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Thi s  report documents the efforts to date by the Department of E nergy 
· t o  assess the condi t i on of the e l ectri cal  channe l s w i t h i n  the Reactor 

Bu i l d i n g  at Three M i l e  I s l and Un i t  tw o ( TM I - 2 )  as affected by the acc i dent 
of  March 28, 1979. It  focuses primar i ly on the resu l ts to d ate of the 
i n i t i al i n  s i t� test phase where 567 channel s  wer e exami ned e lectri cal l y  
f rom outs i de t he Reactor Bu i l d i ng .  T hi s  i n  s i tu test i ng ,  comple ted i n  June 
1984, was des i gned to economical l y  samp l e  a l arge number of channel s i n  
order to obtain a statistically val id assessment of the condition of the 

e l ectr ica l  channel s  w i th i n  the TMI - 2  Reactor Bu i l d i n g .  The i n  s i t u  dat a 
analys i s  wi l l  be comp l ete  i n  1985, but suff i c i ent i nformat i on has been 
comp i l ed i n  th i s  report  to d emonstratG that a damage asse ssment of the 
e l ectrical  channe l s  can be made.  In  add i t i on, the data supports the theory 
that had a ba s i c  preacci dent data base been ava i l ab l e  for the electr i c a l  
c hannel s, th i s damage a sses sment wou l d  have been h i gh l y  effect i ve and 

speedy. 

Th i s  report i nc l udes the analys i s  of d ata  from 233 c ab l e  channel s  out 
of t he 567 channel s tested i nc l ud i ng 10 pe netrat i ons . The remai n i ng 
c hannel s  wi l l  be d i scussed i n  l ater reports as the data i s  ana lyzed . 

Thi s report foc uses on e l ectrica l  anomal i es detected i n  the channel s 
and mak es rec ommendat i ons for f�1 rther test i ng or exam i nat i on to d ef i ne the 
actual  functi onal  imp a i rment to the E� l ectr ica l  channel . A f i na l  a ssessment 
of damage to the e l ectri cal  channel s  at TM I -2 wi l l  be made after comp l et i on 
of those tests . 

The work reported on i n  th is rep ort w as performed j o i nt ly  by the 
Hanford Engi neer i ng Devel opment Labor atory (HEDL ) , the Idaho Nat i onal 
Eng i neering  L aboratory { I NEL ) ,  and the Sand ia Nat i onal  L aborat ory. They 
have been ass i sted by an i ndustry adv i sory group i n  deve l op i ng the program 

�plan to asses the cond i t i on of the cab l e/connect io ns  at TM I - 2 .  
' . 
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SUMMAR Y 

The TMI -2 Cabl e/Connection Program was estab l i shed to i nv esti gate the 

consequences of the TMI- 2 l os s -of-cool ant acc i dent ( LOCA ) on cab l e  and 
connector components w ith in  the Reactor Bu i l d i n g .  The c apab i l i ty to 
recei ve readout s i gnal s from, and SUPPlY energ i z i n g  vol tages to , C l ass lE 
i nstrumentat i on components i s  essent i a l to reactor contro l dur i ng per i od s  
of envi ronmental  stress .  Theref ore , i t  i s  important to characteri ze the 
f unct i onal  propert i es of cab l e  channe l s  during  reactor acc i dent and post 
acc i dent co�d-� ions . 

Th i s  re port summari zes resu l ts to date of d i agnos_ t i c  tests conducted 

on sel ected c ab l e  channel s w i th i n  the TM I -2 Reactor Bui l d ing . Channe l s  i n  
a total  of 1 55 cab l es i n  10 penetrat i ons  were tested and analyzed . 

Anomalous el ectrica l  behav i or was observed i n  1 00 ,  or 65%, of these 
c ab l e s .  Of these , 59 c ab l es ,  or 38% , contai ned c i rcu its c l assi f i ed as 

i noperab l e .  I n  add i t i on ,  th e status of support i ng l aboratory tests and 
d ata taken on cabl es removed from the hydrogen burn reg i on are d i scussed .  
An addi t i onal  8 penetrat i ons  and 334 cab l e  channe l s hav e  been tested and 
are be ing ana lyze d ,  and w i l l  be reported as they are comp l eted .  

Dur i ng the f i rst day of the acc i dent , the envi ronmf: nt i ns i de the 
R eactor Bu i l d i ng w as one of i ntense rad i at i on ,  steam, moderate tempa rature 
excurs i ons , and a hydrogen burn that resu l ted i n  a pres sure sp i ke  w h i c h  
i n i t i ated a chemi cal  suppress i on spray.  Post acc ident env i ronmental 
cond i t ions  i nc l ude l ow- l eve ·l dose rates that i ntegrate to 1 05 rads, and 
moi st ure exposure e i ther by s ubmers i on or h i gh rel at iv e humi d ity .  

The  cab l e/connection program addresses how wel l t h e  cab l e  channel s 
s urv i ved these envi ronments by ev al uat i ng the e l ectr ica l  and phys ica l  
propert i es of  se lec ted compo nents and cab l e  systems from w i th i n  the Reactor 
B u i l d i ng .  T he effort i nc l udes i n  s i tu test i ng and l aboratory test i ng .  The 
l aboratory test ing i s  furthE! r subd iv i ded i nto e l ectr ica l  and mech an ica l  
p ropert i es test i ng .  The bulk of  th i s report dea l s  w i th i n  s i tu test 
resu l t s  wh i c h  estab l i sh the present status of c i rc u i ts , and ident if ies  
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cab l e s  and connector components for t• emoval and fol l ow-on l abora tory 
e val uat i on .  The  proper � e l ect i on of cab l e  and connector components for 
l aboratory eva l u at i on i s  cons i dered essent i a l to the success of the program . 

The i n  s i tu tests cons i st of d i agnost ic  measurement s ,  wh i ch i nc l ude 
characteri zat i on of a c i rc u i t' s  capaci tance , i nductance , i nsu l at i on 
r es i stance , and l oop res i stance propert i es .  Add i t i ona l ly,  a t ime domai n 
refl ectometry ( TOR ) techn i que addresses i denti f i cat i on of de fec t  type and 
t he l ocation of defects in cab l e  channel s. 

Penetrati on R607 and R405 and the i r  associ ated c i rcu i ts/ca b l e s  
e xper ienced the most severe env i ronme ntal cond i t i ons  of the penetrat i ons 
that were eval uated . Both penetrat i ons are l ocated at the 292-ft 
e l evat i on .  R405 i s  near the c l osed sta i rwe l l .  R607 i s  near the open 
stai rwel l .  Many of the cab l e s  and end i nstruments  were submerged w i th the 
penetrat i on ha l f submerged.  Port i ons  of the cab l e  runs , espec i al ly  those 
near the open stai rwel l ,  were very probab l y  subjected to the s team and 
water d i scharge path from the reactor cool ant system. In add i ti0 n ,  some of 

the cab l es may have been subjected to the f l ame pr opagat i on path  dur i ng th e 
hydrogen burn event . I n  penet;:L i on R607 of 52 cab l e  channel s tested , 47 

exh i b i ted anomal ous  be hav i or .  Of these , 33 were eva l uated as be ing 
i noperabl e .  The d i agnostic data i nd ic ates water damage and corroded 
contacts; c ircu it  crosstal k was obser ved wh i ch i s  con s i stent wi th th i s  typ e 
of d amage. In penetrat i on R405 f i ve c ab l es we re tested and a l l exh i b i ted 
anomal ou s  behav i or with  four of th e c i rcu its  j ud ged i noperab l e .  

Of 1 4  i nstrumentat io n cab l es tested i n  penetrat i on R534, anomal ies 
were observed i n  seven; f i ve of these c i rcu its were j udged to be 
i noperabl e .  Crossta l k vol tages were observed suggest ing poss i b l e  
penetrat i on corros i on and/or water co ntami nat ion . However,  the data 
s uggested that envi ronmental ly seal ed sp l ices survive d we l l .  

Penetrat ion R506 conta ins  reacto r  contr· o l  c i rcui ts , i nc l ud i ng curren t 
t ransformers , l evel ( pressure ) tran�n i tters ,  and temper ature , pressure ,  and 
l i mit  swi tches . Ni neteen cab l es we re tested; 1 6  were found to ex h i b i t  
anomal ous  beh avi or and si x wer e j udg1e d to b e  i noperab l e .  Anoma l ie s  were 
ch aracteri zed by crosstal k vol tages . 
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Of 3 9  pressuri zer heater cab l es ,  anomal ous behav i or was observed on 
1 2 .  Of these , f i ve were judged to b e  i noperab l e :  one w i th an open c i rcu i t ,  
one w i th a shorted i nsu l at i on res i stance of 2 2  ohms , and three w i th l ow 
i nsu l at i on res i stance . 

The data taken on over hal f of the c i rcu i ts tested to date corre l ate 
with  good func t i onal  propert i e s .  I t  i s  i mportant t o  note that the 
penetrat i ons a l ready eva l u ated were selecte d  because the probab i l i ty of 
f i nd i n g  impai rment was judged to be h i gh .  Therefore the stat i st i c s  
r eported ar e not necessar i ly r epresentati ve of the degr ee of damage t o  the 
enti re 1 800 c i rc u i t s  in the TMI - 2  R eactor Bui l d i ng ,  but shou l d  be a good 
i nd i cat i on of the types of d amage to be ex pected . 

A l i st of cab l es des i gnated for removal and l aboratory study was 
d etermi ned from the i n  s i tu test resu l ts .  Ci rcu i ts for addi tional Ph ase I I  
i n  s i tu eva l uat i on were a l so sel ected . 

L aboratory f ac i l i t i es and test apparatus have been set up fo r the 
eval uat i on of cab l e  and connector component s removed from the TM I-2  Reacto r  
B u i l d i ng .  Ev a l uat ion of the pol ar crane cab l e, and other cQ b l es that were 
l ocated i n  the upper Reactor Bui l d i ng i nd i cated that they had t• eceiv ed 
l i tt l e  to mi l d  damage from the LOCA .  Of  those tested , these cabl es should 
have been most  exposed to the hydrogen burn event because of the i r 
lo cat i on .  Th i s  resu l t  suggests that the hydrogen burn d id not 
substan t i al l y  damage cab l es i n  the TMI - 2  Reactor Bui l d i ng ,  particul arl y  
those of the type tested . 

v 
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TMI -2 CABLE/CONNECTION PROGRAM 
FY-84 STATUS REPORT 

INTRODUCTION 

S hortly  after the March 1 979 acc i dent at Three M i l e  I s l and Unit 2 
( TMI -2 ) , the U . S .  Department of Energy estab l i shed the Techn ica l  Informat i on 
and Exami nat i on Prog ram ( TI& E P )  to ass i st i n  sol v i ng techn i cal  c l eanup 

chal l enges  and col l ect and analyze data  that wou l d  benef i t  nuc l ear power pl an 
s afety. An i mportant part of the TI& EP i s  the Instrumentat i on and E l ectri cal  
( I& E )  prog ram . I n  1 981 , I& E personnel i n i t i ated a maj or cab l e  analys i s  
effort , cal l ed the Cabl e/Connect i on Prog ram. The effo rt supports acc i dent 
preventi on and mi t ig ati on ph i l osophy by establ i sh i ng the phys ica l  l im itat i ons  
and performance of  i nterconnect i ng cabl es for i nstr umentati on and e l ectric al 
equ i pment exposed to an actual  l oss-of-cool ant acc i dent ( LOCA ) env i ronment . 
A l so ,  exami nat i on ,  testi ng , and analys i s  w i1 1  prov i de data for better 
assessment of re l i ab i l ity and performance and for i mprovements i n  the des ig n , 
manufacture , and i nstal l at i on of i nstrumentat i on ,  e l ectr ical equ i pment,  and 

cabl e systems equ i pment . 

The components and cab l e  systems i n  the TM I-2  Reactor Bui l d i ng were 
exposed to varying deg rees of rad i at i on ,  steam ,  humi d i ty ,  Reactor Bui l d i ng 
s uppress i on and g ross decontaminat i on sprays , submergence , a hydrogen burn 
event, and a post-LOCA env i ronment . Study of the e lec tri cal  and phys i ca l  
p ropert i es of  s�lected cab l e  system components wi l l  al l ow assessment of  how 
the  cab l es a nd connect i ons responded to these acc i dent env i ronments . 



PROGHAM SCOPE 

' 

Th e obj ec t i ve of the Cabl e/Connec t i on P rogram i s  to assess the e ffect  
of the  TMI - 2  acc i dent on  the c ab l es: and c onnecti ons  w i th i n  the Reactor 

B u i l d i ng .  The pr i nc i p l e  em phas i s  i s  on fu nc t i ona l  impai rment , i . e . ,  w hat 
effec t  d i d  the LOCA and post-LOCA �nv i ronm ent have on the c apab il i ty of the 
c ab l e  c hannel s to func t i on rel i ab l y  in the i r  respec t i ve c i rc u i t s .  

S i nc e  remova l  o f  c ab l e  and c onn ector components i s  expens i ve and t im e  
c onsumi ng, proper se l ec t i on of c omponent s' i s  cr it ic a l  to the succes s o f  the 
program .  For th i s  reason, em phas i s  has been on the d i agnost ic 11SL!f,J1 
tests , w h ic h  sc reen and assess present c ab l e  c h annel c ond i t i on s. T h i s  
effort l oc ates and c harac te r ize s the im pair ed reg1 on o r  estab l i she s that 
t he c i rc u i t  appears to meet a l l func t i onal  requi rements a nd i s  free of 

i mp a i rment . S pec i f ic al ly ,  th e p� ogram w as des ig ned to determ i ne w hat 
f rac t i on of the c ab l es appear to have remai ned func t i onal  and , of those 

that appear impai red , what c an be determi ned about the nature of the 
i mpai rment . Th i s  effort i nvol ved two phases : ( a ) a rev i ew of data a l ready 
taken re l at i ng to the cond i t i on of the c ab l e/connec t i on c hannel s ,  and ( b ) 
CGnduc t i ng i n  s i tu sc an tests . The obj ect i ve of these tests w as to qu ic k l y 
al' d cost effec t i ve l y  obtai n d i agnost ic d ata  on c ab l e  c i rc u i ts that 
c har acter i ze the present status of the c i rc u i t .  

The d i agn ostic test effort i s  d i v id ed i nto tw o phases . P h ase I of the 
t est effort prov i ded a q u ic k  survey of gener al c ab l e  c ond i t i on .  T hese 
tests i nc l uded i nsu l at i on res i stanc e ,  c apac i tanc e ,  d i s s i pat i on ,  i nd uc t i on, 
c onti nu i ty res i stanc e ,  and t i me d om a i n  ref l ectometry . Phase II d i ag nos t ic 
tests , a l so to be addressed by th i s  program , w i l l  be perform ed l ater, to 
b etter character i ze the in s i tu c ond i t i on of the respec t i ve c omponents i n  
quest i on .  The l oc at i on and nature of the im pai red rej i on i s  of p r im e 
i nterest  to the program. 

T h e  d ata obta in ed from the in s i tu sc an tests and rev i ew effort i s  
used to i dent i fy c ab l es and c onnector c omp onents for rem oval and fol l ow- on 
l aboratory eva l uat i on . F ac tors in t h i s se l ec t i on i nc l ud e: ( a ) i nd ic at i on 
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of impair·ment. (b) variety of material type, (c) variet.v of circuit type, 

w ith emphasis on Class lE circui ts, and ( d ) the environmental stress 

postulated for a particular component. 

Where possible, the labo�atory evaluation tests will use, as a 

baseline reference. samples of cable and connector components from the same 

l ot as was used for the original installation. Where these are not 

available. samples that are generically the same will be used. An 

additional reference for evaluation are the performance requirements of the 

circuit from which the component was removed. 

Laboratory tests will specifically characterize cable insulation 

resistance, capacitance, dissipation, and voltage breakdown properties. 

C�aracterization over the temperature range ambient to 90°C, and the 

effects of moisture, will be performed when appropriate. The mechanical 

properties of the cable and connector components will be characterized as 

well and correlated as much as possible with the observed electrical 

properties. 

Laboratory results will be correlated with the environmental exposure 

postulated to have been received by the cable or connection component. 

Maps of the TMI-2 Reactor Building environment showing the location of 

cables �nd connections of specific interest will be made and the postulated 

e nvironment exposure will be identified on the maps for ease in correlation. 

Final analyses will address which environmental parameter caused the 

o bserved change in the cable/connector component, i.e., is the observed 

impairment, the result of temperature, chemical spray, moisture, radiation, 

or a combin1tion of environmental parameters? 
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ENVIRONME NTAL CONDITIONS  

D uri ng the  f i rst d ay of  the acci dent , the  env i ronment i ns i de the 
Reac tor Bui l di ng was one of i ntense rad i at i on ,  steam ,  moderate temperature 
e xc ur s i ons ,  and a hydrogen b urn that r· esu l ted i n  a pressure spi ke wh ich  
i n i t i ated a c hemica l  suppres s i on spray. 

S team and rad i oacti ve reactor coo l ant were d i sc h arged i nto the 
bu i l d i ng through the reac tor coo l ant d ra i n  tank rupture d i sc ( see 
F i gu�e 1 } . The steam rose upward from the basement thr ough stai rwel l #1  to 
the uppe r  leve l s .  Thi s rel ease of water and steam resu l ted i n  an average 
a i r  temperature i ncrease of l 7° C  dur i ng the i n i t i al hours after the 
acc i dent . Components  d i rectl y  i n  the steam path experi enced hi gher 
tem peratures . 

A total of 600 , 0 00 gal l ons  of water accumu l ated i n  the basement and 

may have pos s i b l y  reached Cl.  maxi mum l evel of appr oximate ly  8 . 3  ft ( 291 -ft 
e levat i on ) .  Consequ ent ly,  many i nstruments , e l ectri ca l  components ,  and 

cab l e trays were submerged . Becau se o f  the water i n  the basement and 
cont inuous operat ion of the a i r  hand l i ng un its ,  the rel at i ve humi d i ty 
i n� i de the bui l d ing rem� i ned at 1 00% fo r a period of two to three years . 

G eneral ly,  the dose h i story ��r. c lu d i ng the basement ,  consi sted of h i gh 
d ose rates for a short peri od of t ime fol l ow ed by rel at i ve ly  smal l dose 
r at es for a l ong perio d of t i me .  Rad i ati on l evel s at the 282-ft e l eva t i on ,  
the basement area , hav e  been 20 to 40 R/h s i nce the acci dent . I ntegrated 

dose rates on the 3 05-ft e l evati on have been estimated at 1 05 rads and 
the upper l evel s  of the Reactor Bui l di ng may have exper i enced s l i ghtly 

h i gher l eve l s .  

The hydrogen burn event occurred approx imately  10 ho urs after the 
start of the acc i dent and resu l ted i n  a un iform i ncrease i n  amb i en t  
temperature o f  approxi mate ly 4 . 5°C. It i s  bel i eved that the hydrogen burn 
started i n  the basement wi th f l ame pro pa�a t i on to the upper reg i ons of the 
R eactor Bui l d i ng .  The pressur e  s p i ke that resul ted from the burn act i vated 
the R eactor Bu i l d i ng pressure su ppres5i i on  spray for about 5 mi n .  
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The h i ghest tota l  i ntegrated rad i at i on doses were encountered at the 
h i gher e l evat io ns. L ikewi se, hydrogt:! n burn eff ects were gr eatest i n  the 
upper e l evati ons. The total i ntegrated dose of the rad i at i on from the sump 
w ater i s  a l so ex pected to be s i gni fi� ant and submergence of acti ve 
components i s  e xp ected to be a pri nci p l e  c ause of fai l ure . 

E lectri ca l  Test Desc ript i on 

A ser i es of e l ectric al tests art:! fundamenta l  to both 1 abora tory and 

s i tu ( at the TMI - 2  Reactor Bui l d i ng ) t'e st i ng .  These are : 

• I n i t i al vol tage charac teriz at ion 
1 Time D omai n Ref l ectometry s i gnature 
� Capac i tance 
• I nci uctanc e  
1 Insu l at ion Resi stanc e  
• D i rec t  Current l oop Res i stance . 

Wi th the poss i b l e  excepti on of t ime domai n  ref l ec tometry { TO R ) 
measurements , the ab ove tests are strai ght forward and fami l ia r  to most 
analysts .  

Simp l i fi ed ,  the  TO R test i s  perform ed by tr ansmit ting  a ste p  vo lta ge 
i nto the test c i rc u i t  and obse rv i ng  the r ef l ec ti ons that return to th e 
s end i ng i nstrument . These ref l ections occu r at any c hange i n  
c harac teri st ic impedanc e  and ( si gn i fic ant ly ) at any d i sc onti n u i ty or 
d efec t .  The TOR method prov i des a va l uab l e  t ool  for b oth determi n ing  and 
l oc at i ng defects  in a c ab l e .  

The type of tests and the test equi pment used to perform the i n  si tu 
test i ng are descr i bed i n  App endi x  A .  The data tak i ng proc ess  was automated 
and the data was stor ed on tape or di sc . 

The charac teri zat i on of vo l tage breakdown properties i s  on l y  conduc ted  
i n  the  l aboratory phase of c omponent eval uat i on and is  not i nc l uded wi thi n  
the scope of the i n  s i tu  tests . 



A g ener i c  procedure , Pos tacci dent Test ing of E l ectrical  Eq u ipment was 
d es ig ned and approved for iml> l ementat ion at TM I - 2 .  The procedure a1 l ows 
test i ng to be conducted at the penetrat i on s  and prov i�es an easy access to 
a l arge number of cab l es by way of cab l e  connectors or terminal  stri ps . 



I N  S ITU TEST PHASE 

The approac h  for the i n  s i tu testi ng program was to sel ect 10 to 20% 

of al l types of c ab l es from a reg i stry of approxi mate l y  1800 e l ec tr ica l  
c i rc u i t s .  The i n  s i tu test i ng of  these c ab l es provi ded data for : 
( a ) perf ormi ng a broad assessment of c ab l e  and c hannel  c ond i t i ons; 
( b ) i dent i fyi ng c and i da te c ab l es fo r remo val and off- s ite  l aboratory 
examination ; and (c ) further c haractei· iz at i on by conducti ng in ore 
c omprehens i ve P hase I I  i n  s i tu test s .  Th is report prese nts the resu l ts of 
the i n i t i a l  phase of i n  s i tu test ing .  

C i rcu it  Se l ec t i on 

Th e TM I-2  Reactor Bui l d i ng contains  a total o f  S8 e l ectrical  
penetrat ions . E l ectric a l  c i rcuits  i ns i de the  Reac tor G u i l d i ng structure 
are routed thro ug h  these pene trat i ons . F ig ure 2 shows the phys ica l  l ayout 
of these penetrat i ons  wi th respec t  to thei r l oc at i on around the Reactor 
B ui l d i ng .  

