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ABSTRACT 

T his report d i s cusses t he approac h and resu l ts of t he 1n s 1 tu.test  c on

ducted on TMI-2 reactor bu i l d i ng e l ec tr i c a l  components and d i screte dev i ce s . 

A l so i ncl uded are t he n eces sary presumpti ons a nd as sumpt i ons to corre l ate 

observed anoma l i es to the acc i dent. 
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TESTING AND EXAMI NATION O F  
TMI·2 ELECTR ICAL COMPONENTS AND D I SCRETE DEV ICE S 

I NTRODUCTION 

T he p roper operat i on of many e l ec t r i c a l  components and d i screte devi ces 
was v i t al  to t he immed i ate TMI -2 acc i dent recovery and wi l l  be to t he l ong
term recovery. Yet m any of these components and devi ces were not desi gned 
or qu al i f i ed for thi s  purpose . Examp les are the reactor coo l ant pump motors 
t hat were operated to  help s t ab i l i ze p l ant cond i t i ons d u r i ng the acc i dent . 
I n  order to prov i de permi s s i ves  for the pump startup, t he �orrespond i ng o i l 
l i ft and b acks top l u be o i l pumps must be i n  opera t i on and d i screte de" i ces 
suc h as o i l pressure, f l ow. and reservo i r  l eve l swi tc hes and cool i ng water 
f l ow swi tches must a l so f unction p roperly.  These e l ectri c a l  components and 
d i screte devices are non - l E  and non-LOCA qual i f i ed. 

Examp l es of C l as s  lE equ i pment t hat operated du r i ng the acci dent and 
con t i nue to operate are t he reactor bu1 1 d' i ng air;..coo l 1ng fans and motor
operated and s o l enoi �  vaive s .  The fans operate cont i nuou s ly t o  c i rcu l ate 
a i r  to coo l t he reacto;· bu i l d i ng .  The motor-operated and sol enoi d val ve s  
were operated a n umber of t imes d u ri ng the acc i dent recovery and reactor 
bu i l d i ng i so l at i on.  Except for t he four operat i ng reactor bu i l d i n g  ai r
coo l i ng fans and t he reactor bu i ld i ng p u rge val ves� t he condit i on of most 
of t he e l ec t r i c.al equ i pment and d i screte devi ces i n  the reactor bu i l d i ng 1 s  
u nknown . 

· TEST APPROAC H  

A n  object i ve o f  t he I nstrument and E l ectri cal  Equ i pment Surv i vabi l i ty 
p rogram i s  to  determi ne s u rv i v abi l i ty to  the TM I·2 acci dent and t he cond i
t i on of t he reactor bu i ld i ng e l ectri cal .  components, plac i ng emphas i s  on 
Cl ass l E  and LOCA-qual i fied equ i pment . To achi eve t he object i ve, t he i deal 
approach wou l d  be to retri eve the components from l he reactor bu i ld i ng and 
s ubject them to a deta i l ed hand s -on testi ng and exami nat i on .  However, as  a 
res u l t  of the acc i dent a l arge quant i ty of f i ss i on products 
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was re l eased to the reactor bu i l d i ng, gross l y  con tami n at i ng equi pment and 

c au s i ng h i gh radi at i on l eve l s. These cond i t i on s  make removal of equ i pment 

and componen t s  proh ib i t i ve because of extreme l y  high cost and equi pmen t 

inaccessib i l i ty. Many p i eces of equipment and dev i ces of i nterest wil l  not 

be accessib l e  unt i l  the reactor core is  removed and decontam i n at i on act i v i 

ties reduce rad i at i on  exposures to s afe l eve l s. The comp l et i on of these 

events 1s presen t l y  schedul ed for 1985. Dur i ng the i nterim, the pro l onged 
exposure to the reactor bui l di ng envi ronment cou l d  cause further damage to 

the equ ipment and re su l t  in the l os s  of valuab l e  i nformat i on. To obt a i n  
maximum data and i nformat i on o n  the equ i pment and t o  a l l ev i ate the pos s i b l e  

l oss of i nformat i on, a n  i n  situ test program was deve l oped. 

IN SITU TEST 

An i n  situ test i s  conducted from outs i de the reactor bu i l .d i ng, and the 

measurements are norma l l y  made a t  the cab i net where the cab l e  connected to 

the reactor bui l di ng outer penetrat i on box i s  term i nated. Thi s procedure 
c an be changed for acces s i b i l i ty or i f  h i gh rad i at i on l eve l s  exi s t 1n the 

test are a .  

The test program w a s  p l anned s o  that i n i t i a l  tests performed on �qufp

ment and devices selected wou l d  be fo l l owed by peri od i c  tes t i ng. Thi s  w11 1  
' ' 

a l l ow mon i tori ng for degradation of the device as a funct i on of time. Test s  
' . � ' ' .  ' 

were a l so p l anned for spec i f i c  dev1,ces. and equ i pmen t  before and after opera

t i ons that wou l d  a l ter the dev ices' environmen t a l  operat i ng cond i t i ons, such 

as decontam i nat i on .  

Bas ica l l y, the test con s i sts of static  and dynamic measurements. The 

s tat ic  test i nc l udes measurements of resi stance, capac i t ance, i nductance, 
i nsu l at i on res istance, a nd t i me  doma i n  reflectometry (TOR ). The dynami c  

tes t s  i nc l ude i nrush and steady state curren t  measurements, s i gnal spectra l 

content anal ys i s, a�d t i me response measurements. St at i c  measurements are 

taken on the equ i pmen t  both 1n 1ts as i s  condi t i on and after dynami c  tests. 

i f  dynam ic t ests are performed. 

2 



CONDUCT OF TEST 

I n du(tance and capaci tance were measured u s i ng i mpedance ( LCR ) b r i dge 
Mode l s  HP-426 1 A  or -4262A at a l l avai l ab l e  f requenc i es.. Insu l at i on resis
tance w4s measured us i ng a hi g h  res i s tance meter wi t h  a range of 5 x 1 05 

to 2 x 1 01 6  o hms . 

TOR measurements were made u s i ng a Tek tron i x  Mode l 1 502 , set to t he 
propagat i on ve l oc i ty of a i r when t he propert i e s  of t he cab l e  u nder test were 
n ot known . Otherw i se t he true p ropagat i on ve l oc i ty constant was set on t he 

test i nstrument . If.a su spected fau l t or anomaly was observed , add i t i onal 
measurements were made at a h i g her reso l ut i on .  

Dynamic measu rements and an�l yses were performed us i ng a d i g i tal si gna l 
a nalyzer and associ ated sen s i ng dev i ces . When t he e l ectr i cal n o i se s i gnal 
was below 10 V ac , data record i ngs were made usi ng a Honeywe l l  1 0 1  magnet i c  
tape recorder .  

O n e  spec i a l  t e s t  was the dyn am i c  t e s t  on t he Ax i a l  Power Shap i ng R ods 

(APSR ) .  Thi s test attempted to dr i ve t he APSRs i nto t hei r ful ly i nserted 
p osi t i on u s i ng an aux i l i ary power s upp ly.  Acoust i c  detectors were i nsta l l ed 
on the motor tube of t he APSR mechani sms to mon i tor t he mechan i ca l  n o i se 
generated dur�ng rod i nserti on .  Thi s'test comp lemented other tests con
ducted to est i mate t he d egree of reactor core damage , and also estab l i shed 
that t he APSR s were i n  a sat i sfactory pos i t i on for uncoup l i ng. 

Tes t i ng P robl ems 

Several diff i cu l t i es were assoc i ated w i t h  t he i n  situ test i ng .  The 
most p redomi nant was t he p resence of h i g h  e l ectr i cal  noi se on t he circu i t  
under test . T he no i se l eve l s  vari ed from a l ow of a few mi l l i vo l t s  to a 
h i g h of 70 v. In several i ns tances, t he n o i se i nterf erence w i th t he test 
i nstruments was h1g h  enough to p rec l ude obtai n i ng mean i ngfu l  data. 
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Two other major probl ems were associ ated w i th i n  s i tu test i ng .  Fi rst  
was the  i nab i l i ty to dynam i cal l y  operate or actuate some dev i ces. W i thout 

actuat i on,  onl y  t he components or parts' of the dev i ce e l ectri cally con
nected to t he b u i l ding outer penetrat ion term i na l  box can be observed . T he 

second major prob l em was the use of common wi res i ns i de the reactor b u i ld
i ng on para l l e l  connected c i ru i ts .  Un l ess the common w i res assoc i ated w i t h  

the branch c i rcu i ts are i so l ated, resu l tant data from the c i rcu i t  under 
test become obscured by branch c i rc u i t  effect t hereby mak i ng t he data 
i nterpretati on very d i ff i cu l t .  

TEST RESULTS ANALYSIS 

T he pre-gross-decontami nati on i n  s i tu test i ng revea l ed some very i nter
e st i ng resu l t�. T hey are summar i zed i n  Tab l e  1 .  A descr i pt i on of t he com
ponents and dev i ces, tests performed , and resu l ts are presented i n  the 
fol l ow i ng paragrap hs. 

Pre-Gross-Decontami nat i on Exper iment In Situ  Test Resu l ts 

The f i rst ser i es of i n  s i tu tests wa� conducted i n  October 1 98 1  before 
the commencement of t he reactor bu i l d i ng gross-decontam i nati on experi ment . 
Fi fty-one p i eces of equ i pment and devi ces were tested duri ng t he i n i tia l·  
test i ng. This  g roup was composed of 5 motor-operated val ves, 6 motors, 
4 sol eno i d  val ves , 1 1  CRDM stators , 1 1  CRD pos i t i on i ndicators, and 1 4  on- · 

off swi tches . Tab l e  2 l ists the 5 1  devi ces w i t h  the i r  correspond i ng 
locati ons. 

Leve l Switches 

AH-LS-5006, -5007, and ·5008 ate t hree Identical GEMS LS-1 950 l evel  
swi tc hes . The  sw i tc hes are used for l eak detection of the  reactor b u i l d i ng 
ait·-cool er coi l s .  They furn i s h  a s i gnal for control room annunci at i on when 
a h i g h  l evel ex i sts on t he associ ated coo l er condensate col l ect i on tray . 
The c i rcu i t  has a 1 25-V de potenti a l . Fi gure 1 s hows the i nterconnecti on 
w i ri ng di agram of t he t hree l eve l swi tches . 

4 



TABLE 1. SUMMARY OF PRE-GROSS-DECONTAMINATION IN SITU TEST RESULTS 

de ' TOR Inrush/Holding Insulation Resistance 
Device Test Resistance Trace Current 

I d ent If I cat I on Inductance Capacitance {ollnsl , Number �!5!S} __l!_!!!L o!Jns ltesu 1ts 

AH-LS-5006 CRAP-CRB2A I lb. 4 IIIH 554 3 NA CRAP 9.1 ll 10� very high contact 
CR82A 9.0 ll 10 rests tance. 

AH-LS-5007 CRAP-CRBJA 84 "" 1.30 4 NA CRAP 9 ll 107 Device appears good. 
CRB3A 10 ll 107 

AH-LS-5008 CRAP-CR84A 81 11H l.Bl 5 ItA CRAP 7.6 ll 10� Device appears good . 
C1t84A 7.6 ll 10 

AH-EP-5037 64-11 0.5/0.2 64 3.8 ll J08 Device Is operatlonil. 

AH-EP-5040 74-N 0.6/0.2 74 3.7 X JOB Device Is operati onal. 

AH-«:S-5037 65-66 3.9 ll 108 IIA 66 4 ll 108 Oevlce Is operati onal. 

Alt-«:S-5040 75-76 3.7 X JOB ItA 76 5.7 ll JOB No response. Setting 
•lght be Incorrect. 

AH-¥6 14-11 4.75 x I D'S 10 Q. 5/0.5 •oP£11• ll•lt switch ts 
15-H 1.28 10 ItA tiA IIA stuck closed. Solenoid 
16-H 3.55 10 operated within design 

ll•lt. 

Aif...Y74 64-211 1.1/1.1 Solenoid operated 
within design ll•lts. 

