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ABStRACT 

Since temperature measurements are a key to understanding the TMI-2 

accident and subsequent plant conditions, survivability and performance of 

the 16 resistance temperature detectors (RIDs) in the reactor-building air· 

handling systena have been investigated • .  This report describes that investi

gation, presents and analyzes the dati recorded by the 16 RTDs during and 

after the accident, discusses in-situ tests conducted on the RIDs, and pre

sents observations on the test results. 
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REVIEW OF TMI-2 RESISTANCE TEMPERATURE DETECTORS 
ACCIDENT DATA AND II SITU TESTING 

INTRODUctiON 

During and following the TMI-2 accident, a number of instruments failed · or t1ere suspected of providing erroneous readings. Because of this, indus
try focused on the behavior of instn.����entation under adverse conditions. 
To better understand failure ��eehaniSIIS, the Technical Infor��ation and Exaa
inition Progra- (TIIfP), Instru�entation a� Electrical Equipment Progra., 

. . 

proposed that surveillance be iiiPl-ted to 1110nitor the status of selected 
TMI-2 instru�ents during the Unit-2 cleanup and recovery process. This 
1110nitoring would provide insight into instruaentation perfor.ance under 
adverse conditions. 

This report_deals with a silall portion of the total Instr.-entation and 
Electrical Progra. at 1111-2: the aata recorded by the 16 reactor building 
air handling systa. resistance temperature detectors (RTD) during and after 
the accident,· in situ tests conducted on these RTDs, and analysis and 
observations on the test data. 

RIDs contain platin• resistance ele.nts sensitive to te��Perature 
change; as their te��Peraturtti increase, their resistances increase in exact 
and repeatable prop()rtic:tns. Since t...,erature •asuraents are one key to 
understanding the accident and subsequent plant conditions, a study of the 
perfonance of. the plant RTDs was IHde. 

Planning Effort 

... ·.· . ·.··. TtM! RTOs ex•lnal ..,. �oeat_ecl ttq"ollghout the reactor building ail· · . .
. 

· 
handling siste.. and r. trf·etevation fnllli the zaz..: to 3s3-tt.elevation. 
Figur. r shOws a typical ltm :assa.bl.)'. Tule 1 lists the Rtos &y tnsti"IIIIM!IIt 
tag -n ...... l.nd �indicate$. the. �1� loc:at1twl a"" el.v.tton of eath. 



. ,· 

contains terminals 
where sensor wiring 
joins plant wiring 

Conduit - contains plant. 
wiring to annunciator 
�ircuits and power supply · 

HolfJS � lllle»W air · 
cirCulatiOn iiRIUIKn 

. sensor locatetr 
· .  lnaicfes'l ••..;;.� 

A1r ... ndl t"g· systtlt r.tst- �rat�re tteblc:tor. " ' .· . . 
··- . . . . - - - . . · . '· . ' '• 

.-- . .  

l" 
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· TA8LE }. TMI-2 REACTOR BUILDING RESISTANCE TEMPERATURE DETECTOR LOCATIONS 

RTD Location Elevation 

AH-TE-5010 (ambient air) SUIIP p.-p 282 

AH-TE-5011 (ambient air) Letdown cooler 282 

AH�T£�5012 (ambient air) RC drain tank 282 

AH-TE-5013 (ambient air) IIIIPinge barrier 282 

AH-tE-5014 (a.bient air) Near equipment hatch 310 

AH-TE-5015 (outlet telllperature) A/C plenu. outlet 319 

AH-TE-5016 (ambient air) Pri11ary sbie ld concrete 282 

AH�TE-5017 (ambient air) Primary shield concrete 282 

AH�TE-5018 (.abient air) Priury sbie ld concrete 282 

AH�TE-5019 (ambient air) Pri•ary shield concrete 282 

AH-TE-5020 (•bient air) .Top ceiling 353 

AH-TE•5021 (_.,ient air). Top ceiling 353 

AH-TE-5022 (•bient air) . Southeast stai nM11 330 

AH-TE-5023 (ambient air) . West stainMll ·.330 

AH•TE-5027 (outlet tealperature) A/C plen• outlet 305 

AH.;.T£�5088 (Mibient air). Southeast stairwll 310 

. . . . . ' . ' . . . . . . . 
. !he first step in the investigation was to verify pllysical pJacaent . 

and wiring for e•ch 0t the RTDs. TIN!. RTD syste. check bf!g�� with .st�ying. 
available engineering drawings and. developing loap or. intereon....C.� di"r.-s. 
tracing each RTD to the strtp.chart nteordet l.n<t� ccmtrol ,;.: .. ih �� . 

