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1.0  INTRIDUCTION

Resemourt o2zl 10353 Series A transmitizrs AEre tes . O to lezw. (neir clera
charazierist c: curing @ Nassimgasuca PW-3D lavel A lalificauion tast

The tess consisted ¢f & sec. - .7al seriez i3 whicn g trarcmiilers

were 1rr"'ate:. sut theoush 2 safemic simuiaticn 2n subjec:ec to &

high temcerature steim envirorment. Jetzils of sach (¥ these rub-tests

appear in t 1§ raoore.

2.0 TEST UNITS

The test units were Qosewount iodel: 1153 series A transmitiers which
are manufacturad specifically Ter nu;1ea. power aprlication. A listing
of the identification numbers, serial rumders and ranges appeir in |
Table 2.1. An outline and cimensional arawing appears in figure 2.1.

The test units were manutactured under s:2ndzrd Recsemount procuction

procedures for nuclear grzde eauipment. Thay were purcnasa* by

Westi 3house p. chase order 546-CLC-23C473-Ma, Each transmitier was

supplied with 2 data package 1iszing fin2? czlibraticn date, riterial
" certifizasions ‘or all pressurs soundry sa~ts and certificatis of

hydrestetic t2sting and rucleer grade clez2ning.

HPWRSC normally sp°c1‘ies = sealed transmizter with pig-tail leals “or

.ectr-cal connecticn. Since Rocemount does not supply thic, Tt was
necassery to obizin a sedl Trom arother scurce. Tne secl uses was a
Conax Titting, y&f numer PL-18-5Z-F, purchesed by WPWRSD purchisz greer
S45-TSR-2°3~; %%, The seal corsisted of § %osz of # 18 Al
sclid ccpper wire with kaptor irsuiation, installed in a corex 3'ard
seal with 2 2¢c.v-solfana 3land. The connector has 3 1/2" NPT m:le tnrezd
cn both ends. The connecior was threaded into the corcuit DOrt On the
transmitter and an 27TV sealant was applied %0 the inside and outside of
the connezticn. o

3.0 JEST DESCERIF. 10N

3.1 Material Contro!

Prior to the start of testing,the transmittare were sub;ecCted
te an incoming insoection and assicrnment of an inc*v*dL:. routs
card. The route czrd ic retained &s & perranant recdr:2 = ° each
step in the test with the sign ture ¢f the responsidie sarty
appearing after comoleticn of each step.




' 4
TABLE 2.1 A ¥ sk
' | TEST NS b :
. , |
DESIGNATION -, MODEL - TYPE CALTRRATED SPAH ELEC. OUTPUT (m2) _SCRTAI_NUHBER
AY-1 1153GR9 Gage Pressure  1706-2500 PSIC 4-20 ' 136047
AW-2 11536A9 Gaye Pressure 0-3000 PSIG | 4+20 135940
A [ . : : N -
AX-1 "~ 1153DA5 Diff. Pressure 138-500 in. W.C. ~4-20 135945
AX-2 1153085 PIFF. Pressurc  475-210 in. W.C. 4-20 135946
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A 2%.mcist czlibration check per SAMA stanzird 2ol :-._-.:;3_
was nerformad on each trensmitiar orior te .n2 start o tasuing
and afizr 2ach major phasz of tiz test. Tris data se-ves 2s

a measure of the chinge in referance ztcuracy due to the test
conditions. A sumrery of this date apsears in tadbie 3.1

An 1i-point calibraticen check was also parvormed on e taste
imizs tc verify opercbility at various points in the te

&3 ir2 Resocnse
A rCuch measurement of the ‘f m2 rescors2 of eech transmit tter
was Tade pefore and after irracdiation in orfer t0 gace ce ragation.
The measuranmant was made by computing the first order ti
constant of the transmitter response to 2 step cranae 1“pu..
The measurement was made €or input step chances of 5-9:I7, 9:-
45-53% o7 calitrated :pan. The measur:sment was nade 2t ™02
temperature and 137°F. Resilts cf these measurements adpe2
in table 3.2.

