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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 (RTDs) in the reactor-building air-
handling system have been investigated. This report describes that investi-
gation, presents and analyzes the data recorded by the 16 RTDs during and
after the actident,‘diSCUSSes in-situ tests conducted:on'the RTDS, and pre-

_sents observations on the test results.
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REVIEW OF TMI-2 RESISTANCE TEMPERATURE DETECTORS

ACCIDENT DATA AND IN SITU TESTING
INTRODUCTION

During and following the TMI-2 accident, a number of instruments failed

- or viere suspected of providing erroneous readings. Because of this, indus-

try focused on the behavior of instnnentation under adverse conditions.
To better understand faiiure mechanisms, the Technical Information and Exam-

“ination Program (TISEP), Instrumentation and Electrical Equipment Prograa,

proposed that surveillance be iq:leented to monitor the status of selected

- -TMI-2 instruments during the Unit-2 cleanup anc recovery process. This

monitoring would provide insight into instruentation perfor-ance under
adverse conditions.

This report!deals with a small portion of the total Instrusentation and
Electrical Program at TMI-2: the cata recorded by the 16 reactor building
air handling system resistance teiperature detectors (RTD) during and after
‘the accident fn situ tests conducted on these RTDs, and analysis ‘and '
obser\vations on the test data. ‘ |

RTDs contain platinln resistance elennts sensitive to tamerature
change. as their tweratures increase, their resistances increase in exact
and repeatable proportin.:s. Smce temerature -easurmnts are ‘one key to
understanding the accident and subsequent plant conditions. a study of the
perfornance of the plant RTDs was -ade - : V

P'.lanningﬂEffort

- The RTDs exumed are located throughout the reactor building nr 7
| hand“ns syste-- and range in_elevation from the 262- to 353-ft elevation. .
 Figure 1 shows.a typical RTD assembly.’ ‘Table 1 Tists the RTDs. b,y instn-ent ‘:
'b tag m—her and indicates. the Plant location and elevation of each. T
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'TABLE 1. TMI-2 REACTOR BUILDING RESISTANCE TEMPERATURE DETECTOR LOCATIONS

_RTD

l;oéati on

AH-TE-5010 (ambient air)
AH-TE-5011 (ambient air)

'AH'-'TE-SOIZ (ambient air)

AH-TE-SOB (amblent air)
AH-TE- 014 (amblent alr)

AH-TE-5015 (outlet temperature)
AH-TE-5016 (ambient air)

AH-TE-5017 (ambient air)
AH-TE-5018 (ambient air)

AH-TE-5019 (ambient air)

 AH-TE-5020 (ambient air)

AH-TE-‘SﬂOiZVIL (ambient air)
H-'rr.ésozz' '(abiént air)

A_ AH-TE-5023 (anb!ent air)
V AH-TE-5027 (outlet temerature)
AH-TE-soaa (amnent air) |

Susp pusp
Letdown cooler

RC drain tank

Impinge barrier

Near equipmnt hatch

_A/C plenum outlet

Prmary shield concrete
Primary shield concrete

Primary shield concrete

Primary shield concrete

Top. ceiling

Top ceiling

~ Southeast stairwell
- HevstAstairvel 1
© A/Cplenm outlet
"_Srovc-ltheast; sta'ir-e'li‘_‘

Elevation

"282‘
282
282
310
319
282
282
282
282
353
383
330
330 |
305
310 |

"he flrst step in the mvestigation uas to verlfy physu:al p'lace-ent

y ,:and uirmg for each of the RTDs

The Rm systen check began mth studying
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TABLE 2. DETECTOR DRAMING AND CABLE LISTING

Block

Pehétration

u-rs-sosa,ff>;

