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Historically Resistance Temperature Detector (RTD) tive responses have been
measured by the plunge test technique. For RTDs installed in nuclear plants
the plunge test is inconvenient and very inaccurate, sometimes leading to
errors as large as a factor of 3. Recently EPRI has developed an in-situ
method for measuring the RTD time response called the Loop Current Step
Response (LCSR) method. The LCSR method {s convenient to perform and ft
oroduces results that are accurate to within about 10%. In addition, EPRI
has developed two other in-situ methods which detect RTD degradation, dut

give no detailed infornation on the RTD time response. These methods are

she Self Heating Index (SHI) method and the Noise Analysis (NA) method. de
have examinea the LCSR, SHI, and NA methodologies and find all three to ce
viable methods for monitoring RTD time response, but w~e nave not conducted a
formal review of the SHI and NA methods. To date two vendor time responue
topical reports have been submitted to the NRC, one from Analysis and
Measurement Services Corporation (AMS) and the other from Technology for
Energy Corporation (TEC). Both vendor topicals propose only the use of the
LCSR method. We have reviewed both the AMS and TEC LCSR topicals and find
their methodologies acceptable for RTD time response measurement.

The extensive RTD tasting done in conjunction with the LCSR development has
revealed ATD time response degradation with ageing. [In view of this degradation

we are recommending increased iurveillance testing of RTD time response.
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1.0 INTRODUCTION, BACKGROUND, AND SUMMARY
- mm—————r—a reec—oowam mms SSemsm

A Resistance Temperature Detsctor (RTD) is a type of thermometer in which the
temperature in inferred from the electrical resistance of a plece of wire,
which is called the element. RTDs ar~ used extensively for monitoi-ing water
temperatures in nuclear reactor plants. The RTD element does not respond
{nstantanecusly to changes in water temperature, but rather there is a time
delay before the element senses the temper.ture change, and in nuclear reactors
. this delav must be factored into the computation of safety setpoints. For

this reason 1% is necessary to have an accurate description of the RTD time
response. This Safety Evaluation (SE) is a review of the current state of

the art of describing and measuring this time response.

Higsorically the 372 time response has Deen cmnaractarized py a single parameter
called the plunge time constant, or simply the Plunge <. The Plunge < 1is
defined as the time required for the RTD to achieve §3.2% of i1s final response
after a stec tamperature change is impressec on the surface of the RTJ. Such

a temperature change can be achieved Dy plunging the RTD into a heat sink,

such as water, oil, sand, or molten metal. Whe. =< is measured by this means

the technigue is called the plunge test method.

Until 1977 all testing af RTD time response was performed by means of the plunge
test technique. In nuclear reactors, surveillance to3%!.g posed an in-
convenience in that the RTD ha- to be removed from the reactor coolant

piping and shipped to a laboratory for testing. Nuclear reactor service
conditions of 2235 psig and 540 DEGF are difficult to reproduce in the
laboratory, and hence all laboratory tests were performed at more benign
condittons, and the laboratory results were then extrapolated to service

conditions. The combination of manipulating the RTD and extrapolating the

ol »



laboratory results to service conditions lead to significant errors in *he
~ID time response, sometimes.as hign as a factor of 3. Thus there was

considerable incentive to find a better way to measure an RTu's time response.

With this impetus, in 1976 EPRI launched a research oroject at the University
of Tennessee (U of T) to investigate other possible methods for measuring an
ATD's time response. Two requirements for any method being developed were:

(1) that it could be performed in-situ, and (2) that it produce reasonably
accurate results. The products of this investigation ire described in three
EPR] sopical reposts, which are references 1, 2 and 3, which will henceforth
se refarred to as the 1977, the 1973, and the 1380 EPRI topical reports.

This investigation produced three in-situ methous for testing the time response

of RTDs, which are as follows:

1. Loop Current Step Respense (LCSR) Metnod.
In the LCSR Method the resistance element of the XTD is heated by an
electric current, and the tomperature transient in the eiement is recorded.
From this transient the response of the RTD to changes in external

temperature {s inferred.

2. Self Heating Index (SHI) Method.
In the SHI method a constant current is impressed through the element
and the aquilibrium change in resistance is recorded. The ratio of the
element resistance change to the power dissipated is called the SHI. The
SHI cannot be currelated with the Plunge t, but changes in the RTD SHI can

be used as a means of detecting RTD degradation.



3. Nofse Analysis (NA) Method.
In the NA method the srall fluctuations fn RTD output under operating
conditions are analyzed on line (o= recorded for off line analysis) using
spectral density and/or auto regressive technigues. These flui%tiations are
the RTD response to fluctuations fn the external temperature of the RTD.
[f the pattern of fluctuations in the external tamperature fs known, then it
{s possible to deduce information about the time response of the RTD. The
NA method has been applied to obtain consistent results under optimum reactor
conditions for certain types of sensors; ilowever, currently 1t has not Deen
astablished in a statistically dependable manner that the NA method yialds
results comparable with deterministic methods. Thus, vhile in principle it
should be possible to develop a viable deterministic method for measuring
the Plunge t using NA, the realizationof thts goal—wttl still require a
substantial amount of investigative work. However, at the present state=-of-
she-art the NA method could be useful for detecting RTD time respense

degradation.

“haracteristics of these three tn-sftu methods and the plunge test methed
are summarized in tables 1.1, 1.2 and 1.3. A1l these methods have their
surpose. However, for determining the RTD Plunge t, the only currently

viable method is the LCSR method.

