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ABSTRACT 

. ' 
.
·
. }his,:��t<slllllllar izes the results of a ·test progr• desiqned to · · � . · . . . . . . . . 

·, :�esC»lve ttftether or not pressure trans-itters located on the core flood 
· tanks at rflree-�ile Island Unit 2 (lMI-2)

. 
during the accident of'March 28, 

1919 perfonef.wUhin their ca11brtt.1an l1•its dU..ing the periods of hiqh 
- l"acliatfon� -Two F¥JJ(boro trans.1tters and one Bailey tran•ftter, 2ach with 

;cabling. tifere subjected to irradfatton at a test facility at the 
........ -:· --�c, ..... ,. . ....... 'IAII-P'Iftll Laboratory. The frradfatfan test was designed 

fgible shift. :The assocfa!ed cabling · 

......... re5tstance·of···101 at·J�35:x·to7.·
R TID. 

.. 

, 
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IllRADIATION1: tEST REPORT --FOXBORO EHSM, BAILEY Bf3X31A, . - ·· ·AIID- FLME RErAROAfi1T ETHYLENE PROPYLEIE _· 
INSTR.-:NTATIOI CABLE 

INTRODUCTION 

- � --� ' 
. . . · ·. :'.·:. 

' - · . -.'- ._ . 
· s_even pressure tranSIIitters frm� the core flooc;l t-"ts at Three,·fitile · 

Island Unit 2 {TMI-2) had previously bee;l r.e.-,yed �--· �JJ�in�. }hes� .. -c · 
pressure tranSIIIitters included four Bailey:Meter Collpany Model BY231XA · . . . 
tranSJ�titters designated CF-2-lTI, CF-2-LJ2, CF-2-LT3� and CF"':2�LT4 us'!d �o 
measure water level and three Foxboro COIIP.Y ,..odel E11Gllt-HSAD1 preSsure _· 
transmitters ; desiQnated.CF-1-PT-1; Cf .• j ... po, and CF-1�PT4. Two of ·the 
Bailey units failed during or shortly after the accident as a result of 
water intrusion into the electrantcs. Both FoxborO units<survived the . : . . . 
a ccident in excellent . con.:lition with· sensitivity shifts of 0.2 ant: .:0.241 
and zero shifts of O.o061 and 1.341. The surviving Baney unit had a 
sensitivity shift of 1.01 and a zero shift of 2.91. These trlltSIIitters are 
discussed in References 1, 2, and 3; Considerinca the severe -d..age to the 
TMI-2 core with correspondinqlarge rele-.ses of fission prOducts and peat 
radiation levels esti•ted at f..- 1 x 10• :to 2 x 105 R/11 
(Reference 4), a questfon was raised as to the accuracy of these
tranSIItitters during peat radiation levels • .. · 

This test progr• was therefore desiqried to detect- chanqes fn 
operational characteristics under conditJons si•flar.to the acCident . . . , .l " . · . . . ' . · · ·- . - . · _,. 
envirol'lllllent at TIU-2. The actual tranSII:ttters tested were n·ew units - and: -. . .·. - - . . · - . . ;t· . .. · , . ·, . . :· "'.· . . . . . , ;  ··; .. f.>.· .. ---· . 
had. different pressure sensitivity ranges than the< units :.i"eeloVed from •.. . . 

ntt�2 • .  but. were electrically the·s..a.;
··
.
·
_ � .• te.st•�ils �lso.�i� :to:·.•·• 

include ·the ass®.iated cab lints -to ��atnta1n t1rcuit d:.ndtti .. � . to_�::.c:,losk 
to actu•lcoft1Jit1011s as jJoss.ible. . ·'· • 

- .. . . '· . -,·�-
.