•-PS-4174 CAP-COlA IIA IIA 2.05 14 IIA COlA 3.4 X 107 Contact or NM-PS-4174 
*-PS-4175 CRAP 3.4 ll 10 7 ts fused closed or 

lnstru.ent Is out of 
ce Hbrallon. 11'1-
PS-4175 Is In nonaal 
state. 

RCS6-PS1 2967A-29678 132 "" 5.02 16 ItA 2967A 6.9 X 106 Device Is in no�l 
29678 ?.8 X 106 state. In- contal.-ent 

cable has an l�ance 
•l�tch at •ldpolnt. 

RC58-FSI 295!111-29596 - 11.24 11f 8.9 x 1o6 17 ItA 2959A 8.6 ll lo6 Device Is In the 
29596 2.5 X Jo6 •actuated• state with 

no external Influence. 
In-containment cable 
has an l���pedance 
mismatch at midpoint . 

ltC59-FS1 2975A-29758 139 "" 5.17 18 NA 2975A 1.5 ll 106 Device Is In nonaal 
29758 1.5 ll 106 state. In-contal lllllef'lt 

cable has an Impedance 
ml�atch at •ldpolnt. 

--- • • 1 
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TABLE 1. 

Device 
I dent fflcation - -

RC6f>-LSI 

RC60-LSl 

RC67-YS1 

RC67-YSl 

RC67-YS4 

· ·RC·P-IA 

ac-r-21 

(continued) 
--------

Test 
Point Induct a� 

29/9A-2<J798 131 '"" 

2982A-2982B 1:!1 "" ' 

AJYSP-AJVS 120 "" 

AlJVR-AlYS.I 

UYSP-BlVS 
BlTVA--IlYS.I 

A4YSP-A4YS 

A&TWt-A4YS.I 6.6 H 

ll-T2 6.55 IlK 
Tl-rJ 6.52 IlK 
T2-T3 6.52 IlK 
A.JOO-AJO'II 
A3010-AJ012 
A)OI)-AlOil 
AJOU·Al012' 
1.)011-AlOil 
Al012-AJOQ 
AlGC 1-All'iC2 
AJRC I-AJRC2 
�I-Al61'2 
AJRPl-AlRPZ 
fi-Tl 6.5 .. 
TI-TJ 6.!i .. 
12-Tl 6. 5 .. 

IIJOIIO-Il011 JlOO •" 
•t 10 klb 

b.JOII0-8)012 11.100 ·" 
•t 10 tH.r 

________________________________ ...,._ 

de lllR . hh"I.ISh/Holdln') J:!S'JI,�tion Resisl_!I'ICt: 
Res I stance Tr.1ce Currf'nt 

-�I lance (oms) _I!_Ulllber �liPS) _!I.!!:L __ ohms_ Result> 

5.10 19 . NA 2979A J.J X 106 Dev ice Is In alar• 

29798 J.J X 106 state. ln-contailllllent 
cable h1s an tlll{ledance 
•isaatch at •idpoint. 

j I 
2982A 3.0 ll 106 Device Is In alana 5.16 20 ' HA 
29828 5.2 ll 106 state. ln-cooUitlll!flt 

cable has an illl{ledance 
•ismatch at •ldpotnt. 

Short 1M AJVSP Reset coil circuit is 
AJYS 

4.7 ll lo8 
open. 

9.8 rtf 9.8 X 107 [ f ff:U It open AJTVII 
AlYSN 

1.45 X lofi NA �vice is operational. 
1.1s ll up lll/132 

25.5 4 � -lA A4VSP 5 ll 107 Device Is operational . 
A4VS 2.2 x to9 

8.5 rtf 1.044 ll UP . 180/130 AUVIl 5.0 x lU� 
MVSI 6.0 ll 10 

21 27 NA n 2.4 J. to6 Abftorlqlly high c ircujt 
21 27 NA J2 2.5 J. tol'i de resistance on -otor 
21 Z1 lA T2 2.4 ll tol'i windings. CTs and PTs. 

18.5 rtf Open 28 ' M Unacci!J)Ub ly low lnsu-
336 28 IIA lat1on resistance of 

-otor winding 'lrcults 
48. 325 28 .NA If Ire AJOIII !s evidently 

l)pell ·� l'pe!lo 
48nf ()pe-11 lA 

145 NA 
104 )0 lA 
216 29 NA 
122 )0 NA 
195 29 IIA 
l8 31 IIA T l m' �orNlly htgh 

18 itf at 10 ltHl 38 31 IIA Tl 107 circuit de re-s lstiiiCe 
38 31 IIA T l  1o7 on -.otor wltodl��gs. 

Cis t11nd Ph. 

100 32 IIA "arglnal .ator 
wlndl��g. ln!!.ulatloo 

100 ll IIA resistAnce. 



TABLE 1. (continued) 
-------- -�--------------���-

d<: IDR lnrv�lt/lloldlng lnsY14tlon R�sl5tan<� 
OhiCt' Tnt liPs tst..nc:to lrJtt! CuM'1!"1l !4efttlt tut 1011 --����- !�':.�.! ��t�L __ (o'-s)_ !'!"!'-� ___J�y___ Ill ire ot.s --�E!�s 

IC-P-21 
(COfttl.-1) 

I JOIIO-IlOil 880 ... 104 31 1M 
It IU I.H.r 

I JOt I-:> JOtl IM IIA 
IY.JII-IJOI3 10'!1 lA 
8l01l-IJQO '700 ... IOJ IIA 

ll 10 ""' 
llltCI-IlRC2 101 33 IIA 

lli'PI-IlltP2 68S 34 lA 
IJGCI-IX.U 108 33 lA 
IJGPI-IJGP2 18 34 IIA 

IC-1'-,IA b«t5t.Gp 11-ll 330 IIIII l.lt , •• 10..81a 1oll l6 IIA II �-1 a 1oiO file .,,01" <1IIP'II'II'S to 
•• on..., It 120 liz 10 kltr be good. IMIIIItiOft 

llotOI" 2-IA-1 11-13 )20 ... ).18., ll 10.46 a loll J6 "" 1 2  �.3 • •o•o h good tNt -� be lot 120 liz 10 lttr 
IO.M a 1oJ• �-• • 1o10 

dtrt.r. 
ll-13 112 ... ).II fill It J6 lA fJ 

•t 120 Ill 10 lltl 

IC-1'-11 11«\StC�tJ 11-Tl J65 .. 4. li rl It .. .... 37 .. T1 3.4 ll 1010 ''- .:otor III'Pf.ln lo 
lrM o11,.,. It 1 Utz 10 kill be good. ln5UIIti0111 

llotor 2-11-1 n-u Jllllll 4.01, It 11.r/J 37 lA 12 3.4 a to10 ts 90011 tNt .. .., be 
It I till 101tlill 

'·" • tolo o!trt..,. 
12-JJ lS7 ... 4.14 rl It llJ.Jb 31 lA J3 

It I ldV IO.tltl 

Rt-P-IA Nct\lp AI-A2 26�8 wl It J.l'lfl ll lo' «l) IIA AI 6.8 ll JOII A \"i!r:t Ill gil rH lsl!lrl(l' on lift.,_., f20Ml Al IJpt>ft at tile lnNtvrt>. All Fl..fZ �.1 wl at o.- tO lA h 3.1 a •o•• � ctrcvtt e•tsts on 
1zO.IIz J.9 • 1o1S the field wlndlng. 

IC-P-21 b.lclup AI·AZ 5.51 IIIII us .. .  lA AI �-2 a to1' r��e .,tor appt'lr5 
ell 11ft..., It 120 Ill A2 �-2 a 1011 lnlKl e•cept for tile 
-tor FJ..f2 9.4JZ IIIII 130 u IIA f2 1.s :a toll high 1.-.tlYre 

It 120 Hz rfllshnce. 

CA-,1 JI-ll 20!) .. ).13- •t 31. 1  il 3.0 :a lo6 "otor appen5 to bt! 
It 110Hz 10kHZ no•-..1 ••cept tor 

11-fJ �- ).11 - •t J1.1 12 3.0 " los aarglnal ln�ulatio" 
It 110Hz 10 lHz 

106 
,.�., hta•JCe. 

Tl-JJ 20S ... 3.17- ., 31.1 13 3.0 ll 
It lztt Hr 10 lUtz 

1-£0 IIA 1 2 ll IO� 
60 2.1 • los 



TMlE 1. (continued) 

de TOR ll'lniSI'I/IfO Jdtng Insulation Reshtiii"'Ce 
Dew lee Test Reslst�e TriKe Current 

1\teft":.ifluUM Po lilt lnduc::t�e Capac 1 tMCe (o'-s) �,. ( aowps) 'Wire o'-S Results 
-----

CA-ll 
(c�.��ttf_.) 

� 
>2-0 ll Jo8 1-10 14.05 rE lit IIA 70 

1 tHz ; 
' 

I 
1-45 81 ... IIA �5 2.1 • 1oS 

ll 1 ldlz I 
1-55 14.) rE It IIA 55 >2.0 ll Jo8 

1 ..., 

0'-IIA n-T2 12.12 .. 4.W: T1 2.0 ll loB �tor winding appeArs 
lit 120 Ill \ 

2.0 ll Jrfl 
to be goo11. lllndlng 

TI-Tl 12.21 .. 4.� rz lnsu1AtiOR aPPears 
It 120 Ill 

z.o ll Jo8 
good bvt -..y be 

T2-TJ 12.50 .. 4.W: T3 dirty. 
It 120Hz 

l.u • •o' 2.4 ll 108 1-55 IIA 1 
55 5.20 ll lOg 

1-45 I. to IIA 45 1.21 ll lg: 
611-60 IIA Sl 2 .3 • 'oa 

60 8 It 1 

IIS-1100 IK-10 lA 10 7.8 ll lot' �tor Is good. An 
n-rz 133.4 .. 21.1 12.3 A/1.9A .. 11 n "·" • •o' open circuit o:lst 

It 120Hz 
t2 6.48 ll 1011 

across "t res 1 illld 
n-n 134.8 1111 21.1 ll.M/1.- .. T2 60. 

at 120 Ill I 
5.1 ll 1011 T2-T3 118.1 1111 21.1 11.1A/2.)A a- Tl Tl 

at lztt Ill 
1-tO Open lA 1 1.2 ll 1g: 

60 2.6 ll 1 
1-10 Open IIA 10 2.6 ll Jo8 
l-45 0.01 lA 45 1.2 a 1o8 
1-55 Open !lA 55 4.4 • 1oa 

JC-11 n-rz 58.6 .. s.se Tl 4.5 ll JDll �tor appears to be 
at 120 ltz good. 

n-n 10.31111 s.s, 12 1.0 ll 1011 
at 120 1tz ·� 

1.4 • tolZ r2-n 56.8 .. 8.58 T3 
at 120Hz 

1-60 1.!J IIA 1 hlflntty 
6o lnf1nlty 

1-70 lA 70 lnftnlty 
44 1.0 ll 108 



TABLE 1 {continued} I • 

de TOR Inrush/Holding Insulation Resistance 
Dew ice Test Resistance Trace Current 

ldentiricat ion Point Inductance Ca!;!acftance totasl Nullber illiiPS) Wire ohms Results 

RC-Wl 
(continued) 

44-45 2.03 NA 45 1. 0 ){ 108 

44-46 NA 46 1.0 ){ 108 

55-56 NA 55 z.o ll 10: 
56 z.o ){ '&a 

181'-laJ Z9nfat Open NA 18A z.o ll 1 
8 1 kHz 188 2.0 X 1ga 

19A-198 140 .H z.z NA 19A z.o ){ 1 
at 1 tHz 198 z.o ){ 108 

1101.-¥271 Tl-TZ 439 ... 101 11 z.o ){ ]08 ltotor appears to be 
at 1 kHz lo8 good. n-n 44211H 100.8 TZ 2.0 X 
at 1 kHz JoB rz-n 44911H 101 13 z.o ll 
•t 1 kHz 

Jo8 1-60 75 •H 1.17 NA 1 z.o ll 
at 10 Hz 60 2.0 ll :g: 1-70 17.:J rtf. at Open NA 70 z.o ll 

1 kHz 
1-45 76 .H . 1.18 NA 45 z.o ll 1o8 

at lZO Hz 
1-55 25 rtf at Open NA 55 z.o ){ JoB 

1 kHz 

CRlll-SfOl A-1 22ZIIff 7.89 NA Stator lflllears to be 
at lZO Hz good. 