3.4 Tes: Secuence . .
The t2st was performed in the follcwing sequence: initial
inspectisn, 21-pcint calibreticn creck, time respense, 21-point
calitrasion chezk, 1rrad1;1}gn 21-co.n cax.dr;t on chack. tice
response, 21-point calitriticn check, vic eSmut - -::in:
calibration check, ,9H_Iauae_ﬁznza_szaaz_zasf 2
calitrztion check.
Aftar irradiation, the test units werz not-opened for inspection
urtil after the high temperature stear test. No calibraticen
adjustents were made after the initial calibraticn.

IRRACIATION

4.1 Test Facility

-Irradiation was performed at Iso~edix, Inc. in Parsiznany, N...

The test faci]ity uses & 1,500,030 curie cubalt-60 source

arranged in 2 rectang41ar arrav to orcvide a2 fairiy unifornm

fieid strength over a. 3 f¢ by 2 £t arez. The source is storsd

in a water poo) 10’et2d below. the test area and it can be raiged

or Towered by means of a hvcraulic control. The tost wes performs’
using ecuipment and personnei Trem UPURSD Ferest Hills site.
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Teet Sec-'p

Tae test vnits were unpacked and a 2i-Foint caliibraticn caec:
was partormad. The test units ware tren inc..lied irn we ot
ccll with pressure anc ¢iectrical )inss ruavdt to the workin
area.

-
-
-

Pressure was supplied from a bottled nitrogen supply so that

271 transmitters wers qup'~-c with 2 20NC PSIG static oressure
as well as 2 342 in. W.C. d“fferential pressure for test .nits
AX-1 ard 2. The static an: differenti2i pressure was monitorec
by re *erce transducers 13::ted outside of tﬁe not call.
Fauer was suppiied tc the trahsmitte~s “rem 4ISD 7330 series

NLP cards in series with a 200 ohm loed. Tnz HPL card output
is 40 VDC. Tne voltage drop across a 100 ohm resistor was
ccnnectad to data a2cquisiticn equicment. The test units were at
power and moritored at all times tn: source was up.

Data 2cauisition consisted of Texas Instruments analoz recorders
ard a Fluke digital data loager. C2libration checks as well as
test data were simuitaneousiv recor ced on these. Figure 4.1
illustrates the set-up. -

Tzet Procecure

Once the trarsmitters were installed in the hot cell &an li-peint
calibration check was performed te vcrify the ccerzbility o1 the
test units and set-up. A thirty mirute dose ch:ck was ther

?erformed A das$ gg.e of 2.5M Rad/hr was gesired tor a totai
ntecratad dose o M Rad. )

. g .
Cosimetry was accomplished using red Zerspex Cosimeters placed
on ths -ace ‘middle 3and back of eacn\test unit. The averege cf
the Zesirete=s placed at the center c™ e}l the test units |
used to deterrnne -the dose rate.

After the first thirty minutes of radiation, which cerrzsponcs
to approximately 1M Rad, a 2]-point calibration cneck was
performed.

At the half way point (i.e. 25M Rad) the test units wers switcned
to the opposite siace of the source so that an 2ven overell exposure
could be obtzined. An 1i-ncint calibrztion check wzs cg;:n
perfcrmed. A thirly winute dose check was alss done 7or tne
second ha]f of radiation.

After 50M Rad had been acc"".1eue. the test units wer2 remcvecd
from the cell and a 21-point calibration checs wzs agzin periormed.
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wul., «.< pr2-irradiaticn 2)-point czlibretion check tast,
unit ~i=1 showad a constart 30 ma output for 31 pressure
inputs. This condiiisn was corrected by unplugging the
circuit becard and than reinstalling it.

The tes: resulis are shown in figurz 4.2 ., " This graph illustrates
the errcr ir the output of t-e test units versus time. Ths

error is calculataed by subtracting the percent of sgan changs
fn the re€zrence from tne percent of scan change of tne lest umit,
the spi~ usec peing the calibrated span of the test unit. This
graph &isc shows the dose rate during eicn segment of the test.
Tadle 4.1 gives thz worst error ancd the tota2] integratsc dose

‘at which, it occurrad.

§.0 SEISMIC SIMULATION

- 8.1

5.2

Test Fazility

“he seisimic simulatic: was perfsrmed 2t the Westinghouse
hdvancec Zrergy Systam (WAESD) seismic laboratory in Large, Pal
This facility has the capanility Yor conzZucting biaxia! mulsi-
Trequercy tests tc 1EEE-344-7975.

