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ABSTRACT

Two Class lE solenoxd operators ware removed frun the Thrne Hile
Island Unit 2 Reactor Buﬂdmg and examined to determne whether they had
degraded as a result of accident and pest-acmdent cond1t1ons.' Both units o
- Were fuﬁttional dur»ing'post-accident Opei-ation. This report d1scusses the‘ | o .
examination, fmdmgs, causes of ‘the. anmalies, and recanendations for -
system 1mrovement., A ‘ '




" the desrgn aspact the use of lead wires insulated uith Tefzel and silicon

-SIMBARY

‘ AH—VG and AH-V74 are two Class 1E solenoid valve operators that were -

' removed from the Three Mile Island Unit 2 Reactor Building. These two
solen01dsrare part of the Reactor Building Air Cooling and Purge System and
were manufactured by Valcor Erjineering Corporation. Both solenoids were
operational the entire time they were inside the Reactor Building. [I- situ
tests performed on the devices corroborate this earlier observation except
"that one of the AR-V6 limit switches falled to respond to the valve

p051tion.

The two 'solenoids were removed from the Reactor Building and examined

at the Idaho National Engineering Laboratory. In the examinatlon, 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-V6 solenoid coil shell, however, was considerably rusted
froﬁ‘Reactor Building soray fluid that had entered theksolenoidyhousing.
‘Also discovered during the test, the lead wire insulation of both solenoid
0115 embrittled although this condltion did not affect either device's
~ ability to function. Tests on AH-V6 also revealed that the lnsulation of
" the rectifier broke doun. and one of the limit switches failed. It is
'believed that the linit suitch failed because of corrosion:that resulted
~from m01sture intru51on. :

PRSI S CIUL
R

» ; Hhile both solen01d assemblies surVIved the acc1dent several ueak
tpomts nere observed in ‘their design and 1nstallation geanetry. Regarding

e )

irubber on the solenaid conl and limit switches renders the units vulnerable '

,A:_?ffto radiation damage because of the insulation 'S relatively low danage
' ’fothreshold., Also, the insulation used on’ the AH-Vﬁ rectifier broke doun '

k,ji-nhen tested at 500 Vdc. Although the failure mode was not detennined, 1t ;
l»_fneverthelessfmay have been de519n related Regardlng the lnstallation e
- aspect, a fla ;in the 1nstallation configuratton of AH-VG's associated
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Obviously, the iasulaticn problem can be corrected by using insulating
materials that are more radiation tolerant and high temperature resistant.

The water intrusion problem associated with the installation geometry ;odlq'

be eliminated by sealing the flexible conduit.
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. EVALURTION RESULTS OF TMI-2 SOLENOIDS AH-V6 AND AH-V74

'DESCRIPrlouvoé'SoLENOID:VALvEs

Solen01d valves AH-V6 and AH-V74 are two of seven valves of ‘the same
generic type 1nstalled in the Three Mile Island Unit 2 (THI-Z) Reactor
“,Butld1ng. Both valves were classified as Class 1E components; however,

v ‘they were nut qual1f1ed for a loss-of-coolant acc1dent (LOCA) at the tlme

of their 1nstallat10n.

-The. valves are part of the THI-Z Reactor Bu1ld1ng A1r Cool1ng and
'qurge System. AH-V6 (F1oure l) is-a l-1n., two—way shutoff valve used. as
an 1solat1on valve of the Reactor Bu1ld1ng pressure lnstrument senSIng

- Yine. AH-V74 (Figure 2) is. a 2-1n.. 3-uay valve used as a p1lot valve for'

the LOCA dampers. The LocA dampers are openel follou1ng an acc1dent to
dlvert the a1r from its normal flou path to the. Reactor Bu1ld1ng done, y.t
_ thereby effect1ng condensat1on of the steam released dur1ng the acc1dent
~ The’ valves are located in the northeast quadrant of the: Reactor Bu1ld1ng

_ .between the Reactor . Bullding wall and the b1ologlcal shield at o
"‘approxlmately the 335-ft elevatlon..l:*‘ :

The tuo valves have 51m1lar Clrcult schenes (Flgures 3 and 4), except
~tthat AH-V74 does not have a pos1tlon ind1cat1on feature._ They both have a
':local control statlon and control room controller Hlth e1ther capable of

__j»operat1n9l1ts respectlve valve. They also have an autonatrc contrcl

\at;closes them at the onset of an acc1dent.1 They are of

-VG 1s 1n the Div1sron l or green channel and“ ) |

urrent source.. Also, each.~’»-

R S NN




B e







1 R
|
i

*&T,Lom ’
| control

Piﬁoi 25

e

=] Engineering
-yt S8feguard

' _J.tt“ntlon .

