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ABSTRACT 

Laboratory tests �onducted on ona resistance thermometer and 

thsrmowell re110ved fro�� TMl-2 sttowed that neither its calibration nor 

its time response was adve.-sely affected by the acc:Ldent O!" post­

accid�nt conditions to which it had been exposed. No Never-Seez was 

uSE'!d in its ther1110well. A broken conduit fitting allowed 110istw-e to 
enter the extension cables, which affected their insulation resistance. 

Tests on similar thermometers installed in TMI-2 and Crtstal River 

Unit 3 at shutdown and at full power showed that the time response of 

the TMI-2 thermometer met the 5-second limit requtred by the plant 

technical �pecifications. 
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SUtiWlY 

A "vorst...,case• platlm• NSistance theraoaeter (PRT) re.oved fro�� 

Unit 2 of the Three Mile Island Reactor (TMI-2) four years after the 

March 1979 accident vas found to confOI"'I to the original purchase speck 

ficatlons tor calibration, response tiae, and electrical properties. In 

Gddition to yerifying the benchllark response tiae Un 170•F water 

flowing at 3 rrs), ve contiraed that the r&Sponse tiae of this PRT a� 

full.-power ronditions (550°F and 50 fJiS) met plant technical specifica.­

tlons. 

ThP ���tcular PRT selectea for remo�al on the ba5lo or i�situ 

tests had the low�t insulation r-esistance and heat transfer coefficient 

of all seven PRTs tested in situ in the hot and cold legs of loops A and 

B of TMI-.2. Since this PRT met specificatioM in pos�re110val test.�. we 

inter that the remainder of the PRTs would also meet specifications. 

Although the PRTs apparently were not har�ed by the accident, par.­

tial shorting or the extension cables during the accident may have 

caused erroneous temperature reaGings. The protective conduit conne� 

tion to the thermometer head was found to be broken on the worst-case 

PRT, allowir.g steam to enter the connecting terminal housing and the 

cable during the accident. All but two of the PRTs tested showed evi� 

dence of moisture in the measuring �1rcuit. 
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POST-ACCIDENT EXAMINATION OF PLAnNUM RESISTANCE 11IERIDtETERS 

INSTALLED IN THE THI�2 REACTOR 

1 • PROBLEM STATEMENT 

In order to assess the val idity of the tem))'!ratures of the nu-2 

reactor coolant measured during and after the reactor acc-ident, the 

three problems l isted in the following paragraphs had to be solved . 

1.1 Possible Dec�libration of PRTs 

The temperatures of the pr imary coolant water in the TMI�2 reactor 

were measured by PRTs installed in thermowells . During the accident the 

PRTs were su�jected to excessive temperatures , vi bration , and radiat ion .  

After the reactor was sh•Jt down , the PRTs continued to be subjected to 

gamma radiation from the fis3ion produ�ts deposited i n  the coolant loops . 

We undertook to determine whether the PRTs were still in cal i bration or , 

if not , assess the amount and cause of the decal i bration .  

1 . 2  Possible Response Time Degratiation 

Analys is of the coincidence or events duri ng the accident requi res 

a knowledge of the response times of the temperature se·lSors. The 

response times could have changed as a result of excessive temperature 

and/ or vibration during the accident . Therefore ,  we undertook to find 

whether or not the response time had changed and ,  i f  so , to evaluate the 

cause of the changes . 

1.3 Possible Voltage Shunting 

The validity of re<;;ordcd temperat B'et. depends on the assumption 

that the resistanC'e �easured is entlrelv that of the PRT sensing element . 

I f  there were,  for example, an unaccountedr-for· 0.1-MQ leakage res istance 

in parallel with the PR! element, a 3°F error wo�l d result at the normal 

reactor operat ing tempera�ure of 5�0°F. The output signal from the 
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temperature trans•itter ..ay have been degraded by partial shorting 

between the PRT wires or the extension cable wires. 
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2 .  BACKGROUHD 

In Harcll l �79, the THI�2 nuclear reactor s uffered a loss-of-coolant 

accident (�A). ��asurements made by reactor personnel during the acci� 

dent showed some in-core thermocouples indicating temperatures a� or 

above the melting point of the thermocouple materials (2550°F) . 1  The 

lowered water level in the reactor caused PRTs installed i n  the hot legs 

of the coolant loops to be exposed to superheated steam. The PRTs in 

Loop B exceeded the upper recorder temperature i ndication l imit of 

800°F,2 whi ch is signifi cantly greater than the upper temperature l imit 

of 670°F specified for the PRTs.J 

During the accident the ?RT connecti ng heads and signal cables are 

thought to have been �ubjec�ed to escaping steam , and the PRT seals 

reached a temperature that was surely higher thP.n normal. In addition ,  

as the accident progressed the primary coolant became a saturated twor­

phase mixture of increasi ng voi d  fract ion that caused i ncreas ing vi bra­

tion i n  the circulation pumps , with the result that the Loop B pumps 

were tri ppe� 73 min into the accident and Loop A pumps �rere turned off 

1 00 min i nto the accident in response to indications of :ow system pres­

sure , high v i bration , and low coolant flow .  We cannot evaluate the 

extent of vibrat ion transmitted to the loop by the coolant pumps or 

caused by water hammers associ ated with two-phase flo- , but it  must have 

been much greater than usual . 2 

It was feared that the combination of excess i ve temperat ure ,  mois­

ture , and vibration had damaged the PRTs. After the accident, Oak 

R i dge Nati onal Laboratory ( ORNL) personnel were informed that the PRTs 

in the core ex it lines had failed and that the calibrations of the PRTs 

in the inl�t lines were in doubt . 1 

2. 1 PRT Design Consi derations and Spec ificati o:,,1s 

The pr imary coolant temperatures in TMI�2 were measured with 

Rosemount Engineering Company (AEC ) Model 177 HW PRTs. • The Mod9l 177 

HWs ar_ Jual-elemen� , 4-wire PRTs with a threaded si lver bushing on the 
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sheath surrounding the sensor ( Figure 1 ) .  The 1 77 HW PRTs are supplied 
-

with a REC calibration chart generated from calibrations at 0°C ( 32°F) , 

1 00°C ( 21 2°F) , and 31 6°C (600°F). The calibrations above ooc are made 

in oil baths , and an uncertainty or ±0 . 065°F at 600°F is  asserted. 

R epeatabLlity specifications require that agreement at 600°F be obtained 

with no·more than t0. 30°F deviation from the REC factory cali bration . 

Otherwise it is assumed that the PRT has a strained element or that 

errors are present in the calibration system. 

2. 2 Design Considerations to Improve Response Time 

When the TMI�2 PRTs were purchased, REC Dwg . No . 1 77 HW, Rev .  M1 

(1 1�1 1 �70) specified a response time of less than 8 s. Before the PRTs 

w�re installed, a new specAfication, REC Dwg. No. H33551 � 1 20 1 ,  Rev . 1 

(5R2-75) required a response time of less than 6 . 8  s .  I n  both cases the 

63. 2J response time was measured by plunging the PRT (installed in its 

thermowell) into 1 70 ± 1 0°F water flowing at 3 fps.  The response times 

of the PRTs were measured twice by the manufacturer before insta�lation: 

first , to certify that they met the s�s specification and secon1 , that 

they met the 6. �s specifi cation . 

The threaded si lver bushing on the PRT sheath (Figure 1 )  is 

intended to improve heat transfer between the PRT sheath and the matched 

thermowell (Figure 2), thus decreasing the installed response time. The 

bushing diameter and the mating thermowell are si zed so that the bushing 

threads scrub against the inner surface of the the;•mowell when the PRT 

is inserted into the thermc· .. ell . It is important to note that the soft 

si lver threads are distorted once the PRT is inserted; •heretore , if the 

PRT is removed and reinserted (or even rotated in the thermowell) , the 

metal�t�metal contact wil l  not �e as good as on initial insertion .  

REC has recommended that i f  PRTs are installed i n  existing (not 
I 

especially mated) thermowells , or if �hey are withdrawn and reinserted 
I 

into a matched thermowell, the silver bushing should be coated wi th 

Never:-Seez compound.�.. Never-Seez is a suspension or nickel platelets in 
I 

an organi c carrier w,ith a roOIII!'"temperature consistency ot thick grease . 

4 



Figute 1. REC Model 177 UW PRt S/N 3670 shaw• a clean oilvet bushing. 
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Figure 2. Thermowell for REC Mod•! 177 HW PRT S/N 3670 removed from 
THT-2 shows radioactive surface deposits, 



• 

However , tests by Analysis and Measurement Servi ces (AHS) have shown 

�hat the organi c carrier �vaporates slowly at reactor operating tempera� 

tures5 and , therefore, the shorter response times obtained by the use of 

Never-Seez would be negated as the carri er evaporates and leaves only a 

dry powder res i due .  

Purchase specifications allow the use of Neve�Seez t o  meet the 

specified response time of less than 6 . 8  s in 3 fps water . However, we 

could find no record o� whether Neverr.Seez was used when the PRTs we�e 

installed in the TMI�2 reactor . Later examination showed that Neve.� 

Seez had not been used in the ?RT removed from TMI-2 nor , presumably, i n  

the other PRTs i n  TMI-2 . 

2. 3 PRTs in Similar Fac...!.J.i t i es 

Uni t 3 of the Crys tal R iver Nuclear Power Plant ( CR...,.3 )  i s  a pressw·­

ized water reactor of t he s ame type as TMI-2 and was made by the same 

canufacturer . '  REC Model 177 HW PRTs were also i nstalled in the CR�3 

plant , and these PRTs are known to contain Never-Seez in the thermo­

wens . 

Tests were performed on t he PRTs i n  both the TMI-2 and the CR�3 

r·P.actors because the PRTs at TM!r2 co•Jld be tested only i n  still , room 

temperature water . The response time and self-he ating characterist i cs 

are , however , affected by both coolant flow rate and temperature . These 

flowrtemperature effects could be evaluated by first compar i ng the 

response times of TMI�2 and CR�3 PRTs i n  still water , then measuring the 

res ponse times of t.he CR�3 PRTs under reactor operati ng conditions . 

