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JUN 3 0 1981

Docket Mo. 50-368

Mr. William Cavanaugh, 111

Senfor Yice President, Eneroy
Supply

Arkansas Power & Light Company

P. 0. box 551

Little Rock, Arkansas 72203

Dear Mr. Cavanauqgh:

By letters dated April 25, 1978 and August 29, 1979, Florida Power and Light
Company and Mortheast Nuclear Energy Company provided technical reports on
two different Loop Current Step Response (LCSR) methods for determining the
resistance temperature detector (RTD) response time at St. Lucie, Unit No. 1
and Millstone, Unit No. 2, respectively. These methods are similar in most
respects, but have a few differences which are discussed in the enclosed
Safety Fvaluation (SE). Based on our review of both reference reports, we
find the LCSR methods to determine RTD time response as descrised in each
report and documented in the SE to be acceptable. We nlan to issue the SE
as a NUREG in the near futur-.

Extensive testing has shown the LCSR method to be extremely reliable and
provide results with an accu~ o' 10% (maximum errcv). This compares very
favorably with the older r’ nt 3T method, which often has fnaccuracies as
high as a factor of 3. &« 2 LUSR method offers a significant improvement
fn RTD response time . = | . racommend you consider its use at your
facility. It appears i us uwna. "se of the LCSR method would also result

in a reduction in personnel radiat{ur exposure.

The extensive RTD time response testing wiich has been done in conjunction
with the development of the LCSR method has revealed that the RTDs in operating
reactors suffer time response degradation as t ' age. Current Standard
Technical Specificatfons (STS) require that on: quarter of the safety system
RTDs be tested each 18 months. This corresponds to testing each RTD once

every six years. In view of the RTD time response degradation observed in

our study, 1t 15 clear the the present RTD survefllance testing schedule is
not adequate. We request that you make application for TS changes to require
the time response testing of all safety system RTDs within one month of operation
for newly inctalled RTD and once every 18 months thereafter. This application
should be made befoy2 or as a part of your application for the next core
reload, If you plan to use the provisions of 10 CFR 50.59 for the next core
reload, please submit the application for such a change at least 90 days

ahead of the next planned reactor shutdown. This request is independent of
whether you plan to use the LCSP or some other method (plunge test for example)
of determinina the RTD response time.
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If you have any qu~stions on this subject, please contact your assigned
NRC project manager.

Sincerely,

Original signed b
Robert A Clark .

Robert A. Clark, Chief
Operating Reactors Branch #3
Division of Licensing

Enclosure: As stated

cc: See next page
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, O, C. 20555

JUN 3 0 1981

Saan"

Docket No. 50-168

Mr. William Cavanaugh, III

Senior Vice President, Energy
$ pply

Arkanszs Power & Light Company

p. 0. Box 551

Little Rock, Arkansas 72203

Dear Mr. Cavanaugh:

By letters dated April 25, 1978 and August 29, 1979, Florida Power and Light
Company and Northeast Nuclear Energy Company pruvided technical reports on
two different Loop Current Step Response (LCSK) methods for determining the
resistance temperature detector (RTD) response time at St. Lucie, Unit No. 1
and Millstone, Unit No. 2, respectively. These methods are similar in most
respects, but have a few differences which are discussed in the enclosed
Safety Evaluation (SE). Based on our review of both reference reports, we
find the LCSR methods to determine RTD time response as described in each
report and documented in the SE to be acceptable. We plan to issue the SE
as a NUREG in the near future.

Extensive testing has shown the LCSR method to be extremely reliable and
provide results with an accuracy of 10% (maximum error). This compares very
favorably with the older plunge test method, which often has inaccuracies as
high as a factor of 3. Since the LCSR method offers a significant improvement
in RTD response time testing, we recommend you consider its use at your
facility. It appears to us that use of the LCSR method would also result

in a reduction in personnel radiation exposure.

The extensive RTD time response testing which has been done in conjunction

with the development of the LCSR method has revealed that the RTDs in operating
reac'ars suffer time response degradation as they age. Current Standard
Technical Specifications (STS) require that one quarter of the safety system
RTDs be tested each 18 months. This corresponds to testing each RTD once

every six years. In view of the RTD time response degradation observed in

our study, it is clear that the present RTD surveillance testing schedule is
not adequate. We request that you make application for TS changes to require
the time response tasting of all safety system RTDs within one month of operation
for newly installed RTD and once every 18 months thereafter. This applization
should be made before or as a part of your application for the next core
reload. If you plan to use the provisions of 10 CFR 50.59 for the next core
reload, please submit the application for such a change at least 90 days

ahead of the next planned reactor shutdown. This request fis independent of
whether you plan to use the LCSR or some other method (plunye test for example)
of determining the RTD response time.
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If you have any questions on this subject, pleate contact your assigned
NRC project manager.

Sincerely,

<P J 5 /
Ah T

e R -~ b
zbbert . Clark, Chief
Operating Reactors Branch #3
Division of Licensing

Enclosure: As stated

cc: See next page



Arkansas Power & Light Company

cc:

Mr. David C. Trimble

Manager, Licensing

Arkansas Power & Light Company
P. 0. Box 551

Little Rock, Arkansas 72203

Mr. James P. 0'Hanlon
General Manager

Arkansas Nuclear One

P. 0. Box 608

Russellville, Arkansas 72801

Mr. Robert B. Borsum

Babcock & Wilcox

Nuclear Power Generation Division
Suite 420

7735 01d Georgetown Rcad
Bethesda, Maryland 20014

Nick Reynolds

¢/o DeBevoise & Liberman
1200 Seventeenth Street, N.W.
washington, D. C. 20036

Arkansas Polytechnic College
Russellville, Arkansas 72801

Honorable Ermil Grant

Acting County Judge of Pope County
Pope County Courthouse
Russellville, Arkansas 72801

Mr. Charles B. Brinkman

Manager - Washington Nuclear
Operations

C-£ Power Systems

4853 Cordell Avenue, Suite A-l

Bethesda, Maryland 20014

Director Criteria and Standards Division
Dffice of Radiation Programs (ANR-460)
U.S. Environmental Protection Agency
Washington, D. C. 20460

