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ABSTRACT 

Two Class lE solenoid operators were removed from the Thr�e Mile 

Island Unit 2 Reactor BuHding i'nd exanined to determine whether they had 

degraded· as
· 

a result of accident and p�st;.accident conditions • .  Both un.its 

were functional during post-accident operation. This report discusses the 

exanination. findings. causes of the anona1ies, and .reca��Dendations for · 

system ii\)rovement. 



. · _ , · 

StiWaY 

AH:..V6 and AH-¥74 are two Class lE solenoid valve operators that were 
renov.ed from the Three Mile Island Unit 2 Reactor Building. 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 two sol�noids were removed fran the Reactor Building and examined 
at the Idaho National Engineering Laboratory. In the examination, both 
solenoids were found to be .electrically normal. Their electrical and 
operational characteristics were found to be typical of those of new 

units. The AH-¥6 solenoid coil shell, however, was considerably rusted 
from Reactor Building spray fluid that had entered the solenoid housing. 
Also discovered during the test, the lead wire insulation of both solenoid 
coils enbrittled, althol.fgh this condition did not affect either device•s 

al:lo"lity to function. ·Tests on AH-¥6 also revec.led that the .insulation of 
the. rectifier broke down, and one of the 11mit switches failed. It is 
believed that the limit switch failed because of corr.osion that resulted 
fr011 moisture intrusion. 

. . . . . 
While both solenoid assent. lies survived t_he accident, several weak 

poi11ts WE!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 >soleP:..id coi 1 and limit

. 
switche� renders the units vulnerable 

t() radiation danage b�ause of 1:1)4! insulation's relat�vely low d•age 
thresttijld • . · Al�o;.. the insulation usf!d on the_ 8t.;.V6 rectifier broke down 
when .t�sted: at .500 Vd,c. Although the failure mOde was .11ot de�nined, it 
�verth�less may·have ·been .design �lated • .  Regarding .the .installation 

·· ���et, .a flaw in the instaHati()n configuration. of AH�v6•s associated._
· 

:Coflduit �ennitted the intrusio� of .water in�o .its h_ousirlg . . · . : � : . -, . _ . .. � --: ·. .. . . . . : . . . . . . .. -. . . 

http:insulat.ed
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Obviously,. the i:�sulation problem can be corrected by using :insulating 

materials that are mot'e radiation t olerant and high temperatut'e resistant .. 

The water intrusion pro blem associated with the installation ge(llletry could 

be eliminated by sealing the flexible conduit. 
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. . 
EVALUATION RESULTS

. OF THI -2 SOLENOIDS AH-V6 AND AH-¥74 

DESCRIPTJON. Of SOLENOID VALVES . . _- ·.; . . . . . . · . . . 
-·. . ' __ . · . .. - :_ . . . . . . . : . : . 

··Solenoid \'ahes AH-V6 and AH-¥74 are two of seven valves of the s•e 
g eneric type installed in the Three Mile Island Unit 2 (TMl-2) Reactor 

.· Buildifag ;; Both valves were classified as Class lE coq»onents; however, 
they were. not qualified for a loss-of-coolant accident (lOCAl at the time 
of·their installation. - . . . . . 

. . :·.- ·. . . . . :
· . . . ·. . . - · _ _ - . 

The valves are part of. the TMI-2 Reactor Building Air Cooling and 
Purge System;. AH-V6 (Figure 1) is a l:..in., two-way shutoff valve used as 
an .isolation valve of the Reactor Building pr�ssure instr����ent sensing 
line. AH-¥74 (Figure 2) is a 2-in •• 3-way valve used as a pilot valve for · 
the LOCA dampers. The LOCA dampers are openeafollowing an accident to 

. di;tert the air frail its. nonnal flow path to the Reactor Building d«E, 
thereby eff�ting condensation of  the ste• released during the :accident. 
The valves are located in 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 have similar circuitsche��es (Figures 3 and 4), except 
that AH;.;¥74 does n�t have a position 