. - ·· . · .  ::>:· - ... :/�;L 

. . . . �: 

·� ; . .. .. . . l�t! !��nS.tt-�ers ;e��l"!��ed:/ as ·-�!rt:of • 

-�--' ·:---�-· 
. �\-_ 



>: �:'1-':'��::_�,�'·:': ;:;-::;?�--·i:;·;,�"'ii:!:'\/��:: __ --·� / . ; �::;, . .:·-; � .: .. _,_. -. ' ·- � . 
;t��;�t(�·(,S,�I ;,,:,�,:�;:,��,r ... : �;,:�,· ·.' , · . ,_- , .-·- .. ;i<::::·_.-__ ·;�.:-- \.<::-:· .. ;":::·· >':>:. 
:;��;;_t� - ·- �-� �; / -- i''· .. --- . ' . --�� ' ... ·, ·:' -:' . . 
J.;;�?'�):f c,"lTJ�T�) .•• . -�t'a!i.m .:ab1es used oi1th tJtese trMSi11ttcn was •-iffed 
•· •:_. ��- ��� -!����lt;f�AA�>,·����·{C�r.ktra�ion •an�act..ftd<the· cable installed with 

< ·
,

··· 
• ·ttl� .t-ori/{i.;o:d .t,-anSIIftters·· at nu-2, aoJI. Anaconda Industries·· supplied the 

• . ···� <;���. -��1-�)' : : .· . . . . . . . . . . . . . . . . : . · . . . . 
· - -�- ·.· <·-,:< 

. ·' 

.. 

• 

• 
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. .  · . 
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. · . . . ·. ,  
TABLE 1;. sPECIFICATIONS OF . FOXIDO #1 TRUSMITTER, MODEL EllQI..;HSADl . ·· In�t range liaits. 

Test range. 
Supply voltage li•fts · Test voltage 
Outpqt -load · OutpU.t .·current 

Maxi .. wortfng pressure · -.ufier · 

100 to 1000 psi 

500 psi 
30 to 95 Vdc 

70 Vdc: 

500ohlis� .. 

10 to;so IrA de · · 
1500 p�i . ' 

fi)143SY . '!". ' 
TABLE 2. SPECIFICATIOIS Of FOXBORO #2 T�IITER, MOIJEL E116M-HSA01 

Input range li.its 

Test range 

Supply voltage li•fts 

Test voltage 

Output load 

·Output current 

·.- .... 
. A,IIIplifier 

. ; 

100 to 1000 psi. 

SOO·pSi 

30 to 95 Vdc 
70·Ydc 
500 ohM 

10 to 5081\ ck: 

1500 psi 

10143SY · 



.. . . . Conducbr/wire. s·ize . . : . . . -. . . . . :Manufacturer . 

Insulation 
. . . 

-.•. Ov�•H· ·jacket ·
·••·. 

•• .;: ,·� • of • · · · ':··�.-,.ail• rated vol�asi! 

. 2/AJI&. #16 Shielded 
··Anaconda 

· Fla��e�retardant ethylene · 
propylene . · . . 

'Chlorinated pOlyethylene 
600volts · 

' 

. I 



. coiled a�JC� pljced ln: the c•tstef' 'and siii)Ji!Ctf!d �o approxillitel!:� s.e 

· !:�:�:z,i:�;: •. ·�=�7E�t£cl.2:�=*�'!: 
frradiatfarrtestfng for lll!asur�:liitllts� · �ftt,t 253 it.'�ot1et�,anei.-....Jecf in the . 

. 
·� ::··- ' >:. . . ·. . : ·' :-. >··.· :.-·· �. ·'",_<- ;._:.·':. : -: ' - ·.· - _ ·  .::.:-�· . . ·: _ __ · . . . _ . :: ._· . ·:: ..... 

_
·: _·':·: ··�·:.: ..:,:_: _�_--,ft��{ -;

. 
. . .· . 

canister.· . Figure 1 sh0111s· the! tr ... t�.-s 'and cabJing· as .,...ted�_:f.or the 
test. 

. : � �;·<· ::; � · .. 

With the tr.-$11ftters a .. �-lt"'T ·Jil1TIIft91tf.lc.:il$ illt�e,., .. t 

possible td obtain data on ttae .:�· .!t·. _·.,-.-�-···,..lite. 
· without ;t�fr assOciated . . cab · · 

. . 

the cabl�.;���acbeel .. ti :the-
. 





