
GEN.,.....OS8 
August 1984 

........... c.._t III" •• • U.LDi" ... iI •• ., ..... .. . 

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

.. ".~ . .,-... DIN'IDYI·I=If~ ·nISJRllENt~tICII····~· ..••.... · ....... . 



.. 

DISCLAIMDt . 
, '. ' 

t'IIis np:II't .. ~ _ .. accout of wort .......... b.r _ .....,. of .. U .... SIaIIS 
GoJciamat. Ne.idIcr''' U ... s..ta GcweI ____ uy ....,. tIIcnIal. __ .., fill ... 
empIoyca.'lIIIIIba ..,......,.. apnaor iaIpIir:d. IX' ___ ..,. JeplIidlililJ" .....--
biIity for. .. 1CICIIrlICy. QIIIIII' ...... or ....... fill.., .......... III'· .... ~-
proca5 '1fitdaIat. - ~""'its _1IIOUI4 ... iafJiIp Jrir*:IJ --........ -

". , ,". . 

G£~t~~..:o~lr· . 
. . , . '; -. . 

·D£85'00394. 
CIICII __ to.., 1I(IIICiIic~ _lid,; ~ _ ..... "Y ...... -. IDiI' . d:.. 
1II.IIIUfa:tuw. _ ~ ....... JIIICIaIIIIiIy. CIC*Iil1IIc or ...., iIs '.... .. ___ 
~ ...... b.r.- U .... s..ta ao.a .... ar...,. ~ tIiIIeIIf. 'DIe'" 
_ .... of ..... ~ ..... lID ... ......, state _ ......... IIIl _ 
unW s..ta GcMa . rn _ ...,. iIFK7 tIiIIeIIf. . 

IRRADIATION TEST REPORT --FOX"'O Ell6M..lllY JIY~31At .' 
'. AND:FLME RETMIJAIT<ETHYLElIE PROPYlEIIEllmlllJElTATIOI."CA8l..E 

" ' .- ,,- , - . - - '''','-' r·.',,· • . ... 

MerlinE •.. Y_~y .. 



ABSTRACT 

, , 
"'}hiS,:~~t<s"""' .. izesthe results of a 'test ...... desiqnedto 

"~." '..' '. . 

·':~esc,lve.theror not pressuretran_ttterslocated on the core flood 
't:ahksatThree-~ileIsland Unit 2 (lMI-2) 'during the accident of 'March 28. 

1919perfon.f,wUhinthe1rcal1brtt,1anl1.itsdu..ingthe periods of hiqh 
·I"acliatiori~· TWOF¥JJCboro tran_Uters .done Bal1eytran_ftter. 2ach with 

;cablfng. Were subjectedtoirradiattonat a test facility at the 
........ -:. __ ~c, ..... _ ........ 'IAII_ ... ftll Laboratory. The1rrad1at1an test was designed 

fgibleshift.:Tlleassocfa!edcabling , 
......... reSfstance'of.·.101 at'J~35;x'107"R TID. 

.. 
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. , 'I1lRADIATION
i;iEST REPORT --FOXBOROEHSM,8AILEYB13X31A, . 

. " . MD· FlME RErAROAfllT ETHYLENE PROPYLEIE.· INSTJl .. NfATIOI CABlE 
- ~ --~ , 

INTRODUCTION 

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

. S,even pressure tranSilitters flUl the core flooc;1t-"tsat Three,'Mile . 

Island Unit 2 (TMI-2) had previouSlyilee;lr.e.oved ~ __ ' ~JJ~in~. :rhes~ "., . 
pressure tranSlllitters included four BaiTey:Meter CoiIpanyModel BY231XA . 