3028-57A

- . Plotter ;
~_Detector Point  Diagram Diagram
AM-TE-5010 8 3024-57 3045-37R
AH-TE=5011 9 3024-57 3045375
AH-TE-5012 10 3024-57 © 3045-375
AH-TE-5013 7 3024-57 . 3045-37T
AA-TE-SON4 15 3024-S7 3045-377
AH-TE-S01S 5 3024-57  3085-37T
"Au—TE-Sst 3 3024-57 3045-37T
AH-TE-5017 1 3024-57  3045-37T
| AH-TE-5018 2 3024-57  3085-37T
AW-TE-SO19 & 3028-57  '.3045-37r
AH-TE-S020 11 3024-57 3045-370
AH-TE-S021 12 3024-57 . 3045-3U
AH-TE-5022 14 3024-57A  3045-3
©AN-TE-S023 13 3024-57A  3045-3
, AH-TE-5027  },7v'6 | 302453 3045-37U

16

3045370

Extension

- TD-258-1

Cable V«Cable
10-250-1  TD-1009-1
T0-251-1  T0-1010-1
T0-252-1  TD-1011-1

- TD-249-1  TD-1012-1
TD-257-1  TD-1013-1
T0-247-1 TD-1014-1
-245-1 1p-1015-1

- TD-243-1 .ro-i01551
T0-244-1  TD-1017-1
T0-246-1  TD-1018-1
T0-253-1 TD-1019-1
TD-254-1  TD-1020-1
T0-255-1  TD-1021-1
TD-256-1  T0-1022-1

© To-248-1  To-1023-1

 1D-1028-1

o ‘ ion which it is drann.‘
.~ and Connection Diagram 3355—12.
= § fﬁPenetration 604.)__;," ‘ :

(A]] 16 RTns are sketched on Flon Diagral 2041, -
All 16 RTDs use Reactor Bu1ld1ng ':f‘;g;; 
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st'te-.ng. onents
The air handhng system QTDs are all Rosesount Series 78 sensors. hav-

1ng a single element with four ead wires. The RTDs conform to thelnter-

national Platinum Temperature Scale No. IPTS-68, with an alpha coefficient
of 0.00385 ohms/ohm/°C. The normal range of these RT0s is -100 to 660‘(: and

they are nomnally 100 ohms at 0°C.

o RTD data are recorded on a strip c‘hart'placed in Control’ Cabinet 25 in
. the Unit-2 Control Room. The RTD-to-recorder interconnects are shown in
Flgure 2. ~

The rerorder is a Bristol 550 Dynanaster mult1-po1nt umt. which 1s a
servo-operated null balance potentiometer and bridge instrument. - The

recorder, cahbrated in degrees Fahrenhelt. sequentially records 24 varia-
bles on a lz-in. strlp chart and is ranged for 0 to 200°F.

The RTDs are connected to the recorder uith three wire cables, as shown
in F1gure 2. An RTD is lnput to a co-xtator switch that rotates. connect-
ing each of .the RTD's. three wires to the s1gnal conditioner. Therefore,
}although each RTD has an’ 1ndividual calibration. the. ‘recorder -ust be cali- . ‘
‘brated to the standard IPTS-SB curve, since there is. only one zero and one
span ad,wstnent. .

The recorder prints one tewerature point ‘each 15 e ili'th "2'4 co‘ints
belng printed for a comlete cycle. it takes 6 -in to c,yc1e and repeat an

o ) mdwidual tewerature DOIIIt.




cahinet

Control

-Recorder

‘,Penﬂebd“ R 25

RO‘GtO" building Cabinet

Noto' SNiold not connocted lo ground at RTD ona

Figure 2. Detector-to-recorder 1nterconnections.

B Recorder
el pplnt 22
Control room

INEL 2 2682




CURRENTLY AVAILABLE- ACCIDENT DATA

The data from the plant strip chart recorders recorded dunng and after
"wthe accident have been transcribed onto floppy discs. The Electrical Engi-
neering D_epartment of the University of Idaho transcribed the data in the
following way. The data from a 16mm film cartridge were projected and
fo'cu'se’d and photo enlargements made. The enlargements were then recorded

' onto a graphics tablet, where the tablet siylus was used to identiry the
location of reference coordinates and the data of interest. Two 1nd1v1ouals
each entered all data, a computer compared the two entries; and any differ-
ence in data batween the two entries for a given time period ‘was reviewed
and corrections made as necessary-.