• 

The cable ��easuraents included c:�aci'tance. inductance; ill!pf!dance, 
insulati(Jft resistance. and lCNJP resistance.. In addition to the�e . 
measur�ts, the cab 1e• s resonallt frequency was recorded and usf!cl to 
1110111ttt .. chan9es t� the dielectric const.-t of the cab'le fnsqlatfbll · . .  Tille · 

.doNtn refleeta.etry {TOR) data was also recorded prfor to alld ttQ;fng the 
test. · · 

· 



JRRADIAT!ON TEST FACILITY 

, , 'tj.'�'i�ii�;�4�·l.as•condUC:� in the. AdvOJit:i!d jest Reactor (IITR) 
La��- 6..,...··"r�1'1]tj' ;,t the I.daho National Engineering Laboratory. (INEL) • 
. llri�:,fjtllfty:···�·ciesignect to u�e fuel remvedfroM the. ATR as a source of 

···. .g;rn.n�, �jdi�il)p;. Ttte irradiation T�st Facility included the large canister 

· ii'J,wtiich'·the b.:ansaftters and cables were 110m1ted. This canister was 
· · · . . dpp�oximatet1 48 fn;. high by 18 in .. in di.-ter and was designed to be · 

. ·. l�red ·jnto a fli.!l holding fixture at the bott• of .the ATR ca11al. 
· Figure 2 stmws a c.�P�s �ection of the ATR large G- Facility. the 

cartfster. and thtfthree trans•itters.; The fuel holding f'ixture was · 
. · clesigned t� hold>eig!lt ,of the ATR fuel assetllblies. thus provi1ing a unifor-m. 

•·. : r.acitatien fie1d to the fteiiS being. irradiated. 

Priol" to the start of testir.g. three fuel loading arranQelll!ftts .ere 
selected to provi� the desired irradiation dcse rate!-'. and a profile of 

.· . :the �adiatio� levels in the canister for each of. the three fuel loadings 
. . ·\.Jas·<obtain .• d. 1h� cable and tranSMitters being tested were located in the 

·:area. .of' �he cants�er .subjected to the MXf .. radiation� •. . >' '• . . . . .... . . . � . 
. :_ . - ·,. ·.. - . . . ·. . . . . - . . . . . , . 
·. 'fhf! canister was desiq� to allt'W MOnitoring of the !"Miation dose 

irradiation test. 
• 



· Figure z. 



' . 
. IRRADIATION MfASURBEIITS 

· _.:·.
· 

R:.C.iat!�on conditions in the test canister were 111011itcred at var.ious 
· '· ;;.: intervl1s CkB-tng the test. Both �e rate ��easurements and total 

. 

•· ·. •cc...,i•ted �g.-a doses were •easut-ed. A Vfctoreen roe!ltgen rate ��eter • · 

Model. SlO with an air filled icflization chiii!IJer was used to 110n1tor the ' ·, ' - �- - " ·, 
. ' . . . ' - ·- - " . ' . 

'g�·do$�,,..-;ates during the testfn9. The .total g_.. irradiation level 
. ... �accUIJfltat�d �t vario�s 1ocatfons . fn tt:e canister durfng the ,test were ·. �Oflttdretl u$:111!1 /lure {ithf• fluwfde cut· crntals. These crptals are 

.··...• 
. ··itmsftfv� to ·}onlzftlll radfltfon IIIIIch produce .� color chiiD!Ie fn the crystal . 
·wttfch varfes:�tOt-dinq to the total.absorbed. dose. The· dose rate and 
nortrlai alilbfent temPe,.ature have lfttle effect on the crystals response to 

.: the-total��:ab$Orbed dose. A d:ual. be• speetrophot011eter ttas used to . 
... ,t.ritfnj!".tfle absorbance of the crystals.· This data was tiM!n COIIPired with 
d�ta av�tlable fro11 a set Lif. crystal''calibration standard which had been 

. . . · .
. 

;-�tlbjeeteif'fo known radiat.fon 1eve1S •... if.e.crystals were anal.Yzed by the 
oef,..-��t·:�, Energy Radiological anct'Envi....ntal Sciences Laboratory. . • �<-- . . · .. ·,s .. - . . , - . . . 

