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ABSTRACT 

Two Class 1£ solenoid operators were removed from the Thr~e Mi1e 
Island Unit 2 Reactor BuHding C'nd ex.ined to determine whether they had 
degraded· as . a resu1t of accident and p~st;.accident conditions •. 80th un.its 
were functional during post-accident operation. This report discusses the 

ex ani nation. findings. causes of the anona1ies.and . recGllDendat ions for . 
system in.,rovement. 



. ".,' 

SlIWaY 

AH:"V6 and AH-V74 are two Class 1E solenoid valve operators that were 
ranov.ed frOll the Three Mile Island Unit 2 Reactor Bui lding. These two 
solenoids are part of the Reactor Building Air Copling and Purge System and 
were manufactured by Valcor Erl')ineering Corporation. Both solenoids were 
operational the entire time tbey were inside the Reactor Building. J~ situ 
tests perfonmed on the devices corrQborate this earlier observation except 

that one of the AH-V6 limit switches failed to respond to the valve 
position. 

The twosol~noids were removed fran the Reactor Building and examined 

at the Idaho National Engineering Laboratory. In the examination, both 
solenoids were found to be .electricallynormal. Their electrical and 
operational characteristics were found to be typical of those of new 
units. The AH-V6 solenoid coil shell, however, was considerably rusted 
from Reactor Building spray fluid that had entered the solenoid housing. 
Al so discovered during the test, the lead wire insulation of both solenoid 

coils enbrittled, a1tholfgh this condition did not affect either device1s 

a"'''11ty to function •. Tests on AH-V6 also reve .. 1ed that the .insu1ation of 

the. rectifier broke down, and one of the 11l11it switches failed. It is 
believed that the limit switch failed because of corr.osionthat resulted 
frOllmohtureintrusion. 

. '. .' 

While both solenOid assenmlies survived t,he accident, severalweat 
poi lit 5 "E!re observed in their design and installation geaaetry. Regarding 

. , 

the ,design. aspect, tn'~ use of lead wires insulat.ed with Tefzel and silicon 
rubber~n the >solel'l:Jid cOll and limit 'switche~ renders the units vulnerable 
t() rad1ationdanage b~ause of1:i)elnsulation ' s relat~vely low d_age 
thresttC;ld •. ,Al~o,the insulation uSf!d on the. AIi";'V6 rectifierbrote down 
when.t~sted:at.500Vd,c.Although thefailurellKide was ... ot de~er.ined, it 
~verth~leSSniay'have·been.design~lated •. Regarding ,the .installation 

" a~~¢t,.aflawintheinstaHati()nconfiguration. of AH~V6's associated .. ' 
:CollClujt~ennittedtheintrusio~of ,water in~o.its h,OuSing. '. ' 

: ~ : . -, ~."." ~ --:", ',' . . .: .' '. . . -, -, . . 

http:insulat.ed
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Obviously,. thei:l5ulation problem can be corrected by using insulating 
materials that are mot'e radiation tolerant and high temperatul'e resistant .. 

The water intrusion problem associated with the installation ge(llletry could 

be eliminated by sealing the flexible conduit. 
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EVAlUATION RESULTS' OFTMI -2 SOLENOIDS ,,"-V6 AND AH-V14 

DESCRIPTION·OF SOLENOID VALVES 
... " ',;, . '. . . 

-.... ". . '.- . '. :":. . . . .' .,:. : . 

.. Solenoid "ahes AH-V6 and AH-V74 are two of seven valves of the S.e 
generic type installed in the Three Mile Island Unit 2 (TMl-2) Reactor 

.' Buildir.g;; Both valves were classified as ClasslE CClq)onents;however. 
they were. not qualified for a 1 oss-of-cool ant accident (LOCAl at the time 
of·theirinstallation. - . . . . . 

. . :"." '" . . .:" " '", . ,," .. " . 

The valves/are part of· the TMI-2Reactor Building Air Cooling and 
PurgeSystem;.AH-V6(Figurel) is al:"in., two-way shutoff valve used as 

an isolation valve of the Reactor Building pr~ssureinstrlJllent sensing 
line.AH-V74 (Figure 2) isa 2-in •• 3-way valve used as a pilot valve for' 

the LOCA dampers. The LOCA dampers areopeneafollowingan accident to 
. di;terttheair frail its. nonnal flow path to the Reador BUildingdmlf!. 
therebyeff~ting condensation of the ste. released duringthe:accident. 
The valves are located hi the northeast quadrant of the Reactor BuiJding 

. between. the Reactor Building wall and the biological shield at 
approximately the 335-ft ele.vation. 

