.
.

Oiher p::ential causes cf the cbser9ed gasket * degradation.

(silicenare high heat ,c:nditic.".3, . wrong. 0-ring pater #1fluidi1'i e,

ndrubber is affected similarly by 'silicop.e
',

- " ' brats /EPDM interaction. *'*- -o- , .. .-r' ~-.'' ""

.
. ,s. .s ,,

Cenclusien

Possible. The o-rings should be investigated for prcpe::
material and lubrican:.

|

|

)
i
|

|
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|NSTALLATION & M AINTENANCE INSTRUCTION AsCa,
'"

:
, | BULLETIN!

4
OENERAL PURPOSE AND '

8003',
EXPLOSION. PROOF SOLENOlDS f f

i e

Feem No. V6340Al''
. ._ _ . . . . . - . . . .- - .

DESCRIPTION Solenoid Temperature
Cat &g nunbers 50031 anJ 50032 wienosJs haie a lype I, General StandarJ solenoids are supphed with coils desisced rur cnnt..wus J t>
Puriwe Solenc4J En.lesure Catalog numbers 80033 and 60034,6003 A3, senice. When the scdenonJ is energised for a lag pund the wl<noid
asJ M o3A4 solenosJs hate an espicsion-proof solenosJ enclosure deU6neJ enclosure becomes hot and can be toucheJ by hand only for an instart t h;s is
t,i rnett Fnclosure Type 3 Aainoghi, Type 7(C & D)Esplesion Proof Class a safe operstmg temperature. Any escesuit heating mill be ind.eated by the
1M rours l' & D and Ty pe WE,F & G ) Dust Ignition Proof Clau !!.Greupa smoke and oJor of bummg coilinnleton
EE & G, and nait a ternsrature range code of TC). Bulletin 8003 and MAINTENANCE
so01A u!cnoids when msia| led as a solenoid and not as part of an ASCO WARNING: Turn off electrical pomet supply and depressuriae elenoid
uke, ce vipphed miih a core which has a 0 250-28 UNF.2H tapped hole operator anJ/or sabe before makirig repairs.
mith V or S lt" rmnimum full thresJ. Cleaning

OPEHATION All solenoid operators and sehn .hould t< cleaned renodieau). The time
Wi en the solenviJ is energueJ the core is Jra*n into the solermed base subh tetm een cleantng mill vary depenJ.ng on medium anJ scruse cond.tions in
anembly. lM PORTANT: % hen the solenoiJ is de.energia:J,the initial
return force foe the core, whether developed by spring, pressuce, oe;i

gener al, tithe v olt a ge to the cod is coryect. nlutosh i sh e uper aton.e s cean e,
i

rosse, or leakage mill indicate thst ele'aning is required. Cle an straincr or filter
meight, must esert a minimum force to osercome residual magnetism shen cleaning the vahe.
createJ by the solenoiJ. Minimum return force for AC construedon is

Preventive MaintenanceI pound 5 ounces and 5 ounces for DC construction.
I Keep the medium floming through the solerx=J operator or isbe as frce

INSTALLATION from dirt and foreign material as posuble
Ched nameplate for correct catalog number, schage, frequency, a attage, ( 2 While in teruce,the solenoid operator or t ak e should be everav J ai h nt
and term 1 once a month to insure proper opening and closing
IM PORT AN T: To protect a solenoid operstor or i she. install a strainer 3 Depending on the medium and senice conditKms,gnoJN ia.aston ot
or fiber, nitable for the ser$ ice intohed in the inlet side as close to the mtemal solenod or s ahe parts for Ja nnge or esecsuie n ear is ruoiwcs.!,J\ sabe or operator as gossible. Cean periodicalb depending on senice Thoroughl) clean all pans Replace any parts that are morn or J.magJ
conditens. Sce ASCO Bulletics 8600,8001 and a602 for strainers. Causes Of Irnproper Operation
Positioning 1. Fauhy Control Circuit: Creck the clutrwat s>siem b3 encrpmg the
h anoJ is Jer6neJ io perform property m hen mour.ted m any p>sition. mienosd. A metalhe "chd" sigmGes that the elenuJ u ma ai.t g
lim a s cr for mimum hfe and perfonnance, the solenoid should be mounted Absence of the "chd"indicate: La of pumer wpph Chtd foi ho.e or
urtssN a' J urn )4 tv ecJme the pisubihty of furcign rnatter accumulating blow n fuses, open-circuited or gr undeJ coil, brden 14 aJ mrei re sph,.ee o
m ibe s dcr.aJ base sub anembf) area connectKons.
Waring 2 Burned Out Coil: Ched for open circuited ced Replace if omu4r)
% armg mut weply with im al cudes anJ the National Lleetncal Ctde. T$e Ch'd surely sohast n must be th. same as speca.e4 on n.nm tee
gc nstal pv p oe > >lenuJ hooirs h.s a 7 8" diameter hele 10 ascomrnodate 3 ton Voltage:Ched soltage acrois the coilleaJi Wit %c n usi h atie.nt
! 2"conM l o tablaie n tne s th( 6erieral purpose solenoid enclosure rray 85% of nan.eplate raung

mia.eJ M by remoung the retairag Cap cr cbp. WARNING: When Coil Replacement
a retaining clip disengages H mill spring L pmard. Rotate solenoid NOTE. Ched nam: plate for sulcnvid c itateg number anJ ps.mJ as

c , Je> rcJ pmtun Thcn replace retainmg cap or clip before follow s:
6 Une nged metalhe conJutt to ground all enclosures not prouded WARNING: Turn otT electrical poner supply seed disconnect silead

. a green & ounding wire. For the e splosion proof soleno.J endosure, mire s,
nearsal futin s must be approsed for use in hasardvun locat ona. The

Catalog Numbers &OO31 anJ 80032 General Purpose Solenoid E nclosure.
n

esplosen prw wienvid enclowre has a 1/2"conduit connection and rna) be (Refei to Figure I )
rotateJ 3W tc facibiate miring To raate enclosure, Loaen housing coier 1. Disconnect cod lead wires and groundag mire if present
us.rg a 1" svel et arench. T= o m renc hins flats are prouded on the housms to 2 Remote retaining cap or chp, nameplate, anJ housmg
hold et securc h in pia e m htle the coier is being loosened or tightened Rotate

WARNING: When metal retaining clip disengages, it mill spring
housmg to JeureJ74ition and repl.te coser before operaung Torque coter u pm ard,
to 135 t 15 mch pounds (15.311,7 newton-me terO

3 Shp spnns m asher, insulating = asher, and cod off the solenoid base sub.
NOTE:Ahernatmg current I AC)and direct current (DC)solenosJs are built enembly. Insulating =athers are omnieJ mhen a mokied ci=1is useJ
Jifferently . To acert frorn one to the other, H is nectuary to chuge the 4 Coil ti now accessible for replacement ResuemW solenoid ta reserse
compleic salerwJ meluding the core and solenoid bane nb assembly .noOust orderofdisassembly. Lae sspkdeJ iien tFigure 1.)for identifkaton anJ
the cod. Consult ASCO placement of pans.
Solenoid Enclosure Assembly Catalog Numbers 80033 and 80034 Esplosion proof solenoid rnciosure
Ca t alog 80031,80012 solenoids may be assemb!<J as a corrplete urnt tRe!cr to figure 2 )
Ti hnening is ascomphsbeJ by means of a hes flange at the base of tre | Disconneci coil lead stres and grounJan6 *i's if pfOenta
6,denoid enclosure

2. Unwrew housms coier ustra a 1" emet arensh T ao eredrg Cats
Catales 6003),80034,8003 A), and 8003 A4 solenoida me) tw spembleJ sre prvuded on the housirg to holJ it Sesurely in place u h:lc the , ner is
as a wniricte unit Tighieta is accurrphshed by rneau of tuo maleJ slots t<ing ternosed or reclasea
(meenching flats) anne the LAreaded area of the sedened base wb niemN 3 Remote take up spring.(Ls plate,ichteterg =a>her,anJ evil !nalatmg3

Use veeial ASCO mrerd wrphed (orJer No Kl68146-1) An ehernce maihers are cmit J mten a moldeJ coil u useJ
t)pe w rensh aJapter is a al." sisdable ahish tightens ths aissnel) t) rneans
id loor (4 )pm bicun the > h,ruJ base nb an.c mH) Ifihis alter neie m ten,h
is ned the soletv 1 rnat to .eple'ely Jaaacmt4che "Cod Re;Iseetreent",

A S C O Valyes,..,% mom
_

Automat!c SMich fa m %ew e~ e , w. , s,,.. . . s s
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C:DERING INF RMATl:N FOR o When Orderleg ASCO Selenoid Esclooere Kits, Spec #y

ASC3 SOLEN 10 ENCLCSURE KITS CR C21LS Cataks Number. 5 ens 1 Nwnkr, Vdage sad Frequency.

Parts marted ekh an ast: risk F)in the o when Ordet Cous for ASCO Solenoid Opevoters or Yalves,'*

eaploded wie= tre evpplied in solenoid enelosvre nit. ceder ihe euemke isamd on yme trul

TORQUE COVER TO
135 i 15 INCH POUNDS

(15.311,7 NEWTON METERS)

$ VER V NA EPL E '

FOR SOLEN D ENCLOSURE KIT
|NEW REPLACEMENT PARTS).

SEE FIGURE 3. THE PARTS.

$TAKE UP SPRING WITH THE ASTERISK ( $ llN
FIGURE 3 ARE REPLACEMENT*

$ FLUX WASHER h PARTS FOR THE PARTS
DISCARDED HERE.s

GROUNDING WlRE (
(NOT PRESENT ON

ALL CONSTRUCTIONS)

h INSULATING WASHER l2)
(OMITTED WHEN A MOLDED

( Colt 15 USED) (SEE NOTE)
OPEN ENO WRENCH

AVAILABLE. Coltg
ORDER NO.K1681461 (j j

o SPECIAL WRENCH ADAPTER
FOR SOLENOID BASE

SUB. ASSEMBLYq ,
"

(ORDER NO K218 949)

&. 4.

9375 26 UNS 2A SOLENOID BASE
THREAD SUB. ASSEMBLY

HOUSING $

WRENCH'NG FLAT -

1
< 1/2 NPT CONDUli

CONNECTION

CORE CORE
(DC) (AC)

TAPPED HOLE IN CORE TAPPED HOLE IN CORE
.250 28 UNF 2B .250 28 UNF 28

.38 MINIMUM FULL THRE AD 63 MINIMUM FULL THREAD

NOTE: CATALOG NUMBERS WITH p
PREFIX 'NP" M AY H AVE TWO

Ots Rm W'm WSu mINSULATING WASHERS ON TOP
OF COIL AND ONE ON BOTTOM.

Figure 2. Catalog Nos.8003) and 80034
Earlosion Proof Solenoid Enclosure

Form No. Vl340Al
; .= %c.m.=.%s



,4. Cril b ncm accessible for reytecement. Reanemble solenoid in reserw 6. Re:ssemble solenoid la reiene order of &saswmNy. Uw es pin',ed s co.

ceder ddisassembly. Use espkded siew (Figurt 2.) for identification and for klentification and placement of paru.
placement c( parts. Before reasambly, see "NOTE" for cuaning and 7. Tceque hc= sing coser so 135 1 15 inch-pounde 0 5.3 i 1,7 s*e* ton-
sreating requirements. meten).. ,

3. Torque hwsing coser ta i)$ i 13 mch ewnds (15.311,7 nenton metent CAUTION: Solenold must be fully assembled beesuse the housing and
Catalog > umbee 8p03A3 and 8003A4 Emplosion-Pronf Solenc4d Enclosure internal parts complete the megnetic circuit. Se sure to replace insulating
(Refer so Tiswe 3 ) washer et each end of non molded coll,
l. Disconnect eoillead wires and groundms mire sf eresent. NOTE: Catalog numbers 9003),90034,8003A 3, end Ms03 A 4 Installata
2. Unscrem housing coser viing e 1"socket urench.Teo meenchinglists are and maintenance of e arlosion proof equipment requbes more ihan twomary

provided on the hous'ng to hoW a securely in place s hile the cos er is being care to insure safe rerformance. All finished surfacea of Ihe soleno=3 are
remened or replaced constructed to preside a flame troof wal. Be sure thst the s urfaces are a ed

3. Remost retaining cup from sc4encnd base sub assembly, clean twfore reassembling. Grease the joints of the esplos on proof snienced
4. Shp > tee, spring = esher,insutsung masher,and coil off the solenoid base enclosure w ith DOW CORNING ' I i l Ccenownd lubne nnt ce a n equis alent

sub-assemNy. Insulatmg * ashers are orrdtted a hen a molded coilis used. high. grade silicone gre ase.G.eese allioints thioughly including the underude
5. Coil is now acceniNe for reptuement. Before reassembly, refer to cohe solenoid base sub asumbly flange and internal th~ ads of the hmiing

'' NOTE" for g. easing requirements. coser.

' RETAINING CLIP

Q RETAINING CAP $

NAME PLATE M.. , . .
,

HOUSING

SPRING WASHER y)
INSULATING WASHER (2)^

h (OMITTED WHEN A MOLDED
COIL IS USED)(o.,

*(- COIL

O

GROUNDING WIRE
(NOT PRESENT ON
ALL CONSTRUCTIONS)

BASEPLATE $

ij
I.9375 26 U"' 'A SOLENOID BASE

THREA J' SUB ASSEMBLY

a

CORE CORE

IDC) (AC)
1

}
'

TAPPED HOLE IN CORE TAPPED HOLE IN CORE
.250 28 UNF.2B 250 28 UNF 2B

.18 MINIMUM FULL THRE AD 63 MihlMUM FULL THREAD
>

$1NDICATES PARTS SUPPLIED
IN SOLENOID ENCLOSURE KIT

Figure 1.Catabs Nos.30032 and 30032
General Purpose Solenoid Enclosure

Form Na Vl300Al

e assunse ****(4 etswa as s es s===se

__ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _



P

*
.

e

- COVER *WITH NAMEPLATE,

TOROUE COVER TO
AND RETAINING RING %135 i 15 INCH. POUNDS

(15,321.7 N EWTON.M ET E RS)
-

r; ':.

'h RETAINING CUP $

C IM PO R T ANT

YOKE N PARTS SUPPLIED IN
*

i

SOLENOID ENCLOSURE KIT
\ REPLACE THE DISCARDEO

PARTS IN FIGURE 2 OR ARE

Q' D
SPRING WASHER-

)V A DIRECT REPLACEMENT
FOR THE PARTS SHOWN

GROUNDING WIRE ( IN THIS VIEW,
(NOT PRESENT ON

ALL CONSTRUCTIONS) .

([ INSULATING WASHER (2)
(OMITTED WHEN A MOLDED

OPEN END WRENCH
AVAILABLE. y'

ORDER NO.K1681461 Colt

%J %
g) SPECIAL WRENCH ADAPTER $

FOR SOLENOID BASE
A SUB. ASSEMBLY""

,
-

(ORDER NO K218 949)*a

@
9375 26 UNS 2A -- , QM SOLENOID BASE

THREAD
SUB. ASSEMBLY

-

HOUSING $

( '

W RENCHING FLAT , j 1/2" NPT CONDUlf i

,

CONNECTION

COME' - CORE
(DC) j

(AC)
|

.

i

TAPPED HOLE IN CORE TAPPED HOLE IN CORE
.250 28 UNF 28 .250 2B UNF 28

.38 MINIM'JM FULL THREAD .63 MINIMUM FULL THREAD

% INDICATES REPLACEMENT PARTS SUPPLIED IN ASCO SOLENOID ENCLOSURE KlT.
THESE PARTS ARE ONLY NECESSARY WHEN THE SOLENOID ENCLOSURE HAS BEEN j
DAMAGED AND ARE NOT SUPPLIED IN ASCO REBUILD KITS. I

i

|

Figure 3. Catalog Nos.8003 A3 And 8003A4
i

Emplosgn Proof Solenoid Fnclosure
{

A S C O Valyes
A5EO ,,,,, n. v . w . . !

'

Automatic Sutch Ca mn.--.4 =,. ,s,, ein ~ ....
. %c... .. .
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821/N11

MAIN STEAM SYSTEM

This manual is intended for Training Purposes Only and shall not be used
for operation'of the f acility, system..or compor.ents,~
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V !. INTRODUCTION AMD GENERAL DE-URIPTION

A. SYSTEM PURPOSE |

The purpose of the Main Steam System is to:

a. Direct generated steam flow to the main turbine and selected support ]
equipment, i.

b. Provide a relief path for steam in the event of a reactor over-

pressure condition.
c. Bypass steam directly to the main condenser. ;

d. Provide system isolation in the event of a steam line break in order I
'

to minimize the release of radioactive fission products- to the

environment.
;

i

B. SYSTEM DESCRIPTION AND FLOW PATHS

1. General Description

The Main Steam System consists of piping, valves, and instrumentation
necessary to direct steam to the following components (see Figure 1):

a. High pressure section of the main turbine,
b. Reheat steam for the 2nd stage of the Maisture Separator Reheaters,
c. Turbine bypass valves, :

d. Reactor feedwater pinp turbines,
e. Steam seal evaporator,

|
f. Steam jet air ejectors,.

9 Of f-gas preheaters,

h. RCIC turbine (A Main Steam Line only), and
i. Residual Heat Removal System (A Main Steam Line only).

Incorporated into the Main Steam System is a safety relief va ve (SRV)
network to allow for overoressure protection of the Reactor Pressure Vessel. I

Some of these SRVs can be actuated by. the Automatic Depressurization System i

p B210.
,o

821/N11 - Rev. 4 -1-
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j There are four main steam lines, denoted A,8,C, and D. A penetration oc

j Main Steam Line A provides continuous venting of the Reactor Vessel Head area
during reactor. operation. The venting action removes non-condensible gases,
and minimizes the buildup of free hydrogen and oxygen fonned by the radiolytic
decomposition of water.

Each of the main steam lines contains a flow restrictor welded into the
pipe to restrict the flow of steam in the event of a steam line rupture,
thereby limiting the loss of coolant during the time lapse between the rupture

and Main Steam Isolation Yalve (MSIV) closure. The flow restrictor also
provides a steam flow signal to the Nuclear Steam Supply Shutoff System (B21C)
and to the Feedwater Control System (C34).

Two MSIVs are located in each of the four main steam lines. The

combination of two MSIVs in each steam line providos a highly reliable means
of isolating the reactor vessel to minimize the loss of reactor coolant

inventory and to limit the release of radioactive materiah. Both valves are
identical in construction and operation.

The Main Steam System is also equipped with drains for warming equipment
and piping systems during start-up, and draining moisture from main steam
piping during start-up and low load operation.

2. System Flow Paths

Refer to Figure i during the following discussion.
All the Main Steam System flow paths originate at one of the four 26 inch

diameter steam lines, that direct steam from the Reactor Pressure Vessel.
From the reactor vessel, the steam lines penetrate the Drywell and Containment
via guard pipes. Within the Drywell, each steamline contains a number of
safety relief valves which, at the proper setpoint, will lif t to direct steam
to the suppression pool. A temperature element monitors the temperature in
the discharge piping from each SRV. An increase in the discharge piping
temperature.provides an indication that the associated valve is open or

leaking by. To provide a more positive indication of an open SRV, a pressure
|

switch is installed downstream of the temperature element to monitor the ]

'

pressure inside the discharge piping. After a SRV reseats, the steam 1

remaining in the discharge.pihing will condense, 'fonning a vacuum which could |
'

B21/N11 - Rev. 4 -2-
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draw water from the suppression pool into the discharge piping. If the valve~

is again opened while this condition exists, severe water hammer could occur.
For this reason, vacum breakers are installed in the discharge piping from
each valve and will open to prevent the formation of a vacuta. Upstream of

the SRVs in steam line A is a penetration that allows steam to be supplied to
the RCIC turbine (E51) and RHR System (E12). The RHR System uses main steam

for its steam condensing mode of operation.
Inside the Drywell wall, and downstream of the flow restrictor in each

line, is the inboard MSIV, 821-F022. Each steam line then passes through the

Drywell wall and the Shield Building wall via the steam guard pipes. These

pipes prevent pressurization of the containment vol me from a steam line
break, by containing escaping steam and routing it back into the Drywell. I f

these pipes were unguarded, a main steam line rupture within the containment
would result in a direct release of steam to the containment atmosphere. This
would allow the pressure suppression features of the Containment to be
bypassed and thus, a potential could exist for a ' pipe rupture to produce
significant contaiment pressures. Immediately outboard of the Shield Building
wall in each steam line is the outboard MSIV, B21-F028.

A Main Steam Shutoff Valve (MSSV), N11-F020, is located in the Auxiliary
Building downstream of the outboard MSIV. The four main steam lines then
enter the Turbine Building where they eventually terminate at the Main Turbine
Stop and Control Valves, j

Upstream of the Main Turbine Stop and Control Valves, all four main steam i

lines are interconnected by a pressure / flow equalizer manifold. This manifold
'

supplies steam to the following:

a. 2nd stage of four Moisture Separator Reheaters (tube side) for
reheating High Pressure Turbine exhaust steam,

b. Steam jet air ejectors,
c. Reactor feedwater pump turbines,

d. Steam seal evaporators, and
|e. Off-gas preheaters. -

'
'

..

'

Downstream of the pressure / flow equallzer manifold, main' steam can be

B21/N11 - Rev. 4 -3-
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bypassed directly to the main condenser through seven turbine bypass valves.'

This flow path is necessary during start up and rapid load rejections, and can
bypass up to 35% of rateJ main steam flow. Seven turbine bypass steam valves

are provided to regulate the amount of steam bypassed to the main condenser.
Four valves are mounted on a common manifold which receives steam from Main
Steam Lines A and C. The remaining three bypass valves are mounted on a

comon manifold which receives steam from Main Steam Lines B and D.
Main steam line drain flow paths are provided for draining the main steam

lines to the main condenser. There are three separate flow paths: ,

Inboard - drains steam lines upstream of inboard MSIVs,-

Outboard - drains steam lines between inboard and outboard MSIVs, and-

Downstream - drains main steam lines downstream from the MSSVs.-

Each drain section directs condensation to the condenser via a wye
strainer and a restricting orifice.

Main Steam System drains are covered in more detail in SDN N22.
Reheat Steam and Moisture Separator Reheaters are covered in more detail

in SDM N31.