U.S. Environmental Protection Agency
Region VI Office

ATTN: EIS COORDINATOR

1201 E1m Street

First International Building

Dallas, Texas 75270

Director, Bureau of Environmental
Health Services

4815 West Markham Street

Little Rock, Arkansas 72201
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Historically Resistance Temperature Detector (RTD) time responses have been
measured by the plunge test technigue. For RTDs installed in nuclear plants
the plunge test is inconvenient and very inaccurate, sometimes leading %o
errors as large as a factor of 3. Recently EPRI has developed an fn-situ
method for measuring the RTD time response called the Loop Current Step
Response (LCSR) method. The LCSR method is convenient to perform and it
sroduces results that are accurate to within about 10%. In addition, EPRI
has develuped two ather in-situ methods which detect RTD degradation, out

give no detailed information on the RTD time response. These metrcds are

the Self Heating Index (SHI) method and the Noise Analysis (NA) method. We
have examined the LCSR, SHI, and NA methodolicgies and fing a1l three I3 de
viable methods for monitoring RTD time response, Dut we nave not canductad a
formal review of the SHI and NA methods. To date two vendor time response
topical reports have been submit.ed to the NRC, one from Analysis and
Measurement Services Caorporation (AMS) and the cother from Technology for
Energy Corperation (TEC). B8oth vendor topicals propose only the use of the
LCSR method. We have reviewed both the AMS and TEC LCSR topicals and find
their methcdologies acceptable for RTD time response measurement.

The axtensive RTD testing done in conjunctior with the LCSR development has

revealed RTD time response degradation with ageing. In view of this degradation

we are recommending increased surveillance testing of RTD time response.
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1.0 INTRODUCTION, BAC (GROUND, AND SUMMARY
e T

A Resistance Temperature Detector (RTD) is a type of thermometer in which the
temperature in {nfarred from the electrical resistance of a piece of wire,
which 1s called the element. RTDs are used extensively for monitoring water
temperatures in nuclear reactor plants. The RTD elament does not respond
{nstantanecusly to changes in water temperatuyre, but rather there 15 a time
delay before the element senses the temperatuyre 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 accurat2 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.

nge time
the time required | - ch B3 iy inal resoonse
samperature change i3 im 5 8¢ he syrfac ; - Such

- i

1 samperatur: change can be acnieved slunging the RTD inta a heat sink,

1

such as water, 0il, sand, or molten metal. When = is measured Dy this

the technigue is 1led the plunge tast methced.

Until 1977 all testing of RTD time response was performed Dy means of the plunge
test tachnique. In nuclear reactors, surveillance testing posed an ine
convenience in that the RTD had to be removed from the reactor coolant

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

]

conditions. The combination of manipulating the RTD ancd extrapclating the




laboratory results to service conditions lead to significant errcrs in the
RTD time response, sometimes.as high as a factor of 3. Thus there was

consideratle incentive to find a better way to measure an %TD's time response.

With this impetus, in 197¢ “™RI launched a research project at the University
of Tennessee (U of T) to investigate other possible methods fz2r 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 reascnably
accyrate results. The products of this investigation .ce described in three
EPRI topical reposts, which are references 1, 2 aua 3, whnich will henceforth

he referred to as the 1977, the 1973, and the 1980 EPRI copical reports.

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

of RTDs, which are as follows:

1. Loop Current Stap Resconse (LCSR) Method.
In the LCSR Method the resistance e' -ient of the RTD s neated oy an
electric current, and toe temperature transient in the 2lement is recorded.
From this transiest the response o~ the RTD to changes in uxterna!l

temperature {s inferred.

2. Self Heating Index (SHI) Method.
In the SHI method a constant current {s impressed through the alement
and the aquilibrium change in resistance is recorded. The ratio of the
alement resistance change to the power dissipated f: called the SHI. The
SHI cannot be correlated with the Plunge -, but changes fn the RTD SHI can

be used as a means of detecting RTD degradation.



3. Noise Analysis (NA) Method.
In the NA method the small fluctuations in RTD output under operating
conditions are analyzed on line (or resorded for off line analysis) using
spectral densicy and/or auto regressive technicues. These fluctuations are
the RTD response to fluctuations in the external temperr®: re o the RTD.
[f the pattern of fluctuations in the external temperature ‘t known, then it
is possibla to deduce information about the time raspon:ie .f the RTD. The
NA method has been applied to obtain consistent resul ts under optimum reactor
conditions for certain types of sensors; however, cyrrently 1t has not bee!
established in a statistically depandable manner that the NA method yields
results comparable with deterministic methods. Thus, while in principle 1t
should be possiale to develop a viable detarministic method for measuring
the Plunge - using NA, the realization of thts goal wtll still require a
substantial s~ount of investigative work. However, At the oresent state-of-
she-art he NA method could be useful for detecting ATH time response

iegradation.

“haracteristics of these three in-situ methods and the plunge tast methed
ars summarized in cables 1.1, 1.2 and 1.3. A1l these methods have their
purpose. However, for determining the RTD Plunge t, the only currently

vyiable method {s the LCSR method.

Currently fnesitu LCSR RTD measurement 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 aperations
pefore the final phases of the EPRI study were complete, and as a result
developed somewhat dffferent methodologies. The AMS methodology fs fdentical

*o0 that described in the EPRI topicals. We have reviewed both the AMS and

TEC LCSR methodologies :nd find them both to De reliable and adequate to

measure the RTD time constant to within 10%.
i - 6 -



Jable " 1 Characteristics of Methods for Measuring RTD Time Response
.U Mecessary Compleaity
Tast Eg :‘;0‘::: of Quality of Measurementl
31; Sty Measurement
s 8wl
Badd Ba Plunge test measures Plunge 1 directly, but measurement has poor
o s <l quality for two reasons: (1) Mani ulating RTD may change its time
Plunge Pt Yes RTD and response and (2) Service condition. are usually not reproduced in the
Test o sbis s lab. Llab results must be extrapola ed to service conditions. The
o~ |2b combined effect of these two factors can result in errors up to a
: factor of 3.
2 Test simple.
LCSR :7: Yes Speclal test LCSR pro-.des an indirect measure of 1.
Test :g e:::s::nl Results are generally accurate to within 10%.
Test simple. SHI can be measured quite accurately.
sHi 2 Uses simple
Test = Yes standard From changes in the SHI, RTD degradation can be detected.
o L electronic
— test No good correlation Letween Plunge 1 and SHI exists.
equipment.
A good deal of sophisticated work has gone into NA. Hosever, NA
Test simple. | measurements of Plunge 1 conducled to date have been in error by up
NA il special to a factor of 5. A mmber of investigaiors are still endeavoring to
i - No :est develop a viable method for measuring the Plunge v using NA, and it is
s L P D) hoped that fulure work will lead to mech improved agreement betwecn
= ::em the 'y and experiment. .
NA 1s stil) a usefu) tool for detecting RID degradation.