_ The data transcription effort was completed the last week in June 1982.
An initial review detected errors in the time base of the data, which were
corrected. Plots of the corrected data are included here as Figures 3
through 18.. Since these data were recently plotted, the full analysis
effort has not yet begun. However, the p_lotted data indicate that certain
locations, such as RTD 5012 (Figure S) in the reactor coolant drain tank
room, _experlenced m.1y temperature changes. Othe, locations showed no
temperature change, such as primary shield RTDs 50]6-19 (t—' igunes 9 through
12), uhich are located in the D-rings. . The data also indicate that durng
the h_ydrogen burn, top ceiling RTD 5020 (Figure 13). behaved unexpectedly
and: recorded a negative-going trace, probably because of spray actinty, :
- most other locations, including: the other top ceiling RTD. recorded a
_ posﬂwe—gomg trace. -

_ These data are now under re\neu for infornation related to various fac-' )
. '-'ets of the accident, ‘some’ of uhich are as. follous. S oy i

| - nydfdse@ burs tgaition lo'cat‘io"'i-? -
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IN SITU TESTING OF RESISTANCE TEMPERATURE DETECTORS

‘The strip chart recorder was calibrated using GPU Containment Air Tem-
'-peratureASurveillance 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
maximum error of 1°F from its previous celxbrat1on in 1977. The results of
kthe cal1brat1on are shown in Table 3.1

TABLE 3. STRIP.CHARTvRECORDER CALIBRATION MEASUREMENT DATA

Percent Temperature TInput Desired ~ Actual Error Allowed

of Span  __(°F) (obms) _(°F)  _(°F)_  (°F) (°F)
0 0 92.93 = 0 0.0 0.0 +4
20 - 40 101.76 40 39.0 1.0 +4
40 80 110.53 - 80 - 80.0 0.0 4
60 : 120 119.24 = 120 - 120.5 0.5 4
80 160 127.96 160 - 161.0 {.G +4

100 200 136.49 200 199.0

GPU first performed the ca]1brat1on using.a General Radio decade resis-
tance RTD s1mulator box. The recorder check was then run again using a
, four-wlre RTD 51mulator. Thls unit was c0nnected 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 51de.; No change was noted betueen 1nput methods
for 1dent1cal res1stance values.

. ‘ while‘GPU‘ Survelllance Procedure 4602-RI4 does not call for the S ,
: {A[mea5urement of RTD res1stance, RTD reslstance was ‘measured at this tine by : T
~ the GPU InstrumentatIOn and’ Contro] staff. EGL6 Idaho equipment. used for - ‘ .

'other survelllance tasks uas made ava1lab1e to GPU techn1c1ans for RTD
fres1stance tests.; T ‘ ' '
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resistance RTD simulator, a Fluke BOSOA digital voltmeter (Dwm), and a

Fluke 8500A DW, were all used during the RTD measurements. The 8SOCA DM
was supplied by GPU. ' : o

~ 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 fram the recorder, and the deterained 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 tempera-

 ture as the actual RTD, since the resistance was calculated from the dis-

played temperature, and recorder calibration had been previously verified.

| The Fluke digital thermometer was first calibrated to the actual resis-
tance for each individual RTD tested. Plant records were consulted to

. determine the actual resistance for each RTD at a given tesperature, and

then these mdividual resistances were comared to the calibraticn curve to
derive each R‘I’D's resistaoce at 0°C. This individualized calibration
proceaure was in accordance with the Fluke manual.

After individual calibration. each RTD was then connected to the '
Fluke 2180A Digital Thermometer and a resistance reading was taken. These
adings were lower ‘than the caiculated resistance displayed on the

' grecorder., For example, RTD AH-TE-5020 had a resistance reading of 2 ohms

~ lower than the calculated resistance displayed by AH-TE-5020 on the
~'recorder. lhis lower resistance was duplicated on the other Fluke digital
‘voltneters._ The RTDs that were tested showed that the resistance, cross- -

- checkad with a1l Fluke neters. did not- agree with the teqeratures displayed
‘on the strip chart. ‘ :

The ‘resistance decade box was used to duplicate the various resistancesi R

' Vthat were obtained by directly reading the RTDs. l’hese resistances were
then mput into the recorder one. at ‘a time. . The resistances obtamed b,y o
S idinect neasurenents were. an louer than uhat ‘the recorder temeratures indi-‘fj:- Fo
s cated

in each case. tlle recorder sma a“higher te-perature than%ul\at fthe




' knoan reslstances should have yielded. Six RTDs were read directly in this
manner resultmg in resistances deviatmg 0.5 to 2 ohms from res1stances
derived from recorder temperatures.