From these data , we could estimate the response times of the TMI-2 PRTs 

under operati ng conditions by assumi ng that they would change res ponse 

time between shutdown ar�d full power wit-h the same pi�oportional ity as 

the CR,..3 PRTs . 
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3 .  TEST PLAN 

The infor�ati on obtained from the inrsitu testing of the PRTs in 

the TMI,..2 react:or include!! the following: 

1. The electrioal reshtance of the elements and ext£:nsion wires , 

2. The insulation resistance between the extension wires and 

element circuit, and plant ground, 

3. The t'RT ref\ponse time , using the loopP:current steprresponse 

( LCSR) method, 7 and 

II. The selt��tte.-..(;ing index ( SHI )  of the PRTs. •, !II 

3 . 1 ImSitu Testing in THI-2 

Two PRTs eac� in the hot leg ( inlet) of Loops A and B ( fow· PRTs in 

all ) were selected for testrng. Two PRTs in the cold leg of L:x>p A and 

one PRT in the cold leg of Loop B •er� selected for tP.sting, but only 

one element of on� rRT in the Loop A cold leg was tested. Th•� 1 3  sepa­

ra�e PRT elements in 'l PRTs were given tests (a ) thro�gh ( dj atove . 

Tests were conducted with tha water in the coolant loops at ambi ent tem­

pe�ature and wi th the circ�lating p�ps 'ff . 

3.2 In�Situ Testing in CR�3 at Shutdown and at Full Power 

Two P RTs each from the hot and cold legs of Loops A and B or CR�3 

were selected for testing. Both elements of each PRT were te��ed , a 

total cf 16 separate PRT elements in 8 PRTs.  ln"situ tests �ere co� 

duct�d during shutdown with pumps �rr and ambient�temperature water 

filling the coolant � · ·. ,. • r,ater tests were performed under full ... power 

conditions (550°� wat .• · .  '.r ; 50 fps).  Detailed results are 

�resented in Appendix 1 

3 . 3 PRT�Thermowell Assembly Rc��ved From THI-2 

The PRT removed from TMI-2 for calibration and response testing was 

taken from the hot leg of Loop A, where during the accident it had 

reached an ind icated temperature of 780°F.2 This PRT bore the TMI-2 tag 
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tR�4A-""!TE3,.1& and the Rosemotllt Sill 3670. The PR'i-theriiOW��-1 ass•bly 

o�as removed without moving the PaT in relation to the thermowell. This 

particular PRT was selncted for removal because the i11:1si tu i nsulation 

res:stance measur�ents indicated that it had suffered the greatest 

degradation of the PRTs tested . Also, the PPT had the largest SHr or 

the PRTs tested, implying the poore.ot heat transfer. Since only one 

PRTffthermowell asse:nbly was scheduled for removal from THI�2. it vas 

considered best to select tor ma.JLimum rather than median damage. 

Detailed results are presented in Appendix 1::. 

3.4 8equence or Testing of Assembly Removed From THI�2 

In addition to the four tests listed at the bf.ginning of Section 3, 

PRT S/N 3670 vas to be ( a )  calibrated, (b) tested for insulation resis­

tance with connecti ng cables r-emoved, (c) tested for response time as a 

function of coolant flow and temperature , (d) tested for self-heating as 

a fWlction of coolant flow and temperature , and (e ) removed from the 

thermowell and examined for P,Vidence of overheating or Never�seez degra� 

cation . 

3 . 5  Chronological Sequence of Tests 

3 . 5 . 1  In�Situ Tests at TMI�2 (February 1983 ) 

Seven PRTs were tested i nrsitu ( in uncirculated reactor coolant 

water at �2bient tem�erature ) for time response , self�heating , i nsula� 

tion resistance , and loop resistance. 

3 . 5 . 2  In�Situ Tests at CR�3, Reactor Shut Down (JunJ 1983) 

Three PRTs were tested in�situ (in uncircul��ed reactor coolant 

water and in slowly moving water at ambient temperature) for tim� 

response, selt�heati ng i ndex, insulati on resistance , and loop resi stance . 

9 
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3.5.3 In-Situ Tests at CR'"3• Reactor at Full Power (Marcil 19811) 

Eight PRT s  were tested in situ for time response and sel f-heating 

index at full power in 557•F water flowing at 52 fps (cold leg) omd in 

599•F water flowing at 67 fps (hot leg). 

3.5.4 PRT�Thermowell Assembly Removed froa TMI�2 

Assembly from TMI:-.2 shipped to Idaho National Engineering 

Laboratory (INEL) April 1, ·j 984. 

3.5.5 Decontamination and Calibratlon a t  INEL (April � July 1984) 

One PRT ( S/N 3670) and therlko....-oll from TMI�;2 were .tested ��t INF.L 

for insulation resistance and calibration. The intact assembly was 

x�rayed. Results and procedures are reported in Appendix III. INEL 

snipped the PRT�thermowell assembly to ORNL in August
.

1984. 

3.5.6 ORHL Tests on PRT and Thermowell Assembly (September � 

October 1984) 

One PRT (S/N 3670) and thermowell assembly removed from TMI�2 was 

measured for room-temperatur·� insulation resistance, then testH.1 for 

response time (by plunge a�d LCSR) an self-heating index at various 

water rlows anc! at temperatiJres to 550°F in a gallium-indium-tin (GIT) 

eutect1 c alloy. 

3. 5. 7  PRT and Thermowell Disassembled (November 13, 1984) 

PRT S/N 3 670 was removed from its thermowell and inspected vis� 

ally. 

3.6 Test Participants and Personr� 

AMS participated in tests 3.5.1 , 3.5.2, 3. 5.3, and 3.5. 6; INEL par� 

ticipated in tests 3. 5. 4 and 3.5. 5; and ORNL participated in �ests 
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3.5.1, 3.5.6, and 3.5. 1. Persons J)errcr-ming the tests included: 

H. H.  Hashemian, K. E. Holbert, Bruce Jakvay, T. M. Y.erlin, and 

K. H. Peterson or AHS; N. H. Ellis, R. L. Rowe, and R. C. strahll or 

INEL; and R. H. Carroll and R. L. Shepard or OR.!tfL. 
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J&. TEST KE'niODS 

4.1 �e Resistance Measurements 

1be loop resistance of the lnstallad PRT element was measured from 

the "i"M'-2 control room and included about 300 ft of extension cai>le. A 

calibrated Keithloy �ode! 1}1 Digital Hultlmeter (DOE-X-137678) was used 

f'or the me:uJurements , referencing a standard 100-o resistor between each 

measurement . Measurements were made in the forward and reverse polar!� 

ties (see Retgrence 6 and Appendix I) . 

4.2 Insulation Res�stance 

Insulation resistance fron the elements to ground was measured at 

TMI�2 and CR�3 with a calibrated General Radio Megohm Bridge (IC 28287 ) ,  

using an applied voltage of 100 V de.' At INEL, the measurements wP.re 

h...Jde with a Hewlett-Packard Model 43;.9A insulation recistance meter 

using an applied voltage of 100 V de (Appendix II) . At ORNL , an uncali­

t�ated Hewlett-Packard Model q329A uet at 1 00 v de was verified with a 

1 0'-� standard before being used . All measurements were made in the 

forward and reverse polarities. 

4. 3 Self.·cHeating I ndex 

The self�heating index (�!U} was obtained frorl the change in 

element resistance with the change in steady�state electri�power dissl� 

pation in the PRT element . Measurements performed by AMS at TMI�2 and 

CR�J are described in Appendix I. �MS measured the SHI with a special 

res��nse time test Instrument having calibration traceable to the NBS. 

At �RNL the heating power was obtained by measuring (1) the heating 

current with a calibrated Keithley 195A Digital Multimeter ( IC 038380) 

and (2) the voltage drop across the element with a He4lett-Packard 3468A 

Multimeter ( IC 501149) . Mearurements were taken during steady�state 

conditions of element resista,,ce and power dissipation at rive or more 

power levels. The slope of the plot or heating power minus normal 
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aeasuring power ?ersus heating resistance minus the nonaal resistance is 

linear and is terwed the selt="heating index (SHI) in units of ot.s/vatt. 

�.II Reaponae Tla Teats 

Jt.ll.1 LooJ>::Current st!P!"R� {LCSa) Method 

Measuraaents or reapon.�e tiiiC at TMI-.2 and CR� 3 were perrorae<l by 

AMS using the LCSR method 'Jescribed in Reference 6. Using a special 

response:-ti.-e instrtaent. AHS measw-ed the time dependence or the change 

o! ele��ent resistance in response to a step increase in the measuring 

current. The response time or the PRT::�thermowell assembly S/N 3 670 

removed rrom TMir2 was measw-ed by AHS at ORNL using both LCSR and 

plunge methods to verify their equivalence. 

1be AMS data analysis presented in Appendix II shows that the LCSR 

and plunge tests measw-e response time with a mean agreement of 6.5 ± 

2.1 1 !:>etween thE:: i.wo methods. This agreement allows direct comparison 

Of the iO"'SitU plant test data with la�ratory plunge test data. 

q.�.2 Plunge Method 

The response time of the PRT:::thermowell assembly is defined as the 

time for 6 3.�1 or the final response to a step change in external tem­

perature. ASTM Standard E 6�4-q8 specifies the use or a bath such as 

shown in Figure 3. consisting of a drum or water mounted on a vertical 

sha�� driven by an adjustable speed motor. 'rhe test item is fixed to an 

arm mout•ted on a pneumatic cylinder so the PRT,.,thermowell assembly can 

be plungod rapidly into the rotating bath. This te&t apparatus provides 

a means ror establishing a known and adjustable fluid velocity past the 

therm<>a..c:�Ger. 