E lPc tric al penetrat i ons throug h  the Reactor Bu i l d ing wal l s  carry 
c i rcu its  ;· ang ing i n  s i ze an d functi on from h1gh voltag e  feeders for the 
r eac tor c ool ant pumps to smal l tri ax ca b l es for l ower s ig nal l eve l  n eutron 
mon itor i ng dev i ces . The p2 netrat ions are des ig ned to mai ntai n a barr i er 
b etween the Re acto r Bu i l d i ng and the out s i de atmosphere u nd� r al l 
postu l ated acr i dent cond i t i ons . The penetrat ions used at TMI-2 are Genera l 
E l ectric modJ l e  type penetrati ons . A ty p i ca l  penetrat ion l ayout i s  shown 
i n  F ig ure 3 .  Th i s  type of penetrat ion c onsi sts of a stain l ess stee l 
cyl inder sea l ed at e i ther end .  The e l ec trical  c on ductors are routed 
throug h  the center of the cyl i nder and a re fi xed i n  p l ace wi th a cerami c to 
metal seal . Tne space between the i nnet· and outer he ads i s  mon i tored for 
l eak ag e .  The c onductor penetrat ions throug h  the heads are seal ed wi th a 

nonfl amm ab l e  epoxy compound .  Junct ion boxes are mounted at each end of the 
penetrat ion for connec t i ng al l wir es goi ng i nto and out of the Reactor 

B u i l d i ng .  A typ ica l penetrat io n we ig hs approx i mately 400 pounds , i s  



o· 10" 20" 30" 40" 50" 60" 70" 80" go• 100• 110" 120" 130' 140" 150' 160" 170" 

,., 358'·6" 
R403 
164"-30' 

,. 

)" 

I" 

)" 

o· 

o· 

o· 

o· 

o· 

o· 

o· 

0" 

0" 

R411 
96'·12' 

R413 
106'-47. 

R40B 
133"·13' 

R595 
164"-30' 

R596 
164"-30' 
• 

���--
------

----------------
---------- ---r--�R�40�G�6:2'- "�-4�7�'.714�. ------�R� 4� 06�7-9 -"-

-22-.----
--

----
----------

------ -------R-5-- 01� 
R401 GE Model N rGE Model# 155"·21' 160"-38' 
42"·20' 238X7u·IMAG1 238X600MAG1 spare spare 
Blank 14 ft long 15ft long �--------�0� • • • ��-�--------------------------------------------_/ ' I --R404 

�:0�0��;-�3'·08" R407 57"·45' � L R402 68" 47' ��;n�• 
23BX706MAG2 GE Model # GE Model # 
11 ft long 23BX704MAG2 23BX1P.1MAG3 

14 fl long 14 f� ICIOQ 

Fi gut·e 2 .  Physical layout of penetrati 



)• 190' 200' 220' 230' 240' 250' 2il0' 270' 2�' 290' .!00' 310' 320' 330' 340' 350' :!60' 
�--����-���

----
�2LJ0�·----�1:_ ____ :C!�--_:]1�----=•[_----_LI ______ �,L-----�----�1------L1 ____ _ji ______ LI ____ �[I ____ �[I ____ _:[t�--�l 

�- ·. ,. ' 

R591' 
197'�0' 
• 

R599 
197'-40' 

R508 
254'-4' 

-_ ·-·-� ·• ;�-;_ 

GE Model N 
238X706MAG 

R� 
2�7'-16' 
GE Model N 
238X600MAG1 
6.75 II long' 

/R511 

• 
.264'-40' 

--
----

----
--

----
----

----

--
--------

---�:o-7-�-1�-.���R-5_0_7 ��� 
GE Model N 254'·4' �59'-22' 

spare 
-A5i5 

197"·40' 

.. J8XE06MAG3 
7.5 II long 

R522 
238'-12' 

1 s  i ns i de the Un i t  2 Reactor Bu i l d i ng .  

��A607 
271'·48' 287"·40' 

R603 � GE Model H 
278'-29' 282'·22' 238X600MAG1 

blank 11.4 II long 

9 

R608 � r- Rl311 
325' 7. u=tJ 33D'·29 

R609 
325' 7 
blanlt. 

RG12 
R610 330'·29. 
325'-7' O 0 spare 

NO TEe 
- oes1gn·.·es the renetrat1ons that 

were tested INEl .. wzo 



Junction 
box 

Terminal 
strip 

Weld 

---- Containment 
wal l  

Figure 3.  Typ ical  penetrati on config urat i on .  

I N EL 4 0903 



normal l y  1' -l /2 ft i n  d i ameter , a nd ranges i n  l ength from7 t o  1 4 ft  
depending  on  the  el ectri cal func t i on o f  the  c i rcui t  routed through the 
penetrat i on .  

Twel ve of the 58 penetrat io ns are des i gnated a s  b l anks or spares . Of 
the remai n i n g  46 penetrati ons , e i ght are used for the r eacto r  coolant pump 
ma in  feeders . These feeders are very l arge cab l es ,  heav i ly in sul ated at 
t he j uncti on box , and were not i ncl uded i n  t he i n  s i tu testing  program. 

,� Th e 38 rema i n i ng penetrat i ons were cons i dered candi dates for i n  s i tu 
test i ng . F i fteen of these penetrat i ons  are i n  h i gh rad i at i on areas and 
cou l d  not be access ed during in i t i al i n si tu tes t in g .  The cabl es tes ted in 

ten representat i ve penetrat i ons  have been selected for d i scuss i on i n  t h i s 
report . They are R400, R402 , R405, R406, R407,  R504, R5 05, R506, R 534 and 
R607 , w h i ch conta in  control , i nstrum� ntat i on ,  and power c i rcu i t s .  

Dat a  Analys i s  Methodol ogx 

Ev alua t i on of th e i n  s i tu da ta usual ly  resul ted i n  the c l ass if i cat i on 
of a c i rcu i t  ( i nc l ud i n g  the end i nst ru� ent , where appl i cab l e } i nto one of 
t hree c ategori es; (�) no apparent change detected , cons i stent w ith the 
c i rcu i t  be ing  fu l l y functi onal , ( b )  anomal ous e l ectr ica l  behavi or detected , 
b ut no evi dence that the c i rcu i t  coul d not be e xpected to perform i ts 
e lectr i cal  funct i on ,  and ( c )  anomal ous e lectr ica l  behav i or detected that 
wou l d  prevent the c i rc u i t  from performi ng i ts i ntended e l ectri cal 
functi on .  Al though an end i nstrument eva luati on was not part of the state d  
s cope of th i s  program, data concern i ng end i nstrument cond i t i on was 
obtai ned i n  m any c� ses , and i s  presented where ava i l ab l e .  

As  g i ven i n  thi s report , the second c l as s i f i catio n of c i rc u i t  

operab i l i ty i s  i ntended t o  g i ve a qual i tati ve est imate o f  the damage t o  a 
c i rcu i t  as assessed at the t i me data was taken . I t  i s  not i ntended to 
suggest that the c i rcui t  wi l l  conti nue to remai n  operable , s i nce , for 
examp l e ,  wetted cab l e  i nsul ation wi l l  continue to degrade . 

1l 



' The  assessment  of a cab l e' s  c ond i t i on was often based on changes i n  
s ev eral  e l ectrical  parameters .  W ater i ng ress , for ex ampl e ,  was usual ly  
suggesterl by a decrease i n  i n su l at ion res i stance and characteri st i c  
i mpedan�e and an i ncrease i n  capaci tance . These three condi t i ons  a re 

consi stent w ith  a cab l e  tha t  i s  internal l y  wet. C i rcui t c l ass i f icat i ons of 
ir.1operabi l i ty i nc l uded ev i dence of contact corros i on ( h ig h  l oop 

r· es i stance ) , l ow i nsu l at i on res i stance , and open c i rcu i t  condi t i ons .  
C o ntact corros ion can imp a i r  the abi 1 i ty to cal i brate instrumentati on ,  and 
i n  the case of power app l i cati ons  can resu l t  i n  an overheate d  
co ntact/connector fai l ure. 

Cab l es were li sted as ex h i bit i ng anomal ous behav i or when an e l ectrical  
property (or  set of properti es ) fel l outs i de " l im its "  estab l i shed by 
control cab l e  test resu l ts or ; i rcu i t  spec i f i cat i ons . In add i t i on ,  where a 
l arg e number of cab l es of the same type were tested , p ropert i es that stood 

o ut st at i st i cal ly from the rest of the g roup were f l agg ed a s  anomal ous . 
The methodol ogy for eval uat i ng c i rc u i ts i s  descr ib ed i n  detai l i n  
Appendix B .  

I n  S i tu Res u l ts 

Of  1 55 cab le s  ex ami ned,  1 00 were found to ex h ib i t  an anomal ous 
cond i t i on ,  and 59 were assessed as i noperabl e .  A primary cause of c i rcu i t  
deg radati on was attributed to water i ng ress . A pr imary cause of c i rc u i t  
i noperab i l i ty was a pparent corros i on of connector contacts a t  termi nal  
b ox es and r� netrat i ons . Add i t ion al  probl ems were a l so noted. A compl ete 
l i st of al l cab l es tested i s  presented by penetrati on i n  Appendix C .  
Component removal and l aboratory eval uat i on are requi red to confirm the 
i nd i cat i ons  of the i n  s i tu tests . 

Pe netra t i ons R400, R402 , and R407: Pressuri zer Heaters 

A l l  of the c i rc u i ts i n  penet rat i ons R400, R402 , and R4 07 are used for 
pressur ize r  heaters ex cept for sp ares and penetrati on temperature 
measur ement l ead. s .  The cab l e  c ir· cu i ts are essent i al ly  al i ke ex cept for 
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cab l e l engt h. In-sit u  sca n. t, ests were per formed on 39 pressuriz er heater 
c ab l es ,  1 2  of whi ch wer e  observed to. exh i bi t  anomalQUS behav i or. Five 
cab l es were judg ed to contai n' i nope rabl e  c i rcu it s ,  primarily because of· 
h i gh l oop res i stances i ndicating probabl e  c orroded con tacts  or 
connect� ons. One of these cab l es exhi b i ted a shorted i nsu l ation res i stance 
of  ?.2 . 5  ohms. To veri fy these eval uat i ons , se l ected cab l e  sect; ons are 
reco1'!1'11� nded for remova l  for l aboratory testi ng .  

The pres suriz er heater cab l es provi de p ower to the heating e l ements 
that prov i de suffi c i ent heat to the press urizer to mai ntai n  the Reactor 
Co ol ant System pressure hig h enoug h  to prevent boi ling i n  the rest of the 
system . Fai l ure of a sig nifi cant number of heaters wou l d  resu l t i n  the 
i nabi l i ty of the pressuriz er to mai ntai n  s uf fi ci ent pressure to prevent 
steam voi di ng i n  the other parts of the Reactor Cool ant System. Fai l ur e  of 
a .P!:'f:!SS uriz er he ater ci rcui t  is defi ned as the ina bi li ty to supply p ower . 

Beyond the penetration s ,  the cab l es are di vi ded i nto two secti ons . 
Th e fi rst sec ti on ,  from the penetration to the termi n ation box , consi sts of 
three conductor cab l es that have pul l -s l i p  l eng ths from 70 to 1 52 ft. 
( Actual i nstal l ed cab l e  l eng th i n  the Reactor Bui l di ng may h ave been 

shorter than the pul l s li p  l eng th since i nstal l ati on often i nvol ves cutting 
t he cab l e  to fit after the pu l l  s lip  was made out . )  The second section 
from the terminati on box to the heaters i s  made up  of three each 
2 conductor cab l es .  E ach conductor of the appropri ate cab l e  in  the fi rst 
section feeds two conductors in the second section to form a "del ta"  three 
p hase connecti on .  The cab l es i n  the sec ond section have pu l l -s lip  l eng ths 
of 35 to 40 ft . 

Penetrat i ons R400, R402,, and R407 are l ocated at the 292-ft e l evation ,  
9. 5 f t  above the basement floor . They are ori ented a t  approximate ly 
68 deg rees from the south azimuth . Penet rations are General E l ectric  ( GE )  
Model s #238X704MAG 1 ,  3 ,  and 2 respectively and are approximately  1 4-ft 
1 ong . 
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Figu re 4 show s  the general l oc at i on of the penetrati ons  and 
a pprox i mate c ab l e  routes • . The c ab l e: runs i n  the b asement area h ave been 
ex posed to c onstant rad i at i on f i el d s  of betwe� n  20 and 40 R/h . Cab1 e  
r out ings are suc h  that some c ab l es were s ubjec ted to d i rec t  steam and water 
d i sch arge from the Reac tor Cool ant System. C ab l es may have a l so  been i n  
t he di rect  path of the f l ame propagati on durin g  t he hydrogen burn event . 

Tab l e  1 l i sts the pressuri zer heater c ab l es found to exh i b i t  anoma l ous  
b eh av ior duri ng the  i n  s i tu testing .  A l arge number of  s i mi l ar cabl es were 
in vol ved , s o  th at st atistic al  di fference·s ·were c ons i der� d  s ig n i ficant . 

Se ven c i rc u i t  l oop res i stance measurement� wer e  four. d  to be abnormal ly  
h i gh .  C i rc u i t  analys i s  suggests that th ree heater e l ements a re ope n  
c i rc u i ted . The oth er three measurements i nd i cate poor connecti ons .·· 

Penetrati on R405 : Component Contro l C i rcu its 

Th e c ab l es tested i n  penetrat ion R405 ar e used f or Reactor Bu i l d i ng 
com ponent c ontrol c i rcu i ts. The c i rr. u i ts tested i nc l uded the reactor 
c oo l ant pump drai n tank press ure a l arm, oi l pressure al arm, and pump 
c urrent transformers .  The penetrati on i s  l oc ated at the 292-f t  e l evat i on 
approx imate ly  9 . 5  ft above the basement f l oor and i s  ori ented at 52 degrees  
f rom the  south az imuth . The pene trati on is  a GE  Model 238X706MAG and i s  
approx i matel y  1 1 -ft l ong . 

A l l f i ve of the current tran sformer cab l es tes ted exh i b i ted anomalo us 
effec ts . Of these , four c i rcu its  were j udge d  i noperab l e  and two cab l e s  
( H337 and H359C ) h ad c onductors that are open a t  the penetrat i on .  These 

resu l ts  support the theory that c hemi cal  l adened moi sture entered the 
p enetrat ion i nner l i ner and c ab1e ends , resu l t i ng in a corros i on attack on 
the c abl e c onnec t i ons . 

F igure 5 shows the general l ocati on of t he penetr at i on and approx imate 
c ab l e  routings. The penetrat i on i s  1 ft above the hi gh water mark and i s  
i n  the vici n ity of stai rwe l l # 1 . I t  i s  expected that the penet rat ion has 
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El 305'·0" 

180" 

SP27P 
SP29P 
SP31P 
SP129P 
SP131P 
SP133P 
SP135P To 

�-� SP137P pressurizer 
SP139P heater 
SP142P 
SP144P 
SP146P 
SP14BP 
SP150P 
SP152P 

S0139P 
S0141P 
S0143P 
S0145P 
S0147P To 
S0149P pressurizer 
S0156P heater 
S0158P 
S0160P 
S0162P 
S0164P 
S01E6P 

S07BP 
'>------l SOBOP 

R407 

R402 

S082P To . 
50�4P pressurizer 
SO.:.SP heater 
S08BP 
S016BP 
S0170P 
S0172P 
S0174P 
S01 76P 
S0178P 

INEL 4 0908 

F i gure 4 .  Orie ntat i on of penet ru t i ons  R400, R402 and R407 i nc lud i ng 
general cab l e  run pos i t ions .  
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TABLE 1. PREi..�m NAAY ANALYS IS PE NETRATIONS R400, R402, AND R407: PRES SURIZER HEATERS 

Cab l e/Connection Anomal�/Conc l us i on 

S078P Low i n s u l at i on res i st ance 

SOBOP Low i nsu l at i on res istance 

S084P Low i nsu l at i on resistance/ 
corroded contacts 
Hi gh l oop res i stance 

S0 1 4 1 P  TB6/ 7-9 Low i n s u l at ion res istance 
High l oop res i stance 

S0143P TBS/ 1 -2 Low Z0/corroded cont acts  
TBS/ 1 - 3  Low Z 
TBB/2-3 Hi gh loop res i s tance 

Lov1 Z0 

S0 1 68P Low i nsu l at i on res i stance/ 
corroded contacts 

TBS/ 1 -2 H i gh l oop res i st ance 
H i g h  i nductance 

T88/ l -3 High l oop 1·e s i s tance 
/open heater c i rcui t 
H i gh i nductance 

TB8/2-3 H i g h  loop res i st anc e 
H i gh i nductance 

SOI72P Low i nsulat ion res i stance 

SP 3 1 P  TB9/4-5 Low Z0 
T89/4-6 Low Z0 
TB9/5-6 Low Z0 po5sib ly wet 

SP 1 33P TB4 /1-? High l oop resist ance/ 
corroded contacts 

SP 1 44P Low i ns u l at i on res ist ance 

Value  :,I: 

2 X w5 

22.5 

1 . 2 x 1 05 

5 X 1 04 
1 0.40 

5 1 . 6  
48. 7 
1 0 . 24 

5 X 1 04 

1 4 . 7 5  
2 7 
2 9 . 3 6  

37 
1 4 . 5 7  
27 

5 X 1 05 

4 7 . 0  
4 7 . 2  
4 5 . 8  

1 0 . 33 

3 . 1  X ]05 

Limits  

1 06 

1 06 

1 1)6 

1 06 
9 . 15 to 10. 1 6  

5 4  t o  62 . 2  
5 4  t o  6 2 . 2  

9.16 to 10.17 

1 06 

9 . 1 4  t o  1 0 . 16 
1 8  to 23 

9 . 1 4  t o  1 0 . 1 6  

1 8  t o  23 
9 . 1 4  to 1 0 . 1 6  

1 8  to 2 3  

106 

54 to 62. 2  
54 t o  62 . 2  
5 4  to 62.2 

9 . 1 9  t o  1 0 . 1 9  

JOG 

Expected a 
Operab i lity 

Yes 

No 

Yes 

No 

No 

No 

Yes 

Yes 

No 

Yes 



TABLE  1 .  (c ont i nued) 

Cabl e/Connect ion 

SP 1 48P 

S0 1 50P TB l / l -2 
TB l / l -3 
TB l /2-3 

Anomaly/�onc l u s i on 

Low i n su l ation res i stance 

Low Z0 
Low Z0 
Low Z0/pos s i b l y  wet 

Va l ue 

3 .  l X 1Q 5 

50. 5 
5 1 . 0  
47 . 7  

L i m i t s  

106 

54 to 6 2 . 2  
5 4  to 6 2 . 2  
54 t o  62 . 2  

a .  Judgement based o� c i rc u it requ i rements and extent o f  damage s us t a i ned to test date. 
Func t i ona l i ty stat u s  is expected to change as c i rc u i t s  cont i nue t o  be wet a nd/or 
irradiated. 

Expected a 
· Operabi l i tx 

Yes 

Yes 



El 305 ' ·0" 

r--- A123C to 
WDL·PS·1 201o1&3 

El282'·0" INEL 4 0918 

F i gure 5.  Ori entat i on of penetrati on R405 i n  the Reactor Bui l d i n� .  
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been exposed to 50 to 1 000 R/h s i nce the acci dent based on current 
r ad i ati on i nd i cat i ons from the �J eneral area of the stai rwe l l .  I n  add i t i on ,  
i t  may h ave experi enced h i gher t han average acc i dent temperatures because 
of the proximity to the stai rwe·l l and the steam path . Tab l e  2 presents the 
c i rcu i t s  determi ned as exh i b i t ing  anomal ous  behav i or ( al l  f ive  c ab l es 
tested ) .  On ly  one measurement of i nsu l at i on res i stance was avai l ab l e ;  i t  
w as greater than 1 07 ohms and wa s cons i dered s at i sfactory. 

Loop res i stance measurements on four c i rcu i t s  i n  these cab l es are 
e ffect i ve ly  o pen c i rcui ted as ev ia enced by de l oop res i stances greater than 

7 
· .  

1 .5 x 1 0  ohms . They w ere shown by the TOR d ata to be open at the 
penetrat i on .  

Penetrati on R406 : Reactor I nstrumentat ion 

The cab l es tested i n  penetration R406 are used for reactor 

i nstrumentat i on c i rcu i t s .  The c i rcu its  tested were d i fferenti a l pressure 

t ransmi tters , v i brat ion e l ement amp l i f i ers ( l oose parts mon itors } ,  a nd 
res i stance temperature detectors . The penetrat ion  i s  l ocated at the 292- f t  
e l evat ion ,  approxi mate ly 9 . 5  ft  above the basement f l oor and ori ented at 
80 degrees from the south azimuth . The penet1 at i on i s  a GE 
Model 238X600MAG and i� approx imately  7- 1 /2 ft l ong .  The pr i nci pal 
c i rcu its  analyzed were the l oose parts mon it ors and the d i fferent i a l  
p ressure transmi tters . 

A total of 6 cab l es were tested i n  thi s penetrat i on ,  w ith on ly  the 
coax cab l e  IT3566 1 ( a  l oose parts mon itor preamp cab l e )  exh i b i t i ng an 

anoma lous behav i or .  I ts h i gh character i st ic  i mpedance makes th i s  c i rcu it  
i noperab l e  because of  the  resu l t i ng impedance mi smatch with  the end 
i nstrument preamp . A l so of concern was the h i gh connect i on res i stance at 
the penetrat i on .  

