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GPU Nuclear CorporationNg g{ Post Office Box 480
Route 441 South
Middletown, Pennsylvania 17057 0191
717 944 7621
TELEX 84 2386
Writer's Direct Dial Nurnber:

August 31, 1984
5211-84-2221

Office of Nuclear Reactor Regulation
Attn: John F. Stolz, Chief
Operating Reactors Branch #4
Division of Licensing
U.S. Nuclear Regulatory Commission
Washington, D. C. 20555

Dear Sir:

Three Mile Island Nuclear Station, Unit 1 (TMI-1)
Operating License No. DPR-50

Docket No. 50-289
Subcooling Margin Monitor (SMM)

During recent discussions with Mr. J. Ven Vliet (NRC) on July 11, 1984, GPUN
became aware of some apparent inconsistencies identified concerning the 25* F
subcooling margin monitor and its associated error. The purpose of this
letter is to clarify our position and to describe recent analyses that we have
done to verify the validity of the 25*F SMM action point.

By letter dated March 31, 1983, GPUN notified the NRC of the intent to revise
the reactor coolant pump trip criterion during a small break LOCA from 1600
psig (ESAS setpoint) to 25* F subcooling margin (reduced from 50* F). In May
1983 the TMI-1 Restart Atomic Safety and Licensing Appeal Board required NRC
staff to verify SMM instrument error to be less than 20 F (plus a 5 F system
configuration error). On September 7,1983 GPUN submitted a detailed,

calculation indicating a subcooling margin instrument error of + 22.1* F and a
system configuration error of + 1.3* F which in total is less than 25 F.

Jg Then on June 25, 1984 GPUN provided to the ASLB on Steam Generator repair a
cirum report entitled "TMI-1 GORB Subcommittee on Steam Generator Repair Report to
@@ the THI-1 G0RB" dated June 13, 1984 for their information. This report
jg contained a recommendation that:
u

Eg (1) An independent verification should be made of the error analysis
'88 ' which supports selecting the subcooled margin limit applicable to
wo + reactor coolant pump trip following a steam generator tube break.
@* , The verification should be equivalent to that required by ANSI
.g' Standards for design verification. The analysis and theo
osa.t verification should be subject to an interdisciplinary technical

review by senior engineers who understand error analysis and
primary systea response to tube breaks and other loss of coolant
accidents. g j

GPU Nuclear Corporation is a subsidiary of the General Public Utilities Corporation [Jy,
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Additionally._this GORB subcommittee report contains several apparent
.

tipconsistencies with our earlier submittal. In particular pages ~9 and 10 item
2 states: f7

'(2) For tube rupture transie.1ts, the Subcommittee concurs with the-
1 desirability of reducing indicated subcooling to 25*F (provided
this value is verified as hoted above) or to emergency-RCP NPS!h
limits (whichever is more limiting). However, the possibility
exists.that an instrument string which measures subcooling margin

: could read erroneously high by more than- 25 F. If that were to
happen, it'is important that;the operator recognize that the
instrument-is in error, since once actual saturation has been

reached the instrument reading will'" hang)up" at the value of error(higher than-25 F in this postulated case while the operator-

# continues to reduce pressure. The instrument will not indicate
lower ~ saturation margin until superheating from uncovered fuel
commences. Since there are several independent' instrument strings
which can be used to measure subcooling, the Subcommittee does not
consider it credible . that they would all read erroneously high by
more than.25*F at the same time, provided calibration procedures
and equipment preclude a common error in all the instrument
strings. Therefore. the operator should be able to avoid reaching '

saturation conditions without knowing it. However, it is important
that all operators understand the symptom (described above) which
would be observed in this case and that they understand which other
plant symptoms would indicate saturation had occurred (i.e.,
changes in pressurizer level, pump current, etc.). -The
Subcommittee recommends these matters be addressed in the training
discussed in Section II (2). '

This concern on operability, namely instrument failure, is independent of the
error analysis. GPUN had. previously recognized the need for training in this

1 area and this training has been accomplished. Failures in one of the
. instruments can be checked against the other redundant instrument and through
|the plant computer.