C. KAJOR COMPONENT DESCRIPTIONS

The major components of the Main Steam System are:

*

1. System Piping,

2. Safety Relief Valves (SRV),
3. Steam Flow Restrictors,

4. Main Steam Isolation Valves (MSIV), ,

5. Main Steam Shutoff Yalves (MSSV),

6. Pressure / Flow Equalizer Manifold, and;

7. Main Turbine Bypass Valves.

1. System Piping
,

The individual main steam lines are 26 inch diameter stainleis steel

B21/N11 - Rev. 4 -4-
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pipes. The design pressure and temperature is 1250 psig and 575 F,
'

~-

respectively. Piping design and layout take into consideration seismic

effects and make provisions to mitigate postulated steam line piping breaks.

2. Safety Relief Valves
Located on the four main steam lines, between the Reactor Pressure Vessel

and inboard MSIV, are nineteen SRVs. These valves provide overpressure
,

protection for the Reactor Pressure Vessel. Eight of the nineteen SRVs are
associated with the Automatic Depressurization System (B21C). As shown in
Figure 2, two SRVs associated with each main steam line can be actuate'd by ADS
logic.

~

Each SRV is a spring ic'ied, seal-bonnet, angle-globe valve with an
externally attached pneumatic operating cylinder. See Figure 3.

Each SRV can be operated either in the safety mode or the relief mode,

a. Safety Mode

The system pressure in the inlet nozzle of the valve applies a foice in
the opening direction to the seated main disc. When the system pressure rises
to a given setpoint (see Table 1) for the SRV self-actuating pressure
setpoints, the valve will open very rapidly without a further increase in
pressure. The opening of the main disc is produced in three stages, all
working together to attain a continuous motion.

The lif t is initiated when the opening force (steam pressure under-

main disc) exceeds the closing force (mass of moving pirts and j

spring force), )
|

The small amount of steam escaping from the nozzle is deflected by-

the nozzle ring and the piston, and the force of its reaction opens
the main disc wider, and ;

The escaping steam is deflected by the liner ring and the force of-

i

its reaction opens the main disc completely driving the SRV piston to
its mechanical stop. |

|
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The main disc remains completely opened until the system is depressurize
to the reseating pressure of the valve during which period steam is leaking
through the piston / liner clearance. The steam leakage results in a pressure
build-up above the SRY piston.

At the reseating pressure the main disc closes in an abrupt motion as a
result of three fulfilled conditions:

The opened position of the main disc has increased the spring force-

upon the moving parts,
.

The pressure built-up above the piston is stabilized and has-

~

additionally increased the total closing force, and

Systa depressurization has decreased the opening force.-

Operation of the SRVs in the safety (self-actuating) mode is not affected
by the adaptations for pneumatic valve operation.

b. Relief Mode

Pneumatic operation is the result of an electric command to an actuator
solenoid, see Figure 3. Energizing a solenoid will open a pilot valve

admitting pneumatic pressure to the piston of the pneumatic operating

cylinder. The piston will stroke upwards, acting upon the roller brearings
and linkage lever to lift the SRV main disc off the closed seating surface.

When the solenoid is deenergized, the pilot valve will switch back,
exhausting the pneumatic pressure beneath the piston of the pneumatic I

operating cylinder. The piston is returned to the zero position by an

internal spring and the SRV main disc closes.
The Relief mode tray be initiated by any one of the following conditions: |

|
i

Manually by positioning control switches in the Control Room.-

Automatically, on the receipt of two independent high reactor !-

pressure vessel signals, See Table B21-1 for these auto pressure
,

relief setpoints, or

B21/N11 - Rev. 4 -C-
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Automatically, on the receipt of an ADS signal (applicable only to- -

the 8 SRVs incorporated in the ADS). Refer to SDM B21C for

additional ADS information.

3. Main Steam Line Flow Restrictors (FE N005 A,B,C, and 0)

Refer to Figure 4 during the following discussion.
A Main Steam Line Flow Restrictor is installed in each of the four main

steam lines upstream of the inboard MSIVs. The restrictor has no moving parts

and is welded into the line.
The restrictor consists of a venturi type nozzle insert designed to

withstand the forces and velocities associated with a main steam line break.
Type 304 stainless steel is used because of its high resistance to corrosion /
erosion in systems with high steam velocities.

The restrictor functions to limit the coolant blowdown rate to less than
170 percent rated steam line flow if a main steam line break occurs. This

action will minimize the amount of coolant actually lost from the time the
break occurs to the closure of the MSIVs. Also, the flow restrictors limit

the differential pressure across the steam dryer and other reactor vessel
internal components due to high steam velocities.

Two sets of 1-inch upstream and downstream taps penetrate the flow res-
trictor assembly. The upstream tap will sense the high pressure region of the
assembly. The downstream tap senses the low pressure region of the assembly.
Each 1-inch line supplies steam to a condensing chamber. Both sets of high
and low pressure steam condensing chambers supply two dif ferential pressure i

:

transmitters. Each of the differential pressure transmitters ~ has a l

differential pressure switch that provides an input signal to the main steam I

line isolation logic for control and alarm purposes. One set of condensing j
|chambers per main steam line supply a flow transmitter which provides steam

flow signals to the feedwater Control System (C34) for water level control and
steam flow indication.

4. Main Steam Isolation Valves .

. Refer to Figures I and 5 during the following discussion.
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a. General Design and Orientation

Two Main Steam Isolation Valves are installed in a horizontal run of
piping in each main steam line. The inboard MSIVs B21-F022A,B,C and D, are

located just inside the primary containment barrier. The outboard MSIVs
B21-F028A,B,C and D, are located outside the primary containment barrier in

6the Steam Tunnel. Rated steam flow through each valve is 3.85 x 10 lb/hr.
The basic design of all eight MSIVs is identical. The valves are 26-inch

angled globe valves of the Y configuration. The cup-shaped poppet of the main j

disc moves on a centerline that is 45 upward from the horizontal centerline )0

of the piping run. The diameter of the main valve seat is approximately the |
'

same as the inside diameter of the pipe, and the entrance and exit are
streamlined to minimize the pressure drop across the valve.

iThe poppet is moved by a stem that penetrates the valve body cover
through a stuffing box having 2 sets of chevron packing with a lantern ring
and leak-off connection between the sets. The upper end of the stem is
attached to a combination air cylinder / dashpot. The air cylinder provides the I

motive force to open and close the valve, while the dashpot controls the speed
of valve operation. The hydraulic dashpot consists of an nil filled cylinder,
hydraulic piston, two external speed control valves, and piping.

The air cylinder is supported on large rods screwed into bosses on the
valve cover. These rods serse as guide shaf ts for helical springs which i

provide valve closing force. A spring seat member transmits compression |
force to the helical springs during an open cycle, and transmits closing foru |
when the valve is closed. This spring seat member also actuates limit )
switches for valve position indication. I

'

The bottom of the valve stem acts as a pilot valve which reduces the
di f ferential pressure acting over the poppet area. When the valve stem 15
raised by the action of the air cylinder, the pilot valve will be opened

|allowing pressure in the balancing cylinder to be relieved to the downstream
side of the valve. This reduces the; operating force required to open the
valve,

b. MSIV Opening Operation
'

The MSIVs are opened by air pressure supplied by the Instrument Air

821/N11 - Rev. 4 -8-
,

+



f.

'

. ;

j**
,

*
. .

System (P52). The air cylinder mounted at the top of the valve is designed to
open the valve against a maximum pressure differential of 200 psid. Air
pressure is directed to the bottom of the air cylinder in tho opening
operation by the cycling of various control valves. The operation of these

control valves is discussed in section II.C.2.

c. MSIV Closing Operation
To close a MSIV, air pressure is applied co the top of the air cylinder |

piston and the valve stem starts to move downward.
In the event of failure of the air supply, the helical closing ' springs

provide, by themselves, sufficient forces to close the valve. In addi tion,

steam flow through the valve assists in valve closure.
_

As the valve stem moves downward, the piston in the dashpot moves with
it, displacing oil from the space above the piston to the space below it
through two external lines and hence controls the rate of valve closure. The

rate of this oil displacanent is controlled by the adjustment of the flow
control valves in the external lines. Two external piping valve arrangements

are provided on the dashpot to permit both coarse and fine adjustments of the
flow rate. The closing speed can be adjusted over a range of 3 to 5 seconds
and is set fast enough to provide sufficient protection in the event of a main
steam line rupture, but slow enough to prevent imposing an excessive pressure
transient on the reactor vessel.

Air pressure is directed to the top of the air cylinder in the closing
operation by the cycling of various control valves. The operation of these

~

control valves is discussed in section II.C.2.

'5. Main Steam Shutoff Valves

A Main Steam Shutoff Valve is located in each of the four main steam
lines downstream from the outboard MSIVs in the Auxiliary Building. This

valve is a 28-inch, normally open, AC motor-operated; gate valve. A cross-

sectional view of the valve is shown in Figure 6. Although not required to be

shut automatically when isolation of the nuclear system is necessary, these
valves may be shut by the operator. in post-accident situations to provide ..

backup isolation.
-
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6. Pressure / Flow Equalizer Manifold

The pressure / flow equalizer manifold is a 28-inch line located in the
Turbine Building Downstream Of The Main Steam Shutoff Valves. See Figure 1.
This manifold is designed to minimize pressure differences between the steam
lines and minimize the maximum flow of steam in any one steam line.

7. Main Turbine Bypass Valves
The turbine bypass steam piping provides the means for dumping steam

which cannot be absorbed by the main turbine directly to the main condenser.
Although the bypassing of steam to the main condenser constitutes a ' et lossn

of usuable energy, it will be necessary during start-ups, shutdowns, turbine
-

load rejections, and other conditions that result in excessive steam pressure.
Seven turbine bypass steam valves are provided to regulate the amount of

steam bypassed to the main condenser. As shown on Figure 1, each valve is
mounted on one of two valve manifolds which receive steam from the main steam
lines downstream of the pressure / flow equalizer manifold. The valve manifold
which receives steam from Main Steam Lines A and C is shown in Figure 7. A

detailed cross-sectional view of an individual bypass valve is shown i
Figure 8.

Steam enters the steam chest through inlet penetrations at each end of
the bypass valve manifold. When the bypass valves are open, steam flows from
the chest down through the valve seat and out the discharge piping. The force

required to open each valve is supplied by an actuator mounted directly below
the valve and acts directly on the valve stem. The actuator i s a double
acting hydraulic piston which is positioned by hydraulic fluid control' led by a
servo valve. The positioning signal for the actuator is provided by the

bypass valve control unit of the Electro-Hydraulic Control (EHC) System and is

described in detail in SDM N32/C85.
The bypass valve has a globe type disc with the valve stem attached to

the underside of the disc and passing down through the discharge chamber of
the valve. This arrangement minimizes stem leakage when the valve is closed
since it is only necessary to seal the stem against condenser vacuum. Any

leakage that does occur between the valve stem and its bushings is bled off at
,

Itwo stem leakoff points.
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- The seven bypass valves are opened sequentially by- the EHC System and are
able to pass a total of 35% of the maximum turbine steam flow.

Three bypass valves direct steam to the high pressure (HP) condenser
section, two bypasss valves direct steam to the intermediate pressure (IP) j

condenser section, and two bypass valves direct steam to the low pressure (LP)

condenser section. Before reaching the condenser bypass steam passes through

pressure reducers.
These reducers consist of successive series of pressure breakdown plates

which act to reduce the pressure of the steam entering the main condenser and
thereby preventing an excessive pressure from developing in the c'ondenser
shell.

_

D. DESIGN BASES

1. Main Steam Line Design Bases

To satisfy the safety design bases, the main steam lines are designed:

a. To accomodate stresses, such as internal pressure and earthquake
loads, without a failure that could lead to the release of radio-
activity in excess of the guideline values in published regulations.

b. To provide suitable accesses to pensi t inservice testing and

inspections.

~

2. Main Steam Line Flow Restrictor Design Bases
In the event of a main steam line rupture, the main steam line flow

restrictors are designed:

a. To limit the loss of coolant from the reactor vessel following a main

steam. line break to the extent that the reactor vessel water level
remains high enough to provide cooling within the time required to
close the Main Steam Line Isolation Valves (MSIV).

* f

..

,

i

! -
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b. To withstand the maximum pressure difference expected across the
restrictor, following complete severance of a main steam line,

c. To limit the amount of radiological release outside of the Drywell
prior to MSIV closure, for ruptures outside the containment. I

i

d. To provide trip signals for MSIV closure.

3. Safety Relief Valves (SRV) Design Bases
The SRVs have been designed to:

a. Prevent overpressurization of the nuclear system that could lead to
f ailure of the reactor coolant pressure boundary,

b. Provide automatic depressurization for small breaks in the nuclear
system concurrent with failure / improper operation of the High

Pressure Core Spray System (E22A) , so that the Low Pressure Coolant
Injection (LPCI) mode of Residual Heat Removal System (E12) and the
Low Pressure Core Spray Systems (E21) can operate to protect the fuel
barrier.

c. Permit verification of operability.

d. Withstand adverse combinations of loadings and forces resulting from
nomal, upset, emergency or faulted conditions,

e. Reclose automatically af ter all actuations, except manual and ADS
actuations, so that maximum operational continuity can be obtained.

4. Main Steam Isolation Valve (MSIV) Design Bases

The MSIVs, individually or collectively, will:

a. Isolate the main steam lines within the time established by design
,

~

basis accident analysis to limit the release of reactor coolant. ~

| 821/N11 - Rev. 4 -12-
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b. Isolate the main steam lines slowly enough that simultaneous-

isolation of all steam lines will not induce transients that exceea
the nuclear system design limits.

c. Isolate each main steam line when required despite failure of either
valve, thus providing a high level of reliability for the safety

function.

d. Use separate power. sources as the motive force to close the redundant
isolation valves in the individual steam lines. '

e. Use local stored energy, compressed air and/or springs, to close at
least one isolation valve in each steam line without relying on the
continuity of electrical power to furnish the motive force to achieve ;

closure,
i

|

I
f. Be able to isolate the steam lines, either during or after seismic -

loading, to assure isolation if the nuclear system is breached.

1

g. Be testable, during normal operating conditions, to demonstrate that
the valves will function.

II. MAJOR INSTRUMENTATION AND CONTROL
.

A. INSTRUMENTATION

1. Control Room

a. Process Instrumentation ;

Table 2 shows major Hain Steam System Process Instrumentation available
to the Control Room operator. Refer to Figures 1 and 9 for instrument tap
locations..

.
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B. ALARMS-

1. Control Room

Table 4 includes all Control Room annunciators associated with the Main
Steam System.

2. Local

There are no local alarus associated with this system.
C. CONTROL FUNCTIONS AND INTERLOCKS

The following control functions and interlocks are described in this part:

~

1. Safety Relief Valve Control,
2. MSIV Control,

3. Main Steam Shutoff Valves Control, and

4. Turbine Bypass Valve Control.

1. Safety Relief Valve Contro'i
As mentioned in section I.C.2, the SRVs open in the safety mode when

vessel steam pressure exceeds the spring closing force, and open in the relief
mode when an actuator solenoid is energized. Each SRV has an A and a B
actuator solenoid. Energizing either of the solenoids will cause the
associated SRV to open. See Figure 2.

Energizing the A(B) actuator soleniod for each of the 19 SRys can be
Iaccomplished in the following ways (see Figure 10):

Automatically, on the receipt of two independent high pressure-

signals sensed from the A(B) side RPV level instrumentation piping,
with the associated keylock control switch on panel P601(P631) in
AUTO.

Manually, by positioning the associated control switch on panel-

P601(P631) to OPEN.
The 8 ADS SRVs will be energized by the receipt of an. Initiating.

-

[ signal from Ads logic channel A(B)'.
1
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With both control switches, one on panel P601 and one on panel P631, foi
a selected SRV in the 0FF position, the relief mode of operation for that SRV

is disabled. The safety function and the ADS function, if the selected SRY is
an ADS SRV however, would not be affected,

in order to reduce the number of SRVs that reopen following a reactor
isolation event six of the 19 SRVs, see Table 1 and. Figure 9, have a Low-Low

Set (LLS) function. This function is arned whenever any SRV opens in the
relief mode. When the LLS function is armed, the normal setpoints for the
af fected SRVs are overridden by the low-low setpoints. For two of the 6 SRV's

(F051C and F0510), the LLS function lowers both the open and close setpoints.
For the other four valves, only the close setpoint is lowered.

Following the opening of SRVs due to a reactor isolation event, see
Fig'are 11, those valves af fected by the LLS function will stay open longer,
reclosing at a lower setpoint than the unaf fected val /es. This reduces the

number of valves cycling for a given condition, thus prolonging valve life.

2. MSIV Control
Two control switches for each MSly are provided on panel P601. Thest

switches are the manual control switch and the test control switch. The

manual control switch is a three-position, maintained contact selector switch
with CLOSE-AUTO-TEST positions. The test control switch is a push button,

momentary contact switch. Table 5 lists the function of each MSlY switch
position.

The manual control switches and the test control switches control the
MSIVs by means of the MSly control logic (Figure 12) and a pneumatic"control
unit (Figure 13). The control logic for each MSIV provides valve position
indication, see Table 3, and provides control power to the solenoids of the

,

pneumatic control unit. The pneumatic control unit for each MSly is attached
to the valve's operating cylinder. An accumulator is installed on the air
supply line to providy the capability of conducting one air-assisted closing
operation without Instrtsnent Air System (PS2) header pressure. A check valve

on the air supply line ensures that the stored energy in the accumulator can
be used to shut the MSIV and not bleed back into the air header on loss of air

' '
'

header pressure.
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Each pneumatic control unit contains:

A four way, pilot operated main control valve whose function is to-

direct air to either the top or the bottom of the operating cylinder,

A two way, pilot operated auxiliary air pilot valve whose function is-

to ensure venting of the bottom of the operating cylinder when
closing the MSIV,

A three-way, dual solenoid operated main pilot control valve whose-

function is to reposition the main control valve and the auxiliary
air pilot valve,

-

,

A three way, pilot operated test control valve, with an attached air-

metering valve, whose function is to ensure venting of the bottom of ;

Ithe operating cylinder cylinder when testing the MSIV, and
1

A three way, solenoid operated test pilot control valve whose-

function is to reposition the test control valve.

In the remainder of this section MSIV manual and automatic control
operations will be discussed. Since each MSly has almost identical control

circuitry, the discussion will be confined to outboard MSIV B21-F028A.
1

.

ManualOpeningOpeption,pa.

Refer to Figures Jf'and 13 during the following disucssion.
Valve B21-F028A can be opened if the following conditions are met:

Power available (RPS bus A and ,B) to pilot and test solenoids, and-

Trip logic is reset and K51 and K14 relays are energized.-

With these conditions met, valve B21-F028A is opened by taking its manual
control switch, S2A, to the AUTO position. This switch action 'ill cause thew

following to occur in the F028A control circuitry:
821/N11 - Rev. 4 -17-
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SEA switch contact opens to deenergize relay K74A,
,

-

Relay K74A closes contacts to energize the A and B pilot solenoids,-

Solenoid action positions the main pilot control valve to admit air-

to the main control and auxiliary air pilot valves,
The auxiliary air pilot valve blocks air from exhausting off the-

bottom of the air cylinder.
The main control valve passes air via the test control valve to the-

bottom of the air cylinder, which causes the HSIY to open,
Air from the top of the air cylinder is exhausted through the main-

control valve, and

When the valve is 90% open, a limit switch LS-1 will open to de--

energize the green closed indication light. At the same tim'e, limit

switch LS-2 will close to energize the red open light,

b. Manual Closing Opeption
Refer to Figures M and uring the following discussion.
Valve B21-F028A is closed by taking its manual control switch, S2A, to

the CLOSED position. This switch action will cause the following to occur '
the control circuitry:

S2A switch contact closes to energize relay K74A,-

Relay K74A opens contacts to deenergize the A and B pilot solenoids.-

NOTE: Both pilot solenoids must deenergize to initiate a valve
closure,
Solenoid action positions the main pilot control valve to exhaust air-

of f of the auxiliary air pilot and main control valves, |

The main control valve repositions to admit air to the top of the. air-

cylinder and to exhaust air from the bottom of the cylinder via the
test control valve
The auxiliary air pilot valve repositions to provide a second exhaust-

path for venting air from the bottom of the air cylinder.
When the valve is 10% closed,-limit switch LS-1 closes to energize'

-

the green closed indication light. At the same time, LS-2 opens to'

deenergize the red open indication light.
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Manual Testing Opeg(tion
- c.

Refer to Figures ) and 15 during the following discussion.
While in the open position, i.e., the pilot solenoids energized,

B21-F028A may be test closed by first placing its manual control switch, S2A,
to the TEST position, and then depressing the test control pushbutton, S4A.
These switch actions cause the following to occur in the B21-F028A control
circuitry:

54A switch contact . closes to energize the test solenoid. Note: with-

S2A in TEST, contact K74C in the test solenoid circuit will'already
be closed,

Test solenoid action repositions the test pilot control valve causing-

it to admit air to the test control valve, and

The test control valve repositions to bleed air of f the bottom-

portion of the air cylinder, causing the MSIV to move slowly in the
close direction,

d. MISVAutomaticIspation
Refer to Figure ) f during the following discussion.
The MSIV automatic isolation logic has four logic channels A,B,C and D,

each with an associated relay, K7A,B,C and D. An MSIY automatic isolation
condition deenergizes these relays causing relays K51A and X14A to deenergize.

Deenergizing relays K51A and K14A causes an interruption of power to the A
and B pilot solenoids resulting in MSIV closure.

The following conditions will initiate an automatic MSly isolation:

Low RPY water level, level 1,-

Low main steam line pressure, with reactor mode switch in RUN,-

Main steam high temp turbine building,-

Main steam line area high temperature,-

Main steam line high radiation,-
,

Main steam line high flow,'

-
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Condenser low vacuum, or-

Manual isolation.-

The logic channels are arranged so that failure of any one instrument or
channel will not cause MSIY isolation. Refer to SDM B21H, for a more detailed
description of MSly automatic isolation.

3. Main Steam Shutoff Yalve Control
Refer to Figure 16 during the following disucssion.
Each MSSV is controlled from panel P601 by the use of a 3-

position keylock switch with CLOSE-NORM-0 PEN positions. The keylock switch
spring returns to NORM. The key can be removed while in the NORM position.