TOR measurements of the rem a i n i ng cab l�� i nd i cated no impai rment .  
However , these conc l us i ons  cou ld not b e  further substanti ated by 
c apac i ta nce l oop res i stance and i nsu l at ion res i st ance measurements because 
of the presence of uncharacterized end i nstruments . 
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TABLE  2.  PRE LIM I NAAY ANALYS IS CONCLUS IONS FOR ANOMALO US CHANNELS IN  PE NETRATION R405 

Cabl e/ Connect i o n  

A l 2 3C 

H289C 

H301C 

H337C TBl/ 1 -4 

TBl/ 1 -4 
TBl/1 -4 
?n' J"\ A ID 1/.J-'t 

TB 1 2/2 1 -23 

H3 59 C TB 1 / 8-10 
TB l / 8 - 1 0  
TB l / 8- 1 0  

TBl/9- 1 0  
TBl/9-10 
TB l / 9- 1 0  

Anoma l�/ Conc l usion 

End i nstrument has corroded cont�cts 

Corro s i on at the penetration to 
c and idate for removal and retest 

Wet cab l e  to cand i date for retest and 
removal 

Loop res i stance h i gh 

TOR l ength s hort 
/open at penetrat i o n  
Z 0  high 

Loop re i stance h i g h  

Loop res i stance h i gh 

TOR leng th s hort 
/open at penetration 

Loop res i stance h i gh 

TOR leng th s hort 
/open at penetrat i o n  

Value 

l .  1 95 

Open 

Open 

Open at 
Penetrat i on 

0 

87 . 0  

1 .  5 X 1 07 

Open at 
Penetrat i o n  
0 

l . S x  1 07 

0 

L i mi ts 

1 90 to 235 

Not open 

Not open 

No t open 

1 90 to 235 

4 9 . 5  to 82.3 
49. 6 to 8 2 .  3b 

Not open 

1 90 to 235 

1 . 9 2  t o  3 . 2ob 

190 to 235 

Expected a. 
Operab i l i ty 

No 

No 

Yes 

No 

No 

a .  Judgement based on c i rc uit requirements and extent of damage s u stained to test dat e .  Functiona l i ty 
s tatus is expected t o  ch ange as c i rc u i t s  cont inue to be wet and/or i rrad i ated . 

b .  Ba sed on an average of other measu rements (�/-2 5%) . 



F i gure 6 shows a general  l ocat i on �f the penetrati on and approximate 
c ab l e  routes . S imi l ar to the env i ronment� previ ous ly  descri bed , these 
cab l es experi enced the h i gh temperatures ,  humi d i ty ,  and rad i at i on fi e l d s  
c haracteri st i c  o f  the basement and the area o f  stai rwe l l # 1 . Add·it i onal ly,  
the  cab l e  routi ng to the 347-ft e l evat i on may have experi enced thermal 
d amage due to the hydrogen burn event . 

The cab l es tested i n  penetrat i on R504 are connected to swi tches used 
i n  motor operated val ve control c i rcu i ts .  The penetrat i on i s  l ocated at 
t he 323-ft e l evat i on approx imatel y  1 8  ft above the 305-ft e l evat ion f l oor 
and i s  ori ented 247 degrees from the south azimuth . The penetrati on i s  a 
GE Model 238X600MAG and i s  approximatel y  6-3/4 ft l on g .  The pri nc i pa l  
c i rcuits  analyzed are those connecti ng l imi t swi tches i n  L imi torque motor 
o perated val ves . 

A l l 1 0  cab l es tested exh i b i ted anomal ous behav ior wi th 3 cab l e  
c i rcu its  judged to b e  i noperab l e .  H igh  noi se l evel s and c i rcu i t  crosstal k 
i nd i cated there i s  moi sture on corroded contacts i n  the i nner l i ner 
termi nal  boxes . The TOR p l ots al so i ndicated some unusual mi smatches at 
t he i nner l i ner boxes . 

Cab l es MB200C and MB437C had usua l l y  h i gh l oop res i stance val ues by as 
much as two orders of magn i tude . These anomal i es cou l d  be l ocal i zed by 
add i t i onal  testing after d i sconnecti ng the c i rcu i ts at the penetrat ion and 
at the l im i t  swi tches . 

F i gure 7 shows a general l ocat ion of the penetrat i on and approxi mate 

cab l e  routes . The east end of the cab l es were submerged for a per iod . 
Cab l es on the 305-ft e l evat ion were not general l y  subjected to as h i gh 
rad i at i on f ie l ds  as those i n  the basement ( 282-ft e l evat i on ) ; however , they 
s houl d  h ave experi enced more of the effects of the hydrogen burn event . 
Tab l e  3 presents the cab l es found to axh i b i t  anomal ous behav i or ( al l  1 0  
c ab l es tested ) .  
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E1 305'·0" 

El 347 ' ·6" 

El 282 ' ·0" { IT40821 
coni from IT23511 

to RC·14B·dPT1 

IT35661 to YM-VE-7026 
IT35721 to YM-VE-7028 
IT35961 to YM·VE-7024 

I nstr rack 425 
IT2351 to RC·24·B·dPT1 
IT23471 to RC-14A-dPD1 

INEL 4 0917 

. F i gure 6 .  Ori entat ion of penetrat ion R406 i n  the Reactor Bui l d i ng . 
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El 347 ' ·6" 

MB1 33C to NS-V100 

R504 

EI 30S ' ·O"  

El 282 ' -0" 

r{MD17C / _MD 1 1 4C 
to CF-V1 B 

INEL 4 0914 

F i gure 7 .  Orientati on of penetrati on R504 i n  the Reactor Bui l d ing . 
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TABL E 3 .  PREL IMINARY A1 'AL YS IS ANOMAL I ES FOR PENE TRAT IO N R504 

Expected a 
Ca� l e/ Connect i on Anomal�/Conc l u s i o n  � limits  O(!erab i l i tl 

MB133C TB3 / l -2 Low Z
� 

( ohms ) /Switch i n  i ntermedi ate pos i t i on 6 0 . 8  70. 0 to 1 45 Yes 
TB3 / l -2 Long DR l eng th ( f t }  9 2 . 8  7 4 . 8  to 92 . 4  
TB3 / l -3 H i gh c apac i t ance ( nF )  4 . 9  1 . 0 2  t o  3 . 44 
TB3 / 1 -3 . Low Z0 ( o hms ) 5 8 . 4  7D.O  t o  1 45 
TB3 /l -4 Low Z { f t }  60. 2 7 0 . 0  to 1 4 5  
TB3 / l -4 Long �DR l ength ( ft )  9 3 . 3  74 . 8  t o  9 2 . 4  
TB3/1 -5 H i gh Capac i t ance ( nF )  3 . 9  1 . 02 to 3 . 44 
TB3/ 1 - 5  Low Z ( ohms ) 5 9 . 4  70. 0  t o  1 45 
TB3 / l - 5  Long ¥oR l eng th ( f t )  92 . 8  7 4 . 8  t o  9 2 . 4  

MB149C TB3 / l 0- l l Low Z0 ( o hm s ) /Switch i n  i ntermedi ate pos i t i on 5 4 . 4  7 0 . 0  to 1 4 5  Yes 
TB3 / 1 0- l 2  High c ap ac i tance (nF }  5 . 9  1 . 2 8  t o  4.30 
TB3/ 1 0- 1 2  Low Z 0  ( ohms ) / Cros s  t ab l e  5 5.0 70. 0 to 1 4 5  
Ti33i i0- i 3  Low Z ( o hms ) 5 5 . 2  70. 0 to 1 45 
TB3 / l 0- l 3  H i g h  9oop res i stanc e (ohms ) 1 . 5 3  0 . 1 90 to 0. 297 

N TB3 / l 0- 1 4  High  c apac i t ance ( nF )  4 . 9  1 . 28 t o  4 . 30 � TB3 / l 0- l 4  Low Z0 (ohms ) 5 5 . 4  70. 0 t o  1 45 

MB 1 9 3C TB3/ l 9 -20 Low Z0 ( o hms ) /Switch in i ntermedi ate pos i t i on 5 5 . 9  70. 0 t o  1 45 Yes 
TB3 /l 9-2l H i gh capac i t anc e ( n F )  7 . 5  1 . 56 t o  5 . 24 
TB3/ l 9 -2 1  Low Z 0  �ohms �/ Cros s  t ab l e  5 5 . 8  7 0 . 0  t o  1 4 5  
TB3/l 9-22 Low Z0 ohms 55. 7 70. 0 to 1 45 
TB3/l 9 -23 H i gh c apac i tance ( n F )  6 . 0  1 . 56 t o  5 . 24 . 

MB200C TB3/28-29 High l oop res i st ance ( ohm s ) / Corroded contacts 3 5 . 2  0 . 268 t o  0 . 4 1 8  No 
TB3/28-29 Low Z

? 
( o hms ) /wet c ab l e  4 7 . 6  70. 0 to 1 45 

TB3 /28-29 Long DR l eng th ( ft)  1 36 1 05 to 1 30 
TB3/28-30 Low Z? (ohm s )  5 2 . 4  7 0 . 0  t o  145  
TB3/28-30 Long DR l er.gth ( f t )  1 35 1 05 to 1 30 
TB3i28-3l High c apac i t ance ( nF )  1 0 . 4  1 .44 to 4 . 85 
TB3/28-3 l Low Z ( ohms ) 52 . 6  70. 0 t o  1 45 
TB3 /28-31  Long ¥oR l eng th ( ft )  1 39 105  to 1 30 



N 
U'l 

TABLE 3 .  ( continued )  

Expected a 
Cab l e/ Connection Anomaly/ Conc l u s i o n  Val ue L i m i t s  Operab i l i t y  

<":< 
: MB367C TB7/l 9-20 Low Z0 ( o hms ) / Probab ly w�t :::.::;' :::54 . 0  70. 0  t o  145  Yes 

TB7 /1 9-2 1 H i g h  capac i tance (nF ) \\6. 9 1 . 86 to 6 . 26 
TB7 / 1 9-21  Low Z0 ( ohms)  54 . 3  7 0 . 0  t o  145 
TB7/1 9-22 Low Z0 ( o hms ) 5 4 . 2  70 . 0  to l 'l5  
TB7 / 1 9-23 H i gh c ap ac i tanc e (nF)  6 . 8  1.86 t o  6 . 26 
TB7 /1 9-23 Low Z0 (ohms )  54 . 6  7 0 . 0  t o  145 

MB4 37C TB9 /24- 25 High l oop res i s t anc e ( o hms ) / Probab ly wet 7 1 5  . 36 1  t o  . 559 . No 
TB9/24-25 Low Z0 ( ohms � 53 . 8  5 B .  7 to 1 2 9  
TB9/24- 28 Low Z ( o hms 54 . 7  58. 7 t o  1 29 
TB9/24-29 H i gh 9oop res i st ance ( o hms ) 3 7 . 4  . 36 1  t o  559 
TB9/24-29 Low Z0 ( ohms)  54 . 7  58 . 7  to 1 2 9  
TB9/24-30 Low Z0 ( � hms ) 5 4 . 6  58. 7 to 129  
TB9 /24-3 2 Low Z0 ( o hms ) 45. 5 58. 7 t o  1 29 
TB9/24-grld Low i n s u l at i on res i stance ( ohms )  1 . 9 2  X 1 03 J o6 
TB9/34-gnd Low i ns u l at i o n  res i st ance ( ohms )  1 . 6 2  X 1 05 1 06 

MD1 7C TB4 /l 0- l l  H i g h  l oop res i s tance ( o hms ) / Probab l y  wet . 734 . 39 1  to . 606 No 
TB4 / l 0- 1 2  Low Z 0  ( ohms )  54. 6 58. 7 to 1 2 9  
TB4 / l 3 - 1 4  H i gh capac i tance (nF ) 1 0 . 7  4 . 28 to 1 0 . 6  
TB4 / l 3 - l 4  Low Z 0  (ohms )  5 1 . 5  58. 7 to 129  

MD68C TB4 /24-2 9  Low Z0 ( o hms ) / Probab l y  wet 5 3 . 2 58. 7 to 1 29 Yes 
TB4 /24-30 High  c apaci tance (nF ) 48. 2 3 . 57 to 8 . 81 
TB4/24-30 Low Z0 ( oh�oiS )  53 . 1  58. 7 to 1 29 
TB4/24-3 1 Low Z0 ( o hms ) 5 3 . 6  58. 7 to 1 29 
TB4 /24-32 Low Z0 ( ohms ) 53. 5 58. 7 to 1 29 
TB4 /25-28 H i gh c apaci tance (nF ) 2 2 . 3  3 . 57 t o  8.81  
TB4/25-28 Low Z0 ( ohms)  48. 7 58�7. to 1 29 
TB4/24-gnd Low i ns u l at i on res i stance (ohm s )  1 06 1 0  1 :, ·; 

MD 1 1 4C TB2 / l 9-20 Low Z0 (ohms ) / Cross tab l e  .. 5 1 . l 70. 0  to 145  Yes  
TB2 / l 9- 2 l  Low Z 0  ( ohms )  51 . 6  70 . 0  to 145  
TB2 /20-2 l Low Z0 ( ohms ) 5 3 . 2  70 . 0  to 1 45 

I T3 51 9C /Water in condu i t  Yes 

a.  Judgement based on c i rc u i t  requ i rements and extent of d amage s ustai ned t o  test d ate . F unct i on a l i ty 
status i s  expected to change as c i rc u i t s  con t i nue to be wet and/o r  1 rrad i ated . 



Except for IT351 9C and MD1 1 4C ,  each cab l e  was termi nated by a 
m u l t i contact geared l im i t  swi tch , the pos i t ion of whi ch was unknown . 
However, i t  was presumed that the contacts were e i ther fu l ly open or  
c losed . One switch that was tested in  the  l aboratory had a contact 
resi stance of 0 . 02 ohms and a capaci tance of 2 pF , whi ch was negl i g i b l e 
c ompared to expected cab l e  res i stance of about 0 . 3  ohms and a capac i tance 
of 2 nF . 

The i nsul at ion res i stance was measured between the conductors and 
s i gnal ground because of the absencE� of a sh ie l d .  Th i s  was not wel l 
def i ned for these c i rcui ts s i nce none of the cab l es or termi nati ons had 
ground connecti ons . The l ower l im it  of acceptabl e  i n su l at ion res i stance 
u sed was 1 06 ohms , the same as the power c i rcu i ts .  

Penetrati on R505 : Power Cab l es 

Th e cab l es tested i n  pene trat ion R505 are used for powet' cab l es for 
motor operated val ves . The penetration i s  l ocated at the 3 1 9-ft e l evation  
a pprox imately  14  ft  above the  305-ft e l evati on fl oor and is  ori ented 

247 degrees from the south azi muth . The penetrati on i s  a GE 
Model 238X600MAG and i s  approx imately  7-1 /2 ft l ong .  

Of  ten cab l es tested i n  penetrat i on R505,  two exh i b i ted anomal ous 
b ehav i or .  One of these c i rcu i ts ( MM1 3 1 P ) was j udged i noperab l e  because of 
an apparent probl em with i ts termi nat i ng motor . Addi t i onal  eval uat i on 
wou l d  be  requi red to i so l ate the d ifficu l ti es .  Cab l e  MS88P was analyzed as 
i noperabl e  because of l ow i nsu l at ion res i stance . It i s  postu l ated thi s 
penetrat ion suffered very l i tt l e  damage as a resu l t  of the exposure to the 

acci dent and postacci dent envi ronment . 

F i gure 8 shows a genera l  l ocati on of the penetrati on and approxi mate 
cab l e  routes . Envi ronmental  cond i t i ons  are s imi l ar to those descri bed i n  
penetrat ion R504 . The end of the c.�b l es runs on the 282-ft e l evat ion were 
submerged for a peri od of t ime .  
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El 347 ' -6" 

RC-P-28 
M P37P 
M P25P 
M P 1 9 P  

l ift  pump 

R505 

El 305 ' -0" 

MS88P to WDL-V7 

El 282 ' -0" 

F i gure 8. 

M S 1 28P to CF-V2B 

to oi l  l i ft pump 

M M 1 31 P to WDL-V-1 27 
M L78P to WDL-V-1 27 

INEL 4 091 1 

Ori entati on of penetrati on R505 i n  the Reactor Bui l d i ng .  
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C i rcuits  i nvesti gated i n  penetrati on R505 were val ve operat i ng motors 
a nd thei r  cab l es .  The motors were 1 /3 ,  1 /2 ,  and 10 HP . Tab l e  4 presents 
the cab l es exh i b i t i ng anomal ous behav i or .  

Penetrati on R506 : Control C i rcui ts 

The cab l es tested i n  penetrati on R506 are used i n  reactor control 
c i rcu i ts . The c i rcuits  tested i nc l uded current transformers , l eve l 
( pressure ) transmi tters , and temperature, pressure, and l imit  swi tches . 

The penetrati on i s  l ocated at the 323-ft el evati on approximatel y  1 8  ft 
a bove the 305-ft e l evat i on f l oor and i s  ori ented 254 degrees from the south 
azimuth . The penetrati on i s  a GE Model 238X706MAG and i s  approxi mately  
1 1 -ft l ong.  

N ineteen cab l es were tested in  penetrat i on R506. S i xteen cab l es were 
found to exh i b i t  anomal ous behavi o·r ; 6 c i rcuits  were judged to be 
i noperab l e .  

The i n  s i tu testi ng of cabl es i n  th i s  penetrat ion showed l arge 
crosstal k vol tages . The channel s do not appear to have any unusua l  
f a i l ures ; however , the  crosstal k may i nd icate corros ion with i n  the 

penetration  caused by water i ngress . The TOR measurements suggest that al l 
of the anomal ous cabl es are wet . A l so ,  an open c i rcui t  at the termi nati on 
of IT2750C was i dent i f i ed and cab l e  IT30 1 6C contai ned a h i gh l oop -.:- ' 

r es i stance . 

F igures 9 and 1 0  show a general l ocati on of the penetrati on and 
approximate cab l e  routes . Envi ronmental condi t i ons  are s imi l ar to those 
d escri bed i n  penetrat i on R504 . In  add i t i on ,  cabl es on the 305-ft el evati on 
routed beh i nd the ai r cool ers may have been subjected to s l i ghtly h i gher 
r ad i at i on f i el ds .  Tab l e  5 l i sts cab l es whi ch gave anomal ous resul ts dur i ng 
the i n  s itu testi ng . 
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TABLE  4 .  PRE LIMI NAAY ANALYS IS CONCLUSIONS FOR ANOMALOUS CHANNELS I N  PE NETRATION R505 

Expected a 
Cabl e/ Connect ion  Anoma l �/Conc l us i on V a l u e  L i mi t s  Oeerab i l  i t_l 

MMl 3 1 P  TB l / 22-23 H i gh l oop res i stance ( o hms ) 1 67 . 1 39. 2 to 4 7 . 8  No 
/problem at motor 

TB l / 22-24 H i gh l oop re s i s tance { o hms)  1 8 1 . 7  39. 2 t o  4 7 . 8  No 
/problem at motor 

MS88P Low i nsu l at i o n  res i st ance (ohm s )  9 . 3 1 04 1 06 No 

a .  Judgemer.t based on c i rc u i t  requ i rements and exte:1t of damage sustai ned to test date . Funct i ona l i t.y 
status i s  expected to change as c i rc u i t s  cont i nue to be wet and/or i rrad i ated . 



El 347 ' -6 " 

M P3 1 3C to FH-A-4A 

M D 1 25C to CF-V-1 8 

RC-P-28 
H348C to CT 

El 282 ' -0" 

Top to bottom 
MS45C to RC-V-3 
MSi6C to RC-V-1 1 
MS22C to CF-V-38 
MS130C to CF-V-2 b 

MS69C to RC-V-1 23 

MS90C to WDL-V-7 

M M 1 34C to WDL-V-1 2  

I N EL 4 0913 

F i gure 9.  Ori entat i on of penetrat i on R506 and cab l e  runs in the Reactor 
Bu i l d i ng .  
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R506 

El 305 ' -0 "  

El  282 ' -6 "  

CF-T- 1 A  

lnstr rack 427 
IT352BC to N M-PS-1 454 
4 1 74 
4 1 75 

IT2750C to CF2-L T2 
MC1 25C to CF-V-1 A  

1 80 °  

Left to right 
IT28 1 4C to AH-LS-5006 
IT2816C to AH-LS-5007 
IT2818C to AH-LS-5008 
IT2820C to AH-LS-5009 

IT30 1 6C to IC-R-1 091 

I N EL 4 091 5  

F i gure 1 0. Add i t iona l  cab l e  runs for penetrat i on R 506 . 
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TABLE 5 .  PRE LIMI NARY ANALYSIS  OF  ANOMALI ES FOR R506 C IRCU I TS 

Expecteda 

Cab l e  Connec t i o n  Anoma l�/Conc l u s i on s  Va l ue limits  Oeerabi l it,x 

H348C TB 1 2 / 2 l - 2 3  TDR l ength s hort 1 2 1 . 2  1 4 1  to 1 74 Yes 
TB l 2/22-23 Z l ow 4 7 . 1 4 9 . 6  to 82 . 3  
TB 1 2/22- 2 3  rBR l ength short 1 20. 7 1 4 1  to 1 74 
TB 1 2 /2 3-24 Z0 l ow 4 5 . 0  4 9 . 6  to 8 2 . 3  
TB 1 2/23-24 TDR l ength s hort 1 2 2 . 2  1 4 1  t o  1 74 

I T2750C TB l / 1 5- 1 6  Open l oop res i st ance ( ohms )  Open Not open No 
/Fa i l ed . i nstrument 

TB l / 1 5- 1 6  Low Z0 ( o hms ) /pro bab ly 50. 6 91 . 4  to 1 24 
wet cab l e  

I T2 8l O C  TB3 /1 1- l 2  High cap i tance ( n F )  probab l y  1 3 . 6  5 .  7 6  to 8 . 93 
wet cab l e  

Tn "' I ,  , , "'I Low Z0 ( ohms )  5 1 . 1  9 i . 4  to i 24 I D.l / 1 1 - 1 <:: 
TB3 / l l - 1 2  Low l oop res i s tance ( o hms ) 0. 521  0 .  525 to o.  770 

w I T2814C TB3 / l 5 - 1 6  Low Z0 ( ohms )  48. 6  9 1 . 4  to 1 24 Yes N 
TB3/l 9-20 Low Z ( ohms ) 48 . 3  91 . 4  to 1 24 
TB3 / 1 9-20 Long �DR l ength ( ft )  262 . 5  1 94 t o  239 
TB3/ 2 1 - 2 2  Low Z� (ohm s )  50. 6 91 . 4  to 1 24 
TB3 /2 1 - 2 2  · •  Long DR l ength ( f t )  249 . 2  1 8 7  t o  231 

IT301 6C TB7 / l -2 High  l oop res i stanc e 988 0. 983 to 1 . 44 No 
TB 7 / l -2 H i gh cap ac i tance (nF}  2830 8 . 33 to 13. 9 
TB 7 / l -2 Low Z0 �ohms J 5 7 . 0  59 . 8  t o  8 1 . 0  
TB7/l -3 Low Z� ohms 56. 7 59. 8 to 81 . 0  
TB7/2-3 H i gh oop res i st ance ( o hms } 1 1 90 0 . 983 to 1 . 44 
TB7/2-3 H i g h  capac i tance ( nF )  2820 8 . 3 3  to 1 3 . 9  
TB7/2-3 Low Z0 ( ohms ) 52 . 2  5 9 . 8  to 8 1 . 0  
TB7/4-5 H i gh capac i tance (nF}  1 3 . 7  8 . 33 t o  1 3 . 9  
TB7/4-5 Low Z0 �ohms � 5 1 . 5  5 9 . 8 to 8 1 . 0  
TB 7/6-7 Low Z0 ohms 5 3 .  1 59 . 8  to 81 . 0  
TB7 /1 0-.1 1 Low Z0 ( ohms } 5 2 . 7 59. 8  to 81 . 0  