· inals, wire. col�rs •. cable nUIIbers• allcl dibtnets .ere c�kect •• ·verifiet. and . . confir..!d;. Each RTlfreadoUt was identifit!d.by lis own ·plotter poin� n ... r . 
. . . · on· ·the�ontrol ••.. .,- •. strlp·C:hart·...conter;:ilie nu.��ew;$ ..,ear.�tn·Tab1te:· 2�· .... 

· Jable·z ,at·�· ltsis•·.eachJtro•:·its iteae
.
tor Bulldtng· elb1e,�...ber. extens1o�····· · .• c�b�·�i·!'-r7;···•.anca .•... the·.···ri�s; �·····t.�'bl�t·.·.a1��·•.···.� . ·�.;f!�t•i1011•••.cit�jr� •···· .. •· 

http:strlp.C:h.rt
http:confir.ec


TABLE 2. DETECTOR DRAWING AND CABLE LISTING 

Plotter Block 
Detector Point Diagram 

AH-TE-5010 8 3024-57 

AH-TE�5011 9 3024-57 

AH-TE�S012 10 3024-57 

AH-TE-5013 7 3024-57 

AH-TE-5014 15 3024-57 

AH;,.TE-5015 5 3024-57 

AH-TE-5016 3 3024-57 

AH-TE-5017 1 3024-57. 

AH-TE_.5018 2 3024-57 

AH-TE-5019 4 3024-57 

AH-TE:'"5020 11. 3024•57 

AH-TE-'!'5021 

· AH-TE-5022 

· AH�TE-5023 · 

AH-TE_.5027 

12 

14 

13 

6 

3024 ... 57 

3024-57A 

3024-57A 

3024-SlA·· 

Penetration 
Diagr• 

3045-37R 

3045-375 

3045-375 

3045-3n 

3045-37T 

3D45-37T 

3045-3n 

3D45-3n 

3045-371 . 

.J045-37T 

3045-37U. 

3045-37U 

3045-37U 

·3045,.37U 

3045-37U 

AH-JE-5088 · · · .· 16 3024-57A 304S-37U 

· 
Ex'b!nsion 

Cable Cable 

TD-25� 1 TD-1009-1 

TD-251-1 TD-101�1 

TD-252-1 TD-1011-1 

TD-249-1 TD-1012-1 

TD-257-1 TD•1013-1 

TD-247_.1 TD-1014-1 

TD-245.i.1 TD-1015-1 

TD-243-1 TD-1016•1 

TD-244-.1 T0-1017-1 

TD-246-1 . TD-1018-1 

TD-253-1 TD-1019-1 

TD-254-1 

TD-255_.1 

TD-256-1 

TD-248-l 

TD-258-1 

TD-1020-1 

JD.i.1021-1 

JD;,.1022-1 

TD-1023-1 

TD-1024-1 

on which ·it i� drawn. (All 16 Rtns are stetchf!d on Flow 01'agra. �1 • 

. and C�nnett.fon oiagr• 3355.i.12. All 16 RTDs use Reactor Building 
Penetr"iiierr604.J· . ·. ·.· · 

1 

. . 

... . 

http:01agr.3355.i.12
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Syst•. CO!II!onent s 

The air handling system RTDs are all Ros.,unt SeriEs 78 sensors. hav

ing a single e leaent with four le- wires. The RTDs confonl to the Inter

national Platinia Ta.perature Scale No. IPTS-68. with an alpha c�fficient 
of 0.00385 otlls/otii/°C. TIM! nOI'IIill range of these RTDs is -100 to 660•c and 

they are nOIIinally 100 oMls at o•c. 

RTD data are recorded on a strip chart placed in Control Cabinet 25 in 
the Unit-2 Control R0011. ·The RTD-to-recorcler interconnects are shown in 
Figure 2 • .  