Jable 1.2 Practical Aspects and Avatlibility of RID Time Response Testing Methods
Rosemont .
ad Utitity of AMS TEC
Ves Test Procedure .viz::::" Provides Provides
Test for RID '] Y
None es es
Plunge Degradation
Test
Measure Poor -- Errors tn Service Only
Plunge 1 a factor of 3 (Lab Tests) Yes Yes
0K -~ However If the
utility buys equipment for
z:s:.:::.zzo degradation test they might ‘ﬁgu}g::::n Eg“}P':":
LCSR 9 as el buy equipme .« for 9 ang iraining
Test measu. ing Plunge 1.
Secvice or Service or
Measure Good
. Equipment Equipment
Vinags. 5 WG Ashan acy and Training and Training
Test for RTD Good -- No special test
sul Degradation equipment needed. Tratning Tralning
Test
Measure Poor -- No gooud
Plunge 1 correlation with « exlsts.
0o . e Equipment Equipment
Test for RTD |Need Special Test Equipment. 4 4
Degradation RID need not bLe " :"‘ }‘_:"'
taken out of service. hebanbie: XIning
NA Inftial attempts to measure Plunge v produced
Test poor results with errors up to a factor of 5.
Measure Over a perlod of 2 years a Vimlted number of Eq“;ﬁ:‘"t
Plunge « careful NA measurements have prodeced results Tratning

with #10% variation.
correlation of these resulls with
deterministic measurements has been made .

No systemalic
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Table }_g Modes of RTD Surveillance Tasting

Historical Method: Plunge Test.

Because of the inconvenience of removing the RTD for testing and the
inaccuracy of the test results this method is being abandoned by a

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

to abandon this method in a timaly fashion.

LCSR Method: Maximum Utility [nvolvement.
The utility can purchase their own a2l:ctronic equipment and have their

own trained personnal perform the LCSR tests.

LCSR Method: Moderate Utility Involvement.

The utilicty personnel can do regular degradation tasts using afther tre
SHI or NA methods. [f evidence 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 I[nvolvement.
The utility can have the consultants measure the RTD time constants on

their reqular surveillance schedule.



The currant Standard Technicel Specifications require that one quarter of
the safety channel RTDs be tested once every 13 months. The data on RTD
degradation collected to date is rather scant, but does appear to give
positive evidence of RTD time constant degradation with service. A prudent

interim regulatory position would be to require the utilities to either:

1. Pe=form a surveillance test of all their safety channel RTDs at Teast
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 analysis. In
addition perform a test of each newly instalied RTD at operating conditions

as soon as practical after its installation.

5., Continue with the present RTD surveillance requirements and schedules in

wh

she Technical Specifications, but in the safety anmalysis assume an RTD

time constant equal to the greater of:

1.2 E?nqest time constant measured in la:- surveillance tast]
(

including a 10% allowance for measurement uncertainty)

L

L <e=e= Rosemont Model 104 RTD -=--=- 12 sec.
W ====== Rosemont Model 176 RTD -=--- 0.8 sec.
B4W ---- Rosemont Model 177 RTD ====== 12 sec.

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

of this report.

a i



2.0 RID TIME RESPONSE CHARACTERIZATION AND MEASUREMENT
2.1 RTD TIME CONSTANT CONCEPT

If an RTD were a first corder systam, the Laplace Transform of the sensing

element's response to an external temperature change would de:

T(elament) 1
T(extarnal) (1 + <s)

-/

The response [T{alement)] ¢c a step function change in T(external) is

T(element) = T(ext,final) - [T(ext,final) - T(ext,initial)l *exp(-t/z)

At time * = :« the a2lament tamperature nas reacned

final respcnse. For this reason the time regquired for <the 3ITD autaut 2
attain 83.2% of its final resgonse nas ceen nameg :n2 ITC 2iunge time

constant.

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

RTD time constant is sti1l used and s still a useful concept.

In applications in nuclear plants the external temperature changes %0 an

RTD are typically ramp functions, and the carameter of importance is the

time by which the sensing element temperature lags the axternal! RTD temperature.
This time s called the Ramp Delay Time (ROT). In the AMS Topical Report
'4eference 3) pages 105-109 the relationship between the Plunge t and the RDT

is discussed, and it s shown that the Plunge = 5 always equal to or longer

than the ROT, the maximum 3ifference being about 2%. Thus the Plunge : can

* 11.%



be used as a conservative measure of the RDT, and in practice all Technical
jpecifications are written in terms of the Plunge t and hence all measur~ement

tachniques are directed toward evaluating the Plunge r.

LCSR METHOD FOR MEASURING RTD TIME CONSTANT

.1 LCSR TEST ROCEDURE

»
-

In the LCSR method a constant current is impressed on the RTD sensing element

vhich heats the element and the whole of the RTD experiences a temperature
sransient. A time plat of either the heating of the alement while the current
is impressed or the cooling after the current is

Zrom this plaot the RTD plunge time constant is

sransformation, wnich is described in the next

The alement temperature is inferred from its al ! rasistance wnich
is measures by a bridge circuit. The requiread ic test aquipment i3
{iscussed in detail in the subject references, and tnis discussion will not

he reiterated in this SE.

THE LCSR TRANSFORMATION

The mathematical theory for analyzing heat transfer in an RTD is develcped in
the subject references. Two different approaches are described in detail:

1) a nodal aporoach and (2) a continuum approach. In th 1980 EPRI Topical
leport, page 3-34 and Appendix 8, aumerical resylts of the two approaches are
~ompared, and for the two cases cited the 11 #farencer are 1.5% and 1.1%
respectively. Thus for sractical purposes the two approaches can De sonsidered

to he identical.




It is shown that if:
(1) The RTD has cyiindrical symmetry and
(2) There is negleginle heat capacity inside tne sensing element
shen the transfer function wnich describes the RTD's response to an external

tumperature change is (AMS Topical page 23)

(2.1) Tlelement) 1

——————————————

T(external) (238 » 1)(ezs » 1)(zys * 1) seces (z,8 * 1)

n is finite i# the nodal approach is used and infinite if the continuum

aporoach is used. This difference 72 not significant in that the higher order

factors con.tibute little to the solution.