-'-[:,H-'vc

ek s e A S5 2 .



sE:'oineering
—pv72 ‘ . safeguard
T | S — Cabinet 133

b—} Locat
1 control

. Station

_.|
l
|

|

LLsTo

e

i
3

i ..__..._.‘

===

Oy

USRI F S Ey——

RVI2T”T

Circuit'#2, Cabinet 173

120 Vac Supply

(=
L=
=
L~

2
3

" Figure 4. Control wiring diagram of solenoid valve AH-V74.
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V ‘:1of the bonnet -of the valve the solenoid operuces. The coils are encased in

ffja shell of - ntckel-plated carbon steel ang potted. They have Class H

: fstosulatlon and NEMA 4 enclosures. The solenoid housing is also made of

'u7n1ckel-plated carbon steei. To meet NEMA 4 standards three O-rlngs made

of ethylene propylene rubber (EPR) seal the enclosure, one on the solenoid

-lbase, ‘one on the top rlm of . the hous1ng, and one on the ‘bottom rim of the

"“;houSJng,uwThe CO‘]S have a dc resistance of about 120 to 130 ohms. The two

73'}iMi;‘switches; actuated by a magnet mounted on the valve pluriger, are
‘individually set4-one to actuate closed uhen the valve is closed (CLOSE)
~ and the other to ‘actuate closeo when the valve is open (OPEN). Figure 6 is
- a photograph of a reed switch in ltS nonma] pos ltlon for a typlcal solen01d
A ‘va]ve 1lm1t swltch. The electrrcal propertlos of the two solen01d '
e assemb11es are summarlzod in Table 1. '

- vTABLE_];f;ELECTRICALAPRQPfkilESTOFvSOLENDIDS Au-vs\nun Agfv74

..;Vo]tage ;.tT::ta‘yfgéiif;j;::fii%;f-;,;90 to 130 Vac o

Ah‘lnrush currentA fdioj:'ff7£f‘fie tﬁhf7l 5 amps uax at 110 Vac and 70°F

~17Hold1ng current n;[i?if  :«fdh?fvuﬂf;ef 1.5 amps max_ at 1]“ Vac and 70°F |
=Duty }ffofff?Faffl ~{ ff }ch:;;: ";;fijontlnuous at llO Vac max

v‘fsn»losure rating ﬁ: o ff*fj,_f*ifnsnn 4

T’fidﬁReed sthch propertles

Su1tch1ng voTtage AFQ ._'. V i?f‘f3125 yd¢~‘*f‘ :
: Sultchxno C"*'ent “f n 7 } 7i;0 5 amp max

Swi tch1n9 capahIIity ‘éi°ff§ 55 uatts max

g assemblles uere removed from the Reactor Bu1ld1ng
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the normal position.

A typical reed switch in

Figure 6.
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TESTING AND EXAMINATION

In ‘Situ T‘ests

Solen01d AH-V74, which was removed from the Reactor Bulldlng in
{November 1981 -was in situ tested to establish baseline information on the
idev1ce. In this test the solenoid holding current was measured at 0.7 am:,
‘which is less than the designed maximum. value of 1.5 amps, an 1nd1cat1on
5that the solen01d cperated normally.

Solenold AH-VG was tested two times, before and after the Reactor
Bulld1ng gross decontam1nat1on experIment in March 1982 In these two
' tests _the valve was ‘stroked to measure the holding current and to
determine the circuit dc res1stance. 1nductance, and insulation
) resistance. A time domaln reflectometry test was also performed on the
c01l and the l1m1t switch c1rcu1ts. In both test runs, the soleno1d drew
less than the deSIgned maximum of 1.5 amps. Also, the p051t1on indication

o changed when ‘the valve was stroked although the OPEN swltch which is

c-osed when the valve is open. did not respond. It remained closed whether
) the solenord was. energlzed or deenerglzed.x The switch- contact should have . -
.*l‘opened when the solen01d was deenerglzed and closed uhen energ1zed.