. 
The recorder is a Bristol 550 Dynauster·llllti-point unit, which is a 

servo-operated null balance potenti�ter and bridge instrunent. ·The 

recorder. calibrated in degrees fahri!nhf!it. sequentially records 24 varia
bles on a 12•in. strip chart and is ranged for 0 to 2000f. 

. . 
. Ttie RTDs are connected to the recorder with three w1re cables. as shown 

in figure 2. An RTD is input to a c�tator switch that rotates, conr,ect- . 

ing each of the Rlll's three w�res to the sjg�al conditioner.·. Therefore. 
although each RTD has an individual calibration. the reconler •st·be cali-. 
brated to the. standard IPT�68 curve, since there is only one zero and one 

span. adjus�t • .  · . . 

. . . . . . . . 
. · .

. 
The reCOrder prints one tt!IIPerature point each 15 s� ·· V.ith 24>points< 

. being.prtnted. tor · a cOIIIPl•tecycle. tt ·t�s 6•in t� .c.rCJe and.riiJeat an•· 

··. individ�al ten.,eratu� point • .  

'· · . ' 



Note: Shield notconnect.;d to ground at RTD end. 
· 

: ·
. 

' . . .  · . .  

•, :·,: 
.  

.  
· .  
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.  

- .  

. 

.
. 

Cabinet 

Control 
cabinet 

25 

Flgure 2. Detector .. to-recorder interconnections. 

·Recorder 

Recorder 
·point ZZ 

Control room 
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CURRENTLY AVAILABlE ACCIDENT DATA 

_The data from the plant strip chart recorders recorded during and after 
the accident have been transcribed onto floppy discs. The Electrical Engi
nee,.ing Cepartment of the University of Idaho transcribed the data in the 
fo11owing way. The data from a 16na fi1• cartridge were projected and 
foeused and photo enlargements ude. The enlargements .ere then recorded 
ontu a graphics tablet. where the tablet stylus was used to identify the 
location of reference coordinates and the data of interest. Two individuals 
each entered all data. a ca.puter ca.pared the two entries. and a� differ
ence in data between the two entries for a given :ti• period was reviett-ed 
and corrections made as necessary. 

The data transcription effort was ca.pleted the last week in June 1982. 
An initial review detected errors in the ti.e base of the data. which were 
co�rected. Plots of the corrected data are included here as Figures 3 
through 18 • .  Since these data were recently plotted. the fu11 analysis 
effort has not yet begun. However. the plotted data indicate that certain 
locations. such as RTD 5012 {Figure 5) in the reactor coolant drain tank 
room. experienced ID•::..:ay_ teiiiPerature changes. Othe.-. locations showed no 
temperature change• su�h as priury shiie1d RTDs 5016-19 (figures 9 through 
12) • . which are located in the D•rings • .  The data also indicate that during 
the hydrogen burn• top ceiling RTD 5020 (Figure 13). behaved unexpectedly . . and· recorded a negat ive�going trace. probably because of spray activity; ' .. . . .. . 
1110st other locations. including the other top ceiling RTDi recorded a 
positive-going trace. : . . _::· :-_ . . . . . : . . . . . : .:: . . . . . : ·. ·. . :.:. �: �. . : 

These data are n� under review for infonaati� rel�teca t� variods fac� 
ets of the accident. sO. of which are as ·follows: 

. . . . . . .. . 

e Hydrogen burn ignitiC)ft loea�iori •. 

• • -.; ,lflng��enl ca11brat:ton .dr.ift ·.. . .. ,· - -� . :. : 
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Figure 3. Temperature profile for sump pump room re�istance temperature 
iJetector AH-TE-5010. 
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.. Figure . 4. Temper�ture prot fle for . let(Juwrl cooler res i stanc� temperature 
Detector AH�TE-5011 � · 

. . . ,· . . 

. . 
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Tlme(hr) 

Figure 5. Temperature profile for RC drain tank resistance temperature 
Detector AH-TE-5012. 

·. . . •' ., . 