As'a result of the GORB-recommended independent verification, several factors
have been identified which affect the calculation provided earlier to you and
to the GORB.

1) The propagation of.the pressure transmitter string error through
the function generator was not adequately modeled.

2) The pressure transmitter manufacturer's equation for error due to
high ambient temperature over predicts the error when the measured
pressure is less than the upper limit of the calibrated span.

L
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3). The manufacturer's published values for accuracy include linearity,
hysteresis, dead band and repeatability.

'

14): The_ difference in ranges among the instruments .in the string were
. not ~ accounted for in some instances.

5). ?The effect of RB ' pressure was not' considered.

'.
.6).,..Recent changes (improvements in the instrument string) had not been-

' included.
f

_ ~ GPU's assessment of!the effects of these items on the earlier. conclusion is
sumarized in Enclosure 1. The complete recalculation is provided _in
Enclosure 2. -The re-evaluation includes consideration of abnormal transients
for which the instrument is used. including steam generator tube rupture, main!

steamLline break, and small break LOCA under worst-case containment
.

-conditions. _Results available.to date support the following conclusions:

1) The: instrument is acceptable for tube rupture and any other event
~

which does not result in degraded containment conditions.4

2) The instrument is acceptable for main steam line break and any
. -other overcooling event above 200 'psig actual RCS pressure under-

worst case containment conditions. Even worst case steam line
rupture accidents remain above an actual:RCS pressure of 400 psig

C (450 psig indicated with a 50 psi error) since core flood tanks
' hold up RCS pressure. The plant will be stabilized above this
pressure for some time, and the cooldown below 400 psig actual
pressure will continue,under more favorable containment conditions.,

3): The instrument is acceptable above 200.psig a'ctual pressure (250
'

i psig indicated with 50 psi' error) for small break LOCA. Below this
N . pressure the RC pumps are tripped and the SM is not used.

Based on the above, the SM is acceptable for. all conditions for which it is
. '. used. The means to determine subcooling margin for SB LOCA below 250 psig' indicated pressure with the RC pumps off is being evaluated to determine if

' changes are needed..

. Sincerely,.
.

'

.

- Huki 1. - - .

Director, TMI-l

. HDH:LWH: dis:0079A
~

cc: R.' Conte
J. Van Vliet

; -
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**'' Enclosure 1

Instrumentation Error Basis Change

The function generator converts the pressure signal to a saturation
temperature signal. It is essentially an 8-stage amplifier where each stage
covers a segment of the total pressure range. A particular stage has a gain
which approximates the slope of the Saturation Temperature / Pressure curve for
its segment of the pressure range. Therefore, for a given pressure, the
pressure errors are amplified by a factor equal to the dT/dP of ~ the applicable
pressure range. The values of dT/dP vary from 0.064 in the 1900-2500 psig
range to 0.496 in the 100-200 psig range, and 1.264 in the 0-100 psig range.
The omission of this factor was equivalent to using dT/dP=1 throughout the
0-2500 psig range. This resulted in calculated error values which were
non-conservative by a factor of 1.264 in the 0-100 psig range. However, the
values in the 100-2500 psig range were conservative by a factor ranging from 2
to 15.6.

The pressure transmitter manufacturer's published equations for error due to
high ambient temperature are of the form:

Error = + (a x URL + b x Span)
_

Where:

a and b are constants

URL = Upper Range Limit

The highest value that the transmitter can be adjusted to measure.

Span = The algebraic difference between the highest and lowest values
that the transmitter is calibrated to mecsure.

The manufacturer confirmed the following:

1) The equation is for the error when actual pressure is at the upper
limit of the calibrated span. It overpredicts the error at lower
measured pressures.