Testing,atrthe:lﬂEL

Examination of Electrical and Operational Properties = -

- 0ff-s1te exam1natlon of the two solen01d assemblies was carrled out at“
“vthe Idaho Nat1onal Eng1neer1ng Laboratory (IHEL)., Electrical and ' ’
“foperatlonal character1zat1on tests were conducted to measure 1nductance and'
'a;re51stance, response tlme, ptckup and dropout voltage, tenperature rise,

= t"-'-""msulatmn res1stance. and d1e]ectric voltage u]thstand. -

Th solenoids uere character1zed electrically and dynan1cally us1ng a
manufactured by ValcoroEngineer1ng Corporatlon. The test R
: i /;o'those of AH-VB and AH-V?Q.; The 1f




: instead of stainless steel and was made speciall y to accu-odate the AH-VB

and AH-V74 solenoids. Four solenoids were tested--the two TMI-2 umts

' (AH-VG and AH-V74) and two test units supposedly identical to AH-Y6 and

AH—WA. ‘The iest units were to provide baseline infomation to be co-pared

~ to .data for the TMI-2 units.

The TNI-Z solenoids exhibited no abnor-al operational behavior nor
abnomal electrical characteristics during the exaination. However, the .
OPEN limit switch of AH-V6 would not respond to the. change in valve plunger

‘position, an anmaly observed during the in situ test. During the in situ

test, the OPEN 1 imit switch remained cl osed irrespective of the valve

" position; ‘however, during the test at the INEL, the same switch remained

open. regardless of the valve position. The CLOSE li-it switch meanwhile

‘responded properl y.

The neasured electrical properties and operational characteristics of
hoth THI-Z units, as smarized in Table 2, compared well with one another
and to a close degree with those of the test units. The test units, which

o uere ‘not llanufactured in the same years of the TMI-2 units, have slightl y
+ different electrical properties. - The AH-VG test unit was made before the
‘accident but after the startup in 1977, while the AH-VN test unit ‘was made

in 1982.; As indicated in Table 2, the test units have an appreciably

~ larger inductance and louer pickup and dropout voltage. The deviation is
" deduced to be due to more conductor. turns in the test units. This
deduction is explained below.-' SR RN

"The :inductance of "zl_iagnetic Cir'cfui_t:is -
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TABLE 2.  EXAMINATION RESULTS FOR SOLENOIDS AH-V6 AND AH-V74

AH-V74

Trial 3

81 6 667

AH-V6
‘ Test T™I-2 Test ™I-2
Parameters Solenoid Solenoid Solenoid Solenoid
o Solenoad Co1l With Air Core ‘ :
- Inductance (mH) 1106 881 1257 - 850
DlSS!patron Factor 0.203 0.25 0.193 0.251
. ESR3 {(ohms) 170 164 183 160
~ Ohmic Resrstance (ohms) 120.94 136.81" 128.24 133.73
‘ So]enord Coil Mounted on Test Valve ‘ : » ‘
Inductance (H). 3.10 - 2.59 3.32 2.55
Dissipation Factor 0.459 - 0.458 0.444  0.466
ESR (ohms) : 1070 890 1100 900
. P1ckup Vo]tage (vo]ts)
- Trial 1 31.75 38.7 34.06 37.010
Trial 2 32.15 39.0 34.02 < 36.95
Tr1a1 3 31.92 = 38.9 © 33.95 . 36.90
Dropout Voltage (volts) : ‘ o
‘ Trial 1 8.10 0 9.9  8.69 9.58
Trial 2 8.06 9.9 8.67 - 9.51
Trlal 3 8.10 9.9 - 8.67 9.56
"_Responce Time (mllliseconds) , _
Pickup ‘ o o _ : :
CTrial 1 275 270 . 260 260
- Trial 2 215 270 . 260 260 @
Trial 3 271 270 ~. 260 260
Dropout. N R o
L Trial”lv.': 370 . 380 - 370 .. 370
~Trial 2 - 370 - - 380 - 360 370
Tr1a1 3 , , 0370 . 380 . 360 370
‘~‘ﬂ;Tenperature Rlse--fInal tenp ('C) R T
© Triall o o - 78 - 68 . 66.7 = 80.7
-Trial 2. ‘,81A S 69 C . 66.3°. 79 -
81

