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ABSTRACT

The performance of the ambient air resistance temperature detectors
(RTUs) just after the hydrogen burn in the TMI-2 Reactor Building is exam-

ined. The performance of the sensors is compared with physical models of
the sensor/ambient air system. With one exception, the RTD data appear to
be valid for the period examined. Based on the data, the hydrogen burn
ended considerably before the first data points were recorded.

i



CONTENTS

ABSTRACT © 000 000000000000 000000000000000000000000000000000000000000O0COCEMET 11

INTRODUCTION l..ll...C.ll...C.ll...C.ll...C;lll.ll...l.llll.l......lll. ]

RTD DATA tuiiieeeeeeeeceeeeccceccssssscsssssssssssssssssssassssssssnnns 2
Frequency of RecOrding .eeeeeecececccscsccacasns ceescesccesscasnnns 2
Locations of Instruments ....civeiiereneeenennencenenecsenncncnnns 2
ACCUNraACY ceveeecceccceccasccooscsocssecaacsssssssccssssssssssascanss 2

MODELS teuveeeeeceeneeeeceesececaceccccccccecssoccsnossncnns cosevesveces 4
SeNSOr Model ..ieeieeeeeeeeecesceaseesceccescsscasccnscascnncnnnnss 4
Ambient Air Temperature Model ......ceeeeeeccccccccacccacsccccnnns 4
SENSOr RESPONSE ..iveveeeeesceencesaseccscssscsssnsasasasassnannns 5

ESTIMATION OF MODEL PARAMETERS ........ secesescscessssssesesssesssssene 6
Filter Formulation .....ccecueeee cessescscssscnns Cetesesesesesans . 6
Parameter EStimates ......ccceeeeeenesceccassncccsscccsssancssnnnns 8

MODEL VALIDATION ..ceveeeececoccnns e 10

DURATION OF HIGH TEMPERATURES .....ueeeeceecccecceccscaacascascasnnnnas 17

CONCLUSIONS veverveennnnnns Cetecetsecasensanans Ceeetsecasetasannane . 17

REFERENCES iveuieeneeeneeeoeeesecasecasacssacssscscasasacssscsssnssnnns 17

APPENDIX A--PLOTS OF RTD DATA uiieuiieeeeeeeseeeseecscccsccsscccsccnnns A-1

APPENDIX B==FILTER PROGRAMS ..cuuiieeneeeeenecensceasccncsasocasacnnncnns B-1

APPENDIX C--ANALYSIS OF WORST-CASE AMBIENT TEMPERATURE PROFILE......... C-1

iii



ANALYSIS OF AIR TEMPERATURE MEASUREMENTS
FROM THE THREE MILE ISLAND UNIT 2 REACTOR BUILDING

INTRODUCTION

This is the second in a series of reports on the resistance temperature
detectors (RTDs) used to measure ambient air temperature in the TM[-2 Reac-
tor Building. The first report detailed the current status of the RTUs an”

compiled data for the period of the TMI accident.] This report deals with
the performance of the RTDs for the period just after the hydrogen burn in
the TMI-2 Reactor Building. During this period, the ambient air sensors
were subjected to extreme temperature changes, and some of them were sprayed

with a water and sodium hydroxide solution.

The performance of these instruments during and after the hydrogen burn
is important because of what the RTD data imply about the survivability or
the instruments and about the hydrogen burn.
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RTD DATA

Frequencey of Recording

There are sixteen Rosemount Series 78 ambient air RTDUs in the TMI-2
Reactor Building.2 The readings of these instruments were recorded in a
round robin fashion on a strip chart recorder. Fifteen seconds elapsed
between each recording, and no data were taken for Z min between the first
and last sensor. Each sensor reading was recorded once every 6 min. The
slow frequency of recording precludes obtaining information about the first

few seconds after hydrogen ignition from the RTD data. Longer term build-
ing heating and cooling information can be obtained, as will be shown.

Locations of Instruments

The locations of the sensors are given in Table l.] Nine of the RTDs
are at the 282-ft elevation of the Reactor Building, five between the 305-
and 330-ft elevation, and two at the 353-ft elevation.