2) To calculate the error at measured pressures below the upper limit of
the calibrated span, span is defined as follows:

Span = The algebraic difference between the measured pressure and
the lowest value that the transmitter is calibrated to
measure.

In the case where the lower limit is 0 psig.

Span = Measured Pressure-

In some instances, error values for linearity, repeatability, and dead
band were included in the original calculation in addition to values for -

accuracy. Since the manufacturer's published accuracy value already
includes these errors, they were accounted for twice.

..
- - - . .- .-- - - - . - - - - . - . _ - _ . .,-
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The range of the final modules of the instrument string is -100F to 400F
. Subcooling. The calculated loop error. is expressed in percent of this
range. However, there are modules in the string with different ranges.
Therefore, the percent error for these modules must be multiplied by the
ratio of the module range to the final module range. This error was
non-conservative by a factor of 5 for the pressure transmitter and the -

- I/E. converter.

- The calculation has been revised to account for these factors.

1

%
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TMI-1

SATURATI0N MARGIN
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LOOP ERROR ANALSIS
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0BJECTIVE

Determine the expected errors for the alarm, indicator, and calibration
instrument loops during normal operations and also for small break LOCA.

. and steam line break conditions. This calculation is based on the
& instrument loop defined by the Reference 1 modification and includes the

verification consnents (Reference 2) to the original issue.

REFERENCES

1. GPUN B/A 123072 - Modification of TSAT to replace non-1E temperature
inputs with 1E temp. inputs.

2. GPUN verification of Calculation C-1101-665-5350-005 by J. P. Hoore
dated 7/10/84.

3. USNRC Memo - Peter S. Kapotow 8/23/82 page A6 NUREG-0737 analytical
solutions to two problems pertinent to Items II.F.1.4. 5, 6. a
statistical treatment of deadband and hysteresis errors.

4. Control valve handbook, Fisher Controls. Properties of Saturated Steam.

5. GPUN memo EPAI/84/1525-047H, Rosemount 1153 accuracy.
'

6. GPUN Calculation C-1101-665-5300-006, "THI-1 Saturation Margin Monitor
Error Analysis - Rosemount Pressure Transmitter".

ASSUWTIONS

1. Unless otherwise stated, Vendor published accuracy data includes the
combined effects of linearity, hysteresis, deadband and repeatability
as stated in Standard ISA-551.1,1959,

2. Unless otherwise stated Vendor published accuracy data represents 3
Sigma (38) values, and can be converted to 24 values by multiplying by
2/3 as stated in Reference 3.

3. Accident conditions are:

5BLOCA 30 PSIG (no RB s 7
Steam line break 38 psig, pray),100% RH. 5x10 R, 2450F.(245'F at pressure transmitter.)|53900F.

4. Signal conditioning electronics and display devices are located within
controlled environments within the control butiding.

.

0451M ^ ' * * * * "'"
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DISCUSSION>

_

The saturation margin monitor measures RC temperature and pressure. The
pressure signal is used to electronically compute the fluid saturation*

,

*
1 temperature. This computed saturation temperature is compared to the

actual measured temperature and a margin to saturation is determined and
displayed. An alarm is provided. There are two channels. The RTD's and,

RC pressure transmitters are inside containment and exposed to the'

SE0CA/SLB environment. The system is used under normal. $8LOCA/SLB. and i

MSG tube rupture conditions only. |
'

Error calculations are organized in four parts. 11|
a) Part 1 derives the random error for non-accident and SBLOCA/SBL |3conditions in the alarm instrument loop.