To open (close) the valve, the switch is placed in the OPEN (CLOSE)
position. Since the contacts seal in, the switch does not have to be held in
the OPEN or CLOSE position while opening or closing the
valve. Assuming the MSSV is closed initially, taking the keylock switch to
OPEN will cause the following to occur:

42F (open relay) will energize causing its respective seal-in-

contact (42Fa) to close and causing contact 42Fb in the closing
circuit to open,

42F contacts (not shown) close to energize the 480 VAC motor.-

Valve motor drives valve open until a limit switch contact "opens to j
-

deenergize relay 42F, ano
;

Limit switch contacts reposition during valve stroking to extinguish I-

green closed light, and illuminate red open light.

i I

Assuming the MSSV is open initially, taking the keylock switch to CLOSE,
will cause the following to occur: .

|.
'

42R (close relay) will energize causing its respective stal-in |
-
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contact (42Ra) to close and causing contact 42Rb in the opening~

circuit to open.
t

42R contacts (not shown) close to energize the 480 VAC 3 motor.-

Valve motor drives valve closed until a limit switch contact opens-

to deenergize relay 42R.
1

Contacts reposition during valve stroking to extinguish red open |-

*

light and illtninate green closed.
|

-

4. Turbine Bypass Valve Control
The control features for the turbine bypass valves are explained in

SDM N32/C85.

!!!. OTHER SYSTEM RELATED INFORMATION

I

A. OPERATIONAL

1. ItSIV Hydraulic Damper Cylinder Failures
At an operating BWR, inboard MSIV's were opened at a reactor pressure of

850 psig with the outboard 'tSIV's closed. The piping between the inboard and
outboard MSIV's, was at approximately atmospheric pressure before the event.
As the inboards were stroking open, a pressure spike in the steam lines
between the MSIV's accelerated the lifting of the main disk and ' caused a j

pressure spike in the hydraulic damper cylinder. Consequently, it is

important to adhere to operating procedures that limit differential pressure
against which the MISV's are opened. |,

2. Low-Low Set Function j

Upon reaching the opening setpoint of the first SRV in the relief mode,
1103 psig, the Low-Low Set function is armed. This means that insediately the

second Low-Low Set SRV will open because RPV pressure will be above its. -

4
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Low-Low Set opening valve. This is consistant with GE design and has proven

successful in preventing the next groep of valves from opening at 1113 psig.
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78-1; Monticello, Big Rock, Pilgrim
- Buna-N Shelf Life limited to 7 yrs.

i 79-01A Acetal plestic material and Buna-N breakdovn v/ heat
- Remove all plastic parts, replace elastomers v/Viton or EPDM

80-11 Summer, oil on elastomers breakdown of EPDM (oil from thread lub)
- Change out to Viton ;

81-29 EQ test NP 8300 Viton breakdovn 720 Mrad
- replace v/ EPDM ,

82-52 E0 test NP-1 Viton breakdovn
- replace v/ EPDM

83-57 ASCO Assembly problems (diaphram reversed)

84-23 EO test Elastomers stick to valve metallic parts

84-68 Cable insulation breakdovn inside solenoid (Callovay/Volf Creek)

SER 36-84 Cable deficiences voltage drop to solenoid

85-08 NP serices v/ resilient seats 6 Viton elastomer not E0 > 20 Mrad
0 '

85-17 Grand Gulf elevated temp. >180 sticking lover core-to-plug nut
faces Model HTX-8323-20V
- replaced v/NP8323A20E

s

85-84 Robinson 2, Turkey Point 3.4 Adequacy of accumulator volume, -

- Fail Safe Test Methods

86-57 Brunswick 2 valve disk-to-seat sticking (EPDM) Hydrocarbon / r

temperature / excessive Lubricants (potential brass interaction)
- replace v/Viton

>

!

!
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Semng The Best Location in the Nation
PERRY NUCLEAR POWER PLANT

Al Kaptan

werennova
NUCLEAR GAOve

Feb rua ry 12, 1983
PY-CEI/01E-0303 L

Mr. A. Bert Davis
Regional Administrator, Region III
U.S. Nuclear Regulatory Commission
7 99 Roosevelt Road
Glen Ellyn, Illinois 60137

.

Perry Nuclear Power Plant

Docket No . 5 0-440
MSIV Solenoid Testing Update

Dear Mr. Davis:

This letter provides an update on the results of the physical and chemical
testing of the MSIV solenoid elastomer materials as well as an interim report
on the progress of environmental testing. Conclusions drawn f rom this data to
d ate support the root cause evaluations performed for the recent solenoid
f ailures documented in our letter dated December 30,1987 (PY-CEI/012-0297 L).

Both the chemical and environmental testing re-substantiates the conclusion of
heat degradation as the root cause for the Novembe r 3 event. Additionally , the

information is considered to have no impact upon the conclusion ofrecent

mechanical binding f or the November 29 event. Completion of the physical and
chemical analyses of the EPDM co=ponents :oncludes all investigations
associated with both the November 3 and November 29 events. The only testing
remaining is the Environmental qualification testing (EQ), as well as the
solenoid inspection currently planned for October, will continue as originallyscoped. A final report detailing the EQ results is expected to be, submitted in
April 1988.

' : -,p.

,

Ve ry t ruly yours, *
,

,

,
, -, '

Al Kaplan,

Vice President
,

Nuclear Group ,

'
,

I
AK: cab t

.
*

i

Enclosure '
,

',-
c c. : T. Colburn

| K. Connaughton FEB t6 1Se3
| noenmanr Conrrni n. d

4,WC 1WWO YfP), l -
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:

I. Main Steam Isolation Valve Stroke Testing.

In accordance with our commitments following the November 29, 1987 event as
documented in our letter dated December 30, 1987 (PY-CEI/NRR-0297 L), the

,

modified monthly slow closure surveillance vas performed veekly on a staggered
basis until the January 1988 outage. Each test _vas completed satisfactorily.

3 The mc sd surveilluce verified proper operation of the dual solenoid by
fully c. .ng each Main Steam Isolation valve (MSIV) utilizing the test

i solenoid, followed by taking the control svitch to close. Stroke testing vill ,

be performed once every two veeks on a staggered basis until February 28, 1988 !
#

at vhich time the testing frequency vill return to monthly, and continue until
|the first refueling outage. I

!

II. Physical and Chemical Testing )
;

Analysis of the MSIV elastomers taken from those failed solenoids in the t'

November 3 event vas completed on January 29, 1988 by a local contractor !
laboratory, Ricerca Incorporated. Attachment 1 is the final report detailing !

the testing performed and conclusions drawn concerning the failure mechanism of
,

:'

the MSIV solenoid valves.
',!

This report summarizes the analytical investigation of the MSIV Pilot Solenoid
{failure, which caused the MSIV's to fail a fast closure test on November 3.
!

1987. The purpose of the investigation was to determine the reason the Ethylene !Propylene Diene Monomer (EPDh) exhaust port seats did not release from the ;

'

exhaust port when the pilot solenoids were de-energized.
2 Elastomer parts from failed, nonfailed, and "never used" pilot solenoid valves [; vere examined. Two components, o-rings and elastomer exhaust port seats, from >

| each of the solenoid valves vere examined. The instrument air supply to the *

I containment building, to the solenoid and to the two MSIV solenoid inch actuator
j line vere analyzed for the presence of hydrocarbons. I

.

| The o-r'ings and the exhaust port seats are composed of EPDM, and vere both in j

h

i

1 contact with brass valve components. They vere exposed to the same instrument !
air and at the same temperature. The investigation focused on the o-rings (vs. t

the elastomer seats) because of their accessibility and advanced degree to
degradation. Changes occurring at the o-ring are considered comparable to !

j changes occurring to the elastomer seats. '

| |

Two hypotheses were proposed as causes for the MSIV failure. The first
hypothesis proposed that a hydrocarbon contaminant in the instrument air supply !

affected the o-rings and seats. The second hypothesis proposed that excessive
heat caused degradation of the EPDM vhich changed its properties and caused the

|failure of the valve. i

i
A. Analysis Plan

i

i

The approach to determining the cause of the failure included both !
nondestructive and destructive tests. '

l

I
l

I
.
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All nondestructive tests vere performed first to minimize loss of limited
sample size. These tests included:

1) Optical Microscopy to record the appearance of the components,
2) Gas Chromatography _ analysis of the air supply,'

3) Hardness and Cospression Set of the o-rings and/or seats to
record physical changes in the samples.

4

Once these results vere revieved, the destructive tests vere performed.
These included:

1) Infrared Spectroscopy of the o-rings to identify chemical changes,
2) Scanning Electron Microscopy and Energy Dispersive X-ray

microanalysis to record physical and elemental differences
between the o-rings and seats, and

3) Thermal analysis of a control o-ring to determine the effects of
temperature.

-

Differences between the failed, nonfailed and "never used" valve
;components vere compared.

B. Observations
+

Physical Changes
!

The compression set and hardness of the o-rings and seats -progressively
increased from control to nonfailed to failed valve components. This

; indicated that the EPDM components became less elastic. The indentations
i in the energized solenoid elastomer seats vere deeper in the failed MSIV

valves than in the nonfalled valve. The outside (100-150 micrometers) '

layer of the failed o-ring had changed and appeared more porous than the '

outside layer of either the nonfailed or control o-ring.
Chemical Changes4

:4

Several (3) failed o-rings shoved evidence of a stearate material on their4

'

i surface (an additive utilized in manufacturing EPDM to allow the molecules
, to be mobile against each other [ rubber characteristic]). Copper and :'

oxygen vere present on the surface and 100-150 micrometers into the '

interior of the failed o-rings. Copper was also present on the surface of
|the failed seats..

j C. Conclusions
; ,

L

Heat degradation of the EPDM caused the valve seats to deform, extruding '
;

the seat into the valve port. This provided additional seat-to-port
surf ace area which increased the force necessary to separate the two when

; the valves were actuated. In addition, stearate compounds vere found on ;N
ss the surface of the EPDM material inside the failed valves. Ricerca

- ss
*

A postulates that the presence of stearate compounds vould probably act like i

glue and further increase the force necessary to separate the seat and
. 4port during valve actuation. The stearate had migrated as a result of the

; heat degradation of the EPDM.
.

! l

|

!.
J
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j

The second possible cause, hydrocarbon degradation of the EPDM material,
vas discounted because no condensable hydrocarbons vere found in the;

: g valves' air supply and the EPDM did not exhibit a "spongy" appearance.
Hydrocarbon attack of EPDM vould typically produce swelling of the EPDM. ;

Instrument air analysis for hydrocarbons indicated only trace levels, f ar j
below concentrations considered to be harmful to EPDM material. Further, ;

analysis of the EPDM materials from the pilot solenoids provided no
i indication that high levels of hydrocarbons were present to attacM the
j o-rings and elastomer seats. *

III. Environmental Testing

:
A. Background

The environmental testing of the ASCO dual coil solenoids began on
December 30, 1987. The purpose of this testing at various oven

, temperatures is to further confirm the root cause of the failures
t

; experienced, establish a threshold temperature for EPDM degradation
j and perform a comparison with Viton material. The test procedure is

proprietary in nature and is available for reviev upon request.

The environmental testing is conducted by thermally aging ASCO_

solenoid valves with EPDM components both with and without the Dov i
.

Corning 550 lubricsnt added as well as Viton components. '

i Thege valves are aged in three separate ovens at varied temperatures, |
J 140 F, 225 F and one at a temperature to obtain a valve body -

I

j temperature of 284 F (hottest oven). The solenoids are cycled at
various intervals of 30, 42 and 92 days. This frequency was chosen to ibest represent the current monthly testing as well as the original
Technical Specification quarterly frequency. The parameters monitored i

during the test are pressure decay (upon de-energization), voltage and !

current, and in-rush current during cycling and air leakage, l

Test Configuration

; Group # Sample Number Seat Oven Temp Cycle (Days)
i

0
1 20226-02-01-14 EPDM 140 F 0,30,60,90,92

i 20226-02-02-14 EPDM 140 F 0, 92
) 20026-02-03-14 VITON 140 F 0,30,60,90,920

20226-02-04-14 VITON 140 F 0, 92,

'
2 20226-02-05-14 EPDM 284 F Body 0,30,60,90,92

; (Dov Corning 550 removed)
i 20226-02-06-14 EPDM 284 F Body 0, 42,84,92 l

' 20226-02-07-14 EPDM 284 F Body 0,30,60,90,92
20226-02-08-14 EPDM 284 F Body 0, 42,84,92

(DovCorning55gremoved);

; 20226-02-09-14 VITON 284 F Body 0,30,60,90,92
20226-02-10-14 VITON 284 F Body 0, 42,84,924

i

I
J

l

;

-. -- _. - __ - - - - . - . - - - -- - :- . - -
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3 20226-02-11-14 EPDM 225 F 0,30,60,90,92
20026-02-12-14 EPDM 225 F 0, 92
20226-02-13-14 VITON 225 F 0,30,60,90,92
20226-02-14-14 VIT0N 225 F 0, 92

,/ Acceptance criteria is based upon the satisfactory operation of the valves
V upon demand without sticking or binding. When de-energized, the valves

are monitored and required to vent a 27 cubic inch air tank from 90 to 30
psig in 2.0 seconds or less. These conditions simulate those required in
the plant in order to achieve a satisfactory MSIV closure time.

B. Test Progress

Test preparation .4s completed on December 28, 1987 vith actual test
initiation on December 30. This included the collection of baseline data
such as visual inspection and functional tests. The test configurations
vere finalized and ovens brought up to temperature to begin the thermal
soak. Data collection continued with no problems until January 22, 1988
vhen it was noted that the air supply to the test specimens had been
depleted. The air supply was immediately restored with pressure decay
closely monitored. On January 25, the ovens vere shutdovn in order to
determine the location of apparent leakage. All of the solenoids remained

h (eneggized throughout this evolution.Intheovenwiththe2MFsolenoidbodytemperature, leaks
No leaks vere identified in the

140 F oven.
vere identified through the exhaust port on specimen numbers 5 and 6. A

} leak at the junction betvgen coil A and the valve body was also discovered
\ on specimen 11 in the 2 M oven.

To monitor the leakage, the exhaust port effluent for specimens 5 and 6
vere piped to the exterior of the test oven and flov elements installed.
The ovens vere the re-energized and testing continued. The total lost
time vas approximately 24 hours. Following the thermal cycle and with the
exhaust port effluent directed outside of the oven, the total leakage was
measured to be 95 milliliters per minute for specimen 5 and 1 milliliter
per minute for specimen 6. These leakages are considered minimal and |vould not affect the functional operation of the valve.

i

On February 1,1988, the first 30 day cycle of the required solenoid
valves was performed. All test specimens operated upon demand with the l
exception of numbers 5 and 7 (both from the hottest oven).

/ Test specimen 5 was cycled twice. During the first cycle, it failed to
[ operate until approximately 30-60 seconds after de-energization. During

the second cycle, test specimen 5 operated on demand and vented the air
tank in 1.56 seconds. Considering the above, the test specimen remainedg
in the test program for further analysis,

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .
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Three attempts were made to cycle test specimen 7. Test specimen 7 f ailed |
to operate and did not vent the air tanks. As a result, different
combinations of de-energizing / energizing the two solenoid coils were
tested, and radiographs vere taken to determine vhere the sticking or
binding of the solenoid may be occurring.- However, during the last mode
when both solenoid coils vere de-energized, test specimen 7 operated and i

vented the air tank as required. Test specimen 7 was then removed from
the test program for analysis of parts.

N /The radiographs from test specimen 7.("A" coil was energized and "B" coil-

H de-energized) indicated sticking or binding had occurred on the core 'to
(the solenoid base sub-assembly. Visual inspection during disassembly was

conducted at Ricerca utilzing the troubleshooting vork order previously
developed and microscopic photos indicates that sticking cay have occurred

g on the disc holder seat to the "B" side port hole of the solenoid body
(See attached photos of the solenoid internals). Further
evaluation /anlaysis is planned for the solenoid elastomers and results
vill be included in a future update or the-final report.

,

C. Conclusions

' Both failures are considered to be the result' of degredation due to the
elevated test temperature. The temperatures at which the anomalies
occurred are at the threshold of EPDM material and are considered to have '

~

no operaointy impact upon Th'e valves in the plant. The temperature in
the plant is significantly cooler than this test temperature (as monitored
under our temporay temperature element program. All tests performed at
representative temperatures of the plant (140 F) successfully operated
upon demand. In addition, the samples that are not functioning properly,

are being tested at more severe conditions than the qualification test4

I conducted by GE.

i
*

,

;

i

i
l

.
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SECTION I
Executive Summary

In tr oduc tion

This r epor t summar izes the analytical investigation of the Main S team
Isolation Valve (!G IV) Pilot Solenoid failur e, which caused the
MSIV's to fail a fast closure test on November 3, 1987. The pur pose
of the investigation was to determine the reason the EPDM exhaust
por t seats did not release from the exhaust por t when the pilot
Colenoids wer e de-energized.

Ela s tomer par ts from f ailed, nonf ailed, and "never used" pilot
colenoid valves were examined. Two componen ts, o-r ings and elastomer
oxhaust por t seats, from each of the solenoid valves were examined.
The ins tr umen t air supply to the containment building, to the
solenoid and to the two inch actuator line were analyzed for the
pr esence of hydrocar bons.

The o-rings and the exhaust por t seats ar e composed of EPDM r ubber ,
cnd wer e both in con tact with brass valve components. They were
exposed to the same instr ument air and at the same temper atur e. The
investigation focused on the o-rings (vs. the elastomer seats)
because of their accessibility and advanced degr ee of degradation.
Changes occurr ing at the o-r ing ar e consider ed compar able to changes
occur r ing to the elastomer seats.

Two hypotheses wer e proposed as causes for the MSIV f ailur e. The
fir s t hypothesis pr oposed that a hydrocar bon con taminan t in the
ins tr ument air supply af fected the o-r ings and seats. The second
hypo thesis pr oposed that excessive heat caused degr adation of the
EPDM r ubber which changed its proper ties and caused the failur e of
the valve.

Analysis Plan

The approach to determining the cause of the failure included both
nondestr uctive and destr uctive tests.

All nondestr uctive tests wer e per formed fir st to minimize loss of
limited sample. These tests in:luded:

1) Optical Microscopy to record the appear ance of the components,
2) Gas Chromatography analysis of the air supply,
3) Hardness and Compr e s s ion Set of the o-rings and/or seats to

record physical changes in the samples.
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Once these results wer e reviewed, the des tr uctive tests wer eper formed. These included:

1) Inf r ar ed Spe ctr oscopy of the o-rings to identify chemical
changes,

2) Scanning Electron Microscopy and Energy Disper sive X-raymicr oanalysis to record physical and elemental differences
between the o-r ings and seats, and

3) Thermal analysis of a control o-ring to determine the ef fects
of temperatur e.

Differences between the failed, nonfailed and "never used" valve
components wer e compared.

Observations

Physical Changes

The compr ession set and har dne s s of the o-r ings and seatspr ogr essively incr ea sed fr om con tr ol to nonfailed to failed valve
components. This indicated that the EPDM compnents became less
elastic. The indentations in the energized elastomer seats wer edeeper in the failed MSIV valves than in the nonfailed valves. The
outside (100-150 micr ome ter s) layer of the f ailed o-r ing had changedand appeared mor e porous than the outside layer of either thenonf ailed or control o-r ing.

Chemical Changes

Several (3) failed o-rings showed evidence of a stearate material on
their sur f ace. Copper and oxygen wer e pr esen t on the sur f ace and
100-150 micr ome ter s into the in ter ior of the failed o-rings. Copperwas also pr esent on the sur f ace of the failed seats.
Conclusions

Ins tr umen t air analysis for hydr ocar bons indicated only trace levels,
far belo w concen tr a tions considered to be harmful to EPDM ma ter i al .Fur ther , analysis of the EPDM ma ter ials fr om the pilot solenoids
pr ovided no indication that high levels of hydrocarbons were pr esent
to attack the o-rings and elastomer seats.

Both the chemical and physical changes which did occur to the o-r ingsand seats could be explained by the pr esence of excessive heat
(Hypothesis 2) . At higher temper a tur es , the EPDM material, will sof ten
which would allow a deeper indentation to occur in the seats. Higher
temper a tur es would also encourage chemical interactions between the
EPDM and the br ass valve body. The temper a tur e and the pr obable
presence of a stearate compound on the valve seats could result in
some bonding which would retard the operation of the valves.
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SECTION II
Root Cause Hypotheses [

S ta tement of Hypotheses
f
!

Hypothesis 1 i

s

The fir s t hypothesis states that a contaminant in the ins tr umen t air |
could have affected the EPDM o-r ing s and elastomer seats within the |
failed valves. If hydrocar bons wer e pr e sen t , they would absor b into

:the EPDM, making it spongy. If the in s tr umen t air contained !

significant quantities of hydrocarbons, all of the MSI pilot solenoids
would have been exposed. The hydrocar bons would not induce migration
of copper or oxygen into the EPDM ma ter ial . If a solid ma ter ial
contaminated the ins tr umen t air, an accumulation of these par ticles t

would be expected on the o-rings and at the elastomer seats, j

lHypothesis 2 :

!

The second hypothesis states that elevated temper a tur e s affected the ;

EPDM mater ial of the o-r ings and elastomer seats in the f ailed valves. |
The elevated temper a tur e s changed the .!:P DM ma ter ial, causing the !

elastomer seats to stick to the br ass valve bo d y . Physical and |chemical changes would have occur r ed at bo th the o-ring and the ielastomer seats. Inter actions between the br ass and the r ubber would i

be possible if temper a tur es wer e high enough to cause the components i

in the EPDM formulation to migrate. :

!
Sequence of Analyses

4

The study was organized into two basic types of analyses:
nondestr uctive and des tr uctive. The nondestr uctive tests wer e i

per formed fir st, to minimize the loss of limited sample. Once these [r esults wer e reviewed by CEI per sonnel, decisions wer e made on how to
|proceed. The des tr uctive tests wer e fir s t per formed on the o-r ings , ;and then on the seats. ',

Thr ee types of samples ver e compared: components from a f ailed valve, |
a nonfailed valve, and a "never used" control, the investigation jfocused on the o-rings (vs. the elastomer seats) because of their -

accessibility, lar ger sample size and advanced degr ee of degradation.
Changes occur r ing at the o-r ings wer e believed to be correlate to

!

,

changes occurring at the elastomer seats.

A few tests were also per formed on the solenoid valve bodies. !