Currently inesitu LCSR RTD measursment services and test equipment are available
from two vendors, Analysis and Measurement Services Corporation (AMS) and
Technology for Energy Corporation (TEC). Both these vendors began operations
before the final phases of the EPRI study were complete, and as a result
developed somewhat different methodologies. The AMS methodology is identical

to that described in the EPRI topicals. We have reviewed both the AMS and

TEC LCSR methodologies and find them both to be reliable and adequate o

mneasure the RTD time constant to within 10%.
F -



Table 1.} Characteristics of Methods for Messuring RID Time _esponse
0
- i .::e::::' Complexity
Test b of Quality of Measurement
£ S ot Measurement
L |of service| *
- Y
- Plunge test measures Plunge 1 directly, but measurement has poor
Need quality for two reasons: (1) Manipulating RTD way change 1ts time
o remove
Plunge = Yes RTD and response and (2) Service conditions are usually not reproduced in the
Test - ship to lab. Lab results must be extrapolated to service conditions. ihe
b ‘fb combined etfect of these two factors can result in errors up to a
: factor of 3.
= Test simple.
LCSR 0;0 Yes speclal test LCSR orovides an indiiect measure of 1.
Test A equipment )
£ ssaded. Results are generally accurate to within 10%.
Test simple. SHI can be measured quite accurately.
SHI 3 Uses simple
Seat - Y standard From changes in the SHI, RTD degrad. .fon can be detected.
a L - electronic
— test No good correlation between Plunge + and SHI exists.
equipment.
A good deal of sophisticated work has gone into NA. However, NA
Test simple. | measurements of Plunge 1 conducted to date have been in error by up
NA 3 special to a factor of 5. A nusber of Investigators are still endeavoring to
= No :‘ t develop a viable wethod fur measuring the Plunge v using NA, and it is
Test L :s t hoped that future work will lead to much improved agreement between
" eg:es::" theory and experiment.

MA Is stil) a useful tool for detecting RTD degradation.




Jable 1.2

Practical Aspects and Avallibility of RID Iiwe Respopse Iesting Mcthods

Rosewont
Utility of AMS TEC
Test Test Procedure ‘932::::" Provides Provides
Test for RTD Y Y
None es es
Plunge Degradation p
Test
Measure Poor -~ Errors to Service Only -
Plunge 1 a factor of 3 (Lab Tests) Yes Yes
0K -- However 1f the §
utility buys equipment for b _
z:s:.:::'zzo degradation test they might ‘ﬁgu:::::: Eg“:P':“:
LCSR 9 as well buy equipment for "3 nd Training
Test measuring Plunge 1.
Service or Service or
Measure Good
Equipment Equipment
Plongs ¢ WS Moaracy and Training and Training
Test for RTD Good -- No special test
shl Degradation equipment needed. Tratning Training
Test
Measure Poor -- No good
Plunge 1 correlation with © exists.
Good.
Test for RTD |Need Special Test Equipment. Equ:s:enl Eqalg:ent
pegradation RTD need not be
taken out of service. Training Training
NA Inftial attempts to measure Plunge v produced
Test poor results with errors up to a factor of 5.
Measure ; Equipment
Over a perind of 2 years a limited number of and
Plurge « careful NA measurements have produced results Training

with +10% variation.
correfation of these results with
determiaistic measurements has been made.

No systematic




Table 1.3 Modes of RTD Surveillance Testing

Historical Method: Plunge Test.

decause of the inconvenience cf removing the RTD for testing and the
inaccuracy of the tast resuylts this method is being abandoned by a

aumper of utilities. The NRC should take steps to encourage all utilities

+o abandon this methoad in a timely fashion.

LCSR Method: Maximum Utility Involvement.
The utility can purchase their own alectronic esquipment and have their

swn trained personnel perform the CSR tests.

LGSR Method: Moderate Utility Involvement.

The utility personnel can do regular degradation tasts using aither the
SHl or NA methods. I[f svidence of RTD degracation is found then 2
consultant can be brought in to measure the RTD time constant using

the LCSR method.

LCSR Method: Minimum Utility Involvement.
The utility can have the consultants measure the RTD time constants on

their reqular surveillance schedule.



The current Standard Technical Specifications require that one guarte= of
the safety channe! RTDs be tested once every 18 months. The data on RTD
deqradation collectad to date is rather scant, but does aphear to give
positive evidence of RTD time constant degradation with service. A prudent

interim regulatory positicn would be to require the ytilities to either:

a. Perform a surveillance test of all their safety channel RTDs at least
once every 18 months, and verify that the time response of the slowest
ATD is at least as fast as that assumed in the safety amalysis. In
addition perform a test of each newly installed RTD at oper.:ing conditions

as soon as practical after its installation.

5. Continue with the present RTD surveillance requirements and schedules in
the Technical Specifications, but in the safaty amalysis assume an 27D

time constant equal to the greater of:

1.2 [Zongost time constant measured in last surveillances tasj =

Jr including a 10% allowance for measurement uncertainty)

CE wmmee Rosemont Model 104 RTD «ww--- 12 sec.
W ~===== Rosemont Model 176 RTD «weee 0.8 sec.
B4W ---- Rosemont Model 177 RTD «eeee- 12 sec.

The rationale for options (a) and (b) 2bove are discussed in section 8.0

of this repart.

> M



24 m TIH‘ m HA ATION w NQSURQENT
2.1 RTD TIME CONSTANT CONCEPT
[f an RTD were a first order system, the Laplace Transform of the sensing

element's response to an external temperatuse change would be:

T(element) 1

T(external) (1 + ts)

The response [T(alement)] to a step function change in T(external) is

T(element) = T(ext,final) - [Tfext,final) - Tlext,initial)] *exp(=-t/t)

- e o ————

At time t = r the element temperature has reached 100%/c¢ = 63.2% of its
fina) response. For this reason the time required for the RTD output to
atzain 63.2% of its final response has Seen named the RTD plunge time

constant

In fact, RTDs are not first order systems, but the historical definition of

RTD time constant is sti1]l used and fs stiil a useful concept.

