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(THI-Z) during the acmdent of March 28,
'rwﬂhi‘n their calibratim mits during the periods of high

‘adiation. Tuo'Foxbo-o transaitters and one Baﬂey transnitter. aach with

'_*’5.5 x m" R mi and 4 A
‘The associated abling

'-m at 1.3 x m’ R TID.
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. IRRADIATIDN TEST REP(RT—-FDXBORO EHEH RRILEY 8!'3!31&
AIID FLME RETARDMT ETHYI.ENE PROP\'LENE INSTR[!EIITATIOH CASLE

- rmowtrrou.

Seven pressure transmitters fron the core flood tanks et Three___f' ile
B Island Unit 2 (TMI-2) had previously been removed and examined. These .
‘pressure trensmtters inc’luded four Bai Iey lleter Cmany Hodei B’IZSIXA :
transmitters desiqnated CF-2-LT1, CF-Z-LIE' CF-Z-—LT3 ‘and CF-Z-—LT4 used to
measure water level and three Foxboro Comany P,odei mwusam pressure
transmitters, desiqnated CF-]-PT-'I CF-1 -PT3 and CF-]-PT4 " Two of the
~Bailey units fai led during or shortly after the accident. as a resuit of
‘water intrusion into the electronics. Both Foxboro- units survived the
V ,accident in excellent. conciition with sensitivity shifts of 0.2 anu -0 241
and zero shtfts of 0.06% and 1.34%, The surviving Bai ley unit had a ‘

» sensitivity shift of 1 Ot and 2 zero shift of 2.9%. These transmtters are; o

discussed in References 1 2, and 3. Considerino the severe danaqe te the .
TM™MI-2 core uith correspondinq larqe releases of fission products and peak
radiation levels estinated at frol 1 x 10 to 2 x 105 th ' R

{ Reference 4), a question was raised as to the accuracy of these

: transmitters durinq peak radiation levels. ~, ‘ '

 This test progren was therefore desiqned to detect chanqes in
operationa] characteristics under conditions sinilar to the_ accident ‘
: sennronnent at THI-»Z. The actual trans-itters tested uerev"ew units and ‘
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 TABLE-1. - SPECIFICATIONS OF FOXBORO #1 TRANSMITTER, MODEL E11GM-HSAD] -

- inp&t, ra}'age Vimits
Test range :
, 1 Supply voltage limits
. - N Test voltage
B “H'.‘Outputload ,
: l : Output current

~Hax1m- working pressure ‘

Iupt ifle- R

100 ta_'-moo-pg,-

500 pS‘I

30 to 9s Vdc
‘ 70 Vdc
| 500, o;..s !
’ ,;:"’10 to 50 .‘ dc
: lsmjp_s;fit}-: »
MOM3SY

TADLE 2. SPECIFICATIONS OF FOXBORD #2 TRARSNITTER, WODEL ETIGH-HSAD!

‘Inpﬁt’ range _l'ji‘-'its‘

| “Test: range : :

| ': Supply voltage linits |
Test voltage
output Toad
o jfﬂutput current

e

2 Wﬁ

100 to 008 psi
500 psi |

30 to 95 vdc

m ?dc

500 ohns

10 to 50 - dc

1500 psl

uomsv

 TABLE'3.




Conductar/wire size 2/A¥6 #16 Shielded

- ‘Manufacturer ~Anaconda

o o ‘?thne-‘révtafd:ant ethylerie
[ - propylene - |
. chlorinated polyethylene

Overal acket










The cable -easurenents mcluded capacnance, mductance, mpedance,
:msu‘latmn resistance, ‘and loop resistance.; In adchtwn to these |
’ measurements, the cahle s resonmt frequency was recorded and us;ed :to
monite= changes in the dielectric constant of the cab]e insu]atwn. T
doaain reﬂectouetry (TDR) data nas also recorded prior to and du ,fnq the :
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,7,-';.;"'4;‘g‘¢m fradiation The Irradiation Test Facﬂity included the large canister
"*'V“-'V""in wrncb the transaittnrs and cables were munted.A This canister was
.‘:{Aapproximately 48 in. hiqh by 18 in. in diameter and was _designed to he

" lowered into a fu—ﬂ holding future at the bottom of the ATR camnal.
fﬁl‘-‘igure 2 shms c“o 3 section of i:he ATR Large Gamna Facility, the
._canister, and the three transnitters. ‘The fuei ho]dinq fixture was :
.designed to hold eigﬁt of ‘the ATR fuel assenblies, thus provnqu a umfom
"“adiation fxe‘id to the ‘H:ens heing 1rrad1ated. ‘

o Prior to the start of testqu, three fuel loadinq arranqenents were
"u..”:f,se'lected to provida the desired jrradiation dcse rater, and a profile of :
E ’:the radiation leve1s in the canister for each of the three fuel 'Ioadinqs

was obtained. ahe cab]e and transmitters being tested were located m the
area» ;of the cani ster su.bjected to the naxfnu- radfatinn.

'The canister was desiqned to anow mnitorinq of the -adiatlon dose
rate durmg'the 1rradiation test. R




- Crass section of ATR Large Gamma Fac
Canister and transaitter. .