The ins tr umen t air was sampled at the following locations: the air
supply to the con tainmen t building, the air supply to the solenoid,
and the air supply to the two-inch actuator line.

Table I lists the samples, identifications, deser iptions and the
applied analysis methods. Samples MSIV24, 27, and 28 were identified
by CEI as components removed fr om "failed" pilot solenoid valves.
Sample MSIV26 was identified as components from a pilot solenoid which
was in ser vice, but did not fail.
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Within the main steam isolation valve pilot solenoids, two component
types wer e examined. The first was the o-rings. The o-r ing was2

determined to be EPDM, which was compr essed between two components of
the brass pilot solenoid valve body (see Diagr ams I & II). The second
compoment was an elastomer seat, which provided the sealing sur f ace at
the exhaust por t when f.he pilot solenoid is energized. The seats wer e
also composed of EPDM, and wer e in constant contact with the br ass

,cone-shaped exhaust por t , within the same pilot solenoid body as the '

o-r ings (Diagrams I & II). The o-r ings and seats, having endur ed the
same physical, ser vicer conditions within the same valve t:odie s , were
cons ider ed to be of equal value for evidence of failure mechanisms.,

'

The o-r ing s have acr e sur f ace area in contact with the br ass valve
body. They are also compr essed be tween two metal sur f aces to form a
seal. Ther efor e, they wer e considered to be advanced cases of
elastomer degr ada tion pr ovid ing direct evidence to roo t cause. The
o-r ings, however, ar e a passive component of the pilot solenoid, and
their degraded condition did not con tr ibute to the f ailur e of the seat

t to release fr om the exhaust por t or ifice when the solenoid was
de-energized.

Analytical Methodoloov

Gas chromatogr aphy was used to evaluate the quality of the ins tr umen t
compr essed air system. Samples of compr e s sed air fr om the Plant
system wer e collected and submitted for analysis to de ter mine if

4 hydr ocar bons wer e pr e sen t , which could have caused elastomer
! degradation, leading to sluggish valve per formance.

D ur ome ter hardness tests wer e cor. ducted. The elastomer hardness is an
impor tan t proper ty in valve applications. The elastomer must be soft

; enough to conform and thereby seal pneumatic por ts. The hardness test
) measur es the resistance to indentation which is dependent on elastomer'

modulus and viscoelasticity.
<

Compr ession set was evaluated. The compr e s sion set test is in tended
to me a sur e the ability of an elastomer to retain elastic proper ties
after pr olonged compr ession. Elastomer s in valve applications must be
r es ilien t enough to "take up the slack" due to thermal expansion /
contraction of valve components and provide an ef fective seal.

Optical and scanning electron microscopy were used to examine physical 1

(mor pholog ical) changes which occur r ed to the o-rings and seats.3

;Ener gy disper sive x-ray microanalysis spectr oscopy (EDS ) was used to
examine chemical changes which occurred at specific locations in the |

1 sample. The exter ior sur f aces of the seats and o-r ings wer e examined Iusing the above mentioned techniques. In order to examine interior ;

changes, cross-sections of the samples were also prepared and the same
techniques wer e applied.

Infr ar ed spec tr oscopy (IR) was used to examine var ious EPDM o-r ings
I from var ious MSIV pilot solenoids. The pur pose of the examinations
| was to detect possible chemical changes which might be related to the'

f ailur e of elastomer seats to release fr om exhaust por ts of pilot
j solenoids when de-energized.
:

i
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Differential scanning calor ime tr y (DSC) and thermal gr avime tr ic4

analyses (TGA) wer e conducted. The thermal characteristics of virgin
(con tr ol) o-r ings wer e investigated by these techniques. The pur pose
of the investigations was to determine the thermal stability of the
o-rings and the ef fect of copper on this stability.

Analysis Results

Gas Chromatocr aphy

No significant quantities of condensable hydr ocar bons wer e found
within the instr ument air (Appendixes A & B).

Durometer Hardness Tests

0-r ing s and valve seats from oper ational MSIV26 wer e slightly harder
than unused rings and seats. However , o-r ings and valve seats fr om
failed PSIV24, 27, and 28 wer e significantly harder than unused

j counterpar ts (Appendixes C & D).

Compr ession Set

0-r ings from oper ational MSIV26 displayed very little compr ession set.
However, 0-r ings from failed MSIV24, 27, and 28 had significant
compression set (Appendix E).

optical Microscopy

The o-rings from the failed pilot solenoid valves (MSIV24, 27, 28)
have flattened and ar e more br i t tle than the nonfailed (MSIV26) orcontrol o-r ings (Appendix F, Figur es 9, 10 & 12).

:a

Within the f ailed valves, the rubber o-rings have adhered to the M ass
of the valve body itself (Appendix F, Figure 13) .

;

1The exhaust por t seats from the failed pilot solenoids have an
indentation which is deeper 'han the nonfailed seat (Appendix H,;
Figur e 8) .

Scannine Electron Microscopy / Energy Disper sive X-ray Microanalysis

A significant quantity of copper can be found on the failed o-r ing
sur f ace , as well as pene tr a ting 100-150 micr ome ter s into the failed
o-r ings (Appendix G, Tables I & II).

! A secondary layer has for med on the outside of the f ailed o-r ings.
| This layer, in addition to containing copper, is more parous and
! contains oxygen (Appendix G, Figur es 13, 17, 19).

;

i The amount of calcium is significantly less in the failed and
4 nonfailed o-rings (MSIV24, 26, 27, & 28) than in the control (Appendix

G, Tables I & II).
i
.

!

|
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Mor e copper is present at the sur f ace of the indentation of the f ailed,

seats than in the nonf ailed and con tr ol seats (Appendix H, Table I,
Figur e 6) .

No mor phological changes have occur r ed to the r ubber beneath the
indented areas of the seats (Appendix H, Figur es 10 ti 14).

Infrared Spectroscopy

Sever al of the o-rings have stearate based organic acid salts such as
s calcium stearate on their sur f aces. Excessive levels of an organic
s%ccidsaltat the sur f ace of the o-ring is believed to be the result of

; heat on the EPDM (Appendix I, Page 2).
S tear a te salts at temper a tur es above 250 F would liquefy and when
cooled, could act as a glue between the EPDM and the brass valve body
(Appendix I, Page 3).s

Thermal Analysis

The EPDM thermal analysis results show that a weight loss degr adation
0begins near 300 C (572 F). No significant change in this degradation

temper a tur e was obser ve d when the o-r ings were allowed to be in
] contget with copper metal. Additional exper imen ts (DSC) to 200 C

(392 F) showed no evidence for a catalytic effect of copper on the
oxidation of the o-r ings. In the absence of copper , the o-rings showo gevidence of oxidation near 270 C (518 F) (Appendix J, Page 2) .

The above exper ig.en ts wer e dynamic in that a temper a tur e increase of
either 10 or 20 / minute was used. As a result, the above tests are
ver y acceler a ted and pr ovide little information as to the long- ter m
stability of the o-r ings.

Evaluation of Results

Ther e ar e tw possible explanations for the failure of the solenoids
to pr ovide sufficient air flow to the MSIVs to allow adequate rapid
closur e times. The two hypotheses, stated br iefly, are:

' Hypotnesis I: Contaminants from the air system wer e absor bed by the
EPDM, which caused a significant change in its elastomeric proper ties,

h. Or, contaminants fr om the air system deposited in the valve which
caused physical jamming.

Hypothesis II: The solenoids wer e exposed to some sor t of a transient
elevated temperatur e, which resulted in elastomer degr adation.

Ricerca per formed physical and chemical tests on the failed, nontailed
and "never used" o-rings and elastomer seats. We dr ew conclusions as
to the cause of failure based on observations from both EPDM o-r ings

N ;and EPDM valve seats. Failure of the valve was caused exclusively by
? degradation of_ the seat. However, as stated ear lier , valuable and

parallel information can be drawn from the observations of changes to
the o-rings, since the o-rings were subjected to the same environment
as the seat.

Page 8 of 16

_



All the evidence generated suppor ts the second hypothesis for f ailur e.
Namely, excessive heat caused a degradation of the EPDM components in
the failed valves. No evidence was obser ved which would suppor t the
contaminated air hypo the s i s (Hypo the sis 1). The results and their
implications are discussed in the next two sections.

Instr ument Air Contamina tion (Hypothesis M
Ther e was some question regarding po s sible contaminants in the
ins tr umen t air and their con tr ibu tion to the f a ilur e of the
ela s tomer s. No par ticula tes wer e found on the o-r ings or seats which
could cause a physical jamming of the valve mechanisms. This
ef fectively eliminates air borne par ticulates as a cause.

The extensive elemental analyses which wer e per for med on the EPDM
ma ter ials involved did not disclose any elements associa ted with the
in tr oduction of hydr ocar bons . If hydr ocar bon contaminants were j
present, a "leaching pr oce s s" would occur by absor bing and desor bing
cycles. Ma ter ial would then be expected to migrate fr om the EPDM |
rubbers. This leaching process could cause the EPDMs to harden. The j
spec tr al results show no evidence for unexpected hydrocar bons on any

|pieces removed from ser vice . Silicon lubr icants wer e pr esent. But,
no foreign hydr ocar bons were pr e s en t on elastomer sur f aces or on i

r esidual EPDM mater ial scr aped from the valve bodie s . In GC analyses |
per for med on in s tr umen t air, hydr ocar bon levels wer e very lo w. ]Hydr ocar bons would be suspected of causing oil components within the
EPDM to migrate but not necessar ily induce migration of a material
such as the calcium stear ate. Hydr ocar bons f ail to explain either thef obser va tions abou t copper or oxygen, or why the most extensive
degr ada tion occurred in par tions of the par ts physically in contact
with the valve body. In fact, mor e sever e degr adation was obser ved inj
those ar e a s most pr o t ec ted fr om hydr ocar bon s in the air. This is-

' t oxactly the opposite from what we would expect if contamination of the
plant air wer e the sour ce of the f a ilur e. In shor t, no analytical
results or ser vice cir cums tances suppor t EPDM failur e as a result of
hyd ocarbon attack.

Elastomer Degradation Due To Elevated Temperature (Hypothesis 2)

h'hile no analytical results suppor t the attack of elastomer ma t er ial
by hydr ocar ban con taminan t s , all obser va tion s suppor t f a ilur e as a
result of heat degradation. Evidence suppor ts this f ailur e mode in
the for m of embrittlement, cr ack ing , and physical adher ence of the
clastomer par ts to the metal valve bo d y. This evidence is
corroborated by the sever e physical and morphological changes observed
in elas tomer s from the failed pilot solenoids. Both physical and
chemical evidence also suppor ts copper catalysis as a contr ibutor to
elastomer degradation. -
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Evidence from Valve Seats

The EPDM valve seats actually provide the sealing sur f ace in the valve
x body. Valves f ailed because the seats adher ed to the valve body and

prevented air flow. ~

We observed all of the same degr adation char acter istics in the valve
seats that we saw in the o-rings. Likewise, we found a buildup of
copper in the por tion of the valve seat which was in direct contact
with the sealing area. The elastcmer seats fr om the three failed
solenoids exhibited an incr ease in d ur ome ter har dness. Based on
actual plant performance, this incr e a se in the hardness of seats
correlates to a loss of solenoid per for mance. As obser ved in the
o-r ings, the same type of calcium depletion fr om the in ter ior of the
seats and resultant buildup of stearate on the sur f aces was
discovered.

The last major obser va tion is that the indentation in the valve seats
is in direct correlation with the per formance of that valve seat. The
gr ea ter the indentation (usually called compression set) the poor er
the per formance of the solenoid valve. However , the seats f r om a
given valve wer e not degr aded as badly as the cor r esponding o-r ings.
If heat alone was responsible for degradation, seats and o-rings
should be degraded equally. This dif f er ence in degr ada tion suppor ts
copper ca taly::ed oxidation as an impor tan t effeet that occurs after
temper atur e excur sions. The difference in degradation is a result of
the ratio be t we e n the ar ea of elastomer in con tac t with the br ass
valve body to total elastomer in a par t. The o-rings had a lar ge
por tion of its sur f ace in contact with the br a s s , while the seats did
not. This allows a higher por tion of the o-r ing elastoner to undergo
degr adative oxidation reactions.

Ef fects Expected from Elastomer Oxidation

When oxidation occurs in an elastomer ma ter ial, bonds ar e br oken and
bond s are reformed. When a mechanical force is applied to an
olastomer ma ter ial, the rubber par t can be de for med. Normally when
the mechanical for ce is released, the par t r e tur ns to its or iginal

|shape. But, if the elastomer is locked in a deformed state when 1

oxidation occur s, the par t may be permanently deformed.
1

After chemical degradation, adhesion can develop between an elastomer j
cnd a solid pr essed against it. All solids have roughness. The valve lbodies in this case show machining marks so ther e is cer tainly some j
roughness associated with the metal. The longer an elastomer is i

pressed against the metal, the mor e probable it is that some adhesion
will occur. This is par ticular ly tr ue if either oxidation reactions
are occur r ing or if formulation ingredients ar e migr a ting to the
sur f ace of the elastomer .

I
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Evidence from 0-r ings

The o-rings removed from failed valve bodies ,showed significant
mor pholog ical (cr acking , as well as adhesion to the valve body),
chemical and physical changes. The chemical changes included

L .aigr a tion of copper into the fir s t 100-150 micr ome ter s wher e the
o-r ings contacted the valve body. In this layer, ther e was a builduph of oxygen which is chemically attached to the elastomer. Depletion of
calcium level from within the body of the o-r ing was obser ved. The
sur f ace of the o-r ing shows the pr esence of stear ate salt. S tear ates
ar e common components of EPDM r ubber s. The only source of copper was

v from the brass valve body itself. Metallic copper is not pr one to
@' migr a tion thr ough elas tomer s. It must have been removed chemically

from the valve body as a salt and then dif fused through the rubber.
The buildup of stear ate salts on the sur f ace of the rubber and the
loss of calcium from within the rubber, can be explained by calcium
stear ate diffusing to the sur f ace of the o-r ing. Af ter tr ace amounts
of etching of the br a ss body occur r ed, copper stearates could form
which wer e fr ee to back diffuse into the r ubber . The rate of this
phenomenon would be s tr ongly governed by temper a tur e. At higher
temper a tur e s , faster diffusion takes place, the more likely the
etching of the br as s , and subsequent back migration of the copper
stear ates will occur .

Physical testing of the o-rings has shown that their measur ed
d ur ome ter hardness incr e ased as a function of degradation. That is,

t the wor se the physical appearance of an o-ring and the poor er the
per formance of the valve in service, the higher the durometer hardness
measur ed. This physical result fits with the observations above. One/

k
of the possible functions of calcium stearate in an elastomer
formulation is to provide internal lubr ication or to mildly soften the
ma ter ial. If a substantial por tion of the stearate has migrated to
the sur f ace, the par t would be expected to harden. The pr esence of
oxygen in the sur f ace of the failed o-r ings would be consistent with a
hardening of this sur f ace. Oxidation of elastomer s makes them harder
and mor e br ittle.

Brown et.al. investigating the Brunswick shut down have concluded that
some EPDM formulations undergo rapid exo ther mic reactions in the
pr eset.ce of oxygen and coppe r . Copper is a well-known catalyst for
organic reactions and it frequently has been used to cataly:e
oxidation types of reactions. We did find a higher level of copper in
the failed samples ver sus the nonfailed samples. Higher levels of
copper existed in the most degr aded areas of failed o-rings,
specifically the sur f ace 100 micrometer s. The excess copper in these
severely degraded elastomer regions correlates well with obser ved
oxygen content in these same ar eas. Ther e for e, it is reasonable to
conclude from all of the evidence that copper was involved in a
catalytic oxidation process.
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! SECTION III
'

1 Sunmar y {
j We believe that f ailur e resulted from the following sequence of |; ovents:

|

; c) The valves which failed experienced an excursion above their rated
! use temperatur e. Without this excur sion, the ensuing events would
; either not have occurred or would have taken much longer to occur .
'

b) S tear ate salts, most pr obably the calcium salt, migr a ted to the
sur f ace of the elastomer much more rapidly than normal due to the [,

' high temper atur e.
i

.

c) Copper salts der ived fr om ver y minor attack on the valve body i

diffused back into the elastomer. The salt was most pr obably
copper stear ate .

,
3

4 d) Oxygen from the air in the valve dif fused through the elastomer i

1 and caused oxidation reactions of the elastomer . - These oxidation
] reactions were most probably catalyzed by copper. '

j e) As a result of the oxidation reactions, the elastomer lost its ;

"r ubber-like" pr oper ties. This could have caused it to stick to .

the valve seat. |
|

1 f) When solenoid pr essur e was removed fr om the seat, it failed to |
'! draw back from the valve body and allow adequate air flow to
j actuate down str eam equipment. i

|

1

! !
i ;

4 ,

) !

1

j .i

4

4 i

I

i
?

I

i
i

i

|
i
!

i
l

!
'l
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TABLE I !4

-

Sample Date/ Time Desar ip tion Analysis
1

MSIV10 11/7/87:0730 P52-F556 Instr . GC |
I Air at containment
| Penetration (outside), i

10 min, blow down,
15 min purge of sampler '

-

!MSIV11 11/7/87:0745 PS 2-F55 6: Ins tr . GC
Air at containment ,

Penetration (outside) !
'

10 min, blow down, '

15 min, purge of sampler |

i MSIV20 11/16/87:1600 B21-F028D Solenoid IR, OM t

valve body |

MSIV21 11/16/87:1600 B21-F022A: Solenoid IR, OM
valve body (test !

solenoid) |
t

; MSIV22 11/16/87:1600 B 21-F0 2 8 A: 0-r ing , CS, H, IR,
; elastomer seat & OM

j MSIV 24 11/16/87:1600 B21-F028B:0-ring, CS, H, OM,
4 elastomer seat SEM/EDX,
;

& IR
l

s MSIV 2 5 11/16/87:1600 B 21-F0 2 2C: 0-r ing , CS , H , OM ,
| elastomer seat & IR

: MSIV26 11/16/87:1600 B 21-F 0 28 C: 0-r ing , CS, H, OM,
; elastomer seat SEM/EDX,
j & IR
1
' MSIV27 11/16/87:1600 B-21-F02 20: 0-r ing , CS, H, OM,
i elastomer seat SEM/EDX,
j & IR

! MSIV28 11/16/87:1600 B-21-F02 8D: 0-r ing , CS, H, OM,
elastomer seat SEM/EDX,

i & IR

MSIV Control Neve. Used CS, H, OM,---

1 0-r ing, elas tomer SEM/EDX,
j seat IR, &T

I MSIV33 11/30/87:2200 B 21-F0 22B: In s tr . GC
| Air grab sample

| from 2* supply

!

t
,

1

|

i Page 13 of 16
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TABLE I (cont'd);
. t
4

; Sample Date/ Time De ser iption Analysis * f1

.

MSIV34 11/30/87:2215 B 21-F0 2 28: Ins tr . GC I

j Air gr ab sample !
from solenoid supply 'a

:i line

'
;

i OThe abreviations used to identify the analysis were as follows: [] '

GC - Gas Chromatography; CS - Compression Set; H -. Hardness; I4

! OM - Optical Microscopy; IR - Infrared Spectroscopy; T - Thermal .

Analysis; SEM - Scanning Electron Microscopy; EDX - Energy !
j Disper sive X-ray Analysis j
: ?
! i

!-
!

I!

!. !
l I

i !

l !
j i

!

I
f

: !

!

$ !
!

l i
< t
j r

i !!

!
i i

1 |
; .

1 i
$ '

;
i

;1

I.

I
I

1
<

| !
, e

I
'

4

1

|

:

i

j I
! :
i i
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APPENDIX A

Gas Chromatographic Analysis of Instrument Air Samples
for Residual Hydrocar bons
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TO: J.J. Gr imm - CEI
FROM: G. E. Walls ,

DATE: November'13, 1987 '

SUBJECT: GAS CHROMATOGRAPHIC ANALYSIS OF INSTRUMENT
AIR SAMPLES FOR RESIDUAL BYDROCARBONS

OVERVIEW

The quality of the Perry Nuclear Power Plant in s tr umen t
compr essed - air system is maintained in accordance with a number
of technical specifications. One specification states that the
air system shall not contain hydr ocar bons in excess of__1 ppm,_
quantified as methane. Dur ing a recent NRC inspection at the
Plant, one or more air-actuated valves failed to operate
pr oper ly. Two samples of compr e s sed air from the Plant system
wer e collected and submitted for analysis to de ter mine if
hydr ocar bons wer e pr esent.

RESULTS

Noncondensable Hydrocar bons
Sample Time Area ppom

MSIV-10 1.54 min. 148,714 10.4
:

Condensable Hydrocar bons |
|12.91 min. 10,226 0.7

- :

MSIV-ll Noncondensable Hydrocar bons |

#1.54 min. 123,689 8.7
2.58 min. 2,250 0.2

Condensable Hydrocar bons

12.92 min. 5,756 0.4
#

|
<

7528 Aut>vrn Rood . Box iCOO PoinesWie. Oho 44077
216/357 3300

;

!

|
_ _ - _ - _ _ _ - _ _ - _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ - _ _ ._ . _ . _ - _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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CONCLUSIONS

The results repor ted for condensable hydr ocar bons ar e based on
the chromatogr aphic peak at 12.9 minutes exclusively. The fact 7that this peak occur s in the standard and blank, as well as in ,
the samples, suggests the possibility of a chr oma togr aphic
anomaly rather than the pr e sence of a hydr ocar bon . For this
reason, the r epor ted values of 0.7 ppm and 0.4 ppm for
condensable hydr ocar bons in samples MSIV-10 and MSIV-ll,
respectively, should be considered maximums r a ther than
absolutes. It is my judgment that the in s tr umen t air samples
submitted are, in fact, "clean" with respect to your
specification.

PREPARATION AND ANALYSIS

A gas chr oma togr aphic system was assembled consisting of the
following:

GC: Var ian 3760-5407 i

Detector: Flame ionization !Injector: Heated, flash vapor izing 1

Column: 18' x 3/16" OD stainless steel packed
with SP-2100, 20%, on Chromosor b P,
AW, DMCS tr ea ted , 60-80 mesh.