In applications in nuclear plants the external temperature changes to an

RTD are typically ramp functions, and the parameter of importance {s the

time by which the sensing element temperature lags the external RTD temperature.
This :ime is called the Ramp Delay Time (RDT). In the AMS Topical Report
(Reference 5) pages 105-109 the relationship bet 2en the Plunge r and the ROT

is discussed, and i1t {s shown that the Plunge r is always equal to or longer

than the RDT, the taximum d1ifference being about 2%. Thus the Plunge t can

11 -



be used as a conservative measure of t 2 RDT, and in practice all Technical
Specifications are written in terms of the Plunge t and hence all measurement

techniques are directed toward evaluating the Pl'nge r.

LCSR METHOD FOR MEASURING RTD TIME CONSTANT

x

2.2.1 LCSR TEST PROCEDURE

Tn the LC3R method a constant current is impressed on the RTD sensing element
«nich heats “he element and the whole of the RTD expe” "ences a temperature
sransient. A time plot of 2ithar the heating of the eiement wnile the current
is impressad or the cooling after the current is discontinued is recorded.
Zrom this 1ot the 3TD plunge time constant is inferred by means of the LCSR

sransformation, ~hi. is described in the next saction.

The element remperature 15 inferred from its alecirical resistancea wnich
is measures bv a bridge circuit. The required electronic test equipment is
discussed in detail in the supject references, and this discussion will not

be refterated in this SE.

2.2.2 THE LCSR TRANSFORMATION

The mathematical theory for analyzing heat transfer in an RTD is developed in
the subject references. Two dif'erent approaches are described in detail:

(1) a nodal approach and (2) a continuum approach. In the 198C =PRI Topical
Report, page 3-34 and Appendix 3, numerical results of the two approaches are
compared, and for the two cases cited the differencer are 1.5% and 1.1%
respectively. Thus for practical purposes the two approaches can be considered

to be identical.
o 1w



It is shown that {f:

(1) The RTD has cylindrical symmetry and
(2) There is neglegible heat capacity inside the sensing element
then the transfer function which describes the RTD's respanse to an external

temperaturs change is (ANMS Tooical page 23)

(2.1) T(eloment) | :

e e e,

T(external) (298 *# 1)(rgs #» 1)(238 + 1) ...ne (2,8 ¢ 1)

n is rinite if the nodal approach is usad and infinite if the continuum
approach is used. This difference is not significant in that the higher order

factors contribute little to the solution.

The impoertant feature of the above squation is that the transfer function
cantains 20les, but no zerces. As will soon Decome evident, this fact permits
tha inference of an RTD's response %0 an external tamperature change from

the resulss of an LCSR transfent,

I+ {5 shown that the plunge time constant is given by (AMS Topical page 27)
(2.2) e s [0 =101 = tz/7y) = In() = 2y/7y) - In(1 = tu/2y) «vens 1.

It 1s shown that the response of an RTD to a step change in element current

(LCSR transient) fs given by (1978 EPRI Topical page 43)

(2.3) T(element) - T° - ; . cxp(-t/rn) .

where the a_ (also defined in page 49 of the 1378 EPRI Topical) are functions of

the poles and zeroes of the transfer function.

+- 1% &



Experimentally, the A can be determined by breaking the temperature response
into a serfes of exponentials. Once the : are determined they car be
plugged into equation 2.2 to determin€ the plunge time constant. Thus all
the information required to evaluate the plunge time constant fs contained

in the LCSR transient.

2.2.3 APPLICATION OF THE LCSR TRANSFORMATION

In an ideal world the LCSR transformation could be used as follows:

(1) Conduct an LCSR test to obtain a plot of T(element).

(2) Resolve this plot into a series of exponentials according o
equation (2.3). This gives numerical values for the «,.
(It 1s not necessary to evaluace the 01}

(3) Plug these values of r, into equation (2.2) to cbtain the Plunge «.

In sractice scep 2 is serformed efsher 5y 2xsonential siripping or 2 T2ast
squares fit. Using either method i% {s usuaily possitie to find =; ana <.
[n exceptiorally good cases it is possible to find ry, v, and 73, and in dad
cases it is possible to only find ;. If equation (2.2) 1s truncated after
the t,/t, term the result can be nonconservative by as much as 20%, and if
equation (2.2) 1s truncated to t = r; the result can be nonconservative

by as much as 47%. AMS and TEC correct for this problem in di fferent ways,

which will be discussed in sections 2.2.5 and 2.2.6.

2.2.4 DEMONSTRATION OF CONSERVATISM OF THE LCSR TRANSFORMATION

[n reference & it 1s shown that {f either the assumption of cylindrical

r~
symmetry is violated (say by a crack in the RTD) of the assumption of having
no heat capacity within the element is violated, then the transfer function

(equation 2.1) would have zeroces as well as poles. [f this were the case,
- 14 -



then the Plunge t expression (equatica 2.2) would contain terms with these
poles. It is shown {n reference 10 that these terms would decrease the
computed value of r, and hence applying the LCSR method when the two assumptions
for the LCSR mathematical development are violatad leads to a conservative

computed value of the Plunge r.

2.2.5 EPRI (AMS) METHMOD FOR CORRECTING FOR UNKNOWN HIGHER ZIGENVALUES

After trying a number of correlation schemes, the U of T investigators found

that a very good approximation for the Plunge < is given by
(2.4) Plunge + = flza/ty) "oy {1 ~ In(1 = =2/71)]

where f(z,/t;) is given by the emperical relationship of figure 2.1. Figure 2.1
was constructed by nathematically computing the Plunge < (aquation 2.2) and

101 = In(} - t5/7y)] for a number of different hypothetical RTDs and 3lotting
the ratio of the two. The hypothetical RTDs nhad a variety of sized ana
geometries, which included both hollow core and central element R70s. Thus

the curve of figure 2.1 applies to any RTD wrich fulfills the two requirements
of section 2.2.2. The fact that this large variety of RTOs all enjoy the same
f(ty/ty) 1s, on the surface, rather amazing. With such a jood correiation,

one would naturally be inclined to search for an underlying physical reason

for a1l RTDs to display the same f(r,/t,). However, to date this underlying

physical relationship has eluded us.
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[Reproduced from Figure 5.3 of the 1980 EPRI Topical Report]

Ihis function is used in equation 2.4: (Plunge ) = flag/ ) gl - In{xz/v,)]).
i
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2.2.6 TEC D FOR CORRECTING FOR UNKNOWN HIGHER EIGHEVALUES

The
(1)

(2)

(3)

The

method used by TEC is the following:

Assume a continuum model for the RTD which geometrically consists of a
thermowe!! (pipe which houses the RTD). and air gap, a steel sheath, a
ceramic layer, a platinum element, and a ceramic core.