8-JIJ Z2311H 7.87 NA 
at lZO Hz 

C-N 222 IIH 7.90 NA 
at 1ZO Hz 

AA-N ZZ1 1111t 7.89 JIJA 
at 120 Hz 

88-N 224 11H 7.87 JIJA 
at 120Hz 

CC-I Z2211H 7.87 NA 
at 120 Hz 

CR�-ST35 A-Jt 213 IIH 7.91 IIA A-Grd. 1 ll 1011 Stator appears to be 
at 1 20 Hz good. 

8-N 210 IIIH 7.91 NA 
at 120 liz 

C-N 210 Iliff 7.90 NA 
at 120 Hz 



TABLE 1. (continued} 

On lee Test 
ldentiftcat 1011 Point 

CRII'I-ST35 
(continued} 

M-1 

88-1 

CC-II 

CRIJI-STSO A-ll 

8-11 

C-11 

AA-11 

88-11 
...... 

0 CC-I 

CRIJI-ST62 A-ll 

8-11 

C-1 

AA-1 

88-11 

CC-II 

CRIJI-ST63 A-ll 

B-tl 

C-1 

M-Il 

Inductance 

213 .. 
at 120Hz 
210111H 
at 120 Hz 
210111H 
at 120Hz 

214 ... 
;at 120Hz 
214 ... 
ilt 120Hz 
214 ... 
at 120Hz 

213 ... 
-.t 120Hz 

217 .. 
at 120 Hz 
214 ... 

-at 120Hz 

212 ... 
at 120Hz 
210 ... 
at 120Hz 
208111H 
at 120Hz 
212 ... 
at 120Hz 
210111H 
;at 120HZ 
208111H 
at 120Hz 

222 ... 
at 120 Hz 
ZZIIIIH 
at 120Hz 
219 .. 
at 120 Hz 
222 .. 
at 120Hz 

Caeacttance 

553 nf at I kllz 

59. 7 nf at 1 kllz 

58.8 nf ;at 1 kHz 

54.5 nf at 1 kHz 

55.9 nf at l kHz 

57.9 � at 1 kHz 

139.1 nf at 
10 kHz 
138.8 nf at 
10kHz 
139.2 nf at 
10 kHz 
136.7 nf ilt 
10kHz 

de TOR Inrush/Holding Insulation Resistance 
Res !stance Trace Current 

(o!RS� � (!!!!!s) � Ollis Results 

7.88 NA 

7.89 NA 

7.89 IIA 

7.97 lA A-Grd. 1 x 1oll Stator appears to be 
good. 

7.98 IIA 

7.116 IIA 

7.95 lA 

7.96 lA 

7.97 IIA 

7.98 lA A-Grd. 13 X 109 Stator appe;ars to be 
good. 

7.96 lA 

7.95 lA 

7.94 lA 

- 7.94 lA 

7.93 IIA 

8.05 lA A-Grd. 4 x 1on Stator appe;ars to be 

8.06 IIA 
good. 

8.06 lA 

8-08 •A 



TABLE l. (continued) 

de TOR In rush/Ito 1d ing lnsul•tton Reststance 
llewt.ce T�t Resistance Trace Current 

lclentification Po tnt Inductance Ca�citance �otasl IUIIIber i!!!Sl Wire otJns Results 

CRilt-STfiJ 
(continued) 

88-N 22 1 1111 137.5 rtf at 8.08 IIA 
at 120Hz 10 kHz 

CC-I 220 1111 137.8 rtf at 8.09 IIA 
at 120Hz 10 II:Hz 

CII.,.·ST64 A-1 22 11111 137 rtf at· 7.95 IIA A-Grcl. 2 II 1012 Stator appears to � 
at 120Hz 10 ll:flz good. 

I-ll 2 18 ... 137.2 rtf at 7.97 IIA 
at 120Hz 10 kHz 

C·ll 2 17 ... 13'.2 rtf at 7.94 IIA 
at 120Hz 10kHz 

AA-1 22 1 ... 134 rtf at 7�94 IIA 
at 120Hz 10kHz 

BB-1 2 17 1111 139 rtf at 7.94 IIA 
at 120Hz 10 II:Hz 

CC-I 217 ... 135.9 rtf at 7.97 IIA 
at 120Hz 10kHz 

CRI»t-ST65 A-ll 22 11111 137 rtf at 7.91 IIA A-Grcl. 10 II 101 1 Stator appears to be 
at 120Hz 10 ltHz good. 

I-ll 218 ... 137.2 rtf at 7.94 IIA 
at 120Hz 1o

·
ktlz 

C-11 ·· 2 17 ... 136.2 rtf at 7.90 IIA 
at 120 Hz 10'II:Hz 

M41 22 1 1111 134 rtf at 7.91 IIA 
at 120Hz 10'kHz 

88-1 2 18 ... 139 rtf at 7.92 IIA 
at 120Hz 10 kHz 

CC-II 2 17 1111 139.5 rtf at 7.96 "" 
at 120 Hz lO'kHz 

CRII'I-ST66 A-N 2 16 ... 137.6 rtf at 7.83 IIA A-Grcl. 1.2 ll J09 Stator <IPJM!ilrs to be 
at 120Hz 10kHz good. 

8-1 2 14 ... 136.5 rtf at 7.85 "" --
at 120Hz .10 kHz 

C-1 2 13 ... 137.0 rtf at 7.88 IIA 
at 120 Hz 10kHz 

M-Il 217 ... 136.6 rtf at 7.87 lA 
ilt 120Hz 10 kHz 

88-11 214 1111 136.4 rtf at 7.86 IIA -;-
at 120Hz 10 kHz ! 

CC-II 213 1111 137.7 rtf at 7.85 IIA 
at 120Hz 10kHz 

·-it- -·- . ...... 5 � .... .... ,.,... •• .--......... -·-------�·----J-·---�--�-

1 II tau a 111 umw II!IIIRJ Iii 
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TMLE 1. (continued) 

de TDR lnrush/lloldtng Insulation Resistance 
On tee Test Resistance Trace Cun-ent 

14e��tlficatton Point Incb:tance caeacitance (ohlsl NUIIIber {amps� Wire �� Results 

CRD1t-ST67 A-ll 209 ... 134.3 nF at 7.93 IIA A-Grd. 6.8 x 1ol 1  Stator appears t o  be 
at 120Hz 10 kHz good. 

.... 205 ... 133.2 nF at 7.93 IIA 
at 120Hz 10 kHz 

C-11 Z03_.. 135.8 rtf it 7.!M IIA 
at 120Hz 10kHz 

AA-11 207 ... 131.8 rtf at 7.95 IIA 
at 120 Hz 10 kHz 

88-11 205 ... 134.8 rtf at 7.95 IIA 
at lZO Hz 10 kHz 

CC-II 203 ... 134.o nF at 7.93 IIA 
at 120 Hz 10 kHz 

OUJt-ST68 A-I 217 ... 139.5 nF at 7.8 IIA A-Grd. s.o x 109 Stator appears to b� 
at 1ZO Hz 10kHz good. 

.... 218 ... 138.8 nf at 7.8 IIA 
at 120Hz 10kHz 

C·ll 217 ... 138.8 rE at 7.9 IIA 
at 120Hz 10 lHz 

AA-11 214 ... 169.0 rE It 7.9 IIA 
..... at 120Hz 10 lHz 
N 88·11 218 ... 168.7 rE at 7.8 I.A 

at 120Hz 10kHz 
CC-II 216 ... 170.5 rtf at 7.8 IIA 

at 120Hz 10 kHz 

CltM-ST69 A-ll 229 ... 169.0 rE at 8.0 IIA A-Grd. 5.2 K 10iO Stator appears to•be 
at 1ZO Hz 10kHz good. 

.... 226 ... 165.0 nF at a.o lA 
at 120Hz 10 lHz 

C-11 225 ... 167.6 rtf at 8.0 IIA ... 
at 1ZO Hz 10kHz 

AA-1 229 ... 166.0 rtf at 8.0 lA 
at 1ZO Hz 10kHz 

88-1 225 ... 167.5 rE at 8.o ellA 
at 120Hz 10kHz 

c, CC-II 225 ... 166.5 nf at 8.0 IIA 
at 120Hz 10kHz 

•• Effective series resistance .easured at 10 kHz • 

( 
Ill. Effective series resistance .easured at 120 kHz. 

c. Equlva1.-t series resistance. 



TABLE 2. LIST OF DEVICES TESTED 

Elevation 
Device Tag Type of Device (ft) 

AH-LS-500 6 GEMS level switch 30 6 

AH-LS-5007 GEMS level switch 306 

AH-LS-5008 GEMS level switch 306 

AH-EP-5037a ASCO solenoid valve 342 

AH-EP-5040a ASCO solenoid valve 342 

AH-KS-5037a NAMCO limit switch 342 

AH-KS-5040a NAMCO limit switch 342 

AH-v6a Valcor solenoid valve 322 

AH -V74a Valcor solenoid valve 322 

NM-PS-4 174 SOR pressu�e s�itch' 349 

NM-PS-4175 SOR pressure switch 349 

RC56 -PS1 Barksdale pressure switch 322 

RC58 -FS1 M&M flow switch 322 

RC59 -FS1 M&M flow switch 322 

RC60-LS 1 SOR level switch 322 

RC60 -LS2 SOR level switch 322 

RC67-VS2 Robertshaw vibration switch 322 

RC-67-VS3 Robertshaw vibration switch 322 

RC-67-VS4 Robertshaw vibration switch 322 

RC-P-lA Allis- Chalmers. 9000 hp, 322 
6900 V ac ind�ction motor 

RC"'!P-2B Allis- Chalmers, 9000 hp, 322 
6900 V ac induction motor 

RC pump backstop 1/2 hp, 480 V ac, 
lube oil pump 3-phase, induction motor 
Motor 2-lA-1 

13 
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' '  T AB LE 2. ( c on tinued) :; 

E l evat ion 
Devic e  T ag Type of Devic e  {ft) 

RC p ump back stop 1 /2 hp , 480 V ac 322 
l ube oil p ump 3-phase , induction mot or 
Motor 2-l S-1 

RC-P· l A  bac k u p  1 0  hp , 230 V de  322 
o 1 1 l ift p ump s hu nt-wound motor 
motor 

I 
RC-P-28 backup 1 0  hp , 230 V de 322 
o1 1 1 1 ft p ump shunt-wou n d  motor 
motor 

CA-vl a Motor operated va l ve 324 

CF-V l Aa Motor operated va l ve 308 

NS-V l OOa Motor ope,rated va 1 ve 3 1 9 

RC-Vl a Motor o pe rated va l ve 357 

WDL-V27 1 a Mo tor operat ed va l ve 3 1 8  

CRDM-STOl CRD stator 345 

CRDM-ST35 CRD s tator 345 

CRDM-ST50 CRD stator 345 

CRDM-ST62 CRD sta�or 345 

CRDM-ST63 CRD stator 345 

CRDM-ST 64 CRD s t ator 345 

CRDM-ST65 CRD stator 345 

CRDM-ST66 CRD stator 345 

CRDM-ST67 CRD stator 345 

CRDM-ST68 CRD s tator 345 

CRDM-ST69 CRD stato r  345 

CRDM-API-01 CRD position ind icat or 345 

CRDM-API-35 CRD posit ion ind ic at or 345 
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TABLE 2. ( conti nued ) 

Devi ce Tag 

CRDM-API-50 

CROM-API-62 

CROM-API-63 

CROM-API-64 

CROM-API-65 

CROM-API-66 

CRDM-API-67 

CRDM-API-68 

CROM-API-69 

a. Cl ass l E  equi pment. 