.
indication feature. They both have· a 

.. loeJl contnll st�t1on and control roOm c�ntroll�r with either c�pable of . . . . ·' '· . ... :, - . ' . -·-· .. . ' ' ·.· - - ;· - ·... .. - '·. . . ·.' . . . ' / . . 
-.· ' �: . ' . . . 

operating ·its ·resll�tlve . v.al ve� They ;als� have an autQIII�ic · contrc 1 � . ""· . . . '' . . . . •. . - . . -. . . ·• . . -
featur«rthat closes them at the ·onset of an acc1dent. They a� of 

.diffe�en{_s-atety channelS; AH�v6 is in the Division 1 or;:tl"et!n channt!l, ·and 
· .. AH�Y:7�y�}fJn.'t�e< Division 2 or .red : thannt!l• . 

'�Jhtf.'solenoid operator assemblies of the t"o·valves are basically of · 
i de�1:i��r d��jg�;. (l=;igure 5)�. 

, 
Each has a 125 �� :�.�il with' an i ntesra f · , 

. 

rectl(a��>to p�.,.J� :oper�j()n. or,a ar�··al�ernat�·ng .. cur�nt source • .  · Also,·.each 

· 
... �i!l�ilti.��i��ili!i.�iEI��:!:· • �-.::r;·,)_�::. . · :· �, · :- . · ·. . �.: -:']! ·.;·-�--··.,..:. :;:�-:��,:·�> ·. ·>:' ···�\·. _, .:.·:�·. ·-.:. -

���·· ... •.•.c,•.·�.:.:� . ' , "";Cc 0 ; • ' ', 
' 
;, 

·�·�·• ; ,·.. •· ,·;; . · .. 
. ;,:%',[��·�;:;. · ·

·
·•£:�,���a(,;,?!':.�;>it eel�;:� .. ·"· . .. . .. Ji,: •·•··· ..•.. . .•. :.···. 



. 

� 
I 

:Z::. 
< 
• 
:> 

-
"" 
::> 

'0 
-
0 
c: 
• 

-
0 

·WI 
11-
0 
c: 
0 

� 
� 
"" 
s... 
& 

..... 
..... 

c: 
0 

·� 
c: 
0 .._. 
"'· -
.... 
.. 

.... 
WI 
c: 

· -



' .. .···, .. 

Figure 2. Installation configuration of solenoid valve AH-V74. 
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Figure 4. • Control wiring diagr• of solenoid valve: Nt-Y74. 
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of .th� bonnet of the valve the solenoid opero.ces. The c oils art: encased in 
_a·s:.,ell-of·nickel-plated carbon st eel and pot ted. They have ClassH 

.
. 

insulation a,nd NOtA 4 enc l osures. The solenoid housing is also made of 
·nickel-plated carbon ste.e1. To meet NEMA 4 standards,· thret- 0-rir.gs made 

. _·:· . 
. 
. . ·- . 

. . .. . . . . . . 
. of ethylene propylene rubber (EPR) seal the encl osure, one on the _solenoid 
base, one on the top rim of the housing,. and one on the bottf:JII rim of the 
hous, ng • .  .The coil s have a de resistance of about 120 to 130 oflns. The two 

. limit switches,. actuated by a magc:aet mounted on the valve plunger, are 
indiVidually set..;.-one to actuate closerl whe!n the valve is c�osed (CLOSE) 
and the other to actuate closea when the valve is open (OPEN). Figure 6 is . . . 
a photograph of a re.-:li switch in its norinal po�ition for a typical solenoid 
valve limit switch. Th� electrical propertie-; of th� two solenoid 
assenbli.es are s����narhed in Ta.ble 1 • . ' . . . 

. . . ·. . . . . . . . . . 
. . . . . . 

TABLE l • . .  ElECTIUCAl PROPERTIES OF SOLENOIDS AH-Y6 AND At:-V74 

Voltage · 

· Inrush current 

· - . Holding current 

·outy .. 

· •·· Enclosure·.-.r�ting 
. 

