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tanks at Three Hﬂe Is]and Unit 2 (THI-Z) during the accident of ‘March 28,
1979 perfomd-uﬂhin their ca]ibration H-its during the periods of high
radiation. Two-Fr.)xboro trans-itters and one Bailey trans-itter. each with

'_*’5.5 x m" R mi and 4

:‘me associa‘.‘ed cabling
.-101 at I " x 10 R Tm.




transﬁ tters, cables, and test, assd'l,y for irradiation." 0. Zorn s}and




sasesassnessttnone SessmsaEReERNsEe T ERNSTERRSEARERNOS

meEmns ‘::.;A;‘.“.‘.‘..>...A.{...',..A.V.‘.“l...'..‘.‘ ..’..v.‘...‘....A‘A,.'...."..>‘..V-.,.V .

:Rggniétloaknsﬁsunsnt-is‘;ogoof;;;;;;;;;;;;.-?;;1;0000000,;;.,..;.....o

R RN Y Y Ny Y Y Y Y I I T I I T

Transmitters
Cable ;.

e 8000036000080 0000C0aE000COR0OR~"00000ROOSS

’..“',.“..‘....‘...‘..".‘..~.......‘.‘

ds .
-~

iii



o had different pressure sensitivity ranges than the units'

o , include the associated cablinq “to mafntain circuit eonditions. to

i mnnnmnou resr REPORT--FOXBORO E116M, BAILEY aysxzm.
a0 FLAE. aermonnr ETHYLENE PROPYLENE_ msmuermsrmn CASLE

- mmowcnon

Seven pressure transmitters fron the core flood tanl:s at Three mle
B Island Unit 2 (TMI-2) had previously been removed and examined. These
pressure transnitters included four Bai ley Ileter Coq:oany llodel BY23IXA o
transmitters desiqnated CF-2-LT1, CF-2-1T2, CF-Z-LT3 and CF-Z—LT4 usod to
measure water level and three Foxboro Coqany Hodel EllBHiSADl pressure -
transmitters, desionated CF-l-PT-l CF-1 -PT3 and CF-l-PT&. ‘Two of the
‘ Bailey units failed during or shortly after the accident as a result of
‘water intrusion into the electronics. Both Foxboro- units ‘survived the

accident in excellent. condition uith sensitivity shifts of 0.2 anu -0 241

and zero shifts of 0.06X and 1. 341. The survivinq Baile_v umt had a .

‘ sensitivity shift of 1 01 and a zero shift of 2.9%. These transnitters are
discussed in References l 2, and 3. Considerino the severe danaqe to the -
TMI-2 core with correspondinn larqe releases of fission products and peal:
radiation levels estinated at fr0l 1 x 10 to 2x lo th e

({ Reference 4), a question was raised as to the accuroc,v of these

. transniitters durinq peal: radiation levels. e '

- This test prograln was therefore desiqned to detect chances in
operational characteristics under conditions sinilar to the accident -
: v.environnent at THI-Z. The actual trans-itters tested were nen units and

_TMI-Z, but were electrically the same. The test was also

" j‘to actual conditions as possible







 TABLE1: - SPECIFICATIONS OF FOXBORO #1 TRANSMITTER, MODEL E11GH-HSAD]

“;inpat‘raAge Vimits
Tst range |
| "'Supply voltage h-its
. . ;Test voltage
R '.‘Output load
" l : Output current .
| Naxm- workfng pressure ‘

hpl ifle- -

100 té'-lwo-psi

500 pS‘I

~ 30to 95 Vdc
10 vde
500 of or-s ; 
}7'10 to50 -A dc-

TABLE 2. SPECIFICATIONS OF FOXBORO #2 TRANSWITTER, MOOEL E1IGM-HSADI

Input range _l'ii‘-'its‘ o
' Test 1 range " L
o o ': Supply voltage li-itsv
L - : Tes_t voltage . |
N Output load
" Output current
m | ~
| Anplifier

* ;‘_uomsv

100 to 1000psi

500 psi
30 to 95 Vdc

'm "Idc
‘500 ohns
 wmmu¢

1500 ps1

. TABLE '-,;.'-L;l!V'Vsptc;rg»rchfﬁoﬁs-;o; BAILEY TRANSMITTER, MC

Calibration range




 Conductor/wire size 2/AMG #16 Shielded

. ‘Manufacturer

| - ';__Anacohd'a f‘

| :Fvla-e-‘révtafd:ant ethylelie .
~propylene - |
AfChAlorirlqated pblyethylene‘










The cable neasure-ents mcluded capacrtance, mductance, Imedance,
In addltwn to these IR