Type of Devi ce 

CRO pos i tion i nd i cator 

CRO pos i ti on i nd i cator 

CRO pos i ti on i nd i cator 

CRO pos i ti on i nd i cator 

CRO pos i t i on i nd i cator 

CRO pos i ti o n  i nd i c at�r 

CRO pos i ti on i nd i cator 

CRO pos i ti on i nd 1 cator 

CRD pos i ti on i nd i cator 

Elevati on 
(ft) 

345 

345 

345 

345 

345 

345 

345 

345 

345 

T he l eve l sw1tc hes are constructed of s ta i n l es s  stee l w i th a magnet

equ i pped fl oat that move s a l on g  the u n i t  stem a s  co l l ecti on tray l eve l s 

c h ange. A g l ass-e n c l osed , herinet1cail y  .sea l ed reed swi tc h  i nsta l l ed w i th i n 

the u n i t•s stem actuates when i nfl uenced by the magnet. Eac h sw i tc h  1s 
e l ectri c a l l y  connected to a N EMA .4 termi n a l  box mounted on  the s i de of the 

a i rcooler,  as s hown i n  Fi gure 2w 

AH-LS-5007 and -5008 exh i bi ted a c i rcu i t  resistance of 1 . 30 and 

1 .8 1  ohms , respecti ve ly. T he s e  val ue s  ar:e i n  close agreement w i th the ca l 

c u l ated maximum c i rcu i t  res i stance of approxi mate l y  1 .45 ohms .  Likewi se , 

the measured i nduc tance for the devi ces of 84 and  81 llH compare we l l  w i th 

the esti mated va l ue of 89 llH• The c a l c u l ated val ues are based on  an 

AWG 1 2  soft. d rawn copper conductor w i th a 3/64- i n. thi ck i ns u l at i o n  and a 

c abl e p u l l ed l ength of 442 ft. 
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Figure 1. Interconnection w 1 r 1 ng diagram of AH•LS-50061 -5007, and - 5008. 
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Figure 2. Mounting detail of AH·LS-5006. -5007. and -5008. 
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AH-LS-5006 e x h i btted an  abnormal l y  h i g h  c i rc u i t  de resi stance o f  

554 ohms and i nductance of 126. 4 mH. T he h i g h  resi stance cond i ti on was con

f i rmed by the TOR me asurements shown i n  F i gu re 3 and i s  l ocated at the 
e qui pment-end of the c a bl e .  T he TOR t race a l so i n d i c ates a capac i ti ve e l e

men t  at the term i nat i on ,  a con d i t·ion whi c h  coul d be attr i buted to a wet or 
g rossl y c orroded swi tc h  contact. T he h i g h  r esi stance presented by AH

LS-5006 , however ,  was not h i g h  enoug h to trip the assoc i ated annunc i ator 
c i rcui t. 

T h e TOR traces of AH-LS-5007 and -5008, shown i n  Fi gures 4 and 5 

respecti v e l y ,  conf o rm w i th the trace c haracte r i st i c  of a l ow resi stance at 

c abl e term i n ati on. Jhe measurements d i d  not reveal a ny cabl e  d amag e .  The 

i nsu l ati on resi stance measuremen ts on Ci rcu i ts AH-LS-5006 , -5007 , a n d  -5008 
d i d  not reve a l  any i nsu l at i on bre akdown . 

Sol eno i d  V a l ves 

AH-E P-5037 and -5040 a re ASCO Model HT8331 A45 so l en o i d  v al ves. T hese 

v al ves are actuati ng p i l ots for re actor bu i l d i ng P u rge V al ves AH-V2B and 

-V3A ,  respecti vely. AH-KS-5037 and -5040 a re N AMCO Severe Env i ronment l i m i t 

switc hes used for posi t i o n  i nd i cati on of Purge V al ves AH-V:-'8 and -VJA. Two 

l imi t swi tc hes are pro v i ded on e ac h  p u rge val ve. B oth the sol eno i d  val ves 

and lim i t  swi tc hes are d esi g ned to operate a f ter be i ng subjected to a max i 
mum e n v i ronmen tal cond i t i on of 286°F, 60 psi g ,  100% rel ati ve  humi d i ty and a 
total i ntegrated dose of 2 x 1 07 rad s. The d e v i ce s  have bee n  extensi ve l y  

used for r e actor bu i l d i ng p u rg i ng si nce the acc i dent. Both sol enoi d v a l ve s  

a nd 1 i m i t  swi tc he s  are Cl ass l E .  Fi gure 6 shows the d ev i ce s  i nterconnecti on· 

w i r i n g  d i agram. 

Sol eno i d  Val ves AH-EP-5037 and -5040 and �heir assoc i ated l i m i t  

Sw i tc hes AH-KS-5037 a n d  -5040 were subjected to both stati c  and dynami c 

tests. The i nsul ati on resi stance of the c i rcu i ts under test are all i n  the 

r an ge of 3 to 5 x 1 08 otvns. B ecause the branch c ircu i ts were not i solated 

from the c i rcu i t  under test , other static test .d ata were obscured. 
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Figure 3. Pre-gross�decontamination TOR trace.of AH-LS-5006. 

INEI.. 2 2874 

Figure 4. Pre-gross-decontamination TOR trace of AH·LS-5007. 
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Figure 5. Pre-gross-decont�1nat.1on TOR ,�race. of AH-LS-5008. 
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T he dynam i c  test of t he s o l eno i d  v a l ve s  d i s c l o sed a ho l d i n g c u rrent of 

a bout 0.2 amp . T h i s v a l ue 1s  w i t h i n t he des i g n v a l u e s  of 0 . 225 amp based 

on 120 V ac , s ugges t i n9 t hat t he s o l enoi d v a l ve s  are operat i ng norma l l y .  

The dyn am i c  test a l s o revea l ed th at t he "OPE N "  l i m i t  swi tch of AH-K S-5040 

w a s  not operat i ng. The other l i mit  sw i t c hes ( AH-KS-5037 and the " CLOSED " 

s w i tc h of AH-KS-5040 ) r��oonded w hen t he i r  respect i ve butterf ly v a l ves were 

operated. 

A H -V74 and -V6 are VAL COR n uc l ear so l eno i d  v a l ve s .  Bot h v a l ves are 
C l a s s  l E  equi pment but  were not LOCA qual i f i ed at t he t i me of t he i r  man u 

f ac t u re. AH- V74, s hown i n  F i gure 7 ,  1 s  the p i l ot v a l v� for t he LO CA d ampers 

i n  t he reactor bu i l d i ng .  AH-V6 i s  a cont � i nment i so l at i on va l ve i n  t he 

reac tor b u i l d i ng p ress ure i ns trumen t l i ne. Both v a l ves are powered by a 

120 V ac source and have an i nte rna l rect i f i er for t he de  s o l eno i d  coi l 

operat i on. A typ i c a l  s o l enoi d v a l ve c ross-sect i on i s  s hown i n  F i gure a. 
T hey a re equ i pp ed w i t h  a N E MA 4 enc l os u re and a Cl ass H coi l .  Eac h v a l v e 

has two sets of SPST reed l i m i t  swi tches u sed for pos i t i on i nd i c at i o n .  A l l 

t he componen t s  of t he s o l e no i d  va l ves are des i g ned for e n v i ronmen t a l  cond i 
t i o n s  of 286°F , 1 00% re l at i ve humi d i ty ,  53. 2 p s i g ,  7 . 5  x 1 06 rad / h ,  an d  
t o t a l  i n teg rated dose o f  2 . 8  x 1 07 rad s .  F i g u re 9 s hows t he so l en o i d  

va l ves ' i nterconnect i on w i r i n g d i agrams . 

A H-V74 was s u bjected o n l y  to a dynam i c  test. The attempt to perform 

the stat i c  test was cance l l ed due to h i g h  rad i at i on and gros s con tam i n a t i o n  

i n  t he test are a .  I n  t he test.  t he i n rus h a n d  ho l d i ng cu rren t s  were both 

me asured at 1 . 1 amperes--l e s s  t han t he 1 . 5  amps max i mum des i g n.  

AH-V6 was tes ted stati c a l l y  and dynam i c a L ly. T he stat i c  measu rement 

was made w i t h  t he v a l ve c l osed. As expected . the CVe ( c l osed when v a l ve i s  

c l osed ) l i m i t  swi t c h  was c l osed a nd h ad a me asured c i rcu i t  res i stance of 

1 . 28 ohms--a v a l ue compat i b l e  w.1 t h  t he cab l e  p u ll ed l ength  of approx i mate l y  

348 f t .  It was a l so observed that. t he eva ( c l osed when  v a l ve i s  ope n ) l i m i t  

sw i t c h  was c l osed and had a c i rcu i t  resi stance of 3 . 55 ohms . The d e  res i s 

t ance across t he rect i f i er-c o i l  c i rcu i t  was muc h h i g he r  t han expected . T h i s  

d i screp ancy was l ater traced to. t he mag n i tude o f  t he exc i t at i on s i g n a l  o f  
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F i g u re 7 . I n s t a l l at i on o f  AH-V74 . 
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Permanent magnet sensor 

Slot connection to 
so lenoid armature 

Control orflce --..... 

Pi lot poppel ----
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Reed type posit ion switch 

rnal termin al box 

spring 

ock absorber 
spring 

Poi nt bearing (2) 

INEL 2 28110 
F i gure 8.  Cross·sec t 1 on of  a typ i ca l  VALCOR soleno i d  v a l ve .  
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the measur i ng i nstrument , whi ch was insuffi c i ent to cause the rect i fi er 

d i odes to conduct . The TOR traces shown i n  Fi gure 10 di sclosed no c able 

fault . 

The dynam i c  test on AH-V6 proved that the valve i s  operat i onal . The 

measured i nrush and holding currents were 0.5 amp--less than the max i mum 

spec i f i ed operat i ng value of 1.5 amperes. It also confi rmed the anomaly i n  

the eva li m i t  swi tch. The sw i tch, normally open when not under the influ 

ence of a magneti c  f i eld, d i d  not respond when the valve was cycled. The 

eve l i m i t  swi tch responded prope rly to the valve stem movement . Analysi s  

of the eva l i m i t swi tch i nd i c ates that the contacts may have welded 

together . 

P ressure Swi tches 

P ressure Swi tches NM- PS-4174 and -4175 are used i n  the reactor bu i ldi ng 

ni trogen system to mon i tor the n i trogen mani fold pressu re . They actuate an 

alarm when the mani fold pressure i s  outs i de the operat i ng range. They are 

mounted on Instrument Rac k 432 as shown i n  F i gure 1 1  and the i r i nterconnec 

t i on wi r ing di ag ram i s  shown i n  Fi gure 12. Both pressure switches are 

force- balance pi ston-actuated assemb1
.
1 es made by Stat i c -a-Ring. Thi s type 

of sw i tch i s  comnonly used i n  other nuclear plants 
·
i n, both lE and non-lE 

class appli cat i ons. A cutaway v i ew of a typ i cal uni t  i s  shown i n  Fi gure 1 3 .  

NM-PS-4174 and -4175 were stat i cally tested i n  the i r  " as is"  state . 

Pressu r i zation of the
' 

system to actuate the devi ces was not perm i tted due 

to the ·unknown cond i t i on of the remai nder of the system • Both dev i c es have 

indi cated that the i r  respect ive contacts are c losed as d etermi ned by the de 

res i stance measurement and conf i rmed by the TOR trac e  shown i n  Fi gure 14. 

The c i rcu i t  de res istance of 2 . 05 ohms 1 s  i n  agreement w i th the expected · 

m ax i mum value of 2 . 33 ohms that correspond s to the cable pulled length. The 

TOR test also conf i rms the locat i on of the l ow resistance point to be at the 

dev i c e-end of the cable .  
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F i gure 1 0 .  P re-gross-decontami nati on T OR traces of AH- V6 ci rcu i t .  
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F i g ure 1 1 . I n s trument Rack 432 s how i ng p ressure Swi tc hes NM-PS- 1454,  - 4 1 74.  and - 4 1 7 5 .  
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1 F i gure 1 2 .  W i r i ng d i agram of NM-PS-4 1 74 and - 4 1 7 5 .  
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F i gure 1 3 .  Cut away v i ew o f  a Stati c-0-Ri n g  p ressure swi tc h. 
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F i gure 1 4 .  Pre-gros s- decontami n at i on TOR trace of NM- PS-41 74 and -4 1 7 5 .  
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D u r i ng t he tes t ,  t he known system p ressure was 0 p s i g .  At t h i s  pre s 

s u re , t he c ont a( � o f  NM - PS- 4 1 74 s hou l d  have been open a n d  NM- PS- 4 1 75 c l osed . 