TABLE 1. RTD LOCATIONS

Foot Foot
RTD Location Elevation RTU Location Elevation
5010  Sump pump 282 5018 Primary shield 282
5011 Letdown cooler 282 5019 Primary shield 282
5012 RC drain tank 282 5020 Top ceiling 353
5013 Impinge barrier 282 5021 Top ceiling 353
5014 NR equipment natch 305 5022 St stairwell 330
5015 A/C plenum out 319 5023 WE stairwell 330
5016  Primary shield 282 5027 A/C plenum out 305
5017  Primary shield 282 5088 SE stairwell 310

Accuracy

Steady state accuracy of the RTDs is #1°F at 200°F2, and the strip
chart recorder is accurate to *+1°F. The time calibration of the strip
chart recorder was rather poor, and timing for data reduction and modeling
was taken relative to the hydrogen burn. The time origin of the data is



uncertain to *¥90 s because the burn occurred during a period when no data

were recorded and the primary shield sensors showed no response to the
3
burn.

Response time of the RTDs is less than 5.5 s in 76°C water flowing at
3 ft/s.2 The response time in air is not specified in the manufacturer's
literature, so it was estimated as part of the modeling effort described in
this report.a Appendix A contains plots of the RTU data recorded during
the time of the TMI-2 accident. In all the plots (except for the RTUs in
the primary shield) a jump in temperature is seen at the time of the hydro-
gen burn. The primary shield data are not analyzed further because they do
not provide any information about the hydrogen burn. One of the RiUs on
the 353-ft elevation shows a jump decrease in temperature at the time of
the hydrogen burn. This is probably due to its being sprayea with water.
The instrument is obviously suspect and is not analyzed further in this
report. The data from the remaining eleven sensors were analyzed to esti-

mate what temperatures the RTDs experienced and the RTD's time response
characteristics.

a. The manufacturers claim that response time should be less than 4u s.



IR T RS S TR S N W U L W

MODELS

Atter a preliminary examination of the RTU data, it appeared that they
could be explained by postulationg a jump in ambient air temperature at the
time of the hydrogen burn, followed by an exponential temperature decay.
The RTD behavior was modeled with a first order heat transfer equation.

Sensor Model

The rate of change of RTU temperature was assumed proportional to the
temperature difference between the RTD and the ambient air,

q (T - TA) (1)

t = time

TA = ambient temperature

T = RTD temperature

a = an unknown parameter depending, in a complicated way, on the

construction of the RTD, the ambient conditions, and T; ao
was assumed constant over the time interval of interest,
i.e., the first hour after the burn.

Ambient Air Temperature Model

The model assumed for the ambient air temperature was a step followed
by an exponential decay. Specifically,



where

LS = initial temperature
Tys Ty, and = constant parameters
ts = time of the burn.

Obviously, this model does not account for the details of the hyurogen burn,
but is probably adequate on average for long-time intervals after the burn.

Sensor Response

Inserting the ambient temperature expression (2) in the RTD sensor

response Equation (1), and solving the resulting differential equation,
gives

for « # 8, which is the case.



ESTIMATION OF MODEL PARAMETERS

A good technique for estimating model paramenters based on repeated
measurements is Kalman filtering. The filter produces minimum variance
estimates of the model parameters. Several excellent references are avail-
able on Kalman filtering, so a theoretical development of the method will
not be presented in this report. An iterated and extended Kalman filter
was used4 because of the nonlinear relationship between RTU temperature
and model parameters.

Filter Formulation

The filter state vector is

8
The measurements (Z) are the RTD data and

Z = h(X)

The measurement equation relating the states to the measuremenis is given
by (3). The H matrix is defined as

~|ah an 3h ah
i [a i aTz’ ’3a’ aa] ) (%)

Q

1

The initial state covariance mat.,ix is

2.5 x 10 0 0 0
i 0 2.5x 10 g 0
Po = 0 0 1.5 x 1072 0 (6)
0 0 0 6.5 x 10



The filter algorithm is as follows:
1. Save current state estimate
Xsave = X,
where
k is the discrete time index

¢. Calculate gain

K =P HT(xk) [H(x,) P HT(xk) + Rk]_]

k k k
where
Rk = measurement noise matrix
Pk = state estimate covariance matrix

3. Update state, using linearized measurement equation

)]

X, = Xsave * Kk [Zk - h(xk) - H(xk)(xsave -5

K k

4, Test for convergence of each element of state vector

5. Lf converged, read in next measurement, Zk+]’ and update the
covariance matrix and state,

Py = L1 - K )] P
X1 T %

then go to 1

b. If not, go to 2.