Assume realistic values for the thermal properties of the thermowell and
the RTD stee! sheath. (the element i< o small that it can De {gnored
in the thermal calculation)

The thermal resistance (;b the f4'm between the thermowell and water and
that of the air gap between the thermowel! and the sheath are not well
known. These two thermal resistances are combined fnto a single resistance
R(fiIm + gap) wnich is Teft unknown. The thermal resistance of the ceramic
A(ceramic) fs also left unknown.

The 27D cantinuum squations are solved for =, and =, using various values
of R(#i1m + zap) and R(ceramic). This procedure is iterated uyntil the
values derived for -; and -, match those measured experimentally.

The now known values of R(#11m + gap) and R(ceramic) are used in the ATO
continuum equation and the Plunge <+ 15 computed.

TEC method has the advantage over the EPRI (AMS) method that it uses a

recognizabie 1ine of physical reasoning to attain its result, whereas the

EPRI method is emperical. The TEC method has the disadvantage that it requires

a detailed knowledge of the geometry of the RTD, which is not needed for the

EPRI method. However both the EPRI and the TEC method produce about equally

accurate results, and thus from a regulatory point of view must be cons idered

equally good.

w 17 =



L3 D QESMOATION [6T
Although nefther AMS or TEL have presented propesals to dc Jegradation tests,

the subject of degradation tests fis discussed in the EPRI reports, and it

seems worthwh'le to summariza the status of these degradation tests here.

3,1 RTD DEGRADATION TESTS USING LCSR METHOO

A simple application of the LCSR method is a degradation test. For this test
an LCSR transient is impressed on the RTD and the time required for the RTD
*5 achieve 62.3% of fts final response is measured This time is called the

LCSR . An increase in the LCSR « s a sign of RTD deqradation.

The U of T investigators attempted to correlate the Plunge = with the LCSR =.
in making this correlation the time response of the RTD was varied by adding
+ape or rugber insulazion around the RTD and measuring 0th the ?lunge = 3nd the

L2%R +. Two such correlations are shown in figures 3.1 and 3.2.

An obvious difficulty with this method 15 the following: This correlation was
formed by altering the thermal resistance on the surface of the RTD. Wien an
RTD degrades, it is most likely due to fncreases in the thermal resistance of
the RTD internals or the RTD-thermowell gap. Therefore one would expect

to find a 4ifferent correlation for normal degradation than thst determined Dby
adding fnsulation to the surface of the RTD. For this reason we do not, at
oresert, consider the ccrrelations of figures 3.1 and 3.2 to be sufficiently

well substantiated to be used in the determination of the Plunge -.

" T



While not providing an accurate means of computing the Plung: t, these
correlations are useful for the degradation test. If in a degradation test
the LCSR ¢ fs found to increase, then from the correlation the approximcte
increase in the Plunge t can be determined. [# the Plunge r determined in

this way is near the value assimed in the safety analysis, this would indicate

that it is necess” *« *> measure the Plunge t via the usual LCSR preccedure.

Using the LCSR technique to detect detector degradation is a rather wasteful
use of the LCSR electronic equipment. With the addition of one microprocessor
the degradation test equipment can De ysed to measure the Plunge t as described

in section 2.2.1.
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Figure 1.1 Emperical Correlaticn Curve for Plunge - versus LCSR =

fo- Rosemont RTD Model 104AFC. (Combystion Sngineering 27D)

(Reproduced from Figure 6.4 of the 1978 EPRI Topical Report]
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[Reproduced from Figure 6.5 of the 19/8 EPRI Topical Report]
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3.2 ATD QEGRADATION TESTS USING TME SELF HEATING INOEX (SAL)

In the SHI test. a constant current is impressed through the RTD element

ard tre steady state change in element resistance {s measured. This test is
performed 2t several different currents, and a plot is made of power
dissipated by the slament versus increase in element resistance. Emperically
snis has always been found o be a straight line, and the slope of this line

{ohms/watt) is called the SHI.
An incresse in SHL 1s a positive indication of RTD degradation.

As with the LCSR =, the U of T investigators attempted <o carrelate the

SHI with the ?lunge r.

‘gain, as with the LCSR « rTeasurement, the ATD time response w~as varied ty
1eding insulation to the surface of the 70, and slots of ?lunge t versus

Sl were constructad. Two such plots are shown in figures 3.3 and 3.5

T ase sarrelations suffer <ne same prosiazm 2s tne Plunge - versus the LESR =
correlations, and thus we do not, at present, accept them as viable means for
computing the Plungs t. However, like the Plunge r versus LCSR t correlaticn,

the Plunge = versus SHI correlations would be useful in a degradation test.

-2 e
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3.3 RTD DESRADATION TESTS USing NOISE ANALYSIS (NA)

NA tests are performed by carrying out statistical (spectral, correlation, zero
crossing rate and/or auto regressive) analysis of normal fluctuations of the

RTD output signal during normal steady state reactor cperation. These fluctuations
are the ATD's response to the fluctuations in the reactor coolant temperature.

The statistical methods referred to above will not be discussed here, and the
reader 15 referred to the three EPRI topical reports for a discussion of these

methods.