/ Pos s i b ly wet 



TABLE 5. (cont i nue d )  

Expected a 
Cab l e  Connect ion  Anoma ll/Conc l us ions Va l ue L i m i t s  O,eerabi l itt 

I T3 528C TB 1 3 / 1 0- l l Low l oop res i tanc e (ohms) 0 . 238 0 . 263 to 0 . 385 Yes 
TB 1 3 / 1 0- 1 1 Low Z� (ohms ) /no i s e  and 6 5 . 1 7 8 . 6  t o  1 3 2  

cross  a l k  
TB l 3/ l 0- l l Long TOR l ength ( f t) 1 1 1 . 9 85 . 0  t o  1 05 
TB B / 1 0- 1 2  Low Z ( ohm s )  6 5 . 3  7 8 . 6  to 1 32 
TB 1 3/ l 0- l 2  Long ?oR l ength ( f t)  1 1 3 . 0  85. 0  t o  1 0 5  
TB 13/l l - 1 2  Low Z� (ohm s )  5 8 . 0  7 8 . 6  to 1 32 
TB 1 3/ l  l - 1 2  Long DR l ength ( f t )  1 00. 1 85 . 0  t o  1 0 5  

MC125C T82 / l -2 H i g h  c apac i t ance ( nF )  9 . 3 1 4 . 3 2  t o  6 . 54 yes 
T82/ l -2 Low Z0 (ohms ) 5 1 . 7  91 . 4  t o  1 24 

PiMi 34C T82i1 - 2  Low Z 0  ( ohms ) / l i m i t  swi tch 5 5 . 0  70.0 t o  1 4 5  No 
fai l ed contac t s  

T82/ l -2 Long TOR l engtn ( ft)  364 2 74 to 3 38 
w T82 / 1 -2 H i gh capac i t ance ( nF )  2 3 . 2  3 .  7 5  t o  1 2 . 6  
w T82/ l -3 Low Z ( ohms ) 5 7 . 4 70. 0  t o  1 45 

T82/ l -3 Long ¥oR l eng th (ft)  366 274 to 338 

MM 1 34C T82 / 1 -4 Low Z? ( ohm s )  5 5 . 4  7 0 . 0  to 1 4 5  yes 
T82/ 1 -4 Long DR l ength (ft)  363 274 to 3 38 
T82 / l -5 H i gh c apac i t ance ( nF )  2 0 . 2  3 . 74 t o  1 2 . 6  
T82/ l - 5  Low Z ( ohms )  5 9 . 8  7 0 . 0  t o  1 45 
T82/ l -5 Long ?oR l ength ( f t )  370 274 t o  338 

MP 3 1 3C T84 / l 0- l l Low Z0 (ohm s ) /no i s e  and 48. 9 6 1 . 9  t o  83 . 7  Yes 
C!"OSSta l k  

T84/ l 0- l l Long TOR l ength ( f t )  2 1 1 . 3 1 62 to 200 
T84 / l 2- l 3  Low z9 (ohm s )  6 1 . 0  6 1 . 9 t o 83 . 7  
T84/ l 3- 1 5  Long DR l ength ( f t )  2 1 2 . 3  1 62 t o  200 
T84 / l 4- l 5 Low z9 (ohm s )  5 1 . 5  6 1 . 9 to 83 . 7  
T84/ 1 4- 1 5  Long DR l ength ( f t) 200 . 5  1 6 2 t o  200 
T84/l 6- 1 9  Low Z� ( ohm s )  50. 9 6 1 . 9  to 83 . 7  
T84/l 6- 1 9  Long DR l ength ( ft )  207 . 4  1 62 t o  200 
T84/20-2l Low Z? ( ohm s )  5 1 . 9  6 1 . 9  t o  83 . 7  
T84/20-2 l  Long DR l ength ( ft) 201 . 5  1 6 2  to 200 
T84/22-23 Low Z0 ( ohm s )  5 3 . 5 6 1 . 9  to 83 . 7  



T ABL E 5. (cont i nue d )  

Expected a 

Cab l e  Connec t i on Anoma l�lConc l u s ions Va l ue L im i t s  02erab i l i t,l 

MS2 2C TB6 / l 0-ll Low Z0 ( ohms ) 5 3 . 3  70. 0 to 1 45 Yes 
T86 / 1 0- 1 2  Low Z 0  ( ohms ) 54 . 9  70. 0 t o  1 45 
TB6/l 0-1 3  Low Z0 ( ohms ) 54 . 8  70. 0 t o  1 45 
TB6 / l 0- 1 4  Low Z0  ( ohms ) 56 . 7  70 . 0  t o  1 45 

MS4 5C TB6/1 9-20 Low Z0 ( o hms ) /n o i se a.nd 54. 6  70. 0 t o  1 45 No 
crossta l k  

TB6 /19-20 Long TOR l ength ( f t)  380 301 to 372 
TB6 / 1 9-21 Hi gh c apac i tance ( nF )  2 1 . 8  4. 1 2  to 1 3 . 9  
TB6/19-21  Low Z? ( ohms ) 5 9 . 6  7 0 . 0  to 1 45 
TB6 /1 9-2 1 Long DR l ength ( ft )  388 301 to 372 
TB6 / 1 2-22 Low Z0 ( ohms )  54 . 1  7 0 . 0  to 1 4 5  
TB6/19-22 Long TDR length ( f t) 380 301 to 372 
TB6 /1 9-23 Hi gh c apac i t ance ( nF )  1 7 . 2  4 .  1 2  t o  1 3 . 9  
TB6/ 19-22 Low Z ( ohms ) 5 6 . 8  7 0 . 0  to 1 45 
TB6/l 9-22 Long 9oR l ength ( ft )  384 301 to 372 

o.) 
::. M S69C TPS/30-31 Low Zy (ohms )  5 5 . 7  7 0 . 0  to 1 4 5  Yes 

TB6/30-3 l  Long DR 1 eng th ( f t )  4 2 2  3 1 3  to 386 
TB8/30-32 Low Zy (ohm s )  69. 9 7 0 . 0  to 1 4 5  
TB6/30-32 Long DR length ( ft )  426 3 1 3  t o  386 
TB6/30-32 Long TOR len�th ( f t )  427 3 1 3  t o  386 
TB8/30-34 Low Z0 ( ohms 66 . 3  70 . 0  t o  1 4 5  

MS76C TBB/21 -22  Low Z� ( o hms ) / l imi t switch 54. 7 70. 0  to 1 4 5  Yes 
in in ermed i ate pos i t i on 

TBB/21-22  Long TOR l ength ( ft )  386 306 to 378 
TBB/ 2 1 -23 Hi gh Capac itance ( nF )  2 1 . 2  4 .  1 9  to 1 4 .  l 
TB8/2l-23 LOVI Z? ( ohms ) 6 7 . 8  70. 0  to 1 45 
TB8/2l -23 Long DR l ength ( ft )  380 306 to 378 
TBS/ 2 1 -2 5  Hi gh C ap ac it�nce ( n F )  1 f: . 7 4 . 1 9  to 1 4 . 1 
TBB/21 -2 5  Low Z0 ( ohms ) 68. 6 7 0 . 0  to 1 4 5  



TABLE 5 .  (cont i nue d )  

Expected a 
Cab l e  Connec t i o n  Anomal �lConc l us ions V a l ue L im i t s  oeerab i 1  i tl 

MS90C TB6/28-2 9  Low - Z0 (ohms ) /corroded 
contacts 

56 . 8  70. 0 t o  145 No 

TB6/28-2 9 Long TOR l ength ( ft ) / l imi t 445 325 to 401 
sw i tch in i ntermed i ate 
pos i t ion 

TB6/28-30 Low Z ( ohms ) 5 5 . 0  70. 0 to 1 45 
TB6/28-30 Long foR l ength ( f t )  460 325 to 401 
TB6/2 8-3 1 Low Z (ohms ) 5 4 . 4  70. 0 t o  145 
TB6/28-31 Long ?oR Length ( f t )  444 325 to 401 
TB6/2 8-31 Hi gh Loop Res i st ance (ohm s )  1 . 5 7  . 8 3  t o  1 . 2 9  
TB6/28-32 Low Z ( ohms ) 54.  1 70.0 to 1 45 
TB6 /28-32 Long ?oR Length ( ft )  445 325 to 401 

w 
TB6/28-Gnd Low Insu l at i o n  res i st anc e 1 .  7 X 1 0  

01 ( ohms)  

MS 1 30C TB6/ l -2 Low Z0 (ohms ) /corruded 5 4 . 0  70. 0 to 145  No 
contact s 

TB6/l-2 Long TOR Length ( ft )  368 301 to 3 72 
TB6/1 .:.3 Low Z0 ( ohms ) /cont act s 64 . 9  7 0 . 0  to 145  

i nd i cat i ng wrong pos i t i o n  
TB6/ l -4 Low Z (ohms )  69. 3  70.0  to 145  
TB6/l -5 H i gh �apac i t ance (nF)  1 5 . 8  4 . 1 2  to 1 3 . 9  
TB6/l -5 Low Z0 (ohm s )  6 6 . 3  7 0 . 0  to 145  

a .  Judgement based on c irc u i t  requ i rements and extent o f  d amage s u s t a i ned t o  test date.  Functi ona l i ty 
status may chang e  as c i rc u i t s  cont i nu e  to be wet and/or i rrad i ated . 



Penetrati on R534 : P l ant I nstrumentati on 

The cab l es tested i n  penetration R534 are used for reactor p ·l ant 
i nstrumentat i on c i rcu i ts .  The penetrati on i s  l ocated 5-ft bel ow the 
cei l i ng  of the 305-ft e l evat i on and i s  ori ented at approx imate ly 
1 97 degrees from the south az imuth . ·  The penetrat ion is  a GE 
Model 238X702MAG1 and i s  1 1 - 1 /2 ft l ong . 

Of 1 4  cab l es tested i n  penetrat ion R534, anomul ies wers observed i n  
seven . Tab l e  6 l i sts those c i rcuits with anomal ous resu l ts .  F i ve of these 

c ircui ts were judged to be i noperab l e .  

Crosstal k vol tages were observed i ndi cating  poss i b l e  penetration  
c orros i on .  However , the envi ronmental ly seal ed spl i ces appear to be 
surv i v i n g  wei l .  

The transmi tters for c i rcu its IT2368C and I T2370 I  appear fai l ed and 
shou l d  be removed and tested as wel l as the cab l es .  C i rcu i t  IT2370 I has a 
l ow Z0 and shou l d  be checked for moi sture . 

F i gure 1 1  shows the general l ocation of the penetrat ion and 
appropri ate cab l e  routes . Envi ronmental condi t i ons  are s imi l ar to those 
d escri bed i n  penetrat ion R504 . 

Penetrati on R607 : Reactor I nstrumentati on 

The cab l es i n  penetrati on R607 are reactor i nstrumentati on c i rcuits . 
Th i s  penetrati on i s  l ocated at the 292-ft e l evat i on approximately 9 . 5  ft 

above the basement f l oor and i s  ori tmted at approxi mately  287 degrees from 

t he south az imuth . The penetration i s  a GE Model  238X600MAG1 and i s  
1 1 - 1 /2 ft l ong . 

Th i s  penetrati on and assoc i ated c i rcu i ts/cabl es experi enced the most 
severe envi ronme�tal condi t i on s  of the c i rcuits  that were i n  s i tu tested . 
A total of 52 cab l es were tested i n  penetrat ion R607 ;  47 exh i b i ted 
anomal ous  behavior ,  and 33 contai ned c i rcuits  eval uated as bei n g  i noperab le . 
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TABL E 6 .  PRE L IM I NAAY ANALYSIS ANOMA L I ES FOR C IRCU I TS I N  PE NETRATION R534 

Expected a 
Cab l e/ Connection  Anoma l t/Conc l u s  i o n  Va l ue L i m i ts O�erabi l i tl 

I T2 360C Co nn • A Low capaci tance ( oF ) 0 . 2  3 . 3  No 
Con n .  A High  Z0 ( ohm s )  

High  res i <;tance 
24 5.  6 1 . 8  t o  83 . 6  

connec t i o n  at 
penetrat ion  

I T2 366I TB2/2-3 Loop re s i stance open 
/open at termi nat i on 

Open Not open No 

I T2368C TB8/ l -3 Low Z� ( o hms ) 5 9 . 9  9 1 . 4  t o  1 24 NO. ·. 
TB8/ l -3 Low l oop res i stance ( o hms ) 2 4 . 9  1 00 ( e st i mated ) 

H i g h  c apac it ance ( nF }  200, 000 2 . 7 7  t o  4 . 06 ( cab l e  on ly)  
/Fa i l ed i ns trument 
/ Poss i b l e  wet cab l e  

I T2370C TB4/2-3 Low Z0 ( ohms )  4 7 . 8  5 2 . 8  t o  90. 5  No 
TB4 /2-3 Low l oop re s i stance ( o hms ) 1 62 . 1 1 00 ( e s t i mated ) 

Hi gh capac i t ance ( nF )  8608 3 . 6 1 to 5 . 2 9  ( c ab l e  only) 
/Fa i l ed i nstrument 

I T2472l  TB5 /2-3 TOR l ength s hort ( f t )  1 5 1 . 4  1 5 7  t o  1 94 Yes 

I T4079C TB9/ l _;3 Loop res i stance open ( ohms ) Open Not open No 
TB9 L l -3 · Low Z0 ( o hms ) 60. 2  91 .. 4  t o  1 24 

/Open at term i nat ion 

I T4080I TB l / 1 -2 TOR l ength s hort ( ft )  1 1 5. 6  1 28 t o  1 58 Yes 

a .  Judgement based on c i rc u i t  requ i rements and extent of damage s u s t a i ned to test date.  Funct i on a l i ty 
s t atu s may chang e  as c i rc u i t s  cont i n ue to be wet an d/or i rrad i ated . 



El 347 ' -6" 

El  305 ' -0 "  

IT35991 
to YM-V E-7025 

IT40801 
IT4079C 
to RG- 1 4 B-d PT2 

E l  282 ' -0 "  

IT2360C 
IT23521 to N l-6 
IT23641 

TD9501 to RC4A-TE3 

IT35901 to YM-VE-7022 
IT3581 1 to YM-VE-7019 
IT35781 to YM-VE-7018 

IT23701 
IT2368C 

to RC- 1 4A-d PT2 

IT24721 
IT23661 

to RC-3A-PT2 

INEL 4 0916 

F i gure 1 1 .  Ori entat i on of penetration  R534 i n  the Reactor Bu i l d i ng .  
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Many of the anomal i es obse��ved i n  these penetrati on c i rcu its  are 
c haracteri st ic  of water damage . Records from . :the 1 979 acc ident i nd i cated 
that the water l evel i n  the Rea�tor Bui l d i ng basement reached a peak 
e levat i on of 292 ft and probably, part i al ly submerged the i nner penetrat i on 
box . Crosstal k was observed whi ch may be the resu l t  of water w ith i n  the 
penetrat ion . I nd i cat i ons of several broken wi res and corroded contacts 
were found . 

F igures 1 2  through 1 5  show the general l ocat i on of the penetrati on and 
cab l e  routes . These cab l e  routes were subjected to a broad range of 
envi ronmental cond i t ions . The centerl i ne of thi s penetrat ion i s  l ocated at 
the basement h i gh water poi nt ; consequently,  at l east the l ower hal f of the 
i nner l i ner termi nal was submerged for a cons i derab l e  peri od of t i me .  Many 
of the cab l e  runs and end i nstruments were al so submerged . Other portions  
of the  cab l e  runs  were subjected to  the steam and water d i scharge path from 
the Reactor Cool ant System. I n  add i t i on ,  some cab l e  may have been 

s ubjected to the f l ame propagati on path during the hydrogen burn event . 
Tab l e  7 presents the cab l e  c i rcuits found to exh i b i t  anomal ous behav ior .  

L aboratory Resul ts from Pol ar Crane Cab l e  

The fol l owi ng i s  a brief summary of l aboratory data obtai ned from the 
pol ar crane cab l e .  Th i s  was the f irst cab l e  t o  b e  removed and eval uated by 
l aboratory test ing .  The sequenci ng of l aboratory hot cel l tests i s  not , 
comp l ete . These data are presented for i l l ustrat i ve purposes . 

The pol ar crane pendant cab l e  i s  a control cab l e  used to man i pu l ate 
the 500 ton Reactor Bu i l d i ng pol ar crane at TMI - 2 .  Dur i ng the LOCA, 50 ft 

of cab l e  hung suspended at nearly the center of the Reactor Bu i l ding  with 
the remai nder coi l ed fl at on the f loor ; thus , the cab l e  i s  cons i dered a 
p rime source for studying  both rad i at ion l evel s and hydrogen burn pattern s .  

N o  i n  s i t u  data was obtai ned other than v i sua l  i nspect i on .  The cabl e 
w as removed as part of the pol ar crane refurb i shment , and with ori entat i ons  
carefu l ly marked , was cut  i nto 30  i n .  secti on s .  The  measured rad i at i on 
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, , EI 347 ' -6" 

M tg R2 

IT30821 to M U 1 0-FT4 
IT3081 1 to M U 1 0-FT3 

IT2741 1 to CFI-PT2 
IT27421 to CF2- LT2 

l nstr mtg R5 
IT27371 to CF1 -PT1 
IT27381 to CF2-LT1 

El 282 ' -0" 

l nstr mtg R4 
IT27431 to CF1 -PT4 
IT27441 to CF2-LT4 

l nstr mtg R3 
IT27391 to YM-U R-2 
IT27 401- no i nstr 

EI 305 ' -0 "  

'-------{ IT30801 to M U 1 0-FT2 
IT30791- no i nstr 

INEL 4 0919 

F i gure 1 2 .  Ori entat i on of penetrat i on R607 and cab l e  runs i n  the Reactor 
Bui l d i ng ( sheet 1 ) .  

40 



' 

E1 347 ' -6 "  

El  305 ' -6" 

lnstr rack 424 
IT41 191  to RC-22-PT5 l nstr. rack 426 1-+---. 
l nstr rack 425 IT24641 to 

IT4 1 2 1 1 to RC-22-PT6 SP-1 A-LT2 

El 282 ' -0 "  

RSO? 
SP-1 A-LT4 

1 80 "  

go• 
I nstr rack 426 
IT1 5351 to SP-1 A-LT3 
SP-1 A-LT5 
IT20741 to RC-22-PT1 
SP-A-L T1 and RC-22-PT2 
IT24681 to RCP-L T3 

l nstr rack 424 
IT245671 to RC1 -LT1 
IT24591 to SP6A-PT2 
IT24781 to RCP-L T2 
l nstr rack 425 
IT1 7691 to RC-3A-PT5 

I nstr mtg R7 
IT231 21  to 
WDL-LT-1 207 

l nstr rack 433 
IT23101  to 
WDL-PT-1202 

INEL 4 091 0  

F i gure 1 3 .  Ori entat i on of penetrati on R607 and cab l e  runs i n  the Reactor 
Bu i l d i ng ( sheet 2 ) . 
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El 347 ' -6 "  

T o  J B  IT4071 
IT4071 1 cont. to 
RC-VE-7902 
RC-VE-7903 
RC-VE-7904 
RC-V E-7905 
RC-VE-7906 

RC-P-28 
H 3 1 5 1  to T8H31 5 
H 3 1 7 1  to TBH 1 44 
cont 1 to 
RCP-61-LSSA 
RCP-61 -LS6A 

E l 305 ' -0" 

RC-P- 1 8 
H2791 to T8H277 
H281 1 to T8H44 
cont. to 
RCP-61 -LS7A 
RCP-61-LS8A 

To J 81T4064 
IT40641 
cont. to 
RC-VE-7897 
RC-VE-7898 
RC-VE-9899 
RC-VE-7900 
RC-VE-7901 

EI 282 ' -0 "  

RC-P-2:A 
H3031 to TB H301 
H3051 to TB H 1 67 

RC-P-7A 
H291 1 to TBH280 
H2931 to TBH67 

To J B  IT4057 
IT40571 cont. to 
RC-VE-7892 
RC-VE-7893 
RC-V E-7894 
RC-VE-7895 
RC-VE-7896 

To J B  IT4050 
IT40501 
cont. to 
RC-VE-7887 
RC-V E-7888 
RC-V E-7889 
RC-V E-7900 
RC-VE-7901 

I N EL 4 091 2  

F i gure 1 4 .  Ori entat i on of penetration R607 and  cab l e  runs in  the Reactor 
Bu i l d i ng ( sheet 3 ) . 
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E1 347 ' ·6" 

lnstr. rack 428 
IT24331 to SP·1 B·LT1 
IT24371 to SP·1 B·LT2 
IT24411-to SP1 B·LT4 
IT24431 to RR-FT-1025 
IT24451 to RR-FT-1 028 
IT24471 to RR-FT-1027 
IT24491 to RC-22·PT3 
IT2451 1 to RC·22·PT4 
On instr. mtg R13 
IT40781 to SP·6B·PT1 

lnstr mtg R 1  ., 

I'T1 3201 to RR·FT·1028 l-J 
IT13221 to RR·FT·1029j I 

lnstr rack 434 
IT23 1 41 to WDL·PT- 1 2 1 1  

E1 282' ·0" 

lnstr rack 430 
IT41251 to RC·22-PT8 

INEL 4 0909 

F i gure 1 5 .  Or ientat i on of penetration R607 and cab l e  runs i n  the Reactor 
Bui l d i ng ( sheet 4) . 
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TABL E 7 .  PRE LIM I NAAY ANALYS IS ANOMA L I ES FOR C IR CU I TS  I N  PE NETRATION R607 

Cab l e/ Connec t i on Anoma l y/ Conc l u s ion Value L imits 

Leve l and F l o w  Swi t c h  C i rc u i t s  

H29l l .J?/A-E Low c apac i t ance ( nF ) /End I n strument Cont acts Corroded 1 0'4 to 1 4 . 8  
J2/A-E Low i n su l ation  res i stance ( ohms )  1 0  

H303l J3/B- C Low � oop res i stance ( ohm s } /probab l y  wet c ab l e  2 . �  X 1 o6 Op'n 
J3/B-C Low i n s u l at i on res i stance (ohms)  10  10  

H 3 1 5 I  J4/A-3 Low l oop re s i st ance (ohm s ) /corroded contac t s  6 . 9 X 1 07 Op;n 
J4/A-3 Low i n su l at i o n  res i stance ( ohm s )  1 0  1 0  
J4/A-3 H i gh c apac i tance (nF)  1 0. 0 '  6 . 63 to 9 . 2 1  

Foxboro Pressure Transmi tter C i rc u i t s  

1Tl 7 69 l  J9/R-Z Open l oop res i stance ( o hms ) 
/Open near t ermi nat i o n  or 

Open Not open 

ba1 t ransmi tte � 

I T2074I J6/G-A Low i ns u l at i o n  res i st ance (ohms )  
/ i nstrument appears fai l ed 

7 . 5  X 1 06 1 07 

I T2 3 1 0 I  J9/K-R Low Z0 ( ohms ) 5 2 5 2 . 8  to 90. 5  
J9/K-R Short TOR J r ngth (ft)  266 275 to 340 
J9/K-R Open l oop r�s i stance ( ohms ) Ope n Not open 

/Open near termi nation or 
bad transmi tter 

I T2 3 1 4 I  J7/G-A Short TOR l ength ( f t )  1 1 1 . 3  1�6 to 1 68 
J 7/G-A Low i n su l at i o n  res i stance (ohms )  5 . 8  X 1 05 1 0  

I T2443I J8/A-E Open l oop res i st ance ( o hms ) Open Not open 
/Open near terminat i on or 
bad t ransmitter 

Expected a 
Operab i l i ty 

No 

Yes 

No 

. No 

No 

No 

Yes 

No · 

' . 