It should be noted that three meters were used to read detector olns
To arrive at detector ohms, it was necessary to subtract the lead resistance
- fron the total measurement. This was poss1ble 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 meter readings
were consjstent. but d1ffe_rent from calculated recorder res1stances.
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OBSERVATIONS ON IN SITU TESTING

- Tiie principle of temerature -ea_sure-ent for an RTD is that a change

in its resistance is proportional to a change in temperature. This resis-
‘tance change, which is precise and repeatable when circuit characteristics

remain unchanged, is usually measured by passing a known current through the

. -sensing element and neasuring the voltage drop across it.

In situ testing indicated that a problem existed with the RTD measure-
ment of ‘temperature. RTD resistances were different when measured with the
strip cnart recorder system than vhen any of the Fluke meters were used. A

- check of the instrusent literature for all units showed that the strip chart

recorder uses a constant current slightly greater than 1 mA, whereas the

kFluke -eters used constant currents of 3 to 3.5 mA.

"While such differences in current shoulo not ordinarily cause differ-
ences in resistance and temperature readings, the iccident environment at
Tul may have caused abnormal conditions for the RTUs. The RTDs, when v
installed at THI-Z. were not required to be sealed against high humidity and
the other enviromntal conditions that eXisted ‘during and after the acci-
dent. Although tne actual condition of. the Rms and associated wire and

- circuit cwonents is-not I:novn, it is conceivable that they might have
g experienced cheaical containation and corrosion at terninals and penetra—
' tions.v If such corrosion and containation are present. two- possible 5
,fjexplanations for the differences in resistances obtained during in situ N S
‘ ;_measurenents are credible.~ ' o

o z_-"f’t:henical corrosion of the teroinals -ou'ld cause an. increase in tne;
L .;neasured RTD resistmce. That is S
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' Nhl]e such an increase in resistance weuld be recorded on the
1-mA strip chart recorder, the 3.0-mA to 3.5-mA current of the
" Fluke meters could minimize the effect of the extra resistance,
- causing a lower resistance reading at the digital thermometer.

- . iiicontamination of the terminals could result in a parallel
‘ reSistance effect. That is ‘

(®))(Ry)

.T "TF"1§;

'uhere,

n

1 normal RTDiresistance

'783 parallel contalination resistance.

- {The applied voltage (constant current) uould see a lo-er
resistance for. increasing values. -

Both conditions probably ex1st at ™I in the RTD circuits. This could

Mfactually have given a louer re51stance reading when the direct resistance .

"-measurements were made u51ng the 3 to 3.5.mA of the Fluke meters than when

efthe 1.mA of the strip chart recoruer was used.; The changes in effects from
- both corrosion and contam1nation uould be gradual and therefore not noticed.;

Undetected changes in. circuit para-eters due to possible corrosion and

':;chemical contamination may effect. other types of sensor displays. Appendix

"ip'i A lists 16 docunents that discuss terninal strip contauination and corrosionf
oo in nuclear plants.4 This corroSIon s a potentially dangerous situation.

3§‘frﬁuhich could lead to a-biguous indications in the control ‘room. The observa-f
"tﬁlitions made’heredcould have an inoact on plants uith nonlally high telpera-

r’long_tiae periods.