.. · . Thfrty:-eight Lif crys�als tft!re locatf!.'d a1t various locations on the 
·_,three �ran�itt�rs and the t� cons o� cables 1n the canister. A s.-ary . 

Of ·the. data.'cibtaf�ecl fro. the' dose rate Masllreilents and .the est1Mted · 

' · · " . ·  total·�-lfose :���t.laulated at the tillle the v�ious>s�ts o� test data were. · : ... :/:_.:/];·.; , ... :··-· : �:-;::�-- �
- -�--�<--�-;\:,_;,-.:-:·7_·""-. ·-; .. �tr .. -·::·_:._;'� .. _:�_�::�·-;:,�-(� _�·;,<· \ ·-�i'::-�-:-:> --· .. ::_::_�- ., ___ -

_-< i- . · -· _ . -�-
-
.· - -- __ .--- . .  _,_ - _ - __ 

(_·_.·_,,':, ··:.�ta1ned·�s·::slloili·,!�·:Jabh! s. . ... 
· 

- ,:,· ,: '• 
� ·;.: :: . . . 

• • . ... · •. ·. Jests·:CJ--.�ri�' �:.,:_,ere c�.lttf!d wfttf'thei :test asselllb lj located 1n· the · 
.
.

..
...

. 

"'�-"""··�· · 

�,...
· ·.·· . · . .. · ·. · .• _ ... ··.·. ···.···. .-.� · . ·.·. the;e�f·��: .Tests 2 th� 8 ·had varJous fuel 

.;..a.c ...... ""�'rii�r"" •. J .. · �;t:l���::·· • �·\:.::��t
�=-=��:= 

itf:'·��·:�;_.:•,lf•',i�t .. :.'�Y: . 
· 
.. :d�}f_J•/ : :.)£ •.' .-·� ·�·•};fo. ,. 

:.;- -·:,
·-

I I 



· ... 

TABLE 5.; IRRADIATION DATA 

Approxiute Dose Rate · 

1 
2 

. 3 . 
4 '  
5 

.6 
7 . 
8 

· 9  

(radslbl• 
'·None •· .. · 

1.0 X .. 1()'! 
l.O.xJ015 

. . 
2.;5 X 10 ·. 
2.5 x 1� . 

. . 2.5. x.-lcE: 
. 3.6 x ·1� ·. · ·3�6·x 10S 

Hone · 

TABLE 6. AVERAGE TOTAL �CCIIIILATED DOSES 

Jtell• 

Baney . 
.. Foxboro 11 
· . Foxboro.· 12 

Cable-Fox 12 · 
Cable•Coritro1 

Dose 
(rads)· 

1;.3 X: 10� . 
1.3 X 107 .. 
1.4 X 10 
1.2 X 107 

.. 1•2 X 107 . 



·, ·, ,: 

. , . . 
TEST RESULTS · · · 

The t'rati.silitt'ers were subjeC"ted to trr:adfatiQII fields on the order of 
x 1o! rad�/; th. three transmitters ra�ainecl o�ational during the 

:·:irt"ad1at;f)ri:t¢st� h�ver. changes were observed in each of the . · transmitter•s iinearity and their zero and spirt c�aractertstics. A least 
., . >squares method wa� used to calculate the .best fft · �traight .lfne for each .· . . ···/: �et'of.calfbration:data 

.
obtained during the ·test. ·•···Equations 1 . thri)Ugh � 

·-� represe1Jt .the best fit straight line obtained dur.ing Test #1 for 
.FoxborO fl. Foxboro 12 • .  and Bailey transmitters �pecti¥e1y • 

.. r(rrA de) • 0.08090. P + 10 .• 08533 ,. . . : . . l(rrA.:ck.) =· 0.7972:'P<+':10.02314 

· . .' . '• ' , • . .. .. . : . .. . . . .. . . . .· . . .· 

(1) 

(2) 

(3) · .. . tlfher(! t�pil' rep,.eset'lt the •applied!pressure in -P�i.to. tlle
.