Th� PRT temperature is monitored and ia allowed to stabilize at 

ambient temperature before being plunged into the hot bath. A switch 

13 
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Figure 3. PRT S/N 3670 in position for response time tests under 
benchmark conditions. 
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actl vated by the arm starts the recorders at the instant the assembly 

enters the bath. 

The bat�� temperattre is controlled by circu· 1t1ng heated water 

pwaped from the bath bottom on the axis or the bath into an external 

heater and re-entering the bath on the cit·cumference. Baffles in the 

bath reduce Coriol is currents and p�rmit radial fl?W only at the bottom 

or the tub between annular rings. 

The REC test procedure, in which the response time is measured in 

water at 170 :t 1 0°F flowing at 3 f ps, is general] y accepted by industry 

a.: the standard benchmark condition. The REC specification (REC Dwg. 

No. 833551�1201, Rev. 1) for the 177 HW PRT mounted in its mating therm� 
. 

well stipulates that the response time "shall be less than 6.8 s at 

3 ft/s flow." Thus, to evaluate degradation of' response t.ime, the bath 

conditions use.j reproduced REC test procedure conditf.�c.s. 

4.4.3 �ater Velocity Effects 

To determine the chan�es in response time with water vel�cities 

other than 3 fp�, the PRT was tested at water velocities from 0.13 to 

3.3 fps and 170�F. The plunge test procedure for all water velocities 

was the same as that used at the J-.fps benchmark except for the very low 

flow velocities. We round that if the assembly is plunged ra p idly into 

slowly mov ing water, the plunge itself will produce a relative motion in 

the water, thereby g i ving an effect i vely greater than recogn ized veloc­

ity. Therefore, the pneumatic insertion system was throttled at low 

bath speeds to produce a smooth but slower insertion into the bath. 

Response tests were also made at each water veloc ity using the l.CSR tect1., 

n ique, wh ich avo ids the in iti&l flow veloc ity perturbation charaoteris­

tic of the plunge test. 

4 . 4. 4  Temperature Effects 

Response t imes as a funct ion of tem perature from 30°F to 170°F were 

measured by plunge and LCSR tests in the water bath. For higher 
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temperatures , a stirred liquid�metal bath of an alloy of 62. 51 gallium, 

21. 51 indium , and 161 tin (GIT) was used. This eutecti c  alloy is liquid 

above 50°F and has very gooc! wetti ng properties .  Because it has no 

known toxicity and very low vapor pressure (BP >3530°F) , the bath can be 

used in the laboratory without special atmosphere or ventilation requir� 

ments . 

Both LCSR and plunge test measurements were made in the GIT bath at 

the same temperatures as the water bath to establish the heat transfer 

relationship between the two baths . For ex3.Jiple , at 171 °F the PRT 

respoJ�e time i n  the GIT bath was equal to that calculated for the water 

bath at 40 fps . 

The response time measurements were repeated i n  the GIT bath as the 

temperature was increased. Because the PRT response time is temperature 

dependent, the temperature increase impressed on the PRT during the 

plunge test must be limited to about 20 °C. To accompl ish this, the PRTr 

thermowel l assembly was heated before the plunge with cl�shell he�:�rs 

mounted on tongs to allow rapid removal. When the temperature of the 

sensor had stabili zed at the desired level, the clam shell heaters were 

removed just at the instant the plunge mechanism wa� actuated . 

4.4 . 5  Decontamination and Calibration 

The PRT�thermowell assembl] S/N 3670 had gamma/beta radiat ion 

level� as h i gh as 3 R/h upon arrival at INEL (�ee Appendix Ill). This 

activi ty consisted ent!rely of &urface contamination. The surface 

deposi ts were reduced by decontamination efforts , but there was still 

too much act ivity to permit ue� of the standard oil baths specified by 

the REC for calibration of 177 HW PRTs . INEL therefore used a fluidized 

bed of heated Al20, particles and an ice bath to make a comparison cali� 

bration. An REC Model 162N20013 S/N 1471 reference PRT was placed in 

the fluidized particle bed, and both PRT S/N 3760 and the reference PRT 
were immersed to a depth of about 6 in . An acti�ation current of 1 mA 
was passed in seri es through the sensing elements of the reference PRT 

and both el ements of PRT SIN 3670 . The resistance mea3urements were 
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I 
obtained by aeastring the potential drop across the lndi vidual PRT 

elements using a Fluke Hodel 8500A Digital Multimeter. 
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5. RESULTS AND DISCUSSION OF IN-SITU MEASUREMENTS 

'Ole detailed results of in-situ measlD"ements of PRTs in TMI-2 and 

CR-3 have been reported in Reference 6 and Appendix I. The results of 

those tests wil l  be s1.111111arized here only as they relate to REC 177 HW 

S/N 3760 , the one PRT,..thermowell assembly removed from THI-2 tor cali,.,. 

bration and response-time testing. 

5 . 1  Sensing Element and Extension Wire Resistance 

In February 1983, under shutdown isothermal conditions ,  all of the 

THI�2 hot leg PRTs indicated temperatures of 79 to 82 °F,  while the cold 

leg PRTs indicated temveratures of 75 to 76 °F. This spread is entirely 

reasonable for non-pllllped water with natural circulation. It appears 

that either all of the PRTs had degraded the same amount or there were 

no serious calibration changes in any of the PRTs examined {i. e . , no 

changes in element resistance).• 

The extension wire resistances of the THI-2 PRTs ranged from 4 . 8  to 

6.2 n, while in the CR�3 reactor these resistances ranged from 4 . 5  to 

6.4 n. Thus there were no significant differences in either element or 

extension wire resistances of the THI-2 thermometers that could be a�tri� 

buted to the accident. 

5.2 Insulation Resistance of THI-2 PRTs 

The resistance from elements to ground of some THI-2 PRTs were much 

lower than the REC specification of 100 MD {see Table 1) . During tne 

insulation resistance tests with 100 V de applied, the measured resis­

tance drifted with time following voltage appl ication , a sympt?m of mois­

ture inside the PRT sheath or between the wire connections. The insula� 

tion resistances of these PRTs have been recorded as greater than 

1000 Mn before installation.• Compa rison of similar PRTs in the CR-3 

reactor shows ( as can be seen in Note a, Table 1) that the sensors or 

TMI�2 sustained � large degradation of insulation resistance . 
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TABLE 1. INSULATION RESISTANCE OF EXTENSION CABLES 
AHD PRTS IN ��2 

Insulation resistancea 

PRT SIN (KQ) Locat ion 

3667ro1 13� Hot. leg, Loop A 
;"!2 186 

3670r-1*b 11.5 Hot leg, Loop A 
:"'2* 0.12 

3672�1* 2.0 Hot leg, Loop B 
-2 IIIJO· 

36711�1 3200 Hot leg, Loop B 
-2* 111 

3675r1* 6.8 Cold leg, Loop A 

:;2* 0�45 

3676rt1 1070 Cold Je�;, Loop A 

3679:-1 205 Cold leg, 1.-'lOp B 
-2* 1.0 

a. Note: REC Specification for Hodel 177 HW requ ires 
insulat ion r esistance ( IR } to be more than 100 HD for 
the PRT without extension cables. In c.:>mparison, 
15 PRTs medS ,red at CR�3 had IRs rang ing from 300 t o  
12,0CO MO. 

b .  * Does not meet REC specification for IR. 

It could not be determined during the in-situ tests at THI"'2 

whet her t he insulation degradat ion was caused by moisture penetrating 

the PRT seal or the exter nal wires. 

5 . 3 Resporse Time and Self�Heating Index of THI-2 and CR-3 PRTs 

The 63.2� response times of the THI-2 sen sors , as measured by the 

LCSR method at the room temperature anc1 unc1rc1Jlated water conditions of 

the reactor, ranged from 23 to 35 .9 s. The response times of test speci­

men S/N 3670 were 27.1 s and 27.� s for Elements 1 and 2 respectively.• 
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Under shut-down conditions with no forced water flow and a tempera­

ture of 30°C (85°F), t�.e CR -3 PRTs were folBl� to have response times 

ranging from 19. 7 to 2'1.6 s .  The faster response ·times of the CR-3 reac­

tor PRTs could be due t':l a combination of ( 1 ) more tht:i"'llal. convection i n  

the CR-3 reactor an d  (2) better heat transfer by the use o f  Never-Seez 

in the CR-3 PRT thermovells . 

The steady-state self-heating index ( SKI) of the TM[-2 PRTs varied 

from 7.8 to 10.1 D/W with an average value of 8.7 D/W. PRT SIN 3670, 

selected for removal , had the highest SHI or the TMI-2 PRTs,  10.1 and 

9. 7 Q/W for Elements 1 and 2 respectively . T he highP.st SHI indicates 

that PRT S/N 3670 had the lowest surface heat transfer coefficient of 

the PRTs tested. In comparison , the PRTs or c�-3 had SHI values ranging 

from 6.3 to 7 . 3  Q/W �t shu�down. 

The slower response times and higher SHis of the TMI-2 PRTs as com­

pared to those of the CR-3 indi cate a lower surface heat transfer coeffi­

cient in  the TMI-2 PRT-thermowell assemblies than in the CR-3 reactor. 

Aga in, this result could be due to different convecti ve currents in the 

CR-3 reactor than in the TMI-2 reactor at shutdown, or to the use or 

Never-Seez in the CR-3 PRT thermo�el ls. 

5.4 Response Time and Self-Heat ing Index in CR-3 at Full Powe� 

The purpose of testing the PRTs in CR-3 was to compare their char­

acteristics at shutdown with those of the PRTs in TMI-2. By observing 

how the response time and the SHI changea when the CR-3 reactor went to 

operating conditions , it should be possible to predi ct how the TMI-2 

PRTs would behave under operating conditions. The pred i ct i ve plan 

involves two assumptions: ( 1) the shutdown condi tions are the same , and 

(2) the PRTs of the two reactors have the same coolant flow rate and 

temperature dependence of response time �nd SHI. 