AAAA

S e s A e ) B
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A TABLE'Z.fi(continued)~~

P e I  AH-V6  AH-V74

o | Test ~ TMI-2 Test  TMI-2
Parameters _ _ Solenoid Solenoid Solenoid _Solenoid

Die!eetric Hithstand _ ' , o
“Solenoid - . , o , . ' :
Vg (vac)c - .1002.1 = 1002.2

IL (ma) E : .= 1.019 --  1.0029

Transient Suppressor s L o
Vq (Vac) e ' - 1006.5 ~ == -1000.5
‘I>|_ (ma) ' ‘ o - - “1.015 o ].’0095

Rectifier = ~ | o o o
Vg (vac) A - . 3.6 - =~  1000.6
IL (ma) | S e= . - 2.088 .- 1.0088

Limit Switches S
Ve (ac) ... -~ 1000.6

s
&
b
P
3
g
Fs

TransientiSuppressurf o . _ o o
‘ SuppresSion Voltage (volts)‘ 300 - 300 - 300 . 300

. ESR = Equivalent series resistance.

N i S TS
T e AR TRy R 72
L

e b; Insulation resistance dropped to 90.350 ohns after 7 nin.
Ac;l-vd = Dielectric withstann test voltage. ; '

ﬁ‘d}‘sIL = Leakage current. if‘




. The reluctance of a mao..etlc cu'cult is the property of the circuit
'geometry and permeablllty of the materlals. Since the TMI-2 and test
solenoids’ are, for all practical purposes, - ‘identical in both geometry and
“material makeup and all uere tested using one valve, their individual
. , g‘reluctance is thus-the sane. As noted from the above relation, the
- ' inductance of the solenmds is a function of the square of their number of
| turns. Hence, the higher lnductance of the test solenmds is attributed to
‘their greater number of turns. . This greater nunber of turns of the test
‘fsolen01ds is further corroborated by therr ?ower pwckup and dropovt '
, voltage, also. explamed belou. :

o v A mlmmutn amount of force is needed to actuate the test valve
R plunger. This force is a function of the square of ampere turns. Hence,
~in ach1ev1ng the specific ampere-turns requlred s operate the valve, an
increase in the nunber of turns is accompanied by a decrease in amperes.
‘ The Ohm's Law :equation states
E o= wm A o (@
 where -
1 = - current
R = reSistance
N .Since the resistance is practically the sme fur all the solenmds,

- ;-:{;". decrease in I is accwanied b.Y a Md‘ explains the louer
N "g;a"pickup and dropout voltase of ‘the “St 5°'e"°‘d w0 o

- The 'response tme test shoued that all four solenmds operated the o
“test valve- with exactly the same response. of about 260 milliseconds plckup"f
time and. 370 mlliseconds dropout t‘ime (Figures T through M) This
nsistent response. tnne signifies f hat the velocity and hence r.he
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Figure 7. Scope trace of the opening response time test of the AH-V74 test
- solenoid. . Scope setting: 50 milliseconds per division.

TR SN

of ‘the clos

setting: 10




| VF'igurire'_ 9. Scope trace of the opéh'ingire'éponsé' time test of the AH-V6 test
‘ solenoid. Scope setting: .:So;mil'li’seconds per division.




" Figure 11. Scope trace of the opening response time test of the AH-V74
-~ solenoid. Scope setting: 50 milliseconds per division. -




" Figure 13 Scope trace of the opening response tine test of the m-vs
o - - solenoid. Scope setting 100 milliseconds per division.

‘Scope’ trace of the closing ‘response tine «_test of the. AH—Va
‘,,.rolenoid;’»? Scope setting. 100 ninisecands per division. .