In the aprlication of the NA method, assumpticns must be made regarding the
staristical sroperties of the coolant temperature fluctuations. [ scme minimum
ss+ 37 assumptions, such as stationarity an. repeatability are met, the NA method
15 2 valid degradation method since any change in the outsut fluctuations can pe
1irect]y attributad to the ATD ftse’#. I[f, in addition 3 statiomarity and
repeatability, the cooiant temperature fluctuaticns are "wniza" (having

#1 csuations whose “surier representation displays constant a2nergy per unit Bdand
width at every frequency in the range of interest), NA can be used to determine

a Plunge =.

The inftial thesretical work fn NA done by EPRI was directed toward developing

a deterministic method for measuring the Plunge r, and this work produced some
very sophisticated physical and mathematical developments. However, when the
theory was applied to experiment, it was found that NA predictions of the Plunge
+ were seriously in error, sometimes by as much as a factor of 5. The EPRI
rasearchers concluded that their principal problem was that the reactor coolant
fluctuations were not white, as they has assumed. Having no other reasonable
rodel for reactor coolant fluctuations, EPRI has, at least for the time ’eing,
abandoned efforts to perform a deterministic measurement of the Plu e ¢

using NA.
o 2 e



Researchers at TEC are still pursuing a deterministic method for messuring the
Plunge r using NA. Over a perfod of 2 years TEC has demonstrated that for
certain types of sensors and certain reproducable reactor coolant conditions,
careful NA measurements of the various statistical parameters have produced
results with +10% variation. However, ft has been established that coolant
temperature fluctuations do not meet the requirements for a Plunge < determinaticn
under all reactor condi-.ons for 2]l semsors. To date TEC has not succeeded in
developing a systematic correlation between the measured statistical parameters
and dntchin1st1c measurements of the Plunge ¢, but there are reasons to delieve
that such a correlation can be derived for certain sensers under certain

verifiable reactor conditions.

s was just stated, the ccnditions for the coolant Tamperature fluctuations for ’
in RTD degradation test are less restrictive than throse for 2 determinis<ic
9Tynge + measurement. [t has veen established that the measured statistical
sarameters which can be extracted from NA of RTDs under verifiable reactor
conditions are highly reproducable and changes in these parameters can be used

o fnfer changes in the RTD Plunge r. Therefore NA methods can be used for

ATD degradation measurements subject to the statistical accuracy of the

measurement.

.



L3 2QTENIAL £OR AT [INE AESPONSE QESRADATION

4.1 MODES OF RTD TIME RESPONSE DEGRADATION

The U of T investigators have evaluated various modes of RTD degradation in
section 2.5.3.1 of the 13978 EPRI report and part II, chapter 7 and part ¥ of the
1980 EPRI report. Their conclusion s that the main modes of RTD degradation are
due to deterioration of the P3X cement used to mold the RTD element in place and
deterioration of NEVER-SEEZ, a substance used to inc ease the thermal

conductivi®y between the thermowell and the RTD.

Most of the deterioraticn in the P8X and NEVER-SEEZ {s due to hign temperatures
and takes place fairly soon after the elevated tamperature fs reached. Thus
the RATDs are expected tC show a marked degradation shortly after they are put
in service, and afterward degrade more gradually. If future data dears cut this
trend, then a reasonable surveillance schedule would require frequent tasting
of the newer RTDs and less freguent testing of the older ones. However, with

the data currently availaple, this point is inconclusive.

In the TEC topical report it is suggested that RTD time response degradation
may be caused by fouling of the thermowell by crud and cracking of the ceramic
insulator in the RTD. While these are plausable modes of degradation, there
fs 10 evidence that either of these mechanisms {s active in the observed time

response degradations.
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4.2 EVIDENCE OF RTD TIME RESPONSE DEGRADATION

Records of measured ATD time constants for various reactors are presented

in tables 4.1 und 4.2, The AMS data from Millstone 2 indicates a systematic
degradation of RTDs with service. However most of the other data does not
show this consistent trend. A prudent regulatory position for the present
would be to incraase the required surveillance at all plants until enough

data is collected to determine {f a consistent trend in RTD degradation does

exist.
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Table 4.1 Comparison of In-Plant LCSR and SHI
Time Response Tests Conducted by AMS

[Taken from Table 11.1 of the AMS Topical Report and Reference 3 ]

Time Response Test Resylts for Rosemont Modal 104 2TDs at Millstone Unit 2

for the Millstcne tests. judging from either the Plunge © or the SHI
test, a'most all detectors degraded and a “ew remained unarfer“ed by
service. None improved.

August Decamber August December
Aty 1977 1978 1977 1978
Nanber Plunge =* Plunge ** SHI SHI
' (sec) (sec) (ohms/watt) (ohms/#att)
A7770 2.2 §$.2 5.6 7.4
A77865 2.8 9% 4.5 4.8
78313 4.7 5.6 5.2 6.5
A7774 3.8 4.3 5.8 5.2
75234 3.7 4.4 5.0 5.4
75299 .9 3.3 2.6 3.1
78310 -.3 3.3 Sed 5.5
75300 4.6 3.7 5.5 6.5
75297 3.6 3.5 8.7 4.9
30364 4.0 4.4 5.6 6.1
75309 4.0 4.7 5.5 5.8
A7769 3.1 3.6 4.8 5.0
Iime Response Test Results for Rosemont Model 176 RTDs at Farley unit 1
In these tests there was no evidence of time response degradation.
October January October January
D 1978 1980 1978 1980
Rmbar Plunge « Plunge + SHI SHI
(sec) (sec) (ohms /watt) (ohms/watt)

4128 0.10 0.1 7.5 7.4
$12¢ 0.12 0.12 5.8 §.7

*Since the correction factor had not been developed at the time of the August
1977 measurasments,.all time constants shown here are uncorrected values.
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Tatle 4.2 Comparison of [n-Plant LCSR Time Response Test Results
Conducted by TEC on Rosimont Model 104 ATDs 4t Saint Lucte unis L

[Taken from References 7 and 8]

In these tasts there is no evidence of time response degradation.