The respons� times and SHis for PRTs in  the two reactors were 

measured by AMS d��ing Rhutdown and operat ing conditions and are given 
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in Table 2. The range of response times and SKis of the PRTs ir1 CR.,3 

under operating conditions may be attributed to the presence of old 

Never�seez in the cold leg thermowells and fresh Neve�Seez in the hot 

leg thermowells. resulting in an average response time of 2. 5 s for the 

hot leg PRTs and 3 . q  s for the cold leg PRTs . It should be noted that 

all_ of these response times in CR,...3 were less than the 5. 0�s response 

time limit in the plant techni cal specifications . 

5.5 Laboratory Tests of Similar PRTS 

AMS also took another approach to estimating the response time of 

the TMit:!2 PRTs ·under full-power conditions . Thi s invo�.ved comparing 

other 1 77 HW PRT thermowell assemblies tested under laboratory condi• 

tions with the measurements at THI�2.5 Tests were made in five di� 

ferent test facil ities including two flow loops and three rotating water 

tanks . 

Response-time measurements were made by AHS on four 1 77 HW PRTs in 

still water; the results are listed in Table 2. Both response times and 

SHis are larger for these laboratory specimens than for the 

TABLE 2. COMPARISON OF RESPONSE TI�ES AND SHis 

Reactor Condit ion Response time 
( s) 

TMI�2 Shutdown 23 � 35. 9 
CRt-3 Shutdown 19 .. 24 . 6  
CR•·3 Op�rat1ng3 2; 3 .. 4 . 8  
Laboratoryb Still water 36. s .-r 4 9 . 5  

SHI , 0/W 

7 . 8  ... 1 o. 1 
f . 3  r 7 . 3 
!) . 0  .. 7 � 0 
7�4 ,.. 11 . 0  

a .  Water flow velocity 50 fps , tem�erature 550 °F. 

Source 

ref • 6 
ref . 6 
App . I 
ref . 6 

b.  PRT had been removed and reinserted into thermowell many times . 
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PRTs i n  eit�: TH[�2 or CR�3. These laboratory results ar& for PRTs 

installed in a dry thermowell where the P RTs had been removed and 

reinserted a number of times. The longer response t imes and larger SHis 

are indicative of poor heat transfer between PRT and thermowell. 

Tests were performed by AMS on one 171 HW PRT�thermowell assembly 

to obtain meas�ements of the response time as a function of water flow 

veloci ty, from which the:r predicted a response time of 12 . 3  s at 550°F 

and 50 fps flow. 6 

Tests were also made at ORNL to determine the effects of temper�� 

ture and flow velocity on a 177 HW ( fRT S/N 3371 ) and to evaluate the 

influence of the thermowell on the response time . The bare PRT ( i . e . , 

without thermQwell ) was found to have a response t i me that varied with 

water flo� velocity in a manner that predi cts a response t i me of 2.78 s 

at 50 fps and 170°F. Tests on t his PRT in the GIT bath indi cate an 

equivalent or water flow veloci ty of 38 fps for the GIT bath at 1 70°F. 

It should be real ized that at high water veloci ties the response 

time i s  relatively i nsensitive to changes in the water veloci ty. F,r 

example ,  a change of veloci ty from 40 f ps to 80 fps would reduce the 

response time by only about o.6J. Thus the GIT bath has an equi valent 

water ve . ... city of more than 3' f ps .  Higher veloci ties hava no signifi­

cant effect on response t ime . 

When the bare 177 HW PRT (S/N 3371) was installed i n  a thermowell , 

the response time at 170°F increased from 2 . 8  s to about 11 s. When 

Neverf"Seez lias added to the annulus in the thermowell, the response t i me 

.fit 170()� dropped to 6.2 s .  The response time was still temperature 

dependent; at 608°F the response time wi th Never�seez in the annulus 

decreased t.o 4.95 s. These results indicate that the PRT response time 

would become Rhorter as the temperature of the reactor i ncreased , not 

only because of changes in coolant water properties but also because of 

changes in the internal heat transfer properti es that were n�t con� 

5idered previ ousl y . •  
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5.6 Eatlutes of TMI':"'2 PRT Responae Time at Full Power 

Using the results of laboratory tests on other used laboratory 

specimen Model 1�7 HW PRTs to extrapolate the response time of the TM[�2 
PRTs, AMS estimated a response time of 1 3  s at full temperature and flow 

conditions . 5 The estimate was made on the erroneous ass\llptlon that 

the laboratory PRT�thermowell assemblies were typical of those in TMI�2 

and CR=3. They were not typical because their silver bushings had been 

worn by repeated i nsertion i n  thermowells. 

A better estimate of the response t ime of the TMin2 PRTs under 

full-power conditions can be made by assuming that they will change i �  

the same manner from shut-down conditi ons as did the PRTs in the CR�3 
reactor . That i s ,  the CR-3 reactor PRTs had an avP.rage response· time of 

22. 2 s at shutdown compared to 3. 2 s at full power ( Appendix I ) .  Si�ce 

the TMI�2 reactor PRTs had an average response time of 29.3 s under 

shut-down conditions , the at-power response time might be estimated by 

applying the ratio obtained at CR�3 [( 3 . 2  s/22.2 s)( 29. 3 s) s 4.2 s] as 

the predicted response t ime for TMI�2 at f ull power . Thi s  result com­

pares well with the 4.51-s response time extrapolated from the bench 

tests des cribed in  Secti on 6. 4 usi ng the FPT actually removed from 

T ... I-2 . 
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6.  RESULTS A.'ID DISCUSSION OF TESTS ON THE PRT RDI>VED FROM TMI-2 

Rosemount Model 1 77 HW PRT • tag IRC ... JIA�TE3 , TEll (SIR 3760) • lc•cated 

in the hot leg of Loop A of the TMI-•-2 reactor. was selected as the 

worst.,..case PRT based on its low insulation resistance and high self-. 

heating index (SHI). The PRT�thermowell assembly was removed from the 

reactor on April 6 ,  1984 and shipped to the Idaho National Engineering 

Laboratory ( INEL) in May 1 984 . There- it was cleaned to reduce tt-.e sur­

face contamination (see F:gure 2 ) , which was as high as 3 R/h gamma-beta. 

The INEL report of these act i vi ties is i ncluded as Appendix III . 

At INEL the PRT was subjected to a s eries of resistance and calibra• 

t ion tests without disturbing the PRT�thermowell mating .  The P RT:&thermo­

well assembly was also x-rayed ( Figure 4) before being shipped to ORNL 
i n  August 1984. 

Addi tional decontamination and masking of the surface (everywhere 

except in the region of the sensing element ) were necessary in order to 

make response-time measurements at ORNL without contaminating the rot� 

ting tub. After response"time and self�heating index measurements were 

obtained , the PRT-thermowell assembly was disassembled ( Figure 1 ) . 

6.1 Insulat ion Resi stanc� Measurements 

In�situ measurements at TMI-2 of the resistance to ground at 1 00 V 

de applied potential indicated 4.5· and 0 . 12-MO resistance for 

Elements 1 and 2 r�spectively (Table 1). The measurements were made 

from the control room and therefore included the extension cables. 

Drifting resistances ind i cated moisture in the ci rcui"t , but it wa s not 

known whether the PRT seal had failed or whether the extension wire con• 

nection was wet . 

Photographs taken just before the PRT was removed from the TMI�2 

reactor showed that the protective conduit for the PRT extension cable 

for Element 2 had pulled loose from the conne ction head ��ig�.&re 5).  

Since no ferrule or insert was found for the conduit, we presume that 



Figure 4. Radiograph of !RT S/N 3670 in the thermowell shows the relation 

of the silver bushin� to the red11ced section of ther�owell. 



Figure 5. PRT S/N 3670 shows open conduit at the time of removal from 
Loop A of TMI-2. 



the i11properly uted conduit vas pulled loose before or duri� t he  accir 

dent (perhaps by vibration) and that t his allowed steaa to e nter the 

connectins head and eztenaion cable (Fis-Jre 6),  resulting in a conduc­

tion path across the connect ing terminals. 

When the PRT vas exuined at INEL without the extension cable, the 

insulation resistance exceeded tne REC s pecification or 100 HO 

(Table 3). The connection head vas opened for examination, vas par-; 

tially decontaainated, and nev extension cable vas adi1ed. The insula­

tion resistance had i11proved still further upon arrival at ORNL. 

TABLE 3 . IHSULATION RESISTANCE AT 100 V DC ON PRT SlN 3670 

Heasure.ent Element to Sheath (HO� 
Location Date ( , ) (2) 

THI�2* 1977 >1000 >1000 
THI"'2* Feb. 1983 11.5 0.12 
INEL Hay " 1 9811 500 300 
·
oRNL Sept� 19611 1200 500 

*Values include extension cables. 

6 . 2  Calibration Verification 

For calibration at elevated temperatures, THI�2 PRT SIN 3670 was 

compared to a reference PRT inserted in a fl•Jidized bed. The calibra­

tion, performed at INEL, involved five temperatures ranging from 32°F to 

599°F as shown in Table II (see Appendfx III). 

The PRT showed only small deviations from its original calibration. 