As expec ted , NM-PS- 4 1 7 5  was c l osed s i nce i ts setpo i nt i s  1 50 ps i g  on  

i nc reas i ng p res s ure . NM- PS- 4 1 74 has a sett i ng of 1 . 65 p s i g  o n  i nc reas i ng 

pres s u re and resets at 1 . 5  p s i g  on decreas i ng pres sure . T he cond i t i on of 

NM- PS - 4 1 74 i mp l i es t hat i t  i s  e i t her out of c a l i b rat i on or i ts c ontact i s  

fu sed c l osed . I n s u l a t i on res i st ance and TOR measurement d i sc l osed n o  i n su
l at i on bre akdown o n  e i t her t he c ab l e ,  termi n at i on ,  or t he swi tc h i ng 
e l ement s .  

Reactor Coo l ant  P ump Motor S w i tc hes  

R C 56-PS 1 ,  RC58-FS 1 ,  RC59-FS 1 ,  R C 60- LS 1 , and -LS2 are part  of t he reac

tor coo l an t  p ump Motor RC-P- l A  l u be o i l i nstrumentat i on and prov i de i npu t 

t o  t he u n i t c omp u ter . R C 5 6 - PS 1  i s  a B arksd a l e  se a l ed p i ston p ressure sw i tc h  

t ha t  f urn i s hes t he perm i s s i ve s i gn a l  when t he o i l l i ft p ump d i sc harge pres
s ure i s  adequate for t he operat i on o f  t he reactor c oo l ant p ump motor. 

RC 58-FS 1 and RC59-FS 1 are f l ow s w i t c he s  made by McDonne l l  and M i l l er and are 
actu ated by a p add l e  d e v i c e .  R C 58-F S 1  mon i tors t he o i l f l ow t hroug h  t he o i l  
coo l e r and R C59-F S 1  mon i tors t h� o i l f l ow t o  t he backst op . RC60- L S 1  and 
- LS2 are S t at i c-0-R i ng p re s sure s w i tches u sed as  l ev e l  s w i t c hes t o  mon i tor 

t he o i l l eve l i n  t he u p per reservo i r .  E a c h  l ev e l  swi t c h  has two sets  of 

SPOT sw i tc h i ng e l ements . RC60-LS 1 act u ates on h i g h  l ev e l  and RC 60- LS2 actu

ates on l ow l eve l . T he l ube o i l i nstrument s  are e l ec t ri c a l l y  c on nected t o  

t he u n i t  c omputer i nterface c ab i net by Cab l es H l 90I  and H291 I ,  as  s hown i n  

F i g u re 15 . C ab l es H29 1 I and H l 90I  are constr�cted as f o l l ows . T hey are a 
6 -p a i r,  1 7  AWG s tranded conductors,  i nsu l ated wi t h  s i l i con rubbe r ;  tw i s ted 
i n  p a i rs ,  and j acketed wi t h  asbestos brai d .  

R C 56-PS 1 , R C58-FS 1 ,  RC 5 9-FS 1 , RC60-L S 1 ,  and -LS2 were s t at i ca l l y  t e s ted 
u s i ng one proced u re .  T he de res i st anc e ,  i nd u c t anc e ,  and c ap ac i t ance 
measurements across t he swi tc h  c ont act s revea l ed t hat RC58-FS 1 i s  open and 

R C 56-PS 1 ,  RC59-FS 1 ,  RC60-LS 1 ,  and -LS2 are c l os ed . T he de res i s tances o f  

5. 0 2  to 5 . 1 7  o llns measured on  t he '' CLOS ED" swi tc he s  agree c l os e l y  w i t h  t he 

expected max i mum v a l ue  o f  5 . 1 4  ohms . 
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T he c l osed s t ate of RC56-PS 1 and RC59-FS 1 i s  as expected- - i ndicat i ve 

o f  t he 1r normal state.  The c l osed con tact s of RC60- L S 1 and -LS2 i nd i cate 

t hat bot h dev 1 ces are in t he a l arm s t at e ,  s i gn ify i ng a h i gh and l ow o i l 
l e vel  cond i t i on i n  t he RC-P- l A  motor upper reservoi r .  Obv i ous l y, t he two 

a l arm cond i t i on s  canno t occur s imu l taneous l y ,  imp l y i ng t ha t  one or bot h of 

t he l ev e l  swi tches mus t be i nd i cat i ng i ncorrect l y . The l ack of i nformat i on 

on the true status of t he o i l l eve l prec l udes the pos i t i ve ident ificat i on 
of t he fau l ty de v ice or dev ices . 

The open s tate of R C 58-F S 1  i nd i cates t here i s  o i l fl ow through the o i l  

coo l er.  However, s i nce t here was no  o i l f l ow
_
when the me�surement was made , 

t he swi tch shou l d  have been c l osed . The open st ate of t he dev i ce imp l ies 

t hat i t  d i d  not return to  i t s  norma l l y c l osed pos i t i on or a h i g h  res i s ta nce 
b u i l dup occurred on t he swi tch i ng e l ement con tacts . 

T he TOR measurements made on each p a i r  of w i res shown i n  F i gures 1 6  

t hrough 20 exh i b i ted an unexpected impedance m i smatch somewhere i n  t he 

m i dd l e  of Cab l e  H291I.  The pattern of t he m i smatch appears to  be  charac

t er i s t i c  of a wet ca', l P. .  The traces a l so showed the ent ire l ength of 

C a b l e  H 2 9 1 1 .  Tne pattern of th&. �orrespondi ng term i n at ion of each w i re pa i r  
supports t he data on the de res i s t ance measurements . 

The i nsul a t i on res i s tance measurements which were ,obt a i ned us i ng a l ow 

e xci tat i on s i gn a l  i ns trument ( F l uke 8050A) measured a l.ow of 1 . 3 megotrns to 

a h i gh of 8. 57 megohms . These values were cons iderably l ower t han expected 

n otwi t hstand i ng t he fact that a l ow exci t at i on vo l tage of approximate l y  

1 . 63 V was used . I t  appears from the 1osul at i on res i stance and TOR �at a 

t hat t he i nsul at i on may have suffered a fau l t ,  s uch as :water l each i ng 
t hrough the i nsu l at i on .  

V i brat ion Swi tche s  

R C 67·VS 1 , - VS 3 ,  and - VS4 are v i brati on swi tches mounted on reactor 

coo l ant pump Mot ors RC-P- 1 A, - l B ,  and -2B , respec t i ve l y .  The v i brat i o n  

s w i tches are R obertshaw Model 366. They actuate when subjected to 
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F t gure 1 6 .  P re-gros s-decontam i na t i on TOR t race of R C 5 6 -F S 1 .  

F i gure 1 7. P re-gross-decontami nat i on TDR trace of RC58-FS 1 .  
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F 1 gure 1 8. Pre- gross -decontam1 nat 1 on TOR trace of RC 59- F S 1 . 

F 1 g ure 1 9. P re-gross -decontam1 nat 1 on TOR trace of RC60-LS 1 .  

F i gure 20. Pre-gross-decontamt n at i o n  TOR trace of RC60-LS2 . 
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abnorma l ly hi gh v i brat i on .  When actu ated, the dev i ce s  are mechanical l y  
l atched i n  the tr i p  pos i t i on unti l re l eased by an i ntegral 1 25 V de-operated 
reset mechan i sm. The v i bration sw i tches are e l ectr i ca l l y· connected to the 
a s soc i a ted RC p ump motor switchgear by the s ame  control cab l es used for the 
motor start perm i s sive c i rcu i t .  These circ u i ts are shown in F i gures 2 1 , 2 2 ,  
and 2 3 .  

The test of v i brat i on Swi tches RC67-VS 1 , - VS3 , and -VS4 i ndi cated a 
very hi gh e l ectr i ca l  no i se ex i sted on the c i rc u i ts .  However, the avai l ab l e  
data i nd i cated that Swi tch R C 67-VS1 s uffered a break 1 n  i ts reset coi l c i r
c u i t  as p roven by the de res i stance of 9 .8  x 1 07 o hms .  The test dat a a l s o  
showed that RC67·VS1 was i n  the tr i pped state as  i ndi cated b y  the short 
c i rc u i t  across Wi res A3VSP and A3VS.  

T h e  data obta i ned on RC67- VS 3 and RC68- VS4 i nd i cate that both dev ices 
are operat i onal . Both were f ound i n  the i r  norma l state , operated when ener
g i zed, and had ho l d i ng c u rrents of 1 33 rnA and 1 80 mA. T he me asured ho l d ing 
cu rrent s di ffer s l i ghtl y  from those •xpec ted from the measured de res i st ance 
o f  1 1 50 and 1 044 ohms and the coi l rat ing of 1 4  w .  T he di fference may be 
attri buted to the measurement techn1 qua and l eve l of accuracy . 

Reactor Coo l ant Pump Motors 

R eactor coo lant p ump Motors R C-P · l A  and - 28 are 3-phase , 6900 V ac, 
9000 hp i nducti on motors manufactured by A l l i s-Chalmers . A typ i ca l  reactor 
coo l ant p ump motor i nsta l l at i on and its env i ronmental cond i t i ons are s hown 
1 n  F i g ure 24 . These motors are equipped w i th a set of wye-connected cu rrent 

· t ransformer� ( CT )  used ' i n  the motor d ifferential  cu rrent p rotect i on c i rcu i t  
,• ; � ' � ': ' . ' :_ ' . . ; . ' ! ; ' ' 

; ; j ' • ' 
and two sets of cu rrent and potent i a l  transformers ( PT )  used for power mon i ;. 
t or 1 ng .  Each motor feeder has two para l l � l  SOO ,MGM cables per phase • .  Fig .. 

• u res 25 and 26 show t�e i ntercQnne'ct1prt wi.ring , d i agra�$ of RC·P· l A  and, -2B , 
respect i ve l y .  B oth moto�s exp�r ienced a high v i  brat i on when operated 
du ring the acc i dent recove:ry . : 
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F i gure 25.  I nterconnect i on wir ing d i agrilll of RC· P-lA motor. 
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F i gure 2 6 .  I nterconnect i on w i r i ng d i agram o f  RC-P-28 motor . 
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Reactor coo l ant pump Motors RC-P· l A  and -28 exhi b i ted an e l evated d e  

r e s i stance across t he i r  stator w i n d i ngs o f  2 1  and 3 8  ohms ,  respect i vely.  

T hese read i ngs , supported by t he TOR meas urements s hown 1n  F i g ures 2 7  
t hrou gh 34 are many t i mes h i g her t han t he measured s tartup v a l ue of l es s  
t han o. 1 o hm .  

A l l t he C T s  a n d  P T s  l i kew i se exh i b i ted a bnorma l ly h i g h  de  res i s t ance 
across the i r  w i nd i ngs . Add i t i on a l ly,  a d i fferent i a l  CT w i nd i ng  of RC-P- l A 
s howe� an open c i rcu i t .  An alys i s  of t he test d at a  revea l ed t hat C i r-
c u i t  A3CM 1 s hown i n  F i gure 28 has a d i scont i nu i ty i n  t he v i c i n i ty of the 
reactor b u i l d i ng e l ectr i c a l  penet rat i on R405.  One l og i ca l  exp l anat i on of 

t hese e l evated de  res i st ances cou l d  be t he bu i l d up of copper ox 1 de CQil!pound_s . .  
a t  termi nat i on and j unct i on poi nt s ;  howe ver, ot he r  causes c an not be tot al ly 

d i scounted . T he poss i b l e  l oosen i ng of connectors when t he motors were 
o perat i ng under a very h i g h  v i brat i on l evel c ou p l ed w i t h  t he h i g h  humi d i ty 
envi ronment cou l d  have eventual ly l ed t o  t he format i on of t he copper ox i de . 