* maorsron resnoes

Radia on conditions in the test camster were. monitored at various o
‘intervals 'dm?inq the “est. Both dose rate measurements and total
accm‘fated gm doses were measured A Victoreen roentgen rate meter
,Hodel‘WSlO mth an anr fﬂled icnization chad:er was used to monitor the

' dost ate?s durmg the testfng. The total qa-la irradiatmn Tevel

momtareaf' asing o 're chim ﬂuoride cut crystﬂs. These cr)stals are

’ .whfcﬁ varies accorqu to the totaf absarbed dose. The dcse rate and

| _'sbrbed dose. A dua'l beal spectrophotoneter was used to
he absorbance of the crysta?s. “This' data -as then comared mth

subjected td ,'known radiation 1evets. The crystals were analyzed b_y the

i;A ls were located at various Iocations on the _
three_t’ nsai ers and the tno coﬂs of cables in the canister. A smry




TABLE'S. IRRADIATION DATA

AT Approxi-ate nose Rate Estuated total Dose
Test L (rads/h)-.i I (rads) '

t&@%

r%&x*xﬁxw

RONAC S W N
e --w:.nm e, Y
W0 D I

Lo TABLE 6. AVERAGE TOTAL ACCUMULATED DOSES

| o pase
| ltn (rads)

x 107:‘
xwrﬁ;'
x 107
xlﬂA*
X 107’

' ' T Foxboro #1

. Foxboro #2

.Cable-Fox #2 -
Cable-Control

wq

e
. 8.8
NN:.
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 ‘Transmitters

'The transmftters were subjected to irradiatlon fields on the orﬂer of

Vrity and their zero and. span characteristics.v A least
‘ épresent the best flt stra1ght 1ine obtained durinq Test #l for
jFoxboro #l Foxboro #2 and. aailey transmitters respectively. ‘
s xfﬁ(‘fma»‘ a) - 'o;ososbf P+ ]ﬁ_,08533 :

 lma ) = 0.79727 F0.0231

v de) = o 101444 |




" TABLE 7. ZERO SHIFT (% OF SPAN) |

e N

e

TABLE 8.  PERCENT /7

WGE TN SENSITIVITY =~

Foxboro #1

Foboro#1.




'eartty repeatability and hysteres:s for each of the

esponse data accunulated durinq the irradlation is shovm in
_ s- 12 l_3-,~— and__-. 14., The dela_v between the tine the input siqnal was
ppllled 'qand the translntters output started to respond was-recorded as
eadtinte;- The tinle required after the mput signal was . applied for the
jtransmitters output to. reach 50 and 90! of its output span was . also noted.'
esponse to increasing and decreasing input siqnal was recorded

_ A visual ) inspection of the internal parts of the three transnitters
'in_ icated little change in the transnitter s conuition. 7 The two Foxboro
transmitte S showed only a‘_slight darkening of the amlifier s circuit
‘board whilf the insulatio'_ .on the wiring in these units showed no sians of
| racking upon: eing flexed_ “In-the Bailey transnitter, the awplifier's
circuit board and some of the capacitance on the board had Garkened with
' adiation and the internal wirinq had becom brittle. By way of '
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TABLE 10.  TRANSMITTER PERFORMANCE BEFORE IRRADIATION .~

Ltnearity

- “Repeatabil ﬂ:y

:  Hy;tergsis |

Foxbnro #Zh;,,,:kt i

+ 0 25.-
0.23]
0 299

,:fraélE'Ii;

T“*mm”mmemamrmm BRES

Linearity
Repeatability
Hysteresis

Foxboro no EfFoS:ABKre--:#z_;._ © Bailey
+o.u Cr0.21 . +0.30

ooss ©T0.067 T 0,384
ooao 070 . 0a72

TABLE 12

STEP RESPONSE DURING Imnmmu or roxnoao f Tmsnmea |
(Tm»: In secomS)

:De;dti-éﬁg'.

Test

DN AW - |

05

S 0.17
0.17
0.17

".*OJTE

ol

-
1.44

1.44

-

] ¢5

1.40

1.40 .
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Tne cable s dielectric constant can he detemined as a functton of
rradiation by knouing the exact 1ength of the: control cable and then
q the cables resonant frequency. During this test.

able‘s varinus resonant frequencies. The cahle uhich was not connected to

av-f,m;comuted die’lectric constants are shown in Twle 17. . Agiin. the 'jn‘crease




TABLE 16. COMPUTED DIELECTRIC CONSTANT (K) VERSUS IRRADIATION

- : - S o Total Radiation Dosev_z
‘ R ‘ (Rads) ‘

K
5. 5
105
1.1
T 2.4
5.4
8.9
1.3
1.3

X R 6 22 2%

»

wwﬁnm#ww41§

-

" a. ‘Cable type s FR-15M and insulation 1s ﬂue retardant ethy‘lene
* rpropylene. j _:

TABLE 17. COMPUTED DIELECTRIC CONSTANTS. (k) OF TRANSMITTER CABLES .

_ cable Condition _
Bofore . After “'Before ‘After

Irra?i)&tion | Irradiatim ' Irradiatioti Irragimon&‘&f




e tbree transuitters functimed witﬁaut fai iure nhen subjected to a ' .

Variations in seneitivity of

ristics as a resu‘it of irradia’.ion..

Sensitivity for these transaitters. Foxboro #z and Foxhoro #l exhibited a
t ‘When

The'f Bailey-trmsnitter shmed -ore changes as a resuit of ,

7 irrad . The calibration data for the Bailey transmitter indicated a
""@.sensitivity decrease of 1. 171, uhiie the zero shifted about 16% of span.
“The ‘fin "1 changes in the sensitivitx and zero shift dacre sed when the fuel

ﬁas'rmed. The ‘visual’ inspection revealed that insuiation on the
tran “itter's intemai uiring hsd becm britt]e as a resuit of irradiation.

rng the response' tiue,;data fm before and after the
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