At room temperature Element 1 showed a maximum deviation of 0.7°F and 

a mean deviation of 0. 14°F over the entire calibration range. Element 2 

had a maximum error of 0. 17°F at 392°F ar.d a n1e::o.;a .::�viation of 0.29 °F 



·., ' . 
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Figure 6. Cable conduit was open when the PRT assembly �as removed from 
the TMI-2 reactor. 
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TABLE II. CALIBRATION OF PRT SIN 3670 AT INEL 

Target Reference Eles�ent 
TeiiJ)erature RTD* 1 2 

Teaperatures i:t •c, resistances in ohms 

Freezing Resistance 199.995 100.323 100.092 
Point Temperature �105 .3118 .015 
Ambient Resistance 216.08 108.116 108.23 

Temperature 20;360 20. 746 20.11110 

200°F ::iesistance 272.25 136.53 136.311 
93°C Temperattre 92.094 . 92;159 91;99() 

II00°F Resistance 357.70 179.1f0 179.09 
201&°C Temperattre 20JJ;342 204.350 203;91 

6o0°F Resistance 439.04 220.10 219.77 
316°C Temperattre 314;96 314.65 314;6o 

*Rosemount Ht>del 162N20013 S/N 1471. 

over the entire calibration range. The REC 177 HW specifications 

require that the PRT recalibrate to within ±0.3°F at 600°F.10 As shown 

in Table 4 ,  PRT S/N 3670 recalibrated to within about ±0.34°F, which is 

just outside the REC specification. The 0.3�°F deviation can be attriw 

buted either to damage during the accident or to uncertainties in te� 

perature dist ribution in the fluidized alumina powder bath as compared 

to the RECoil bath used in the original calibration. In any event, the 

deviation or PRT SIN 3670 from the original calibration was minimal. 

Measurements of the element resistances or the TMI�2 PRTs during 

shut-down isothermal tests (Section 5.1) showed that all PRTs indicated 

about the same temperature. Thus, either all PRT s decalibrated about 

the same amount or none �ecalibrated. It follows that since PRT 

SIN 3670 is stLll in calibration, so are the o ther TMI�2 PRTs. 
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6 . 3 Respons�Time Measurements 

The variation in the response times of the PRT� measured in •still" 

water (Table 2) illustrates that truly •still water• conditions are dif� 

ficult to achieve . Small temperature variations cause slow conve ction 

currents whi ch have large effects on the response time. Thus , it is not 

_possi ble to determine whether a given PRT with a long measured response 

t ime in still water would give a proportionately long response time 

\Dlder operating conditions . Fc.r this reason, only the mean values of 

the response times were used to estimate the expected response tillle at 

full power (Secti on 5.6) . 

Given the tmdefined flow conditions in the shut�down THI-2 reactor , 

we must question 1.ia� significance of the response times of 27. 1 and 

27 . 4  s measured for Elements 1 and 2, respectively, of PRT S/N 3670 when 

it was installed iil the reactor . The r esponse time of this PRT after 

removal from the reactor was measured at ORNL as 27 s when plunged into 

rooiJt'otemperature still vat£:- . However , this agreement may have been 

fortuitous . 

The mean response time of the CRrt3 PRTs under shutrdown conditions 

was 22. 2  s and decreased to 3 .2 s under operating conditions . It was 

known that the CR,..3 PRTs had NevernSeez in the thermowells,  whereas we 

now know that at least one of the THI�2 PRTs did not . The NeverrSeez in 

the CR�3 thermowells may account for the shorter response time at 

s hutdown . 

Both AHS and ORNL personnel measured the response times or PRT 

SIN 3670 at ORNL using the same plunge test equi pment (shown in 

Figure 2), but the r esults were recorded using different equi pment . The 

measured respon�e times at 170°F ror pl unge tests at different water 

flow veloci t i �s are l isted in Table 5. The bath water veloci ty was 

determined in the manner explai ned in Section 4 . 5. 
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TABLE 5.  RESPONSE TIME OF PRT SIB 3670 WHEN PWNGEL 
INTO 1 70°F FLOWING WATER 
( Laboratory Tests Conducted at ORNL) 

Element Water Flow Rate Reseonse Time ( s) 
No. ( cmls) ( fps) AHS ORNL 

1 1 0:: . � 3. 28 5 . 6 5 . 8o  ± 0 . 01 
2 1 00. 1 3 . 28 5 . 7  5 . 96 ± o.oo 
1 62 . 8  2 . 06 6 . 0  6.05 ± 0 . 05 

2 62 . 8  2 . 06 6 . 1 6. 1 3 ± 0 . 01 
1 20 . 3  0 . 67 6 . 7  7.01& ± 0 . 09 
2 20 . 3  0.67 7 . 0  7.07 ± 0.07 

1 1 1  • 1 0 . 36 7 . 70 ± 0. 01 
1 11. 1 0. 1 3 9 . 81& ± 0.08 
1 - o• 27. 0 ± 0 . 3  

*In this test the bath temperature was 68°F. 

The response time of PRT S/N 3670 in i ts thermowell was measured by 

Rosemount Engineering to be 5 . 5  s in 1 975 and 6 . 5  s in 1 977 . The maxi­

mum response time allowed by 1 975 speci fi cati ons was 8 . 0  s, and i n  1 977 

the maximum allowable was 6 . 8  s (asserted to produce a response time of 

less t han 5 s i n  water at 600 °F flowing at 50 f ps ) . The data i n  Table 5 

show that both AHS and ORNL confirm that the response at 1 CO �mls 

( -3 f ps )  sti ll meets factory specifications and i s  within the range of 

the 1 975 and 1 977 measurements reported i n  the qual ification test docu­

ments . 

6 . 3. 1 Response Time as a Function of Water Veloci ty 

It is well known that PRT response time is a function of cool ing 

water veloci ty. The problem is to relate the measured response time 

under laboratory test conditions to the response t i me under reactor 

operating condi tions. Although this problem is el iminated by using the 

LCSR technique to measure the installed response under any des i red opera­

ting conditions , we must address it here because the response time of 
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TMI.-2 PRT SIN 3670 could be measured only under shut-down and laboratory 

conditions , not full-power operating conditions . 

REC specificaticns relate a response time of less than 6 . 8  s in  

water at 3 f ps to a response time of less than 5 s in 600°F water at 

50 fps . 1 0 AMS found that the response time of 22. 2  s in CR-? at reactor 

shutdown decreased to 2.5  tc 3. 9 s when the reactor was operating at 

550 ° F  and 50 fps ( see Section 5 . 4 } . 

T .  W .  Kerl in of AHS has shown that t he  response t ime , T ,  can be 

predi cted by the relati onshi p 

( 1 ) 

where h is the surface heat transfer coefficient and C 1  and C 2 are con­

stants at a given temperature . 1 1  The surface heat transfer coeffi cient , 

h ,  is appr oximately proport i onal to the square root of the water 

velocity.  I f  the val ue of t meas•Jred at various flow veloci t ies is 

plotted versus the water velocity to the -0 . 5  power , a l inear plot wi l l  

be obtained ( see Fi gure 7} . The intercept at infinite velocity is equal 

to C 1 • By cal culati ng t he value of h for a water temperat•Jre and flow 

rate where t he value of t was measured , the value of C 2 can be 

determined . 

Since the measured response t i me has a l inear relat i on to  t he flow 

velocity to the -0 . 5  power , thi s  relationshi p can be used to predict t he 

response t i me at flow r ates other than those measured . Figure 8 shows 

an extended plot of the response times measured at shutdown i n  t he TMI -2 

and CR-3 reactors . If  �e assume that the response times under shut-down 

condi tions are due to tht rmal convection currents in the reactors , then 

the response t i mes whi ch were obser ved could be expected if CR�3 had 

0 . 01 1 fps flow and THI-2 had 0 . 00 6  fps flow .  Such convecti ve flow rates 

are enti rely reasonable.  The 1i fference in response times in the two 

si tuat ions could be caused by the presence of Never- Seez in t he CR-3 

thermowel ls and the absence of Never�Seez in the TMI-2 thermowell s .  
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The ORNL data In Table 5 were plotted i n  Figure 7 ,  and from the 

intercept a value of C 1  s 4 . 76 s was obtained for Equation ( 1 ) .  U sing 

the data and method of Reference 1 2, the value of h at 76°C ( 1 70 ° F) and 

1 mls flow was calculated to be 0. 295 (W/cm�- °C ) and the measured t was 

5. 80 s .  Thus from Equation ( 1 ) 

Substi tuting the values of C 1  and C� into Equati on ( 1) ,  the respon�e 

time for Elemant 1 of PRT S/N 3670 at 76°C ( 1 70°F) can be expr���ed as 

t = 4 .  76 + 0 • 307 /h • ( 2 )  

Using the data i n  Table 5 ,  independent calculati ons were made by 

AHS ( Appendi x II ) where the water veloci ty , V i n  mls , to the -0. 6 power 

was plotted versus t , y i elding ,  for 70°C water , the relations 

Element 1 ,  t • 5 + 0 . 1  V 0 . 6  

Element. 2 ,  t = 5 + 0.8 v-0 . 6  
.. .. 

( 3 )  

( 4 )  

There i s  some questi on whetht:i' the heat transfer coeffici ent i s  best 

represented by velocity to the -0. 6 power or the -0. 5 power . AHS has 

recently concluded that the -0. 5 value i s  a better representation .  

Either the AMS or the ORNL anal ysis predi cts a PRT res ponse time of 

about 5 s in water at 76°C ( 170°F)  at a flow rate of 40 fps or higher . 

These anal yses , however , neglect the influence of temperature. 

6 . 3 . 2  Response T ime as Function of Temperature 

The response time of PRT� has been shown to depend on the coolant 

temperature . •  The response time of PRT-thermowell assembly S/N 3670 was 

measured in a sti rred , heated GIT bath as �es cr i bed i n  Section • .7 .  The 

var iation of the response time with temperature is shown in Table 6 and 

illustrated i n  F i gure q .  The meas•Jrements , as shown by the small dev i a­

tions of rep� dted tests , indicate that sl i ght vari ations i n  the 
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temperature difference between the assembly and the GIT bath ( about 

20°F) were not importa_�t . 

TABLE 6. RESPONSE TIME CF TMI-2 PRT S/" 3670 PLUNGED 
INTO STIRRED LIQUID METAL ( GIT) 

Mean Value Deviation 
Number Temperature* Respons e T ime 1 a 

of tests ( Of) ( s ) ( s) 
4 1 42 5 . 09 0 . 01 
3 1 69 5 . 05 0 . 02 
2 360 4 . 66 o . oo 
3 2 93 4 .74 0 . 02 
4 493 4 . 58 0 . 0 5  
3 585 4 . 53 0 . 03 

*�T is approximately 20°F. 