- -

Fi.gure 6 ... �·· ,fei!Perature prOfile for·. iiiPinge b4rrier resistance telllperatu ........ . 
l:fetector Atf.i.>JE;...5013. · ·· ·.· · · · · · · · ·· ·· ·· · · · . . 



nme(hr) 

Figure 7. Ter<lPe .. ature profile for resistance temperature 
Uete�tor AH•TE-5014 near equipment hatch. 

Tlme(hr) 
· . .. .. 

. . . . . 
Ftg.ure B. f�erature profile for A/C plem.- outlet resistance tetperature· 

· t!etectt>r AH-n>-5015. ·· · · · 

10 
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Figure 9. ·iemperature profile for priury shield resistance temperature 
Detector AH·TE-5016. 
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Figure H. Temperature profile for primary s,hield resistance temperature 
Detector AH-TE-5018. 
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Figure; 12 • .  · TfJIIPerature profi1e for pr1mary shjeld re!..istant.� t�r•t'-tre 
· Detector AH.:..rE-5019 • .  ·. . · ·.· · · .. ·. . ·
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Figure 13. Temperature profile for top ceiling resistance te����erature 
Detector AH-TE-5020. 
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Figure 15. Temperature profile .for southeast stairwell resistance 
temperature Detector AH-TE-5022 • 

.. • . . J ... thl1 

· · Ftgur� l6�·: "T�tat��.ptofile· forwest,statn,el(.ri!$ist��ce.teli!Pera�ure 
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. : . '.::'De:'tettor AH.;. TE-5023;; .• 
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Figure 11� Teflll)erature profile for A/C p1em• outlet resistance 
temperature Detector AH-TE·5027. 

0400 • 

. t.r .. turf! profile . t9r sout ... ast stai.Wll. ��istanC:f! · .. 
�l!illperatu� Det�to�?. AH-JE-5()8.9� . , · · · · · · · 



IN SITU TESTING OF RES I STANCE TEMPERATURE· DETECTORS 

The strip chart recorder was calibrated using GPU Containment Air Tem
per-ature Surveillance Procedure 4602-R14, Rev. 1, June 9. 1981. The cali
bration yielded no indication that problems existed with the strip chart 
recorder. The device, calibrated to measure in degrees Fahrenheit, had a 

· maxim!.lm error of l°F from its previouCi cali�ration in 1977. The results of 

the calibration are shOwn i� Table 3. ·. 

TABLE 3. STRIP CHART RECORDER CALIBRATION MEASI.REMENT DATA 

Percent Temperature Input Desired Actual Error 
of Sf!an {Ofl 'ollnsl {Ofl _LO..EL (Ofl 

0 0 R") n., 
�,.. :1-' . 0 o.o o.o 

20 40 101.76 40 39.0 1.0 
40 80 110.53 .80 80.0 o.o 
60 120 119.24 120 120.5 0.5 
80 160 127.90 160 161.0 1.0 

100 200 136.49 200 199.0 1.0 

A11owed 
("F) 
±4 
t4 
±4 
!:4 
±4 
!4 

GPU first performed the calibration using a General Radio decade resis
tance RTD simulator box. The recorder check was then run again using a 
four-wire RTD simulator. ThiS unit was connected the way the actual RTD 
is: . two separate leads to the contacts on one side of the . recorder inputs. 
and one lead to the other side. No change was noted betMeen input . .ethods 
for identical .resistance values .. 

While GPU's SurveillanC:e Procedure 4602..;R14 does not call f�r the. 
measurement of. RTD resistance, RTD resistance was measured at this tiM by .·· 
the GPUlnstrumentation and Control staff. EGIG Iaaho equi.-nt used for · · · 
othe� surveillarice tasks was niade available .. to GPU technicians' for RTD. 
·resistance te�ts •.. 

. 
•EG&4l li1Jhclc�1PIII:Ai �j;1sted Of a •l'l�t·2ill@ d1!11tal.· .. t ....... ter 

. ·wi.th b�ttery.patl(f9r,;i�olat1o�.·an4 .a FJuke.-2020 �heraal·printer •. ·This.·· · 
. · . equipnlf!�t��.