T he i nsu l at i on res i stance of RC- P- l A  and - 2B motors were a l so pbserved 
to be abnonnal ly l ow.  RC-P- l A  had a 2 . 5  megohm i ns u l at i on res i stance and a 
pol ar i z at i on i ndex of 1 . 2 .  R C- P- 28 had an i ns u l at i on res i stance of 1 0  megohms 
and a pol ari z at i on i ndex of 1 . 05.  RC-P- l A  motor had an  i ns u l at i o n  res i s
t ance we l l  be l ow t he m i n imum requ i red for oper�t1

'
on of 7 . 6  mego hms . Both 

motors , evi dently,  have wet and/or d i rty i ns u l at i on as evi denced by the l ow 
p o l ar i z at i on i ndex .  

Oi l P ump MotOr.!, 

B ackstop l ube o i l  Pumps 2· 1 A· 1  and 2·1 8-1 a re associ ated w i th reactor 
cool ant Pumps R C-P- l A  and · 1 8 ,  respect i vely.  They are dri ven by 1 /2 hp , 
1 1 50 rpm, 460 V ac, 3-phase, 60 Hz i nducti on motor s . These motors were · 
operated duri ng t he acc i dent to s u pport reactor coo l ant pump operat i on .  
F i gur� 35 s hows t he equi pment i nterconnec t i on w i r i ng d i agram. 
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F i gure �7.  P re-gros s-decontamtn atton TOR trace of t he w i nd i ng of RC- P- l A  
motor . 
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F i gure 28.  P re-gross-decontami nat i on TOR t race s  of t he RC·P- 1A 
d i fferent i al current. t ransfonners . , . 
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Note; Cable length Ia longer !han 
the range ol lhe Instrument. 

F i gure 2 9 .  P re-gros s-decontami nat i on T OR  t race o f  t he RC-P- 1A power 
mon i tor i ng system c u rrent transformers . 

' I 

00 mete.,dlvlalon 

, I ·  . . 

._..tt .. V I &  

00 metetlldivialon lttli. 2 .... 

F 1 gure 30. P re-gross-decontami nat ion TOR t race of .t he R.C·P· 1A power 
mon 1 tor 1 ng syst• potent i a l  transfonners . 
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F i gure 3 1 .  · Pre�gross•decontain1 nat 1 on TOR traces .of t he RC-P-28 motor 
wi nd i ngs . ·  

· · 
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F i g u re 32 . P re-gross-decontami n at ion TOR traces of t he RC- P·2B' . 
d i fferent i al c urrent transfonners .• 

47 

Hl� allll7 



J 

&0 metet'tldiYIIIOn 

F i gure 33.  Pre-g ross-decontami nat ion T OR  · trace o f  t he RC-P-28 power 
mon 1 tor 1 ng system current transformers . 

F i gure 34 .  Pre•g ross·decontamf nation TDR trace o f  t he  RC·P·28 power 
mon i tori ng system potent i al transformers . . 
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F i gure 3 5 .  I nterconnec t i on w1 r 1 ng d i agram of backstop l u be o i  1 /pump 
Motors 2- l A- 1 and 2- 1 8 � 1 .  
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T he tests performed on RC pump back stop l ube o i l Pumps 2- lA- 1 and 

2 - 1 8- 1  d 1 d not prov i de suff i c i ent i n format i on to eva l uate t he s tatus of t he 

motors . T he equ i va l ent se r i es res i st ance (ESR )  was meas ured i n stead of t he 

de  res i s tance . The ESR of Motor 2- lA· l c i rcu i t  v a r t ed from 1 0 . 44 to 

10 . 67 k i lo hms whi l e  2 - 1 8 - 1  had a v a l ue t hat v a r i ed f rom 77 .8  to 81 .8  ohms . 

These v a l ues do not corre l ate to t he de  res i st ance of 40 o hms made d u r i n g 

t he s t artup . The TOR t races s hown t n  F i gures 36 and 37 agree w 1 t h  t hat 
e xpected f rom a h 1 g h  i nduct ance termi nat i on .  

T he t n s u 1 a t 1 on res i stance of bot h motors was unexpected l y  h 1 g h ,  approx 

i mate ly 5 x 1 0 1 0  ohms for 2- l A- 1 and 3 . 4  x 10 1 0 ohms for 2- l B - 1 ,  wh1 1 e  

t he i r  po l ar i z at i on i ndexes were l ow, a pprox imate l y  1 . 06 for 2- lA-1  and 1 . 0  
for 2- 1 8 - 1 .  T hese data 1 nd 1 c at e  t hat t he  t n s u l at fon t s  good but cou l d  be 

wet o r  d i rty . 

0 1 1 L 1 ft Pump Motors 

The backup h i g h  p ressure o t l  1 1 ft  pumps assoc i ated wt t h  reactor coo l ant 

pump Mot or R C- P- l A  and -28 are 1 0  hp , 1 7 50 rpm, 250 V de , shunt -wound motors 

m anufac tured by A l l i s-Cha lmers . T hese motors were a l so operated to support 

t he operat i on of t he assoc i ated reactor coo l ant pump motor during  t he acc i 

d ent recovery. T he i r  i nterconnect i on w i r i ng d i agrams are s hown 1 n  

F i gures 38 and 39. 

Both pump motor s ,  w h 1 c h  had a n  annature de res i stance of 2 ol1ns d u r i n g  

s t artup , ex h i b i ted an abnorma l ly h t g h  de res i stance across t he armature and 

f i e l d w i nd i ngs d ur i n g t he i n  s 1 tu  tes t . RC·P·lA  backup o t l 1 1 ft  p ump motor 

has an armat ure re s i stance of 3 . 86 x 1 06 ohms and an open c t rc u 1 t f i e l d  

w 1 nd 1 ng . R C-P·2� b ackup o 1 1 1 1 ft  pump motor has an annature re s i st ance of 

475 ol1ns and f i e l d  w t nd t n g  res i st ance of 230 ohms . The e l evated res i stanc e 

measured on bot h motors , a nd TOR measuranents s hown .  i n  F t gures 40 a nd 4 1 ,  

conf i rmed t hat t he p henomenon was l oc a ted a t  t he  equ i pmen t -end of t he  c ab l e  

e xcept for t he f t e l d  wi nd i ng o f  RC-P-lA backup oi l 1 1 f t  p ump  motor . T he 

d i scont i nu i ty on RC·P-l A  backup o1 1 1 1 ft pump motor f i e l d  wi nd i ng was 

l oc ated 1 n  t he v 1 c 1 n t ty of t he  reactor bu i l d i ng penetrat i on R400. The h t g h  
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F 1 gure 36 . Pre-gross -decontami nat i on TOR ·trace s of the w i n d i ngs' of RC· P· l A  
backstop l ube o 1 1 pump . 
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F i gure 37. Pre-gross;.decontam1 nat 1ori TOR tr.ces of the w i nd i ngs of RC· P- l B  
backstop l ube o11. puqJ .  , , , 
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F i gure 38. I n te rconnec t i on w1 r1 ng d 1 agram of RC-P- lA backup o i l  l i ft pump 
motor. 
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F i gure 3 9 .  Interconnect t on ·w1 r t ng d1 agr• o f  RC·P·2B backup o1 1 l i ft pump 
motor. 
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150 meters/division 

lll<fiiONil. 
150 meterl/dlvlalon 

I 
Note: The end of the cable 

can't be seen because 
of the very high circuli 
realstance at the penetration 

F i g ure 40. Pre-gross-decontamina t i on TOR s 1 gn ature of 'the armature and 
f 1 e l d  w 1 nd1 ngs of R C-P� l A  backup o 11 pump motor . 

150 mtleflldlvfllon 

Fi gure 4 1 .  Pre-gross·deco�tam1 "at1on TDR trace� of t he  armature and field 
wind i ngs of RC·P-28 , backup on 1 1 ft PUIIP motor . ,  



res i s t ance observed across t he armature w i nd i ng s  cou l d  be attri buted t o  
commu tator corros i on .  The f i e l d  w i nd i ng res i stance of RC-P-28 bac kup oi l 
l i f t  pump motor was wi thi n expected val ues . The h i g h  i nsu l at i on res i s 
t ances and t he  pol ari z at i on i ndexes of 1 . 0 i nd i c ate .good but maybe wet o r 
d i rty i n s u l at i on .  

Motor Operated V a l ves 

CA-Vl , CF -VlA,  NS- V 1 00, R C-Vl , and WDL-Y27 1 are C l as s  lE motor-operated 
v al ves . Except for CA-Yl , a l l t hese val ve s  operated d u r i ng and after the 
acc i dent . CF- Vl A  was c l osed after t he core f l ood i ng event and NS- V l OO was 
c l osed after t he reactor cool ant p ump s were s hu t  down . RC-Vl  was operated 
severa l t i mes dur i ng t he acc i dent to i ni t i at e  t he spray i n  t he pressur i zer.  
WOL-V2 7 1  was c l osed after t he reactor bu i l d i n g sump pumps were stopped . 

T hese val ves are equ i pped wi t h  L imi torque operators t h at are d r i ven by 
3-phase , 460 V ac i nduct i on motors man�f actured by Rel i ance E l ec t ri c .  T he 
l i mi t and torque swi tches form an i ntegral part of t he ope rators and have 
t he s ame bas i c  arrangement.  and app l i ca� 1 on •  F i gures 42 t hrough 46 s how the 
i nterconnect i on wi r i ng d i agrams of CA-V l ,  CF· V l A, NS- V l OO, RC- V l , and 
WDL-V27 1 .  Swi tch Contacts 3 and 7 are used for pos i t i on i nd i c at i on .  Torque 
Swi tc h  1 7  opens on mechan i c a l  overl oad i n  t he c l os i ng d i rect i on and i s  
connected i n  para l l e l  w i t h  l imi t swi tc h  Contact ,-i n- the 11CLOSE "  c frcuft . 
T h i s  arrangement makes t he v a l ve to torque-seat c l osed . Torque Swi tc h  1 8  
open s on mechan i c a l  overl oad i n  t he open i ng d i rect i on and i s  connected i n  
p aral l e l  w i t h  l im i t  swi tc h Contact 5 and i n  ser i es w i t h  Contact 4 i n  t he 

' 1 i ; ( 

110PEN 11 c i rcu i t .  Thi s arrangement makes the v a l ve pos 1 t i on- 1 1 mi ted open . 
The rema i nder of t he 1 1m i t  swi tc h  contacts are u sed for speci al  funct i ons . 
I n  add i t i on ,  a S NAPLOCK swi tc h  actuated by t he va l ve stem i s  u sed on . 

. . ' ' \ ' ' :-

Va l ve CF -VlA for pos i t i on annunc i at i on.  

V a l ves CA·V l ,  CF - V l A, NS-Y l OO� RC·Vl , and WDL·V2 7 1  were al l subjected 

to static  test measurement s .  NS·VlOO was furthe r  tested dynami cal l y .  T he 
de res i st ances made on t he v a l ve operator dri ve motors agree c l osel y wi t h  
t he  v a l ues taken d u r.1 ng  t he  startup testi ng. The l im i t  swi tch pos i t i ons  
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MCC 2·2 1 EA 
Compartment 14CF 

Limit Switch Development 
Switch Valva Position 

N umber O'lo 
, 9 
2 1 0  
3 1 1  
4 1 2  
5 13 -
6 1 4  -
7 1 0  
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I 
T1 ��T�1��==�--���==�--� 
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T3 T3 o-�--�----------�-+�------�__, · Penetration 
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soo-�--�----------�-+�--------�--� 1 7  
1 1o-�--�----------��+---------�--����� 
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F i gure 42. Interconnection wiring d 1 agr• of CA .. wl . 
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Limit Switch Development 
Switch 
Number 
1 9 
2 10 
3 1 1  
4 12  
5 13  
6 14 
7 1 5  
8 1 6  

O% Valve Position� % 
-
� 

I--
1--

MCC 2·21 EA Penetration Compartment 10BR R509 

I T� ��T�1��==�_.
�

��==�� 

I 
I ' 

T2 o-�
�T�2��---------.��----------� 

T3 o-��T3��--------���----------� 

55 55 

60 60 

1 1 

70 
I 70 

45 45 

838 838 

N38 

F 1 gure 44 . , I nterconnect 1 o.n � 1 ,r 1 ng d hgr111 of �S- V l OO. 