The filter was run on the data for each sensor, covering the period of 1 h

after the hydrogen burn. Estimates of the model parameters T., T., a,

1 ¢
and 8 were obtained for each sensor. Covariances of these estimates were

also obtained. The results are discussed in the next section.
Appendix B contains a list of filter computer programs designed to be
executed on the INEL CYBER 176 system, and these programs use library

routines available on the system.

Parameter Estimates

Table ¢ shows the temperature values and time constant estimates for

each RTD. The standard deviations of these estimates are included in the
table.

The standard deviations are probably somewhat too small because the RTL
and ambient air models were assumed correct in their calculation. The aver-
age value of the sensor time constant is 41 s, with a standard deviation of
less than 24 s. This is not an extremely precise estimate of the time con-
stant, but it Timits the expected values to much shorter times than previ-
ously estimated.5 Time constants of the magnitude calculated in this
report are consistent with the plots of RTD shown in Appendix A; i.e., RTD
readings are rapidly declining within 90 s after the hydrogen burn.

TABLE 2. PARAMETER ESTIMATES

Sensor 1 o 2 0 a o B o
5010 112 6 20 4 0.031 0.015 U.00ub 0.00ub
5011 114 2 15 4 0.027 0.022 0.0009 0.0006
5012 124 3 31 4 0.025 0.015 0.0009 0.0004
5013 121 7 41 4 0.022 0.009 0.0007 0.0004
5014 122 2 32 3 -- -- 0.0006 0.0001
5015 106 8 33 3 -- -- 0.003 0.0004
5021 144 8 59 3 -- -- 0.004 0.0004
50¢2 139 6 51 3 0.020 0.03 0.0009 0.0004
50¢3 123 4 51 3 -- -- 0.8001 0.00002
5027 106 1 25 2 -- -- 0.001 0.0003
5088 126 1 35 4 -~ -- 0.00¢ 0.0003




The sensor time constants (a’s) were not calculated for several of
tne RTDs because the filter failed to converse. Since the values of T],
T5, and B are not very sensitive to the o value, T], T2 and B were esti-

mated for these sensors with the value of o« fixed at 0.02/s. A 3-state
filter was used for these RTUs.

The maximum air temperature experienced at each RTU is the sum of T]
and T2. The maximum temperatures are given in Table 3. As would be
expected, the higher elevation sensors got hotter than lower elevation sen-
sors, with the exception of 5015 and 5027, whicr are located at air condi-
tioning plenum outlets. These sensors experienced different cooling than
the cthers, probabiy because of better heat exchange.

The maximum air temperatures are suvject to censiderable uncertainty,
especially at higher elevations, because of the water spraying tha® occurred
Just after the burn. But the maximum temperature estimates are probably
good upper bounds on the air temperatures a few minutes after burn. Most
sensors are on the long-term cooling trend by the time the first data were
recorded after the burn. Extremely high temperatures, of more than 1000°F,
could not have lasted for more than a few minutes, according to the RTU
data. This information will be useful in any consideration about fire
resistant design of items in the Reactor Building.

TABLE 3. MAXIMUM AIR TEMPERATURES ACCORDING TO MOUEL

Temperature
Sensor (°F)
5010 132
5011 129
5012 155
5013 162
5014 154
5015 139
5021 203
5022 190
5023 184
5027 131
5088 i6]




MODEL VALIDATION

Figures 1 through 11 show plots of model temperatures and RTD data.
As can be seen from the plots, the model fits the data well in most cases.
The air conditioning plenum outlet sensors and higher elevation sensors
show the most disagreement betwee. the model and the data. Again, this is
probably the result of better heat transfer at the AC outlets and spraying ¢
at higher levels, respectively.

Table 4 shows the average difference, maximum difference, and standard
deviation of the difference between the model and data for each sensor. The
accuracy of the sensor/strip chart recorder is within +2°F. The model and
~ data agree to better than this at nearly all points for most RTus.