·
�lorig wi�h the previodsl§Mntioned· 6enefal, RacUo cteeade . .  · 

http:maxim!.lm
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resistance RTD. simulator. a Fluke 80SOA digital voltmeter (DVM). and a 
Flut.e 8500A DVM. were all used during the RTD •asureraents. The 8500A DVM 

was supplied by GPU. 

An RTD was connected to the control room strip chart recorder. and the . . . . . � 
temperature indication on the strip chart was translated into resistance. 
The RTD was then disconnected ,,_ the recorder, and the deter��ined resis
tance was dialed into the decade box. which in turn was connected to the 
recorder .. · As expected.· the decade bOx readout indicated the same teaapera
ture as the actual RTD. since the resist•e was calculated f,. the dis

played teaperature. and recorder calibration had been previously verified. 

The Fluke digital the....-eter was first calibrated to the actual resis

tance for eac.h individual RTD tested.. Plant records were consulted to 

detennine the actual resistance for eachRTD at a given ta.perature. and 

then these individual resistances were ca.pared to the calibration curve to 
derive each RTD's resistance at o•c. This individualized calibration 
proceaure was tn accordance with the fluke manual .. . . 

After inclividual calibration. each RTD was then connected to the 
fluke 2180A Digital The,..ter and a res,istance reac!i119 was taken. These 
readings were lawer than the calculated resistance disPlayed on the 

recorder • .  for exiiiPle. RTD AH·TE-5020 had_ a resistance reading of z oflls 

loWer than the calculated resistance displayed by AH-TE-5020 on the 
recorder. 'This lower resistance was duplicated on the other fluke digital 
voltl.ters. The RTDs that were te;tecl shOwed that the resistance. cross_. 

. cbeckad with all fluke •ters. did not agree with the telll)eratures displayed 
on the• strip chart.· 

The resistance decade. bOx was used_to d.,Plicate the ·vari�s resistances · · 

· · that were. obtained by directly re.ttng �he rnos;. TheSe ��ist�es _.;_ . . . . ' ' ' . ' . . . . 
ttaeq hll)ut intO the recorder ORe· at a tille. . The resistances Obta.iriectby 
direct lieasu .... ts were allla.r thaii'Whjt·the rec�rt-ratures i�i�. 

·cat��-
·
i�-�ea�� case. tile' ��- s� a ��tliier t.,._ra.ture

·
t� .what �he 



. kno.n resistances should have yielded. Six R.TDs were read directly in this 
. . . 

. .  · 

manner.resultirtg in .resistances deviating 0.5 to 2 ot.s from resistances 

derived from recorder temperatures. 

It should be noted that three meters were used to read detector otns. 

To arrive at detector otms. it was necessary to subtract the lead resistance 

·from the total
· 

measurement. This was possible because the three-conductor 

cable has two of the conductors tied to one side; of the detector. By meas-. 

uring the total resistance of CondUctors B and C (see figure 2), one can 

arrive at detector resistance algebraically. As stated, all -.ter readings 
. 

. 
were consistent. but different frc:. calculated recorder resistances. 

..···; : 
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OBSERVATIONS Oft IN SITU TESTING 

The principle of tei!IN!rature ��easuraent for an RTD is that a change 
in. its resistance is proportional to a change in tf!IIIH!rature� This resis
tance change, which is precise andi repeatable when circuit characteristics 
renain unchanged, is usually .•asured bY passing a known current through the 

·sensing element and 11easuring the voltage drop across it. 

In situ testing indicated that a prob la existed with the RTD measure
ment of tellperature. RTD resistances were different when ��easured with the 

.strip chart recorder systa than when any of the Fluke •ters were used. A 

· check of the instn��e��t literature for all units showed that the strip chart 
recorder uses a constant current s;lightly greater thar. 1 IIA, .whereas the 
Fluke ��eters used constant currents of 3 to 3.5 IIA. 

· While such differences in current shoul� not ordinarily cause differ
ences in resistance and telperature readings, the �ccident envi�nt at 
TMI 11ay have caused abn(JI'IIal conditions for the Rllls. The RT'Ds, when 

. installed at 1'111•2, we� not required to be sealed against high fulidity and 

the other environtll!lltal conditions that existed d-.ring and after the acci
dent. Although the actual condition of the RTos and associated wire and .