6 . 4 Calculat i on of Respons e  Time a t  Full Power 

The meas ured r e3ponse t i me of the assembl y in a GIT bath at 1 69 ° F  

•.: :>!:! 'l . 05 s ,  and this r esult , evaluated i n  terms of response time as a 

funct ion of water velocity ( s ee F i gure '{ ) ,  i nd i cates that t he response 

t i me corresponds to a water velocity of 50 fps . The measur ement uncer­

taint y  of response t ime i s  about ±1% , and t hus a ve loci t y  r ange of 

40 to 80 fps is probabl e .  

From Table 6 and F igure 9 ,  the response t i me i s  seen t o  de crease as 

the t emperature increases . I f  the GIT bath has the equi val ent surface 

heat transfer of water at 40 to 80 f ps ,  then at 585 ° F  the r esponse t ime 

would be 4.5 s .  The response time at 550°F i s  obtained from F i gure 9 

an d shown on F i gure 7 f or compar i son to the meae ured responf- e t i me in 

t he CR - 3  reactor . 

We can d i re ctly relate heat transfer i n  GIT at 170 ° F  to a water 

veloc i ty at 1 70 ° F ,  but we know that water propert� 1s change with 
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t t!mperatw-e. Therefore , the measured response time of 4 . 5  s in G..;:T at 

585°F cann�t be directly related to the expected response time i n  water 

at the same temperature . However , by usi ng Equation ( 1 ) , where 

and assuming that the value of C2 ie not temperature dependent but C 1 

and h are temperature dependent , we can estimate the response time at 

elevated temperatw-es . In Equation ( 2) , the value of C2 for the PRT 

assembly was calculated to be 0 . 307 'W-s/cm
2
- °C .  We measured the value 

of T in GIT at 3v7°C ( 585 °F) to be 4 . 53 s ( Table 6 ) . Thus 

T - C2/h • 4 . 53 - 0 . 307/h • 

At 80 fps flow rate and 307°C (585 °F) , the heat transfer coeffi­

cient , h, of water is calculated to be 1 . 76 W/ cm2- °C .  Then C 1  can be 

calculated ( Equation 6) t o  be 4. 36 s ,  and so 

( 6) 

T = 4 . 36 + 0 . 307/1 . 76 c 4 . 53 S ( 7) 

for the PRT S/N 36?"0 under reactor condi tions of 307°C ( 585 ° F) coolant 

temperature and 80 fps flow rate . 

I f ,  for exampl e ,  the coolant water wer e flowing at 50 f ps as in  

CR-3 , the value o f  h is calculated to be 1 . 22 W/ cm�- oc , and from 

Equation ( 5) ,  us ing the val ues of C 1  and C2 as shown in Equat ion ( 6 ) ., we 

find 

T � 4 . 36 + 0 . 307/1 . 22 • 4 . 61 S • ( 8 )  

Thus , changing the flow from 80 to 50 f ps is expected t o  change the 

response time only from 4 . 53 to 4 . 61 s .  It is interesting to note that 

the si mple ratio method gi ven in Sect ion 5. 6 ,  which compared respons e 

times i n  still water for TMI-2 and CR-3 , predi cted an average response 

time of 4 . 2  s for the TMI-2 PRTs at reactor operat ing cond t ti ons , as 

shown by the hexagon marker i n  Figur e 7 .  
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6 . 5  Self�Heating Index Measurements 

One of the reasons for selecting the PRT SIN 3670 assembly as a 

worst case was that it had the highest SHI of the installed PRTs . A 

high SHI indi cates poor surface heat transfer between the element an d  

the coolant and thus i s  generally associated with a long response time 

( Table 2) . 

The SHis for Elements 1 and 2 of PRT SIN 3670 were 1 0. 1  and 

9 . 7  Q/W , respectively, while the other THI PRTs had SHis ranging from 

7 . 8  to 9. 3 DIW. 6 The CRr3 PRTs had SHi s ranging from 6. 3 to 7. 3 Q/W 

under shu�down conditions. The smaller SHis and shorter response times 

of the CR�3 PRTs , as compared to those of THI-2 ( see F igures 7,  8) , i ndi� 

cate better surface heat transfer conditions for the CR�3 PRTs . Since 

the SHI is not as sensitive to surrace flow as is the response t ime 

( Table 2) , more signifi cance was placed on the high SHI of PRT SIN 3670 

than on t he medi an response time or the PRT in still water . 

In t he still�water laboratory test the SHI for PRT SIN 3670 was 

1 0 . 9  and 1 0 . 5  niW for Elements 1 and 2 ,  respectivel y ,  whi ch is i n  reason� 

able agreement with the in�situ tests i n  vie� of the �defined ci rcu� 

l at ion currents i n  t he TMI�2 reactor . Both elements showed an 8J 

increase in SHI when the PRT was tested in still water laborator y condi­

tions as compared to the in-si tu test� at TMI�2 .  

6 . 6  PRT�Thermowell Disassembly 

The PRT SIN 3670 was removed from i ts mated thermowell in a rume 

hood . The silver bushing was , as shown in F i gure 1 ,  bri ght and clean . 

There was no powder res i due in the thermowel l .  We concluded ( based on 

the lack of discolor ation on the sheath )  that the PRT had not been 

seriously o verheated . We also concl•Jded that Never,.,Seez had not been 

used for this particular ther��wel l at any time during the servi ce l i fe 

of the PRT and , on the assumpt i on that other PRTs in TMI�2 were 
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installed using the same procedure ,  inferred that probably none of the 

PRTs in TMI had Never""Seez in their thermowell s .  
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7. CC. �CLUSIONS 

The PRT test results lead us to conclude the following: 

1 .  The low insulation resistance exhi bited by many of the PRTs is 

attributable to failure of the cable conduits or the seals of 

the connecting heads . ( All but two of the TMI PR'!'s showed 

evidence of moisttU"e . ) After PRT SIN 3670 was removed fran 

the r eactor , the insulation resistance increased to a value 

that exceeds factory specifi cations with the extension cable 

removed,  i ndicati ng that the sheath seal was sti ll intact . 

2 .  The calibration �f PRT S/N 3670 was not changed s ignifi cantly 

by the accident. Since the in�situ tests showed the same 

element resistance for all PRTs in TMI�2 duri ng nearly 

isothermal condi tions , it is l i kel y that none of the PRTs 

suffered a significant loss of cal i bration . 

3 . The response t ime of PRT S/N 3670 under benchmark conditi ons 

lies between the two sets of measurements reported i n  the 

or i ginal factory certificat i ons . Therefore, ther e appears to 

be no degradat i on of response time in this PRT . 

� .  From labor atory measurements o f  res ponse t ime at different 

temperatures anc coolant flow rates , the response time of PRT 

S/N 3670 was cal culated to be � . 5  ± 0 . 1 s under TM!o-2 opera"" 

ting condi tions . This value is even l ess than t he 5 s 

required by tne 1'MI,..2 plant techni cal spec if i C'at i ons . 

5. The TMI�2 PRT SIN 3670 met the techni cal specifi cat i on 

res ponse time requirement wi thout the use of Never�Seez i n  the 

thermowell . 

6 . The se1 f•heat i ng i ndex showed that PRT SIN 3670 had a poorer 

heat transfer to the surrounding reactor coolant water t han 

d i d  the ot her PRTs . Thi s  result provi des an i nd i cat i on ,  but 
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not proof, that tt� other TMI�2 PRTs probably have shorter 

response times under benchma�k condi tions than the one PRT 

that WlS removed. 
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8 .  RECOMMENDATIONS 

The only failure mechanism in PRTs that resulted from the LOCA in 

TMl",J2 apparently was caused by steam entering the wiring housings , con� 

densing there, and shwtting the signals to an wtk:nown extent . Conse­

quently , it would seem advisable to require that si gnal cable conduits 

and connecting housi ngs of PRTs for nuclear plants be ( 1 )  tested for 

abil ity to withstand the expected vibrations and (2) ver ified to be 

hermetically sealed after i nstallation .  
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Response Time Test ing o f  Crysta l River RTDs at 
Pull Powe r . 

6 2X-16958 

S!JW•a 

In-situ response t ime tests were per formed on e ight pr imary 

coolant RTDs at Crystal River nuclear power plant at norma l 

operat ing condit ions . These tests wer e  performed April 1 2  and 

1 3 ,  1 9 84 . The results a r e  given in this report . The ma in 

concl usion is that the in-service t ime constant of the RTDs a re 

less tha n 5 . 0  seconds as requ ir ed in .  the techn ical 

specifications of most B & W plants . 

The wo rk reported herein wa s conducted a s  a part of t he 

prog ram to st udy the response behavi o r  of the primary RTDs at 

Th ree Mile Island un it 2 nuclea r stat ion . The program outl ine 

and previ ous results were presented earl ier in report numbe r 

AMS-OR8401RO Page 1 of 1 0  
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ORRL-ARS8304Rl ent itled •status of TRI-2 Pr iaary RTDs During and 

After the Acciden� . · ( l )  

1 .  nescription of the Tests 

Eigbt priaary coolant R'rDs were tested in this study. A 

list ing of these RTDs is given in Table 1 .  All RTDs were tested 

as installed in 
-
their tberaovells with the plant operating at 

full power . The bot leg RTDs are new sensor s  that were instal led 

in 1983 with f resh NEVER-SEEZ . The cold leg RTDs are old 

senso rs with old NEVER-SEEZ in their thermowells . 

The following tests were performed on each RTD : 

1 .  Loop Current Step Response ( LCSR) Test . 

2 .  Sel f  Heat ing Test . 

The LCSR test provided the in-service t ime constant of the 

RTDs and the sel f heat ing tests gave the self heating indice s .  