Data System: Varian DS-654

Gas chromatogr aphic oper ating conditions wer e as follows:

0Injector Temp: 250 C |
Detector Temp: 30g C ;
Column Temp: 50 C at injegtion, hold 2 min at 50 C,g

program 10 pgr min. to 200 C, hold
3 min at 200 C

Carrier Gas: Helgm at 40 mL per min.
FID Electrometer: 10 amps per mv
Injection: 2.5 mL gas

Preparation of Calibration Standard

Master Standard: Methane in Nitrogen, 1.000% (vo l . )
Scott Specialty Gases
Troy, Michigan 48083
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A 250 mL gas sample tube was pur ged with dry, hydr ocar bon fr ee
nitr ogen for 10 minutes. Using a gas tight syr inge , 2.5 mL of
master standard wer e injected into the gas sample tube.

Concen tr a tion: 1% x 2.5 mL
250 mL = 0.01%

= 100 ppm

A second 250 mL gas sample tube was purged with dry, hydrocarbon
free nitrogen for 10 minutes. Using a gas tight syr inge, 2.5 mL
of the 100 ppm standard were injected into the gas sample tube.
Concen tr a tion: 100 ppm x 2.5 mL

250 mL = 1.0 ppm

A third 250 mL gas sample tube was purged with dry, hydr ocar bon
fr ee ni tr ogen for 10 minutes. This sample repr esented a blank
for instr ument calibration.
Calibr a tion

2.5 mL 1.0 ppm methane standard analyzed using conditions above.
Result: Chromatographic peak at 1.55 min.

Peak ar ea 28,832

2.5 mL blank nitrogen standard analyzed using conditions above.
Result: Chr omatogr aphic peak at 1.51 min.

Peak ar ea 14,609

Calibration Factor (CF) 1 ppm=

(28,832-14,609)

-5
= 7.03

Sample Analysis

Peaks Detected
Time Area

MSIV-10 1.54 min. 148,714
12.91 min. 10,226

158,940

CF x 158,940 = 11.2 ppm, v/v, total hydrocar bons

f
..

-- _____ __ - __



- _ _ _ _ _ _ - _

'

|

Page 4
J. J. Grimm

COfCellr.November 13, 1987

Peaks Detected
Time Ar ea

MSIV-ll 1.54 min. 123,689
2.58 2,250

12.92 5,756

131,695

CF x 131,695 = 9.3 ppm, v/v, total hydrocar bons

Peaks Detected
Time Ar ea

Lab Air ,

Lab-48
Ricerca HQ 1.54 116,747

12.89 11,295

128,042

CF x 128,042 = 9.0 ppm, v/v

A t tachmen ts: 1) Chromatogr am of calibr ation standard
2) Chromatogram of nitrogen blank
3) Chromatogr am of sample MSIV-10, Atten: 16
4) Chromatogr am of sample MSIV-10, Atten: 128
5) Chr omatogr am of sample MSIV-ll, Atten: 16
6) Chromatogr am of sample MSIV-ll, Atten: 64
7) Chromatogr am of labor ator y air

S |0 ) / |t.gpv rA, ALde/
Greg'ory E. Walls

1,<

jsb
Atts.

!
File No.: 8702037G '

Notebook Ref.: 20342-41/56-58

Reviewed By: /1,LC h u.

es
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CHART SPEED 1.1'CM/M2N #T7"McNA M T h .

ATTEN: 16 ZERO: 5% 1 MIN /TICX ppgg ; !

' ;

!-

,

- .

!METHAH 1.55.u....E -f .
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CHANNEL: 1A - 1 TITLE: HC IN PERRY PLANT COMP AIR 13:27 7 NOV 87

SAMPLE: 1 PPM CH4 METHOD: HYOROC-3 CALCULATICN: A% - ANALYS - CP

PEAK PEAK RESULT TIME TIME AREA SE? U1/2
NO NAME AREA % (MIN) 0FFSET COUNTS C00E (SEC)

1 METHANE 57.9002 1.550 0.000 28832 69 8.00
2 36.5150 12.909 18183 BB ? 18.75
3 5.5848 13.700 2781 BB 11.00

TOTALS: 100.0000 4E795

OETECTED PKS: 3 REJECTED PKS: 0

DIVISOR: 1.00000 AMT STD: 1.00000 MULTIPLIER: 1.0000

NOISE: 12.6 0FFSET: 1950

NOTES: l
COL: 18' X 3/15' 00 SS, 20% SP-2100 |

HELIUM CARRIER GAS AT 40 ML PER MIN
INJECTOR TEMP 250' : DETECTOR TEMP 300'
ELECTROMETER 10-12 AMPS PER MV.
COLUMN TEMPS 50 , HOLO 2 MIN, 10" PER MIN TO 200* |*+ 6 C SYSTEM 3750-5407 ++

1

,

1

- , . . . , , , , , . ., . -. - - - - - . . , . . . - - -
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CHART SPEED 1.1 CM/M8N R TYMC NAAE A>T h
ATTEN: 15 ZERO: 5% 1 MfN/TfCX pgg r_ f

i-

_

METHAHE 1.513
JLL e . e

4

-

f
~

_

a

_

_

_

i

~
i
.

-

-

-

~ 12.999
WI*16.8

-

-

4

-

i -

-

-

38.770

-
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CHANNEL: 1A - 1 TfTLE: HC IN PERRY PLANT COMP A2R 13:59 7 NOV 87

SAMPLE: HOUSE N2 BLX METHOD: HYDROC-3 C ALCULATf 0N: A% - ANALYS - OP-

PEAK PEAK RESULT TIME TIME AREA SEP Wl/2
NO NAME. AREA % (MIN) 0FFSET COUN1$ CODE (SEC)

1 METHANE 59.5742 1.513 -0.037 14609 BB 7.06
2 41.4258 12.908 10332 BB 7 20.19

TOTALS: 100.0000 -0.037 24941

OETECTED PKS: 3 REJECTED PKS: 1

OIVISOR: 1.00000 AMT STO: 1.00000 MULTIPLIER: 1.00200

NOISE: 12.6 0FFSET: 1940

NOTES:
CCL 18' X 3/16' 00 SS, 20: SP-2100
HELIUM CARRIER GAS AT 40 ML PER MIN
INJECTOR TEMP 250' DETECTOR TEMP 300'
ELECTROMETER 10-12 AMPS PER MV.
COLUMN TEMP: 50', HOLO 2 MIN, 10' PER MIN TO 200'
** 6 C SYSTEM 3750-5407 ++

1

i

I

!

|
1

j

!

,

1

i

__ _, - -. -,m e- ~ - -
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M rTMCHALLAJT &
CHART SPEED 1.1 CM/ MIN PN64 /
ATTEN:- 16 ZERO: 5% 1 MIN /IICK'

|-

f I
,

_

|
_m

METHANE 2.53e _ ;
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OhANNEL: lA - | TITLE: HC IN PERRY PLANT COMPR. AIR 14: 31 7 NOV 6.

1SAMPLE: M S I V - 10 METHOD: HYDROC-3 CALCULATION: A% - ANALYS - 0F

PEAK PEAK RESULT TIME TIME AREA SEP Wl/2 I
NO NAME AREA % (MIN) 0FFSET COUNTS CODE (SEC) l

1 METHANE 38.7865 1.538 -0.002 148174 EB 6.55 )
2 2.6769 12.909 10226 BB ? 22.50 '

3 58.5346 19.016 223605 BB 7111.00
!
'

TOTALS: 100.0000 -0.002 362005

DETECTED FXS: 3 REJECTED PMS: 0
i

DIVISOR: 1.00000 AMT STO: 1.00000 MULTIPLIER: 1.00000 i

NOISE: 5.7 0FFSET: 2007

NOTES:
COL: IS' X 3/16' 00 SS, 20: SP-2100
HELIUM CARRIER GAS AT 40 ML PER MIN
INJECTOR 250". CETECTCR 300* j
FIO ELECTROMETER 10-12 AMPS PER MV.
COL TEMP: 50", HOLO 2 MIN, PROG 10* PER MIN TO 200* *

6 C SYSTEM 3760-E407** **

1POST RUN: 1

|
SAVE FILE: RAU HYOPC3017

!

I
l

|
|

|

I.

.

|

|

I

|
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MrrMcMurwr @ |

CHART $ PEED 1.1'CM/MTN 9/76E /
ATTEN: ,128 ZERO: 5: 1 MIN / TICK

~
.-( |

|

1

-

-

METHANE . 538

Ws8.0 ~

l

i

|
~

~

~

-

-

-

-

-

-

-

-

22.999-
_

i id!e16.0

-

-

-

I
-

-

i

1
1-

-

29.826-

Wf.32 0 -
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CHANNEL: 1A - 1 TITLE: HC IN PERRY PL(;NT COMPR. AIR 14:31 7 NOV 87

SAMPLE: MSIV-10 METHOD: HYOAOC-3 CALCULATION: A% - ANALYS - OP

PEAK PEAK RESULT TIME TIME AREA SEP Ul/2
NO NAME AREA % (MIN) 0FFSET COUNTS CCCE (SEC)

1 METHANE 39.5970 1.538 -0.002 148174 68 6.55
2 2.7327 12.909 10226 BS 7 22.50
3 57.6703 19.016 215805 BB 7111.00

TOTALS: 100.0000 -0.002 374205

DET2CTED PMS: 3 REJECTED PKS: 0

DIVISOR: 1.00000 AMT STO: 1.00000 MULTIPLIER: 1.00000

NOISE: 5.7 0FFSET: 2007

NOTES:
COL: 18' X 3/16" 00 SS , 20% SP-2100
HELIUM CARRIER GAS AT 40 ML PER MIN
INJECTOR 250', DETECTOR 300' .

FID ELECTROMETER 10-12 AMPS PER MV.
COL TEMP: 50* , HOLO 2 MIN, PROG 10* PER MIN TO 200' *

6 C SYSTEM 3760-5407 ****

- - .. - - . _ - . . . . . . . . - - . . - - - . - . - - , - . .- ._
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R T T /fC H M t A.J T &
CHART SPEED 1.1 CM/ MIN MOS #
ATTEN: 16 ZERO: 5%- 1 MIN / TICK

_

_

k

METHANE 1.542
-

W!it.8

2.579
-
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SAMPLE: M S I V - 11 METHOD: HYOROC-3 CALCULATICN: A% - ANALYS - CF

PEAK PEAK RESULT TIME TIME AREA SE? Wl/2
NO NAME AREA % (MIN) CFFSET COUNTS COCE (SEC)

1 METHANE 29.5798 1.542 0.002 123589 EE 6.53
2 0.5381 2.579 2250 E9 ? 8.44
3 1.3755 12.925 5755 BV 7 16.56
4 63.7159 18.883 266430 VV ? 15.63
5 4.7856 18.952 20028 VB ?

TOTALS: 100.0000 0.002 418153

DETECTED PKS: 5 REJECTED PKS: 0

0! VISOR: 1.00000 AMT STO: 1.00000 MULTIPLIER: 1.00000

NOISE: 4.6 0FFSET: 2011

NOTES:
COL: 18' X 3/16' 00 SS, 20% SP-2100
HELIUM CARRIER GAS AT 40 ML PER MIN
INJECTOR 250', OETECTOR 300*
FID ELECTROMETER 10-12 AMFS PER MV.
COL TEMP: 50", HOLO 2 MIN, PROG 10" PER MIN TO 200" +

++ 6 C SYSTEM 3760-5407 ++

POST RUN: i

SAVE FILE: RAW HYOFC3016

i
i

i

1

.



.. ._ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . __ _ __ _

MTTncNMEv7 &
CHART SPEED 1.1 CM/M2N PFG C /
ATTEN: 64 ZERO: 5% 1 MIN / TICK

!

- --

I

-

1

METHANE
-

i
-

1.542 |

I 171 e.e -I
1
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' t.579
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| CHANNEL: lA-1 T87LE: HC SN PERRV PLANT COMPR. AIR 15:02 7 N29 87
.

SAMPLE: M S I V - 11 METHOD: HYOROC-3 CALCULAT80N: A2 - ANALYS - OP

FEAK PEAK RESULT TIME TIME AREA SEP ' WI/2 '

NO NAME AREA % (MIN) 0FFSET COUNTS CODE (SEC)
1 METHANI 29.5798 1.542 0.002 123689 BB 6.63
2 0.5331 2.579 2250 BB 7 8.44
3 1.3765 12.525 5756 BV ? 16.E6
4 63.7159 18.883 265430 VV 7 16.63
5 4.7895 18.952 20028 VB 7 i

TOTALS: 100.0000 0.002 416153

DETECTED PKS: 5 REJECTED PKS: 0

DIVISOR: 1.00000 AMT STO: 1.00000 MULTIPLIER: 1.00000 |

NOISE: 4.6 0FFSET: 2011 !

.

NOTES:
COL: 18' X 3/16' 00 SS, 20% SP-2100 i

WELIUM CARRIER 6AS AT 40 ML PER MIN
INJECTOR 250', OETECTOR 300'
FIO ELECTRCMETER 10-12 AMPS PER MV. '

,

COL TEMP: 50', HOLO 2 MIN, PRCG 10' PER MIN TO 200' + i
** 6 C SYSTEM 3750-5407 **

i

i

i

!

!
t

i

i

I
i

i

I

i

:

1
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SAMPLE: LAB AIR METHOD: HYOROC-3 CALCULATION: AZ - ANALYS - OP

PEAK PEAK RESULT TIME TIME AREA SEP Wl/2
NO NAME AREA % (MIN) 0FFSET COUNTS CCCE (SEC)

1 METHANE 91.1767 1.544 0.004 116747 EE 6.53
2 8.8213 12.891 11295 BB ? 17.94

TOTALS: 100.0000 0.004 128042
-

DETECTED PKS: 2 REJECTED PXS: 0

DIVISOR: 1.00000 AMT STO: 1.00000 MULTIPLIER: 1.00000

NOISE: 4.6 CFFSET: 1985

NOTES:
COL: 18' X 3/16' 00 SS, 20: SP-2100
HELIUM CARRIER 6AS AT 40 ML PER MIN
INJECTOR 250', CETECTOR 300*
FID ELECTRCMETER 10-12 AMPS PER MV,
COL TEMP: 50', HOLO 2 MIN, PROG 10' PER MIN TO 200'

-

*

** 6 C SYSTEM 3760-5407 **

POST RUN:
SAVE FILE: RAW HYOPC2019

__

'

-

-
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TO: J.J. Grimm - CEI
FROM: G. E. Walls
DATE: December 4, 1987

S UBJECT: ANALYTICAL REPORT - INSTRUMENT AIR

INTRODUCTION

A recent malfunction of one air-operated solenoid valve again
raised suspicions of hydr ocar bon contamination in the Plantins tr umen t air system. Two air samples, collected by you, wer e
analyzed by gas-chromatogr aphy to de termine if hydrocar bons wer e
present.

Samples

MSIV-33 11/30/87 2200 Ricerca Number
B21: F022B, Instr ument Air 20342-042-10at 2" Supply Line (Grab Sample)

MSIV-34 11/30/87 2215
f

Instrument Air at solenoid Supply 20342-042-20Line: 321: f 022B (Grab Sample)

RESULTS

Noncondensable Hydrocar bons
Sample Time Area ppom

20342-042-10 1.38 min. 177,682 11.6

Condensable Hydrocar bons

7.89 min. 9,037 0.6

Noncondensable Hydrocarbons

20342-042-20 1,39 min. 156,885 9.5
1.78 min. 11,778 0.7

Condensable Hydrocar bons

7.89 min. 16,227 1.0

:

7528 Auburn Rood a Box 1 COO * Po.neswe.Ohc 44077
216/357 3300

- _ _ _ _ _ _ - _ _ _ _ - - _ - _ _



J.J. Gr imm
Deccmber 4, 1987

:

OCOIC O' h '-CONCLUSIONS

The results r epor ted for conden sable hydr ocar bons are based on
the chromatographic peak at 7.89 minutes exclusively. The fact
that this peak occur s in the standard and blank, as well as in
the samples, suggests the possibility of a chr oma togr aphic
anomaly r ather than the pr esence of a hydr ocar bon . For this
reason, the r epor ted values of 0.6 ppm and 1.0 ppm for
condensable hydr ocar bons in samples 20342-042-10 and
20342-042-20, respectively, should be consider ed maximums r ather
than absolutes. It is my judgment that the ins tr umen t air
samples submitted ar e , in fact, "clean" with respect to your
specification.

PREPARATION AND ANALYSIS

A gas chr oma togr aphic system was assembled consisting of the ;

following: i

GC: Varian 3760-5407
Detector: Flame ionization
Injector: Heated, flash vapor izing
Column: 18' x 3/16" OD stainless steel packed !

with SP-2100, 20% , on Chromosor b P, |
AW, DMCS tr ea ted , 60-80 mesh

Data System: Var ian DS-654

Gas chromatogr aphic oper ating conditions were as follows:

Injector Temp.: 250 C
Detector Temp.: 300 C
Column Temp.: 100 C at injgetion, hold 2 mig, at 100 C,

program 10 pgr min. to 230 C, hold
3 min, at 230 C !Car r ier Gas: Hel{ym at 45 mL per min. |FID Electrometer: 10 amps per mv

Injection: 2.5 mL gas

Preparation of Calibration Standard I
i

Master S tandard: Methane in Nitrogen, 1.000% (vol.) )
Scott Specialty Gases '

Troy, Michigan 48083

A 250 mL gas sample tube was purged with dr y, hydr ocar bon fr ee
nitrogen for 10 minutes. Using a gas tight syr inge , 2. 5 mL o f
master standard were injected into the gas sam?le tube.

Concen tr a tion: 1% x 2.5 mL
250 mL = 0.01%

= 100 ppm



.

Pago 3
J.J. Grimm
December 4, 1987, ,

PJcerca. Inc.

A second 250 mL gas sample tube was purged with dry, hydr ocar bon .
free nitrogen for 10 minutes. Using a gas tight syr inge , 2. 5 mL
of the 100 ppm standard were injected into the gas sample tube.

Concen tr a tion: 100 ppm x 2.5 mL
250 mL = 1.0 ppm

A thir d 250 mL gas sample tube was purged wi th dr y , hydr ocar bon
fr ee nitrogen for 10 minutes. This sample r epr esen ?.ed the blank
for instr ument calibr ation.

_ ATTACHMENTS

1. Chromatogram of calibr ation standard
2. Chromatogram of nitrogen blank
3. Chromatogram of sample 20342-042-10
4. Chromatogr am of sample 20342-042-20

Dur ing our telephone conver sation of Dec. 3, 1987, you expr essec
an interest in the chr oma togr aphic peak a retention time 7.9
minutes. Please let me know if you would like us to attempt to
identify it by GC-MS.

I/ vy L
Grego y E. Walls

jsb
Atts.

File No.: 8702173G
Notebook Ref.: 20342-42

1

!
i

sJ[/// r M MiReviewed By:
|J

l
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RECQLCULATE ON F8LE: TOTAL-HC010 8Mk?d: 52 c/r GL

CHANNEL: 1A-1 T87LE: HC 3N PERRY PLWT 2NST AIR 9: 15 3 CEO 87 |

SAMPLE: 1.0 PPM STD METHOD: TOTAL-HC CALCULATION: A% - ANALYS - OP

PEAK PEAK RESULT TIME TIME AREA SEP Wl/2
NO NAME AREA % (MIN) 0FFSET COUNTS CODE (SEC)

1 1.78 1.068 3767 BV 6.81
2 1.28 1.212 2705 VV 7 5.56,

3 METHANE 18.95 1.372 -0.048 40177 VB 7.06
4 4.18 7.883 8856 BB 19.31
5 3.52 14.411 7459 BV 4.88
6 4.08 14.512 8653 VV 7 2.94
7 4.34 14.612 9195 VV 7 2.94
8 4.54 14.712 9620 VV 7 3.00
9 4.62 14.810 9796 VV 7 3.00

10 4.63 14.911 9822 VV 7 3.00
11 4.65 15.011 9854 VV 7 5.69
12 4.66 15.110 9873 VV ? 5.63
13 4.68 15.211 9924 VV 7 5.81
14 4.67 15.310 9911 VV 7 6.00
15 4.77 15.411 10124 VV 7 6.06
16 4.79 15.510 10149 VV 7 6.00,

17 4.71 15.610 9981 VV 7 6.00
18 4.51 15.709 9560 VV 7 6.39
19 4.19 15.809 8889 VV ? 6.13
20 3.97 15.910 8418 UV 7 6.19
21 2.51 16.006 5313 V6 7 6.33

TOTALS: 100.00 -0.049 212047

CETECTED PMS: 21 REJECTED PMS: 0

OIVISCR: 1.00000 AMT STO: 1.00000 MULTIPLIER: 1.00000

NOISE: 13.7 CFFSET: 2743

NOTES:
COL: 18' X 3/15' 00 SS, 20% SP-2100
HELIUM CARRIER GAS AT 45 ML PER MIN
INJECTOR TEMP 250* i DETECTOR TEMP 300*
ELECTROMETER 10-12 AMPS PER MV./ 2.5 ML INJECTIONS

iCOLUMN TEMP 100*, HOLD 2 MIN, 10' PER MIN TO 230* '

** 6 C SYSTEM 3760-5407 **

I

|
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1
1

- _ - - _ _ _ _ _ _ - _ _ _ _ _



. 96 3 d 5 4 6 4 5 5 a @06

h9GC / Of Q
,

f

CHART SPEED 0.9 Ch/M2N
ATTEN: 16 2Epo: 5% 1 NIN/ TICK

-

-

2 85*
W1.s.e 1.361
-

<

I

:
-

:

!

-
.

r
t

-
,

:

i
L

_

i
,

t
-

i

7.sst
,~
*

wr.Js.e
i
;-

:
r-

[
>

f
.i~

:
5

r-

!

7 i,-

- a t.<ee MN0a RLCU 4 i~% 1 to~

- T 1' 3el /N4Y AC/4Cw~ " #, 4$'5. :- u
i
;

-

i

!~

t

!

-

!
f

1-
I
!

-

|
l

- i

!