.. 

TABLE 7 .  ( cont i nue d )  

Expected a 
Cab l e/ Connect ion  Anoma l �/Conc l u s i o n  Va l ue L im i t s  Operab i l i ty 

Leve l an d F low Switch C i rc u i t s  

I T244 5 1  J8/0-J Low i ns u l at i o n  res i stance (ohm s )  2 . 5  X 1 05 107 Yes 
J3/0-J Short TOR l ength ( f t ) /probab l e  wet cab l e  66 69 . 7  to 86. l 

I T244 5 l  J8/0-J Ope n l oop res i stance ( ohms )  Open Not open No 
/Open near term i nat i on or b ad transmi tter 

I T244 9I  J8/G-A Short TOR l ength ( f t )  65. 7 6 9' 7 to 86. 1 No 
J8/G-A Low i n s u l at i on res i st ance (ohm s )  1 . 5  X 104 10 

I T2459I  JS/P-N Low i ns u l at i on res i stance ( o hm s )  1 06 1 Q6 No 

I T4 l l 9I J8/K-R Short TOR l ength ( ft )  2 53 . 5  3�4 t o  437 No 
J8/K-R Low i ns u l at i on res i stance ( o hm s )  3 . 8  X 1 os 10 
J8/K-R Open l oop res i stance (ohms ) Open Not open � J8/K-R /Open at about 1 5 4  ft . 01 

I T4 1 2 l i  JS/L-M . Low i ns u l at i on res i stance ( o hm s )  3 . 3  X 1 03 107 No 
J8/L-M Short TOR l ength ( ft)  256 292 to 361 
J8/L-M Open l oop res i stanc e ( o hm s )  Ope n Not open 
J8/L-M /Open at about 256 f t .  

I T41 23I  J8/N -P Short TOR l ength ( ft )  7 3 . 3  1 3 3 to 1 64 . No 
J8/N-P Open l oop res i stance ( o hm s )  Open Not open 

/Open at about 73 f t .  

I T4 1 2 5 I  J8/0-D Low i ns u l at i on res i stance ( ohms )  l . 4 x 1 05 107 No 
JB/0-0 Low c apac i tance ( nf )  2 . 85 3. 8 1  to s . asb 
JB/0-0 Short TOR l ength ( f t )  98 1 5 5  t o  1 91 
J8/0-0 Open l oop res i st ance ( ohm s )  Open Not open 

/Open at about 98 f t .  



. TABLE 7 .  (cont i nue d )  

Cab l e/ Connec t i on Anoma l y/Conc l us ion 

"Stat i c-0-R i ng" C i rc u i t s 

H2931 /H294C J2/P-N 
J2/P-N 

Low capac i tance ( nF )  
H i gh l oop res i st ance ( ohms )  
/ Po s s i b ly bad switch 

H31 7 1 /H3 1 8C J4/P-N H i gh l oop res i stance ( ohrr.s )  
/ Pos s i b l y  bad sw i tch 

B a i l ey Leve l Transmi tter C i rc u i t s  

I T1 53 5 1  J5/B- C 
j5iA-E 

I T24331 J6/B- C 

I T2 437I  J 6/K-Z 
J6/R-Z 

I T2 44 11 J6/K-R 
J6/K-R 

I T24471  

I T24 5 1 1  

I T245 7 1  J8/R-Z 

I T2 464I 

Low i n s u l ation res i stance (ohm s )  
Open i oop res i stance ( o hms ) 
/Open at terminat i o n  or 
bad transmitter 

Low i nsu l ation  res i st ;nce ( ohm s )  
/apparent i n strument fa i l ure 

S hort TOR l �ngth ( f t ) / in strument damage 
Low i nsu l at i o n  �es i stance ( ohm s ) /probab l e  wet c ab l e  

Short TOR l ength ( ft ) /F a i led i n strument 
Low i ns u l at i on res i st ance (ohm s ) /probab l e  wet cab l e  

Capac i tance l ow 

H i gh c apac i tance/wet c ab l e  

Low i ns u l at i on res i stance ( ohms )  
/ap parent fai l ed i nstrument 

I n strument fai led 

Va l ue 

1 08 

2 .  7 to 1 06 
Open 

6 X 1 Q5 

47. 2 
5 X 1 Q5 

63 . 8  
4 . 2  X 1 05 

1 06 

L i m i t s  

7 • .  8 6  t o  1 3 . 5  
2 . 46 t o  3 . 64 

1 . 38 to 2 . 04 

1 07 
Not open 

1 07 

69. 7 to 86 . 1  
1 07 . 

69. 7 to 86. 1 
w7 

Expected a 
Operab i l i ty 

No 

No 

No 

. No 

No 

No 

No 

No 

No 

No 



T ABLE 7 .  ( continue d )  

Expected a 
Cabl e/Connect ion Anoma l �lConc l u s i on Va l ue L i m i t s  oeerab i l i tl 

I T24681 J6 /S-K Low i nsu l ation  res i stance ( o hm s )  9 X 1 05 1 07 No 
J 6/S-K Low l oop res i stance ( o hms ) 1 4 . 5  1 00 ( e s t i mated) 

/Near short at termination 

I T24781 /apparent i nstrument fai l ure No 

Warri ck R e l al C i rc u i t s  

H28l l /l !284C J 7/P-N H i gh c ap ac i t ance (nF )  1 4 . 3  6 . 74 to 10. 7 Yes 

H2931 /H2��C J2/S-K Hi gh c apac i t ance ( nF )  ' 1 8 . 2  9 . 2 3  to 1 5. 1  Yes 

H3 1 7 1 /H320C J4/S-K H i gh capac i t ance (nF)  1 8 . 4  6 . 62 t o  1 5 . 5  Yes 

B rook s Flow Transmi tter C i rc u i t s  
� I T307 9 1  Jl l /H-J Open loop res i stance ( o hm s )  Ope n 1 04 No ......, 

Open at term i nation / I n strument appears fai l ed 

I T30 8l l Jl l /AA-GG Open l oop res i stance ( ohms ) Ope n 1 04 No 
Open at term i nat ion/ Instrument contacts corroded 

I T3082I J l l /K -S Open l oop res i stance ( ohm s )  Ope n 1 04 No 
Open at term i nat i on/Instrument contacts corroded 

M i sce l l aneou s Transm i tter C i rcu i ts 

1 T l 3 20I  Jl /A-E Short TOR length ( ft) /probab ly wet cab l e  39 . 3 5 1 . 0  X 63 .0 Yes 

I T 1 32 2 I  Jl l /8-C Short TOR l ength ( f t ) /probab ly wet cab l e  4 0 . 3  5 1 . 0  X 63. 0  Yes 
Jl l /8-C Low i n su l ation res i stance (ohm s )  2 .  7 X 1 06 107 

I T2 3 1 2 I  J9/P-N Low Z0 ( ohms ) /probab ly wet cab l e  5 1  52 . 8  X 90. 5  Yes 
J9/P-N Short TOR l ength ( ft )  2 75 301 to 3 72 



� ()) 

TABL E 7 .  ( cont i nued )  

Cabl e/Connection 

I T2 7371 J 7  /F -M 
J7 /F -M 

I T2 740I 

I T2 738I J7/K-R 

I T2 638I J7/K-R 

I T2741 I 

I T2 742I  

J7/A-E 

J7/B-C 
.17 /r L r  .., ,  I ..,  v 

J 7 /B-C 

I T2 743 I J 7 /R-Z 

IT2 744I J7/0-J 
J7/D-J 

I T407 8 I  J9/B-C 
J9/B-C 

TD65 7 I J23/p-h 
J 23/p-h 

Anoma l y/Conc l u s i on 

Short TOR l ength ( f t )  
Low l oop res i stance ( ohms )  
/Short a t  term i nat i on 

/wet c ab l e  

Low Z0 (ohms)  

Short TOR l ength ( f t )  

Low Z 0  ( ohm s )  

Low Z0 ( o hms ) 
Sho�t TDR l ength ( f t )  
Open l oop res i stanc e ( ohms ) 
Open at term i nat i on or bad transmi tter 

Low Z0 (ohms ) 

Short TOR l ength ( f t )  
Hi gh Z 0  ( ohm s )  
/Hi gh res i s tance connec t i on at penetrat ion  

Low i nsu l at i on res i stance (ohm s )  
Short TOR l ength ( f t )  

Short TOR l ength ( f t )  
Open l oop res i stance ( o hms ) 

Expected a 
,_ . ,. , . ,  Value limits  Operab i l i ty '•' �·:. �. ' 

247 2 58 to 319 No 
1 . 89 1 . 96 to 2 . 89a 

Yes 

50 5 2 . 8  X 90 . 5  No 

229 2 58 to 3 1 9  Yes 

50 5 2 . 8  X 90. 5 Yes 
"; .,'. 

46.6  5 2 . 8  X 90. 5 No 
232 238 to 294 
Ope n Not open 

50 5 2 . 8  X 90. 5 Yes 

244 262 to 323 ' NO 
1 2 5  5 2 . 8  t o  90. 5 

1 . 6 x 1 06 1 0 7 Yes 
7 7 . 5 1 09 to 1 34 

0 102 to 126  No 
Open 1 1 3 to 1 66 

a. Judgement based on c i rc u i t  requi rements and extent of damage sustai ned to test d ate . Funct ional i ty 
status i s  expected to change as c i rc u i t s con t i nue to be wet and/or i rrad i ated . 

b .  Cab l e  only.  



l evel s emi tted from the cab l e  ar-e shown i n  F igure 16 . The rel at i ve l y  h i g h  
r ad i ati on l evel s  for l ower section numbers are attributed t o  these cab l e  
.secti ons  lying fl at i n  the Reactor Bui l d i n g ,  expos i ng more surface area to 
s ettl i ng contami nat i on ( i ncreasi ng secti on number corresponds to i ncreas i ng 
hei ght ) . 

A v i sual exami nat i on of the cab l e  secti ons  a l l owed the mappi ng of the 
hydrogen burn effects on the cab l e  sheath , with greater damage occurri ng at 
h i gher e l evat i ons ; i nd i v i dual conductor i nsul at i on appeared unaffected • 

• < • •  ,· - ;  _,�_ • • • •• c -

Tens i l e test resu l ts from conductor i nsu l at i on are �resented i n  
F i gure 1 7 .  E l ongat i on res u l ts were essent i al ly  unchanged over the l ength 
of the cabl e ,  and the trend of decreas i ng tens i l e  strength with i ncreas i ng 
secti on number does not fol l ow the rad i ation pattern ; the reduct ion i n  
tens i l e  strength i s  more l i kely due t o  heat from the hydrogen burn . 

N o  s i gn if icant d i fference i n  e l ectrical  properti es has been observed 

between the d i fferent cab l e  sections  and control cab l e .  

Test procedures for eval uat i ng the e l ectri cal  and mechan i cal  
properties  of  cab l es removed from the TMI-2  Reactor Bu i l d i ng cont i nue to be  
e stabl i shed . S i nce these tests are to be performed on  components that are 
radi oact i vely contaminated . hot cel l fac i l i t i es are requ i red . 

The spec if ic  object i ves of the l aboratory tests are to estab l i sh the 
condi t i on of the components removed from the Reactor Bu i l d i ng for 
c ompari son with control �oec imens and c i rcu i t  requi rements . Procedures are 
being  establ i shed to characteri z,e cab l e  d i e l ectr i c  constant and funct i onal  
p arameters ,  wh i ch i ncl ude characterization of  i nsu l at i on res i stance , 
capac itance , d i ss i pat i on ,  and vol tage breakdown properties . Procedures and 
apparatus to eval uate the cab l e  component performance under the 
env i ronmental stresses of moi sture ,  rad i at i on ,  and temperature are a l s o  
b e i ng estab l i shed . 
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The test fac i l i t i es and necessary apparatus for cab l e  eval uat i on tests  
a re approxi mately 70% compl eted . Dupl i cate fac i l i t i es h ave been set up  i n  

both a hot ce l l  fac i l i ty and a l aboratory. Thi s  a l l ows comparati ve 
e va l uat i on of components removed from the TM I-2 Reactor Bui l d i ng and 

control samp l es .  

Cabl e  components h ave been tested i n  both faci l i t i es to demonstrate 
that resu l t s  correl ate , i . e . , samp l es g i ve i dent i �a l  res u l ts when tested i n  
e i ther f ac i l  i ty. 

Test i ng i s  compl ete on cab l e  sect ions removed from the hydrogen burn 
envi ronment of the Reactor Bui l d i ng .  Those cab l e  sect i ons show no ev i dence 
of e l ectri cal  i mpai t·ment , when data are compared against  control specimens . 

Contacts i n  i ndustry have revi ewed the test procedures and have 
c oncurred that the procedures appear adequate for fu l l eval uat ion of 
components . 
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CONCLUS IONS 

A total of 1 55 TMI-2  Reactor Bu i l di ng cab l es h ave been tested i n  s i tu ;  

anomal ou s  e lectrica l  behavi or was observed i n  1 00 ( 65%) of these cab l es . 
Of these,  59 cab l es ( 38% ) contai ned c i rcu its  c l as s i f ied as i noperab l e .  

Tab l e  8 s ummar i es the number o f  i noperabl e cab l es , by penetrat i on ,  and 
a l so i nc l udes some general env ironmental condi t i ons . Penetrati on R405 had 
the h i ghest rate of damaged cab l es ;  however , there were only  f i ve cab les  
t ested in  th i s  penetrati on .  Th i s  penetrat i on was probably  part i �l ly 
co.vered w i th water and i s  i n  a h i gh rad i at i on area.  

Understandi ng of  envi ronmental effects on  cab l e  damage is  expected to 
be enhanced by l aboratory study of cables  removed from the Reactor 
B ui l d i ng .  The l aboratory tests wi l l  al l ow a separat ion of cab l e  damage 
from penetrati on/end i nstrument effects . Tab l e  9 presents a l i st of cab l es 
recommended for removal for l aboratory study based on these prel i m i nary 
i n  s i tu resu lts . Al so recommended a�e channel s for further i n  s i tu test i ng . 

F ive cab l es extend i ng from the 305 to the 347-ft e l evat ions ( MP3 13C ,  

MS 76C , IT3528C , TD9501 , and IT2822I )  shoul d have recei ved the most exposure 
to the hydrogen burn . A l l  f i ve cab l es were judged to be i n  operabl e  
cond i t i on ;  th i s  conc l u s i on comb i ned w ith the pol ar crane resul t s  suggest s 
t hat the hydrogen burn d i d  not substant i al ly damage cab l es i n  the TM I-2  
Reactor Bu i l d i ng ,  particu l arl y  those of  the type tested . 
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TABLE 8 .  PE NETRATION ENV IROt�E NT AND DAMAGE SUMMARY 

Cab l e  References to Water 

Penetrat ion Number Cab l e� 
Penetrat ion  E l evat ion  Irrad i at io n  o f  Cab l e s  Be low I noperab l e  

Section  (ft} � R/h} � Marg i na l a !'!iliL (%l 
R400, R4 02 , 292 20 to 50 39 39 0 1 2 . 8  
R40 7 

R405 292 50 to 1 000 5 4 80 . 0  

R406 292 20 to 50 6 4 2 1 6 . 7  

R504 323 20 10 4 0 30. 0 

U'1 R50 5  3 1 9  2 0  1 0  3 0 20.0 � 

R506 323 2 0  19  4 0 3 1. 6  

R534 300 20 14 6 0 3 5 . 7  

R607 292 20 to 50 52 38 14 63. 5 

a .  Cabl es which. were part i a l ly above and be l ow water l eve l . 

b .  Peak water l eve l 292-ft e l ev at i on .  



TABLE 9 .  CABLES RECOMMENDED fOR LABORATORY ANALYSI S  

Cabl e 

R4002 R502 , R407  

S0 78P 

S01 68P 

SP3 1 P  

SP1 50P 

H 337C 

H359C 

��< ;_ -- '--; 

R406 

I T3566 I 

TD592 I 

I T35 1 9C 

MB1 33C 

Conc l u s i on Recommendation 

low i nsu l at i on res i stance Test i nsul at i on res i stance 
of separate cabl e sections 

Open heater c i rcui t  Test components to i sol ate  
open 

Pos s i b l y  wet cab l e  Retest , remove cab l e ,  and  
check for moi sture 

Pos s i b ly  wet cab l e  Retest ,  remove cab l e ,  and 
check for moi sture 

Possi b l y  wet cab l e  Retest , remove cabl e ,  and 
check for moi sture 

Open c i rcu i t  at penetrati on Check connectio�s at 
penetrat i on 

Open c i rcu i t  at penetrat i on Check connecti on s  at 
penetrati on 

H i gh connection res i stance Check penetrat i on 
connecti ons 

Open at penetration 

Pos s i b l y  wet 

Pos s i b ly  wet 

Check connections . Veri fy 
RTD i nstal l ed 

Retest , remove cab l e ,  and 
check for moi sture 

Retest , remove cab l e ,  and 
check for moi sture 

MB1 49C TB3/ l0- 1 3  Bad contacts 

MB1 49C Poss i b ly  wet 

Check swi tch contacts 

Retest , remove cab l e ,  and 
check for moi sture 

MB1 93C Poss i b l y  wet 

MB200C TB3/28-29 Bad contacts 

Retest , remove cab l e ,  and 
check for moi sture 

Check swi tch contact s 



TABLE 9 .  ( conti nued ) 

Cab l e  Conc l u s i on Reconmendati on 

MB200C Pos s i b l y  wet Retest , remove cab l e ,  and 
check for moi sture 

MB367C Poss i b ly  wet Retest , remove cab l e ,  and 
check for moi sture 

MB437C TB9/24-25 Bad contacts Check swi tch contacts 

M B437C TB9/24-29 Bad contacts Check swi tch contacts 

MB437C Poss i b ly  wet Retest , remove cab l e ,  and 
check for moi sture 

MD1 7C Pos s i b l y  wet Retest , remove cab l e ,  and 
check for moi sture 

MD68C Pos s i b l y  wet Retest , remove cab l e ,  and 
check for moi sture 

MD1 1 4C Pos s i b l y  wet Retest , remove cab l e ,  and 
check for moi sture 

Rsosa 

MM1 3 1 P  H i gh res i stance at motor Check motor and connections 

R506 

I T2750C Fa i l ed i nstrument or open Check i nstrument and 
connecti on connections 

H 348C Pass i,b ly  wet Retest , remove cab l e ,  and 
check for moi sture 

IT281 0C Pos s i b l y  wet Retest , remove cab l e ,  and 
check for moi sture 

I T281 4C Pos s i b l y  wet Retest , remove cab l e ,  and 
check for moi sture 

IT28 1 6C Pos s i b l y  wet Retest , remove cab l e ,  and 
check for moi sture 

I T281 8C Pos s i b l y  wet Retest , remove cab l e ,  and 
check for moi sture 

IT30 1 6C Pos s i b l y  wet Retest , remove cab l e ,  and 
check for moi sture 
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TABLE 9 .  ( conti nued ) 

Cable 

IT3528C 

MC1 25C 

MM1 34CMP3 1 3C 

MS22C 

MS45C 

MS��C 

MS76C 

MS90C 

MS1 30C 

R534 

I T2360C 

IT2366C 

IT2368C 

I T2370C 

R607  

H 293 I /H294C 

H31 7 I /H31 8C 

Conc l u s i on 

Pos s i b l y  wet 

· Poss i b ly  wet 

Poss i b l y  wet 

Poss i b ly  wet 

Poss i b l y  wet 

Pos s i b �y wet . 

Pos s i b l y  wet 

Pos s i b l y  wet 

Pos s i b l y  wet 

H i gh res i stance connecti on 

Open termi nat i on 

Fai l ed i nstrument 
( l ow res i stance ) 

Fa i l ed i nstrument 
( l ow res i stance ) and 
poss i b l e  wet cab l e  

Poss i b ly  bad swi tch 

Pos s i b l y  bad swi tch 

5 7  

Reconmendati on 

Retest , remove cab l e ,  and 
check for moi sture 

Retest , remove cab l e ,  and 
check for 1110i sture 

Retest , remove cab l e ,  and 
check for moi sture 

Retest , remove cab l e ,  and 
check for moi sture 

Retest , remove cab l e ,  and 
check for moi sture 

Retest , remove cab l e ,  and 
check for moi sture 

Retest , remove cab l e , and 
check for moi sture 

Retest , remove cab l e ,  and 
check for moi sture 

Retest , remove cab l e ,  and 
check for moi sture 

Check connect i on ,  remove 
and test transmi tter 

Check connecti on , remove 
and test transmi tter 

Remove and test transmi tter 

Remove and test t�ansmi tter . 
Retest , remove cab l e  and 
check for moi sture . 

Check swi tch and connect i ons 

Check switch and connect i on s  



TABLE 9 .  ( conti nued ) 

Cabl e  

I T1 5351  

I T1 7691  

I T231 0 1  

I T2443 1 

I T24491  

I T24681 

R607 

I T27441 

I T3082I 

I T4 1 1 9I 

I T4 1 2 l l 

I T41 23 1  

I T4 1 2 5 I  

TD657 I  

H3 1 5 I 

H31 7 I  

I T1 554I  

Conc l us i on 

Open at termi nat i on 
or fai l ed transmi tt�r 

Open near termi nat i on 
or fai l ed transmi tter 

Open near termi nat i on 
or fai l ed transmi tter 

Open near termi nation 
or fai l ed transmi tter 

Open near termi nat i on 
or fai l ed transmi tter 

low res i stance at 
terminat i on 

H i gh res i stance connect i on 
at penetrat i on 

Open at transmi tter 

Open at about 254 ft . 