" . . . . '.- . . ", .:. _., 

The two valves havesimilarcircuitsch8lleS (Figures 3 and 4). except 
thatAH;';V74doesn~thave a position 'indication feature. They both have· a 

. ·lOC:.lcont;nllst~tlon and contrC)lroOmc~ntroll~r witheitherc~pableof 
..' .. ,,' .... :, . ", ...•.. . " ',' . - ,- - .... -. - ,",.. '. " '. '/ .. ',' '~:. , '. . 

operating·its,resP~tlve. v.a] ve~They;al s~haveanautOlll~ic' contrc 1 
~ . "'. . '. , , , ' .. '. . - - ,",' -". . . -

featlirEfthiltclosesthem at the 'onset of anaccldent. rheya~ Of 
.diffe~en{<s-afetYChanne1S;AH~V6i 5 inlheD1vision lor;:9r-eenchanl1l!]' 'and 

"'AH~Y:7~y~}fJn,'t~e<Division 20r .red :thannt!l •. 

'~Thtf'Csoteno id operator assemb lies ofthet"o' val vesarebasica] 1yof . 
ide~1:i~~rd~~ig~;'U:jgure 51~.' Eachhasa125~~:~.~n with,anintesraf .' . 
rec1'1(_ ~~>toP~"'J~:oper~ j()n.or,aall·<al~ernat~·ng"cur~nt50urce •. ·Al so,' . each 

·.,.~i!l~ili,~~i~~iIEL.~IE'~~:!:·· 
~.,::{;',)-~;:. . ':'~, ';.., " . 

. :'], .. : .. ~ .. ".",..:. :;;~,:~~,:.~> "'">;' "'~\' .. , .:.-:~-' 

!~~".<,., •. c, •.. ~.:.:~. " L-);",;c'S';,,~,~,,; y. ,'" .... 

;;,:%'i[~~'l;:;,' '···£;',~~~a('?'?;·;;~;;'i.:C:l~;:~ .,.<,'" ••. f: •.•.. ' .....,'; ./i· • 
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Figure 2. Installation configuration of solenoid valve AH-V74. 

,-<., .. 1 '-",' '~"';:~\0~'!~:<';~ilf~'--~~;;' <:-'~c:'~/~r;'-'" , 
:. of , 



R.V6 ... 

A·ve 



~-- --~--, 

I I R·V72 
lit.. 
, :: I 
I '0 ·1 AH-V74 

. I I.J 

. I I 
J L ___ ..;.. __ -1 .. 

• < • .., '. • '. • • 

Engineering 
safeguard 
Ciiiinet 133 

Panel 25 

Figure 4. • Control wi rl ng diagr_Ofsolenoidvalve: Nt-V74. 



>-_lr::IefMJ type. tJosition switch· ... 

Permanent magnet sell"lS<l,r", 

Slot connection to 
solenoid 



of,th~ ban net of the valve the solenoid opero.ces. The coils a.rE: encased in 
. a's~ell-of'nickel-p1ated carboilsteeland potted. They have Class H 

. 'insulationa,nd NOtA 4 enclosures. The solenoid housing is also made of 
. nickel-plated carbon ste.e1. To meet HEMA 4 standards,' thret- O-riflgsmade 

... :. . '. .".... '"...... 

.ofethylene propylene rubber (EPR) seal the enclosure, one on the . solenoid 
base, one 00 the top rim of the housing" and one on the bottf:JII rim of the 
hous'ng •. .The coils have a dc resistance of about 120 to 130oflns. The two 

. limit switches" actuated bya magnet mounted on the valve plunger. are 

lndiViduallYset..;.-one to actuate close" WhE!n the valve isc~osed (CLOSE) 

and the other to actuate closea when the valve is open (OPEN). Figure 6 is 
.' . 

a photograph of a re!C!li switch 10 its norinal po~ition fora typical solenoid 
valve limit switch. Th~electrical propertie-;ofth~twosolenoid 
assenb1i.es aresllllnariZed in Ta.ble 1 • . ' .. . 

. . . " .' .' . . . . . 
. . 