T-

22.932 .~
i

( iJLL 3 2 . 0
|

|

i

!
i

f



RECALCULATE ON FILE: TOTAL-HC011 PM4EE Gl C7/r jL

CHANNEL: lA-| TITLE: HC IN PERRY PLNT INST AIR 9:48 3 OEC 67

SAMPLE: NIT. BLANK METHOD: TOTAL-HC CALCULATION: A% - ANALYS - CP

PEAK PEAK RESULT TIME TIME AREA SEP Wl/2
NO NAME AREA % (MIN) 0FFSET COUNTS CODE (SEC)

1 1.73 1.059 3559 BV 6.89
2 1.49 1.213 3064 VV ? 7.56
3 i1 ETHANE 11.99 1.361 -0.059 24739 VB 6.69
4 4.17 7.894 8605 BB 16.19
5 3.94 14.508 8132 VV ? 6.25
6 2.95 14.608 6075 VV ? 4.63
7 5.94 14.709 12257 VV ? 4.69
8 4.87 14.807 10048 VV 7 6.69
9 4.98 14.907 10273 VV ? 6.94

10 5.12 15.007 10569 VV ? 6.94
11 5.17 15.107 10657 VV 7 7.13
12 5.22 15.207 10775 VV ? 7.19
13 5.32 15.307 10965 VV 7 7.19
14 5.36 15.407 11058 VV ? 7.19
15 5.36 15.507 11050 VV ? 7.19
16 5.20 15.605 10730 VV ? 7.44 ;

17 A.89 15.705 10091 VV ? 7.38
18 4.53 15.805 9334 VV ? 7.38
19 4.20 15.906 6673 VV ? 7.44
20 2.40 16.002 4950 VB ? 7.44
21 5.16 22.932 10653 SB ? 55.00 |

TOTALS: 100.00 -0.059 206267 j
,

OETECTED PKS: 22 REJECTED PKS: 1

OIVISCR: 1.00000 AMT STO: 1.00000 MULTIPLIER: 1.00000

NOISE: 13.7 CFFSET: 2404 |
j

NOTES:
COL: 18' X 3/16' 00 SS, 20% SP-2100
HELIUM CARRIER 6AS AT 45 ML PER MIN I

IN.'ECTOR TEMP 250' DETECTOR TEMP 300*
ELECTROMETER 10-12 AMPS PER MV / 2.5 ML INJECTIONS
COLUMN TEMP: 100', HOLO 2 MIN, 10' PER MIN TO 230'
** 6 C SYSTEM 3760-5407 **

'

.

'
i

I
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RECALCULATE ON F2LE: TOTAL-HC012 OM $ OI 1

CH6NNEL: IQ - 1 TITLE: HC IN PERRY PLNT INS? AIR 10:30 3 DEC 67
, ,

"
SAMPLE: 20342-042-10 METHOD: TOTAL-HC C ALCUL ATION: A - ANALYS - CP '

PEAK PEAK RESULT TIME TIME AREA SEP Wl/2 :
NO NAME AREA % (MIN) 0FFSET COUNTS CODE (SEC) !

l 1 METHANE 72.99 1.380 -0.040 177682 BB 5.88
2 3.71 7.8G6 9037 BB ? 14.06 '

3 13.14 15.628 31992 BB 7128.00
4 1.52 16.332 3696 BB ? 23.69 ,

5 0.E7 18.14 1638 BB 6.56
'

6 't.96 23.444 *183 BB ? 59.13;

TOTALS: 100.00 -0.040 4J428
a

OEfECTED PKS: 6 REJECTED PKS: 0,.

DIVISOR: 1.00M00 AMT STO: 1.00000 MULTIPLIER: 1.00000-

NOISE: 1, | sFFSET: 2177
j

NOTES:

COL: 18' X 3/16' 00 SS 20% SP-2100
HELIUM CARRIER GAS AT 45 ML PER MIN
INJECTOP TEMP 250' DETECTOR TEMP 300'
ELECTRONETER 10-12 AMPS PER MV./ 2.5 ML 14JECTIONS i

COLUMN TEMP: 100*, HOLO 2 MIN. 10' PER MIN TO 230'
i

6 C SYSTEM 3?S0-5407** ++ '
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RECALCULATE ON F8LE: TOTAL-HC013 M S b
1

CHANNEL: lA - 1 73TLE: HC 8N PERRY PLNT INST A8R 10:53 3 OEC 87 )

SAMPLE: 20342-042-20 METHOD: TOTAL-HC CALCULATION: A% - ANALYS - OP

PEAK PEAX RESULT TIME TIME AREA SEP W1/2
NO NAME AREA % (MIN) 0FFSET COUNTS CODE (SEC)

1 METHANE 19.34 1.386 -0.034 155885 BV 5.69
2 1.45 1.783 11778 VB 7 11.63
3 2.00 7.893 16227 88 15.75
4 0.76 14.408 6202 BV 7 31.00
5 1.47 14.510 11954 VV ? 4.88
6 1.62 14.611 13179 VV 7 5.94
7 2.18 14.711 17706 VV 7 6.19
8 1.88 14.805 15218 VV ? 7.44
9 1,91 14.907 15504 VV 7 7.50

10 1.94 15.007 15700 VV 7 7.50
11 1.96 15.106 15884 VV 7 7.75
12 1.98 15.205 16035 VV 7 7.75
13 2.01 15.308 16345 VV 7 7.88
14 2.00 15.405 16214 VV 7 7.75
15 1.97 15.505 15995 VV 7 7.75
16 1.91 15.606 15515 VV ? 8.06'
17 1.82 15.704 14797 VV 7 8.00
18 1.73 15.004 14038 VV 7 8.05
19 1.67 15.905 13525 VV 7 8.06 ,

20 1.34 16.002 10875 VV ? 7.75
21 2.26 16.051 16300 V8 7

22 44.75 22.907 3E3408 68 7230.44

TOTALS: 100.00 -0.034 811265

CETECTED PKS: 22 REJECTED PNS: 0

!

O! VISOR: 1.00000 AMT STO: 1.00000 MULTIPLIER: 1.00000

NOISE: 13.7 0FFSET: 2295

NOTES: ,

COL: 18' x 3/16' 00 SS. 20% SP-2100
HELIUM CARRIER 6AS AT 45 ML PER MIN
INJECTOR TEMP 250' i DETECTOR TEMP 300'
ELECTROMETER 10-12 AMPS PER MV./ 2.5 ML INJECTIONS
COLUMN TEMP: 100*, HOLO 2 MIN. 10' PER MIN TO 230*
** 6 C SYSTEM 3760-5407 **
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Hardness of 0-rings
;

4

i

t

,

4

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



.. _. _ - . ..

,

T

,

t

TO: J . J . Gr imm - CEI
FROM: G. G. Swee tapple
DATE: December 14, 1987

SUBJECT: HARDNESS OF 0-RINGS '

-

,

Twelve used o-r ing s and four unused o-rings wer e analyzed for
S hor e A hardness using the Shore Micro 0-r ing Hardness Tester ,
Model 714M. The calibration of the -microtester was verified with ;

seven ASTM D2240 standards. Samples wer e mounted in a 0.07 inch
o-ring fixture, conditioned and tested at 22 + 0.5 C. Both sides

~

of the used o-rings wer e measured due to visual differences
obser ved. Four readings of each o-r ing side wer e made; the mean

]value and standard deviation ar e summar ized below.
,

i

Shcre A ,

0-r ing I_D Hardness (Mean) (SD) i

Unused #1 77.5, 78.0* 0.5, 0.7*
#2 77.5, 77.8* 1.1, 0.4*
#3 78.5, 79.0* 0.9, 0.7*
#4 78.2, 78.5* 0.4, 0.5*

MSIV 22 #1 Side A 96.0 0.7
Side B 87.2 1.9

MSIV 22 #2 Side A 94.0 0.7
Side B 88.8 0.8

MSIV 24 il Side A 88.8 1.3
Side B 89.0 1.6

MSIV 24 62 Side A 89.8 0.8
Side B 92.2 1.3

MSIV 25 #1 Side A 80.8 0.4
Side B 82.2 1.1

MSIV 25 #2 Side A 83.2 0.8
Side B 81.0 0.7

* Retested on 12-14-87
Initial Test 12-6-37

7528 Aubum Rood a Boa 1000 * Po nesWe. Oho 44077
210/357 3300
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Page 2 S ~ tid-
J.J. Grimm

i December 14, 1987 !
;

i ;
:1

0-r ing g Hardness _(Mean) _(SD) i

i! MSIV 26 41 Side A 81.2 0.8
Side B 82.8 0.8

3MSIV 26 42 Side A 80.8 1.1
Side B 81.0 1.6

MSIV 27 #1 Side.A. 84.8 0.8
Side B 94.0 2.3

MSIV 28 42 Side A 95.5 1.6
Side B 91.0 1.6

NOTE: FGIV 27 #2 and MSIV 28 fl were not tested. One inchd

! o-r ings from stock i1465253.

h si ... ..:;.. \
'

-.

g, w .. ;
Gar y G. Sweetapple

: jsb

File No.: 8702145
Notebook Ref.: 12907-71
Reviewed By: W. R. Bramstedt R. L. Cryberg ,
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Hardness of Valve Seats
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TO: J . J . Gr imm - CE I
FROM: G. G. Swee tapple
DATE: December 14, 1987

SUBJECT: HARDNESS OF VALVE SEATS

Seven used valve seats and four unused valve seats (from
41465253) wer e analyzed for Shore A hardness with the Shore
micr odur ome ter . Calibr a tion was ver ified with seven ASTM D-2240
stagdards. The samples wer e conditioned and tested at 22 +
0.5 C. Used valve seats were analyzed on the "active" sur f ace,
carefully avoiding ar eas of compression set as shown in .figur e
below. Four mea sur emen ts of dif fer ent spots wer e made on each
seat; the mean hardness and standard deviation ar e summarized
below,

v v
PN N

- l
i_ I

Seat ID Shore A Hardness (mean) _(SD)

.'nused # 1 83.5, 83.0* 0.5, 0.7*
#2 83.8, 83.2* 0.8, 0.8*
#3 84.0 0.7
#4 83.8 0.8

MSIV 22 85.2 0.4
MSIV 24 85.5 1.1
MSIV 25 84.5 1.1
MSIV 26 83.8 0.8
MSIV 27 85.5 0.9
MSIV 28 85.5 1.1

* Retested 12-14-87
Initial Test 12-6-87

1-%%Qi
Gar y G. Sweethpple ,5

h|q{
L. pfyberf

# p
Reviewed By: W. R. Bramstedt R.
Notebook Ref.: 12907-72 7528 Auburn Rood * Box 1000. Po neswief& o 44077
File No.: 8702197 216/357 3300
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TO: J.J. Grimm - CEI
' F ROM: G. G. Sweetapple
DATE: November 24, 1987

SUBJECT: COMPRESSION ~ SET OF 0-RINGS

Four teen used o-r ings wer e measur ed for existing compression set
per ASTM D-395. Six unused o-r in g s wer e mea sur ed to calculate
the or iginal thickness.- Four measur emen ts wer e made on each
o-ring and averaged. Compr e s sion set was then calculated using
the formula:

Cg= [( to- t i) + to ) x 100%
C is compr ession set as a percent of or iginal thickness -
tb is the average or iginal thickness
ti is the average final thickness

Sample Compr ession Set, %

MSIV 22 #1 17.3
#2 15.8

MSIV 24 #1 21.9
#2 16.2

MSIV 25 #1 12.2
#2 11.1

PSIV 26 #1 9.5
#2 9.4

P.SIV 27 #1 16.5
#2 17.2

PSIV 28 el 23.4
#2 14.1

If you have any questions about this work, please call me at
357-3256.

hI i
Gar y G. Sweetapple

jsb

Reviewed By: O Dh- '

Notebook Ref.: 12907-68 7528 Autun Rood * b iODO . Porosore. ohio 44077
File No.: 8702125 216/357 3300
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APPENDIX F

Main Steam Isolation Valves - Nondestructive Evaluation
by optical Microscopy



.

,

.

'
i

TO: J.J. Gr imm - CEI
FROM: K. A. Kr utyholowa
DATE: December 1,1987

SUBJECT: MAIN STEAM ISOLATION VALVES -
NONDESTRUCTIVE EVALUATION BY

; OPTICAL MICROSCOPY
:
I

I

i SAMPLE NO.
I
i Sanple number s PSIV 20, 21, 22, 24, 25, 26, 27, 28 and controls

wer e received for examination by optical micr oscopy. The
components of the valve in each sample set wer e pho togr aphedpr ior to examination (Figures 1-3).
METHODS

,

a

All samples wer e examined under Zeiss Univer sal ster eo widefield
1 optical microscope, equipped with indir ec t reflected light. i2 Magnifications fr om 7.9X 24.6X wer e used. Micr ogr aphs ar e-

j pr esented in Figur es 4-14.

RESULTS '

d

Energized Elastomer Seat (Figures 4-5)
"

The con tr ol energized elastomer seat is smooth and uniform.'

There are no indentations or impr essions on the sur face (Figur e4a).
4

j The "used" energized seats have a deep "doughnut shaped": indentation in the cen ter (Figur es 4b & c, & 5) . The rubbersur f ace at the indentation is glassy in appearance. A smallbubble is located in the center area of samples MSIV 22 & MSIV
{ 26 (Figs. 4b & Sb) .

De-energized Elastomer Seats (Figures 6 & 7)
i ~

1

The control de-energized elastomer seat is relatively smooth anduniform (Figure 6a).
4

The used de-energized elastomer seats also have doughnut shaped
indentations in the center of the seat (Figures 6b & c, and 7).,

'

These indentations are not as severe as those on the energized
3
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; seats. The rubber sur faces of the used seats are rougher thanthe sur face of the control.,

0-Rings (Figur es 8-12)

The control o-r ings ar e rounded and smooth (Figur e 8) . :

The sur f aces of the used o-rings have three basic appear ances:
1. Flattened with little or no distor tions (Figs. lla & b) .
2. Flattened with distor tion of the o-rings' edges (Figs. 9a,10a, 126).

3. Flattened with major changes at the o-r ings ' edges andcenter (Figs. 96, 100, 12a & c).

One side of one o-r ing in samples MSIV 22, MSIV 24, MSIV 27,
MSIV 28 has major changes occur acr oss the o-r ing. The edges( are glassy in appearance and the centers are buckled and folded(Figur es 9b, 106, 12a & c). The opposite sides of the sameo-rings have only slight distor tions at the o-r ings ' edge(Figur es 9a , 104, 12b).

Flow Control Valves (Fig. 13)

Inside the valves (MSIV 20, 21), a dark ring of deposits can beseen visually. Examination of these rings (Fig. 13) reveals the
complement of a degraded o-ring, such as that in Figur e 12c.

g The o-r ing residue appear s to have adhered to the brass body ofthe valve. The opposite side of the
but it is less predominant. valve also has a deposit,
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TO: J. J. Grimm - CEI
FROM: K. A. Krutyholowa
DATE: January 7, 1988

*
SUBJECT: MAIN STEAM ISOLATION VALVES - 0-RING

DESTRUCTIVE EVALUATION BY SCANNING.
ELECTRON MICROSCOPY

SAMPLES

The surfaces and cross-sections of the o-rings in sample sets
MSIV Control, -24, -26, -27, and -28 were examined by Scanning
Electron Microscopy (SEM) and Energy Dispersive X-ray (EDX) micro-
analysis and Wavelength Dispersive X-ray (WDS) .micreanalysis.

CLIENT REOUESTS

1. To document any morphological changes in the o-ring surface.

2. To record changes in elemental composition of the o-ring
surface.

3. To record any morphological or elemental changes in the cross-
section of the e-ring.

METHODS
,

Scanning electron micrographs were taken on the JEOL 35C SEM,
equipped with a Tracer Northern energy dispersive x-ray spectro-
scopy (EDS) detector and a wavelength dispersive x-ray spectrescopy
(WDS) micrcprobe.

Before examination, the surfaces were mounted on carbon stubs
and carbon coated. The cross-sections were cut with a razor
blade, mounted in a vice clamp holder, and carbon coated. Elements
from Na ( =11) thru U ( =92) can be detected by EDS. Carbon,
nitrogen and oxygen can be detected by WDS.

4

7528 Autun Rood . bx 1.000. PoresW4. Cho 44077
216/357 4300
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Backscatter' electron imaging (BEI) was used on.both the surface-
and cross-sections of the o-rings. In this. technique, the contrast

,

is dependent upon'the average atomic number. 1The brighter areas-
reflect the presence of relatively hsavier elements. For example,
Zn will.have a. brighter image than c' <hich.will have a brighter .

image than Si.

CONCLUSIONS

1. The o-rings from the failed main steam isolation valves have
flattened and are more brittle than the nonfailed (MSIv26)
or control o-rings.

/2. A significant quantity of copper has penetrated approximately
V 100-150.pm into the failed o-ring. A secondary, more porous

layer has formed at the edge. Within-this layer (A), a
significant quantity of oxygen is present.

3. Within the failed o-rings, portions of the o-ring have attached
to the brass valve body and pulled away from the main portion
of the o-ring.

RESULTS

I. SEM/EDS Evaluation of the 0-rino Surface
A. Morphology & EDS of MSIV Control

1. O-ring Morphology (Figures 1 & 2)
i

The o-ring is rounded with a few deposits at thef

i surface. These deposits contain primarily Ca and,,___

] Zn and the deposits are scattered randomly across
4 the o-ring surface (Figures lb & d BEI, Plots 2,.

3& 4).
i

2. O-ring EDS (Plots 1-4)*

.

All EDS data is summarized in Table I. Sulfur Ca
and Zn_are present in moderate quantities. S i , ''
C1, K, and Fe are present in minor quantities.

B. Morphology & EDS of MSIV26

1. O-ring Morphology (Figures 5 & 6)

The o-ring is still rounded. The inside. edge has
numerous score marks and has a flattened area
(Figure 5).

,

.

)

, , . - .- - .- -, .,,,.,m. . , _ _ , . _ . , _ , , _ . . , _ . . , , , , , , ,, , , , _ . , , , , ,,.. . _ ,_ . ...,- __m _ ..,., w... . . _
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Backscatter-electron images of the o-ring surface
indicate minor quantities of relatively heavier
elements such as Cu scattered randomly.

2. O-ring EDS (Plots 9 & 10)

All EDS data is summarized in Table I. Elements
which include A1, Si, S, K,- Ca, Fe, Cu, and Zn
are present in minor amounts cn1 the.o-ring surface.
Near the inside edge of the o-ring, spot mode analysis
of the particles identify these.as primarily Cu
(Figure 6d, Plot 10).

C. Morphology & EDS of MSIV24, 27, &-28 O-rings from
Failed Valve

1. O-ring Morphology (Figures 3, 4, 7, 8, 9& 10)

The o-ring has flattened, the surface appears to
have been attached and peeled of f. Backscatter
electron images of the o-ring surface indicates
large quantities of heavier elements such as Cu
and Zn ecver the surface.

2. 0-rings EDS (Plots 5-8, 11-17)
)
|

All EDS data is summarized in Table I. Cu & Zn
are present in major quantities. When comparing
the copper counts in the three failed samples to Ithe control, the copper counts are significantly
higher in the failed samples. Conversely, the Ca
counts are significantly lower in the. failed samples
in comparison to the control.

!In sample'MSIV24, moderate quantities of Si & S |and minor quantities of Al, Ca, Fe, Ni & Pb are '

present. Plots 6, 7& 8 are the result of spot
mode analyses of individual areas a, b& c in Figure
4b.

In sample MSIV27, moderate quantities of Si and
minor quantities of S, Cl, Ca, Fe, & Pb are present.
Plots 12 & 13 are the result of spot mode analyses

|of individual areas b & d in Figure 8b. |

In sample MSIV28, moderate quantities of Si, S&
Pb and minor quantities of Ti & Al are present.
Plots 15, 16 & 17 are the-result of spot. mode analyses
of individual areas a, b & c in Figures 9 & 10.
Lead (Pb) appears to have concentrated in specific
areas as shown in Figure 10c and Plot 17.

- _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ -
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II. SEM/EDX EvaluationHof the 0-ring Cross-sections

A. Morphology-6 EDS.of MSIV Control (Figures 11 & 12)

1. Morphology i

The cross-section'is very uniform from the edge
to the center of the o-ring. No morphological
differences are noted in'the control.

2. 0-ring EDS/WDS Plots 18 & 19

The EDS/WDS data are located in Table II. No elemental
differences were noted between areas A and B (Figure
13c) in the control. Both areas had a major quantity
of C, S& Ca and t minor quantity of Si, Cu & Zn.
Backscatter electron images of the cross-section
only revealed a uniform distribution of relatively
heavier elements such as Ca and Zn.

i B. Morpholgoy & EDS of MSIV26
-

1. Morphology (Figures 15 & 16)

The cross-section is very uniform from the edge
to the center of the o-ring. No morphological differences
are present across the sample. The morphology is
similar to the control.

,

2. EDS/WDS O-ring Cross-section (Plots 22-23)

The EDS/WDS data are located in Table II. No
elemental differences.were noted between areas A
& B (Figure 15c). Both areas had major quantities
of C, Si & S, and minor quantities of Ca, Zn & Cl.
The number of Cu counts is significantly higher
in sample MSIV26 than in the control. The Ca counts
are significantly lower than in the control.

C. Morphology & EDS of MSIV24, 27 & 28 |

Cross-section of 0-rings from Failed Valve

1. Morphology (Figures 13 & 14, 17-20)
.

The cross-section reveals two distinct areas, A
iand B (Figures 13c, 17c & 19c). Area A is approximately l

100-150 pm deep at the edge of the o-ring. Area
A is much rougher and e.ppears to be more porous.4

!
.

4

, q ,.,,m . . . , , .me. . ..-.v, . - , , . . , - . , % ., , .,,r--.. , _ . . , , . - , .
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Samples MSIV24 & MSIV28 have 2 sides of the flattened
o-ring containing area A. Sample MSIV27 has 3 sides-
of the flattened o-ring containing area A. !

2. EDS O-ring Cross-section (Plots 20-21, 24-27) |

The EDS data is located in Table II. There is a
significant increase in copper counts when comparing
the three failed samples-to the control. In additien, ;

area A in the three failed samples has a larger |

number of copper counts than in Area B. l

The Si counts have increased significantly and the
Ca counts have decreased compared to the control.

In sample MSIV28, there is a significant quantity |

of oxygen present. Relatively no oxygen was present |
in sample MSIV26 or in the control. |

1

l
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Table 1
0-ring Surface

Energy Dispersive X-ray (EDS) Microanalysis
Net Counts per Second

100X Area

Si S Ca Cu Zn

Control (Plot 1) 18 60 65 20 83

MSIV24 (Plot 5) 52 26 6 256 117

MSIV26 (Plot 9) 19 11 3 31 14

MSIV27 (Plot 11) 55 27 3 333 154

MSIV28 (Plot 14) 30 20 2 241 115

._

_-__.____m _ ______m. __._ ___._ _ _ _ . _ _ -_. - _ _ . - - _ _ _ - _ _ _ _ _ __ _-_ _ ._ __. _
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Table II
Cross-sect. ions of 0-ring

Ercrgy Dispersive X-ray (EDS) Microanalysis
'

Wav<21ength Dispersive X-ray (WDS) Microanalysis
Net Counts per Second

2000X Area

!