· . :Ree� .swi t�h _properties . 

·. ·· .. Switct.ing voTtage . . . 
... _

· ·
•.··. S,itc�ing Ct::-tent 

.
· _.· · �wti�hing ca.pabi lity · 

. 90 t o  130 Vac 

·1.5 ..,s 11ax at 110 Yac ·and 70°f 

i 1.5 ..,s mu.ui11t' Vac and.7o•F . . . . . . . . 
• Continuous at lJO .Vac max 

N�4 

. · 
. · . J25 Yc:lc 

· 
.

. : 
Oit5.., max

, 

. . . · . . . . . 
. 

. . · · . . 
· . . _ 6� watts mu . · · 

l 

l 
-l . •  -;l! 

http:assenb1i.es


Ftgu�e 6. 



. Figure 6. 



TESTING AND EXAMINATION 

In Situ Tests 

Solenoid AH-V74. which was removed .from the Reactor Building in 
_November 1981. was in situ tested to establish baseline info1111ation on the 

. 
. 

device. In this test. the solenoid holding current was measured at 0.7 aqJ. 
which is less than the designed 111aximum value of 1.5 amps. an indication 
that the solenoid operatect 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 holding current and to 
determine the circuit de resistance. i.nductance • . and· insulation · 

· resistance. A time domain- ref1ectaaetry 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 of l.S ..,s. Also. the position indication 

. change(fwhen the 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 energized or deenergiied. The switch con�act should have . 
opened when the solenoid was deenergized and closed when energized. 

�- . -: . . .· . . 
. . . 

Testing. at the INEL 

EXamination of Electrical and operational Properties 
�- . . . ·- ·. . . . . 

. 

. . :. . . . ; . . . 
. 

. 
-

. 

. - · ·· •.. Off�site exanination. of the two solenoid assanblles was carried out at . 

the Idaho National Engineering laboratory (INEi.). _ Electrical and· 

·.· PJ)erational charaderiz.�tion tests were conducted .to nleasure inductance and · 

•-_-
-.r�,sis�ai.J�e, response ti�. pickup-and d�ut. voltage. teftlperatul"e ri-se • 

. insQiat�on re.�lstance.·_. and.-·dielectric voltage withsta.V.. 
-. . . 

·. .:. . ·. . .. ·. . ..... ·. ·.. . 

_ . .,ere characterized e.l�trically •nd·._dyn.-ically
.
using a 

ve·al:!so �mar•Uf,ac.t by ·Valcor �n�ineering Cct,.P�rati(.m. The .test 
tdf!ntit.l t�ffh�se of--AH:..¥6 and AH--V74. · The ' . , · . . -.:. :::·· '" . . .-.. . ";'-

. . - " . -- :'
.

' : . .. ··. ·: ·- . 
', , . 

i�· is.:�ade of carbon steel 



. . 
instead of stainless steel and _was made specially to acca-Odate �he AH-Y6 
and AH-Y74 solenoids. Four solenoids were tested·-the .two TMI-2 unjts · 
. . . . . _· 

- . . _; . 
(AH-V6 and AH-Y74) and -two test units supposedly identical to AH-V6 and 
AH-V74 .. · The test units were to provide baseline infor��ation to be �_,ared · to .data for the TMI�2 units. 

·
The Tltl·2 solenoids exhibited no abnor11al operational b.ehavior nor 

abnonnal electrical characteristics .. during the ex•ination. However, the 

OPEN H111it switch of AH-Y6 would not respond to the change in valve plunger 
·position, an anonaly observed during the in situ test. During the in situ 

test, the OPEN limit switch raained closed irresl*tive of the valve 
position; however, during the test at the IIIEL, the s.-e st��1tch 1'81ained 

open, regardless of the valve position;. The CLOSE 1 i•it .switch taeanwhile 
. 

. . ' ' . · responded-·properly. 