Typical plots o f  raw data f rom LCSR and self heat ing tests are 

shown in Figures 1 and 2 .  A heat ing current of about S O  

mill iamperes was used to per form the LCSR tests . The LCSR test 

vas repeated twenty t imes on each RTD . The twenty trans ients 

we re a veraged to obtain a smooth LCSR curv'! which was then 

analyzed to ident ify the time constant of the RTD tested . For 

the self heat ing tests , mea su rements were made at five d iffer�nt 

cur rent leve l s  ranging from about 10 to about 50 mill iamperes . 

AMS-OR8401 RO Page 2 of 10 
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1 

2 

3 

4 

5 

6 

7 

8 

'I'ABLB 1 

Crystal River RIDs 

!'eated in �ia Study 

Tag Number 

RC-4A-TE2 

RC-4A-TE3 

RC-48-TE2 

RC-48-TE3 

RC-5A-TE2 

RC-5A-'l'E4 

RC-58-'l'E2 

RC-58-'l'E4 

Installation 

Hot l eg l oop A 

Hot leg l oop A 

Hot leg loop 8 

Hot leg loop 8 

Cold l eg loop A 

Cold leg loop A 

Cold leg loop 8 

Cold leg loop 8 

Al l RTDs a r e  Rosemount Model 177HW installed in 
Rosemount Model 177- 4 63 thermowe l l s . 

AMS-OR840 1RO Page 3 of 10 
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Figure 1 :  A Typical LCSR Test Transient for a 
Crysta l River RTD Tested At Fu l l  Power .  
Chart Speed : 1 mm/sec . 
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Figure 2 :  A Typica l Se l f  Heating Curve for a 
�rysta l River RTD Tes ted a t  Fu l l  Power .  
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2 .  Teat Results 

The t ime constants are g iven in Table 2 and the self 

heating indices are prec;ented in Table 3 .  The average t ime 

constant of the hot leg RTDs is 2 . 5 seconds and 3 . 9  seconds for 

the cold leg RTDs . Th:L s  is consistent with the fact that the 

hot leg RTDs are new and hC\ve fresh NEVER-SBEZ while the cold 

RTDs are old and have old NEVER-SEEZ in the ir thermovells . 

Note that the time constants are less than 5 .  0 seconds 

which is the limit for the time constant of safety system RTD 

elements in B & W plants .  

AMS-OR8401RO Page 6 of 10 
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lfABLB 2 

In-Service lfiae Constanta of Crystal 

River JliiDa 

Tag Number Time Const;ant (Sec. )  

1 RC-4A-TE2 2 . 3  

2 RC-4A-TE3 2 . 9 

3 RC-4B-TE2 2 .. 3 

4 RC-4B-TE3 2. 6 

5 RC-5A-TE2 3 . 3  

6 RC-5A-TE4 4 . 1 

7 RC-5B-TE2 3 . 5  

8 RC-5B-TE4 4 . 8  

Above time constants were obtained from analysis of 
LCSR data . Twenty data sets were sampled then 
averaged for each RTD . A sampl ing rate of 20 
milliseconds was used for all RTDs . 

I terns 1 - 4  Hot Leg RTDs , wi th fresh Never-Seez 599 °F  Water at 67 . 5  fps 

I tems 5-8 Col d  Leg RTDs , wi th ol d Never- Seez 557°F Wate r  at 52 fps 

AMS-OR8401RO 

sa 

I 2 . 53 ± 0 . 29 sec . 

3 . 92 ± 0 . 67 sec . ·  
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1 

2 

3 

4 

5 

6 

7 

8 

�ABLB 3 

Self Beating IDCJicea for Ceyatal River RIDB 

at Pall Operating Coadit!ODS 

Tag Number 

RC-4A-TE2 

RC-4A-TE3 

RC-48-T£2 

RC-48-TEJ 

RC-5A-TE2 

RC-5A-TE4 

RC-58-T£2 

RC-58-T£4 

Self Heating Index CohmRfwattl 

5 . 9  

5 . 5  

5 . 6  

6 . 6  

5 . 0  

5 . 2  

7 . 0  

5 . 2  

- ... . -· . . . -
--------------------�----

· �·
--�-------------- -

·
-

·
-

-
-

· ·
�

·
----�--
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ANALYSIS & 
MEASUREMENT SERVICES 

4706 PAPERMill ROAD I KNOXVIllE. TN 37919 I (615) 588-9709 

lnteria Report 

To : R .  L. Shepard 

From :  B .  M. Basbemian 

Date : November 8 ,  1 984 

Subj ect : Laboratc,ry Testing of the Rosemount Model 
177111 RTD RemO'led From TMI-2 . 

Laboratory response t im e  test s wer e  performed at ORNL on 

one model 177 BW RTD/Thermowell assembly . This i s  a dual 

el ement , 100 ohm, well-type ,  pl atinum resi stance thermometer 

manuf actur ed b¥ Rosemount Engineer i ng Co . Th i s  type RTD i s  used 

in most PWRs manuf act ur ed by B & w. The RTD/Thermowell assembly 

was r emoved f rom TMI-2 for l aboratory examinati on .  A)!S 

performed pl unge test s and LCSR test s  on each el ement of the RTD 

a t  three differ ent flow rate s. A r otating tank of water at 

approximately 70°C was used a s  the response time te st bath . 

The purpose of thi s  work was to i dent ify the t ime constant 

of the RTD i n  l abo ratory condi tion, ident ify the change s i n  t ime 

consta nt w ith fl ow rate , and to ver ify that the LCSR method i s  

val id f or test i ng thi s RTD. 

Pa ge 1 
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'l'he results are given in Table 1 .  lfbese resul ts indi ca te 

that the l aboratory time constant of thi s  RTD i s  approximately 

5 .  7 seconds i n  water at about 70°C flowing a t  approximately 1 

meter/second. ( Rosemount Engineering Company use s  the same test 

environment a nd procedu r e  for i dentifying the time constant of 

Indust r i al �TDs . )  In addi tion ,  the r esults show that the Loop 

Current S tep Response Method i s  val id for response time te st i ng 

of thi s RTD and the accuracy is better than 10 per cent . Tbe 

eff ect of fl ow rate on t ime constant i s  al so apparent in the 

resul t s .  Th e  time constant increases as the fl ow is decreased. 

Based on the l imited r e sponse vs. flow data in Tabl e 2 ,  the 

fol l ow ing t ime constant (T ) vs. fl ow rate (U) were obtained for 

the two el ement s of the R�D in water at 7 0°C .  

El ement tl T = 5 + o . 7u-0 . 6 

El ement t2 T • 5 + O . Su-0 . 6 

( 1 ) 

{ 2) 

Above eq uations show that the time constant of thi s  RTD at 

70°C approach es 5 seconds at h i gh flow rates. 

Additional backgr ound data are pr esented in tables 2 and 3 

as attached to this repor t .  

' Page 2 
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DBLi l 

Response Tiae Test Result s  f or tbe 1771if RTD 
Removed Prom TMI-2 

(RTD S/N = 3 67 0 )  

llmf BAt� �ill� CQDitADt l&tu�. l 
(Meter/Secgndl RTD Element I Plunge LCD 

1 . 0  1 5 . 6  5 . 3  
2 5 . 7  6 . 0  

0 . 6 1 6 . 0 5 . 7  
2 6 . 1  5 . 5  

0 . 2  1 6 . 7 6 . 4  
2 7 . 0  7 . 5 

Agreement 

-6 
+5 

-5 
-11 

-5 
+7 

Note : The LCSR results wer e obtained by anal y si s  of LCSR 
da ta using the AMS Standard Analy si s Code • 

... 

Page 3 
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DBLB 2 

Response Tiae Data f or 177111 RTD 

%illlt: CQDiitADt (St:�. l 
Data source 3 fpa Qperating NEVER-SEEZ 

Rosemount Engineering Co . 8 . 0  4 . 6  ? 

AMS/Removed Prom TMI 5 . 7  5 . 0  ? 

CR-3 2 . 3  to 4 . 8  Yes 

AMS/Bai1 ey  14 12 No 
8 . 0  6 . 5 Ye s 

OConee 6 . 6 ? 

Ref er ence : Repo r t  I ORNL-AMS 8304R1 •status of TMI - 2  
Pr imary RTDs Dur i ng and Af ter the Acci dent . �OL. 
1 . · 

Pa ge 4 
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1 

2 

3 

0\ 4 
Oo) 

5 

6 

7 

8 

T IHE RESPONSE OF ROSEMOUNT 1 77HW RES I STANC E THERMOMETERS 

I NSTALLAT ION FLU I D  CONDI T I ON 

BARE I N-WELL CON DI T I ON NEVER-SEEZ FLO\� VEL TEMPERATIJRE 
fps ISF 

X 

{ - X 80 
X 3 

{ - X 50 600 
X 3 1 70 

X. new Col d Leg ;operati ng 

L 
X o l d  No · 3 70 
X ol d Yes 3 70 

o l d  3 70 

f -
X o l d  No s tagnant 70 
X P . A .  . ?  nat . c 1 rc .  70 
X new Yes stagnant 83 
X new Yes s l . movi ng 83 

1 - X ol d 50 70 

X ol d 3 70 

f : X ol d 50 550 
X ol d 3 550 

MEASURE D AT 

Qconee 3 

AMS 
AMS 
AMS 

Lab 
TMI-2  
CR-3 
CR- 3 

es t 
lab 

est 
est 

DATA SOURCE 

TMI - 2  FSAR 

RMT DWG H33551 
- 1 201 

RMT SPEC DWG 
1 77HW 

EPRI -NP834- 1 

AMS/Ba 1 l ey 
AMS/Ba i l ey 
AMS/Ba 1 l ey 

ORNL-AMS Reeort 

Tab l e  1 2 . 4  
II II 

Tab l e  1 1 . 3 
Tab l e  1 1 . 4  
Tab l e  1 2 . 5 

II II 

Tab l e  1 2 . 6  
,, II 

RES PONSE 

sec 

5 . 0 
4 
8 

5 . 0  
6 . 8 

6 . 59 

1 3 . 8- 1 4 . 8  
1 . a- a .  1 
6 . 8- 7 . 3  

36 . 8-49 . 5 
23 -35 . 9  
1 9 . 7-24 . 6  

9 .  6- 1 1 . 7 

1 2 . 5- 1 3 . 2  
1 3 . 7- 1 4 . 4  

1 2 . 3- 1 3 . 0  
1 3 . 0  .. � 3 . 8  

RLS : ORNL . 2/28/84 
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PRELIMINARY REPORT 

EXAMINATION AND TESTING OF 

TMI-2 RESISTANCE TEMPERATURE DETECTOR ( RTD) 

RC-4A-TE3/RC-4A-TE4 AND THERMOWELL ASSEMBLY 

INTRODUCTION 

Thi s  report d i scusses the exami nation and testi ng of p lat i n um Res i stance 
Temperature Detector ( RTD ) RC-4A-TE3/RC-4A-TE4 whi ch, compl ete with i ts 
thermowel l ,  was removed from the TMI-2 reactor primary cool ant system on 
Apri l 6, 1 984. The thennowel l /RTD assembl y was shipped to Idaho National 
Engi neeri ng laboratory ( INEL ) in May, 1 984. Prel imi nary, cursory 
examination and res i stance measurements were made. 