The important feature of the above aquation is tnat the transfar functicn
cantains scles, bSut no zerces. As will soon beccme avident, +his fact permits
sne inferenca of an RTD's response 0 2an axtarnal temperatuyre Ihange from

sng resylss of an LCSR transient.

I+ i3 shown that the plunge time constant is given by (AMS Topical page 27)

(2,?) - 2 71[1 - '.n('. - f:/?:) - h‘\(‘\ - ?3/’.;) - 1"(1 - ‘.,./?v) ..... 1.

I+ is shown that the response of an RTD to a step change in element curvent

(LCSR transient) is given by (1378 EPRI Topical page 49)

(2.3) T(element) - T, * ; 2, exp(-:/rn) :

where the a_ (also defined in page 49 of the 1978 EPRI Topical) are functions of

the poles and zerces of the trans fer function.

258 »



Experimentally, the t, can be determined by breakiny the temperature response
into a series of exponentials. Once the are determined they can be
plugged into equation 2.2 to determin€ the plunge time constant. Thus all
the information required to evaluate the plunge time constant is contained

in the LCSR transient.

2.2.3 APPLICATION QF 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 to
equation (2.3). This gives numerical values for the «,.
(It is not necessary to evaluata the ‘i]

(3) Plug these values of t, into e~ryation (2.2) to obtain the ?lunge rt.

Ia sractice s<2p 2 {s performed sisher 2y 2xponential sirizping == 2 Taast
squares fit. Using either metnod it fs usually possidie o find t; ang -;.
In exceptionally good cases it is possible %o find «,, v, and 73, and in bdad
cases it 1s possible to only find =,. If equation (2.2) is truncated after
the t,/t, term the resylt can be nonconservative by as much as 20%, and if
equation (2.2) is truncated to t = r;, the result can be nonconservative

by as much as 47%. AMS and TEC correct for this problem in 41 ffarent ways,

which will be discussed in sections 2.2.5 and 2.2.5.

2.2.4 DEMONSTRATION OF CONSERVATISM QF THE LCSR TRANSFORMATICN

In reference & it is shown that if either the assumpticn 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 viclated, then the transfer function

{equation 2.1) would have zerces as well as poles. [f this were the case,
o M-



then the Plunge t expression (equation 2.2) would contain terms with these
poles. It is shown in 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 mathematica) development are violated leads to a conservative

computed value of the Plunge «t.

2.2.5 EPSI (AMS) METHOD FOR CORRECTING FOR UNKNOWN HISHER SISENVALUES

After trying a number of correlaticn schemes, the U of T investigaters found

that a very good approximation for the Plunge r is given Dy

(2.4) Plunge t = f(ra/ty) * (1 = 1In(1 = r2/1y)]

.
-

where f(t,/7,) is given by the emperical reiaticnsnip of figure 2.1. Figure 2.1
was constructad by mathematically computing the Plunge r (2quation 2.2) and

#:{1 = 1n(} = =3/7;)] for a numper of 3ifferent hypothetical TDs and plotsting
the ratio of zhe two. The hypothetical RTOs had a vartety of .%zed and
jeometries, which included both holicw core and central alament TOS. Thus
the curve of figure 2.1 applies to any RTD which fulfills the two requirements
of section 2.2.2. The fact that this large variety of RTDs all enjoy the same
f(ry/ty) is, on the surface, rather amazing. With such a jood correlation,
one would naturally be inclined to search for an underlying physical reason
for 211 RTDs to display the same f(r,/r;). However, to date this underiying

physical relationship has eluded us.

18 %
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Ihis function Is used in equation 2.4: (Plunge 1) = flig/y ) gl - In{1,/0) ).
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2.2.6 TEC METHOD FOR CORRECTING FOR UNKNOWN HIGHER EIGHEVALUES

The method used by TEC is the following:
(1) Assuma a continuum model for the RTD which geometrically consists of a

thermowell (pipe which houses the RTD), and air zap, a steel sheath, 2
ceramic layer, a platinum element, and 2 ceramic core.

(2) Assume realistic values for the thermal properties of the thermowell and

(3)

(3)

(3)

in the thermal calculation)

The thermal resistance fg the film between the thermoweil and water and /(
that of the air gap between the thermowell and the sheatnh are net well

known. These two thermal resistances are combined into a single resistance

R(film + gap) which is left unknown. The thermal resistance of the ceramic
R(ceramic) is also left unknown.

The 37D continuum equations are solved for t, and =, using various values
of R(#11m + gao) and R{ceramic). This procedure is iterated until the

the R0 stee! sheath. (the element is so small that it can be fgnored
|
\
|
values derived for =, and t, match those measured experimentally.

The ncw :ncen values of R(f1lm + gan) and R(ceramic) are uysed in the ATJ
continuum squation and the Plunge - is computed.

The TEL method nas the advantage over the PRI (AMS; method that 1t uses 2

recognizabie line of physical reasoning t3 atzain iis result, whereas the

EPR] 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 regqulatory point of view must be consideres

equally good.

o 1] =



L3 20D QESAGATION [55TS
Although neitner AMS or TEC have presented proposals to do degradation tests,

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

seems worthwhile to summar'ze the status of these degradation tests here.

3.1 RTD DEGRADATION TESTS USING LCSR METHOD

A simple application of the LCSR method s a degradation test. For this test
an LCSR transient is impressed on the RTD and the time required for the RTD
to 1chieve 62.3% of its final response is measured. This time is called the

LCSR ©. An increase in the LCSR = is a sign of RTD degradaticn.

The U of T » /»¢t*; *ors attempted to correlate the Plunge - with the LISR -.
In maki' 3 shis cov 2lation the time response 3f he RTD was varied sy acaing

tape or ryugber insulation around the 3TD and measuring 3220 <ne 2lurge < 3Ind N2

LCSR . Two such correlations are shown in figures 3.7 ang 3.2.

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

to find a different correlation for normal degradation than that determined by
adding insulation %o the surface of the RTD. For this reason we do not, at
sresent, consider the correlations of figures 3.1 and 3.2 to be sufficiently

well substaniiated to be used in the determination of the Plunge r.

Y -



While not providing an accurate means of computing the Plunge r, these
correlations are useful for the degradation test. If in a degradation fest
the LCSR + is found to increase, then from the correlation the 2pproximate
increase in the Plunge ¢ can be determined. I[f the Plunge r determined in
this way is near the value assumed in the safety analysis, this would indicate

| e

that it is necessary to measure the Plunge : via the usual LCSR procedure.