. . . 

tranSfttittersdesignated CF-2-ln, CF-2-LJ2. CF-2-LT3~and CF",:2~lT4 us@d~o 
measure water level and three Foxboro COIIP_y .. .odel EllGl1t-HSADl preSsure .' 
transmitters; desiQnated.CF-1-PT-1; Cf .• j",PT3, and CF-1~PT4. Two of ·the 
Bafley units failed during or shortly.fter the accident as a result of 
water intrusion tnto the electr0n1cs. Both Foxboraunits<survived the . : . . . 

accident in excellent·con.:lftion with · sensitivity shffts of 0.2 ant: .:0.241 
and zero shifts of 0.061 and 1.341. The survivfng BaUey unit had a 
sensitivity shift of 1.01 and a zero shfft of 2.91. These trlltSllittersare 
discussed in References 1. 2. and 3'-Considerinca the severe ,d..age to the 
TMI-2 core withcorrespondfnqlargerelelSesoffisston prOducts and peat 
radiation levels esti_tedat f.-.l x 10·:t02 x 105 Rill 
(Reference 4), a questfon was rafsedas to the aecuracyofthese' 
tran_itters durfng peat radfatfonlevels. '.' 

This test progr. was therefore desiqriedto detect·chanqesin 
operational characteristics unclerconditJonssi.ilar .totheacCident 

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

envirol'llllent at llU-2.Theaetual tran$ll1ltters tested weren·ewunits·and:· 
'. .-. - -. ", - . ;1.-. .. " . ',' .:'"".. . ....... ··; •. f.:.-.' •. --··· 

had-different pre5suresensitivlty ranges than the < units :·i"eIIoVed from .', .. 
ntt~2 •. but·were electrically the' s..e.;·····~,.te.st· ~ilS~lSO·~i~:tO: ".:. 

fnclude ·the assoC'iated cablints.tolllfDta1ntfrcuitd:.ndfti .. ~,to.~;:'C:'losk 
toactujllcoftlJitiOns as jJosS.ib le. _...... . ", . ..":>..... .::>:' ... ' .... 

. ~.' ' 
'. . .~: ':--'~." . ~\'. 



>: 21-:,~~::,~,~,,:':;r::?~··"i:;·;'~"'i;;!;-:/~~;:----·~/ . ;~;:;' . -:"; ~': ... ,-. -. ". ~. ',,' -<",' - . 

;t~~;!tl~'((S,~;(:':'~'\;:'~~'r :,.:~;':~,' '.','." 
',', ,-'-" ;i~,~::::-.. -._-;~.:-· 'i'<::.:' ";"::=:,-' >':>:. 
:;~~;d:~ _', ~_~ ~; -' ._ i C-••• • \, , •• -~~ ',," ',-:'.;, .' 

t<;i~?'~i:f''"("J~J~; ·.···~t'a!i.m"ableSUS"",;lthtltese tranSil1itcn wa. __ if led 
':::..~~'~~~.!~~~~It;t~AA~>'·~~"'::c~r.ktra~ion .an~actuftd'the . cable installed with 
<.{'" ··th~,t-ori/fl.;o:d.trlnSliitters "at TltI .. 2, &OJ!. Anaconda Industries .' supplied the 
···.·~<;~~~ .. ~~le~)·:;·· .' . . . . .' . '. .... . : ..... . 
' .. ~. ',' <',,:< 
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.. 
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TABLE 1;. sPECIFICATIONS OF' FOXIDO 11 TRUSMITTER, MODEL EIIQ1";HSADl 

. "In~t range Haits' 

Test range . 

Supply voltage li.Its 

. Test yoltage 

Outpqt . load 

, OutpUt .·current 

Maxi .. workfngpressure 

, _Ufier' 

100 to 1000 psi 

SOO psi 

30 to 95Vdc 

7OVdc: 

500ohlis~ " 

10 to;50 IIA de ' . 

1500p~i' ' 

,.,143SY 

. '!'. ' 

TABLE 2. SPECIFICATIOIS Of FOXBORO'2 T~lmR.MODEL El16M-HSAOl 

Input range 1i_its 

Test range 

Supply voltage li.Its 

Testyoltage 

Output load 

. Output current 

....... 
. A,IIIplifler 

. ,. 

100 to 1000 psi. 

500 ,psi 

30 to 95 Vde 

70·,* 
500 ohM 

10 to 50-.\ cit 

1500 psi 

10143$Y' 

.. ' .' .. ..... . 

TABLE.3. SPECIFICATIOIS 'OF BAILEY ·TRMSIIlTtER •. MOOEliY3.b"'~ 



..' . 

.Conducbr/wire. s'ize . . : . . . -
. . . 

. '; Manufacturer' 

. . . 