W AR S Db,



acceleration developed by the plunger, 1s the sue for M-VG m-vn and .
the two test units. Smce force is the product of nass times acceleration, _
the force developed by ‘each solenoid is about the sae. This observation ‘
reinforces other observations that indicated the nu-z solenoids are intact*
and electrically nor-al. : s ' . ‘

The taperature rises of. the nu-z solenoids aqreed uell vnth the test '
" units and were significantly less. than the 180°C for uhich ‘the insulation
was designed. The insulation resistance’ of >l(!8 ‘ohms exceeds the v

. minimum value expected of a new unit." Furthemre. there was no. insulation
breakdown uhen ‘the insulation was subjected to a l(!ll Vac dielectric

, voltage withstand test. These three tests swported the preswtion that
the ™I-2 solenoids did not suffer any degradation electrical ly or

o operationally. S

| The transient suppressors of AH—VG and AH-VH evidently uere not
~affected by the accident. They behaved much Tike the test unit did The
suppression voltage was found to be ahout 300 volts. | o

B The insulation of AH-Wl's linit suitches, transient suppressors, and
- rectifier was found:to be sound. follouing ani ation resistance |

measurenent test at Sm_Vdc for ten minutes and dielectric voltage '

‘withstand test a ooo Vac. for one‘ninute The in "ul’ation of the AH-Y6
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~ of sodium and boron whose source evidently was the Reactor Building Spray
' SyStem. ) It lS speculated that while the buildnng was being sprayed, soneﬂ'
of the fluid seeped 1nto the solenoid housing. Results of tbe B
spectrocheuical analysis are. sunarized in Table 3. L

“TA'BLE'3. RESUL'I'S IN ESTIMTED WEIGHT PERCEI(T OF SPECTROCHEHICAL MMLYSIS: o
o OF SOLElDID AH-VG

Surface _A _‘:a' Cer _é.'. fLis f —'!ﬂ_.& | ._"i!l‘. 5 .51 ..2.'1
Top  0.005 0.06 0.02 0.2 25 0.01 0 ozz ”1 e
| 2 003 !

‘Bottom 0.1 0.24 0.02 0.2 25 ooz oz

_ Figure 1 is the installation arrange-ent of M-VG. lhe solenoid and
Timit switch lead wires: are. brouynt out of the solenoid housing into the
pull box through the flexible conduit. -In the pull box. ﬂie lead \m'es and
‘cables ll83SC and M836C are spliced. - As seen’ in the figure, the pull box '

sits higher than the solenoid cover.: It has a special tuo—uay relief "ﬂve;; Lo o

L that acts as a. pressure equalizer md drain. The flexible conduit that P
~ connects the. solenoid to the pull- box is attached 'on the lower side of - the
pull box. Malyzing the arrangennt, the 1y possible_wa a significant

- ';anount of water: could get into the solenoid' As through the;lflexible SR -

. _conduit, . The water .
' ;conduits connected_on;top.‘ Because of the higf




‘brittle. ‘A subtle d'lscoloration of the Tefzel insulation of the limit
'svntch lead wires was likewise noted. - There was, hauever. no observable
vchange in the pllablllty of the Tefzel lnsulatlon. The degradations' .noted
rcan most llkely be attrlbuted to radlatlon. N ‘

) Only the lmnt suntches of AH-V6 were exumed, those of AH-V74 were

not used. _ As mentioned earlier, the OPEN limit switch would not close even

when.inf.luenced by an external magnet. Subsequent x-ray examination of the

“device disclosed that the tip of the movable contact, as illustrated in’

' Figure 20, broke off from the armature. The tungsten contact of the
~stationary contact‘was also separated. - ‘

The switch iasfirst'. __observed by'the‘ ™I-2 Operations 9epartment to be
kgi'v"ing‘ false information before'any in situ test was performed. This false
'lnfomation uas probably the result of loose parts getting uedged hetween
the statlonary contact and the armature, thereby glvmg a contmuous closed
'contact 1nd1catlon. “The loose parts finally got dislodged when the
.‘solenold s orlentatlon ‘was altered durlng its removal from the valve. To
determne the fallure mode, the swltch lletal encapsulation was shced
‘ open. The renoval of the metal insulatlon revealed several facts. The_‘