The test table used has a € feet by § “eet surface. The
driving diston has a 20 inch peak to pzak stroke and is capzble
of delivering 22,000 1bs of force anc & peak velogity o7 100
{nches per second.

Test Sa+-Ld

The test units were rmountad on 2 test fixture which was bolted
to the test table &t a 45 degree angle to the movament of th:
piston. The pisten wes at 2 35 dagrez angle from the horizoata)
plene of the test tas'e, so that ecual moticn was in three
mutually perpendicular axis of the test units’ reference.

The test tzble motion was controlled by inputs fed into a

hydraclic controller. A control accelercmeter providec feeddack
to the controller as well as input to a shoczk spectrum znalyzer,
The control acceiercmeter sensec the horczontal table ~oticn in

.the plane of the piston, so that its response was 1.4 times the -

acceleration in any of the axes of the test units' reference.

The shock spectrum analyzer wzs a Spectrua) Uynemics Mocel 13132

unii. Itsoutput plotted on an X-Y recorder was used to
getermine the success of anv cne szismic simulation.
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TABLE ..

MAXIMUM IRRADIATION ERRCRS

ERRO® (%

+ 50.2 .
+ 4.0
13.2
15.9

+

. wm—— -

——— - —

. TOTAL INTISPATED

DOSE (MRAD)

3.8
£.2
2
S0




5.2

5.3

Test Sq%-Up - (Coﬂ;inued)

Th2 t2st uaits were conrectad to 3/8" 0.2, stainless steel
thing which was attach.c to 2 prescure menifold lccated

" adjacent tc the test tabie by means of flexicle lines,

The .ressure manifold contained refe-2nce transmitiers which

wera capable of sensing the same nre:sure &s the test units,
Pressure was maintzined by ¥illing the prassure lines with water,
than epplying 8 static prescure from a nitrogen supply. The ..
pressure lines were then valved off from the supply. A
diffe~ential pressure was established for the differential
pressure units by bleeding the low pressure side until the correct
output was seen on the revererce unit. This sat-up is

i1luctrated in figure 5.1. '

Power was supplied to the test units and the reference units
from WiSD model 7300 HLP cards in series with a 503 ohm lcad.
The transmitter output acress 2 127 ohm resistor was conditioned
ard reccrded on Brush Merk 2C0 recorders. Cenditioning was

such trat tne full scale on the recorder represented +10% of

the calibrated span of the test and re‘erence units. “Tais
set-up is illustrated in figure 5.Z.

Tast Procedure

The test consisted ¢f 5§ oparating basie earthouakes (02E's)
followed by 4 safe shutdown earthyuzkes (SSZ's). The 05t's

were a1l performed with the test fixture in the same pesitien.

The SSE's were perforred cn2 eac~ in four different positions,

C®, §0°, 129°, and 270° from tne O2Z position. The test inputs
were labeled AR 2nd C tc cover 1w, middie and high frequencies.
An SSE wes dore using ore successful run for eacnh indut. The

N3Z't were done using input B, The required response sdectra (2FS)
for the 03's and the SSZ's are shown in figures 5.2 and 5.4
respectively. a4 :

Prior to the start of testing, calidrations were reccrZed for 2l
accelercreters, and pressure vwas applied to 211 the test and

reference units. Test units AW-1 and Al-2 were tested at 2250 PSIG.
Test unit AX-1 wes tested at 2700 psig static pressu-e with 4€2 1n.
w.C, differertial. Test Unit AX-2 was tested at 13030 75135 static
pressure with 342 in, W.C. cifferential. . e FAONAY. - g

During a series of runs, measurements were made of the output
of each test urit erd reference using a digital voit-meter,
Measurements were made at the besinning and end of the sarias
and in betueen each rur. .
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Fige: 2 5.1 Plumbing Diagram for A1V Transmitters.
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.. 5.4 Tast Re:ylts ; ,

- -

PiRG st up for the first OBE, %2.¢ unit AW-2 Selen <
. grave :~razicelly. Operation frox O to 227 of stin appeired
norme’, Sut above S5CY of input prasscre, tne outpul went to
.+ . 79 ma. Tne electrical leads ware cisconnectied and resistance
. " %0 grounc checks were made. Everything ippeared normal. The
: electrics] leads wers reconnected and the unit behaved novmally
cvaer its entire irput spen. The test then resumed.