The measured electrical properties and operational characteristics of 

both TMI-2 units, as s...arizecl in Table 2, COIIIPared well with one another 

and to a close degree •ith those of the test units. The test units .. which 

were not 11anufacture<1 in the saae years of the TMI-2 units. have slightly 
different electrical properties. The AH-Y6 test unit was •ade before the 

accident but after the startup in 1977, whi)e the NI-Y74 test unit was made 
in 1982. As indicated in Table 2, the test units have an appreciably 
larger 

.
inductance and lower pickup and dropout .voltag� • .  The .viation is 

· · d�ucecfto be due to more conductor turns in the te�t units.·
· 
This 

deduction ls explained below.· . 

. The .f.nductance 0� a •agnetic circuit is 

. . . ·· · L·· .. · • 0.4 • rl henruc · . . ... . · . . ·I x 1i/l� . . · . ,� ... 
. wt,j!re 

(l) 

http:abno,.al


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

AH-V6 AH-V74 

. . . . • Parillleters 

Solenoid Coil With Air Core 
. Inductance (mH} 

Dissipation Factor 
. EsRa (ohms). 

OtmiC Resistance (otms) 

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

Pickup Voltage (volts) 
Trial 1 
Trial 2 
Trial 3 

Dropout Voltage (volts) · Trial 1 
Trial 2 

·Trial 3 

. Respon!'e Time (milliseconds) 
Pickup. 

Trial 1 
· Trial 2 · 

Trial 3 
DrQj,out · 
. Trial 1 . 

Trial 2 
··.Trial 3 . . . ' . . . . · . . . . . 

Tenperature RiSe-�final temp (°C) 
· Trial 1 · · · · ·. 

· · .· triar 2 
, Tr.ial3. 

Test 
Solenoid 

1106 
0.203 

170 
120.94 

3.10 
0.459 

1070 

31.75 
32.15 
31.92 

8.10 
8.06 
8.10 

275 
.275 
275 

370 
370 
370 

78 
81 
81 

--
__ _. _ 
:..:-

TMI-2 
Solenoid 

881 
0.25 

164 
136.81· 

2.59 
0.458 

. 890 

38.7 
39.0 
38.9 

9.9 
9.9 
9.9 

270 
270 
270 

380 
380 
380 

68 
69 
.69 

. . 
3 X lolO . , . · · 8 x 109 ·· ... · · 

j x 1o!lb 

Test TMI-2 
Solenoid Sole11oid 

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 

370 370 
·360 370 

360 370 

66.7 80.7 
66.3 79 
66.7 81 

.. --· Tx. 109. 

7x 109 



TABLE 2. (continued) 

AH-V6 AH.;.¥74 . . 
· 

Test TMI-2 · Test TMI-2 
Paraneters Solenoid Solenoid Solenoid Solenoid 

Diele-:tric W.ithstand 
·Solenoid 

· . vd (Vaclc 
· IL (ma) 

· Transient Suppressor 
vd 

· 

(Vac) 
IL (ma) 

·Rectifier 
vd {vac) 

· IL {ma) 

Limit SWitches 
Vd (Vac) 

IL (ma) 
Transient Suppressor 

Suppression Vo.ltage (volts)· 

a. ESR • Equivalent 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 oNis 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 maq;,etic circuit is the property of the circuit 

geometry and permeability of the materials. Sinee the TMI-2 and test 
$Olenoids are, for all practical p.,rposes, identical in both ge01etry and 
material makeup and all wer� testedusing one val ve, their individual 
�eluctance is thus the same. As noted from the above relation, the " " ' . ' 
inductance of the solenoids is a function of the square of their nLIIIber of 
turns • . Hence, the higher inductance of the test solenoids is attributed to 
their greater: iullber of turns� . This greater nlllber of turns of the test 
so lenoids is further corroborat.ed by their lower pickup and dropout 

. voltage, also explained below .. 

. . . . A minimum amount of force is needed to actuate the test valve · .. plunger •. 
This force is a function of the square of •ere turns .. Hence, 

in achieving the specific ampere-turns required t::, - operate the valve, an 
increase in the nli'llber of turns is accompanied bY a decrease in amperes . 