FoxbOro·tranSititters · .. ·. an'� �._. rep���ts .the liquid level appli.!cl to th�} Bailey; tr.,."SIIitter in 
·:.::·.� :: 1_. '· '; , • •  •. ·. ·- · .- · . · ·  ;·'. ·.; 

.. 

I 



• 

. . 

. . . . . ·. . .· \ . 

. TABLE 7 • 

. . Test · . . Foxboro:.#1/ 
l 

2 
3 
4 

. 5 
6 
7 
8 
9 

0.21 j 
0.47. I 
1.(J4/ 
1.2�

� 

� ·'/J . . 

.• •, . 
· · o.to�· 

0.,34 
1..11 
.1�31 

• ,  ;! .-.·· 

1.43 
1.27 
1�47 
1�25· 

· . . �---------�--���;P���.··�·�·�·�------------------------�------
, . . . 

TABLE. 8 •. . PERCERT ,f. IN sEJSrfiv�Y . 
,f . . · ------------··�·· --------------�------�----�------�---

Test I 
2 I 

. . 3/ � 4 
5 
6 
7 
8 
9 

Foxborol1 
·.' . 

;·:· .. -: _;-
+0.35< '.·, +o.17 .·. 
-.o.os: 

·-o: 73 
+():116 
.�o • .-& .· 

. . +0·56. . · .. �0�49 

TABLE ·g. · PERCENT CHANGE Ii ·I.JIIEAIUTY '' 

··. � ;foxboro #1-

. 
..o.3o' 
+0�1 •.. 
-tO:JS,; 
-01053 
-l�os -
.. o. Sf·.,,,,, 
+0.39· 
-0�44 ' 

Bailey 

-0.32. 
. :�01076; 

.�1.17 
·�o. s3 : 

·. ·�1.08: 
-'�o�.$7.< . ' . _... . . . 

. :g=�=··;''· 



. · .. ·-. 
·s ,;� . -: .·' · .. 

; --
_
- ---

/'c_"" ' ib��i;neari:ty repeatability and•·hysteresis· for each of the 
;-t�arism1-tti!r�-lias determined fn.t the three calibration runs that were 

- > __ - :P�J���J:� .. ;�:i�r to and af��r. the irradiaticm, na.ely during Tests #1 and 

__ 
-
__ i!J�-.)ill;1es> 10 and 11 liSt the data for eaclh of the tranSIIitters before- and 
- -- - 0Jft��/_the 'jf�adiat-ion. _;. ·.. -�. ;_.�::- ·. · .. :_� �-. _: ::. . : 

- : The s��P; respon�e data' acc..ulated durin� the irradiation is shown in 
--··Tables

· 12.,:.1i�: and 14. _ Th�- delayJ�etween the ti11e the input signal was 
- - - - ·._-;-:aPI)lied �-��d the- tranSIIitters output, startedi to respond was recorded as --- 3deadti�.- The tiiie required after the i�put signal was -aPPlied for the 

·o··· 

.· ...... 

. . .. . . . 
tranS...itters output to reachSO and 901 of its output span was also noted. 

-_ -
- Response t_o increasing and decreasing input signa 1 was recorded • 
. --,�:�--.- ···.·- . -�·,· ·': .. -. . ··--: .. -· ., ·-·. �-· .·· . 

-· 
: . ·�· .·· . . . . . .. . . 

- A visual''inspection of the-internal parts ofthe three tranSIIitters . , -.·· .. · . ' ·  . . .·. 
- - -- -- ---•---•trtdiC::ated ll�tle change in the, tranSIIitter•s cOIKiition. The two Foxboro 

---
•. - - - - -_

-_
- -__ t:ransnaitters sh(Jwed only a slight darkening of the a����lifier•s circuit 

--
-
-- - - :  ;·�o�rd/-whilj-the tnsulatio�-on_the wiring in these un.its showed no signs of - _-

- cl"atting u�>being flexed.l � ari the Bailey- trir.SIIitter� the- alll)lifier•s 

- --- : cir�uit--boatd·-�cl $� of the-capacitance on the board had dat'kened with 
/ irradiation arid - the internal wiring had beca.! brittle. By way o-f . (: _ _.·,·. ·. ' .. : . · . . . .":· ... . ' : ' : .·. ' -

,;,; - - - �; colnP�risCH. . the• wiring,;in-: al:l·the TMI�2�Bailey col-e flood- tranSMitters was 
::-:•_:�.,<,stiil-f-:�Xiblt! tdten the tranSIIitte� were ex.liftecl at -the INEL. This 

�tL�,-�,��':,J:
--
·":��··�.�·��;.:;�-=t�14�:��i�i:.

to.':1CJWee . total ,_. 
.· .· . . .. 