S \ntch glass envelope was dlscolored and broke apart as soon as the
::encapsul atlon was removed.. Visual exumation of the exposed cuuonents
'“-(Flgure 2l) revealed what appeared to be a- ‘burned end of the armmature amm,

’ presmably caused by a fabrlcatlon fla that nay have made the jolnt ‘
structurally weak, thereby resulting in. the praature fallure of the

‘ ;devlce. The tungsten contacts of the statlonary and -ovahle arls uere also

.. rusted, ‘an. unexoected conditmn ‘since the reed switch was supposed tobe
hernetical ly sealed._ Although rustlng cannot be declared uitn certainty to

3 M‘.-_‘»fhave caused the reed svntch to; fail the actual intruswn orf nmsture into

the: devlce ds in’ itself consrdered & fault. l'he no’isture intrusion is c
i sed to be e1ther through the suitch tenlinal seal or through a crack :
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{a) Armature arm {~65x).
Bum marks
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‘capability of the interfacing pull hox and ;sealing the ‘cabl
the solenmd... f.’ . T S ‘

S Ao

‘ comgusxo'_as, Aup‘.ag”omnr.nmnous‘

The examination of solenoids AH—\!G and. AH-V74 revealed several aspects -

'about this generic type: of device that nay co-prom se its Operation dunng
'Or follouing a LOCA. For exanple. the exuination revea:ed degradation to

the silicon rubber insulation of the solenoid coil lead uires of both: umts
and insulation failure of the AH-V6 rectifier. ) The use of Tefzel as - A
insulation for the limit switch lead wires also presents a proble-. Hhile -

. Tefzel and silicon rubber have a high tenperature tolerance, a necessary

property of Reactor Bui 1ding camponents, they also have a relatively. Tow S
radiation damage threshold. Since insulation breakdoun could result in -
'shorting or groundi ng--either c1rcnustance di sabling to the solenoid--the

use of sihcon rubber, l’efzel and the insulation naterial used for the
rectifier would make the solenmd vulnerable to failure’ during a design |
LOCA. Obviously. the. problal can be corrected by llSlng insulating

-materials that are radiation tolerant as nell as high teqierature reslstant.

Flooding is another potential problen that could render this type of
solenoid inoperable during act:ident or post-accident operations. ‘With
-O-rings on the base and flange of the solenoid shell, water can collect 1n -
the solenoid housing and seep all the ua,y up to the terainal block. ’ , -
short-circuiting the unit. In the case of AH-V6, the problem can be :
eliminated by attaching the flexible conduit to the top sule of the pull

o .' box. Smce the prohlen is -ore one of installation geo-etr} :thao' design,

floodi ng can be prevented through such -easures“' as increasing

Hater intrusion insi__de the;“; "‘.eed'snitchvshould-f be eva 'uated The .
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Although the presence of dlodes mthin the assembly does not
fconshtute a weak point in the design, their presence .in a high radiation

B area smeuhat decreases the so]enmd S rehablhty for the simple reason

’that there are more cauponents to fail. Diodes generally fail because of

B :high leakage or by shortmg, and a fai lure by any one of the dlodes in this .

‘mode would render the 'solenoid inoperable. Since rehabllity is the main

,consideratlon in us1ng a dc coil in heu of an ac coil, an improvement to v

‘ futhe present design uould be to (a) locate the rect1f1er and transient -

- -'suppressor outside the Reactor Buﬂdmg or (b) totally eliminate the

rectiﬁer and use a dc power feed to the solenmd. Also. since the
transient suppressor is prmanly used for the protection of smtchmg and
ind1cat1ng couponents, a jud1c10us de519n of the solenmd control circuit
;uould do away nith the need of the suppressor. This recmndatlon, :
-suggested namly to. enhance syste- reliabihty, should be ccnsidered and

‘ inplenented ‘as. a long-tenn inprove-ent. o '
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Ihe actintor l:over uas repaclaged in polyethylene bags and sd:-itted to the
8L for spectral gamma analysis. The sasple was analyzed at a distance of
- 150 cm from the detector face and counted for a period of 10 hours as a point
- ‘source. Cesium 134 and 137 were the only radioactlve lsn!ooes detzcted above
‘the natural backgromd

The results. obtained are: . o ' o - ‘ ' *
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