·· •. Ov~.H· 'jacket ..••.. 
", .:: ,'~ • 0{ • 

· .' ':"~.'"ut_rated,ol~as.! 

.2/AJIi&#16 Shielded 

"Anaconda 

. FllIII!~retardant ethylene' 
propylene .... 

'Chlorinated pOlyethylene 

600 volts . 

, 

., 
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'" ' _:~!'<";:. r.<"?::,:. _ ,~, :~-.c"":":(.~?'>'if;F 
IRRAOIATIOIf TEST P(A -: - ;", '" " . ~ '::. "\i<~':- .... 

Of tb:h;I~~t:i~w~t;;7!li~j1~~t~j0::-~ 
. rates arid',acc .... late(ldose:levelSi.,.FOXbOl"ottaftSlittt·" "' .. "" ...... ' . 

. cot led aIJClPl~edln:theC.fSter·and$"'jectedtoapproxi_fell:~s.e 

. !:~:~:2\jE~;: •• ·~:t!lE~t:!.2::~:*~~!: 
frradiatfor,'testfngfor lII!asur~.nts~· ~ftb253;t"~Ofled"aneI,""'je(f in the, 

. "<'-'-" >:. . .".; : .,' :-,,>.~' : .... ~,',<.<-;:>'\':. :.: ,",'-- " .::.:.~'.-. -:"' .- ..... :.... .' ::", ."-,~: :,.,",-: ,,':"; '.~"::, ··,,:.::<---;ft~~{,~:. :'" ,.' 
canister.'·.·. Figure 1 shOllls···t .... t ... ~t~.-s'aftdcabJing·aS ... ted~.;f,or the 
test. ' :>;"<' .,'. , c 

With the tr"'SIIfttersa'*'~"'11", 'j'l llTllII_If,t: •• $ dt!SCIr:'1bt!d.;..' 

possib letdobtatn data on the .:~' .~" 'f' '1.'" ..... lIte. 





• 

The cable lleasuraents included c:~ac:i'tance. inductaRce;iJllpedance, 
insulatiCJlt resistance. and lOop resistance.. In addition tothe~e, 
ftleasur~ts. theeab lei s resonallt frequency was recorded andusf!cl'to 
IIlOn1ttt"Changest~ tliedielectr1c cOIIst .. tof theCab'lefnSQlatfbn.,. Tille . 

. doNin refleeta.etry{TDR) data was also rec.,...dprfor to aftd tiQ;fngthe 
test. . ' . 



JRRADIAT!ONTESTFACILITY 

,,'tii~'i~ii~;~4~.l.as'CondUC;~in the, Advont:edjest Reador (ATRI 
La~~'6"",,':"f~1'1]ti;,t the ldaholat1onal En91neeringLaboratory. (INEL) .. 

. nri~:Jfjtilftj:';a~'ciesignectto u~efuel remvedfroMthe. ATR as a source of 
···.,g;r_~,~jd1~ir»p~Ttteirradiation T~st Facility included the large canister 

"rJ,wtiieh',theb':ansafttersand cables were IIOmited. This canister was 
'. "'dPp~oX1matel;48fn;'highbYl8 in .. in di_terand was designed to be . 
···l~r'ed·jn!;.oa fli.!l holding fixture at the bott_ of·the ATReallal. 
. Figure 2sbnwsa c.~p~s~ection of the ATR large G_ Facility. the 

cartfster..andthtfthreetrans.itters" The fuel holding f'ixture was' 
. 'designed t~hold>eig!lt ,oftheATR fuel assetllblies. thus proviiing aunifor'II' 
". ; r.ad fati en field to theftellS being· irradiated. 

Pr10l"to the start of testir.g. three fuel loading arranQelll!ftts .ere 
selectedtoprovi~the desired irradiation dcse ratE!-'.and a profile of 

.' .;the~adiatio~ levels 'In the canister for each of. the three fuel loadings 
. .·.as'<obtain,_d. 1h~ cab Ie and tranSMitters being tested were located in the 

·:atea..of·~hecan1s~er .si!bjectedto the IIUf .. radiat1on~ 
.' . >' '.... ,.... .'. ~ . 