TABLE 4. MODEL VALIDATION

Average Standard Max imum
Difference Deviation Difference
Sensor (°F) (°F) (°F)

5010 0.13 0.17 -1.5 v
5011 -0.07 0.28 -1.7
5012 0.04 0.12 -0.87
5013 -0.19 0.10 -0.48
5014 -0.45 0.42 -3.1
5015 -0.36 1.3 -b.?
5021 0.02 0.83 4.1
5022 -0.21 0.30 =2.12
5023 -3.3 3.3 -29.7
50¢7 -1.06 1.4 -12
5088 -0.35 0.58 3.1

10
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Figure 4. RTD 5013 data versus model.
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Figure 6. RTD 5015 data versus model.
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DURATION OF HIGH TEMPERATURES

Information about the duration of the hydrogen burn can be obtained
from the RTD data. An analysis was done for an RTD with average time
response characteristics and average initial temperature to determine when
the burning must have ended. Appendix C contains the mathematical details
of the analysis. The results indicated that temperatures of greater than
1000°F must have persisted for less than 100 s after the start of the burn.

R v I

CONCLUSIONS

The RTDs behaved in a manner predictable from simple physical models.
When these models were used to fit the data, good agreement was obtained in
nearly all cases. It appears that ine RTD data are valid for the period
examined, with the exception of RTD 5020, which showed lower temperatures
Jjust after the hydrogen burn.

The high temperatures (>1000°F) indicative of hydrogen burning must

have ended considerably before the first data points were recorded after tne
hydrogen burn.
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APPENDIX A
PLOTS OF RTD DATA

Figures A-1 through A-12 are RTD data plots of temperature excursions
for the duration of the TMI-2 accident. The temperature excursion caused
by the hydrogen burn is indicated on each plot. Other temperature excur-
sions on the plots are closely correlated with operator actions, such as
opening and closing the block valve.

A-3
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PROGRAM RTD(TARPEL, TRPE2, TRPE3) (% % %DY5% %)
COTONFILTER/X(10),XI(10),GAIN(10,10),2(10),HMAT(10) ,H(10, 10) 200110

+,PMAT(10,10),HT(10,10),RMAT(10, 18), TIME, TBOOM, NMERS, NSTATE 2120

+, TSTART, 2MEAS(10) ) a1 34
REAL MAX a1 32
DIMENSION XISAVE(13) av0149
DIMENSION ERRMAG(10)) 20150
DIMENSION AMERS(10) @155
DATA X1/10%@.0/ 200166
DATA PMAT/100%0.3/,H/100%0.0/, RMAT/108+0.08/ 0170
DATA HT/100+0.0/,GAIN/109»0.0/, HMAT/10%8.08/ (% % %388 %)
TBOOM=0.0 200193
PMAT(1,1)=2.5£+0@3 (% % % V{% %]
PMAY (2,2)=2.5E+05 an210
PMAT(3,3)=.015 220
PMAT(4,4)=6.5E-05 00V230
RMAT(1,1)=4.24 (% % Zlapl% )
READ(1, %) NDATA, NERS, NSTATE (% % 5 Va3
READ(1,x) TSTART, (XI(J),J=1,NSTATE) ABBCH0

DO 1600 IDUMPY=1,NDATA (% % % Kol 0]
READ(1,x) (ZMERS(I),I=1,NERS) 009280
RAMERS(IDUMMY ) =ZMERS(1) (% % % Vasvad
READ(1,x) TIME AT XD
IF(IDUMMY.EQ.1) STIME=TIME aa32
DO S@ I=1,NSTATE 000300

SO X(I)=XICI) 200310
DO 100 I=1,109 (% % %1802 5]
C——— 100 OHRNCES TO CONVERGE 000330
CALL HVALU 033 348
CALL KGARIN a0 350

DO 68 J=1,NSTATE 201360
XISAVE(J) =XI(T) 370
CALL STATE(I) % % S5 u)

DO 75 J=1,NSTATE (% % G %)

7S ERRMRG(J) =ABS(XI(J)-XISAVE(JT)) %.5% 58 1% 5]
NUM=Q 0410

DO 90 J=1,NSTATE Ox3120

90 IF (ERRMAG(T).LT. (.01%ABS (XI(J)))) NM=NUM+1 O34 30
IF (NUM.EQ.NSTATE) GO TO 101 3440
IF(I.EQ.20) WRITE(Z,’ ( " FAILED TO CONVERGE ")’) 20B450
100 CONTINUE (% 5 2% 1S5
101 CONTINUE 20470
WRITE(2,105) (XI(I),I=1,NSTATE) (% 5§ %135
105 FORMAT(’ STATE ’,E12.6) 200430
CALL PROPP (s % 5575 %)
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WRITER, "(s77, " COVARIANCE ",”)’)
DO 118 I=1,NSTATE