58 

INEL 2 2853 



Limit Switch Development 
Switch Valve Position Number 0% 
1 9 
2 10 

� 1 1  
4 1 2  
5 1 3  � 
6 14 1---
7 15 
8 16  

MCC·2·21 EA Penetration 
Compartment 88R R509 

100% 
1--
I--

�- I 
T1 ����==�--���==�--� 

12 ����----------��+-----------� 

Penetration 
R504 

I 
Limit switch compartment -
! 55 ,e{M8192C) l ·,IS M819.3C) 

55 
I I : :b 1 60 ' 60 1 � 3 I 1 � . 

1 1 =j= 7 4' 70 I 
:':: 5 70 

I f 

17  

18 

I I 
I 45 I =r 4 

45 
I I I 833 833 :1 Not used T N33 I N33 - ..... T \ooO I -- � - _j 

F i gure 46. I nterconnect i on w i r i n g  d i agram of WDL-V2 7 1 . 
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TABLE 3 .  START I NG AND RUNNING CURRENTS O F  NS·V lOO 

Test Point 

T 2  
T 2  
T 1  
T 1  
T 3  
T 3 

Direction 
of Operation 

Open 
C l osed 
OJ) en 
Cl osed 
Open 
Cl osed 

Current 
( amps ) 

.Starting 

1 3 . 5  
1 3 . 5  
1 2 . 3  
1 1 . 4 
1 1 .  1 
1 0. 7  

Running 

1 . 8 
1 .  8 
1 .  9 
1 . 7 
2 . 3  
z . 3  

indic ating system. T he drive 1 s  a 4-pol e ,  rel uctance type motor that incor· 

porates a special 6-p hase , s tar-connected winding s hown in Figure 48. The 

stator coil s are energized by sequenti a l  programming, producing a rotating 

magnetic field around the rotor assembly. Th1 s action produces rotary 

motion of the roll ers , which rotary motion i s  transl ated into l inear motion 
of t he l eadsc rew. The reactor control rod 1 s  thereby rai sed or l owered , 

s i nce 1 t  is  mec han i c a l ly connected and l ocked to the l eadscrew. The SSCR 
drives are designed to t rip w henever power to t he stator 1 s  interrupted . . . " ' 

During suc h a trip , the lead screw 1 s  disengaged from the rol l er nuts , al l ow· 
i ng t he l eadscrew and control rod to d rop by gravity into the reactor core 

to t he f u l l M I NH  position . 

The position of the l eadscrew within t he  drive i s  .monitored b1 t he 

absol ute position indicator ( AP I ) ,  wMch cons1 sts of a network of resistor s  

and equal ly-spaced reed switc hes .  Figures 49 . and 50 s how t he  AP I inter· 

connection wiring diagrams . As t he  leadscrew moves vertically within the 
d rive, a magnet attac hed to t he  drive torque-taker travel s with it . Move· 

ment of the magnet past t he. reed switches causes. those $W1 tches t n  the 

v ic i nity of the magnet to . c lose . Aft•r the magnet has passed by a reed 

swi tch, t he  reed swttch returns to tts normal ly open condit ion .  The 
a rrangement of t he swi tches i s  such that the closure zone for each switch 

overl aps approximately one-third of the closure zo.ne of each adjacent 

switc h, t hereby prov i d i ng approx imately one•tht rd c l ear zone with no over
l ap .  A backup 1 s  provided by separate swi tc hes t hat close at o, 25, so, 

.75 ,  and 1 001  positions .  
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Vent valve plug 

Stator connector 

Stator coolant 
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· Stator a11embly . 

--- Control rod 
coupling 

INEL 2 2813  

F i gure 47. Typ1cl1 control rod dri ve mech1n tsm. 
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F i gure 48. Control rod d r i ve mechani sm stator typ i c a l  b l ock and con"ect 1 on 
d i agram . 
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I n  situ 
test site 1 _ cable room • 305 ft 

I 
Reactor Building 

� 
CAD system 
logic cabi net 

Terminal 
cabinet 

Bendix 

A 
16/C 

Burndy 
G6F20.30SN E  
30 pin 

type 
81·107640.825 

c 
181C/(shleldedX3 spare) 

Bendix 
type QWL 

i 

Bendix 
type MS 

20 sh pair 

\Stator (power 
connection) 

!l 

d> • 
........._
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INEL 2 21&8 

F i gure 49.  B l oc k  ,d i agram of a typ i c a l  CRDM abso l ute pos 1 t 1 on i nd i c a tor and 
st ator t hermocoup l e  c i rcu i t .  
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CRDM·ST62 t hrough 69 are axi a l  power s hap i ng rod (APSR ) d r i ve mec hani sm 

stators , and CRDM·APl -62 t hrough 69 are t he correspond i ng rod pos i t i on i nd i ·  

c ators . The mechan i sms of t he APSR d r i ves and rod pos i t i on i nd i cators are 

a lmost i dent i c a l  to t hose on t he SSCR s . The d i st i ngu i s h i ng d i fference i s  

t he p resence of a bui l t i n  brake on t he APSR d r i ve .  Whenever current to t he 

stator i s  i nterrupted , t he brake engages , t hereby prevent i ng rotat i on of the 

rotor assemb ly and d i sengagement of t he ro l ler n uts f rom t he l eadscrew . 

CRDMs 01 , 3 5 ,  50, and 62 t hroug h 69 were a l l subjected to stat i c  test . 

The APSR mechan i sms ( CRDM 62 t hrough 69) were a l so dyn am i c a l ly tes ted . The 

stat i c  test data i nd i c ate t hat al l t he st ator w i nd i ng s  are apparently norma l . 

The i r  de res i st ances are con s i stent and 1 n  t he range of about 7 . 90 ohms . 

A l t hough consi derably h i g her t han t he desi gned stator p hase res i st ance of 

5 . 2· t o  5 . 82 ohms ,  t he measured stator w i nd i ng res i stances are reasonab l e  

w hen t he res i st ance drops at s p l i ces  and connectors o n  the bu l k head and the 

serv i ce s t ructure a re cons i dered . The i nductances and c apaci tances are a l s o 

cons i stent , which  f u rt he r  supports t he p resump t i on t hat t he CRDM stators are 

t n  sat i s factory cond i t i on .  

The CRDM pos i t i on. i nd i cator res i stor network , s hown 1 n  F i gure 50, con

s 1 sts of e i g ht 50-ohm res i s  tors for each mec han i sm. T he tota 1 measured 

res i stance of t he network was i n  t he r ange of 2 400 ohms . See Tab l e  4 for 

API de res i stance data� The res i stance read i ngs  a l so i ndi cate t hat the 

S SCR s 01 , 35,  and 50 are fu l ly t n  a nd t hat the APSRs were i n  t he 26 to 2� 

w i t hdrawn pos i t  ion.
· 

The t he rmocoup l es i n  t he stators of t he cent ral control rod and 

10 peri p heral control rods were a l so tested . These t hermocoup l e s  are 
. . 

e l ectri c a l ly  connected to Termi nat ion  Box R I 39 by approxi mate ly 345 ft of 

AWG- 1 6  i ron-constantan exten s i on w t re.  The t hermocoup l es were measured for 

de  res i stance and temperature i nd ication.  The de  res i st ance d ata  and t he 

temperature i nd i cat i on are s hown 1 n  Tabl e  5.  Except for Thermocoup l e  TC2 

of CRDM-22 , a l l t he t hermocou p l e s  tested appear to be operat i onal . 
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TABLE 4 .  ABSOLUTE POS IT ION I NDI CATOR DC RES ISTANCE MEASUREMENT DATA 
( o llns ) 

P i n Numbers 1 

Tota l  
Control Rod d-g e-g f -g J-H R - T  - -

6 2  602 . 2 653 . 0  2400 Open Open 
63 603 Open 2402 Open Ope n 

64 604 Open 2401  Open Open 
65 602 Open 2402 Open Open 

6 6  602 . 4  Open 2 402 Open Open 
6 7  602 . 4  652 . 3 2 385 Open Ope n 

68 601 . 2  Open 2 388 Open Open 
69 602 . 1  652 . 1 2401 Open Open 

0 1  2 400 2 . 94 2 . 59 
3 5  2400 2 .  1 .· 2 . 50 
5 0  2402 · 2 . 02 2 . 54 

a .  See F i gure 50 for CRDM w i r i ng d i agram s how i ng p i n  numbers . 

The res i stances are cons i stent and withi n · what i s  expected , based on 

c ab l e  p u l l ed l ength of 345 ft,  exten s i on wi re double l ength res i stance of 

o. 1 3 7 ohm/ft , and res i stance data of t he t hermocoup l e  assemb l y ·of · 6 !  

o .  5 ohms ( suppl i ed by t he D i amond Power Spec i a lty Company) .  Furthermore, 

t he measurements of res i stance taken from each lead to the s �i e l d  veri fy the 

r at i os of i ron , const antan , and s h1 e l d · res i stance • The �ssessed cond i t i on 

of t he t hermocouple c 1 rc u 1 ts was supported by the un i formity of temperature 

measurement s ,  whtch are commensurate w i t h  the cond t t t on at · the stator l oca· 

t 1 on on t he reactor vessel head . The l ocat ion of the fau l t  on the c i rcu i t  

o f  Thermocouple TC· 2 of CRDM-22 cou ld not . be determi ned by means of ava i l ab l e  

test i nstruments . 

I n  the dynami c  test of t he  APSRs, two rods were 1 nserted the fu l l  3 ft 

i nto the core ; two of them were 1 nserted t o  w1 th1n about 7 t n .  of the ful l 
11 I N11 pos i t t on ;  two rods moved t n  < 7  t n . ; and two d t d  not move t n  at a ll ,  

� - - �� ----.......... --. - --------·- . .  _ _  · � �  .. .. . . .. .  _ _______ _ . ..... . ..... --�-·-----

, I 
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TABLE 5 .  THERMOCOUPLE LEADS RES ISTANCE AND TEMPERATUR E DATA 

Resi stance Temperature 
(ohms} {oF} 

Contro l  I l - C l - 1 2 - C 2 -
R od 1 1 -C l  S h i e l d  S h i e l d  1 2-C2 S h i e l d  S h i e l d  TC l TC2 -

30 5 6 . 66 1 7 . 50 5 1 . 85 56. 59 1 7 . 33 52 . 1 4 - -

64 5 3 . 4 7  1 6 . 85 4 9 . 3 1  52 . 88 1 6 . 55 4 8 . 87 

2 2  54 . 67 1 7 . 2 9 50. 69 Open Open Open 

36 52 . 50 1 6 . 92 48. 46 5 4 . 1 5  1 7 . 1 6  4 9 . 84 73 . 74 

10  52 . 04 1 6 . 82 4 7 . 78 52 . 59 1 6 . 71  48. 5 1  73 7 3  

9 5 3 . 62 1 7 . 26 4 9 . 68 5 3 . 29  1 7 . 0 7  4 9 . 56 7 2  72 

3 54 . 53 1 7 . 36 so . 1 9  55. 45  1 7 . 42 5 1 . 07 70 7 1  

1 8  52 . 6 1  1 7 . 03 48. 60 53 . 2 1  1 6 . 96 4 9 . 38 73 72 

46 54 . 65 1 7 . 28 50 . 39 55.  1 3  1 7. 32 5 1 . 09 74 7 3  

5 5  5 3 . 89 1 7. 30 4 9 . 64 54. 73 1 7 . 33 50. 43  7 5  74 

47 5 1 . 1 0 1 6 . 75 47 . 1 8 52 . 14 1 6 . 69 48. 1 2  73 7 6  

a .  See F i g ure 50 for CRDM wi r i ng d i agram s howi ng p i n  numbers . 

a l t hough t he i r  dri ve rotor as semb l i e s  d i d  l atc h and un l atch properl y  and 

s howed mi nor rotat i onal movement. APSR 1 eadscrew f i nal  pos i t i ons are s hown 

i n  Tab l e  6 .  