Open at about 256 ft . 

Open at about 73 ft . 

Open at about 98 ft . 

Open at penetrati on 

Wet approxi mately  f i rst 
25% of cab l e  

Wet approxi matE! ly  f i rst 
25% of cab l e  

Wet approx i matel y  f i rst 
25% of cab l e  
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Recommendati on 

Check connecti ons , remove 
and test transmi tter 

Check connecti ons , remove 
and test transmi t�er 

Check connect i ons , remove 
and test''transmi tter 

Check connecti ons , remove 
and test transmi tter 

Check connecti ons , remove 
and test transmi tter 

Check connecti ons , remove 
and test transmi tter 

Check connecti ons at 
penetrat i on 

Check connect ions , remove 
and test transmi tter 

Check cabl e connect i ons , 
remove and test transmi tter 

Check cab l e  connecti ons , 
remove and test transmi tter 

Check cab l e  connect i ons , 
remove and test transmi tter 

Check cab l e  connect i ons , 
remove and test transmi tter 

Check connect i ons at 
penetrat i on 

Remove sect i on at start of 
cab l e  and check for moi sture 

Remove secti on at start of 
cab l e  and check for moi sture 

Remove secti on at start of 
cab l e  and check for moi sture 



TABLE 9 .  (conti nued ) 

CaiJl e Conc l us i on Recomnendat i on 

I T1 554 I Wet approxi mately  f i rst Remove section at start of 
25% of cab l e  cab l e  and check for moi sture 

. IT23 10 I  Wet approxi mately  f i rst Remove sect ion at start of 
25% of cab l e  cab l e  and check for moi sture 

IT23 i 2 1  Wet approx imatel y  f i rst Remove secti on at start of 
25% of cab l e  cabl e and check for moi sture 

IT2822 1 Wet approximatel y  f i rst Remove sect ion at start of 
25% of cab l e  cab l e  and check for moi sture 

IT30791 Wet approxi mately  f i rst Remove secti on at start of 
25% of c �b l e  cab l e  and check for moi sture 

IT3080 1 Wet approximately f i rst  Remove section at  start of  
25% of cab l e  cabl e and check for moi sture 

IT3081 I Wet approx imately  f i rst Remove secti on at start of 
25% of cab l e  cab l e  and check for moi sture 

IT3082 1 Wet approximatel y  f i rst Remove section at start of 
25% of cab l e  cab l e  and check for moi sture 

IT4 1 2 1  I Wet approximately f i rst Remove section at start of 
25% of cab l e  cab l e  and check for moi sture 

a .  A l l  cab l es l ook about the same and have l ower Z0 than control cab l e  
so al l are OK o r  are al l wet . To determine  wh i ch ,  test more contro l cab l e s  
o r  remove one of the i n  s i tu cab l es and retest . 
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I N  S ITU TEST EQU I PMENT 

A l i st  of equi pment used for in s i t u  testing  of the TMI - 2  Reactor 
B ui l d i ng c i rcuits  i s  g i ven i n  Tab l e  A-1 . A f l ow chart of the data 
acqui s i t i on system i s  gi ven in F igure A-1 . 

The e l ectri cal parameters measured were 

• 
• 
• 
• 

I n i t i al Vol tage Characteri zati on 
Time Domai n  Refl ectometry S i gnature 
Capac i t ance 
Inductance 

-·-.-
._,_ ___ ,_,. 

• Di rect Current Loop Res i stance 
• Insu l at i on Resi stance . 

As shown i n  F i gure A- 1 , al l of these e l ectrica l  parameters were 
e ntered d i rectly i nto an HP85 d i g i tal computer at the t i me of measurement , 

except for the . i9su l at i on res i stance measurement . 
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TABLE A-1 . I N  S ITU TEST EQU IPMENT 

M anufacturer Model # 

Tektroni x  7854 

Tektroni x  7A26 

Tektroni x  554 

Tektroni x  S5  

Tektron i x  7S l 2  

Tektroni x  7885 

Hewl ett Packard HP3465B 

Hewl ett Packard HP3456A 

Hewl ett Packard HP41 92A 

Hewl ett Packard HP4329A 

Hewl ett Packard HP85 

Hewl ett Packard HP7225A 

Hewl ett Packard HP82902M 

F unct i on 

Storage Osc i l l oscope 

P l ug - i n  Type Trace Ampl i f i er 

P l ug - i n  Type Pu l se Generator 

P l ug- i n  Type Sampl i ng Head 

P l ug-i n Type TOR Samp l er Uni t 

P l ug- i n  Type Del ay T ime Base 

D i g i tal Mu l t imeter 
' c � '  : _,- -. de Offset Res i stance Meter 

Impedance Analyzer LCR Meter 

H i gh Res i stance Meter 

Personal  Computer 

P l otter 

F l ex i b l e  Di sc Dri ve 
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Data 
input 

Data 
input 

Data 
input 

Data 
input 

·•< 

H P  4329A 
H igh-resistance l-------------------1� A nalog output 
meter 

HP 41 92A 
I m pedance 
analyzer 

I nd uctance 
capacitance 

HP 3456 
Digital 
voltmeter 

Resistance 
voltage 

Tektronix 785A 
Storage 
osci loscope 

T O R  

H P  85 
Dig ital 
com puter 

H P  7225A 
Oi!3k drive 

Data storage 

HP 8290M 
Plotter 

Hard copy 
data 

I N EL 4 0902 

Fi gure A-1 . F l ow chart of i n  s i tu Data Acqu i s i t i on System . 
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METHUDOLOGY FOR DATA ANALYSI S  

PREL IMINARY DATA ANALYSI S  PROGRAM 

S oftware was devel oped for the Hewl ett-Packard 85 computer to perform 
a prel im inary on- s i te eval uat i on of the cab l e/connecti on data .  F i gure B - 1  
s hows a s amp l e  of the f i nal data report generated by t h i s  computer program 
for a representat i ve set of test data . The head i ngs at the top of 
F i gure B-1 contai n  i denti fying i nformati on .  Spec i f i cal ly i nc l uded are the 
cab l e i denti f i cat i on number , i nstrument tag number ,  cab l e  type , i nstrument 
e l evat i on ,  the penetrat i on and termi nal i dent i f i cati on ,  and the date the 

.··,:_; 

c i rcu i t  was tested . 

D ata i n  the "control cab l e" col umn was obtai ned by performing on-s i te 
tests of unused cab l e samp l es of the s ame v i ntage and reel number as the 
c ab l e  undergoi ng the test . Test samp l es of these cab l es were obtai ned and 

archi ved at TMI .  The l aboratory test on these test samp l es were performed 
u s i ng the same test methods and equi pment used i n  the i n  s i tu test . The 

resu l t i ng data serve as a bas i s  for predi ct i ng expected i n  s i tu test 
resu l t s .  In  the col umn l abel ed "Predi cted , "  the data was obtai ned by 

comb i n i ng the control cab l e data wi th an estimate of the l ength of the 
c ab l e  undergoi ng the in s i tu test . The estimated l ength was obtai ned from 
p l ant records of cab l e  pul l l ength s .  I f  the cab l e  to be tested i s  
connected to an i nstrument , estimates were made to i nc l ude that 
i nstrument ' s  res i stance , i nductance , and capac i tance . Th i s  val ue was added 
to the predi cted cab l e  contri but i on to produce the f i nal predi cted val ues . 
The end i nstrument ' s  contri buti on was obtai ned by analyz i n g  i t s  el ectron i c  
c i rcu i t  d i agram and i s  shown i n  the Instrument Adds ( Instr . Adds ) l i st on 

each data tab l e . The test eng i neer uses the "Control Cab l e , " "Pred icted , " 

and " I"stru . Adds" col umns as a g u i del i ne duri ng i n  s i tu test ing as a qu i ck 
qual i f i cati on of the data  at the test s i te . I n  the col umn l abel ed "Test 
Leads , "  the data provi ded are spec if ic  to the test l eads , connected to 
cab l es/channe l s under test . 
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to 
� 

�able I H279 l Type FR- 1 5VVY Penetr•tion and Tenainal s  R607/ J I /D-J 

I nstrument TAG I RCP60-LS7 

· Parameters Contro l Cab l e  

Loop Resi stance . 505 ohms 

Tot a l  Inductance 1 3 . 2  mi croH 

Total Capac i tance 1 . 83 nf 

lnsu l .  Res i s tance . 8E 1 2  otwns 

Di ss ip .  Fac t .  O u t  o f  Range 

Prop . De l ay 1 . 775 n s/ft 

Zl = [SQR ( L/C] 60. 055 ohms 

Z2 = 50( l +P / l - P )  73 .426 ohms 

Ave . L/l' t .  . 22 

Ave .C/ft . . 030083 

Ave .Res/f t .  . 0085 139  

TOR Length 60 f t  

lnd Length 60 f t  

Cap .  Length 59 .988 ft 

Res .  Leng th 59. 992 f t  

1 / Y  = [C/( S� K ) ] 1 .  7602E -9 

Random No i se 0 vo l t s  

E l.evat i on �30�5;...'..;:;0_" __ _ 

. Penetration 

. 0908 ohms 

3�04 1 2  m i croH 

. 089 nf 

ohms 

1 .  5883 n s/ft 

1 84 . 85 ohms 

ohms 

. 22667 

. 0066334 

.0067675 

1 3 . 4 1 7  f t  

1 3 . 4 1 7  f t  

1 3 . 4 1 7  f t  

1 3 . 4 1 7  /ft 

. 2 1 5·n vo l ts 

Test Leads 

. 4 11 ohms 

3 .45  m i c roH 

. 594 nf 

. 6 5E 1 1  otvns 

1 . 4845 ns/ft 

ohms 

otvns 

Penetrat ion and Ins itu  Test Data  have test lead data subtracted 

Predicted R, L and C i nc l ude I nstr .  Contri but i on 

Date 08/26/83 

lns i t u  Test Predicted 

Open ohms Open ollns 

Open mi cro Open m icroH 

7. 18 7 nf 7 . 979256 nf 

3 .45E8otvns 1 0E9 otvns 

. 0 1 5  Out o f  Range 

890. 6 ns/f t 1 . 775  n s/ft 

NA ohms 60.055 otvns 

7 6 . 2}8 ohms 73 .42 6  otvns 

. 22 

. 030083 

. 0085 1 39 

222 . 1 4  ft 

NA f t  

220.9 2  ft 

NA ft 

. 1 85 vo lts  

. .  � 

232 f t  

NA f t  

2 3 2  f t  

NA f t  

Instr.  Adds ;  

0 ohms 

0 m icroH 

1 nf 

F i gure B- 1 . I n  s itu  test data sheet for un i mpai red channel D-J . 



I n  order to eval uate the c:ab l e  i ns i de the Reactor Bu il d i ng ,  the 
m easured val ue of penetrati on wi re� must be subtracted from the total 
measured val ue . Thus , the 11Penetrati on 11 col umn conta ins  a characteri zati on 
v al ue spec i f i c  to the penetrat i on w i res . 

The i n  s i t u  test col umn contains  measured val ues from whi c h  
p enetrat i on and test l ead val ues were subtracted . Data i n  th i s  col umn , 
when compared w ith  the predict ions  i n  the adjacent col umn , provi de a 
characteri zat i on of the present status of the cab l e/channel under test . 
Al so i n  the 11 ln  S i tu Test 11 col umn , ·  the cab l e  l ength based on  TOR , 
R es i stance, Capaci tance , and Inductance i s  shown . These l engths Jre based 
on the contro l cab l e  characteri zati on data and are arri ved at by · · 

s ubtract i ng the end i nstrumentat i on • s  contri but i on to the i n  s i tu test 
data .  The l ength of the cab l e  under test wi l l  a l so be calcul ated from the 
TOR data u s i ng the control cab l e  as a b as i s  for cal cu l at i on .  The i mpedence 
of the cab l e  under test wi l l  al so be cal cu l ated from the TOR and compared 
to the i mpedance of the control cab l e .  

The computer generated data  tab l es prov i de a bas i s  for prel imi nary 
f i el d analys i s  of the cond i t i on of the cabl e/channel .  The fol l owing 

d i scus s i on wi l l  demonstrate how the data taken at TMI - 2  i s  used to arr i v e  
at  f i e l d  analys i s  conc l u s i ons . 

Exampl es of Good Cabl e/Channe l 

F i gure B-1  shows a good Cclb l e/channel data set . Cab l e  H279 I i s  
connected to i nstrument RCP60-LS7 through p i ns D and J i n  penetrat i on 60 7 .  
Th i s  i nstrument i s  a normal ly open l im it  swi tch and i s  i nd i cat i ve of an 
open c i rcui t .  A cab l e  connectE!d to a normal ly  open set of contacts shou l d  

y i e l d  the fol l owi ng i nformat i on :  

• E l ectrical  l ength based on TOR 
• E l ectr i ca l  l ength based on capaci tance from TOR 
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• Cab l e  impedance from TOR 
• Capacitance 
• Diss i pat ion factor 
• Insu l at ion res i stance 

• I nduced vol tage (noi se ) on channel • 

As can be seen i n  F i gure B-1 , the TOR l ength and l ength based on 
capacitance compare very c l osely and the cabl e impedance i s  with i n  
p redi cted val ues . A l ow d i ss i pat ion factor and good i nsul at ion res i stance 
read i ngs are al so  wi th i n  acceptabl e l imi ts�  These factors i ndi cate that 
the cab l e/channel i s  i n  good condi tion.  

Cab l e  H279I i s  connected to I nstrument RCP56-PS1 6  through pins A and E 
i n  penetrati on 607. Th i s  i nstrument i s  a normal ly  c l osed pressure swi tch 
and ·i s i nd icat i ve of a short c i rcui t .  A cabl e connected t o  a normal l y  
c l osed contact shou l d  yie ld  the fol l owi ng i nformation :  

• E l ectrical  l ength based on TOR 
• Cab l e  impedance from TOR 
• E l ectr ical  l ength based on i nductance 
• E l ectrical  l ength based on resi stance . 

As can be seen i n  Fi gure B-2, TOR l ength and l ength based on 
i nductance compare very c l osely and the cab l e  impedance i s  w ith i n  predi cted 
val ue .  The de l oop res i stance measurement al so compares c l osely with TOR 
and i nductance l ength . These factors i nd i cate that the cab l e/channel i s  i n  
good cond it ion .  

The d ifference between the re!corded l engths of cab l e  of p i ns A-E 
versus  p ins  O-J i s  most l i kely  a resu l t  of the varyi ng l ength of the 
e l ectrical  hook up  w i re from the termi nal box to the end rel ays . 
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Cable  I H2791 Type FR - i 5VVV Penetra t i on and Termina ls  R607/Jl/A-E 

Instrument TAG I RCP56- PS 1 6  E levation  305 ' 0" Date 08/25/83 

Parameters Contro l Cab l e  Penetrat ion Test Leads Ins itu  Test Predicted 

Loop Res i stanc e . 505 ohms . 0908 ohms . 4 1 1 olvns 2 . 05 2  ohms 1 .  9752 olvns 

Total  Inductance 1 3. 2  m icroH 3 .0412  m icroH 3 . 4 5  m icroH 50. 809mi.cro 51 .04 m icroH 

Tot a 1 Capac i t ance 1 .83 nf . 089 nf . 594 nf Shorted Shorted 

I n su l .  Res i stance . 8E 1 2  ohms ohms . 6 5E 1 1 ohms 3 . 45E8ohms 10E9 ohms 

D i s s ip . Fact . Out of Range Out of Range Out of Range 

Prop .  De l ay 1 . 775 ns/f t 1 . 5883 ns/f t 1 . 4845 ns/f t 9 1 7 . 9  ns/f t 1 .  7 75 ns/f t 

Z l  [S�(L/C]  60.055  ohns 184 .85  ohms ohms NA ohms 60.055 ohms 

Z2 SO( l +P / 1 - P )  73 .426 ohms ohms ohms 75 .865 ohms 73.426 otvns 

Ave .L/ft . .22  .22667 .22  

Ave . C /f t .  . 030083 .0066334 .030083 

Ave. Res/ft . .0085 139  .0067675 . 0085139  

TOR Length 60 ft  1 3 : 4H f t  229 . 83 f t  . 232 ft  

lnd Leng th 60 ft 1 3 . 4 1 7  ft  229.82 ft  232 ft 

Cap . Length 59. 988 f t  1 3 . 4 1 7  f t  N A  f t  NA ft  

Res .  Leng th 59 .992 f t  . 1 3 . 4 T7/f t  229.26 f t  232 f t  

1 / V  = [C/( SQR K ) ]  l .  7602E -9 Instr. Adds;  

Random No ise  0 Y O  l tS ; 2 1 52 7  vo l ts 0 vo l ts 0 ohms 

Penetr at i on and I n  S i tu Test Da ta have test l ead data subtracted 0 microH 

Predi c ted R ,  L and C inc l ude Instr. Contr i bution . ·� - - 0 nf 

F i gure B-2. In s i tu test data sheet for un impai red channel A-E . 



Exampl es  of  a Good Cab l e  W i th a Bad End I nstrument -- Bad -�j 1nne l 

Three channel s ( w i re �ai rs ) i n  cab l e  IT264I were tested . Two of the 
c hannel s are connected to an end i nstrument and the th i rd channel i s  a 
spare . 

B ai l ey l evel transmi tters SP- 1A-LT2 and SP- 1A-LT4 are connected to 
cabl e I T24641 through p i n s  O-J and f-m respecti vely and the spare i s  
connected to p i ns L-M i n  penetrati on R607.  I nstrument channel data i n  
F i gures B-3 and B-4 show the res i stance val ues are much l ower than 
p redi cted and the capac i tance val ue i s  much h i gher than predi cted . The 
l ength and impedances calcul ated from the TOR for these channel s  are wi th i n  
acceptab l e  l im its . _The spare channel data are. shown i n  F i gure B-5.  

The capac i tance , d i ss i pat i on factor , and the TOR measurements for thi s 
c hannel are w ith i n  -. ��eptabl e  l imi ts . A l so,  the TOR l ength , l ength based 

on capac i tance , the d i ss i pat i on factor , and the impedance calcul ated from 
t he TOR for the spare channel i nd i cate a good cab l e "  Data i n  F i gure B-6, 
c l early show that the cab l es are i n  good cond i t i on and that there i s  an 
anomaly i n  i nstrument SP � lA-LT4 . 

Examples of Wet Cab l e  

F oxboro Pressure Transmi tter WOL-PT-1 207 i s  connected to cab l e  I T23 1 2 I  
through p i n s  p - n  i n  penetrati on R607 . Fi gure B - 7  shows the f i rst set of 
d ata taken on 08/29/83 . These data i nd i cate a h i gher than predi cted 
capac i tance , a h i gher than expected d i ss i pati on factor , and a l es s  than 
e xpected TOR l ength . The TOR p l ot on 08/29/83 i nd i cates that approxi matel y  

the f i rst 50 ft of cab l e ,  beg i nn i ng at the i nner l i ner of the penetrati o n  
b ox ,  has a l ower than expected i mp,edance . Th i s  fact, when con s i dered w ith 
the h i gher than pred icted capac i t�nce , i nd i cates that th i s  50-ft sect i on of 
the cab l e  i s  wet . A second set of data was taken on 04/04/84 and i s  shown 
i n  F i gure B-8. A compari son of th i s  data wi th that taken on 08/29/83 show 
that the capac itance decreased and the i mpedance i n  the f i rst 50-ft of 

B-8 
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Cabl e  I 1 T24641 Type . FR· 1 �W Penetrat ion and TerMina l s  R607/J6/D-J 

Instrument TAG I SP- lA-lT2 

Parameters Contro I Cab le  

loop Res i stance • 505 otwns 

Tota l  Induc tance  1 3  mi croH 

Total  Capac i tance 1 .  59 nf 

Insu l .  Res i stance 1 .  7 sr: 1 1  olm 

Di ss ip .  Fac t .  Ou t o f  Range 

Prop . De lay 1 . 6242 ns/ft 

Z l  = [SQR (l/C] 63. 938 ohms 

Z2 = SO( l +P /1 - P )  66. 279 ohms 

Ave . L/f t .  . 2 1 806 

Ave .C/ft . . 0261  

Ave. Res/ft . . 0083972 

TOR Length 59 .999 f t  

l o d  length 59. 997 f t  

Cap . Leng th 59 .985 ft  

Re s .  length 59. 999 ft 

1 /V = [C/( S� K ) ]  1 .  7602E -9 

Random No i se 0 vo l t s  

E l evat ion 282 ' 6" _,;;.;;o.;;._;;._ __ _ 

Penetrat ion 

. 0908 otvns 

3 . 0 4 1 2  microH 

. 089 nf 

ohms 

1 .5883 n s/ft 

184.85 ohms 

ohols 

. •  22667 

. 0066334 

. 0067675 

1 3 . 4 1 7  f t  

1 3 . 4 1 7  ft 

1 3 . 4 1 7  ft 

1 3 . 4 1 7/f t 

0 VO I tS 

Test Leads 

. 4 1 1 ohms 
· 3 . 4 5  m icroH 

. 594 nf 

. 6 5E l l . ohms 

1 .4845 ns/ft 

ohms 

ohms 

Penetrat ion .and Ins itu  Test Data have test lead data subtracted 

Predi cted R.  L and C i nc l ude I nstr . Contr i but ion 

Date 09/ 1 4/83 

lns itu  Test Pred icted 

2500 ohms Open otvns 

Open. mi croH Open m icroH 

36 •. 5 1 7 nf 16 .8236 nf 

3 . 5E 7  ohms I OE9 ohms 

Out .of Range 

1 2 9 1 . 6 3  ns/ft 

NA olvns 

7 7 . 5  ohms 

366. 22 f t .  

N A  ft 

1 1 30. 5 ft 

NA ft 

. 3  vo l ts 

· · � 

Out of Range 

1 . 6242 ns/ft 

63 . 938 olvns 

66 .279 ohms 

. 2 1806 

. 026 1  

. 0083972 

376 ft  

NA  ft  

376 ft  

376 ft 

lnstr. Adds ;  

0 olvns 

0 microH 

7 . 0 1  · nf 

F i gure B-3 . In s i tu test data sheet for a cab l e  wi th end- i nstrument 
SP-1A-LT2 anomaly .  
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Cabl e  I .J.!.�4I  Type FR- l 5WW Penetration · and Termina ls  R607/J6/f-m 

Instrument TAG I 
j)arameters 

Loop Res i stance 

Total Inductance 

Total  Ciipac i tance 

Insu l .  Resi stance 

D i s s i p .  Fact . 