,,,,,

This kind fﬁji{ -



A1l air handling system RTDs at TMI are functional and, based on pre-
11m1nary testing and- ava11ab]e data, no cﬁange to any RTD has been detected.
The corros10n and contannnatIon problems and subsequent investigations are
not a p;rt of this task. However, the presence or absepce of corrosion and
~ contamination in terminal boxes,;connectionfheads. and penetration asseﬁé

blies will be COnfirmea in the course of other. tasks in the Instrumentation
and Electrical Equlpnent Program, and the1r effects on circuit performance

will be assessad.
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BIBLIOGRAPHY OF TERMINAL
STRIP CONTAMINATION AND CORROSION LITERATURE

A computer search of various data bases was performed by the Idaho
: | 'National Engineering Laboratory Technical Library. The search was by the
headings, “Terminal Strip® or "Terminal Block," with subsets *Surface Con-
' ' tamination® and “Corrosion.” Numerous voluses exist under each of the
‘titles 1ndiv1dually, but combinations failed to turn up a smgle reference.

The terms “Terminal Strip" and “Terminal 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 problems.

Although it was not listed in any data base searched, even under the
author's name, a copy was available of NUREG/CR-1682, Electrical Insulators
- in a Reactor Accident Environment, by Otmar M. Stuetzer of Sandia National
Laboratory. This document was develcped in part from information obtained
at TMI-2 after the accident. While the observations made 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
s Aencounter in lnstruentation systems. These values would be less than
50 mA, and usually 10 V dc or less. The writer understands through discus-
sionsawith M. Murphy of Sandia National Laboratory that Sand,ia is currentl y
| ‘researching the area of terminal strip surface contamination and corrosion.

" The following is la bibliograpiw of docusents reviéied during this taék:
, Atwood. C. L.. Estinatlon for the Binomal Failure Rate Co-on Cause Hodel.-

uuasslca-um, April 1980.

- ‘Characteristics of - Instrmentation and Control S teu Failures in_ Li ‘ht
. Water Eeactors, ER : . , o L

‘ Institute of E‘Iectrical and Electromcs Englneers, Defimtions of l’erms Used‘ |
in IEEE Standards on Nuclear Powe- Generating___ystens IEE 380-19 5. \

IEEE Standard for 'uaii-f oL
g Statlons. o [

Inst__itute of Elec_trical and Electmnics Engineers,
fyin Class IE’E' uips ‘t for lluclear Power Generati‘
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Miller, C. F., Hubble, W. H., Sams, D. W., Moore, W. E., Data Summaries of
Licenses Event Reports of Selected Instrumentation and Cogirol Components
at U.S. Commercial Nuclear Power Plants from January 1, 1976 to December 31,
1978, NUREG/CR-1740, May 1981. —

Nuciear‘Safety Analysis Center, Analysis of Three Mile Island Unit 2 Acci-
dent, NSAC—I, July 1979. ' See atfacﬁgg Accident Hisfory Graphs.

Gpefating Units'StatusVReport,‘NUREG&OOZO, Vol. 3, No. 1, January 1979.

"Reactor Protection Instrumentation,” Standard Technical Scecifications for
Babcock & Wilcox Pressurized Water Reactors, NUREG-0T03, Section 37/4.3.7,
‘Revision 3, July 1576.

*Reactor Protection Instrumentation,” Standard Technical Specifications for
Combustion Engineering Pressurizad Water Reactors, Nﬁﬁ!ﬁzﬁgig,

Section 3/4.3.1, March 1977. B , ‘ o

“Reactor Protection Instrumentation,” Standard Technical Specifications for

General Electric Boiling Water Reactors, . 1on 19 N
Revision I, April 1978, o

”Reactor‘ProtectiOn;Instrumentation,' Standard Technical Specifications for
Mestinghouse Pressurized Water Reactors, ROREG-0452Z, Section 371.3.!,

evision 1, July . '

Reactor Safety Study: Anfkssessdéntﬁof,RiSRs in UuS. cblnercial Nuclear
: 4, WASH-TA00, Appendixes 3 and 4, Table 3-4-2,

 Bp. 3-47-48, December 1975.

NUREG/CR-1682, January 1981. -

’StuetZer; 0. H.,'Electrica1lln501ators in a Reactor Accident Environ-ent,

| u.s. ﬁuc]ear Rggulatory CoﬁmiSsion.'Bullgtin,uza-oz, January 30, 1978.

U.s. Nuciear'kegulatory Cthiﬁsion;~IE"Circu1§r; 80-15, ‘June 20, 1980.