Using the LCSR technique to detect detector degradation is a rather wasteful

yse of the LCSR elactronic equipment. With the addition of one microprocessor
the degradaticn test equipment can De usaed t0 measure the Plunge © as described

in section 2.2.1.
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3.2 RTD QEGRADATION TESTS USING TME SELF HEATING INDEX (SHI)

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

and the steady state change in element resistance is measured. This test is
performed at several different currents, and a plot is made of power
dissipated by the 2lement versus increase in element resistance. Gcmperically
this has always been found to be a straight line, and the slope ¢f this line

(ohms/watt, is called the SHI.
An increase in SHI i{s a positive indicaticn of RTD degradation.

As with the LCSR ¢, the U of T investigators attempted to correlate the

SHI with the Plunge r.

Again, as with the LCSR  .easurement, the RTD time response was viiles oy
adding insulation to the surface of the 37D, and plots of *lunge < versus

SHI were conssructad. Two such plats are sacwn in figures 3.3 ana 3.3,

Thesa correlations suffer the same problem as the 2lunge < versus the LLSR <
correlations, and thus we do not, at present, accept them is viable means for
computing the Plunge =. However, like the Plunge = versus LCSR r correlaticn,

the Plunge - versus SHI correlations would be useful in a degradation test.
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3.3 27D UEGRACATION TESTS USING NOISE ANALYSIS (1)

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

RTD output signal during normal steady state reactor operation. These fluctuations
are the RTD's response to the fluctuations fn the reactor coolant temperature.

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

methods.

In the application ¢f the NA method, assumrtions must e made regarding the
statistica) properties of the coolant temperiture fluctuations. [f rome minimum
set 2f assumptions, such as stationarity and repeatadbility are met, the NA nethed
i3 2 valia degradation method since any change in the outdut fluyctuaticns can de
d'rectly ateridutad t3 the ITD feself. I¥, in aadition ¢ staticnarity and
repeatanility, the coolant temperature fluctuaticns are "wniza" [naving
flyctuations whose Fourier reprasentation displays constant energy ser unit dand
width at esvery frequency in the range of interest), MA can be used %2 determine

a Plunge <.

The inftia!l theoretical work 1n NA done by EPRI was directed toward developing
a deterministic method for measuring the Plunge ¢, and this work produced some
very sophisticated physical and mathes "tical developments. However, when the
theory was applied to experiment, it was found that NA predictions of the *Tunge
+ were serfou.ly In error, sometimes by as much as a facior of 5. The EPRI
resaarchers concluded that their principal prodblem was that the r2actor coolant
Muctuatior, were not «hite, as they has assumed. Having no other reascnable
mode! for reacta~ coolant fluctuations, EPRI has, at least for the time deing,
abandcned efforts to perform i deterministic caesurement of the ?lunge -

using NA,
- zs -



Researchers at TEC are stf1! pursuing 2 deterministic method for measuring the

Plunge ¢ using NA. Over a perfod of 2 years TEC has demonstrated that for

cer 11n types of sensors and certain reproducable reactor coolant conditions,
careful NA measurements of the varfous statistical parameters have produced
results with +10% varfation. Howeser, ft ha. been established that coolant
temperature fluc'uations do not meet the requirements for a °lunge r determination
under a1l reactor conditions for all sensors. To date TEC has not succeeded in
developing a systematic correlation between the measured statistical parameters
and dotcryintst1c measJrements of the Plunge 7, but there are reasons to believe
that such a correlation can be derived for certain sensors under certain

ver{fiable reactor condicions.

As was just stated, the conditions for the cocolant Tamperature fluctuations for
an RTD degradation test are less restrictive than those for 3 Jetarministic
2lynge + measurement. [t has been 2stadblished that the measuyred statistical
sarameters which can be extracted from NA of TDs under verifiahle reactcr
conditions are highly reproducable and changes in these parameters can De used
to ‘nfer changes in the RTD Plunge . Therefore NA methods zan bde used for

RTD degradation measurements subject to the statistical accuracy of the

measyrement.

-2



L3 POTENTIAL FOR AID LN RESPONSE QCADATION

4. MODES OF ATD TIME RESPONSE DESRADATION

The U of T investigators have evaluated various modes of RTD degradation in
section 2.5.3.1 of the 1378 EPRI report ard part [I, chapter 7 and part V of the
1980 EPRI report. Thei~ conclusion is that the main mcdes of RTD degradation are
due %o deterioration of the PSX cement used to Mold the RTD element in place and
deterioration of NEVER-SEEZ, a substance used to fncrease the thermal

conductivity between the thermowell and the RTD.

Most of the deterioration in the P8X and NEVER-SEEZ fs due tc 11gh temperatures
and takes place fairly soon after the elevated temperature fs redched. Thus
the 3TDs are expectad %o show a marked degradation shortly after they are Dut
in service, and afterward degrade more jradually. [f future data bears cut this
trend, then 3 reasonanle surveillance schedule would require frequent t2sting
of the newer RTDs and less frequent testing of the older cnes. However, w#ith

the data currently availaple, this point is inconclusive.

[n the TEC topfcal report 1% 1s suggested that RTD time response degradation
may be caused by fouling of the thermowel! by crud and cracking of the ceramic
{fnsulator in the RTD. While these are plausable modes of degradation, there
{3 no evidence that efther of these mechanisms s active in the dbserved time

response degradations.



4.2 EVIDINCE OF ATD TIME RESPONSE DEGRADATION

Records of measured R'D time constants for varfous reactors are presented
fn tables 4.1 and ¢.2. The AMS data from Millstone 2 fndicates a systamatic
degradacion of RTDs with service. However most of the other data does not
show this consistent trend. A prudent requlatory position for the prasent
would be to increase tha required surveillance at all plants until enough
data is collected to determine {f a consistent trend in RTD degradation does

axist.
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Taple 4.1 Comparison of In-Plant LCSR and SHL
Time Response Iests Conducted 2y AMS

[Taken from Table 11.1 of the AMS Topical Report and Reference & 1

Tine Response Test Results for Rosemont Model 104 ADs at Millstone Unit 2

For the Millstone tests, judging from efther the Plunge - or the SHI
test, almost all detectors degraded and a few remained unaffected by
service. None improved.