110 WRITE(2,112) (PMAT(I,J),J=1,NSTATE)
112 FORMRT(4(2X,E12.6))
1620 CONTINUE

WRITE(3, " " 1")”)
TIME=0.0

C--— MAKE PLOT FILE OF MODEL FIT

DO 1500 II-1, 360
EX3=DP (-XI(3)%TIME)
EX4=DXP(-XI(4)*TIME)

DATAR=EX3*TSTART+(1-EX3I) *XI (1) +(EX4-EX3)%XI (2)*XI(3) 7/ (XI(3)-XI(4))

TIME=-TIME+10.0

1500 WRITE(3,%) TIME,DATA

WRITE(3,’( " END")")
AVE=0.0

MRX=0.0

SI1G=0.0

N=0

TIME=STIME

DO 2000 II=1,NDATA
EX3=EXP (-XI(3)%TIME)
EX4=EXP (-XI(4)XTIME)

DATA=EXXTSTART+(1-E£X3)%XI (1) + (EX4-EX3)*XI (2)%XI (3) /(XI(3)-XI(4))

A=AMERS (11)-DATA
TIME=TIME+360.0

NeN+1

IF(MRX.LT.ABS(AR)) MAX=ABS(RA)

AVE= (RMERS(II)-DATA) /NAVEXR(N-1) /N
SIG=SIG+(RMERS(II)-DATA) %2

2000 CONTINUE

SIG=SART(SIG)/(N-1)

WRITE(2,’(/7," AVERAGE , MAXIMUM , SAMPLE VARIANCE OF ERROR")’)

WRITE(2, %) AVE,MRX,SIG
STOP

END

SUBROUTINE HVALU

COrPONFILTER/7X(10),XI1(10),GARIN(10,10),2(10),HRNT(10),H(10, 10)
+,PMAT(10,10),:77(10,10) ,RMAT (10, 10), TIME, TBOOM, NMERS, NSTATE
+, TSTART, ZMERS (10)

DEL TA=TIME-TBOOM

EX3=EXP (-XI (3)*DELTA)

EX4=EXP (-XI (4)%DELTA)

RBR=XI(3)/(XI(3)-XI1(4))

HMAT (1) =EXTSTART+ (1-E£X3) *XI (1) + (EX4—EX3) %xXI (2)*ABA
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100

100

H(1,1)=1-€X3

H(1,2) = (EX4-EX3)»ABA
H(1,3)=-DELTR+EXIK(TSTART-XI (1)-XI (2)*ABA)

+ +(EX4-EX3)xABA*XI (2) 7XI(3) - (EX4-EX3) % (ABR**2)xXI (2) /X1 (3)
H(1, 4) =—DEL TAKEX4RXI (2)*ABA

+ +(EX4EXI) % (ABR®K2 ) kXTI (2) 7XI (3)

RETURN

END

SUBROUTINE KGRIN
COMONFILTER/X{10),XI(10),GAIN(10,10),2(10),HMAT(18),H(10, 1)
+,PMAT(10,10),HT (10, 10),RMAT(10, 10), TIME, TBOOM, NMERS, NSTATE
+, TSTART, ZMEARS(10)

DIMENSION PH(10),HPH(10,10), TEMP(10,10), TEMPIV(10, 10), WRK(1400)

DO 100 I=1,NSTATE

DO 180 J=1,NERS

HT(I,J)=H(J, 1)

CALL VMWLFF (PMAT,HT,NSTARTE, NSTATE, N ERS, 10, 10,PH, 10, IER)
CALL VMULFF (H,PH, NMERS, NSTRTE, NERS, 10,10, HPH, 10, IER)

DO 200 I=1,NMERS

DO 200 J=1,N'EARS

TEMP(I, J)=HPH(I, J)+RAT(I, J)

IDGT=0

CALL LINVZF (TEMP,N'ERS, 10, TEMPIV, IDGT, WRK, IER)