4

Control C N O Si S Ca 'Cu Zn

Area A (Figure llc) 5,057 0 0 11 118 91 26 47 '

,

Area B (Figure lic) 4,896 0 7 10 111 76 24 49'

MSIV24

Area A (Figure 13c) NA NA NA 89 74 7 97 48 ,

Area B (Figure 13c) NA NA NA 70 78 6~ 66 27

MSIV26

Area A (Figure 15c) 4,381 0 :D 103 89 5 66 25
. Area B (Figure 15c) ' 3,834 0 0 91 87 '9 64 25

MSIV27

Area A (Figure 17c) NA NA NA 186 66 5 124 - 58 ,

Area B (Figure 17c) NA NA NA 95 97 7 40 12

MSIV28

Area.A (Figure 19c) 4,584 0 28I 177 77 5 159 . 84
Area B (Figure 19c) 4,576 0 52 89 82 3 42 14-

Not analyzedNA =

.

*_ _ _ _ _ _ _ _ _ _ _ . _ . -_________.m __.__m._____-_m__ -_ __m____ _ _ __ _ _ _ - _ _ _ _ _ . - _ - - _ - _ . _ _ _ _ _m -_ ._ _ .e _ _ _ _ _ _ _ m m
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clot 4

MSIV Control
O-ring Surface
Spot Mode C; Pig. 2c
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MSIV24
0-ring Surface
Spot Mode A; Fig. 4b
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Plot 7
MSIV24
0-ring Surface
Spot Mode B; Fig. 4b
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Plot 11
MSIV24
0-ring Surface
Spot Mode C; 1*19 4b
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Plot 10
MSIV26
O-ring Surface
Spot Mode A; Pig. 6b"*
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MSIV27
O-ring Surface
100X Arca

3

bbLttl|Illl!!Ill!Illt!!Ill!1l'I!Ill!'llfilllllitil'1'"|"'l''|"'1"'l"'1""1'''1''dU'

,

n, PEAK LIST! rag
-

INERGY AREA EL. 44D LINE
t[,, ! 8.989 1324 2N LA

_ 2 1.462 442 AL M -

''[. 3 1.745 8428 St Mp -s
g 98 {, 4 2.325 4123 S M
g c. 5 2.454 512 CL M
g $ "

4 3.673 989 CA Mo -

7 4.393 681 FE M
-

,

eg 8 8.828 34474 CU M
4 7 9 8.415 17882 2N M
g ',j ** 18 8.925 1478 CU kBwp

_
11 9.544 2229 2N KB

_

0 m
W w
L1.

n
e- _

7
-

J ~
~ vn
b
W
I ||
g _

-

k
.

v>

0 6
Z $ I
i
k a

_ d 4 .
-

s
v ''-

O ,

O I. 7,
I zw

4 C / '"

k
F i;

_ _
.-

4 )

_I

j ' ^1- 6 %_ _

} N|| IIII IIIf II|| I!!I ! II!I !!!I !!!! II!! !! ! !

go e: ec eet et =
- ~ a * ', * " * *

x-

_ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . . . _ _ _ . _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . . _ _ . . . _ _ . _ _ _ _ _ _ _ . _ _ _ . _ _ _ _ _ _ _ _ . _ . _ _ _ _ _ _ _ _ _ __



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

Plot 12
MSIV27
O-ring Surface
Spot Mode B; Pig. Ob3
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MSIV27
O-ring Surface
Spot Mode D; Fig. 8b
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MSIV28
O-ring Surface
Spot Mode A; Fig. 9a
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MSIV28
O-ring Surface
Spot Mode B; Fig. 9a
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O-ring Surface
Spot Mode C; Fig. 9a
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) APPENDIX B !

r

| i.Ma n Steam Isolation Valves - Energized Elastomer Seats
] - Destructive Evaluation by Scanning Electron Microscopy I
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TO: J. J. Grimm - CEI [
! FROM: K. A. Krutyholowa' ;

) DATE: January 11, 1988

SUBJECT: MAIN STEAM ISOLATION VALVES - ENERGIZED
: ELASTOMER SEATS - DESTRUCTIVE EVALUATION .

'
'

BY SCANNING ELECTRON MICROSCOPY

I!

i !

SAMPLE E22 ,

i i

j The surfaces & cross-sections of energized elastomer seats from
samples MSIV control, MSIV24, NSIV26 and MSIV27 were evaluated ;y

by scanning electron microscopy (SEM) and energy dispersive x- !
4

| ray (EDS) microanalysis. The cross-sectiens were also examined
~

j by optical microscopy (OM). ,

!

;
The center cones of the flow control valves (MSIV20 & MSIV21) :*

~

were evaluated by optical microsecpy. !

i

CLIENT REOUEST

l
) 1. To determine the depth of the indentation present in the !
q failed and not failed energized elastemer seats.

! 2. To document any morphological or elemental changes in the |
energized elastomer seats. |

-
>

4

! 3. To record any morphological or elemental changes in the ;

i cross-section of the energized elastomer seats.
I

METHODS
j

Optical microscopy was done under the Zeiss stereo widefield
optical microscope (SV-8) equipped with indirect reflected light.

1

; Scanning electron micrographs were taken on the JEOL 35C SEM,j

1 equipped with a Tracor Northern Energy Dispersive X-ray Spectro-
scopy (EDS) detector.'

;

i Before examination, the surfacec were mounted on carbon stubs
! and carbon coated. After the surfaces were examined by SEM/EDS,

the cross-sections of the seats were prepared. The cross-sections
were cut with a razor blade exposing the indented area of the

1 seats. They were mounted onto carbon stubs and carbon coated.

!
1

b,
7528 Avbum Rood . Boa tXO + PoinesWe.CM 440774

210/357 3300
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,

|

Elements from Na (Z=ll) thru U (Z=92) can be detected by EDS. i

backscatter electron imaging (BEI) was used en both the surface
and cross-sections of the energized elastomer seats (EES). In
this technique, the contrast is dependent upon the average atomic
number. The brighter areas reflect the presence of relatively
heavier elements. For example, Zn will have a brighter image
than Cu which will have a brighter image than Si.

CONCLUSIONS |

1. The failed energized elastomer seats have an indentation
which is deeper than the "not failed" seat.

2. No morphological changes have occurred to the rubber beneath I

the indented areas.

j 3. More particles have deposited within the indentations of
j the failed seats versus the "not failed" seats,

i
i 4. More copper is present at the surface of the indentation

of the failed seats than in the not failed and control seats.

RESULT 9

I. Energized Elastomer Seats - Surface

A. Morphc1c9y & EDS - MSIY Control
|

1. Merpholcgy (Figure 1)
'

| The MSIV Control energized elastemer seat is level
'

with no indentation. Particles of material are |

visible making the surface relatively rough. ;

2. EDS (Plct 1)
!

All EDS data is sunmarized in Table I. Major I
'

quantities of S & Zn and minor quantities of Si,
C1, Ca, K, Fe and Cu are present in the rubber.

B. Morphology & EDS - MSIV26 - Not Failed

1. Morphology (Figures 4 & 5)

The MSIV26 energized elastomer seat has an indentation
i

ring at the center. Within this indented area,
there are small quantities of particles (Figures !

4b, Sa).

|
1

!

i
|
|

v
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-2. EDS (Plots 5, 6_& 7)

All EDS data is summarized in Table I. In.the-
indented area A, major quantities of Si & Zn and
minor quantities.of Fe, Cu, S ', C1 and Ca are present.

Area B in. Figure _4a has less Cu present than in
area A. Area C in Figure 4a has less Cu and signi-
ficantly more Fe than in area A.

C. Morphology & EDS - MSIV24 & 27 - Failed

1. Morphology (Figures 2, 3, 6, 7)

The MSTV24 and 27 energiued elastcmer seats have
an indentation ring at the center. Within these -

'
indented areas are large quantities of particles
(3a & b, 7a & b). ;

,

2. EDS (Plots 2-4, 8-10)

All EDS data is summarized in Table I. ;

In the indented area A (Figures 2a & 6c), major !
quantities of Si, Zn & Cu, moderate quantities of ,

S& Fe, and minor _ quantities of Cl,-Ca c K are present. 3

Examination of the. seats by backscatter electron
'

imagina (Figures 2b & 6d) reveals numerous bright ,

particles in the indented area A. This indicates
'

the presence of heavier elements such as Cu & Zn. ;

Area B in Figures'2a & 6c have less Cu than in area
A. Area C in Figures 2a & 6c have less Cu and i

significantly more Fe than in area A. ;

II. T nergized Elastomer Seats - Cross-sectier.s

A. Optical Micrographs - Cross-sections (Figure 8)

The cross-sections of the energized elastomer seats
revealed the depth of the indentations for the four
samples (MSIV Control, -24, -26 & -27). "ney were
as follows:

MSIV Control - 0 um
MSIV24 350 um
MSIV26 230 um
MSIV27 350 um

. . - - . . - . . , . - _ . . - . - . - - . . . . . - _ - , - - - - - ~ - - . .
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The two failed energized elastomer seats had a deeper
indentation than the "not failed" energized elastomer
seat MSIV26.

B. Morprology & EDS - MSIV Control (Figure 9)

The cross-section of the control seat reveals a uniform
morphslogy. The backscatter electron image reveals
a uniform distribution of brighter particles. EDS data
is located in Table II. Aajor quantities of Zn & S
and minor quantities of Si, Cl, K, Ca, Fe & Cu were,
present in areas A & B (Figure 9a) of the cross-section
(Plots 11 & 12).

C. Porphology & EDS - MSIV26 - Not Failed

1. Morphology (Figures 12 & 113)

When examining the area directly beneath the indented
area A (rigures 12a & c), no changes have occured
to the rt.bber.

2. EDS (Plots 15 & 16)

EDS data is located in Table II. Major quantities
of Si, Zn & S and minor quantities of Cl, Ca, Fe
& Cu were found in area A, Figure 12a. Backscatter
electrcn imaging cf the cross-section of seat MSIV26
identified very few particles within the indentation
(Figures 12b, d& 13b).

D. Morphology & EDS - MSIV24 & 27 - Failed
,

1. Morphology (Figures 10 & 11, 14)
l

When examining the area directly beneath the
indentation, no morphological changes have occured I(Figures 10 & 14). Numerous particles and debris
can be found in the indentation.

2. EDS (Plots 13, 14, 17 & 18) i

EDS data is located in T&ble II. Major quantities
of Si, Zn & S, moderate quantities of Cu and minor
quantities of C1, Ca & Fe were found in area A.
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Backscatter electron imaging of the cross-section ;

of seats MSIV24 & 27 identified numerous particles
within the indentation (Figures 10b & d, 14b & d).
These particles have large amounts of Cu, Zn & Fe.

E. Optical micrographs - cones from ficw control valves

Figures 15a & b, and 16a & b have areas (arrews) where
pieces of material appear to have adhered'to the lip
of the. cone.
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Table I -

Energized Elastomer Seats - Surfaces
Energy Dispersive X-ray (EDS) Microanalysis-

Net Counts per Second
400X Area

Si S C1 Ca Cr Fe Cu. Zn Pb

MSIV-Control 28 59 16 11 0 7 '10 199 0' .

(Figure la)

MSIV24 (Fig. 2a)
Area A 255 44 5 6 2 57 87 166 ~ 2

Area B 123 56 15 6 1 56 13 180. O. ;
Area C 163 54 13 4 0 -85 11- 172 0

MSIV26 (Fig. 4a)
Area A 210 40 11 4 1 41 '40 163 1

,

Area B 190 48 19 4- 2 42 12 142 -1
'

Area C 130 51 12 7 2 73 7 133 0

MSIV27 (Fig. 6c)
Area A 172 35 12 5 4 82. 55- 218 ~ l
area B 175 48 13 5 l' 63 13 137 0
Area C 181 51 19 9 1 85 9 146 1

.

.m.

>

_ _ _ _ _ . _ _ _ _ _ _ _ _ _-____m -_ _ _ . . _ _ - , , , , re--w-
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Ta li l e ri

Energized Elastomer Seat s - Cross-sections
Energy Dispersive X-ray (EDS) Microanalysis

Net Counts per Second
3000X Area

Si 13 C_1 C_a M S S
MSIV-Control
(Figures 9a)

A 34 91 6 9 6 8 162
B 17 86 2 5 3 4 155

MSIV24 (Fig. 10a)
, 111 r, jj 14 120

1 15 4 6 197

MSIV26 (Fig. 12a)
^ 4 6 9 133

1 5 1 6 173

; MSIV27 (Fig. 14a)
A 212 7 r 11 53 32 100

22 0 h 6 10 171

_ _
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Surface - Not Pailed
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Cross-section
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Cross-section
Area II - Figure 9a
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Energized Elastomer Seat
Cross-section - Pailed
Area A - Figure 10a
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Plot 14 MSIV24
Pnergized Elastomer Seat
Cross-section - Failed
Area B - Pigure 10a
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Plot 16 MSIV26
Energized Elastomer Scat
Cross-section - Not Failed
Area B - Figure 12a
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Energized Elastomer Seat
Cross-section - Failed
Area A - Figure 14a
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TO: John Gr imm - CEI
FROM: J. M. Sander s
DATE: J anuar y 15, 1988

SUBJECT: INFRARED EXAMINATIONS OF O-RINGS FROM
MSIV UNITS

INTRODUCTION

The purpose of this infrared study of the o-rings is to determine
if this technique can detect possible chemical change in the
oering ma ter ial (EPDM) after usage. If such a change could be
detected and identified, it is believed that the information
would also apply to the valve seats since they are also composed
of the same mater ial and exposed to the same environment. Thus,
it is feasible that an infrar ed study of the o-r ings may lead to
the cause of f a ilur e for some of the MSIV's in the fast close
test.

EXPERIMENTAL

Infr ar ed spectr a wer e obtained with a Nicolet 7199_yFT-IR
spectrometer which was oper a ted at a resolution of 4 cm A.

Barnes Model 300 ATR unit was used with toth KRS-5 and germanigm
crystals. The angle of incidence was set to either 30 or 45 .
The ATR is a sur f ace technique with an average depth of
penetr ation of approximately 10 p m. In an ef for t to obtain good
quality spec tr a from the o-rings, some exper imen ta tion was
necessary with some of the par ameter s used in the ATR technique.
Infr ar ed spectr a wer e obtained from o-r ing s utilizing both
germanlum and KRS-5 crystals and for this' wor k , the KRS-5
appeared to provide better results. Different angles (30 & 45 )
of incidence were also used with the crystals but did not produce
any significant difference in the results. The most important
f actor s appeared to be the placement (position) of the o-ring
segments on the cr ys tals and the pr es sur e used to hold them
against the cr ys tal . It was not possible to reproduce these
parameters and repeats wer e made as necessary to obtain good
spec tr a . Effor ts wer e also made to grind a por tion of the
o-r ing s in order to utilize the KBr technique; however, the
results from these ef for ts wer e questionable and it was
abandoned.

7528 Aubum Rood . Ebx 1000 * Poinemlie.ONo 44077
216/357 3300
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RESULTS

The fir s t set (N-6 9 6 8-7 4 ) of spe c tr a r epr esen t those obtained
dur ing the exper imental stage of this investigation. In general,
these spec tr a , except the KBr ones, are of fairly good quality
but do represent some effects from var ying par ame ter s as
discussed above. For this reason, there may be some differences
when compar ing these spectra to similar ones acquired at a later
per iod . However, such differences are not ar tif acts but result
from the infr ar ed beam "seeing" a somewhat dif f er ent overall
por tion of the sample due to a second sampling and the
inhomogeneity of the used o-ring.

A second set (N-6980-88) contains spec tr a fr om all the o-r ings
and was obtained under similar conditions.- In comparing these
spec tr a , the most significant observation seems to be Qeformation of two str ong infr ared bands near 1530 and 1425 cm

.

This does not occur in all the spec tr a but is most apparent in
the spec tr a from the MSIV22, 24, and 28 o-rings. These bands
s trongly suggest the gresence of a car boxylic acid salt. The

fbands (1530 & 1425 cm y) ar e ver y characteristic of car boxylic'

acid salts and their positions ar e f air ly constant regardless of
-------]- the type of salt (i.e.,Na, Ca, Mg, Zn, e tc. ) The most likely

possibility would be zine stearate since both hox;de and _
s s tear ic acid ar e used in many EPDM for mula tion s . In addition,
Yany or the7 ectr a show evidence for the pr esence of Si1 bg
o il jlubr ican t) o
l'i)25,Tn~5 TO6 Em-g the o-r ings by showing infr ar ed bands at 1252,The following list provides a summary of the.

information obtained from the spectra of the o-r ings.

0-r ing Spec tr a Comments
4

MSIV22 N-6982 Alkyl acid salt, silicone oil
MSIV24 N-6986 Alkyl acid salt, silicone oil
MSIV25 N-6981 Alkyl acid salt, silicone oil,

MSIV26 N-6980 Spectrum fairly similar to
i control
| MSIV27 N-6987 Spectrum fairly similar to

con tr ol
MSIV28 N-6988 Alkyl acid salt, silicone oil

_ _ .- - - --
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Although the alkyl acid salt and silicone oil wer e not detected
on some rings, this does not indicate that these mater ials ar e
absent in these cases but that they were not detected on the
par ticular examination represented by- the spectr um. However , it
is fair to assume in such cases that, if present, the materials
would likely be at a low level compared to the ones which showed
s tr ong evidence for the pr esence of the acid salt and silicone
oil.

In addition to the o-r ings, some of the black material from the
ar ea wher e the o-r ing had contacted the valve body was removed
from MSIV20 & 21 for in fr ar ed examination. This mater ial was
ground and the KBr technique was used to obtain spectra (N-6999 &
N-7000). These spec tr a wer e very similar and like some of the
above, strongly suggest the pr esence of an alkyl acid salt _and

if licone oil.
~

CONCLUSIONS

fThe in fr ar ed examinations suggest that none of the o-r ings have
undergone severe oxidation since none of the spectra show the
presence of a strong car bonyl band. However, as indicated6

previously, many of the infr ar ed spectr a do show the pr esence of
car boxyla te bands. Such bands could possibly result fr om
oxidation but, in these cases, are strongly believed to be due to
the presence of a compound formed in the EP:M formulation. Many
EPDM formulations contain Zno and stearic acid which react tcf form zine stearate dur ing the cur e of the r u bber . The zinc

y stear ate can and is known to migr ate to the sur f ace ( ' bloom' ) of

{EPDMD r ubber s and this pr ocess would be acceler a ted with the
addition of heat. As a result, it seems very likely and highly
probable that the alkyl acid salt on the sur f ace of some of the
o-rings originated from the EPDM. It was not possible to per form
an infrared examination of the valve seats because of their small

, size and unique shape. However, it seems reasonable to assume
that some of the valve seats also have an alkyl acid salt on
their sur faces since they are also composed of EPDM and are also
in close proximity to the o-rings. If this is the case, the
following rationalization may explain the cause or reason why

/ some of the values failed the fast close test. The presence of
an alkyl acid salt such as copper stearate or zine stearate on-

N the surface of the valve seat could act as a glue if the
i

.

. ..
. ..

__
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; temper atur e of the valve exceeded s260 F. The reason for tpisis
thag copper and zine stearates have melting points of 257 F and
266 F, r espectively. Thus, at these temper atur es, the alkyl acid
salt would liquefy and could ' wet' the br ass outle t por t seat in
contact with EPDM. If the temperatur e elevation wa: an isolated
event, the alkyl acid salt would solidify on cooling and could

i act as a glue to retard or pr ohibi t the opening of the valves.
While it's not possible to prove this theory, it could be tested
by ensur ing that the valves never exceeded a temper a tur e of

%24 Q
&f
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TO: dohn Gr imm - CEI
FROM: J. M. Sander s
DATE: January 15, 1988

S UBJECT: THERMAL EXAMINATIONS OF O-RINGS PROM
CONTROL MSIV UNITS

INTRODUCTION l

The ' thermal char acter is tics of vir g in - (con tr ol) o-rings wer e !

investigated by DSC and TGA techniques. The pur pose of these
investigations was to determine the thermal stability of the
o-rings. Such information should be useful as a guideline for ;

plant operation and/or maintenance. The ef fect of copper on the
thermal stability of the o-rings was also investigated becausg
they ar e in contact with a br as s valve body and other reports
had indicated a deleter ious ef fect on the o-r ings due to copper .

EXPERIMENTAL

A Per kin Elmer TGS-2 thermogr avimetrfc system was used for weight
loss exper iments. A scan rate of 10 C/ min. was used and segments
of the o-r ings wer e placed in a platinum pan. A Perkin Elmer
DSC-2 dif fer ential scanning calor ime ter was used to detect the
occur r ence of oxidation. This in s tr umen t detects the evolution
or absorption of heat from a sample as it is heated over a given
temper a tur e range. A thermal change such as oxidation would be
indicated by an exothermic peak in the ther mogr am. To determine
the ef fects of copper on the thermal stability, chips of copper
metal wer e intimately mixed with o-r ing segments. For bo th the
TGS and DSC exper imen ts , the samples wer e maintained in an air
a tmo s pher e . Graphite sample holder s wer e used for the DSC
exper imen ts .

1Brunswick Plant - Metallurgy Unit File, MSL 10-155.

7528 Auburn Rood Box 1000 * Poinesvino.Ons 44077
216/357 3300
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RESULTS

The TGS examination of the o-r ing s showed that a weight losso odegradation star ted to occur ar ound 300 C (572 F). This
exger imen t suggested (extr apola tion) that, with a scan rate of
10C/mfn., a 10% weight loss could be expected at a temper a tur egof 360 C (680 F). No significant change could be detected in the
onset of weight loss degradation with the addition of copper !
metal to the o-r ing segments. !

|

DSC experiments failed to show any evidencg for ogidation of the I
o-ring over a temper a tur e range of 50-200 C (392 F). This was ,

also the case when copper (metal chips) wer e added and mixed with l
the o-ring segments. These DSC exper imen ts were terminated at !n390 F because this temper a tur e exceeded any expected for the |

'valve 1:ody. However, in order to determine at what temper a tur e
oxidation would ogcur , a DSC exper iment was per for med to ag
temper a tur e of 300 C (572 F).g Thig exper iment indicated that ]oxidation would occur near 270 C (518 F).
CONCLUSIONS !