The Ohmis law equation states 

E :: IR 

--.where 

E :: vc:.ltage. • 

I �urrent
. 
• 

·a :: resistance i. _ .. · - ·  
Since the resistance is praCtically tbe sillle for al)the solenoids, a· . . 

. • 
. . . ' . ·. . ' · . ·· ·  . ,·-- ,- - . ' . · - - - - - .. . . .. 

(2) 

· . .. ciecrf!ase in I • is .• c-.Jan1� by.a Cte(:�ease tn ��� :t�rbtg.·=•plains the lower . .  • .  ! . • . · - · · • '  ' ,. ' . • •  - '· . . ' - - ·  • 
p1cicllp 'ilnd drol)out vol tage ·of the test solenoids� . . . · 

· The. response t ilae test showed .th'�t' _an four solenoids operated the 
te�t y�l.v� with exactly the Sillll! r�sJ)Qnse of aiJQ.,t 260 millisecoOds pickup· 

. . IRi n isecorids clrQ(IO�t tim.! (Fig�l'f!s
. 

7· through 14). · This 
rf!spons� :�ime s·igl.ifie�i·�ll�t th� vf!locity. ancl hence ttle 

http:Showed.tl1~t!.an


Figure 7. ·.Scope trace of �he.openJng. response ti.;test of the AH .. v74test 
solenoid.·. Scope setting: .. 50 •tlliseconds per division. 



Figure 9. · Scope trace of. the opening response ti• test of the AH-V6 test 
solenoid. Scope setting:- _50 milliseconds per division • 

. figfl�-;to.:>··�opetr.ce._of·:u.ecJosing .. rt,sponse.ii• te�tof- thl!. 8f,-V6test 
c · > ;_ ),5oJf$oid. Scope·$etting:· l(iO •Uli_sec.Ond�·per division • .  _ · 



· F1gu�e 1 1. Scape trace' of the opening response t1• test of' the AH-Y74 
solenoid. Scope s�t1ng: 50 •ill15eC-s per division • . · · . ' ' . ·, - .. . - . . 



. . . · .  . 
figure 13. · Scope trace of the opening•response tiM test. of the AH-¥6 

solenoid. Scope setting: 100 •U11se;cQIIds per division • 

. · ·· Scope· �race qf···the
.
'c1osing .. re��se ti���e._\�t qf.the·

·AH�¥5 · 
�"leno�d: :scope setting: ..• ·Joo .. i111sec0Rds. Per division • .  



. · .  
acceleration developed by the plunger,. is the s.-e for AH-¥6,. AH-¥74,. and. 
the two test units� Since force is the product of :l.ass times acceleration,. 
the force.develq)ed bi ·each solenoid is abtl�t u.e·· · s.-e. This observation 
reinforc�s other' observations that indi�ated the ™��2 solenoids are intact 
and electrically· noraal. · ... -� . . · . . . ·. . . . . . . . . ...... ,._ . . . 

The teiiP.'!rature rises of the TMI�2 solenoids aveect well with. the test 
units and were significantly less than tbe 180.i.c for which the insulaticm 
was

. 
designed • . .  · The insulation resistance· ()f > 1o8 cNS exceeds the . 

. minimlJJI value expect� of a new unit.· Furttaer.tore• there was no insulation 
breakdown when the insulation was subjected to a 1oo0 Vac dielectric 
voltage wi.thstand test. These·three:t�sts siiPPOrtect the pres-.tion that · 
the TMI-2 solenoids did not suffer any d�radatio� electrically or 
operationally • . 

·, 
. . ' . . . 