CALL VMUALFF (PH, TEMPIV,NSTATE, N'ERS, N'ERS, 10, 10, GAINM, 10, IER)
RETURN
END
SUBROUTINE STATE (NPRSS)
COMMONFILTER/X(10),XI(10),GAIN(10,10),2(10) ,HMAT(10),H(10, 1)
+,PMAT (10, 10),HT (10, 10) ,RMAT (10, 10), TIME, TBOOM, NMERS, NSTATE
+, TSTART , MRS (10)
DIMENSION AKR(10),RESID(10),DIFF (10),HX(10)
DO 180 I=1,NSTATE
DIFF(I)=X(I)-XI(I)

CONTINUE

N=1

CALL VMULFF (H, DIFF, N"ERS,NSTARTE, N, 10, 10, HX, 19, IER)
DO 200 I=1,NERS

RESID(I) =ZEARS(I)-HMAT(I)-HX(I)

CALL VMULFF (GAIN,RESID,NSTATE, N"ERS, N, 10, 190, AKR, 10, IER)
DO 380 I=1,NSTATE

XI(ID)=X(I)+AKR(I)

RETURN

END

SUBROUTINE PROPST

RETURN

END
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SUBROUTINE FROPP

COMMONFILTER/X(1@),XI1(10),GRIN(10,10),2(10) , HAT(10),.H(10, 10)
+,PMAT(10,10),HT(10, 10),RMAT (10, 10), TIME, TBOOM, NMEAS, NSTATE

+, TSTART, ZMERS (10)

REAL KH(10,10),TEMP(10,10),KH1(10,10)
DATA KH/182%0.0/,KH1-/186%0.0/, TEMP/108%0.0~
CALL VMULFF (GRIN,H, NSTATE, NMERS, NSTATE, 10, 10,KH, 10, IER)

DO 108 I=1,NSTATE
DO 100 J=1,NSTATE
KH1(I,J)=-KH(I,J)

100 IF(I.EQ.J) KH1(I,J)=1+KH1(I,J)

CALL VMULFF (KH1,PMAT,NSTATE, NSTATE,NSTATE, 10, 10, TEMP, 10, TER)

DO 200 I=1,NSTATE

DO 200 J=1,NSTATE

PMAT (I, ) =TEMP(I,J)

IF(I.GT.J) PMAT(I,J)=TEMP(J,I)
200 CONTINUE

RETURN

END
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C——-

100
101

PROGRAM RTD(TAPE1L, TRPE2)

CRTIONFILTER/X(10),XI(10),GRIN(10,10),2(10) ,HMRT(10),H(10,10)
+,PMAT(10,10),KT(10,19),RMAT (10, 18), TIME, TBOOM, NMERS, NSTATE

+, TSTART, 2ERS(10)

REAL MAX

DIMENSION XISAVE(10)

DIMENSION ERRMAG(10)

DIMENSION RMERS(10)

DATA XI1/106+Q.0/

DATA PMAT/10040.0/,H/108+0.0/, RMAT/10840. 0/
DATA HT/108%0.0/,GAIN/102%0.0/, HMAT/18+0.0/
TBOOM=0.0

PMAT(1,1)=2.5E+03

PMAT (2,2)=2.5E+05

PMAT (3, 3)=6.5E-85

RMAT(1,1)=4.24

READ(1, %) NDATA, NERS,NSTATE
READ(1,x) TSTART, (XI(J),J=1,NSTATE)
DO 1000 IDUMTY=1,NDATA

READ(1,%) (JEAS(I),I=1,NERS)
AMERS(IDUMMY ) = 2MERS (1)

READ(1,x) TIME

IF(IDMY.EQ. 1) STIME=TIME

DO S@ I=1,NSTATE

X(I)=XICD)

DO 100 I=1,100

100 ORNCES TO CONVERGE

CALL HVARLU

CALL KGRIN

DO 68 J=1,NSTATE

XISAVE(J) =XI(J)

CALL STATE(I)

DO 7S J=1,NSTATE

ERRMAG(J) =ABS(XI(J)-XISAVE (J))

NUM=0

DO 90 J=1,NSTATE

IF(ERRMAG()).LT. (.@01%ABS(XI(J)))) NUM=NUM+1

IF (NUM.EQ.NSTATE) GO TO 101

IF(I.EQ.20) WRITE(Z,” ( " FAILED TO CONVERGE ")’)
CONT INUE

CONTINUE
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101
105

1io
112
1000

C————-

1500

CONTINLE

WRITE(2,105) (XI(I),I=1,NSTATE)
FORMAT(’” STATE ’,E12.6)