Al units remeir operatfoﬁa? throughout the test, Tabla 5.1
gives the maximum errors duriig the OBg's and the SSE's.

-
-
. . - - -
1 - - e — -
s »
- . - " - g - -

_'- 15 -



TASLE 5.1
MAXIMUM ESROR DURING SEISMIC TESTING

1.3 3.8
‘0 1.8
0.8 3.3
1.8 6.5
ERRORS ARZ +% CALIBRATED SPAN S L e




AIGH TEMSERLTURS STEAM ENVIRONVENT

Sl

6.2

6.3

Tast Facilisy

The 2% vl conductad at WPaRSD, Fore ¢ Hills site. Thais
fecriucy sas the capability of pesformiag a higr temzerature,

saturates 5%2am test sir. <areously with 3 caustic cnamicz)

-spray envirinment. Up "tc three fransmitiers may be tastecd in

any one Of three autoclaves. The test units c2n be tested
while cperating at static znd differentia’l pressure.

Test units AW-] and AW-2 wer: installed ia test chambar B anc test' -
units AX-1 ind AX-2 were instalies in test chamcer C &s shown

in figure 8.1. Pressure lines were connected to the test units
and tc the same type of pressure regulating ecuipment as was usec
for the Radiatior Test.

The electrical Tead wires were brecught cut of the test chamter
through a conex sea) gland. The lead wires were then connected to
an instrumentation l.cp consisting of 2 WISD 73990 NLP card and 2
500 ohm series resistance. Dz2ta acquisition equipment received
its signal from across a 10C oAm raesistor. Data acouisition
consisted of Texas Instrumenis recorders in parallel with a Fluke
digital data logger. Transmitter outputs as well as referenc
transducers were recorded. ;

Chemoer temperature w2t moritored in two v.ys. There were two
fast response type K t-=-mcco.cies, one Tocated 1 inch from the
surface of each test unit in the chamber. These siznals were
recorced on tr2 aralog recorcer 2nd as millivoit signals on tne
datalogger. The 2verage of these signais wes used for the chatber
rise time. Aiso, there was z siower response type K thermocouple-
which sensed chambar termperzture. This outout was recorded by the

- dataloggoer ard shown &s degrze Fahrenheit.

Chamber pressure wes sensed by 2 tramscucer. Its cutput wes
recorded by both the analcg recorders ard tre datalogger.

Test Procecdure

hfter the transmitiers were instalied in thz test chamde-~, an 11-
point celitration check was run to verify tae operability of all
equipment.

The temgerature profile for tne test is shovs in figure 5.2. The
0, vee pos*-eg-*de t ac:e-ggate% 38383 periad 2¢ 220¢F 1: meant
valen C

-
o, be equ’ to four months & .

-The chemical soray used Curing the test consisted of 5.82 gpm of 2

quetig solution t gt was mixgc with she_ inzoping stsan duripe the
Irst 24-hours of the test. 'he cherical aniivsis of tre scliyution
wes 2ogc'pp§ Sorfc Acié m xed wStE ?.} ;m/erSoziué Hydra§iceI 5°
make 2 pd of 9.25.
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6.4

&t 2 se enpling raze of one *ead.no eve=' 15 mirucses

.

»

Crambar C was started on Jd~s*,rr 1 and chamber 3 was s

S
onaJCl 3

Tre .327C5 recorders war: ;e” for the first 2- acu~s ¢f the
test. For the remaining 14 days, orly the d-.b' oGer wWes u:--.

oesg Resu’ ts

_ Graghs of tect unit errcr versus time ire shown as f1qu-- 8.3

for test units AX-1 & 2 znd figure 6.4 for test units AW-7 & 2.
These graphs 2re for ths 7irst 24 hours of the test. The errcr
stown ic percent of spar change in th: cest unii minus the
percent of span change in the reference unit. The span usad
being the calibrated spar of the test unit. The graphs alsc show
charber temperature versus time.