TE-1112CA
TE-1112HA
TE-1122CA
TE-T1122HA
TE-1112C3
TE-1112H8
TE-1122C8
TE-112248
TE-1112CC
TE-1112HC
TE-1122CC
TE-1122HC
TE-1112C0
TE-1112HD
TE-1122CD
TE-1122HD

January
1578
Plunge «
(sec)
4.0+ 0.2
6.2 +0.5
5.5 +0.2
5.0 0.5

- -

May
1978
Plunge
(sec)
4.2 £ 0.4
4.4 +0.3

5.7 + 0.3

- - -

- - -

- -———

o3

October
1373
?lunge =
(sec)
4.0+0.4
4.4 +#0.2
6.0 #0.6

5.3 + 0.5

wn

5.0=0.
5.0 0.9

wn

.9 +0.3
5.3 + 0.3

-

5+ 0.7

Wy

4 +0.4

w

4+ 0.

-~

4 +0.

s o i

.8 + 0.
4.9 £ 0.

w o W W

4.3 +0.

wn wn

~N e L o

W

b
.

& w»m n
@ oo N w o

March
1979
Plunge -
(sec)

+
-

-

+ |+ + |+ I+ I+ Is
0O 0 0 O o O

+

(=]

1

()

——a

—

.2/-0.
3
J/=0.

.8/-0.

.8/-0.
1/-Q.

.7/-0.

.0/-0.

.9/-0.
.6/-0.



5.3 D [N tESPONSE [EST ESUTS

§.! PARAMETERS THAT AFFECT RTD TIME RESPONSC

The time response is not only a function of the RTD ftself, but depends as
well on the properties of the thermowell and the thermal characteristics of
she madiur in which the thermowell or RTD is immersed. The thermal properties
of all these components change with temperature and the heat trans fer
priperties of the medium (water) change with flow velocity. The match between
the RTD and the thermowel] affects the time response, and even the slight
change in match that occurs when an RTD is removed from a thermowell and

nlaced back in the same well can significantly change the time response. Thus

t+ s important to simulate-service comdttions as closely 23 possible when

testing the RTD time response.

As stataed sarlier, nistarically the time response of RTIs has been measured

by a plunge test in the laboratory. Normal service conditions of 2235 psig and
540 DEGF are difficult to reproduce in the laboratory. For this reason, in

the past most laboratory tests were performed at more benign conditions and

the results extrapolated to service conditions. With the advent of the LCSR
method, the plunge test methodology has been re-examined, and it was found that
the historical plunge test ‘procndun aften produced resu!ts which were grossly

in error, sometimes by as much as a factor of 3.
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One of the first suggestions for achieving 540 DEGF without elaborate laboratory
equipment was to use hot ofl or sand as the medium, rather than water. This
was soon demonstrated to be unsatisfactory. The reason is that the heat
conduction properties of of] and sand are so c¢ifferent from water that a cest
in o1 or sand gives no indication or what would happen in water. In numerical
terms, the thermal match between the medium and the RTD s given by a quantity
called the 3iot modulus, which is defined as the ratio of the film thermal
conductance o the internal conductance of the RTD [More specifically, 3fot
modulus = hR/k, where h is the film coefficient, R is the RTD radfus, and K

s the thermal conductivity of the RTD]. When the 3ot modulus i3 Tess than
about 0.1 the thermal resistance is domfnated by the fiI1m resistance, and wnhen
it is greater than about 10 the thermal resistance is dominated dy the 7D
internal resistance. The response of an RTD in one heat transfer regime
indicates very little about how the RTD #ill respond in 2 different heat
transfer regime. Values for thas 3fot modulus for saveral cases are given

in table 5.1.



Jable 5.1 Yariation of Biof Modylys due 5o shs Qiffersnt
Film Coefficients Associated with Different Testing Condisions

[Taken from Reference 9]

Comments

dominates for both
water and solder
tests. Good
service condition
simulation is
possible in
laboratory tests.

Rosemont Rosemont
RTD 104 176
Testing (Calbustio? (Westinghouse)
Conditions ~ Engineering
Reactor Service
Condttions 300 3.8
3 ft/cec
180 DEGF Wa“er 27 0.34
1 #t/sec &
« | 500 OEGF Solder 1% 1.8
l =
| 500 DEGF 011 0.8 9.02
Pl
-
'§ 500 DEGF Sand 0.4 0.01
=
k. - Internal No available
- resistance laboratory test

condition
simulates service
conditions well.
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5.2 ATD TIME RESPONSE TESTING CONDITIONS USED [N PRACTICE: 200M TEMPERATURE
LABORATORY, CONDITIONS

While room temperature tests do not indicate much about the RTD's behavior

at service conditi.ns, room temperature tests are a Jood way to compare

various measureme;t methodologies. The main testing criteria for comparing
methodo’ogies is that all methodologies are compared under identical conditions,
whether these be service conditions or room temperature laboratory conditions.
In fact, all of the development work for the LCSR methodology was done under
room tamperature laboratory conditions. Resuits of the room temperature tests

are jiven in tables 5.2 and 5.3.

{ith the development work on the LCSR methodology complete, it seemed
Jorthwhila %o tes* the LCSR method versus the plunge method at simulated

service conditfons. The next two sections describe how this was accomplished.