CALL PROPP

CALL PROPST

WRITE(2,’ (77, " COVARIANCE ",”/)")
DO 110 I=1,NSTATE

WRITE(2,112) (PMAT I, J),J=1,NSTATE)

FORMAT (J(2X,E12.6))
CONTINUE
WRITE(3,"C " 1")")
TIME=0.0

MRKE PLOT FILE OF MODEL FIT
DO 1560 11-1,360
EXI=EXP(-.B82%TIME)

EX4=EXP (—XI(3)%TIME)
DATA=EXIXKTSTART+ (1-EX3)%XI (1)+(EX4-EX3)*XI(2)%.02/(.02-XI1(3))
TIME=TIME+10.0

WRITE(3,x) TIME,DATA
WRITE(3,”C " END")")
AVE=0.0

MRX=0.0

S1G=0.0

N=0

- TIME=STIME

DO 2000 II=1,NDATA

EX3=EXP(-.@2%TIME)

EX4=EOF (-XI(3)%TIME)

DATA=EXPKTSTART+ (1-EX3)%XI (1)+(EX4-EX3)%xXI(2)%.827(.82-XI1(31)
R=AMEARS(II)~DATA

TIME=TIME+360.0

N=N+1

IF(MRX.LT.ABS(R)) MAX=ABS(A)
AVE=(RMERS(II)-DATAR)/N+AVEX(N-1) /N
SIG=SIG+(AMERS(II)~-DATA) *%2

CONT INUE

SIG=SGRT (SIG)/(N-1)

WRITE(Z2,’ (/7," AVERAGE , MAXIMWM , SAMPLE VARIANCE OF ERROR")’)

WRITE(2,*%) RVE,MAX,SIG
STOP
END
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STOP (% % % Sq ]
END (% % % 8.5 %]
WBROUTINE HVALU (% % % 2,2 %]
CARTONFILTER/X(10),XI(10),GRIN(10,10),2(10),HMAT(10),H(10,10) (%% %5 % %]
+,PMAT (10, 10) ,HT (10, 10) ,RMAT (10, 10), TIME, TBOOM, NMERS, NSTATE 0009106
+, TSTART, 2 ERS(10) 208320
DELTAR=TIME-TBOOM (% 5% %56 %]
EX3=DFP(-.82%DELTR) 9349
EX4=DP(-XI (3)*DELTR) (% % %5 p7%]
ABR=.82/(.82-XI(3)) (% % %p %)
HMAT{1)=EX3IKTSTART+ (1-EX3I)xXI (1) +(EX4—-EX3)%XI (2)*ABA a7
H(1,1)=1-EX3 %% %2 8 %]
H(1,2)=(EX4-EX3)*ABA aaTINI
H(1, 3)=-DELTR+EX4xXI (2)*ABA 001000
+ +(EX4-EX3) % (RBR**2)xXI (2) /.82 001010
RE TURN 2016829
END 3919330
ABROUTINE KGRIN 001040
COMION FILTER/X(10),XI(10),GARIN(10,10),2(10),HMAT(18),H(10, 18) 001350
+,PMAT (10, 10),HT (10, 10) ,RMAT (10, 10>, TIME, TBOOM, NMERS, NSTATE 201062
+, TSTART, 2MERS(10) 291070
DIMENSION PH(10),HPH(10, 10), TEMP(10, 10), TEMPIV(10, 10), WRK(1009) (% %3{% 3 %]
DO 108 I=1,NSTATE 001090
DO 108 J=1,N'ERS 001100
100 HT(I,J)=H{J, I) 001110
CALL WULFF (PMAT,HT, NSTARTE, NSTRTE, N'"ERS, 10, 10,PH, 19, 1IER) 201120
CALL VULFF (H, PH, NMERS, NSTARTE, NMERS, 10, 18, HPH, 10, 1ER) 201139
DO 200 I=1,NERS 001140
DO 200 J=1,NERS 201150
200 TEMP(I, N =HPH(I, J)+RMAT(I, J) 201160
IDGT=0 001179
CALL LINVEF (TEMP, N"ERS, 10, TEMPIV, IDGT, WRK, IER) 0011689
CALL WMULFF (PH, TEMPIV,NSTATE, N"EARS, N'ERS, 10, 10, GARIN, 10, IER) 201190
RETURN 201200
END 291210
ABROUTINE STATE (NPRSS) 2012208
COTONFILTER/X(10),XI(10),GRIN(10,10),2(10),HMAT(10),H(10, 10) 201239
+,PMAT (10, 10),HT (10, 10) ,RMAT (10, 18), TIME, TBOOM, NMERS, NSTATE aa1.240
+, TSTART, ZMEARS (10) 201259
DIMENSION AKR(10),RESID(13),DIFF(10),HX(10) 291260
DO 180 I=1,NSTATE 1709
DIFF(I)=X(I)~-XIC(I) 3 SN2 %)
100 CONTIMNKE 39123
N=1 @21300
CALL WMLFF (H,DIFF,NMERS, NSTATE, N, 10, 10, HX, 10, 1IER) 601310
DO 200 1=1,NEARS 801 10