. . . . 

TABLE 1 •.. ELECTlnCAL PROPERTIES OF SOLENOIDS AH-V6ANO N:-V74 

Voltage' 

. Inrush current 

. - . Holdlngcurrent 

. Duty '. 

.•. , Enc]osure·.·.t~ting 

... :Ree~ .swi t~h ,properties. 

' ..... Swltctling vortage 
. . . 

..... ' •. "'S"itC~i ngct::-reni 

.' .. ' ·~wti~hingca.pabi lity· 

. 90 to 130Vac 

'1.5 ..,5 lIaxatllOyac . and 70°F 

:1.5 ..,smu,uillt.'vacand. 10°F 
. '. . 
'. .. 

·ContinuousatUO ,Vacmax 

N~4 

... '. J25 Yc:lc 

". :Oit5.., max' 
'. . "'. '. . '. ,,' ' . 

. . '. 6~watts mU· .. 

1 

I 
-1 

.• -;j! 

http:assenb1i.es


Ftgu~e 6. A tJPtcal.teed swttchintile.rIOnN1P9$itfon •• ·· 



,Figure6. 



TESTING AND EXAMINATION 

In Situ Tests 

Solenoid AH-V74. which was removed .from the Reactor Building in 
.November198l. was in situ tested to establish baseline infol'1llation on the 

. . 

device. In this test. the solenoid holding current was measured at 0.7 aqJ. 

which is less than the designed III axi mURl value of 1.5 amps. an indication 
that the solenoid operate.:. nonnally. 

Solenoid AH-V6 was tested two times. before and after the Reactor 
Building gross decontamination experiment in March 1982. In these two 

tests. the valve was stroked to measure . the holdlngcurrent and to 
determine the circuit dc resistance. i.nductance •. and· insulation· 

. resistance. A time domain' reflectaaetry test was also performed on the 

coil and the limit swit.ch circuits. In :both test runs. the solenoid drew 
less than' the designed maximum ofl.S..,s. Also. the position indication 

. change(lwhenthe valve was stroked although the OPEN switch. which is . . . .. . 

closed when the valve is open. did not respond. It remained closed whether 
the solenoid was energizedordeenergiied. The s"'itchcon~act should have· 
opened when the solenoid was deenergized and closed when energized. 

Testing .at the INEl 
~. . -: . . ." '. 

. . . 

EX ami n at:i on of Electrical and 9perationalProperties 
~ -. . '.- " .' . ..' - :'. . .; . . ". - . 

. ' ." .·Off~SiteeX_ination· of the two solenoid assanblleswas carried out at . 
the Idaho National Engineering laboratory ( INEi.) .. ,Electrical and' 

.. ' pperational charaderiz,~tiC)ntests were conducted .to nieasure inductance and . 
•.. ··.r~,sls~al.1~e.response ti~.pickup,and d~ut. voltage.temperatul"erise. 
'1 nSQiat~onre,~lstance. ·,·and,··die lectr1c volt:agewithsta.v.. '. .. 

", .:, .', ." '. .' .... ', ",' . 

.. "erecharacterlZede.l~trical1Y .nd· .. d.rn..-ically·using a 
ye'al:!SOlmarIUflac'tby'Valcor~n~i neeringCc.trP~rat i(.)8. The .test 

i.ntit.lt~fih~seof·.AIi:..V6andAH--V74. 'The "'"" -.:, :;:-':-'. . ,-', ,";,- "-" - .' :'.' ."' " .... :., . '..' 

i~'j $.;~adeofca .. bon steel 



. . 

instead of stainless steeland.was lIade specially to acca-Odate ~he AH-Y6 
and AH-Y14 solenoids. Four solenoids were tested .. -the. two TMI-2 unjts' 
. .' '. -' - . '.; . 

(AH-V6 andAH-Y14) and ,two test units supposedly identicaltoAH-V6and 
AH-V14 ... Theiest units were to providebaselineinfol',llation tobe~..,ared 

. to.data for the TMI~2 units • 

. The nn .. 2soleno1ds exhibited no abno,.al operational b.ehavior nor 
abnonna1 electrical characteristics .. during the ex.ination. However. the 
OPEN lilllit switch of AH-Y6 would not respond to the change in valve plunger 

. position. an alKlllalyobserved during the in situ test. During the in situ 
test. the OPENlillit switch raainecl closed irres_tive of the valve 
position; however. during the test at the IIIEL. the s..-e s"itch l'8Iained 
open. regardless of the valve position. The CLOSE 1 i.it .switch -eanwhUe 

. . . " . 