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

'. 'Th4!call'lster wasdesiq~ to anN IIOnitoringof the !"Miation dose 
irradiation test. 

• 
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. IRRADIATION MfASlIREfEIITS 

" .' •.. ·R:.1at!~oncolldjtfons in the test canister were lIIOfIitcredat var.ious 
. '·;;·:interva1s"'ing the test. Both~e rate lleasurements and total . 

• ·· .• cc ... i.ted~g ... doses were.easut-ed. A Vfctoreen roe!Itgen rate _ter •. 
Mo.l"SlOwithan afrf111ed iCfl1zation ch_er was used to IIOn1tor the 
, " '- ~. - ,,', . , . '. ' - -, -".' " 

,9 ... ·dO$~"r:atesdurjng<thetestfn9. The .total g ... irradfation level 
... ~accUlJfltat~d~tvar1o~sloc.tfons fntlre canfsterdurfng the .test were 

"~otJftdredI/S:l1l!l/ll/re{ithf"'fll/""fde cut' cr»tals.Thesecrptals are 

......• ."SImSftfY~tD ·}onlziflllradf.tfDn ."fchproduce .~ CDlorchllD!le fn the crystal 

. 'witte" vartes:~tOt-dinqtothe tota" absorbed. dose. The . dose rate and 
nortrla'ialilbtenttemPe,.aturehave lftUe e'fectonthe crystals response to 

.: the.total~~:ab$Orbed dose. A d:ua 1 . bea- SpeetrGphotOEter lias used to . 
·",t.ritfnj!,tlle absorbance of the crystals." Thfsdatawas tlM!ncOllPlredwith 
d~taav~t1lblefnJlla set LiF. crystal"calfbration standard which had been 
;·~tibjeCteiFfoknown rad1at.1on levelS •.. ,Tt.e, crystals were analYzed by the 
DeP.,.~~t':~fEoergyRadfolog1cal anct,Env1....ntal Sciences Laboratory. 

, " ~<i " '" ',S .. _ '. " . , . 

.... Thfrty:-e1ghtLiF crys~alstft!relocatf!.'daltvar1ous locations on the 
'"three~ran~1tt~rsa"dthet~cons of cables 1nthe canister. A s .... ry 
·Of·the.data.cObfaf~eclfr_ the'doserate _asllreilents and.theest1Mted . 

>,,>.,total'~_lfose:a~~""lated atthet1I11etheY~1ous>s~tsof test data were .. 
: ... :/:,,:/J;";"" :"_':~:';::~-'~"~-'~<"~-;\:'-;'-':';'7,'", .. ··;'~tr:":;'_:'/~;':~'~::~";."~-(~'~';'<_\·-~i'::-~-:,:>.-·,::.::.~";_, __ .-< j' . ' .'., -~.'" -", .. -'. - ".'. ' , -', 

. t'" "':':, ,.:.Obta1ned'~s.::SlloWn·'!~·:Il.bl_S. . 
-N' ;",: 'i -

• : • ~ < ., ."- r ~ " •• ' - ; 

:~o .,,_/'-'<, '::"',': ; • .. ···....Test$,::l ... ~ri~'~:·')'ere c~.ittt!d . .,Ith ·>~ttiei ;'testassallb 1,,·1 «CIted.' '1n" the . 
.,.,:,.{~.,..."~'; ~,...' .... . ' ... ' '." .•.... ..... ........ ."~" .... the;C~f;~~:"Tests2th~8·hadYarJous fuel 

U];gt~Ui~~bil!~l. ~:l.r .. 9~.~.II!I.,:·'J!"!r.lI'I:···· . rates aS~.;hoMl. .'. i"tj~6 Ii stjthe average total 
M~; ... !'".i,,~:~ieach"cff~; ;. . . ';an~t~':two'CoflS:0f 

l€;,~~;;~j,:',lf'·,j~' .. :.'~y: . ···:d~}t.i,j::'!£;" .'·~.~w:}:H·;i 
:.;- ";,', 

, -.~ 

I 

I 
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TABLES.; IRRAOIATIONDATA 

Approxjute Dose Rate ' 
(radslhl· 

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

. Esti.ated totaL DOse .,. 
. . ··(radsl··· , 

1 
2 

·3 . 
4' 
5 
.6 
7 . 
8 

·9 

:. None •... ' 
1.0 x .. 10'! 
1.O,xJO!s·· 
2.;5 x 10 '. 
2.Sxl~ . 