200 RESID(I)=MEAS IV -HIMAT T+ 1 (1) % SRR 5!




CALL WLFF(H,DIFF,NERS,NSTARTE, N, 10, 10,HX, 19, IER)

DO 200 I=1,N'ERS

RESID(I)=ZMERS(I)-HMAT (I)-HX(I)

CALL VMLFF (GRIN,RESID,NSTATE, N'ERS, N, 10, 10, AKR, 10, IER)
DO 388 I=1,NSTATE

XICDH =X(ID)+AKR(I)

RETURN

END

SUBROUTINE PROPST

RETURN

END

SUBROUTINE PROPP
COMMON/FILTER/X(1@),XI1(10@),GAIN(10,10),2(10),HMAT(10) ,H(10, 1@

+,PMAT (10, 10),HT (10, 10) ,RMAT (10, 10), TIME, TBOOM, N\MEAS, NSTATE

100

+, TSTART, MERS(10)

REAL KH(10,10), TEMP(1B, 10),KH1(10,10)

DATA KH/108%0.0/,KH1-100%0.0~/, TEMP/100%0. 8~

CALL VMWLFF (GARIN,H, NSTARTE, NMERS,NSTARTE, 10, 10,KH, 10, IER)
DO 100 I=1,NSTATE

DO 100 J=1,NSTATE

KH1 (I, J)=-KH(I,J)

IF(I.EQ.J) KH1(I,J)=1+KH1(I,J)

CALL VWLFF(KH1, PMART,MSTATE, NSTARTE,NSTATE, 10, 19, TEMP, 10, IER}
DO 200 I=1,NSTATE

DO 200 J=1,NSTATE

PMAT(I, J)=TEMP(I,J)

IF(I.GT.J) PMAT(I, ) =TEMP(J, 1)

CONTINUE

RETURN

END
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APPENDIX C
ANALYSIS OF WORST-CASE AMBIENT TEMPERATURE PROFILE

Consider the worst-case ambient temperature profile shown in
Figure C-1. This profile will give the longest duration of high
temperatures without large differences with recorded data. A mathematical

expression for the ambient temperature is

{
. T0 t<tB
Tams = {Tg tp<t<ty
-8(t-t_)
T] + T2 e S t>tS

aiven this, the RTD temperature is

oo (t-ty) a(tty) o (t-ty);

T(t) = T, + T, [e

al
+ 1 ety 2

- [e-e(t-ts) e-a(t-ts)]

and the difference between the RTD temperature and the ambient at the first
data point time tD is

o (t, -t (b,-t) _ g (tp-

T.-T =T p7t3) + Tg [e™*' L7 "s D~ B)]

D AMB 0

-1 e ltptg) Tz{-ﬁ—-[e 8 (ty-ts)

e (ty-te) _e-a(tD-tS)}

where TD = T(tD). We want to find the maximum t, so that the
difference between the ambient and sensor temperature is small, say 10°F.
Such a tS can be found by solving the equation

o = -

C-3




Temperature

Amblient air temperature

~

\

RTD temperature

B
|
|
|
|
|

Burn Spray Data point Time
(tB) (tg) (tp)

INEL 2 4222

Figure C-1. Worst-case ambient temperature profile.
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using the values

—_
L]

D 110°F B = 0.0009/s
T] = 120°F tp - tg =270 s
T, = 30°F
a = OOUZS/S
TB = 1000°F

and solving the resulting equation using Newton's method we get
t, -t =170.5s.
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