. 

circuit CQIIIPOftell.ts'iSnot known, it is conceivable that. tbe.Y•ight have 
. 

' . . . . . . . . ' . 
experienced cbeliical cont•ination and �rrosion at te,.inals and penetra.;. 

. ' . . . . .. · .  
' .. 

. . . 
' . 

t ions. If such corrosion and COIIUil'hiation are presentii two pOSSible 
.. ex,l�nations ·for the differette(!s in resistances obt�ined during in. situ : .. . . . 

.

·. 

. ' 

. measur811ents are credible:. 

· ·•. · 

· C�ical !corrOsion ·of t� tel'lltnals Wciuld cause an in�rease· in the 
lleasured Rto.riest�tance. That is 

. 
. 

· · · ·  . · . . · 

:.,. _ :  

-� . . ·.··; 

Ry .• �l +c �z· •
. 

. .
. 

· .

·

. 

l ' . . : ' � . . . 
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'
• 

.• . ..Or.lj:l �to rest�� 
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While such an increase in resistan� would be recorded on the 

1-mA strip chart recorder. the 3.� to 3.5� current of the 

Fluke meters could minimize the effect of the extra resistance. 

causing a lower resistance reading at the digital the�ter. 

e Contamination of the tenainals could result in a parallel 
resistance effect. That is 

·where . 

. R1 = normal RilJ resistance 

R3 = pa:-allel cont•ination res_istance • . 
·The applied voltage (constant current) would see a lower 
resiStance for increasingvalues.· 

. . . . . . . . . . 
. 

Both conditions probably exist at nil in the RTD circuits. ·This could 
. actually ha�e ghen·a lOWer resistance reacting.when the direct resistance· 
measurements were made- using the 3 to 3.5 • of the Fluke ��eters than when . . . 

. . . . 
the 1 mA of ttte strip chart recorder was used. The changes in effects frGII . . . . . . . . . . ' 

both corrosion a� contaraination would be gradual• and therefore not noticed. 
··.· :: . . _ .': . ·.. . . . .· .

. · 
. 

. 
. 

. . . . :. . . . . . · . · · : .. 

. ·. Und�teCte<l. changes in circuit paraill!ters due to possible corrosion ind 
chalical contamination• iiay effect other types of sensor clisplay5. ·· Appf!ndix . 
A lists .l&:dOc:YIIent� that discuss tenlin•l stri

'
p tontillllination and corrosion 

irl nucl�af" 
pJants. 

·
.· This corrosion is a Potentially danger"Ous situation, . 

which could lead>to a.biguous tradications in the contr-Ol rOGII;.. Tte observa
ii«?ris•·madf!<�re �9'11c�J,..ve an. illf)act . o�_ plants . �ith: nol'llllli taigh tl!llpel-a-._: 
·ture Uld �idJty·os)erjtiona.l.·environlents or that •Y ·have �aisecJ nor81 
'tetiperat�te aiKI t....lidity. for short: iiilil!s. >Thjs; latter concUuon' waulct� lie . " . . . . . - - " 

- · · - _ , 
- . · . .. . ' . .  - ' · .. - . · ., . ' "  . - . . - ' - . . -- . . . 

ex�t�·lf :there, .,.re unnotfcecl · leaks over ·long tille Periodsi.. Thts ldnd .· . 
�f.Jt!jl(·� �-- �n adprgbleaa i:n n,Ucl�a.�<pOwer p1ants' in recent-..,eak� . ' 

. 

' . 



All air handling system RTDs at TMI are functional and,. based «)n pre• 
. . . 

liiQ.inary testing and available data,. no change to any RID has been detected• 

The corrosion and contaaination probleas and subsequent investigations are 

not a part of this task. However,. the presence or absence of corrosion and
·. 

contamination in terillinal boxes,. connection heads,. and penetration asselt

blies will be confinllied in the course of other tasks in the lnstrUDentation 

and Electrical Equipraent Progr•, and their effects on circuit perfonaance 

will be assess!d. 
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BIBLIOGQAPHY OF TERMINAL 
STRIP CONTMINATIOit AND CORROSION LITERAlUtE 