: ;msu}atlon resrstance, and loop resntance.
' measurements, the cable 3 resonmt frequency was recorded and used to
monfte= changes in the die!ectric constant of the cab]e insu]atwn.' Tiuejf
dmin reﬂectontry (TDR) data uas also recorded prior to am! ‘durfnq the :
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The ~testin 'progran nas tconducted in the Advanced Test Reactor (ATR)

: a"radiation' The Irradiation Test Facihty included the large canister
f'ﬂi-:_"'ir- which ' the. transnitters and cables were mounted. This canister was
':~,'i'approx'imate'ly 48 in. hioh by. 18 in. in diameter and was designed to be
" lowered into a fu—ﬂ ho1dinq fixture at the bottom of the ATR canal.
Lzrfgure 2 shows a cross section of the ATR Large Gamma Facility, the
._canister, and the three transnitters. ‘The fuei holdinq fixture was :
:desiqned to hold. eight of - the A‘!’R fuel asselbl ies, thus provv.linq a umform
g '-vfradiation fle'id to the itens being irradlated. ‘

S Prior to the start of testirq, three fuel loadinq arranqennts were

”fselected to provide the desired irradiation dcse rates,. and a profile of -

| A;fthe radiation ’levels in the canister for each of the three fuel loadinqs
‘Wwas obtained ‘ .he cab]e and transaitters beinq tested were located in the
area of the canister su.bjected to’ the naxinu- radiation.

"The canister was desiqned to anow nonitorinq of the radiation dose
ate durmgi'the-irradiation test. SR




 Cross section of ATR Large Gamma Facility showing Tocation
Ccanister and transmitter. . .




1‘:‘,‘;1:a'mm'mu nensumtns |

‘ Radiat on conditions in the test camster were. monitored at various o
intervais durinq the .est.. Both dose rate -easurenents and total )

ac m‘iated gaula doses nere neasured.v A Victoreen roentgen rate meter
Model 510 with an air filled it;nization chall:er was used to monitor the

mma ‘tes durxng the testing. The total gamma irradiation level
‘accumiated at varwus locations in the canister during the test were
Mrtared asiny pu e lithiun fluoride cut cr_ystals. These crystals are

; sensftfre to | ionizfnq radiatfon Mich produce a color clrange in the crystal

y awhfch varies accorqu to the total ‘absorbed dose. The dose rate and .

' _nonna'l anbient tewerature have Iittie effect on the crysta‘ls response to |
the‘ total absorbed dose. A dual beu spectrophoto-eter was used to o
determin Jthe absorbance of the crystals. ‘This data was then coluared with
data availaole from a set LiF crystal’ calibration standard which had been
ected to 'l:novm radiation 1e\re‘ls. The crystals were analyzed by the |

anSni :fers and the two coils of cablcs in the canister. A suunarj




TABLE'S. [IRRADIATION DATA

" Approximate Dose Rate Estimated total Dose
o Test 0 (radsh) - . = : . -

. ; . i
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TABLE 6. AVERAGE TOTAL ACCUMULATED DOSES

S o Itew . __ (rads)

Bafley = - L3xw!
_ Foxboro#1  1n3x10]
. Foxboro #2 S 1.4 x 107
_Cable-Fox #2- -~ . 12 x1ww! .

Cable-Control 1.2 x107




Test reswrs

“Transmitters
'The transmitters were subjerted to irradiation fields on the order of
transmtter‘ 11 ;arity and their zero and span characteristics.v A least
quares method'ua Aused to calculate the best fit straight line for each
set. of cal ibration -data- obtained durinq the test. Equations 1 through

‘represent the best fit straight line obtained during Test #1 for
‘:Foxboro #l Foxboro tz, and. Bailey transmitters resoectively. |

1w de) = oi.oa?os'of‘ P + 10.08533

| L(mAidc) = 0.7972°P +10.0234

v<m -ozasasL 101444 ,




TABLE

n
7]

.@myath&l

f'ABLl‘E“ 8.

|
-4
|-

Foxhoro #l

0. 35
-0005
-00 73
+0.06
»’0.‘6
+0.56

"1 "0.‘9

-] N‘G\jc.‘h»,ys__bw N

.,‘)\

.. .

| TABLE 9. PERCENT CHANGE IN LINEARITY




neartty repeatability and hysteresrs for each of the

pphed and the transnitters output started to respond was- recorded as
eadtimer The time required after the input signal was . applied for the
:'translnitters output to. reach 50 and 90% of its output span was ‘also noted.'
Re "ponse to increasing and decreasing input siqnal was recorded