5.3 2D IIME RESPONSE TESTING CONDITIONS USED N PRACTICE: PRI SERVICE
GONDITION TESTS (SR IESTS]

In order to test the LCSR nethod at service conditions, the U o T investtgators
in conjunction with Electricite de France (EDF), performed tests on a simulated
reactor coolant test loop constructed by EDF. This loop operates at reactor
service condftions of temperature, pressure and flow, and has special valves to
induce a step change in temperature for the purposes of simulating a plunge
test. The results of this test are shown in table 5.2. It can be seen that

the agreemant between the LCSR test and the plunge test is excellent.

o



Table 5.2 Results of LCSR and Plunge Testing done By the Yof I
(Taken from Table 10.1 of 1978 EPRI Report and Tables 7-1 & 7-3 of 1980 EPRI Report]

Room Temperature Tests at U gjlmmtrz Laboratiry
Measured Plunge t Inferred from LCSR

RTD Plunge = Percent
Witaout Higher With Higher

Model (sec) Mode Correction Mode Correction Error

Rosemont 176KF 0.38 0.39 0.4 +7.9

Rosement 104A0A - 5.9 3.3 0.0

(without thermowell)

Rosenont 104ADA 7:) 5.2 Y % - +1.4

(with thermowell)

Rosemont 104VC 23 V.7 2.1 -8.7

(without thermowell)

Rosamont 104VC 5.3 4.5 5.5 +3.8

(with thermowell) .

Rosemont 177GY 5.8 5.1 5.2 +6.9

Rosemont 177GY 5.1 9.2 P +3.3

Sostman 3606 2.0 ) ) 2.1 +3.0

Qosamont 104AFC 5.3 9 weses 5.2 -1.3

(air in well)

Rosemont 104AFC 3.9 ———— 3.9 n.0

(NEVER-SEEZ in well)

Rosemont 177HW 11.7 ————— 12.3 5.1

Rosemont 176KF 0.42 - 0.41 -2.4

Service Condition Tests at EDF Test Loop

P Measured Plunge t Inferred
Model Plunge t from LCSR Test Percent
\sec) (sec) Error

Rosemont 104AFC 6.2 5.9 -4.8
(Afr in well)
Rosemont 104AFC 4.1 3.7 -3.8
(NEVER-SEEZ in well)
Rosemont 177HW 8.8 8.4 -4 .5
Rosemont 176KF 0.14 0.13 7.1
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5.4 ATD IIME RESPONSE TESTING CONDITIONS USED IN PRACTICE: TEC SERVICE
CONDITION TESTS [SOLDER IESTS]

TEC has gotten arouna the problem of getiing service condition temperatures
by using molten solder, rather than pressurizvd water, as was done in the
EPRI-EDF tests. As can be seen in table 5.1, for the Rosemont 104 77D the
moiten solder provides a very jood simulation of service conditions. For the

Rosemont 176 RTD the simulation is rather poor.

“he TEC comparison of olunge tests and LCSR tests is shown in tadle §.3.

As with the EPRI tests, the agreement is axcellent.
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Table 5.3 Results of LCSR and Plunge Testing
done by TEC on Rosamont Model 104 27Ds

(Taken from Tahles 3.1 and 3.2 of Reference 1]

Room Temperaturs Tests

e Jn M eldient R
80 57181 §.940.2 §.6+0.3 -5.1
60 57165 5.940.2 §.0+0.3 +1.7
80 A8994 6.840.5 6.740.3 =15
50 35642 8.3#0.7 7.2%0.5 -13.3

347 DEGF Solder Tests

e R, M melmiens R
50 57147 5.940.2 §.0+0.4 “1.7
50 57151 §.040.2 5.040.4 0.0
50 57161 5.040.2 4.8+0.3 -4.0
50 57165 §.9+0.2 §.5+0.4 -5.3
€0 §/170 §5.4+0.2 5.240.2 -3.7
50 A8994 §.740.2 7.0+0.4 +.5
60 35630 5.640.2 5.8+0.4 +3.6
60 35642 §.840.2 §.940.4 1.8
56 57161 5.4+0.2 §.040.2 #11.1
66 57165 1.940.2 5.340.5 -10.2
o A8994 §.2+0.2 7.040.5 +12.9
36 35642 5.340.2 5.7+0.3 -3.4

*Uncertainty = 1o based on histerical uncertainty in rerroducibility of
plunge tasts.

**ncertainty = upper and lower bounds of all variables with uncertainty in
them. Uncertainties combined add'tively.
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S0 45 A IEC FIEQ (ORIDG

AMS has performed LCSR measuremencs at the foliowing plants:

Millstone Unit 2 ==e==== Aug 1977, Dec 1978, June 1979, July 1980
ANC! Unit 2 =eees=eeeeee Nov 1978

North Anna Unit 1 ===-ee Aug 1979
Farley Unit 1 eeeeee--es Oct 1978, Jan 1980

Farley Unit 2 -eseee-eee May 1980

AMS has sold testing equipment to North Annma, Farley, V.C.Summer, San Cnofre,
LOFT, and OANL. In addition Millstone plans to purchase AMS test equipment

in the near future,

T27 nas ner<armed LCSR measurements at tne following plants:

-

saint L.cie Unit | eceee Jan 1273, May 1978, Oct 1978, Mar 1379
LOFT scaccmnasmnnnns -== Mar 1979
SeqUOYa =eevseesemmsanas ay 1973
10N esceccscscececcnans lyg 1979

TEC has sold LCSR testing egyuipment to Saint Lucie

o3~



L3 Mg fEscRwTIon fO8 [siTy SIS

Most of the reservations we have with in-situ tests have Deen iterated in

other sectione of this SE. We are 1isting them nere in order to have a

compact 1ist for reference. These are:

(M)

(2)

(4)

(5)

Using the Plunge r versus the LCSR correlation to infer the Plunge =

from a measurement of the LCSR ¢ (Section 3.1).

Using the Plunge r versus SHI correlation to infer the Plunge r from a

measurement of the SHI (Jection 3.2).
Using the NA method for measuring the Plunge < (Section 3.3).