Prop. De l ay 

Z l  

22 

[S(J{ ( L/ C) 

50( l +P/ 1 - P )  

Ave �L/ft . 

Ave. C /ft.  

Ave. Res/ft . 

TOR Length 

!nd Length 

Cap . Length 

Re s .  Leng th 

1 / V  = (C/( SQR K ) )  

Random No ise  

SP-lA-L T4 

Contro l Cab le 

• 505 otwns 

1 3  microH 

1 . 59 nf 

1 .  75E 1 1  otwns 

Out of RangP. 

1 .  6242 ns/f t 

63 .938 ollns 

66 . 2  79 ollns 

. 2 1806 

. 0261 

. 0083972 

59. 999 ft  

59 .997 ft  

59. 985 ft  

59 .999 ft  

l .  7602E -9 

0 vo l ts 

Elevation _2::;.;;8;.::2:...'""6N ___ _ 

Penetrat ion 

•. 0908 otwns 

3 ; 0412 m icroH 

. 089 nf 

ohms 

I .  5883 ns/ft 

184.85 otvns 

ohms 

.2266 7 . 

. 0066334 

. 0067675 

1 3 . 4 1 7  ft 

13 . 4 1 7  ft 

1 3 . 4 1 7  ft 

l J .-4 1 7  /ft  

0 V O  J.ts 

Test Leads 

. 4 1 1 ohms 

3 . 45 microH 

. 594 nf 

. 65E l l  ohms 

1 . 4845 ns/ft 

otvns 

ohms 

Penetrat ion and I n s i tu Test Da ta have test l ead data s ubtracted 

Predicted R ;  :. and C i nc l ude Instr.  Contribut ion 

Date 09/ 14/83 

Ins i tu Test Predicted 

1000 ohms Open otwns 

Open . microH Open microH 

4599. 3 nf 16. 8236 nf 

2 .  I E7  ohms 1 0E9 ohms 

Ou t of Range 

1291 .63  ns/ft 

NA otiTis 

77 . 551  ohms 

366 .22  ft 

NA f t  

1 7 5950 ft 

NA f t  

. 0025 vo 1 t  s 

•t 

Out of Range 

1 .  6242 ns/ft 

63 .938 otwns 

66 . 279 ohms 

. 2 1 806 

. 026 1 

.0083972 

376 ft 

NA ft 

376 ft 

376 ft 

I nstr. Adds : 

0 ohms 

0 microH 

7 . 01 nf 

Figure B-4. In s i tu test data sheet for a cab l e  with end-i nstrument 
SP-1 A-LT4 anomaly.  
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Cab Je I I T24641 

Instrument TAG I 

Parameters 

loop Res i stance 

Tota l Inductance 

Totdl  Capac i tance 

Insu l .  Res i stance 

D i ss i p .  Fact .  

Prop . De l ay 

7 1  , r "nD f l  1 r 1  � ·  L-"C"' \ -t - J  

Z2 " 50( l+P / 1 - P )  

Ave. L/ft .  

Ave .C/ft .  

Ave. Re s/f t .  

TOR lentth 

Ind length 

Cap . leng th 

Res .  length 

1 / V  " [C/( SQR K ) ]  

Random No i s e  

No lnstr. 

Contra 1 Cab l e  

• 505 otwr.s 

13 mi croH 

1 .  59 nf 

J . 7 5E l l  ohms 

Out of Range 

1 . 6242 ns/ft 

63. 938 O!'J!!S 

66. 279 ohms 

. 2 1 806 

. 026 1  

. 0083972 

59 .999 f t  

59. 997 f t  

59.985 f t  

59. 999 f t  

1 .  7602E -9 

0 vo lts  

Type FR- l!iWW 

E l evat ion 

Penetration 

. 0908 ohms 

3.0412 mi croH 

. 089 nf 

ohms 

i . 5883 ns/f t  

184.85  ohms 

ohms 

' . •  22667 

;0066334 

:0067675 

· 1 3 . 4 1 7  f t  

1 3 . 4 1 7  ft  

1 3 . 4 1 7  f t  

. 1 3 . 4 1 7 /ft 

0 vo l t s  

Penetrat ion and Tennina l s  R607/J6/l-M 

282 ' 6" Date 09/ 1 4 /83 

Test leads I ns i tu  Tes t  Predicted 

. 4 1 1 ohms Open ohms Open ohms 

3 . 4 5  m i c roH Open mi croH Open m icroH 

• 594 nf  1 0. 1 1 7 nf 9 .8 136  nf 

. 6 5E l l  otwns l . OE l O  ohms 1 0E9 ohms 

0 . 24 Out of Range 

1 . 484 5 n s/ft 130 1  ns/f t  1 . 6242 n s/ft 

ohms NA ohms 63. 938 ohms 

ohlils 7 7 . 5  ohms 66.279 ohms 

. 2 1 806 

.026 1  

-- .0083972 

369 . 1 fi 376 ft 

NA ft NA ft 

387 . 62 f t  376 f t  

N A  f t . NA ft 

Instr. Add s :  

. 48 vo l ts 0 ohms 

Penetrat ion :and lns itu  Test Data have test lead data subtracted 0 microH 

Predi cted R, L and C inc l ude Instr. Contri bu t i on ··t 0 nf 

F i gure B-5 .  I n  s itu test data sheet for a cab l e  wi thout an end - i nstrument . 
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Penetration 

Cable u nder test 

Test leads 

l nst. Tag #: WLDPT1 207 
Date: 08/29/83 

0.2 �s/d iv 

Comments: R607 J9 p/n T = 1 05 1 ns RHO = 0. 1 06p 

F i gure B-6.  Typ i cal  TOR d i sp l ay .  

B- 1 2 

Term i nation 
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Cab l e  I I T231 2 1  Type FR- 1 5AA Penetrat ion and Termi n a l s  R607/J9/p-n 

Instrument TAG I 
Parameters 

Loop Res i stance 

Total  Inductance 

Tota l Capac Hance 

Insu l .  Resi stance 

D iss i p .  Fact. 

Prop.  De l ay 

Z I = [S(Jl. (L/C] 

Z2 = 50( 1 +P / I - P )  

A�e . L /ft . 

Ave . C /f t .  

Ave. Re s/ft • 

TOR Le111�h 

lnd Leng th 

Cap . Length 

Res . Leng th 

l / Y  = (C/ ( SQR K ) ) 

Random Noise  

WDL-PT - 1207 

Contro l Cable 

. 5 1 ohms 

1 2. 8  m icroH 

1 . 735 nf 

5 . 0E l 2  ohms 

- .0021  

1 . 65 1 7  ns/ft 

85 .893 ol1ns 

62 . 108 ohms 

. 2 1 61 1 

. 028656 

.0085833 

59. 999 ft  

5 9 . 989 f t  

59. 994 f t  

59 .993 f t  

I .  7637E -9 

0 vo l t s  

E l evation 282 ' 6" 

Penetrat ion Test Leads 

. 0908 otvns . 4 1 1 ohms 

3.0412  microH 3 .45  m icroH 

. 239 nf . 594 nf 

Ohii!S . 6 5E l l ohms 

· J . 5287 ns/ft 1 . 4845 ns/f t  

1 1 2 . 8  ohms ohms 

ohms ohms 

:22667 

.0 1 781 3 

. 0067675 

1 3 . 4 1 7  ft 

1 3 . 4 1 7  ft 

1 3 . 4 1 7  ft  

1 3 . 4 1 7/ft  

vo l t s  

Penetrat ion and l ns itu Test Data have test l ead data subtracted 

Pred icted R ,  L and C inc l ude Instr.  Contribut ion 

F i gure B-7 . I n  s i tu test data sheet for 

Date 09/ 14/83 

Ins itu Test Predicted 

1 1 700  ohms Open ohms 

Open microH Open microH 

1 6 . 95 7  nf 1 1 . 1 44224 nf 

1 0E6 ohms 1 0E9 ohms 

1 . 6 7 .  -D021  

· 988 . 3  T /Time l .  6 5 1 7  ns/ft 

NA ohms 85.893 ohms 

63 . 237  ohm:; 62. 1 08 ohms 

. 2 161 1 

. 028656 

. 0085833 

286 . 76 ft 354 ft 

NA ft NA ft  

5 56 . 8s · n 354 ft  

NA ft . 354 f t  

Instr. Add s :  

. 3  vo l t s  0 ohms 

. 1 1 69 R!io 0 mi croH 

1 nf 
. ..  

a wet cab l e .  



Cable  I IT2 3 1 2 1  Type FR- l5AA Penetrat ion and Termina l s  R607/J9/p-n 

Instrument TAG I WDL-PT-120 7 

Parameters Contro l Cab le  

Loop Res i stanc e . 5 1  ohms 

Total  Inductance 1 2 . 8  m icroH 

Tota l  Capac i tance 1 . 735 nf 

Insu l .  Re si stance 5 . 0E 1 2  ohms 

D i s s i p .  Fact . 

Prop . De l ay 

Z l  = [S� ( L/C] 

Z2 = 50( l+P/ 1-P)  

Ave . L/ft . 

Ave . C /f t .  

Ave. Res/ft . 

TOR Length 

Ind Leng th 

Cap . Length 

Res .  Length 

1 / V  = [C/( SQR  K ) ]  

Random No ise  

-.0021 

1 . 65 1 7  ns/f t 

85 .893 ohms 

62 . 108 ohms 

. 2 16 1 1 -

.028656 

. 0085833 

59. 999 f t  

59 .989 f t  

59. 994 f t  

59 .993 f t  

1 . 7637E -9 

0 vo l t s  

E l eva�ion 282 ' 6" _.::.:=...;:...... __ _ 

Penetrat i on 

. 0908 ohms 

3 .0412  microH 

. 239 nf 

ohms 

1 .  5287 ns/f t  

1 1 2 . 8  ohms 

ohms 

. 22667 

. 0 1 781 3 

. 0067675 

1 3 :  4'17 f t  

1 3 . 4 1 7  ft  

1 3 . 4 1 7  f t  

1 3 . 4 17 /f t  

vo l t s  

Test Leads 

. 362 ohms 

0 m icroH 

0 nf 

. 65E 1 1  ohms 

1 . 4845 ns/ft 

ohms 

ohms 

Penetrat ion and I n s i tu Test Da ta have test lead data subtracted 

Pred i cted R. L and C inc l ude Ins tr.  Contribut ion 

Date 04/04/84 

I n s i tu Test 

Open ohms 

Open m ic,ro 

1 5 .56 1  nf 

I OE6 ohms 

2 . 233 

1 000 T /Time 

NA ohms 

Predicted 

Open ohms. 

Open microH 

1 1 . 1 44224 nf 

1 0E9 ohms 

- .002 1  

1 . 65 1 7  ns/f t 

85 .893 ohms 

63.469 ohms 62. 1 08 ohms 

. 2 1 6 1 1 

. 028656 

.0085833 

290 . 3  f t  

NA f t  

508. 1 3  f t  

N A  f t  

. 2 5  V O  I t s 

. 1 1 87 RHO 

· ·t 

354 f t  

N A  f t  

354 f t  

NA f t  

Instr.  Adds ; 

0 ohms 

0 m icroH 

nF 

F i gure B-8. I n  s i t u  retest dat a sheet for a wet cabl e .  



cab l e  h ad i ncreased . A further carnpari son of thi s  data  with an overl ay 
p l ot of the TOR measurements shown i n  F i gure B-9, i nd i cate that the wetted 
secti on of the cab l es has experi enced some dryi ng . 

L aboratory Oat� Analys i s  P rogram 

D uri ng the i n  s itu tests , the i nsul at i on res i stance was measured 
between each  conductor and shiel d .  I f  the cab l e  had n o  sh iel d ,  the system 
g round was u sed . U s i ng thi s system ground resul ted i n  an i l l -def i ned 

· res i stance val ue that was used for compari son purposes only.  An i nsul at i on 

r es i stance measurement can prov i de the fol l owing i nformati on :  

• Poss i b l e  i ndi cat i on of moi sture i n  a cab l e  or termi nal  box 
t Determi ne i f  any l eads are shorted together or to ground 
• Data for compar i son with other cab l es .  

For thi s  analys i s ,  degradat ion of the i nsul at i on res i stance was 
eval uated by one of th� two fo,}l owing methods :  

• For power and s imi l ar type c i rcu its , a l ower l imit  of res i stance 
was used ( 1 06 ohm) . I f  the measurement val ue was l ess  than the 
l ower l imi t ,  the c i rcu i t  was cons i dered degraded or anomalous . 

• For i nstrumentati on and s imi l ar type c i rcu i t s ,  a stati stical  
approach was used . A h i stogram of the measurement  va lues was 
generated then analyzed for groupings that i nd i cated "good " and 
"degraded " val ues . 

Th e l oop res i stance for eatch cab l e  was measured between al l 

appropri ate conductors . A l oop res i stance measurement can prov ide the 
f ol l owing i nformat i on : 

• I n  c i rcu i ts that terminate with rel ays or swi tches with open 
contacts , the l oop res i stance val ues do not produce useab l e  data  
other than an  i ndi cation of  an  unshorted cond i t i on .  

B- 1 5  



.,, 
"" .. , Data taken 

'------J 8/29/83 
Indicates wet cable 

l n st .  tag #: W LDPT1 207 
Date: 08129/83 · 414184 
Comments: R607 J9/p-n 

TDR data 

IT2312/p-n 231 2 ° p-nT 
RHO: 1 1 69 0.1 1 87 
T: 9883 1 

F i gure B-9.  TOR d i sp l ay showing test l eads and water i ngress . 

B -1 6 
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• I n  c i rcui ts that term'i nate with transmitters ; the l oop  
res i stances were usual ly  1 arge and  var i ed w ith the  end 
i nstruments , but d i d  prov i de an i nd i cati on of an open or shorted 
condi t i on .  

• In c i rcu i ts with terminat i ons w ith l arge resi stances ( motor 
wi ndi ngs , heater coi l s ,  etc ) as compared to the respecti ve cab l e 
conductors , the l oop res i stances were u sed to eva l u ate the 
termi nat i ons . 

• In  c i rcu its that termi nate with rel ays and swi tches w i th c l osed 
contJcts ,  the l oop res i stance was used to eval uate the cab l e  or 
term i nal  stri p and l arge contact res i stance . 

• For cab l es wi th c l osed swi tch or rel ay contacts , the i n  s i t u  l oop  
res i stance was compared to  an  expected val ue computed as the 
product of the per un i t  res i stance ( ohms/ft ) measured on a 
control cab l e  and the l ength of cab l e  as obtai ned from i ts 
pul l -s l i p .  Due to uncertai nty i n  the manufactured cab l e  
res i stance and i n  the actual cab l e  l ength , the l im its were 

cons i dered good when the meesured val ues were between 0 and -25% 
from the expected val ue . These l im its were deri ved by best 
estimates . 

Th e  i n  s i tu l oop res i stance test measurements were compared w i th a 
control cab l e  measurement ( eval uated by the same method ) or stat i stical l y  
w i th other s imi l ar c i rcu i ts for cases when the termi nat i on res i stance i s  
l arge compared to the cab l e  res i stance . 

Dependi ng on the type of termi nat ion ,  capac i tance or i nductance 
measurement data can provi de i nformati on for determi n i ng the l ength of the 

! 
test cab l e  under certai n cond i t fons . For exa�p l e ,  i f  the l oop res i stance 
shows an open c i rcu i t ,  the capac: itance can i nd i cate whether the cab l e  i s  
open at the termi nat i on or at the penetration .  

B-1 7 



For thi s i nvest i gat i on .  degradati on of the cab l e  capac i tance and/or 
i nductance was eval uated by two methods . F i rst . the manufacturer 
capacitance per foot data ( where avai l ab l e )  were compared to the i n  s i t u  
measurement val ues . Second . the measured i nductance or capac i tance was 
compared to its  expected val ue that was obtai ned by a method s i mi l ar to 
that u sed for the expected l oop resi stance . The per u n i t  capac i tance 
(pf/ft } or i nductance ( H/ft ) obtai ned from contro l cab l e  measurements was 
m u l t i p l i ed by the cab le  pul l -s l i p  l ength . F inal ly, the expected 
capac i tance or inductance of the termi nat i on was added . Usual ly the 
v ar i ance for a "good" channel ( as opposed to an anomaly) for th i s  

prel imi nary analys i s  was 0 and -35% for i nductance and 1 0  and -25% for 
c apaci tance . The d i fference i s  because stray add i t i ve capac i tance i s  
l ikely.  I n  some cases . l im its were based on stat i st i cal  analyses because 
of the type of end i nstrument component . i . e .  when l oad i mpedance i s  l arger 

' than , cabl e impedance . 

Capac i tance measurements were used as one i nd i cat i on of wet cab l e  

because a wet cab l e  has h i gher capac i tance than a dry one , prov i ded al l 
other cond i t i ons remai n the same . S i nce the d i e l ectri c  constant of water 
i s  about 80 t�mes that of ai r and the capac itance i s  proporti onal to 
d ie l ectri c  constant , the cab le  capac i tance i ncreases by an amount dependi ng 
on the vol ume of the ai r voi d  f i l l ed by water . The i nductance i s  not 
affected by water because the permeab i l i ty of water i s  the same as that of 
a i r  for practical  purposes . 

T ORS-I was used to determ i ne the characteri st i c  i mpedance of each 
cab l e  i nvesti gated and the approxi mate l ocat i on of any d i scont i n u i t i es such 
a s  connectors ,  term i nal  str ips ,  termi nat i ons , and cab l e  damage . A pul se 

generator was used to repet i t i vely send a vol tage pul se down the cab l e 
conductor under i nvesti gat i on .  I f  the pu l se encounters any change , a 
part i al  refl ect i on travel s back to the sendi ng poi nt where i t  was recorded 
and eva l uated . F i gure B-6 shows a typ i cal TOR d i sp l ay. The d i spl ay p l ots 
the cab l e  i nput vol tage versus time .  S i nce the cab l e  i nput vol tage i s  a 
f uncti on of the c i rcui t  i mpedanct� as the i nput vol tage travel s down the 
cable mak i n g  up the c i rcu i t ,  the TOR d i spl ay i s  a p icture of how the 

B- 1 8 
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c i rcui t  impedance varies  al ong  the: l ength of ttie c i rcu i t .  Figure B-9  shows I' - , . .  

t hat the l ow i mpedance of the test
'' 

l eads i s  fol l owed by the penetrati on 
whi ch h as a much hi gher i mpedance .' After the penetrati on ,  the cab l e  can be 
s een wi th i ts much l ower impedance . At the end of the cab l e ,  the 
termi nation can be i dentified by its  very h i gh i mpedance . A point of 
i nterest i n  the TOR p l ot i s  the d i p  at the beg i nn i ng of the cab l e .  Th i s  
d i p  i l l u strates the expected effects of water i n  a cab l e  and i s  a res u l t  of 
t he h i gher d i e l ectric  constant of the water compared to the a i r  that i t  
repl aces . The same effect causes the TOR measured l ength to appear l onger 
than the physica l  l ength . TOR eval uat i on methods prov i de i nformati on to 
show the d i stance to a d i scont i nu i ty,  the nature of the d i scontinu ity,  the 
total cab l e  l ength , and the characteri st ic  impedance . 

The l imits  for the TOR l ength were + 5% and - 1 5% to al l ow for 
measurement errors and the cutti ng of cab l es shorter than the pul l -s l i p  

l ength during i nstal l at ion .  

F or th i s  i nvest i gat i on ,  the measured characteri stic  impedances were 
compared to other i n  s i tu cab les  of the same type and to contro l cab l es . 
Th ose cab l es whose characteri st i c  i mpedance were not grouped w ith the 
predominant val ues i n  a h i stogram, were cons i dered as hav i ng anomal i es .  

Some TOR terms used i n  d i scussions of eval uat i ons are expl ai ned as 
fol l ows : 

• TOR l ength - The l ength of a cab l e  as calcul ated from the 
difference i n  the t imes at i ts beg inn ing and end on a TDR 
d i spl ay.  The  resul tant t ime is  mul t i pl i ed by the  propagati on 
velocity and d i v i ded by two because the t ime shown on the TOR 
d i sp l ay i s  round tri p .  
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• Vel ocity of propagati on - The d i stance an e lectrical s i gnal  
travel s down a cab l e  in  a unit  of t i me .  