'. 2.5. x,·l~. 
. 3.6 x'l~' . 
, '3~6'xlOS 

Hone' 

TABlE 6. AVERAGE TOTAl ~CClIIILATED DOSES 

Ita' 

BaUey . 
Foxboro 11 

. Foxboro·' 12 
Cab le-Foxl2' 
Cable-Control 

Itone .' .'. . 
5.5 x1~ 

······E~:'lgi;·>·· 
. \2 .. 4 x·l06···· ". 

. 5 .• 4 ",OG ., 
..8.9 x .106 ...... . 
':H3xJ~~' 

; 1.3 •. 10, 

Dose 
(rads)· 

1;.3 x: 10~. 
1.3 x 10

7 
' . 

1.4 x 10 
1.2 x 107 

'. 1.2 x 107 

. '" ". :.~~ ~: -, .. 
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TEST RESULTS " ' 

Thet'rati.silitt'ers weresubj£C'ted to irr:adfatiQlif1elds on the order of 
x lo!rad~/; th,threetransm1tters r_ainedo~atiOllal during the 

:Jrr"adlatjf)ri:t¢st~h~ver. thangeswereobserved in each of the, 
'transmitteritsiinearityand their zeroandsp., c~aractertstics. A least 

'" ,>squaresmeth()dwa~uSed to calculate the ,bestfft '~traight ,1fne for each 
"""'/:~et'of,calibration:data 'obtafned during the ,test. ·.,"Equations 1 ,thrl)Ugh ~ 

,,~ represe.,t ,the best fit straightlfne obtaineddur,ing Test '1 for 

.. FoxborO'l. Foxboro'2. ,and Bailey transMitters ~pecti¥e1y. 

"lerrA dc)-0.0809O, P .. 10,.08533 

, .. ': . 

, l(1IIA,:ckl='0.7972:'P<+':10.02314 

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

(1) 

(2) 

(3) 

'" ,,,herl!"P· 'rep,.esentthe :appl ied!pressure in 'P~i;tO. tile, FoxbOro' tranSititters 
""'an:~~L· rep~~~ts,the liquid level appHe..to th~}BaileY;tr"'-SII1tter 1n 

'<:'.~:: I .. " "' •. 

.' 

I 
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.. . 

... . . . '. . .', . 

. TABLE 7. 

. Test ' . . Foxboro :.11 / 
, ---- ..' -i 

2' 0.21 j 
. 3 0.41. I 
41.(J4/ 

'5 1.2~~ 
6 ~ .ljJ . . 

";! '-," 

. " ". 

'. o.to~' 
0.,34 
1..11 
.1~31 
1.43 
1.27 
1~47 
1~25· 

" " . '" ',-

.·:8.ile1ti, 

··{·i~·o~i}';<g.'f.L;·' . 
.7~78 ' 

. 1251' 
:14':9& 
15.97. 

. 15~84' 
14~52· 

'; 12~,75. : ... ~-
----__ --~--~~~;P~~~ ... ~.~,~.~------'~.-'--------~ ... ~'-.. -... --.. -'~~-----

" ..' 

TABlE· 8.· . PERcm ,f.INSEJSITIV~Y . 
,Ii ------------ .. ~ .. ----~--------~--~--~----~--~--~---Test! 

2 I . . 3i 
~ 

<-
5 
6 
7 
8 
9 

Foxboro'l 
.; . ;':'" .: .;-

+0.35< 
'.'. +0.17 .'. 

.. 0.05: 
'-0:73 
+0:06 
.~0.46.· 

. ,+0.56. 
""~O~49 

TABlE'9. . PERCENTCHMGEIi ·I.JNEAIUTY·' 

".~ ; Foxboro 11 . 

· F oXbol"o '2 ..... 

. ..0.30' 
+o~l •.. 
..0:15,; 
-0 .. 53 
-l~05' 
.. 0. g,.).,., 
+0.39' 
-O~44' 

BaHey 

-0.32 . 
. :~b~76; 
,~1.17 
·~O.53: 

'. ·~1.08: 
.i~O~,$7.;. c' ...•.•. 