The assembl y was then subjected to a radioacti ve materi a l  exami nati�n. 
i ncl ud i ng gamma scans and particl e removal . A separate report wi l l  be 
i ss1 1ed on thi s  examination by others. 

The assembly was then further cl eaned of radioactive contami nation and 
subjected to further electrical res i stance tests and a seri es of 
cal i bration checks. It was then X-rayed and repackaged for shi pment to 
ORNL where i t  wi l l  be further tested for its trans ient response 
characteristics.  

The RTD/thermowel l  remained i ntact duri ng a l l  of these tests. i . e . ,  the RTD 
was not removed from the thermowel l .  

DESCRIPTION OF ASSEMBL� 

The RTD/tii�rml"wel l  assembly  i s  a dual el ement pl ati num res i stance detector 
manufactured oy Kosemount, I nc .  Factory specifications are g iven in Tabl e  
1 .  The assembl y was removed from the "A" steam generator Candy Cane. 

Reference 1 prov i des g reater descri ption of th i s  and the other RTD ' s  i n  
TMI-2, and d i scusses i n-s i tu test resul ts. 

INITIAL EXAMINATION 

The RTD/thermowel l  assembly was unpacked and pl aced i n  a fume hood at thP. 
INEL Test Reactor Area (TRA) . Severa l photographs were taken .  See F i gures 
1 thru 5. 

Note the loose conduit fi tti ng whi ch appears to have been pul led apart. 
Photographs taken at TMI j ust prior to remova l of tne assembly show that 
th i s  f itt i ng was a lready open at that t ime. Thi s  condu i t  carri es the wi re 
for e l ement No. 2 ( RC-4A-TE4 ) .  
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INITIAL EXAMINATION (conti nued) 

The serial  number of the RTO was verified a� bei ng SN 3670. 

A radi ation survey was conducted except that no smears were taken on the 
probe itsel f.  The direct gamma/beta radiation was as h i gh as 3 R/h. 
Random swipes revealed contami nation l evel s as shown in Figure 6 .  

Wiring in  the connector head was as shown i n  f igures 7a and 7b. 

Res i stance measurements were made from the ends of the cut-off 
copper-colored extension wires. A Hewlett Packard Model 4329A was used for 
insulation resi stance measurements i n  both forward and reverse pol arity 
modes.  The case of the connection head was used as the ground or return 
side. 

A F l uke model 8500A was used in the 4-wire configuration for mak i ng the 
sensor resi stance measurements .  A recently cal ibrated reference RTO was 
placed i n  the fume hood to mon i tor the air  temperature and i ts resistance 
was al so recorded . 

The resul ts of these i n itial measurements are g i ven i n  Tabl e 2.  

The assembly was then turned over to others for radionucl i de exami nation 
and depos i tion removal .  The resu lts of thi s  effort wi l l  be the s ubject of 
another report. During thi s  effort the assembly was parti al ly 
decontami nated. The as sembly was then returned for further tests . 

CALI BRAT ION CHECKS 

The assembly was further decontami nated and then subjected to cal i bration 
tests .  The med i a  for the �l evated temperature was an al umi na fl u idi zed 
bed . The test system was as s hown i n  Fi gure 8. 

A reference RTD was pl ac�d i n  the f1 u i d i zed bed wi th the TMI RTD. Both 
were immersed i n  the med ia to a depth of about s i x  ( 6 )  i nches . The resu l ts 
of these tests are as shown i n  Table 3 .  

X-RAYS 

X-rays were then made of the assembly.  The X-r�ys showed that the RTD t i p  
was in  intimate contact with the thermowel l  i nner d i ameter . 
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CONCLUSIONS 

The RTD appears to be capabl e  of providi ng good temperature measurements. 
No s igni ficant degradation was found. 

The i nsul ation res istance, whi l e  not as high as desi red, was not as low as 
found duri ng i n-si tu tests. Thi s  is �robably because the low readi ngs were 
caused by moi sture which found its way i nto the RTD wiring through the 
l oose conduit noted earl ier i n  thi s  report and wh ich has subsequently dried 
o�. 

Further tests and exami nations are to be performed at Oak Ridge National 
laboratory to eval uate the response time characteristics of the assembly. 

1 .  H.  M. Hashemi an,  et a l , Status of TMI-2 Primary RTD ' s  Duri ng and After The 
Acci dent Vol ' s  1 & 2. ORNL---AMS8304R1 ,  September 1 983. 
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TABLE 1 

FACTORY SPECIFICATIONS OF ROSEMOUNT MODEL 1 77HW RTD 

ITEM DESCRIPTION 

1 .  Rosemount Part Number For 
Temperature Sensor Assembly 

2 .  Temperature Range 

3. Sens ing E lements* 

4 .  

5 .  

6 .  

Ice Poi nt Res i stance 

Material  

I nsul ati on Resi stance 

*El ement 1 i s  RC-4A-TE3 
E l ement 2 i s  RC-4A-TE4 

71 

SPECIFICATION 

1 77-463 

Ful ly anneal ed,  reference 
grade, . 0007" p l ati num 
wire.  

1 00±1 ohms 

304 SST 

At room temperature and with 
dry external surface, the 
i nsul ation res i stance 
between each termi nal l ead 
and the sensor case shal l 
exceed 1 00 megohms when 
measured at 100 VDC. 



-.1 
lt'o) 

E l ement 1 
RC-4A-TE3 

Red Str i pe & 
Wh i te Wi res 

E l ement Z 
RC-4A-TE4 

B l ack Stri pe & 
Green Stri pe W i res 

Reference RTO 
Rosemount 
Pbd 1 34FW60 

S/N 1 4573 

TAB LE 2 

I N I T I AL RESI STANCE MEASUREMENTS 

I NSULAT ION RESI STANCE 
@ 1 00 VDC ( OHM S )  

5x1 0� FWD Pol ar i ty: 
REV Pol a r i ty:  5x 1 0  

FWD Po l ar i ty: 3x 1 0� 
REV Pol a r i ty:  3x 1 0  

N/A 

ELEMENT RESI STANCE TEMPERATURE 
( OHMS ) ( F ROM TABLE ) 

o c  

1 09 . 902 24 . 39 

1 09 . 893 24 . 63 

27 3 . 54 25. 25 



TARGET 
TEMP 

ICE 
POINT 

AMB 

936C 
(200°F) 

2046C 
(4QQOF) 

3166C 
{600°f) 

TABLE 3 

CALIBRATION CHECKS 

TEMPERATURES IN °C, RESISTANCES IN OHMS 

TESTED 1 1  JULY 1 984 

REF RTD* ELEMENT 1 

RESI STANCE 1 99. 995 100. 323 

TEMP • 1 05 . 348 

RESISTANCE 21 6 . 08 1 08. 46 

TEMP 20. 360 20. 746 

RESISTANCE 272 . 25 1 36 . 53 

TEMP 92. 094 92. 1 59 

RESI STANCE 357. 70 1 79. 40 

TEMP 204. 342 204. 350 

RESISTANCE 439. 04 220. ·,o 
TEMP 314. 96 31 4.65 

*Rosemount model 1 62N200 1 3  
S/N 147 1  
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ELEMENT 2 

100. 092 

. 01 5  

1 08. 23 

20. 440 

1 36.34 

91 . 990 

179. 09 

203.91 

219. 77 

314. 60 
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/NSID£ COVER 

SURFA CE 

3 -
INSIDE CO VER \ 

,-2 

COUNTS PER MINUTE 
I. 13, 550 

2 47.8 70 
3 466,.000 
4 .  145 
5 NONE DE TECTED 
6. NQN£ DE T E C T ED 

/--1 
· INSIDE O THER END 

INSIDE 

' / 
/ FIGURE 6 - CONTAMINATION LEVEL 
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COPPER COLORED INSULA TION 
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�B:... ACK 11046 RUBBER OR 
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' � - - GREEN 11049 INSULA TION 

� -- IN- LINE SPL ICES 
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# 2 620-006-RC4A - TE 4 
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SN 36 70 
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�PINKISH 
BLA CK 'f COLOR 112 

ill '· ' RTD WIR ING 
FIGURE lb  
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# ]  

\ 
- THE 4 L EADS FROM THE 

HEAD TO THE SPL ICES 
GREEN I-lA VE A COPP£RED COL -

(Nu r  t A NI r )  OR£D 1 /V�UL A TION 

81 



TMI R TD ---..��CURRENT A R GON.­
SUPPL Y 

( 

I C E  
BA TI-l 

CURR EN T 
SOUR C £  
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7 METER 
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HEA TER SUPPL Y 
� z 03 
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R T D 
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FIGURE 8 CALIBRA TION CHECKS 
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