August Decemper August Decemper

- 1977 1978 1977 1978

Number Plunga «* Plunge =* SHI SHI
(sec) [sec) (ohms/watt) (ohms/watt)

A7770 3.2 5.2 5.6 7.4
A7765 2.8 3.2 4.5 4.8
75313 4.7 5.5 §.2 6.5
ATT74 3.8 4.3 5.8 §.2
75294 3.7 4.4 §.3 5.4
75299 $.8 3.3 3.8 9.1
75310 4.5 4.3 6.2 §.3
75300 4.6 4.7 §.5 6.5
75297 3.6 3.5 4.7 4.3
30264 4.0 4.4 5.5 ot
78309 4.0 4.7 §.5 5.8
A7769 3.1 3.6 4.8 5.0

Iime 2esponse Test Results for Sosemont Model 176 3MDs it Tarley Unit L

In these tests thers was no evidence of time response degradation.

Jctober January Qctober January
70 1978 1980 1978 1380
ber Plunge =« Plunge « SHI SHI
: (sec) (sec) (ohms /wats) (ohms/watt)
4128 0.10 o.1 7.5 7.4
2 0.12 0.12 5.8 §.7

*Since the correction factor had not been developed at the time of the August
1977 measurements,.al! time constants shown here ara uncorrected values.
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Iaple 4.2 Comparison of [n-Plant LCSR Time Response Test Results
Gonducted by IEC gn Rosimont Model 104 RTDs at Saint Lucte Unit 1

[Taken from References 7 and 8]

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

TE-1112CA
TE-11124A
TE-1122CA
TE-T1122HA

TE-112248

TE-1112¢C
TE-1112HC
TE-1122CC
TE-11228C
TE-1112CD
TE-111240
TE-1122C0
TE-1122¢C

January
1978
Plunge =
(sec)
4.0 £ 0.2
6.2 +0.5
5.5 £ 0.2

5.0 + 0.5

.-
ettt
..........

- - - -
-
-
- - -

-

May
1378
Plunge ~
(sec)
4.2+0.4
3.4 +40.3
§.7+0.3

5.6 + 0.3

- -
-

-
-~
-——— -
- -
— -

-3 e

Octobe
13973
Plunge =
(sec)
4.0 + 0.
4.4 + 0.
6.0 £ 0.

§.3+0.

wun
<«

+ 0.
5.0 + 0.

$.9 + Q.

. . .
wn wn ()

w

“o

-

i

i

wn

ws

L)

4
it

March
1979
Plunge
(sec)

+ 1.2/-0.
£ 0.3

+ 0.7

+ 0.7/=0.
+ 0.5/-0.

|+
o
o

2
.
L)

+ 0.3/-0.
7/=0.

.7/-0.

+ 1.0/-0.
+ 0.3/-0.

4.3 + 1.6/-0.
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5.1 PARAMETERS THAT AFFECT RTD IIME RESPONSE

The time response s not only a function of the RTD ftself, but depends as
well on the properties of the thermowe!l and the thermal characteristics of
the medium in which the thermowell or RTD {s immersed. The thermal properties
of al] these cumponents change with temperature and the heat transfer
properties of the medium (water) change with flow velocity. The match between
the RTD and the thermowel] affects the time response, and aven tne slight
change ir match that occurs when an RTD is removed from a thermowell and
placed back in the same we'l can sfgnificantly change the time response. Thus'
{+ is important o simulate servise comdtticns as closaly as possible when

testing the R7D time response.

As stated earifer, nistorically the time response of IT1s nas Deen measured
by a plunge test in the laporatory. Normal service conditions of 2235 psig and
540 QEGF are difficult to reproduce in the laboratory. For this reason, in
the pas® 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 methodolegy has been re-examined, and it was found that
the historical plunge test procedure often produced results 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 laporatory
equipment was to use hot si1 or sand as the medium, rather than water. This
was soon demonstrated to be unsatisfactory. The reason is that the heat
conduction properties of of1 and sand are sO 4{fferent from water that a test
in 0*1 or sand gives no indication of what would nappen in water. In numerical
terms, the thermal match between the medium and the RTD 1s given by 2 quantity
called the 3iot modulus, which is defined as the ratic of the fiim thermal
conductance %o the internal conductance af the RTD [More specifically, 3iot
modulus * hR/k, where h is the film coefficient, R is the RTD radius, and «

is the thermal conductivity of the RTD]. When the 3iot modulus is Tass than
asout 0.1 the thermal resistance is dominated by she #i'm resistance, and when
{r s greater than about 10 the thermal resistance is sominated by the RTD
internal resistance. The response of an RTD in cne heat sransfar regime
indicates very little about 7ow she ATD will respond in 2 4iffarent neat

srans fer regime. values for the 3iot nedulus for several casas are given

in table 5.1.
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Japle 5.1 Yariation of 810t Modylys due 3 ihs Di-fersnt

Film gg!ff1g1gn;; Associated with g1ff!r=n; Testing ggng1;19n;

(Taken from Reference 9]

dominates for both
water ang solder
tests. Good
service conditicn
simulation is
possible in
laboratory tests.

Rosemont Rosemont
RTD 104 176
Testing (Combustion (Westinghouse)
Conditicns Engineering)
Reactor Service
Conditions 300 3.8
3 ft/sec "
130 DEGF Water 27 0.34
1 f¢/sec S
. | 500 DEGF Solder 1ns .5
~
=
' S~
£ 500 DESF 011 0.8 0.02
3
- 500 JEGF Sand 0.4 0.01
5
£ Internal No availaple
resistance laboratory test

condition
simulates service
conditions well.




5.2 200 IIME RESPONSE TESTING CONDITIONS USED [N 2RACTICE: 200M TMPRATURS
LABORATORY CONDITIONS

While rocq tesperature tests do not indfcate much about the RTD's behavior

at service conditions, room tempersture tests are 3 jood way to compare

various measursment methodoloyfes. The main testing criteria for comparing
methodolog:ss fs that all methodologies are compared under dentical conaitions,
whether these be service conditions or room temperature laporatory conditions.
In fact, all of the development work for the LCSR methodoliogy was done under
room temperature laboratory conditior.. Results of the room temperature tests

are given in tables 5.2 and 5.3.

dith the develcpment work an the LCSR methodology complete, it seemed
worthwhile to test the LCSR method versus the plunge method at simulated

sarvice conditions. The next *wo sections describe now this was accomplished.