. responded'·properly. 

The lleasured electrical properties and operational characteristics of 
both TMI-2 units. as s .... rized in Table 2. cOlllPared well with one another 
and toa close degree "ith those of the test units. The test units .. which 
were not lIanufactured in the saaeyears of theTMI-2 units. have slightly 
different electrical properties. The AN-Yi test unit was .ide before the 
accident but after the startup 1n1971. while theAII-Y14 test unit was made 
in 1982. As indicated in Tab)eZ. the test units have an appreciably 
larger . inductance and lower pickup and dropout .voltag~ •. The *viation is 

. 'd~uce(rto be due to more conductor turns in the te~t units •. ' This 

deductionls explained below. '. 

. Thei.nductanceo~ a .agnetic circuit is 

... '. ·L·· .. · • .,·4. rl henruc . . ....... "RxliJl~ . . . ..1'" 

.wt,.re 

(1) 

http:abno,.al


TABLE 2. EXAMINATION RESULTS FOR SOLENOIDS AH-V6 AND AH-V74 . 

• Parillleters 
. . . . 

Solenoid Coil With Air Core 
. Inductance (mH) 
Dissipation Factor 

. ESRi(ohms). 
OtmiCResistance (otms) 

Solenoid Coil Mounted on Test Valve 
·lndu.ctance (H). 
Di:;sipation· Factor 
ESR (ohms) 

PickupYoltage (yolts) 
Trial 1 
Tria12 
Trial 3 

DropoutYoltage (yolts) 
· Trial 1 

Tria12 
. Trial 3 

· Respon!'e Time(mi 11 i seconds) 
Pickup. 

Trial 1 
. Trial 2· 

Trial 3 
Drq,out . 
. Tria11 . 

Trial 2 
... Trial 3 

· .. , .. '."... .' 

Tenperature RiSe-~final temp (OC) . Trial 1 . . .... 
.... Triali 

, T"'·i4113. 

AH-V6 

Test TMI-2 
Solenoid Solenoid 

1106 881 
0.203 0.25 

170 164 
120.94 136.81· 

3.10 2.59 
0.459 0.458 

1010 .890 

31.75 38.7 
32.15 39.0 
31.92 38.9 

8.10 9.9 
8.06 9.9 
8.10 9.9 

275 270 
.275 270 
275 270 

310 380 
370 380 
370 380 

78 68 
81 69 
81 .69 

.. 

-- 3x 1010 
" . 

--/. ··8 x 109 ....... 
:.:- jx 10!lb 

AH-V74 

Test TMI-2 
Solenoid Solelloid 

1257 850 
0.193 . 0.251 

183 160 
128.24 133.73 

3.32 2.55 
0.444 0.466 

1100 900 

34.06 37.01 
34.02 36.95 
33.95 36.90 

8.69 9.58 
8.67 9.51 
8.67 9.56 

260 260 
260 260 
260 260 

370 310 
·360 370 
360 370 

66.7 SO.7 
66.3 79 
66.7 81 

.. 

--. Tx. 109 . 

7x 109 



TABLE 2. (continued) 

AH-V6 AH';'V74 ... 

Test TMI-2 . TestTMI-2 
Paraneters Solenoid Solenoid Solenoid Solenoid 

Diele-:tric W.ithstand 
· Solenoid 
.. Vd (vacAC 

·It(ma) 

· Transient Suppressor 
Vd' (Vac) 
IL (ma) 

· Rectifier 
Vd (vac) 

. IL{ma) 

Limit SWitches 
Vd (Vac) 

IL (ma) 

Transient Suppressor 
Suppression Yo.ltage (volts) . 

a. ESR = Equha1ent series resistance • 

.1002.1 
1.019 

1006.5. 
1.015 

3.6 
2.084 

Not 
Tested --

300 300 300 

. b. Insulation resistance dropped to 90.350 o .. s after 7 .in. 
," ',' '.". . . .. 
.' . '. 

c.Vd· • Dielectric withstano' test voltage. 

d. It = Leakage current. 

1002.2 
1~0029 

1000.5 
1.0096 

1000.6 
1.0088 

1000.6 

1.0095 

300 . 