Using the axpression P1 = P1[1 + (1 - 1)]2 to estimate the higher
soles of the transfer function. [This appears on page 29 of the 1877
£P0! Topical Report. It is demonstratad to de a Door approximation on

page 42 of the same report.]

On page 46 of the 1978 EPRI Topical Report it is stated that if only one
eigenvalue, t;, can be found, then an upper 1imit for the Plunge r fis
1.4%¢,. This should be 1.47 * <, which for practical purpecses can

be rounded to 1.5 * ;.

The first four of these techniques were originally described in the EPRI

Topfcal Reports at a time when they were sti11 in the experimental stage, and

there was hope thit these techniques would be proved viable. Since then the

U of T fnvestigators have conceded that these are not viable techniques. The

disclaimers for these techniques appear on [aga 42 of the 1377 EPRI Topical

Report and page 140 of the 1378 EPRI Topical Report.

-3



(1) The LCSR method has been demonstrated to be the only reliable method for
measuring the time response of RTDs in nuclear plants. We shouid take a
position that would favor the yniversal adoption of the LCSR methed in a

timely fashion.

(2) The historical plunge test has oeen demonstrated to be inadequate for
measuring the time response of RTDs in nuclear plants. We shoula cease
putting credance in RTD time constants which have been measured by 2

plunge test.

(3) 3oth tne AMS and TEC LCSR measurement procedures have been demonstrated

to consistently predict the Plunge t to within 10%. Tha number of

comparisons done to date is inadequate to form & sasis for any sophisticated

statis=ical model, and the best procedure %o account for uncertainties
woula be to simply add 10% to the measured lunge ¢ and use this as the

measured upper bound. [in some cases (e.g. the ZDF data on table 5.2) the

errors ippear to be compased of a substantial bias plus a random fluctuation.

In this case simply adding a 10% uncertainty to the best estimate Plunge +

fs a1 reasonable procedure.]

(4) While the RTD degradation tests ire discussed in some detail both here and
in the EPRI Topical Reports, nefther AMS nor TEC nor any other vendor/
consultant/utility has submitted a propnsal to employ degradation tests.
Degradation tests should not be permittec as a substitute for LCSR tests
unti! such z proposal has been submitted, reviewed, and approved by us.
Once degradation tasts are apprcved they may be used by utilities instead
of LCSR tests to detect RTD degradation, and then only those RTDs which
show degradation would need to be tested via the LCSR procedure.
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(5) The extensive RTD time response testing done recently has revealed that the
RTDs in operating reactors are suffering time response degradation as they
age. Current Technical Specification surveillance schedules permit such
deficiencies in RTDs to go undetected fur several years. Conseguently the
RTD time lags assumed by utilities in their RPS setpoint computation may
in some instances be unrealistically smort. Ir these cases the cuputed
RPS setcoints will be nonconservative, and this situation should be corrected.
Fortunately, the transients against which RTDs provide protection are all
rather slow. Assuming a slightly slower RTD time response in the safety
ana’,sis would change the RPS setpoints only a very small amount, and would
not oresent severe restrictions on reactor Jperations. In order to guarantee
shat 211 utilities are using conservative RTD .ime lags in their safety

analyses, we recommend that they comply with one of the following cotions:

1. Perform a surveillzace test of all their safety channel R70s at ieast
once every 16 months, and verify that the time response of the slowest
RTD is at least as fast as that assumed in the safety amalysis. In
addition perform a test of each newly installed RTD at operating conditions
as soon as practical after ‘ts installation. [f this option is chosen
the Technical Specifications must be modified to match the new surveillance
schedule. (As mentioned previously, most current Technical jpecifications

require that a quarter of the RTDs be tested every 18 months. )

5. Continue with the present RTD surveillance requirements and schedules
in the Technical Specifications, but in the safety analysis assume an

RTD time constant equal to the greater of:
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1.2« ongest time constant measured in last surveillance :c;q
(including a 10% allowance for measurement uﬂc.rttintle

(E <ve== Rosemont Mode! 104 RTD --==== 12 sec.
4 eeeees Rosamont MoJel 176 RTD -=-=- 0.8 sec.
844 <=-~ Rosemont Mode! 177 RTD =ve=== 12 sec.

A few words are in ordor to explain the ratiunale for options (a' and (b) above.
The oresent Technical Specification RTD surveillance schedule was formulated
nefore any evidence of RTD time response degradation appeared, and 1t was
thougnt that an occasional spot check would be adequate to assure that no
degragation was taking place. However, with the testing done recently, it

has hecome ipparent that RTD degradation is widespread, and we must take steps
*s assure that in avery instance it occurs it is soon detected, and

corrective measures taken.

For utilities wnich have procured LC3R test equipment, cption (a) fis gecidedly
preferable both from NRC's and the utilities point of view. From the NRC point
of view the frequent and thorough surveillance testing would assure us that
conservative values for RTD lags were being used in the safety analyses.

From the utilities point of view, the accurately measured time lags of their
RTDe . without any extra conservatism factors being added, would be direct

input data to their safety analysis. This would give them the most relaxed

RPS setpoints possible, which would add to their operating flexibility.
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In most instances utilities without LCSR equipment remove the RT0s from
their reactors and send them tn the Rosemont laboratories for surveillance
sesting. For these utilities having option (a)limoosnd ypon them in a
short time frame would represent a severe and unnecassary hardship. For
this rea.on we are recommending option (b) for those utilities which
cannot easily comply with option {a). The time constants of 12 seconds
and 0.8 seconds in option (b) are the longes” time constants observed

*0 date for the RTDs in question. [t would not De prudent to assume

any faster resporse for an RTD which has not been tested in several
years. #hile we do not anticipate measuring time constants greater than
12 ssconds and 0.8 seconds, if this should occur, then the Tongest
sezsured -ime constant, with an appropriate conservatism factor added

should Se used as the TD time constant input into the safety analysis.
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