$. AID IIME RESPONSE IESTING CONDITIONS USED LN 2RACTICE: SPRI SERVICK
GONDLT 4 IESTS (SDE IESIS]

In order to test the LCSR method at service conditions, the U of T fnvestigators
tn conjunction with Electricite de France (EDF), performed tasts on a simulated
reactor coolant tast loop constructed by EDF. This loop operates at reactor
service conditions of temperature, pressure and flow, and has specfal valves to
induce 4 step change in temperature for the purposes of simulating a plunge
test. The rasuits of this test are shown in table 5.2. [t can be seen that

the agreement between the LCSR test and the plunge test is exceilent.
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Table 5.2 Results of LCSR and Plunge Testing dome by the Y of L
(Taken from Table 10.1 of 1978 EPRI Report and Tables 7-1 & 7-3 of 1980 EFRI Report]

Room Temperature Tests at U o_f Ao Thermometry Laboratory

Measured Plunge t [aferred from LCSR ;
RTD Plunge = ercent
Without Higher With Higher

Model (sec) Mode Correction Mode Correction Error
Rosemont 178KF 0.38 0.39 0.41 +7.3
Rosemont | J4A0A 3:) 2.9 P 0.0
(without thermowell)
Rosamont 104ADA 7.1 5.9 7.2 +1.4
(wit’ thermowell) ’
Rosemont 104VC - Y7 27 -3.7
(without thermowell)
Rosemont 104VC 5.3 4 5.5 +31.3
(with thermowel!l)
Rosamont 177GY 5.8 5.1 5.2 5.3
Rosemont 177GY 5.1 5.2 £.3 +3.3
Sostman 3606 2.0 V7 2 +3.9
Rosamont 104AFC 5. eeee- §.2 1.3
(atr in vell)
Rosemont 104AFC 0 SR 3.5 0.0
(NEVER-SEEZ in well)
Rosemont 177HW 1Y.7 c———— 12.3 +5.1
Rosemont 176KF 0.42 e ——— 0.4 2.4

Service Condition Tesss at DF Test Loop
73 Measured Plunge r Inferred
Mode! Plunge + from LCSR Test Percent
(sec) (sec) Srror

Rosemont 104AFC 6.2 5.9 -4.3
(AMfr in well)
Rosamont 04AFC 4.1 3.7 -9.8
(NEVER-SEEZ in well)
Rosemont 177HW 8.8 3.4 -4.5
Rosemont | 7SKF 0.14 0.13 «7.1



5.4 BID IIME RESPONSE IESTING COMDITIONS USED IN PRACTICE: TEC SERVICE
CONDITION TESTS [SOLDER IESTS!

TEC .25 gotten around the problem of getting service condition temperatures
by using molten solder, rather than pressurized water, as was done in the
EPRI-EDF tests. As can be seen i1 table 5.1, for the Rosemont 104 RTD the
nolten solder provides a very good simulation of service conditions For the

Rosemont 176 RTD the simulation is rather poor.

The TEC comparison of plunge tests and LCSR tests is shown in table 5.3.

As with the EPRI tests, the agreement is excellent.
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57181
4765
A8994
35642
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‘ymber

Plunge +*

2Tunge =*
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dgsylss of LCSR and Plunge Testing
done by TEC on Rosemont Model 108 RIDs

(Taken from Tables 3.1 and 3.2 of Reference 11]

Rogm Temperature Testi

Plunge r Inferr:d
from LCSR Tests**
(sec)
5.5+40.3
6.0#0.°
5.740.3

7.2+0.6

Plunge r Inferred

from LCSR Tasss*™
(sec)

e

LT I *

Percent
Error

-5.1

1.

-1.

-13.3

Perce:nt
Error

-,

«11.
«10.
+12.

-1,

“yncertainty = lo based on historical uncertainty in reproducibility of
plunge tasts.

*sncertainty = upper and lower bounds of all variables with uncertainty in

them. Uncertainties combined addfcively.
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AMS has performed LCSR measurements at the following plants:

Mi11stone Unit 2 =====e= Aug 1977, Dec 1978, June 1979, July 1980
ANOY Unit 2 =eee==e-==es Nov 1978

North Arna Unit 1 -==-=e Aug 1979

Farley Unit | eeeeeee-es Oct 1978, Jan 1980

Farlay Unit 2 eeeeeee--e May 1380

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

in the near future.

TIC has serformed LCSR measurements at the following plants:

safint Lucie Unit | eeee- Jan 1973, May 1978, Cet 1378, Mar 1979
LOFT cemcccccccccnar ane- Mar 1979
SeqUOyad ~======m=== ~e==e May 1379

Z‘Ioﬂ - Auq ]979

TEC has sold LCSR testing equipment to Saint Lucie




13 g AcsTRvATIoNs £08 LSITy [EEI3

Most of the reservations we have with in=sftyu tests have been {terated in

other sections of this SE. We are 1isting them here fn order to have a

compact 1ist for roftrgnco. These are:

(1) Using the Plunge = versus the LCSR = correlation to infer the Plunge <

from a measurement of the LCSR r (Section .Y

(2) Using the Plunge t versus SHI correlation to infer the Plunge -« from a

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

(4) Using the exprassion P1 : 91[1 +« (1 - 1)]2 to estimate the higher
soles of the transfer function. [This appears on page 29 af the 1577
£90! Tapfcal 2epors. It i3 demonstrited 0 De 3 2ocr asoraximation an

sage 42 of the same resort.]

(5) On page 46 of the 1378 EPRI Topical Report it 1s stated that {f anly one
sigenvalue, =,, can be found, then an upper 1imit for the Plunge r is

1.4%¢,. This should be 1.47 * =, whic. for practical purposes can

be rounded to 1.5 *r,.

The first four of these techniques were originally described in the EPRI
Topical Reports at a time when they were still in the axperimental stage, and
there was ‘00e that these techniques would de proved viable., Since then the
U of T fnvestigators have conceded that these are not viable techniques. The
disclaimers for these tachniques apoear on page 42 of the 1977 EPRI Topical

Report and page 140 of the 1978 EPRI Topical Report.
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(1)

(4)

The LCSR method has been demonstrated to be the only reliable method for
measuring “e time response of RTDs in nuclear plants. We should take a
position that would favor the universal adoption of the LCSR methed in a

timely fashion.