. :g:~: .. ;.,. 



." '.' 

-s 
-;~. -: 

:-''' ,- -/'c,c",ih~~i;neari:tyrepeatabi Htyand.' hysteresis' for elchof the 

.... '-. :"~, ;-t~a,.sml-tti!r~-liasdetennined fn-the three calibration runs that were 
-;-.-:p~J~I~J;~";~:i~rt()and af~~r. theirradiaticm, na.elyduring Tests 11 and 

,,",i'~-.j .. les>10and 11 liSt the data for eaclh of the tranSilitters before- and 

'J'" 

-" - -Jit~~/,the'jf~adiat-ion. 
-;. ". .~. ;..~:;. '. ". :.>.: ::. .: 

,:Thes~~p;respon~edata' acc .... lated durin~ the irradiation is shown in 
" '·Tables:12.>:.li~: and 14. , Th~'delayJ~etweentheti_ the input signal was 

, -, - >'--;-:aPlhied~:~~d the,tranSilittersoutput,startedi to respond was recorded as 
"-3deadti~. - The time required afterthei~putsignal .as _aPplied for the 

. ..... . 

trans...itters output to reachSO and 901 of its output span was also noted. 
-, '.Response t_o increasing and decreasing input signal was recorded • 

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

.' .. ':' 

, ", ""-.-'-. tt.diC::atedli~tlechange in the, tranSilitter's cOlldition. The two Foxboro 

'A visual"inspectionof the 'internal parts of the three tranSilitters ." -." .. ' . '.' . .'. 

,".," ,"-',' ",i"'ansftlittersShQwed only a slight darteningof the ..,lifier's circuit 
,,',' ,-:-~o~rd/-whilj'theinSulatio~,on ,thew1ringtntheseun,1ts showed no signs of 

'--'c ... at:tlngu~>being flexed.I~:'Irithe BaHey- trinSilitter~the- _lifier's 
;cir~uit--bo.td"~cI $~ of the-capacitance on the board had dat'kened with 
/irradiaiionarid-the internal wiring hadbeca.! brittle. By way o'f 

. (:.:., .... ,-. : ..... ::-... . ':, : .'. ' -

,:,;·i-_~;colnP~ris()n. the.wiring,;in-: al:1,theTMI~2~Baneycol-eflood-tranSilitters was 
::-:":;',<'still-f-:~Xiblt!tdtenthe tranSllttte~wereex"ifted at the liEl. This 

~tL~I"~~!~~':'J::·"<~I··I.I·~~;.:;~-:t~a4~:~~i~i:.tO.':lClWeC ,total g~ 
. ' .' . 

. ,.';' .... .:' 
... ~ ',;;~;: 

. .. ..~ . 

.,:.: .. {··::-·r~·· 

:J,:--;-,- ... :'=;";;";;" 
,"1-

-!~'.:~ :~ 
,:.';'.'.'.':':" - ..... 

caDac:1'tcIllCE!-j:1ItclUCtlllC.'-!···.;····~.~ .. cllOOP_:·.-· 

, .. " 

.:: ..... 
'" : 
" . ., .. 
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TABLE 10. TRANSMITTER' PERFORMICE IJEFOREIRRADJATJ~O" .' 

,'lin.earity , 
, "Repeatabi 1 fty 
'Hysteresis ' 

fo~c).12 

,+ 0.25". 
, - O~231 

, •• ~.299 ,', 

, '<~'. 

,', . Bailey 
. ". ' 

-t'(l~]8 , 
-.... ..- 0.145 ' 
. , .' ().169 , ' 

T~LEn.~NSMITTER-PERFClUMlCE _IERIRRADIATtON', 

linearity, , 
R£!IN!atabi1 ity 

, Hysteresis ,,', , 

, 'Foxboro'l" 

+0.11 i 

~0.066 
0.080 

.' ·.Foxbt,-"ol2 " 
. , 

. • .c;:,_ • 

+0~21 
'-"0 .. 067 

0.170 

BaHez 

,+0.30' . 
-0.384 
. ··'O~ 172 

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

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

TABLE 12. STEP RESPORSEDIIUNG IRRADIATION ~~OXBOROI1TRANSMITTER " " (TIME INSECOIOSf ' " " . . ,. , 

l t 'U" ..!L'. -!IL. 