The transient suppressors· of AH-:V6 and AH-¥7 •. evidently were not 
affected by the accident� They bCeiJaved much ·like the test unit did. The· . . . 
suppression voltage was found to be about 30iO volts . • • • � • ' • • • • ," r • '• • • • • : • • • • • • • • • • 

Th' 1 nsulai1on Of MI-W4 '$ Hir1t s.ittcllesj �lins1e..t ,,..,..so;.., and 

. rectifier was·.fo_.., · to be sou� fo.llaw,ing :an f!asulation resist.ance 
measuranent. test •t'500 Vclc fo�·ten •inutes•··.aft4i

·clif!lectric vo�ltage .. 
. withstand test .i::l()Qf) 'vac.for. Onj . .rift.U.te" ": 1lie >i�$uJation of the:AH.,.Y6 
.. rectifier brc»ke�awn:Ciur1n9' the i�ulatioll\�es.jit�e llll!asuraent test� 

· .. ·: .· .. < -� . . 

. . 
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f:tg_.re 1?· ·• Base. of solenoid
. Att·V74. which,bec..-e rus�ed ·dUe to water 

seeping �� frf;ll outs;� tile -�nn._ilcpt :�hroUgh its center. . . .. . .  · ' . • . - . ·i .•. ··.  :'. -� -- . . ·. �-. . ;- "' . • 



of sodh..- and ooron whose sour;ce evidently was the. Reactor 8uflding Spray 
Systea�. · It is speculated that while the bu1ldiing was being sprayed. sonae 
of the fluid seeped into the solenoid housing. Qc!sults of the 
spectroeh�ical analysis are s .... arized in Table 3 • . . . . - . . . . . 
TABLE 3 .  RESULTS IN ESTIMATED WEIGHT PERCEIIT OF SPECTROCHEMICAL A-YSIS 

OF SOLENOID AH-¥6 . . . . . . . . . . 

Elenent 
Surface Al __!_ Cr ..£!! Fe ...!!S Mn ita Ni Si ..1!! - - -- -
Top 0.005 0.06 o.oz 0.2 25 0.01 0.1 0.2.· 2 1 

.
. Bot tan 0.1 0.24 . 0.02 0.2 25 0.02; 0. 1 0 2. •: . .. 2 1 0.03 

Figure 1 is the installation arrang811!nt of Alf..;v&.. The sqlenoid and 
1 imit swttch.l._, wires. are braught out of the $olenoid hD.using illto tbe 
pull box through the flexible co�uit. In the Pllll box •. tile lead wires and 
cables M835C and M836C are spli�-� As seen in'.the fig�re· tile �11 box 
sits higher than .the solenoid cover •

. 

It has a .special �._v relief ,alve . 
that a.:ts as a p�sur.e eq-ualizer and. drain� , Th,e flexi�le C:on,duit �hat 
connects the_ solenoid to the pull box fs •ttached on the lower side of the 
pull box. Anal,Jzing the arr..-�nt; theOIIl.r poss�ble.w •• y.a significant_. 
IIIIOunt.·_.of ;water,- c(Mil�-.get ·intc; ,tllf! soJf!Jmid j$�� �' fl.ex1ble

. 
- .. 

. cond�it.; The w·er·.•v have ,gotteJ. in�.o.t� p_uU·b� ihraugh.,tlle t.,o,. __ · 
conduits connettiMI' c.,.- top • . . Because of the hig�thllft.;..-,,...her-tc press..-e . · 

- . · _settl.f19_il,;a -1·�·-d�a in .. capaci��.r _ o( t� pr���-eqllal1�� .. �:_·j�.�·-·· ·. 

· ::���"�(�= :�.,tt·�:!o:;�z1��:'.�!��,t"��;i ...
. . 

· 

settled o�.:�h· 'top ·anc� bOttDI· s�tions·. of the . .gnulus. -� -! solinoia· . . . ' . '· ·- · - . . '· ·
. 

- -. - · - -- . -
'_-

,
. 

--

-
- -.. - ._ 

- . 