--� 
. '· . i. . . .. · :' :. · . . : ;··::: . .-; -1� ·· . � ' ,; ;� ;.- -�:, . '" . 

-' ;� J._-:L::- .··: . Cable-
.. , :-

' · .; .j_ :,__ .·. . . -"· :-
... : . ' 

.. �: - --:. _-_. ·. : 
':· ·--: ... _···:.:·· - ·.·· . -,"�·.:� :� 

caoac:1'tc111CE!'li• 1111C1Uctlllct
-
·!
.
·•.;
·
···�.�611cl l�p _:

·
· 
-
. 

·,' : · ·  ..... 

'··'· 

-:=-·- ·. 
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TABLE 10.. TRANSMITTER · PERFORMICE BEFORE IRRAQJATJ�O,_ •
. 

w:o�c».t2 

·+ 0.25-• . 

. ·  . . Bailey . . . _ . 

· · li.,earity · 
· ·. Repeatabi 1 fty 

· Hysteresis · 
. - 0�231 

·t'(l�18 . -··-- 0.145 . 
.•• �-299 . ·. . . •. ().l69 .

. 

T�LE 11. �NSMITTER-PERFCIUMICE Afttrt IRRADIATION 
· 
. 

linearity .. 
RE!IN!atab11 ity 

. Hysteresis ·.· · . 

· ·Foxboro 11 .. 

+ 0.11 i 
�0.066 

0.080 

. · ·• Foxbb-,.o #2 .. . . . • .c;: . • • 
+ 0�21 ----o .. 0&7 

0.170 

Bailez 

.+ 0.30 . . 
-0.384 · ···o� 112 

. . _.· . . '_
- "- :'. 

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

. . . : . ., . -·: · . . . ·  . . : . 

TABLE 12. STEP RESPORSE DilliNG IRIADIATIOI � �OXBORO #l TRANSMITTER 
.· 

.· (TIME IN SECOIO$) . . . . . . . .. . 

l t . u .· ..!!_·· _!I!... 
1 .. 

--· . .·� .3 
4 
5 

'6 .. t 
. 8- . 
;,g .. 

0.15 . 
0.17 . · 

. 0.17 . 

0.17 

. 
0.17 . 

Down.·. -· 

--·
· . 

0.04· 
0.05. 
0.05 
0.05 
0;,;06·· 

--� 0.05. 
0.;'05

' 

...!JL .--�_a
· 

0�95· 
0.96; . 

. 501. 

• -l:ol' 
hOSr··· . 1 �o&l··· .. --· ·· 

. .·· . 
. DOWn ' . . . ..!!IL 

..a . .•• a 
1�51" . . 
1.54 . 
1.67 
1.70 
1.75 

. __ .. 
l�ai: 
1.75' 

__ Down 
--· · 

1.44 
1.4·3 
1.40 
1.41 
1.o40 .• 
_._a 

. .).45 . ··· l�·� - . 



501 90J 

.'DOwn .J!lL DoWn .J!IL Down -

0.04· 0.82 0.63 '1..28 1.37 
0;;.04 0.82 0.64 1.30 1.38 
o.os .. 0.84 ·0.60 1.33 1.42 
·o;OS 0�88 0.58 1.40 1.44 
.0.05 ..... .0.94 0.58 1.43 ·. 1.45 
o.os .··. 

0.90 ··· · o.s7 1.45 1.4? 
.,._ ... a ' . _;.:a __ a . __ a __ a 

o�os o.9o 0.57 1.45 1.46 
0;.� 0 .. 89 o.-57 1.43 1.45 

·
.