The historical plunge test nas been demonstrated to de fnadequate for
measuring the time response of A™Js in nuclear plants. We should cease
putting credance in RTD time constants which have been measured by 2

plunge test.

doth the AMS and TEC LCSR measurement procedures have deen demonstrated

%0 consistently predict the Plunge t to within 10%. The number of
comparisons done to date is inadequate to form a dasis for any scphisticated
statistical model, and the “est procedure t0 accsunt for uncertainties

would be %o simply add 10% %o the measured ?lunge ¢ ang use this as the
measured upper bound. [in some cases (e.g. the EDF data on taple 35.2) the
errors appear to be composed of a substantfal bias plus a random fluctuation.
[n this case simply adding a 10% uncertainty td the best estimate Plunge -

{3 a4 reasonable procedure.]

While the RTD degradation tests are 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 proposal to amploy degradation tests.
Degradation tests should not be permitted as a2 substitute for LCSR tests
unti) such a proposal has been submitted, reviewed, and aporoved by us.
Once degradation *2sts are approved they may be usad by utilities instead
of LCSR tests to detect RTD degradation, and then only those RTDs which
show degradation would need to de tested via the LCSR procedure.
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(§) The extensive RTD time response test‘ng done recently has revealed that the
ATDe in operating reactors are suffering time response degradation as they
age. Current Technical Specification surveillance schedules permit such
deficiencies in RTDs to go undetected for several years. Consequently the
ATD time lags assumed by utflities in their RPS setpoint computation may
in some instances be unrealistically short. In these cases the computed
3PS setpoints 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
analysis would change the RPS setpoints only a very small amount, and would
not present severe restrictions on reactor operations. In order to guarantee
shat a1l utilities are using conservative RTD time 'ags in their safe’y

analyses, we recommend that they comply with one af the following options:

3. Parform a surveillance tast of all their safaty channel 3T0s at ‘aast
ance svery 18 months, and verify that the time response of the slowest
ITD 15 at least as fast as that «.sumed in the sarety analysis. In
addition perform a test of each newly installed 27D at operating conditions
as soon as practical after its installation. T¢¥ ¢his Jption is chosen
she Technical Specifications must be modified to match the new surveillance
schedule. (As mentioned previously, most current Technical Specifications

require that a quarter of the RTDs bde tested avery 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 test or
. (includ‘ng a 10% allowance for measurement uncertainty)

CE «e=e= Rosemont Mode! 104 RTD «=eeee 12 sec.
¥ «weeee ROsemont Model 176 RTD «w--- 0.8 sec.
B4W «=e= Rosemont Mode! 177 RTD «weeee 12 sec.

A few words are in order to explain the rationale for cptions (a) and (b) abcve.
The present Technical Specification RTD surveillance schedule was formulated
before any evidence of RTD time response degradation appeared, and it was
thougnt that an occasicnal spot check would be adequate to assure that ne
deqradation was taking place. However, with the testing done recently, it

s35 secame ipnarent that 2TD degradation is widespread, and we must take stapes
=3 assure that in every instance it occurs it 1s soon detected, and

sorrective measures taken,

Tar utilities wnica have procured LCSR test 2quipment, option (a) 1s decizedly
preferadie doth from NRC's and the utilities point of view. From the NRL point
af view the frequent and thorough surveillance testing would assure us fhat
conservative values for RTD lags were being used in the safety amalyses.

From the utilities point of view, the accurately measured time lags cf their
ATDs, without any extra conservatism factors deing added, would te direct

fnout data to their safety amalysis. This would give them the most relaxed

aPS setpoints possible. which would add to their operating flexidbility.
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[n most instances utilities without LCSR equipment remove the RTDs from

their reactors and send them to the Rosemont laboratories for surveillance

testing. For these utilities having option (a) imposed upon them in a
short time frame would represent a tevere and unnecessary hardship. For
this reason we are recormending option (b) for those ytilities which
cannot easily comply with option (a). The time constants of 12 seconds
and 0.8 seconds in option (b) are the longest time constants observed

to date for the RTDs in question. [t would not be prudent to assume

any faster response for an RTD which nas not been tested in several
years. While we do not anticipate measuring time constants greater than
12 seconds and 0.3 seconds, if this should occur, then the longes*®
measured time constant, with an aporopriate conservatism factor aaded

should de used as the 3TD time constant input into the safety analysis.
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EPRI NP-459, IN SITU RESPONSE TIME TESTING OF PLATINUM RESISTANCE
THERMOMETERS, Kerlin, M{iller, Mott, Upadhyaya, Hashemian, Arendt,
January 1377. [Herein called the 1377 EPRI Topical Report]

EPRI NO-834, IN SITU RESPONSE TIME TESTING OF PLATINUM RESISTANCE
THERMOMETERS, Xerlin, Miller Hashemian, Poore, July 1978.
[Herein called the 1378 EPRI Topical Report]

EPRI Report (To be Published), TEMPERATURE SENSOR RESPONSE CHARACTERIZATION,
Kerlin, Mi1ler, Hashemian, Poore, Skorska, Cormault, Upadhyaya, Jacauat.
(Herein cassed the 1380 EPRI Report]

Material extracted from a papar in preparation entitled ACCURACY OF LooP
CURRENT STEP RESPONSE TEST RESULTS, T.H.Koqlin. April 22,1980

RESPONSE TIME QUALIFICATION OF RESISTANCE THERMOMETERS IN NUCLEAR POWER
PLANT SAFETY SYSTEMS, Northeast Utilities Topical Repert prepared Dy

0y .T.W.%er1in of Analysis and Measurement Services Corporation (AMS),
Novemper 1372, [4Yerein called the AMS Topical Report]

AESPONSE TIME OF PLATINUM RESISTNACE THERMOMETERS USING THE LOOP CURRENT
STEP RESPONSE TECHNIQUE, Mott, Rebinson, Jones, Mathis, Fisner, Tachnoiogy
for Energy Corooration (TEC), April 1378,
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ATD TINE CONSTANT SURYEILLANCE 2EPORT, Latter from Robers £. Jhrig (FoL)
to Rcbers W. Reid (NRC), da.ary 3, 1373,

v

RATD TIME CONSTANT SURYEILLANCE REPORT, .etter from Robert . Uhrig (FPL)
to Robert W. Refd (NRC), May 1, 1373.

TEC handout st NRC meeting entitled REVIEZW OF TEMPERATURE SENSOR RESPONSE
TIME USING LOOP CURRINT STEP RESPONSE TECHNIQUE, Ackermann,i Mott,

August 16, 1978.

Latter, T.W.Xerlin (AMS) to P.S.Kapo (NRC), April 28, 1380

TEC LCSR METHOD TEST RESULTS, Letter from R.E.Unrig (FPL) to R.W.Refd (NRC),
Cacanber &, 1979,