A visual‘_ inspection of the interna'l parts of the three transnitters
'indicated little change in the transnitter s conaition. 7 The two Foxboro
t'ransnitters “showed only a‘_s'light darkening of the awhfier s circuit
‘board .’ uhii_ the ‘insulatior .on the wiring in these units showed no signs of

| racking upon: eing flexed‘_ “In the Bailey transnitter, the amplifier's

circuit board---;and some of the ‘capacitance on the board had Garkened with .
ftrradiation and the internal nirinq had becm brittle. By way of N

' " the: uiring in all the- THI-Z Bai'ley core: flood transmitters was .
"'e_-_ when the transnitters were. exuined at '.:the INEL. This :
t the transmi ' to ouer tota‘l gallna
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TABLE 10. TRAVSMITTER PERFORMANCE BEFORE IRRADIATION

; Ltnear1ty
" Hysteresis

+~0.14
0,062

‘Repeatabilfty
10085,

| TABLE T

musnmmpmrmgmg manm Armn AR

;“!St;eresis S

[? Baijeg;‘
© s0.0
- T 0.384
072

Ee_x.l?__oro_,_.i Foxboro ;z N
£0.11

. 0.(5_6 R
v,ﬁ o.m ! '

02
=0.067
0170

Linearity
Repeatability

TABLE 12

STEP RESPDRSE DURIIG IRRADIATIOH OF FOXBORO #l TRANSHITTER
(TIHE IN SECOFDS) .

Test

: Deadti-é

BONONBWRI—

 30wyﬁ

;V'Oalii”v
0.16.

=
1.44

?hm“.

LRRR3

0.7
0.7

0.17. 1x
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1 45
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'The cable S dielectric constant can be detemined as a function of
rradfatio ;hy‘knoning the exact length of the: control cable and then

determining the cables resonant frequency. During this test. «
Hewlett-sPackard 4l92A Low Frequency I-pedance Analyzer uas used with a

Hewlett-Packard TransulissionIReflection Kit (11652A) to determine the S .
cable's rarious resonant frequencies. The cable which was not connected to |

any transmitter had the resonant frequencies measured for. both the opened

and shortedcondition. . The cable's. dielectric constant shom in Table 16

was onputed fron the cable 3 third resonant frequency.- Approxinately 66%

of;the cd:le s lenqth uas irradiated witii a ll incroase in dielectric

The dielectric constant uas also cowuted for the cables which were
) connected to ‘the. trvansaitters. K Resonant frequency data was only avai lable
_:for the time periods before and after irradiation of these cables. The
camuted dielectric constants are shown in Table 17. Again, the increase
in dielectric constantis ll. | 3 |




TABLE 16. COMPUTED DIELECTRIC CONSTANT (k) VERSUS IRRADIATION

Total Radi ation Dose_
(Rads) ‘

ll
5. 5
LS
1.1
2.4
5.4
8.9
1.3
1.3

camrsiann

3% % X vx pc.:x

.iﬁﬁg%i%%,

-

‘- a. Cable type 1s FR-‘ISM and insulation 1s fl-e retardant ethylene
* Vpropylene. | _j ’

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

_____ Cable Condition_
Before | After

!rradiation o xrradiation
(k), . (k),=

After

Irred‘lation* o

xrradfaﬁm

| :.FQ"W"N L
( ro;borb #2




3 approviiuiately 12 were noted durinq irradiation, however, the net chanqe in
calibratfon ,at“thé conc'lusion of the test was only a 0. 5% decrease in
| Sensitivity for these transmitters. Foxboro #2 and Foxboro #1 exhibited a
zero shiﬂ: during irradiation of 1.5 to 2 3% of span respectively. ‘When
' as resoved fron the area of . the trans-itters, the maxinum zero
V'f‘shift in( the calibration data decreased sl iditly for both transmitters.

- The Bailey transnitter sl\oned -ore changes as a result of :

RO {”irradiation The ca'libration data ‘for the Bai ley transmitter indictted a
”‘«sensitivity -decrease of 1. 17!, whﬂe the zero shifted about 16% of span.

The fin 1 changes in the sensitivity and zero shift decre sed uhen the fuel




2.

Vasr'znzgicgs

F T.ﬁSober_-anq, THI Pressure Trans-itter Exuination Pre raYear End B

f and Evaluation of CF-I-PTI CF- -

M. E. Yancey and R. C. Stral-. m-z Pre.,sure Transnitter Exnination :
and Eva‘luation of CF-I-PTQand , -1INF-02 11, To Be

PubTished.

6. M. nuener, Exaination Resu’lts of the Three Hne Ishnd Ramahon

‘ Dectector. HP-FZTZM Jmuary mu