. . �;:e��· D�ta• not �Y�ilable b�aus� .of a data, error on the data disk. used for 
':. reec)rdinj. ' ' . . . . . . . .. . . .. . 

. . . 

STEP RESPOHSE.·· OORifii 'lRuoiATIOI·. OF BAILEY 'J'RMSNITTER 
·• . . (T;IME II SE(OIDS) 

. . 
" " .. , ·r· 

90J •. 

Down -



·
----·-·"""f-·----........�---'�'---�--·-:--'""·�� �-"""' · 

. .. . 
. . . .· ' .· ._·:.' . . . . . · . 

.. TABLE 15 • . . INStn.ATION RESISTAJICE VERSUS IRR�lUATIOI< - . .· ' :r. -. . '. ·�· ' .  
. �  . : . 

Test 

1 
2 
3 
4 
5 
6 
7 
8 

.9 

Total Radiation Dose · 
(rads) 

llone .· · 5 .. 5 x>lO' 
t..5 x 1m . . 1.1 x 1!: 
2.4 X 1. !i: 5.4 X ]U"'!' 
8.9 X 1� 1.3 X 1� 1..3 x Jo7 

· ·Insulation Resistance • 
. ' (ot.s). .. . . . . . · · 6.8·x 108 · · .  & .8 x ·loB . 

61!1xJ� .·.··· · 
.. 6�5 X ·· ]U":-" . . . 
&.S>x·l� · 
6.3. Jt 108. · . . 
6�1 X ·1� .. 
6.1 x 10@ 
6.2 X 1cJ8 

·.$r 



--.;�}·:( . ·: -·-ft.e:cabte•s dielectric constant can be detenwined ··s a function of --=:�:(·.·,.: �<· .. t:<::• ·::· ...... ·.--:;,,':- .· ' . . 
. ·o '> <:;t_·rradfatio�-_by knowing .the exact length of the· control

_ 
cable and then 

;;, ;dt!terr.,.,ri9:the•cablt!� resonant frequency. During this test. a 
>�lilfett•Patk4rd 4l92A low FreqUency IIIIIH!dance Analyzer was used with a 

· . . Hewh!tt-PK,kard Transilfssion/Reflectfon Kit (11652A) to deter111ine the 
· : tlbl�.•s v�ious .resonant frequenefes. The cable Which was not connected to 

:�ny tri.SIIIitter llad th� reson-'t frequencies •asured for- both the opened 
�net shorted candftton.. The cable's dtelectrtc constant show� in Table 16 

'' ······. :�as icG.put� .. ,rCJII the �ablei's . illtrct' reson•t fl!'eCiueftcy� ·. ApproxiMately 6" 
.··--��·-t:l.e e'lhe1s:lf!ngth was irradiated witb a 11. increase tn dielectric 
·_ const:�t •. /"·-··_· •• 

. _The_dfel'ectrfc c::ons�ant was· also COIIIPUtedfor the cables which were 
tonnected to',the.·t�IIISIIitters. • Resonant frequellcy data was only available 

. · for the ti�-periods.before and after irradiation[ of these cables. · The • ·• • ' •• --;:.::· . '•;: ".-,·.·;· ·: • 1 ' • .! 
· · cOIIIPuted clielectri�Jconstants are shown 111 Table. 17 • .  Again. the increase 

. -··in dtelectri�->�OI'tst-.,t ts 11. 
. . 

• 

, 



.. 

TABLE 16. Ctlft'uTED DIELECTRIC COHSTMT (k) VERSUS IRRADIATIOII 

. test 

1 2 3 
4 s 6 7 
a · 
9 

Total Radiation Dose · ··· cRac�sr · 
None . · 

. 5.5 x .. l� . 
·
· 1�5 X lD" · 

. ·1;.1 X 1� · . �:: : 
.
�g: · 

8.9 x, 1� ).3 X )0 .. 
· 1.3 ·X 107 

, . . .. ·. -,� : ·, . calltt·;&Oftcl.tt1oll��c ' 
· ' 

·.· .•?»' . 