• 

-
. . • ' ·-:. -

-· 
. " - ' • ··-

·-. . . . . . . ' -
. i : .-... sh�l(·•dcl -�hei.e�J()S�re.,_. Que to't"e' ()-r:in9s.onrthe bottalt/of itJe so1enrl1a, 

·thitf.l.�jd:''�\ir� ... i� ;tt.e·:���lu� .for· . .an · ext�--�a·�.·�-�,lie_�-- -_ - - · 

. 
.
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· J!!�}��,i�!�!��:;t� •J•� o·. r . 1;ne <so 
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brittle. :A subtle discoloration of the Tefzel insulation of the limit 
switch lead wires was likewise noted. There was, however, no observable 
change in the pliability of the Tefzel insulation. The degradations not�d 
can most 1 ikely be attributed to radiation • 

• Only the. limi.t switches of NI-Y6 were ex•fned; those of AH�¥74 were 
rtOtusecl •. As -.entfoned earlier. the OPEN li•it switch would not close even 
when .influenced by an ex.ternal magnet. Subsequent x-ray ex•inatfon ot the 

· device disclosed that the tip of the .ovable contact, as illustrated in · 
Figure ZO, broke off fro.. thE arDiature.. 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 perfoi"Ed. This false 
infonnation was probably the result of loose parts getting wedged between 
the stationary contact and the anne�ture, thereby giving a continuous closed 
contact indication. · .. The loose parts finally got dislodged when the 
s olenoid •s oriente�tion ·was e�ltered d�r;ng its removal fr• the ve�lve. To · 
determine the fe�HIIre mode, the switchlletetl encetpsulatfon was sliced 
oj)en. · The ramval of the met�l·. insulation revealed severetl fetcts. The· 
switch glass envelape was discolo� and broke etpart as soon as the ; ' • " ' • ·• • . . . ,i • 
encapsulation wets removed. ViSual exlllirtation of the exposed CCJIIIIPOnents 

·. · (Figure ·�1) revealt!d what ·appeared to be a bul"fled end of the anaature etl'll, 
· pr-esllftably caused by � .fabrication fhw thett may have •ade the joint· · 

sir�turally wee��. th�reby
.

resultfng ·in. �he prellature fetilure of. the · 
· d�'viee. Thelungsten ;contacts of ttM! stationary and.Ovilble .ai'IIS .fere also 
·. oisted. an unexpected tondition since the reed switcla·was sUpposectto be 

����tical Jy sealed. 'Although rusting t.nnot be �lareca with ceryainty to 
·· �.etve·callsed the. reed switch<tO. falJ1. pie :act,al. i�trusion Of •ist11re into 

the .:device j5 in ltsel:f con.si.red • fault. Jhe: . ..Oi�ture tiitrus.ion<is . 
su .. i.t,�o be ei�her :thro�gh the switch tenainal. seal or through '  a crack 

· . . in �h� :glus'.eltvelape� . · · · 
· 

. . .· ·  . . . .· . . .·· . 
: . . - j. ': ... , .· . 

. · . . j�oleiiOtd:t�s$aml1es were 'found ··to·�. cont .. i�ated with fissiOn 
.. PI":Qdi�Ct:S ��-=-£���J�����1�7t=��� �¥:f � ��sure

. · 





· (b) Armature tip · 
(-28x). 

(a) Armature arm (-65x). 

Groove where armature . 

ann meets tip 



CONCLUSIONS AND R�COMENDATlONS ' . . . . . 
The examination of solenoids AH..:vo and. AH-V74 reveal_ed s�veral aspe4:ts 

about this generic type of devic@ that may coiilpro..ise its OJH!ration during 
or· following a lOCA. For e•ple. the exa.hration: rev�aiecl d�radation to 
the silicon rubber insulation of the soleri()id coil leadwires ofboth.units· 
and insulation failure of the AH-¥6 rectifier'. The use of. Tefzelas 
i nsul at ion for the l imft switch lead wires also .presents a.· probl81. . Whfl e­
Tefzel and sUtcon rubber have a high tempe� ature toleranee, .a necessar y . 
prdperty of Reaetor Buf ldi ng COIIIJORentS11 they also. have i rel ,u vely low 
radiation damage threshold. ·SinCe insulation breakdown ·could result in 
shorting or groundi�g-•either circ1111stance disabling tti the sol�noid-�e 
use of s i1 icon rubber. Teftel, anfi the<insu.lation �ateriiJl _,sed for the 
rectifier would make the solenOid vul.ierable to faUure'during a design 
LOCA. · · ObviouslY• >the. probl81 ca11 be.eqrrected by·using insulating . 
m_aterials that are ;radiation: tolerant. as Well as high t..Perature resistant. 