The reluctance ,of a mag:,etic circuit is the property of the circuit 
geometry and permeabiHtyof the materials. SinCe the TMI-2 and test 
solenoids are, for all practical p.,rposes,identical in both geOletry and 

material makeup and allwer~ tested using one valve, their individual 
~elLICtanceis thus the same. As noted from theaboYerelation, the 

"" ", 

inductance Of the solenoids is a function of the square of their nLlllber of 
turns. ,Hence. the higher inductance of the test solenoids is attributed to 
their greater: i'llllber of turns~ ,This greater n\Jlber of turns of the test 
solenoids is further corroborat,ed by their lowe,. pickup and dropout 

, voltage. also explained below .. 

A minimum amount of force is needed to actuate the test valve 
. . .' 

'" plunger. 'This forte is a function of the square of _ere turns.. Hence, 
in achieving the specific ampere-turns required t::"operatethe valve, an 

increase in the nlillber of turns is accompanied bY a decrease in amperes. 

The Ohmis law equation states 

E :: IR (2) 

, "where 

E :: YQltage, • 

I ~urrent' • 

'R :: resistancei. ,'" " 

Since the reSistance ispraCticallytbesillieforal)thesolenoids, a' 
" ,'-.. , '"..' "",. ,"',- - . ' . ., - - - ',. .' ," 

", .decrf!asein I. is .• ..,an'~b.Y.a4e(:~easetn~it:"'btg.':.plains the lower 
.. "!." ••. "." ' .. ' .••. ' ... ' - " • 

p1cicup'ilnd droPout voltage ·of the te5tsolenoids~' ,,' 

'The,r'esPonset i.e test Showed.tl1~t!.an four solenoids operated the 

te~tY~1.v~withexactly theSillll!r~spQnse ofabQ.,t260ml11 isecoOcts pickup' 
" .. in i secOridSclrQPO~tt1.(Fi9~J'f!s·7.thr()ugh 14). 'This 

rf!spons~:~imes·igr.ifie~i·~II~tth~Yf!lOCity.anclhenCe ttle 

http:Showed.tl1~t!.an


Figure 7. ··Scopetraceof~he· opening· response ti.:testoftheAH .. V74 test 
solenoid •.. Scope setting: .. 50 .11liseconds per division. 



Figure 9 •. Scope trace of. the apeningresponse ti_test of the Aft-V6 test 
solenoid. Scope setting:· . 50 milliseconds per division. 



'f1gu~e 11.Scape trace'oftheapen1ng respGn5et1_testof i the AH-Y74 
solenoid. Scope5~t1ng: 50.U11 __ 5per division •.. , 

. ,'. " -,' ." .' 



· . .... 

figure 13 •. Scope trace of the open1ng·response t1Mt:est. of the AH-V6 
solenoid. Scope setting: 100 .Ul1se:cQlldsper division • 

. ' '·Scope·~race()f·.·the·'clc)sin9 .. re~nseti_.>~t ()f.the.·AH~V5 . 
~"leno~d::Scopesettill9: ..• ·100 "ill1secOlidsPerdivision •. 



------:O-~-"!""------~----.,.----,..,..-~",,~:itfn:-:-' , 

acce 1 eratl on developed by the plunger. is thes.-e forAH-V6. AH-V14. and, 
the two test units~Sim:eforce is the product of :.ass times acceleration. 
the force,develqJed bi'eachsolenoid is abt1~t the s_.This observation 
reinforc~sot:her'observations thatindi~atedtheTM~~2 solenoids are intact 
and electrically' norDl. ' 

... -~ 

, , '" ,', , " ' ' .', '''''' " , 

The tellP.'!raturerisesofthe TMI~2 $olenoidsaveed well with, the test 
, units and were significantly less than the 180GCforwhichthe insulaticm 

was' designed. , " The insulation resistance' ()f :>108 ""5 exceeds the ' 
, minimlJ'Jl value expecte~Lof a newunU.'Furtlae"..,re.there was no insulation 
breakdown when the insulation was subjectedtoal000Vacdielectric 
voltage wi,thstand test. These' three:t~sts SllPPOrtect the pres-.tion that ' 
theTMI-2 solenoids did not sufferanYdegradatio~ electricaHyor 
operationally. ' 

., . ., .'. 