. 2.97 . 
2�98 .··.· .. 
2.97 
2 99 . 3:00 .... 
3.oo ·.·· · 

3.00 
3.00 
3.0Q· 

2.95 
2.96 

:'2 ... 95· 
• . 2.97· 

2.98 
2�98 
2.98 

·. 2�99'' 
: 2·.99 

a. Cable type i's FR-15AA and insu1at1on:1$ 't1a.e retardant ethylene 
propylene. · · · · ·. · · · · · 

TABLE 17. CCJIPUTED: DIELECTRIC:.COISJAIITS. (t) .. ·OF TRMStti11£R CABLES · · · 

lk�ore 
Irradiation 

' '· · .. · {kl 
. 

'fQ�·fl ··- 2.87 

. · . Cable Condition 

.Open 

· After ··_ 
· · Irradi.attcln . 

(tl: . . :i 
.: "aetOr'.! . 
lrracttat1Cin ·.· . -.(t)>·. 



COfCCI-USICJIS 

.. >rfti 'twa ·Fo"boro trans,..itters s� sUglat changes in the calibration 
. ·(��al"actirdties as a result of irradiation.. variations fn sen!ittvity of 

· ·approili...jtelY 1S Wt!re ·"oted during irradiation; however. the net change in . .  - ' ;· . . :-· 
. . - ' - . - , _ - - . - ., - . .. 

talibr.tfoll .t the conclusion of the test ·was>OIIly a O.SI.decrease in .-. ' - · ' . . . ·- . ..,.;, ' . . ' sens1Uvft.r f�. these tran�itterso. Foxboro 12 and Foxboro 11 exhibited a � . - -· - -- .-- ·. . ' - . . . 
zero sttift during irradiati• of 1.5 to 2.3S of span respectively. When 
'·. - . . . "' ' -· <, . -: ., ' --� . --- . _ . . ,.- . :·· . . ' - ,. ' . 

_the fuel_.,a� reiiiDved ff.'cjli the area of the trii'ISIIitters. the Rxi .. zero 
· · shift:tri·-�hecalibrattQn data decreased sn-.tly for both tranSIIitters. 

·. . . . . . . . 
· 

. The �Bailey tr .. SIIitter showecl .ore changes as a re511u of 
irractiattan�: :n.� ·cJlibrati� data: for the Batley tranSIIitter indicated a ,¥ • , • • • - . ' • • • '• • '• 

·. ·• :Sf!l'lsitivity. decre�se of 1•171, •tte the zero shifted about 161 of 3pan. 
:lb�.f1n.f chaftge$ in the S.Sfti�ity and zero 'shift decrei:Sed when the fuel 

·-·. -�as r.ed;. ··.The vtsualin�pectfon reYealed tllat insulation oiJ the . 
' 

.�-.tr.s111�ter•s�jnternal wirf� had beCCIIle brittle as a result of trradtattort. 
'" . ' '. ., . ·, . . · .. ,: : . .·. ·. .• .·.

·
.· · . 'l' . · . . ····•··· .·· . • .· . . . ·.· . . · ·. . . . 

. · 
.

. · . . . 
In �Oipar1ng ·the· resPons• till! data ,._::before and after the . · . . . . ·.. . · · · ·�ree ttan�it� •. a 6egF:aclation�of about 151 was 

. ' . . . ��''l<��,e��;.s�fl!d:·nCI�•IIIa�or.
· $f.si'ot :�torat1.ift during Jrradtatton. 

lfj��:·��ervlbl.''C::barige l: oc'ct.; Nd 1:�,fthei c.i.lei s insulation re5titance ·- - :-;.,· . . _ - . . - . . . ;' ,,. . . - .  -- _, ; -· . . · - - -· llot�, ... a,ca_· · •· .. · · .llte ·table�s Jiielectt;ic -·canstant ··• 

. .·· ·. · .. 
·

·• .•
.... on· •. ··· ,·�This: t��as�Yf.i the dielectric 

�>r•nJH
·
�···.... t� ��-{�e!_··�.-��!� stnce:. 1:t dtd��ot ··.· 

. 

.. 

(' 
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