A ca.puter search of various data bases was perfo�d bY the Idaho 

National Engineering Laboratory Technical library. The search was by the 

headings, •Tenninal Strtp• or •Ter��fnal Bloct,• with subsets •surface con

tamination• and •corrosion.• Numerous voJUies exist under each of the 
titles individually, but combinations failed to turn up a single reference. 
The tenns •renninal Strip• and •Tei"JBinal Block• were dropped, and 
•Insulator• was tried in coabination with the previously mentioned terms. 
This yielded 11 references; however, all 11 addressed the unrelated topic 
of transmission line insulator problt!IIS., 

Although it was not listed in any data base searched, even under the 
author's name, a copy was available of IUREG/CR-1682, Electrical Insulators 
in a Reactor Accident Environ.ent, by Otaar M. Stuetzer of Sandia National 
Laboratory. This doc���ent was develc.ped in part fr• tnfonaation obtained 
at TMI-2 after the accident. While the observations !lade earlier in this 
report are supported by the Stuetzer report, the latter does not contain a 
detailed investigation into the voltage and current levels one would 
encounter in instrUientation systals. These values would be less than 
50 lilA, and usually 10 V de or less. The writer understands through discus
sionswithM. MurPhy of Sandia National Laboratory that Sandia is currently 
:-esearching the area of ten�inal strip surface cont•ination and corrosion. 

The following is a bibliography of doc.-ents revtf!!Wed during this task: 

Atwood, c. L .. , Estt��ation for the Bin•ial Failure Rate C�n Cause Model, 
NUREG/CR�1401i APrU 1980. · . · . · · · . · · . . · . . ·. .· · 

·Characteristics of. InstrUientation and. Control S15ta. Failures ·in . L tght 
. water Reactors• EPIU RP-Ul, AUgust 1977. · . . · . . . . · · 

!nstituteot'Electrical met Electronics Engineers, Definitions of Terms Used 
1n IEEE Standards on Nuclear PCiwer Gener�ati-.g Systells,. IEEE �1975.; · . · 
In��itute of El�trical and El�tninics Engineers, IEEE Standard for Quilt• .·· 
fy1p Class lE Egut,_t for Nuclear Power Generatii!J Stations. _ . • · ... lEE 323-1974. • . . . . . · . . . · · .· . . . · . . .. . · . · . . . · . . . · . . . . 



Miller; c. F.,. Hubble, w. H.,. Saaas,. D. w.,. Moore,. w. E.,. Data S.-aries of 
Licens�.Event Re,orts of Selected Instn�Rntatton and Control CO!!IIponents 
at U.S. commercia Nuclear Power Plants froB January 1,. 1976 to.Dec�r 31, 
1978. NDREG/CR-1740,. May 1981. 
Nuclear Safety Analysis Center,. Anal�is of Three Mile Island Unit 2 Acci-
dent,. NSAC-1,. July 1979. ·See attache ACcident H1story Graphs. . 
Operating Units Status Report,. NURE&-0020,. Vol. 3,. No. 1, January 1979. 

•Reactor Protection Instrllfilentation,. • Standard Technical Scecifications for 
Babcock & Wilcox Pressurized Water Reactors. NOREG=o1o3, Section 3/4.3.1, 
Revision 3,. July 1979. . . 

"Reactor Protection Instrumentation.• Standard Technical �1fications for 
Combustion Engineering Pressurized Water Reactors,. NURt&=O ,. 
Section 3/4.3.1,. March 1977. . . · · · 

"Reactor Protection Inst�ntation,.• Standard Technical SPecifications for 
General Electric Boiling Water Reactors,. RDREti=0123,. SiCtion 3/4.3.1,. 
Revision 1, APril 1978. 
''Reactor Protection Instrumentation, • Standard Technical Specifications for 
Westinghouse Pressurized Water Reactors,. Nlll£&:0452, SiC£10113/4.3. 1, 
Revision 1, July 1979. 

Stuetzer, 0. M., Electrical Insulators in a Reactor Accident Environ���ent, 
NUREG/CR-1682� January l98l. 

u.s. Nuclear Regulatory Commission, Bulletin,. 78-02, January 30,. 1978. 

u.s. Nuclear Regulatory Connission,. IE Circular,. 80-15, June 20. 1980. 
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