The transient suppressors, ofAH-:V6and AH-V7.' evidently were not 
affected by the accident~ They ilCelJaved lIucb'l1ke the test unit did. The' 

, ' ' 

suppression voltage was fdundto be about 300 volts. 
• .' ~ • , • .'. .. r • ,.' • .':. • " • .' .' • 

Th, ·lnsulatlon Of Ml-W4'$ l1irtts.iltd1es;t~Sl"nt'-ssors.and . 
, rectifier was',fo."'·tobesou~ fo."aw,ing:ant!asulationresist,ance 
measuranent.test.t·500Vdcf()~·ten.inutes."."'·cl1f!lectricvo~ltage, ' 

, withstandtest.i::l(JQf)'"ac,for, Onj . .rlft.U.te" c
: 1lie>1~$ul.ationofthe:AH"'Y6 

, ,rectifier b",ke~CJWn :dUr1..g' the i~ulatiorl\~e$.jit~e...easuraenttest ~ 

, . 









· ('I 



• 

f:lg .. re1? ·'Base.ofsolenoid'Att-V14. which.bec_ rus~ed -dUe to water 
seeping i~frf;llouts;~tlle_~n1't •. ftcpt:~hroUghitscenter. 

. . ." .," , . •. -. ·i .•. -'. :" •. ~ - _ '. -, ~'. ';."' . • 



of sodh..-and ooronwhosesour;ce evidently was the. Reactor BufldingSpray 
5yst •• · It is speculated that while the buildling was being sprayed. SOllIe 
of the fluid seeped into the solenotdhousing.Rc!sults of the 
spectroCh~icalanalysisare s_arizedin Table 3 •. 

'. . -' '. .' 

TASLE 3. RESULTS IN ESTIMATED WEIGHT PERCEIITOFSPECTROCHEMICAL A_VSIS OF SOLENOIDAH-V6" . . . . . ' . . 

Elenent 

Surface Al --.!... Cr ...9! Fe ...!!S No it • Ni 51 ..1!! - - -. -
Top 0.005 0.06 0.02 0.2 25 0.01 0.1 0.2.' 2 1 

'. 

Bottan 0.1 0.24 .0.02 0.2 25 0.02: 0.1 02· *:. " 2 1 0.03 

Figure lis the installation arrang8ll!ntofAH";V6 •. Ttaes()lenoid and 
1 imit swltch.l"wires.are brOught out of the $olenoidho.usingilltotbe 
pull box through the flexible co~uit.ln thep"l1 box •. tile lead "ires and 
cables M835C and Ma3iC are sPll~"'~Ass_in'·thefig~re.t..e~ll box 
sits higher than .thesolenoidCover. 'It has a .special~",reUef"a1ve. 
thata.:tsas ap~sur.e ~ua1izerand. dr.in~ 'Th,ef1exi~le(:on,dult~hat 
connects the. solenoid to the pull box 1s .ttached on the lower side of the 
pullbox.AnalYzingthearr ... ~nt.iheOlll.rposs~ble.w.'.v,aslgnlficant .' 
lIIIOunt·· .. of;wate""c'"'l~·.get ·lntC;.tllf!soJ •• midj$~~~'fl'exlble· '" 

. cond~it.;The ".er' .. Vh.ve ,gottePln~,ot~p,uU'b~ihrGUgh··t"'tlfO •... ' 
conduits connett .. ' 0''- top •.. Because of the hig~thllR';''''$Pherlcpress ... e .. 

. . '. settl'"g .• .;a']·~'·d~ain"capac:~~.r.o(.t~ .. r~~~ .eqllal,~~ .. ~:,'j~w~ '.' ,'. 

·::~~~n~:~::~..tt·~:!O:;~::1~lit~:~~'t"~~:i ..... . 
settled o~,:~h. 'top'.batta.· s~tions·.ofthe, .gnulus . .,.~_! sol.noid· 

.' . "'. '.' -.' '.', ' '. -" '-.' '-" "-.. . ': '"- - ".' . ", ',:" ',' . --' , . '", '- .... ,.,' " i :.-

'. .Sh~l(·.dcl<~"ei,e~J()S~re.< .. Queto·t .. e'()-r:in9s.onl:thebottall/of\tJesOlenb1G. 
'thi!f,l.~jd:"~\ir~ ... i~;tt.e·:~~~lu~.for .... n 'ext~.· ~a·~.<~·~, ... ~·· .... . 