During the 21-point calibration chack that was don2 in detween

the saismic test and the steem test, test unit AW-2 again behaved
erratically. Data taken Trom this unit shows that it continued

t0 behave erratically during the stean .est, with the outout
generally staying higher than normal. At fourt2en days intc the
test, the cutput suddeniy went low. When the unit was put through
a calibratior check after th2 termination of the test, it did nct
respond at all. !

The output signal from test unit AX-2 went high at 12 hours into
the test. At the conclusicn of tne first 28 hours of the tasz,

the chamter was cooled down 2nd opened. At tnis pcint, tre test
unit wes operating again. Inspection of the unit ravea’ed

evidence of steam leakage throuch the corax seal intc the terminal
eérea 0f the transmitter. There was also avidence that condensation
nac gotten under the kapton insulation of the lead wiras in 2n

ared just cutside of the conix sedi. The terminal arez wes then
clezned out and more RTV s2alant was applied arcund the aree of the
con2x se2l. The test was restarted vor th2 2 week acing period a2t
220°7. Tre output of the un‘t acain went nich after three days and
ren2ained there for the rest of the test. When the unit wa2s put
tnrough a calibration check after the termination of the test, it
did not responc 2t all. Its output remaineg at 25.3 ma.

The output signal from test unit AX-1 went high after 8 days of
testing. The signal periodically returned to normal untiil 2¥ter 12
days when it remained high for the rest of the test. When this
unit was put through a calibration check after the terminaticn of
the test, 1t dic not respona. I4s output remained at Z23.£ ma.

Tést unit AW-1 remained functional throuchout the test.

Maximum and mirimum errors exhitited by the test units {prior to
failure for AX-1 and AX-2) during the two wesk &ginz period at
22N°F are shown in table 6.1.
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EPR0RS LL2ING PrET-ACCIDENT AGING PERIOD

Maximum Error Minimum grror
[UR +2.2 -1
AW-2 . * ; .
AX-1 a8 *0.8
AX-2 . 2.8 S X

NOTE: Errors ere in ¥ calibratad scan

*Cutput Erratic

o 27 -



CONCLUSIONS

nliad transmit z. 3 orz S23éc
1ows is & comsarison
2tz for the test unit

Genzric nrafe-mar ¢ scecifications for WPURSD
on requirenzate vur specific furg.Io's. What
of the performarce specifications with the tes
that woJla b2 used for that function.

Pressurizer Pressure

The specification is * 10% accurécy for short term reactor trip
fun't101' durinc ¢ loss of ccciart accident (LOCA). The test unit
applicad’e to this function s ~.-1 (1702 - 2570 PSIG).

During the stzar test, AW-1 showed arn error of -22% to-+3% with =10%
baing due to chamter pressure. During radiaticr, the test unit showed

a maximur error of approximately + 5C% with errcis of +10 to +20% withir
the first few minutes.

WPWRSD canﬂot conclude that the errors for this test unit wou.c e

within +10% for the combined effects of ra*1at1on and steam. Als3, RIsemount
has 1ndi-ated t &t the radiation errors dua to the dote rate micat have

beer .Qoserved.in th2 resulss €rom agy of the test upits hovever tirg
magn1?u§- wouid 5o orepor 1ora$ ‘xe turn=dovia 4 Q:E.’

Pressurizergg;ve‘

© The spe*‘f"a‘1cn. for this Tuncticn are +iC% acc.racy for sho=t tens

safety injection initiation fcliowing a LOCA o= cieam-line breec
accident and *25% accuracy for 1or, tcrw monitoring. Tre test vnit
applicadble to this function is AX-2 (475-210 in. W.C.}

This unit w041d neet the +10% requirement with 2 qualification due

to the unceri2irty in the effects of radiation LS shown by AW-1. AX-2
exhibitec a larre error (+28%) during the first ncur of tne test ans had

two Tailures, .he first of which was czrizinlv due to lezkage of the conex
seal. Not enjuan date is available from these tests to say wrat the effects
would be due to 2 lower dose rate as in & steam-iine break accizent.

Stear Flow

The specificétia: for this functicn is #1N% accuracy during a st:zam-line
break 2ccident. Either AX-1 or-AX-2 could be used in this function.

These test units anpear adequate for short term trip functicns. MNo
data is availanle on the efiects 0 the lower radiation dose raze se:2n
during a steam Yine break accicant.
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