The results from this study suggest that the o-r ingg have good
thermal stability up to a temper a tur e of near ly 270 C (518 F).
This stability appear s to be unaffected by the pr esence of l

metallic copper. However, the tgsts werg / min,
dynamic in that |

temper a tur e incteases of either 10 to 20 C were used. |
Hence, the tests ar e accelerated ones and w:)uld pr ovide little
in for ma tion on the long- ter m stability of the o-rings at lower

1

temper a tur es. If such information is needed, additional tests |

would be needed or possibly could be obtained fr om the
manuf actur er .

W A-
/
John M. Sander s

jsb I

Notebook Ref.: 20117-99
File No.: 8702086T

Reviewed By: lbk b%
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f P% / 4/%g(, 1 - 3 ja ,2.f: 3r2L

! U;4I T WAS AT AEGOT 11 PTP PRIOR TO THE EVENT. GPERATORS WERE TES~ING

j> ADS VALVES AND FCUhD THAT CAE C.F THE VALVES WOULDN'T CLOSE. THEY
CYCLED THE VALVE AND IT CLGSEC. AT THIS TlHE OPER ATORS OBSERVED THAT THE

I()"A" SIDE INSTRUPENT AIR HEADEP PEESSURL THAT SUPPLIES THE DIV 1 .i D S VALVES
WAS DRIFTING DOWNLAFO.. THIS EVEr.TUALLY RESULTED IN A LOW FPESSUPE ALAPM. A ff7

; ELUIP. MENT SPERATCR WAS DISFATCHED TO THE LSCAL PRESSURE INDICATOR NEAR'THE
I PEGULATLP A ND CO";F I' FED THAT FRES5UmE VAS LOL--ABOUT 94 PSIG INSTEAD OF

THE f;0 R M A L 150 FSIC. CPERATORS lbit CLCSED THE INBOARD ISOLATIGN VALVE ONy
Tt E Ih5 T P U''E N T AIR L I f;E A M. HEAbf9 rPESSURE CAFE BACK TO NOFFAL. THIS

d% ''' "]I t.D I C t T E S inAT THEF: IS AN AIR LINE LEAR WITHIN THE DRYWELL, FresIBLY ON THE
SUPFLY LINES TO O r;L CF THE AOS VALVES. THUS, WITPCUT INSTRUMENT AIR, THE LIV [h %,

g
) I ADS V ALVE S ARE I'CAPAHLE OF P E I..G GPEP.EO. THE LICENSEE IS CURFENTLY IN

~

| SEVERAL T.S. ACTICN STATEMENTr: 3.4.2.15 3.5.1 AND 3.4.2.2. THE MOST

h. LIMITING IS 3.t.1 WbICP REcu1FE' T*AT WITh GR MGbE ADS VALVES It?0P ER ABLE ,

IttE UNIT tE DJ HOl SHUTDOWN L' I T h i ', 12 hCUR: LICEhSEE IS CECFEASING POWER.'

f (STILL ChlTICAL) ANL PLANS TC MAh' A DRYWELL ENTRY. NCTIFIED RDO (CREGER).
! LICEr.SLE PLANS TO re 5 T I F Y TbE RE SIEf tT.
7

3
!

|
~

>
EEFtRTABLE E V E !; T NU'HEF C616i .g

! FACILITY : FRCkNS FEFRY DATE '4 D T I F I E D : P9/06/EC

UNIT : 5 TIME TOTIFIED : 22: 40
i

REG!GN : 2 DATL OF EVENT : 09/06/E6

VENDOR : GE.GE,GE TIME CF EVENT : 21:57
i

.
-

O
|

OPERATICr,5 GFFICEP : JCSLPH GIITTER CLASSIFICATION : 10 CF R 50.72
>

l NRC NDlIFIED FY : JAMES PREinhEP CATEGJRY I : 3g
RAC RELEASE : r. G CATLGORY 2 :

0 CATEGORY Z :
| CAUSE :

CCPPONENT : CATEGORY 4 :g

w .
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FACtLITV/LltkNhEL: PLRRY UNIT t/CLLVLLAND F t.F C T N I C LLLUntN4TtNG C4dF4NT

NOT I F lL A T ION : SENIOR RLSIDENT INSFECTQR

SUtJECT: $ NIT 14 Tion or SLACTOR $NUTDOWN NtQJIWRH nY T r.t H N I C 4 L %FtClelC4TluNb

'(EVENT: AT AFruoEIM4TELV 9: 1) F.M. 09 5 9. F T e. M a t t N, 19nh, W H I L t. StuuKE Th%TlNG S A F F. T V NLLILF WALVL% (%NV%). %AV FUAlt Ulp
NUT a t C Lu 1 *. WNEN tnt CuMTuot 5W11CN WA5 n r. Tu m N F p Tu Auto, urtuATLNC FEN 504NEL TouK IMMtbl4TE AClinNs FRE5CRIBED |N " j

A$NOMMAL HFLMATING FMUCEUUNES AND $ U C C L s 5 F tl t t. V M L C LH % >. H TNL 5WV. %US$tyukNTLV. TML $4FETY RELATF.D I N S T R U ME N '" Aid bVSTkN J b *

WNBCN FnoVIDES att rom ACTUATING TME *A* Ta A l m AH I.e ne r u e.ssu a l 2 4 T t uN stiTLM 5mV5 eEGAN To uErnts5Untet, sA5Ep UroM

CONTuot RuuM ANU L4 CAL ENhTRUMENTATloN. e*F t.o A T I gG re u somNt.L CONCLuuED INAT TML 484 115 FEM MAD REEN DMEALNED INblut TML
DM T W L t.L . 4 DMYWELL LNTEV WAS M4DE AND IT Was onst.uVtD fn4T Alt b45 LEAEING fab 5ED THE.*A* $t&LLNulu OrtuATED PtLOT VALVL
Fut sav Subit. TML SAFETY AEL4TED IN5T4UMLNT 48m SYNTEM WA% i s 0 L A T P. D AT TME UUTSH4RD CONTAINMENT th4LATIuN VALVE AND
TME *A* TRAIN OF THE AUTO DEFME55UnizAtluN iV%TLM W4% hp,Cl. A D E U L NW F F N 4 G L t. . A Rt4CTor >Hu t pudN W43 Lu1MLNCEu IN,

A C Co n te 4 NC D. WITH TECHN8 CAL $FEClFICATium ).%.8 4NU NLACTHN FNt.5%URE WAS NtHUCEO SL L8tW 100 PSIC. CONCUMMENTLV. TML
AFetCitu smV FILuf VALVE W45 CTCLED SEVENAL TIMFi AND Vt4tFRED Tu FeuPkMLY HEAT. TME M4tLTV #ELAir.u (N$TRUMLNT %YSTLM
WA$ skrarssual2Ep AND THE mLACTun SNuTuoWN T E m M I N 4 T *.u . suV tuhlt WA5 utCL4aEn LNGFENASLt F P;N U I NG % U C(p.5 % F U L

RLFLat om:s4ve L ur VALVE S T Run e. TtsTING.

mEGlesN4L Action: FOLLOWUF SV TML RE58 PENT INhPLCTtHN ST4FF IN aCCuapANCA WITH MC 218).
.

PACILITV/LICt.N5EEa ZION UNIT 4

NOT8FlC4TluNt F.N 5 FNOME CALI.5

$USJECTI 4CTU4TIONS OF ;MCINEEMEp %4FLCUARUS FLATUREE ( F.5 F )

EVENTt ON StFTEMBER 5 1986 AT 01;19 A.M. WHILE FE R Fu t til NC TE9TINC IN ACCUE04NCE WITH FROCLDUNE Ti% li.4.)$=1. ALL
-

FIVE mtACTut CuMTAtNMLNT FAN Co4LER% (uCFC) AND ALL TNaLE 4d11L8ARY FEEDWATER (AFW) FUMPS STARTP.h. TNK LLCENitL W45
FERFURNINC SUS DROFS OF E5F suSE5 84T ANb 149 AND EEPECTF.D To HAVE UNLY TME E5F tyu!FMENT 4 550C l 4 Tt.D WITN TNA
AFFROPRIATk BUS START AND SEyUENCE **N . TML LICENSEE MAS DETERMINF.D THAT THE RE5GLTS OS$tRVED WEuE CHN5tSTtNT WITH THEIRTE5T METNous AMG WILL CORRLCT THEla F anCE nv a r. .

UN $E F T E N S F.m 6 3986 AT 10:50 A.M. W 4 i l.E TuuUBLE% HOOTING A FAILURE OF 4 FEEDWATEm 130L4 TION VALVE Tu MTWORE CLee 5 E U . 4N.ELECTulCl44 (NADVERTENTLY SUMFEp A CuMTALT on T N o. eL4CWouT %F". eNCE TIMEN WHICH CAUSED TNF IS AND IE NCtCS T4 SNLFT FROMFAST To Slow 5FEEO. THE Cou TACTS ui TNL mLACLouT.TlMER .c EnrosED. AND WERE Atuuf UNE INCH FRu1 THL Fu!1T AT WNRCH T Mt.
*

ELECTRICIAN WA5 WORKING IN THE FANEL.

RECloNAL ACTtuNt FOLLuWUP BY THE N t s l H F. N T INgeECTok FEu MC 2$gg,

*
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PERRY 1

DELAYED CLOSURE OF MULTIPLE MSIVs

(P0TENTIAL COMMON MODE FAILURE)
OCTOBER 29, 1987

PROBLEM

THREE OF EIGHT MSIVs DID NOT CLOSE WITHIN ALLOWED TECHNICAL
SPECIFICATION TIME (3-5 SEC),

CAUSE

UNKNOWN, BUT BEllEVED TO BE DIRT IN THE AIR SYSTEM WHICH HUNG UP
(DELAYED OPERATION) 0F THE S0LEN0 IDS IN THE CONTROL CIRCUIT,

SIGNIFICANCE

DEGRADED MSIV PERFORMANCE MAY PRECLUDE REACTOR ISOLATION OR

ESTABLISHMENT OF CONTAINMENT INTEGRITY IN THE EVENT OF AN ACCIDENT
OR TRANSIENT,

DISCUSSION

o BOTH THE INBOARD AND OUTBOARD VALVES IN LINE D HUNG UP - 22 SEC,

AND 77 SEC, RESPECTIVELY,

o NO PREVIOUS INSTANCES OF SLOW CLOSURE,

o LICENSEE CURRENTLY PLANS TO CONTINUE REACTOR OPERATION UNTil AN
MSIV ISOLATION TEST ON TUESDAY,

o LICENSEE WILL EXERCISE MSIVs TOMORROW, PRIOR TO TEST,

o LICENSEE DOES NOT KNOW ROOT CAUSE - PROCESS OF ELIMINATION
INDICATES DIRT IN AIR SYSTEM,

o LICENSEE HAS A MAINTENANCE OUTAGE SCHEDULED TO STAPT 12/01/87.

FOLLOWUPS

o REGIONAL STAFF WILL MONITOR TESTING AND EXERCISING 0F MSIVs,

CONTACT: J. CARTER 'xx
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Reportable Events For 10_30_871 -

Rrportable Event number 10515 .

Facility : PERRY Date Notified : 10/30/87

Unit : 1 Time Noti fi ed 00:10

Region : 3 Date of Event : 10/30/87

Vcndor : GE,GE Time of Event : 21:44

Opsrations Officer : Don Marksberry Classification : 10 CFR 50.72

NRC Notified By : ROGER STIFFLER Category 1 : LCO Action Statement

Red Release : No Category 2 :

Ceuse : Unknown Category 3 :

Component : Category 4 :

EVENT DESCRIPTION :

WITH THE REACTOR AT 62'/., FULL CLOSURE TESTS ON MSIVs FOUND THREE VALVES WITH
CLOSURE TIMES EXCEEDING THE 5 SECOND LIMIT. THE FIRST MSIV, F022-D (INBOARD), |
CLOSED 22 SECONDS. AFTER FURTHER TESTS THE CLOSURE TIMES WERE |
WITHIN 3-5 SECONDS. AS THE RESULT OF THE TEST, THE OUTBOARD MSIV, FO-28-D, WAE |
TESTED WITH A CLOSURE TIME OF 77 SECONDS. THE VALVE WAS CYCLED SEVERAL TIMES !

WITH STROKE TIMES WITHIN 3-5 SECONDS. ALL OTHER MSIVs WERE TESTED WITH ONLY
ONE OTHER VALVE, FO-28-B, CLOSING AT 12 SECONDS AND FURTHER TESTS RESULTED IN
CLOSURE TIMES WITHIN 3-5 SECONDS. AFTER THE FIRST TEST ON THE THREE VALVES THE
SLOW CLOSURE TIMES COULD NOT BE REPEATED. SUSPECT WATER IN AIR SUPPLY
AFFECTING THE PNEUMATIC SOLENOIDS WHERE THE CYCLING FREED THE SOLENOIDS.
CONSIDERING SHORTENING THE SURVEILLANCE FREQUENCY FOR FULL CLOSURE TEST WHICH
IS NOW 92 DAYS. NOTIFIED RDO(SNELL).

. .

|

1 _

Rcportable Event number 10516 .
'
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DATE: 10-30-07,
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LICENUEE/ FACILITY NOTIFICATION /SUDJECT

CLEVELAND ELECTRIC ILLUMINATING CD./ SRI-PC/
PERRY UNIT 1 EXCESSIVE MAIN SIEAM ISULATION VALVE

(MSIV) STROKE TIMES

EVENI EVENT NO. 10515

AI 6:3/ P.M. ON OCTOBER 29, 1987 WHILE OPERARTING AT 76% POWER, THE LICENSEE
PERFORMED A FAST CLOSURE OF THE INDOARD MSIV ON THE "D" STEAMLINE. 1D21-F022D.
IN ACCURDANCE WITH STARTUP TEST INSTRUCTION (STI) 1821-025A. SECTION 8.4,
"FULL CLOSURE OF THE FASTEST f1SIV AT MAXIMUM PERMISSIDLE POWER." THE VALVE
DID NOT DEGIN TO STROKE CLOSED UNTIL APPROXIMATELY 18s. SECONDS AFTER IT'S
CONTROL SWITCH WAS PLACED IN THE "CLOSED" POSITION. THE VALVE THEN STROlED
CLOSED IN LESS THAN 3 SECONDS. THE LICENSEE DECLARED THE VALVE INOPERADLE AND
IMMEDIAIELY DErnN TO REDUCE REACTOR POWER TO BELOW 75%. SUBSEUUENTLY. Al
APPROX 1MAlELY 9: 03 P. M. , THE VALVE WAS RES1ROKED TWICE WITH SATISFACTORY
SIROhE TIMES. DASED UPON THE INITIAL FAILURE. THE LICENSEE PERFORMED FASI
CLUSURE 1ESTING OF THE REMAINING MSIVs. AT 9:44 P.M., MSIV ID21-F028D WAS
SIROI ED CLOSED Wi1H AN UNSA TISFACTORY STROI E TIME OF 1 MINUTE AND 17 SECOHDS
AND A1 9:52 P.M. WAS RESTROKED WI TH AN ACCEP T EDLE STROKE TIl1E. AT 19 16 P.ll..
HB1V 11121-F028D WAS STROKED CLOSED WITH AN UNSATISFACiORY STROKE TIME OF 11.9
GECONDS AND AT 10: 18 P.M. WAS RESlROFED WITH AN ACCEPTADLE STROKE TIME.
VALVES 1D21-F028D AND 1D21- F028D WERE ALSO DECLARED INOPERADLE PENDING
EVAlUAIION. lHE REMAINIG VALVES SlROBED ACCEPTADLY. THE EXCESSIVE INIIIAL
LLUSURE TIMES OF VALVES 1D21F022D AND 2D21rO2GD (DOTH ON THE "D" STEAt1LINE)
WERE DE1 ERMINED DY THE LICENSEE 10 DE REPOR T ABLE IN ACCORDANCE WITH 10 CFR
5".7? ' b ) ( '.? ) ( i i i ) . DURING ALL MSIV CLOSURES. THE PILOT SOLENOID STATUS L!GH1S
MURE UDSERVED TU EXTINGUISH. INDICAllNG lHAT THE MSIV PILul VALVE SOLENUllG
DCENERGlZED. THE LICENSEE CURRENTLY DELIEVES THAT DURING INITIAL CLOSURE
IEHIS. MSIV PILUT VALVES ASSOCIA1ED WITH VALVES 1D21-F022D. IP21-F020D. AND
1 D?1 -F'120D DID NOT FREELY STROKE OFEN UPON PILO T SOLENOID DEENERGI7AT10N.
IIAUED llPUN Tile INADILITY TO RECREATE THE FAILURES AND SUDSEOUENT SATISFAL1HRY
11SI V F ERF ORMANCE. THE LICENSEE DECLARED THE MSIVs OPERADLE AT 10:40 P.M.. THE
LICENSEE IS CONIINUING TO EVALUATE lHE EXCESSIVE MSIV STROhE TIMES IN
CONSULIATION WITH GENERAL ELECTRIC AND IS CONSIDERING INCREASING MSIV
SURVEILLANCE TEST FREOUENCY TO PROVIDE ADDITIONAL ASSURANCES OF MOIV
UPERAltiLIiY.

REGlutlAL FOLl.OWUP: THE RESIDENT INSPECTORS EVALUAT E THE LICENSEE' S RO111 CAUDE
DElER!11 NATION AND WILL MUNITOR MSIV PERFORt1ANCE DURING FUTURE MSIV
SURVE1LLANCE 1ESTING.

N
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Regional Administrator is speaking at the American Nuclear Society.

oting in Tampa, Florida.
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LICENSEE / FACILITY NOTIFICATION / SUBJECT
.

CLEVELAND ELECTRIC ILLUMINATING CO./ SRI-PC/
PERRY UNIT 1 EXCESSIVE MAIN STEAM ISOLATION VALVE

(MSIV) STROKE TIMES,

EVENT EVENT NO.

AT 6:37 P.M. ON OCTOBER 29, 1987 WHILE OPERATING AT 76% POWER, THE LICENSEE
- PERFORMED A FAST CLOSURE OF THE INBOARD MSIV ON THE "D" STEAMLINE, 1821-F022D.
I

IN ACCORDANCE WITH STARTUP TEST INSTRUCTION (STI) 1821-025A, SECTION 8.4,
"FULL CLOSURE OF THE FASTEST MSIV AT MAXIMUM PERMISSIBLE POWER." THE VALVE
& '' NOT BEGIN TO STROKE CLOSED UNTIL APPROXIMATELY 18 SECONDS AFTER IT'S
d TROL SWITCH WAS PLACED IN THE "CLOSED" POSITION. THE VALVE THEN STROKED
CLOSED IN LESS THAN 3 SECONDS. THE LICENSEE DECLARED THE VALVE INOPERABLE AND

i IMMEDIATELY BEGAN TO REDUCE REACTOR POWER TO BELOW 75%. SUBSEQUENTLY, AT
|APPROXIMATELY9:03P.M., THE VALVE WAS RESTROKED TW*CE WITH SATISFACTORY

STROKE TIMES. BASED UPON THE INITIAL FAILURE, THE LICENSEE PERFORMED FAST
'

; CLOSURE TESTING OF THE REMAINING MSIVS. AT 9:44 P.M., MSIV 1921-F028D WAS
STROKED CLOSED WITH AN UNSATISFACTORY STROKE TIME OF 1 MINUTE AND 17 SECONDS
AND AT 9:52 P.M. WAS RESTROKED WITH AN ACCEPTABLE STROKE TIME. AT 10:16 P.M.,
MSIV 1821-F028B WAS STROKED CLOSED WITH AN UNSATISFACTORY STROKE TIME OF 11.9
SECONDS AND AT 10:18 P.M. WAS RESTROKED WITH AN ACCEPTABLE STROKE TIME.
VALVES 1821-F028D AND 1821-F028B WERE ALSO DECLARED INOPERABLE PENDING
EVALUATION. THE REMAINING VALVES STROKED ACCEPTABLY. THE EXCESSIVE INITIAL
CLOSURE TIMES OF VALVES 1821F022D AND 2B21FO28D (BOTH ON THE "D" STEAMLINE)
WERE DETERMINED BY THE LICENSEE TO BE REPORTABLE IN ACCORDANCE WITH 10 CFR
50.72 (B) (2) (III) . DURING ALL MSIV CLOSURES, THE PILOT SOLENOID STATUS LIGHTS!

; WERE OBSERVED TO EXTINGUISH, INDICATING THAT THE MSIV PILOT VALVE SOLENOIDS
DEENERGIZED. THE LICENSEE CURRENTLY BELIEVES THAT DURING INITIAL CLOSURE

'

TESTS, MSIV PILOT VALVES ASSOCIATED WITH VALVES 1921-F022D, 1B21-F028D, AND
1921-FO28B DID NOT FREELY STROKE OPEN UPON PILOT SOLENOID DEENERGIZATION,,

j BASED UPON THE INABILITY TO RECREATE THE FAILURES AND SUBSEQUENT SATISFACTORY
MSIV PERFORMANCE, THE LICENSEE DECLARED THE MSIVS-OPERABLE AT 10:40 P.M..

'THE LICENSEE IS CONTINUING TO EVALUATE THE EXCESSIVE MSIV STROKE TIMES IN
CONSULTATION WITH GENERAL ELECTRIC AND IS CONSIDERING INCREASING MSIV.
SURVEILLANCE TEST FREQUENCY TO PROVIDE ADDITIONAL ASSURANCES OF MSIV
OPERABILITY.

.

REGIONAL FOLLOWUP: THE' RESIDENT INSPECTORS EVALUATE THE LICENSEE *S ROOT '

CAUSE DETERMINATION AND WILL MONITOR MSIV PERFORMANCE DURING FUTURE MSIV
SURVEILLANCE TESTING.
_

L__________ _ _ _ _ ._.________-._____-..___._______________._____m__._.... _ . _ . - _ . - . _ . _ _ . . . . _ . _ _ _ - _ _ _ . . m _ . . _ _ _ . _ . _ . _ _ _ _ _ . _ .__ ___