. .. 

brittle.:Asubtle discoloration of the Tefzel insulation of the lillit 
switch lead wires was likewise noted. There was, however, no observable 
change in the pliability of the Tefzelinsul ation. The degradatiOriSnot~d 

can 1I0st likely be attributed to radiation • 

• Only the.lilltt switches of Nt-V6 were ex_1oed; those ofAH~V74 were 
"otused..As _ntioned earlier. the OPEN limit switch would not close even 
when ,influenced by an ex.ternal lIagnet. Subsequent x-ray ex_inationo' the 

. device disclosed that the tip Of the .o,able contact. as illustrated in 
. FigureZO, broke off fro.. thEarDIature., The tungsten contact of the 
stationary contact was also separated •. 

The switch was first .observed by the TMI-Z Operations Department to be 
giving false information before any in situ test was perfol"Ed. Thisfalse 

imomationvas probably the result of loose parts getting wedged between 
the stationary contact and the annature, thereby giving a continuous closed 
contact indication. ' .. The loose parts finally got dislodged when the 
solenoid·s orientation 'was altered d~r;ng its removal fr_ the valve. TO' 
determine thefaHlire lIode, the switchlletal encapsulation was sliced 
oPen.' Theramvalofthe met~l·. insulation revealed several facts. The' 
switch glass envelope was discolo~andbrokeapartas soon as the 

,. ,.""". ' . '. ,i. 

encapsulation was removed. ViSual exllli"ation of the exposed cOllllPOnents 
' .. (Figure ,~l)revealt!dwhat'appearedtobeabul"fledend of the anlature al'll • 

. preslllably caused by ~ .fabrication flel. that lIay have lIadethe joint· 
'$ir~turally wea~.th~reby·resultlng ·in. ~hepre.ature failure of· the . 
·d~'viee.Thetungsten;contacts of tt.estattonaryand .ovi'ble.ar'llS Were also 
··tUsted.anunexpectedtonditionsincethereeclswttct.·was $Upposectto be 

h~~tic.1JY Sealed.'AlthOUgbrusttngt'nnotbe~lared w1thceryatntyto 

··~,ave'ca .. sedthe· reed switch <to. fall.· p.e:act"al.l~trusionof _ist.,re into 
the.:devicejsinltsel:f con.si.red • fault.Jhe:,.1~turetiitrus'ion<i$ . 
su"i.t,~obe ei~her:thro~ghthes"itthte",inal. seal or through. a crack 

. , .in~h~:glus'.ertvel.~ .' ",' . ." '. . .' . . . ... 
: .. -

j. 
': ... ,.' . 

.... j~olenOid:tlS$"'11es were'found'·to ,~.cont .. i~atedW1thf1ssiOn 

·,PI":QdllCt:$ ~~-:'£~~~J~~~~~l~7t=~~~~¥:f~l~sure .. 





. (b) Armature tip . 
(-28x). 

(a) Armature arm (-65x). 

Groove where armature . 
ann meets tip 



CONCLUSIONS ANDR~COIItE"DATIONS 

, . . '. . 

The examination of solenoidsAH":Y6 and· AH-Y74reveal.ed s~veralaspe4Zts 
about this generic type of devlc@that may coiilpn.ise itsO(H!rationduring 
or' following a LOeA. Fore.ple. theexa.hlation: rev~aiecld~radationto 
the silicon rubber insulation of the solefK)td coil lead wires of both. units' 
and insulation failureot the AH-Y6rectifier'.The use of,Tefzelas 
insulation for the lillftswitchlead wjres also.presents 1,' probl_ •. While 
Tefzeland sUicon rubber have a hightellpe~ature toleranea., a necessary . 
prdperty of Reaetor Buildi ngcOIIPOnents. they ,150, haye irel ,tf ,ely low 
radiation damage threshold •. SinCein$ulationbreakdown'couldresult in 

ShortingOrgroundi~g--eithercircllllstance disablingt6the sol~noid-~e 
use of s 11 icon rubber. Teftel, anfithe;inslilation~ateriill.,sed for the 
rectifier would make the solenOid vul..:erabletofaUure'duringadeSign 
LOeA.· . Obviously. >the. probl81 call be.eorrectedby,usinginsulating . 
lI.aterials that are;radiation:tolerant. as Well ashight..perature resistant. 