.. ~ 
.3 
4 
5 
'6 

',], 
.8- . ;,9 . ' 

0.15 . 
0.17 .' 

, 0.17 . 
0.17 

, 0.17 ' 

Down,' . -, 
0.04' 
0.05, 
O.OS 
0.05 
0;,;06" .. -~ 
0.05, 
O.'OS' 

...!JL 
"'~_a' 
0~95' 
0.96; . 

.1 

. SOl, 

• ,1:03' hOSt,', 
, l~o&l"" ' __ a., 
1.111. .. 
1.~~! ; 

. ,-', 

'DOWn' '.,..!!IL 

1~5r' , 
1.54, 
1.67 
1.70 
1.75 

, --.. 
1~8i: 
1.7S' 

"Down 
__ a' 

1.44 
1.4'3 
1.40 
1.44 
1.40 '. ..._a 

. ·1.45 
, "'l~4~' , 



. 'DOwn 

.0.04· 
'0;;.04 

0.05· . 
'0;05 

.. 0.05 ..... 
0.05 .;"" __ a,. \' 

'. SOl 

.J!lL 
0.82 
0.82 

g::. 
. .0.94. 
····0.90 .' 

_;.:a· 
0.90 
0 .. 89 

DoWn 

0.63 
. 0.64 
'0.60 
0.58 
0.58 

." '0.57 __ a 

0.57 
0.·S1 

.J!IL 
'1.28 
1.30 
1.33 

. 1.40 
1.43,. 
1.45 

1.45 
1.43 .'. 

Down -
1.37 
1.38 
1.42 
1.44 
1.45 
1.41 __ a 

1.46 
. 1.45 

···.~;:CI~:D~ta.not~y~ilableb~aus~ .ofa data, error on the data disk. uSed for <:'reeard1n!i.' ' . . .. . ... ' . . ... 

901.· 

Down -
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. ' TABLEtS • .. INStn.ATIONRESISTAJICEVERSUS IRR~IUATIO.< - . ," 'l. -. .'. '~',' 

Test 

1 
2 
3 
4 
5 
6 
7 
8 

.9 

Total Radtati ... Dose 
. (rads) 

.. one .' 
·5 .. 5x>104 
1.5 xlm . 

. 1.1x 1!: 
2.4 x 1. !& 
5.4 x lU"'!' 
8.9 x 1~ 
1.3x l~ 
1.3 x 107 

.. Insulation Resistance · 
"(ohBl 
.'. . . 

. '. ".8, x 10& . 
'. &.8x·108· 
61!1xJ~ ...... . 

'. 6~5x "1U':" .., 
6.5>x·1~ . 
6.3. x lOS. ' .. 
6~lx'1~' . 
fi.la 10@ 
6.2x 108 

'.'¥.r 



',,;~}.;( , ,:."the:Cable l sclielectricconstantcan be detenwined';ts a function of 
'_::~:("".: ~<· .. t:<::< -::," -... ".'-:;,:'>,' , • . . 

',,>;':i,-rradfatiO~'J»Yknowfng,the ex;tct length oflhe' control, cable and then 
;>';deterr.,.,rig:the.Cablt!~resonant frequency. During this test. a 

>~liIfeit-P&.ck"d4t92AlowF .. eqUencYIlIIH!dance Analyzer was used w1th a 
",Hewh!tt-PK,kardTransil1ss1on/Reflectfon Kit (HiSM) todeteJ'lll1ne the 
':¢lbl~.·sY~ious,resonant frequencfes. The cable Whfch was not connected to 

;~nytra.SIIIitter Iladth~reson.t frequencfes_asuredfor, both the opened 
~nashorledcOndft1on.. The cable'sd1electrfc constant showt in Table 16 

" ', •. ," :~i$iccJ.put~ .. frGllthe ~ableiJs' i"1rc1'reson .. tfl!'eCl_y~ "ApproxiMately 6" 
,'··'~f;'t:hee'lhe·S:l"'gth was irradiated wi til a 11. fncrease 1n dielectric 

',The,dfel'ectrfc cons~ant was'also cOlllPuted for the cables wh1chwere 
tonnectedto·'tlte,·t~_1tters.· ResonantfrequellcYdata was only available 

, 'for-the ti~-per1ods,"efore and after 1rradiatton[ of these cables. ' The 
• '. " " -,;:'::" '.;: '-"",';" -: • 1 ' • ,! 