Post-Gross-Decont ami nat ion Experiment In S i t u Test R es u lts 

Ten of t he or i g i na l  43 dev i ces have been retested . A sunmary of the 

res u l t s  i s  shown i n  Tab le  7 .  Of t hese retested devi ces . none show any 

o o v i ous effec t of the g ross-decontam i n at i on exper iment . Level Switches AH

LS- 5006 and · 5008 are the only dev i ces that exhi b i ted a mi l d  change . AH

L S - 5006 and ·5008 had i n i t i a l ly measured c i rcu i t  res i stances of 554 and 
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TAB LE 6 .  POS IT ION O F  APSR LEAOSCREW AFTER I NSERTION TEST 

F 1 n al  Leadscrew Pos i t ion 
Control Rod Number (S) Remarks 

62 5 Obstruct ion at 61 pos 1 t 1on  

63  1 9  Stuck downward and upward 
d i rect ion  

64 25  No movement even a t  
max i mum c u rrent 

65  F u l ly  i n  Obstruct i on a t  7 t o  6 . 5� 

pos i t i on ;  noi sy operat i on 
between 1 8  t o  1 5- 1 / 21 an d 
between 5 to lS pos i t i o n 

66 4 Noi sy operat i on betwee n 
2 4  t o  l Si pos i t i on s ; 
obstruct i o n  f rom 61 t o  41 
pos i t ions 

6 7  1 Obstruc t i on .  at 2 5· 1 / 2 t o  
24· 1 /21 pos i t i ons  

68 23  Stuck  downward even at  
m ax imum current 

69 26 No movement even at  
maximum c urrent 

1 . 8 1  ohms , respec t i ve l y .  T he ret
.
est s ho�d i ncreased res i stances of 560 and 

1 2 . 2  o hms .  The c hange on both dev i ces took p l ace at t he dev i ces t hemse l ves 

as supported by t he TOR measurement s  s hown 1 n  F i gures 5 1  and 52 (compare 

w i th F 1 gures 3 and 5 ) . S 1 nce both dev i ces are sea l ed un 1 ts ,  1 t  1 s  s u rmi sed 

t hat t he i nc reased resi stance may be due to ox ide bu i l dup on t he contac t 

s u rf ace--a phenomenon t hat 1 s  not l i kely i nf l uenced· by t he g ross· 

decontam i nat i on experiment . I t  was al so observed t hat t he c ap ac 1 t i ve e l e

ment accompany i ng t he res i s tance tenn1 n at 1 on of AH·.LS -5006 1 s  no l onger 

not i ceab l e  on t he TOR s hown 1 n  Fi gure 51 . Thi s woul d  s i gn i fy t hat a contac t 

s u spected ear l i er to be wet has dried .  
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TABLE 7.  SUMMAR Y OF POST-DECONTAM INAT ION TEST RESULTS 

Egu 1ementlDevice Tag Number Test Resu l t s Remarks 

AH·LS-5006 H i g h  contact res i stance No app arent effect 
( approx imate ly 680 ohms ) of  t he gross 
termi nat i on appea rs decon experiment 
pure ly res i st i ve 

AH-LS-5007 No c hange 

AH-LS-5008 Contact res i stance rose 
to 1 2 . 2  ohns 

AH-EP-503 7 No c hange 

AH-EP-5040 No c hange 

AH-EP-5037 No c hange 

AH-EP- 5040 No c hange 

AH-V6 No c hange 

NM-PS-41 74 �o c hange 

NM· PS-4 1 75 No c hange 

CONCLUS IONS AND RECOMMENDAT IONS 

Fourteen e l ectr i c a l  components and d i screte devi ces exh1 b 1 ted anom
a l ies,  rangi ng f rom mi l d  e l evated swi tch contact res i stance to a cata
strop h i c  break or d 1 scont 1nuity 1 n  AWG·2 and AWG- 10 c i rcu i ts.  Dur i ng the 
i n  s i tu test i ng ,  only one Cl ass l E  device ,  -NS-V l OO, exhi b ited ari anoma ly--a 
d 1 scont i nun i ty on i t s  CLOSED i nd i c at io n  c i rcui t .  Many of t he anoma l ies 
observed appeared on components a ssoc i ated with an� i n  t he v i c i n i ty of reac-

. . . 
. 

tor cool ant pump Motor R C·P·lA. Of al l the observed anomal ies,  t hree types 
c an be reasonably attri buted to the acc i dent. 

T he high res i stance on t he  an.ature of t he R C·P· l A  and •28 backup oi l 
1 1 ft p ump motors and t he i mpe�ance mi smatch on C ab l e  H29 1 1 exempl ify t he 
fi rst two types of anomal ies tha� c an be attri buted to the acc ident . 
B u i ldup of copper ox i de or corr�si on on the motor commutator brushes . 
enhanced by the c hemical  spray during t he  reactor bu i l d i ng suppress ion 

7 1  



F 1 gure 5 1 . Post-decontam1 nat 1 on TOR t race of AH- LS - 5006 . 

F i gure 52. Post-decontami nation TOR t race of AH-LS- 5008. 
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spray event may have cont r i buted t o  t he h i g h  armature w i nd i ng res i stance . 

The steam and c hemi c a l  s pray i n  t he  reactor b u i l d i ng d u r i ng t he acc i dent may 

have caused wett i ng ( impedance mi smatc h) of Cab l e  H29 1 I  i nsu l at i on .  

The t h i rd type of anomal y  t hat cou l d  be rel ated t o  t he acc i dent i s  t he 

d i scont i nu ity on two c i rc u i t s  i n  Penetrat i on Boxes R400 and R405 . T hese 

penetrat i on s  are l oc ated at t he 292-ft e l evat i on i n  t he southwest quadrant 

of t he reactor bu i l d i ng .  These l ocati ons were i n  t he path of t he steam 

o r i g i nat i ng f rom t he reactor cool ant d ra i n  t an k  as i t  rose t hrough  the open 

sta i rwe l l .  T h i s steam cou l d  have enhanced the corros i on process  on the r i n g  

tongue term i na l s  u sed i n  t hese penetrat i on boxes , and eventua l ly c aused t he 

connectors to break away f rom the termi n a l  b l ock . 

The other anoma l i e s  are random and d o  not have common paramete rs t hat 

cou l d  re l ate to the affected dev i ces . The causes and nature of the anom
a l i e s observed a re s t i l l  be i ng i nvest i gated , and o n l y  conjectures c an be 
made , based on assump t i ons f rom test data and f rom events t hat took p l ac e  
d u r i ng and after t he acc i dent . To e l imi nate some of t he v ar i ab l es u sed i n  
analys i s ,  the next step i n  ana l yz i ng the anoma l i e s  i s  to conf i rm t he prob

l ems by p hys i c a l  exam i n at i on where feas i b l e .  In t he c ase of t he RC-P- 1 A  

component probl ems , phys i c a l  exam i n at i on i s  not yet feas i bl e .  Expanded ' 

test i ng on add i t i onal  dev ices 1 n  t he pu.mp area wi l l. f urt.her, i nvest i g ate t he 

observed common a l i ty i n  t hese components • .  A l s o  
.
1 nc l u'ded i n  the 1 i s t' for 

expanded test i ng a re components i dent i c a l  to  t ho�e ex h i b i t i ng anoma l i es  but 
assoc i ated w i t h  other reac tor cool ant PumPS and compon�mts t hat have c i r • 
c u i ts u s i ng e l ec t r i c a l  Penetrat i ons R400 .and R405. :  A,  part i a l l. i s t  of t hese 
add i t i on a l  components i s  s hown i n  T�b l e  8 .  

T h e  i n  s i tu test i ng p rogram p rov i ded some c l ue t o  the actu a l  c ond i t i on 

of t he c i rc u i t s  of t he equi pment tested , as· we l l  as  the l ocat i on s  of the 

f au l ts . W h i l e  t he i nformat i on gat hered may not be c onc l u s i ve ,  i t  w i 1 1  serve 

as good base l i ne data when hands-on ex�i nat i on s  become feas i b l e .  

The best  way t o  eval uate t he cond t t t on of a component i s  t o  subJect t he 

uni t  t o  a hands-on exam1 nat 1 0n i  pre sent ly, t h i s approac h i s  seldom feas i b l e . 

73 



. 
I 

I 

Two dev i ces have been removed f rom t he reactor b u 1 1 d 1 ng for hands-on exami 
nat i on . T hese two dev t ces,  P ressure Swt tc h  NM- PS- 1454 and the s o l eno i d  coi l 
assembly of AH-V74, are i n  arc h i val storage . Two ot her devi ces , NM- PS-41 74 
and t he s o l eno i d  co1 1 assembly of AH-V6, are sc hed u l ed for removal from the 
reactor b u i l d i ng .  T he p re s sure swi tc hes and s o l eno i d  c o i l as semb l i es are 
bas i c a l ly i den t i c a l . Off- s i te exami na t i on s  wi l l  be performed i n  groups , 
w i t h  the g roup i ng defi ned by t he dev i ce type and make . 

TAB LE 8 .  ADD I T I ONAL EQU I PMENT FOR I N  S I TU TEST I N G  

Equ i pment Tag Number Egu 1 pment/Descript 1 on/Type 

R C- P-2A Reactor coo l ant p ump motor 
6 900 V ac, 3-p has e ,  
9000 hp 

R C - P- 1 8  backup o 1 1 1 0  hp , 2 30 V de 
1 1 ft pump motor s hunt-wound motor 

R C-P-2A backup o 1 1 1 0  hp , 230 Y de  
1 1 f t  p ump motor s hunt-wound motor 

R C- P - l A  backstop l ube 1 /2 hp , 480 V ac , 
o 1 1  pump Motor 2- lA-2  3-p  hase , 60 . H.z motor· , 

RC·P-2A backstop l �be. . 1 /2 hp , 480 Y ac·, 
o 1 1  pump Motor 2- lA- 1  3-phase, 60 Hz mo.tor 

RC-P-2A backstop lube 1 / 2  hp ,
. 

480 V ac , , 
· 

o i l  pump Motor 2·2A-2 3·p hase, . 60 H z  motor 

R C56-PS6 

R C 56·PS 1 1  

RC 56-PS 1 6  

R C 58-FS3 

RC58·FS5 · 

R C 58-FS7 

RC59- FS 3 · 

B arksda l e  p ressure ·swi tc h  
' ' : 

B a rk sd a l e  pressure sw1 tc h 

Barksd a l e  pressure swi t c h  . 

M&M f l ow swi tc h  

M&M f l ow sw1 tc h  

M&M f l ow swi tc h  

M&M mode l f l ow swi tc h  

74 

C r i ter i a  for Se l ect i on 

I dent i ca l  to RC-P- l A  
and - 28 motors 

I denti c a l  to RC-P- l A  
and - 2 8  backup o1 1 
1 1 f t  pump mot or · 

I dent i c a l  to R C-P- l A  
and - 28 backup o 1 1 
1 1 f t  pump motor 

Same area as  RC-P- l A  

' Same genera l area a s  
R C· P - l A  

Same general area a s  
RC"!P• l A  

I dent i c a l  t o  RC56- PS 1 

I dent i c a l  to R C56- PS 1 

I dent i c a l  to R C 56-PS 1 

I dent i c a l  to RCS8-FS1  

I dent i c a l  to RCS8·FS 1 

I dent i c a l  to RCS8-FS1 

I dent i c a l  to RCS9·FS 1 

------------ ·-· -- ·-------
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TABLE 8. (cont i nued ) 

Egu 1 pment Tas Number Egu ipmentlDescriet 1 onlTlee 

RC59-FS5 M&M model f l ow sw i tc h  

R C59-FS 7  M &M  model f l ow swi tc h  

RC60·LS 3 SOR pressure switch 

RC60-LS4 SOR pressure sw i tc h  

RC60-LS 5 SOR pressure swi t c h  

RC60-LS6 SOR p ressure swi t c h  

RC60-LS 7 SOR pressure sw itch 

RC60-LS8 SOR 
-
pre ssure swi tc h  

RC6 7-VS 2 Robertshaw v i brati on swi tc h  
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C r i teri a  for Se l ect i on 

Ident i ca l  to RC59·FS 1 

I dent ical  to RC59-FS 1 

I dent i c a l  to RC60-LS 1 
and -LS2 

I dent i c a l  to RC60-LS 1 
and -LS2 

I dent i c a l  to RC60-LS 1 
and -LS2 

I dent i c a l  to RC60-LS 1 
and -LS2 

Ident i c a l  to RC60-LS 1 
and -LS2 

Ident i c a l  to RC60-LS 1 
and -LS2 

I denti c a l  to RC67-VS l 
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