Flooding is another potential proble�� that, �ould render thjs type of 
solenoid inoperabl� during occident or post-accident operations. liith 
0-rings on the base aiMI flange of the se>lenoid shell, water can collect in · 
the solenoid hpusing and seep all the wq up· to the ter.ainal block,. . 
short�circuitfng the unit. In the case of M-V6, the problai can b e · · elimin�ed by attaching the flexible concluit to th� top side.of the pull. . 
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box. Sinee. the. probl• ls .Ore ori.e of instaU�ion g�r:J;;ttj._:.$ig�. _ · 
flooding can be prevented through such:·llf!�sures as Jncreas}ng vae �cirainage ·· · 

·. 
capabi11ty ·c.f the. interfacing pu'l box

.
and

·
s�al,�ng the Cflbl� -�n�r,y.�'ln� .ot;.· 

·. the sole�id. . . . .. ' . . · 

. 

. . · . . · . · . .  ··. . · . .  : ·  ' ·;:·,> .. 
. . . .

. . . .. . . . ·•· . . :::.' . . . �': 
. Water intrusion· inside the rftct·s�ltch �ilould be ev al�at�ct/ ylb�: :'(/:y.:� ': . · . · . hennetic nseal . :of. �e devf�e �ould/ IN!··i .. ��·.·�,.eneasi�.<�i-�\$WittJ! �;r::'� ? 

··.··supporting. te,.inaJ with : 
· swit�;h· �lass �nc�ulfl�i-·_ . ·-·· .... ,... 

·· •.. lead "�r� .. 

http:AH-Y74reveal.ed


• 

•, . . '• . 
· Although the presence of diodes within the assembly does not 

. cons�itute a weak point in· the design,. thejr presence in a high radiation 
are• s�bat decreases the solenoid's reliability for the simple reason 

that .there
.
are 110re components to fail. Diodes general ly fail because of . . . . . 

bigh leakage or by shorting, and a failure by any one of the .diodes in this 
. mode woold render the sol enoid inoperable. Since reliability is the main 

consfderation in using a de coil in lieu of an ac co11, an iiiiProvement to 

the prese,.t design would be to (a) locate the rectifier and transient 
· suppressor qutside the Reactor Building or (b) totally el iminate the 

rectifier end use a de power feed to the solenoid. AlSo, since the . . . 
transient suppressor is primarily used for the · protection of switching and 

1ndicating components, a judicious design of the sol enoid control circuit 

would dQ away with the ·need of the suppressor. · This rec�ndation, 

suggested mainly to enhance systell rel iability, shoul d be ccnsidered and 

iq,lE!mented as a long-tenn fq»rovement • 

. . . .. . 



APPEIDIX A 

RESll.. TS OF GNitA SPECTRllt ANALYSIS ON AH-V6 ENCLOSURE 
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INTEROFFICE CORRESPONDENCE · 

. Han:h 1. 1983 . 
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R. C. Stral• · · � JJO'- oJ 

c. r. 111111s l tr� 
Sullleet St&IECT: ISOfOPIC GIUIIA AllftLYSIS II" Ill: SOU:MJID ACfiVAllll COVER 
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The �ttv1tor �.:over MIS repad•ged. In poiJetllylet��e boJfls IIIII ..,_ltted .to the 
·� for spectr•l , .... •n•lysls� The sa.ple MIS iftllyzed at 1 distance of · ISU Cll frra �he detector face and toilnted for 1 pertOII of 10 llours as 1 paint 
source. Ceslu. 134 Mel ll7 were the only rMiuctlwe Isotopes detected ave 
the 1Ybr�t1 background .. 

The results obtained are: 
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