, ·cOlllPutedcfielectr1~/constants are shown ill table, 17 • ,Aga1n. the increase 
,·'1n dfelectri~'>~Oftst"t 1s 11. ' ' 

• 

, 



.' 

TABlE 16.CCIft'uTEDDIELECTRICCOHSTMi tic) VERSUSIRRADIATlOfl 

. Test 

1 
2. 
3 
4 
S 
6 
7 
8' 
9 

Total Radiation Dose' .'. (lads)' . 

None. . 
. 5.5 X .. l~.·· 
1~5xlD'" 

. '1.1 xl~· 

.~::: .~g:' 
8.9x,1~ 
1.3x 10 .. 

·1.3 'x 107 

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

CaIJJ,i:;''''fttOIl~~'->' 
..... vr; . 
·2.97 . 
2~98 ...... . 
2.97 
299 . 3:00 . ,., 
3.00···· . 
3.00 
3.00 
3.OQ· 

2.95 
2.96 

>:,2 ... 95 . 
•. 2.97· 

2.ge 
Z~98 
2.98 

'. 2~99-' 

• 2-.99 

a.Cable type i's FR-l5AAand insulation:1$'fl. retardant ethylene 
propylene. .' ..... . . .. 

TABLE 17. CCJlPUTED: DIELECTRIC:.COISJAllTS. (t) -.' OF TRMSttI11£R CABLES .' . 

Ik~ore 
Irradiation 
" ..... {lel . 

2.87 

. '. Cable Condition 

.Open 

. After ". 
. . IrradiatiOn . 

(tl •..• " 

.: :aefOr~ , . .:A't~r·· 
IrractiattCin " . . Itradfat10n '. 
",(t»' . ·;~.(k):· . 

'. ,?]89;:' 



COfCCI-USI9IS 

,,>rfti'twO 'Fo"bo .. otrans ... itterss~sUgiat changes in the calibration 
··(~~a"actirdt1tsasaresult of1rradiation., Variations fn sen!itivityof 

"approili"te1.,lSWere·"otedduringirrad1at1on;however. the net change in 
," - , ,'" :,', . - '- . - -- '- . -" - ... 

tal1br.tfo" "ttheconclusion of thetest'.,as>0II1y aO.SI.decrease in 
"', -" '.' "-' .. ";' ,'. , 

senslUv.t.ff~, thesetran~itters. Foxboro 'Zand Foxboro 11 exhibited a 
~ . _.- - -. .'. " ., -.. . 

zeroslt1ftduringirradiati_of 1.5 t02.Xofspan respectively. When 
'.' -.. . '" '-' <,' .: -,' .-~ -",', .. ,,- . :"'. ' -,' ' . 

. thefuel,.,a~ .... ved ff.'ejli the area ofthetrll'lSilitters.the ad .. zero 
. ·Shift:fri--~hecalibrattC)ndatadecreasedsn_tlYforbothtranSilitters. 

" '.' . .' . 

. . The~Baileytr"SII1tter showecl.,re changes IS a reSult of 
llT ... iattOft~:;n.~'c.nbrati~d.ta:for the Baf1eytranSilitter indicated a 

,¥ • c" .-.' .' • '.. '. 

' ..• :sf!l'lsitivit'y.decre~seofl.l71. _flethe zerosh1fted about 161 of 3pan. 
:1b~,f1ti.fchaftgeSin the $.sfti~ityand zero'sh1ft decreilSed when the fuel 

'····~as r.I!d;.··<The¥isua11n~pectfon re.ea1edtllat Insulation 0" the . 

':~ .. tr._1~ter·s~jntel'llal.lrf~had beCCIIlebr1tt1eas a result of lrradiatlort. 
., 
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