Flooding is another potential probl. that, ~ould render th,stype of 
sOlenoidinoperabl~during occident or POst-accident operations.liith 
O-rings on the base alMi flange of thesC)lenoidshell,witercan collect in . 
the solenoidhpusing and seep all thewqup,tothe ter.ainal blOCk,' . 

stlC)rt~drcultfng the unit. In the caseofM-V6,theprob1aicanbe 
'. e 1 imi n~edbyaitaching the flexible conduit to th~tOPSide.ofthe pull. 

o • • :.' ' , . ' • ", , _ ..' '. ' .' "~'" " .,' , ,,' 

box. 5i nee , the. probl811s.oreoMof install ~iong~r:J>ttj":.$ig~., 
'fl00d1 ng can bepreventedth""ughsUCh:lIf!~sure$as Jncreasl ngthe~dr.in.ge .' . 

. . capabili t1· ()fthe .1nterfaclngpu ,1 box and·$~al'~ngthec.bl~,~n~r:1.~'In~,ot;;· 
'. thesolellOid. . . . .., '.' . .. .... . . '. ". .' ",;', 

;.. " :.~ .. : '~::". )/~~.: 
.' . " . .' .. 
. . ',' .. :::." . . ~,: 

. Water i ntruston" nS'detherftcl'$~ltch ~hou1d be eva l .. t~ct//Jb~::'(/;Y,:~,:· .' . 

..• ·=~~:::":n:w:~lf,,~auJ!l~'I~b¥~.$j~;~:~'$ioi~Aj':: 
. sWitl;h·~lass~nc~ul.~t-·.·· '.' .... ,.. . 

. ' •. ·1 ead,,~ r~.; 

http:AH-Y74reveal.ed


• 

", . . '. " 

-Although the presence of diodes within .the assembly does not 
.cons~itutea weak point in' the design,. thejr presence in a highradiatfon 
are.s~bat decreases the solenoid's reliability for the simple reason 
that ,there 'are IIOre components to fail. Diodes generally fail because of 
. .' .. 

bigh1eakage or by shorting, and a failure by anyone of the .diodes in this 
. mode WoUld render the solenoid inoperable. Since reliability is the main 

consfderationin using a dc coil in lieu of an ac col1, an illlProvement to 
theprese,.t desfgnwou1d be to (a) 1acatethe rectifier and transient 

. suppressor qutside the Reactor Building or (b) totally el1minate the 
rectifier end use a de power feed to the solenoid. AlSo, since the 

. . . 

tranSient suppressor isprimari 1y used for the· protection of switching and 
1ndicatingcomponents, a judicious design of the solenoid control circuit 
would do awaywlth the need of the suppressor •. Thfsrec~ndatfon, 
suggested mainly to enhance systell reliability, should be ccnsidered and 
iqJ1Eimentedas a 10ng-tenn i...,rovement • 

"" ".'" 



APPEIDIX A 

RESlI.. TSOFGNltASPECTRlItANALYSIS ON AH-V6 ENCLOSURE 
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INTEROFFICE CORRESPONDENCE . 

. Han:h 1. 1983 . 
fUll": . 

. R. C. Slral. .. ~ SJQ ... oJ 

C. P.llillis l tr~ 
Suqeet St&IECT: IS0roPIC GlUlIA NIftLYS(S II" TlI:SOlEM110 ACflVlU1II COVEl 

AlIY-6 -- CPII;..5-bl 

. . . . . 

The ~ttYitor 1.:0'. Mi$ repad.,ed. 'n po'fethy)_ • ..,s and sf.r.ltted .to the 
.~ for spectr.l g ..... n.lysls~ The s..,le MiS ... Ifled It I distlnce of 

. JSU CII fr .. ~he detector ',ce and CoUnted for I. pertOll of 10 ...... $ as 1 paint 
source. Cesl_ 134 .. 117 were the only riMItuctl,etsotopes detected ave 
the Mbr.l background .. 

The results obtained Ire: 

• t 

Csl14 . 

Cs 131 

... 131 • 

cc: ..... V'! Rogers 
0. 0 •. 5'lIPSon· 

... Central FUes·· 
C.P •. VII lis FUes 

1.6 ! 0.3 II cI . 

21 .!:2· p cI 

18 !. 2 