• Character i st i c  i mpedanceL - The i mpedance seen at the i nput of an 
i nf in itely l ong l os s l es s  cab l e .  I t  i s  al so the i nput impedance 
of a l os s l es s  cab l e  of any l ength when term i nated by its  
character i stic  i mpedance . The symbol Z0 i s  usual ly used to 
denote the characteri stic  impedqnce . 
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TABLE C-1 . CABL£ I DENTI F I CATION FOR ELECTRI CAL PENETRATIONS R400,  R402 , 
AND R407 

Ci rcui t # 

S078P 
SO SOP 
S082P 
S084P 
S086P 
S088P 
S01 68P 
S01 70P 
S 1 702P 
S01 74P 
S01 76P 
S0 1 78P 
S01 39P 
S01 4 1 P  
S01 43P 
S01 45P 
S01 47P 
S01 49P 
S01 56P 
S01 58P 
S01 60P 
S01 62P 
S01 64P 
S066P 
SP27P 
SP29P 
SP 31 P 
SP 1 29P 
SP 1 3 1 P  
SP1 33P 
SP 1 35P 
SP 1 37P 
SP 1 39P 
SP 1 42P 
SP 1 44P 
SP 1 46P 
SP 1 48P 
SP 1 50P 
SP 1 52P  

.!l!Je 

FR-3Na 
FR-3N 
FR-3N 
FR;..3N 
FR-3N 
FR�3N 
FR-3N 
FR-3N 
FR-3N 
FR-3N 
FR-3N 
FR-3N 
FR-3N 
FR-3N 
FR-3N 
FR-3N 
FR-3N 
FR-3N 
FR-3N 
FR-3N 
FR-3N 
FR-3N 
FR�3N 
FR-3N 
FR-3N 
FR-3N 
FR -3N 
FR-3N 
FR -3N 
FR-3N 
FR-3N 
FR-3N 
FR-3N 
FR-3N 
FR.-3N 
FR-3N 
FR -3N 
FR-3Yb 
FR-3Y 

a .  FR-3N type i s  3/C #4 AWG ( Kerite ) . 
b .  FR-3Y type i s  7/C #4 AWG ( Keri te ) . 
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End  I nstrument/Component 

Pressuri zer Heaters 
Pressuri zer Heaters 
Pressuri zer Heaters 
Pressuri zer Heaters 
Pressuri zer Heaters 
Pressuri zer Heaters 
Pressuri zer Heaters 
Pressuri zer Heaters 
Pressuri zer Heaters 
Pressuri zer Heaters 
Pressu�i zer Heaters 
Pressuri zer Heaters 
Pressuri �er Heaters 
Pressuri zer Heaters 
Pressuri zer Heaters 
Pressuri zer Heaters 
Pressur i zer Heaters 
Pressuri zer Heaters 
Pressuri zer Heaters 
Pressuri zer Heaters 
Pressuri zer Heaters 
Pressuri zer Heaters 
Pressuri zer Heaters 
Pressuri zer Heaters 
Pressur i zer Heaters 
Pressur i zer Heaters 
Pressuri zer Heaters 
Pressuri zer Heaters 
Pressuri zer Heaters 
Pressuri zer Heaters 
Pressuri zer Heaters 
Pressuri zer Heaters 
Pressuri zer Heaters 
Pressuri zer Heater s 
Pressuri zer Heaters 
Pressuri zer Heaters 
Pressuri zer Heaters 
Pressuri zer Heaters 
Pressuri zer Heaters 



TABLE C-2 . CABLE IDENT I F I CATION FOR ELECTR I CAL PENETRATION R405 

C i rcui t # 

A l 23C 

H 289C 

H 30 1 C  

H 337C 

H 359C 

Type 

FR-9EEa 

FR-9EE 

FR-9EE 

FR-9ccb 

FR -9CC 

E nd I n strument/Component 

ReactorJ Cool ant Dra i n  Tank Pressure H i/Lo 
A l arm WDL-PS- 1 20 1 - 1  & 3 ( Static-0-R i ng }  

RC-P-lA O i l  Pressure A l arm RCP56-PS2 , 
RCP56-PS5 ,  RCP59-FS2 (Al l i s  Chalmers ) 

RC-P-2A O i l Pressure A l arm RCP56-PS7,  
RCP56-PS 1 0 ,  RCP59-FS4 (Al l i s  Cha l mers ) 

Reactor Cool ant Pump Current Transformers 
RC-P- lA  CTs ( Al l i s Chalmers } 

Reactor Cool ant Pump Current l ransformers 
RC-P-2A CTs ( Al l i s Cha lmers } 

a .  FR-9EE type i s  2/C # 1 2  AWG ( Keri te ) . 
b .  FR-9CC type i s  4/C #9 AWG ( Kerite} . 
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TABLE C-3 . CABLE IDENTIF I CATION FOR ELECTR ICAL PENETRATION R406 

Ci rcui t # 

I T23471  

I T2351 1 

I T35G61 

I T.3572I 

I T3596I 

TD  9481 

Type 

FR-1 5AAa 

FR-1 5AAa 

FR-1 3Ba . 

FR-1 3Ba 

FR-1 3Ba 

FR -1 5EEb 

a .  1 / C  #22 AWG (Anaconda) . 
b .  4/C # 14  AWG ( Ker i te ) . 

E nd Instrument/Component 

Heactor Cool ant System D i fferent i al Pressure 
Transmi tter RC 1 4A-dPT l Hot Leg "A" ( Bai l ey )  

fteactor Cool ant System D i fferenti al Pressure 
Transmi tter RC 14B-dPT l Hot Leg "B "  ( Bai l ey )  

Steam Generator Lo�se Parts Moni tor 
YM-VE- 7026 ( Rockwe l l )  

Steam Generator Loose Parts Mon itor 
YM-VE-7028 ( Static-0-R i ng ) 

Steam Generator L oose Parts Mon i tor 
YM-VE-7024 ( Rockwel l )  

Reactor Cool ant System Dual RTD 
Hot Leg "A" RC4A-TE2 ( Rosemount ) 
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TABLE C-4 . CABLE IDENTI F I CATION FOR ELECTR I CAL PENETRAT ION R504 

C i rcu i t  # Tlee E nd Instrument/Comeonent 

I T35 19C FR-9EEa Reactor Cool ant Syste� Hot Leg "A"  Pressure 
Swi tch RC-PS-736 1 ( Stat ic-0-R i ng )  

M B  1 33C C· FR-9HHb L i mit  Swi tch on Motor Operated Va lve (MOV)  
NS-V 1 00 { L imi torque ) 

M B  1 49C FR -9HH L imi t Swi tch on MOV CA-V4B ( L imi torque )  

MB 1 93C FR-9HH L imit  Swi tch on MOV WDL -V271 ( L imi torque ) 

MD 1 1 4C FR -9HH L i mi t  Swi tch on MOV CF-V 1 B  { L imi torque ) 

MB 200C FR-9HH L i mi t  Swi tch on MOV CF-V i i 5  ( L imi torque ) 

M B  367C FR-9HH L imi t Swi tch on MOV CA-V 1  ( L imitorque } 

M B  437C FR-9JJC L i mi t Swi tch on MOV MU- V1 B ( L i m i torque} 

MD 1 7C FR-9JJ L im it  Swi tch on MOV CF-V l B  ( L imi torque ) 

MD 68C FR-9JJ L imi t Swi tch on MOV I C-Vl B ( L i mi torque } 

a .  FR-9EE type i s  2/C # 1 2  AWG ( Kerite ) .  

b .  FR-9HH type i s  7/C # 9  AWG ( Keri te } . 

c .  FR-9JJ type i s  9/C # 1 2  AWG ( Keri te ) . 
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TABLE C-5 .  CABLE IDENTIF I CATION FOR ELECTR I CAL PENETRATION R505 

Ci rcu i t  # 

ML  78P 

MM 1 3 1 P  

MP 1 9P 

MP 25P 

MP 3 7P 

MP 43P 

MP 45P 

MP 5 1 P 

MS 88P 

MS 1 28P 

Type 

FR-3YYa 

FR-3YY 

FR-JLb 

FR-3YY 

FR-3YY 

FR -3L 

FR-3YY 

FR -3YY 

FR-3YY 

FR-3YY 

E nd Instrument/Component 

Power Cab l e  for Motor Operated Val ve {MOV}  
WDL-V l26  

Power Cab l e  for Motor Operated V a l ve {MOV}  
WDL-V l 2 7  

Power Cab l e  for Oi l L i ft Pump RC-P-28 
( Al l i s  Cha lmers ) 

Power Cab l e  for Backstop Lube Pump 2-2B-l  
(Al l i s Chal mers ) 

Power Cab l e  for Backstop Lube Pump 2-28-2 
(A l l i s Chalmers ) 

Power Cab l e  for O i l L i ft Pump RC-P-2A 
( A l l i s  Chalmers ) 

Power Cab l e  for Backstop Lube Pump 2-2A- l 
(Al l i s  Cha l mers ) 

Power Cab l e  for Backstop L ube Pump 2-2A-2 
( Al l i s  Chal mers ) 

Power Cab l e  for MOV WDL- V 7  

Power Cab l e  for MOV CF-V2B 

a .  FR-3YY type i s  3/C # 1 2  AWG ( Ker i te ) . 

b .  FR-3L type i s  3/C # 1 0  AWG ( Ker i te ) . 
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TABLE C-6 . CABLE  IDENT I F I CATION FOR ELECTR ICAL PE��T�A7iC� R534 

Ci rcu i t  I# Type E nd I nstrument/Component 

I T2360C FR-1 3AAa Out of Core Neutron Detector N I -6 
( West i nghous e }  

IT2362 I  FR- 1 3AA Out of Core Neutron Detector N I - 6  
( West i nghouse ) 

I T2364 l FR- 1 3AA Out of Core Neutron Detector N I - 6  
( Westi nghouse ) 

I T2366I FR-1 5AAb RCS Pressure Transmi tter RC3A-PT2 Hot 
Leg "A"  ( Rosemount ) 

I T2368C FR -9EEC RCS D i fferen t i a l Pressure Transmi tter 
RC l 4A-dPT2 Hot Leg "A" ( Bai l ey }  

I T23701 FR-1 5AA RCS D i fferent i a l Pressure Transmi tter 
RC 14A- dPT2 Hot Leg "A" ( Foxboro ) 

IT247 2 I  FR- 1 5AA RCS Pressure Transmi tter RC3A-PT 2 
Hot Leg "A" ( Foxboro ) 

I T35781 FR- 1 3Bd Loose Parts Mon i tor YM-VE-70 1 8  
( Stat i c -0-R i ng )  

IT3581 I FR- l 3B Loose Part s Mon i tor YM-VE-70 1 9  
{ Stat i c -0-R i n g )  

IT3590 1 FR- 1 3B Loose Parts Mon i tor YM-VE-7022  
( Stati c-0-R i n g )  

IT3599I FR·· l 3B Loose Parts Mon i tor YM- VE-7025 ( Rockwel l )  

I T40791  FR -9EE RCS D i fferent i a l Pressure Transmi tter 
RC - 1 4B-dPT2 Hot Leg " B "  ( Bai l ey )  

I T4080 1 FR-1 5AA RCS D i fferent i a l Pressure Transmi tter 
RC 14B-dPT2 Hot Leg "B "  ( Bai l ey }  

TD950 I FR-1 5EE RCS Temperature E l ement RC4A-TE3 Dual RTD 
Hot Leg "A" ( Rosemount ) 

a .  FR -1 3AA type i s  1 /C # 1 6  Tr i ax ·i a 1 ( Anaconda ) .  
b .  FR- 1 5AA type i s  2/C # 1 6 AWG Sh i e l ded ( R aychem , Samue l Morr i s ) . 
c .  FR-9EE type i s  2/C #1 2 AWG ( Keri te ) . 
d .  FR- 1 38 type i s  1 /C #22 AWG (Anaconda ) . 



TABLE C-7 .  CABLE I DENT I F I CATION FOR ELECTR I CAL PENETRATION R50 6  

Ci rcu i t # �-
H 348C FR-9cca 

I T2750C FR-9EEb 

I T281 0C FR-9EE 

I T3528C FR-GGC 

I T281 4C FR-9EE 

I T281 6C FR -9EE 

I T281 8C FR-9EE 

I T2820C FR-9EE 

I T301 6C FR-9JJd 

MC1 25C FR-9EE 

MD1 25C FR-9EE 

MM1 34C FR-9HHe 

MP 3 1 3C FR-9KKf 

MS22C FR-9HH 

MS45C FR-9HH 

MS69C FR-9HH 

MS76C FR-9HH 

E nd I nstrument/Com�onent 

Current Transformers for RCP-28 ( Al l i s Chalmers ) 

Core F l ood Tank Level Transmi tter CF2-LT2 
( Bai l ey )  

A i r  Hand l i ng Temperature Swi tch AH-TS-5024 
( Penn Control ) , 

· · 

N i trogen Man i fo l d  Pressure Swi tches NM-PS-4 1 74,  
4 1 75 ,  14o4 ( Stat i c -0-R i ng )  

A i r  Hand l i ng Level Swi tch AH-LS-5006 ( Gems Dv 
DeLaual ) 

A i r  Hand l i ng Level Swi tch AH-LS-5007 ( Gems Dv 
DeLaual ) 

A i r  Hand l i ng Level Swi tch AH-LS-5008 ( Gems Dv 
DeLaua l ) 

A i r  Handl i ng Level ' swi tch AH-LS-5009 ( Gems Dv 
DeLaual ) 

Intermed i ate C l osed Cool i ng L iq u i d  Mon itor 
I C-R- 1 091  ( V ictoreen ) 

L i mi t Swi tch on CF-VlA ( L im itorque ) 

L im it  Swi tch on CF-V l B  ( L im itorque ) 

L i mit Swi tch on WDL-V l27  ( L imi torque ) 

Fuel  Hand l i ng Transfer Carri age FH-A-48 

L im it  Swi tch on CF -V3B ( L im itorque ) 

L i mi t Swi tch on RC-V3 ( L imi torque ) 

L i mi t  Switch on RC-V l 23 ( L im itorque ) 

L imit  Swi tch on RC-V l l 7  ( L i mi torque ) 
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TABLE C-7 .  ( cont i nued ) 

Ci rcu i t  # 

MS90C 

Type 

FR-9HH 

FR-9HH  

E nd Instrument/Component 

L imi t Swi tch on WDL-V7 ( L i mi torque ) 

L im it  Swi tch on CF-V2B ( L i mitorque ) 

a .  FR-9CC type i s  4/C #9 AWG ( Ker -i te ) . 

b .  FR-9EE type i s  2/C # 1 2  AWG ( Keri te) . 

c .  FR-GG type i s  5/C # 1 2  AWG ( Ker i te ) .  

d .  FR-9JJ type i s  9/C # 1 2  AWG ( Ker i te ) . 

e .  FR-9HH type i s  7/C # 1 2  AWG ( Keri te ) . 

f .  FR··9KK "' "pe i s  1 2/C # 1 2  AWG ( Keri te ) . 
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TABLE C-8 . CABLE IDENTIF I CATION FOR ELECTR ICAL PENETRATION R60 7 

Ci rcu i t  # T�pe E nd I nstrument/Component 

H 279I  FR-1 5vvva Reactor. Cool ant Pump { RCP)  Lube Oi l System 
D i g i ta l  Log i c  ( Stat i c -0-R i ng }  RCP58-FS 7 ,  
RCP60-LS7 , RCP59-FS 7 ,  RCP60-LS8, RCP56-PS 1 6  

H 28 1  I FR-l swwb RCP O i l Level H i -Lo A l arm RC-P-l B { Al l i s 
Chalmers } RCP61 -LS7A, RCP61 -LS8A ( Stat i c -0-R i ng )  

H291  I FR-1 5VVC RCP L ube Oi l System D i g i tal  Log ic  RCP58-FS1 , 
RCP60-LS1 , RCP59-FS1 , RCP60-LS2 , RCP56-PS1  
( Stat i c-0-R i ng ) 

H 293I FR-1 5WW RCP O i l Level H i -Lo A l arm RC-P- l A  ( Al l i s 
Chalmers ) RCP61 -LS 1 A ,  RCP61 -LS2A ( Stat i c -0-R i ng }  

H 3031 FR-1 5VVV RCP Lube Oi l System Log i c  Rel ays RCP58-FS3 , 
RCP60-LS3,  RCP59-FS 3,  RCP60-LS4, RCP56-PS6 
( Stati c-0-R i ng )  

H 305I  FR-1 5HHHd RCP O i l Level H i -Lo A l arm RC-P-2A ( Al l i s 
Chal mers } RCP61 -LS3A , RCP61 -LS4A ( S,at i c-0-R ing } 

H 31 5 I FR-1 5VVV RCP L ube Oi l System Log i c  Rel ays RCP58-FS5 , 
RCP60-LS5,  RCP59-FS 5 ,  RCP60-LS6 ,  RCP56-PS1 1 
( Stat i c-0-R i ng ) 

H 3 1 7 1  FR-1 5WW RCP Oi l Leve 1 h i  c ! _o A 1 arm RC-P-2B ( A  1 1  i s  
Chal mers } RCP61 -LS5A, RCP61 -LS6A ( Stat i c -0-R i ng )  

I T 1 3201 FR-1 5AA R . B  Coo l i ng Co i l  "D"  Out l et Flow Transmi tter 
RR-FT- 1028 ( Foxboro ) 

I Tl 322 I FR-1 5AAe R . B  Cool i ng Co i l  " E "  Out l et Flow Transmi tter 
RR-FT- 1 029 ( Foxboro ) 

I T 1 535I  FR-1 5WW Steam Generator Level Transmi tter SP-1 A-LT3 and 
LT5 ( Bai l ey )  

I T 1 554I FR-1 5WW Mai n Steam Generator Loop PrP.ssure Tr�nsmi tter 
SP-6A-PT 1 and SP-6B-PT1 ( Foxboro ) 

I T 1 7691  FR-1 5AA Reactor Cool ant System ( RCS } Low Range Pressure 
Tran smi tter RC-3A-PT5 ( Foxboro Rosemount } 

I T2074I FR-1 5WW Steam Generator Level Transmi tter SP-A-LT l 
( Bai l ey )  RC22-PT1 , RC22-PT2 ( Foxboro ) 
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TABLE C-8 . ( cont i n ued ) 

Ci rcu i t  # 

I T23 1 4 I  

I T24331  

I T24371  

I T244 1 1 

I T2443I 

I T2445I  

I T2447I  

I T2449I 

IT245 1 I  

I T2457 I  

I T2459 1 

I T24641 

I T24681 

I T2478I 

I T2737 I  

___!l!!L_ 
FR- 1 5AA 

FR- 1 5AA 

FR- l SAA 

FR-l SAA 

FR- 1 5AA 

FR-l SAA 

FR- 1 5AA 

FR-l SAA 

FR-l SAA 

FR-l SAA 

FR- 1 5AA 

FR-1 5AA 

FR-1 5WW 

FR-1 5WW 

FR- 1 5AA 

FR-1 5AA 

FR- 1 5AA 

E nd Instrument /Component 

Waste D i sposal L iqu i d  Pressure Transmi tter 
WDL-PT- 1 202 ( Foxboro ) 

Pressure Rel i ef Tank Level Transmi tter 
WDL-PT- 1 20 7  ( Foxboro ) 

WDL Out l et Pressure Transmi tter WDL-PT-1 2 1 1  
( Foxboro ) 

Fu l l  Range Level Transmi tter Steam Generator 
loop "B " S P - l B-LT l ( Ba i l ey )  

Operat i ng Range Level Transmi tter Steam 
Generator SP- 1 B-LT2 ( Ba i l ey )  

Start Up Steam Generator Level SP- 1 B-LT4 
( Bai l ey )  

R . B . Emergency Cool i ng Water F l ow Transmi tter 
RR-FT- 1025  ( Foxboro } 

R . B .  Emergency Cool i ng Water F l ow Transmi tter 
RR-FT- 1 026 ( Foxboro ) 

R . B .  Emergency Cool i ng Water F l ow Transmi tter 
RR-FT- 1 027 ( Foxboro ) 

RCS Pressure Transmi tter RC22-PT3 { Foxboro ) 

RCS Pressure Transmi tter RC22-PT4 ( Foxboro ) 

RCS level Transmi tter RCl -LT l ( Bai l ey}  

Steam Generator Leve l Transmi tter SP-6A-PT 2 
( Foxbor·o } 

Steam Generator Leve l Transmi tter SP- 1 A-LT2 , 
SP-1A-LT4 ( Foxboro ) 

RCS Leve l Transmi tter RCP-LT3 ( Ba i l ey )  

RCS Le11el  Transmi tter RCP-LT2 ( Bai l ey }  

Core F 1ood Tank Pressure Transmi tter CF l -PTl 
( Ba i l ey)  
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TABLE C-8. ( cont i nued ) 
-------------------------�--�:iol:� 
Ci rcui t  # 

I T2738! 

I T27391 

IT2740I 

I T274 1 1 

I T27421  

I T2743 1 

IT2744 1 

I T2822 I 

IT3079I  

I T3080I 

IT308l I 

I T3082 1 

IT40781 

IT4 1 1 9 I 

I T41 2 1 1 

I T4 1 2 3 I  

I T41 251 

I T4050I 

I T40571  

Type 

FR-1 5AA 

FR-1 5AA 

FR- 1 5AA 

FR-1 5AA 

FR-1 5AA 

FR-1 5AA 

FR-1 5AA 

FR-1 5AA 

FR- 1 5BBf 

FR - 1 5 BB 

FR- 1 5BB 

FR-1 588 

FR-1 5AA 

FR-1 5AA 

FR-1 5AA 

FR-1 5AA 

FR- 1 5AA 

FR-1 500 

FR-1 500 

E nd Instrument/Component 

Core F l ood Tank l evel Tr�nsmi tter CF2-LT1 
( Bai l ey )  

Modi f ied 09-30-82 for A irborne Part icu l ate 
Moni tor YM-UR-2 <_ . 

No I nstrument 

C .  F .  Pressure Transmi tter CF 1 -PT2 ( Foxboro ) 

C .  F .  Pressure Transmi tter CF2-PT2 ( Bai l ey )  

C .  F .  Pressure Transmi tter CF1 -PT4 ( Foxboro ) 

C .  F .  leve l Transmi tter CF2-LT4 ( Bai l ey }  

Intermedi ate C l osed Cool i ng Di fferent i al 
Pressure Transmi tter I C l O-dPT ( Bai l ey )  

N o  Instrument 

RCS Return F l ow Transmi tter MU1 0-FT2 ( Brooks } 

RCS Return F l ow Transmi tter MU1 0-FT3 ( Brooks ) 

RCS Return F l ow Transmi tter MU1 0-FT4 ( Brooks ) 

Mai n Steam Generator Loop "B"  Pressure 
Transmitter SP-68-PTl ( Foxboro ) 

RCP Seal Cav i ty Pressure Transmi tter RC-22-PT5 
( Foxboro ) 

RCP Seal Cav i ty Pressure Transmi tter R C-22-PT6 
( Foxboro ) 

RCP Seal Cav i ty Pressure Transmi tter RC-22-PT7 
( Fo)l:boro ) 

RCP Seal Cav i ty Pressure Transmi tter RC-22-PT8 
( Fo)l:boro ) 

RCS Vi brati on Mon i tor RC-VE-7887, 7888, 7889, 
7900, 790 1 ( IRD ) 

RCS V i brat i on Mon i tor RC-VE-7892 , 7893, 7894, 
7895, 7896 ( IRD ) 
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TABLE C-8. { cont i nued ) 

Ci rcu i t  # Type E nd I nstrument/Component 

I T40641 FR-1 5009 RCS v·i brat i on Mon i tor RC-VE-7892 , 7893, 
7895 , 7896 { IRO ) 

I T407 1 I  FR-1 500 R CS Vi brat i on Mon i tor RC-VE-7902 , 7903,  
7905 , 7906 ( IRO ) 

a .  FR-1 5VVV type i s  6/C ( 3-PR ) #1 6  AWG Tws and Sh l d  ( Spec Jacket ) 
( Anaconda ) . 

b .  FR-1 5WW type i s  6/C ( 3-PR ) # 1 6  AWG Tws and Sh l d  (Anaconda ) . 

c .  FR- 1 5VV type i s  1 2/C  ( 6-PR ) # "1 6 AWG Tws and Sh l d  ( Spec Jacket ) 
( Anaconda ) .  

d .  FR-1 5HHH type i s  6/C # 1 6  AWG Sh i e l ded ( Spec Jacket ) Anaconda) . 

7894, 

7904, 

e .  FR-1 5AA type i s  2/C #1 6 AWG Shi el ded ( Rayche,n , Anaconda , Samue l  Morr i s ) . 

f .  FR-1 588 type i s  3/C # 1 6  AWG Sh i e l ded ( Anaconda ) .  

g. FR- 1 500 type i s  1 8/C ( 9-PR ) #1 6 AWG Tws and Sh l d  (Anaconda) . 

0 1 056 

. ' 