The Rosemount RC pressure transmitter latest test results (1153 series
5/D) is based on LOCA conditjons with a maximum temperature of 420* and
radiation exposure of 5 x 10/ RAD. This is too conservative compared

7with SE0CA conditions 'of 245'F and 5 x 10 R. Therefore, original test
data was reviewed to calculate the standard deviation of temperature ,

'

effect error data. It was determined that a conservative estimate of the
( SE0CA/$L8 2(temperature error could be obtained by dividing the LOCA 13 '

temperature error equation provided by Rosemount by three (Ref. 6).
Analysis of the SEOCA indicates that elevated LOCA temperature and
radiation will not occur concurrently. Therefore, the worst of these two
error values (temperature) was used alone in the " Accident" error
calculations.

b) Part 2 derives the random error for non-accident and SEOCA/SBL 13
conditions, in the Indicator instrument loop. The same pressure i

above are used,perature error values described in paragraph a)
transmitter to,n

'
c) Part 3 derives the random error for calibration of the alarm

instrument loop. |

d) Part 4 derives the systematic worst case errors due to the (3 ;
characterizer RC pressure to saturation temperature converston
error and containment pressure errors during SE0CA and SLB i

conditions. |

In addition to the loop uncertainty errors that are randon in nature,
there exists systematic errors that are fixed quantities under certain
conditions,

i

I

'
I

|

0451M ^* * * * "' '8 "

_ - _ _ -_



W
5

.
-

w
Rov. 2

UN 748Sle8F cAtc.No..C. .lAQA Afi5. .53so-005
sweat NO. . . ). . . OF . . 2 0. . . . .

sumect . . . . . . . . . IM1. . : . SATURAT I DE .1% RGIK .itMi1T08. . . . . . . . . . . . . . . . . . . . . . . oATE . . 0/16/0A . . . . . . . . . . . . . . . . .
*

( . . . . . . . . . . . . . . . . . . b.9,0P, , ERR,0R, ,ANALY,SI S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . cw.co. symATs. N. h . . . . . . . . . .cow swoATs..

.. .

The systematic errors consist of:

a) Characterizer Curve Error.
b) Containment Pressure Error )

*

e

Characterizer curve error is a function of reactor coolant pressure l
Iconversion to saturation temperature. For each of eight segments of RC

pressure, the error varies from slightly positive at the segment end
values to negative errors in between. For this application, this would be
the maximum negative error (conversion to a saturation temperature value
that is lower than the actual saturation value). Therefore, the maximum
negative error for each RC pressure segment is presented as a systematic
error and the random error should be added to it where applicable. J

Containmaat pressure error is a function of ambient pressure in the
containment building where the low side of the RC pressure transmitter
vents. During 58LOCA and steam line break accident conditions when the
containment pressure is elevated the RC pressure transmitter will provide
a pressure signal that will be decreased by an amount equal to the
increase of containment pressure over atmospheric. The increase in
containment pressure during 58LOCA is 30 psig, and for steam line break is
a maximum of 38 psig approximately 80 seconds after the break. The RC

g pressure is converted to its equivalent saturation temperature and the 2
erroneous decreased pressure transmitter signal would result in a lower
value of saturation temperature than actually exists for the true RC
pressure. For this application, this would be the maximum negative error
value (OF) for each of the eight seynents.

Therefore, the containment pressure error is presented as a systematic
error during accident conditions and the random error should be added to
it.

CONCLU$10N$

The calculated errors are the difference between the indicated margin
value and the true margin value. A negative error is conservative and
denotes that the indicated value is less than the true value. When the
error is algebraically subtracted from the indicated value it gives the
true value. For example, if the indicated margin and error is 50*F
(-10+16*F), the true margin is between 60'F and 35'F.

The worst case loop systematic error for eight segments of RC pressure is
presented in Table 1 below.

a) For non-accident conditions systematic error equals
characterizar curve error.

b) For SILOCA systematic error equals characteriter curve error
I plus containment pressure errer at 30 psig.

c) For steam line break, systematic error equals characteriter curve
error plus containment pressure error at 38 psig. , , , , , , , , , , , ,

_ _ __
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RC Pressure STsTEMATIC ERRR~ PF) ~ i . |
(PSIG) NON-ACCIDENT ACCIDENT |

. CHAR. CURVE ERROR SBLOC SL8*

t

0-100 -ze.4
-

-62.3 -72.4 '

100-200 -2.7 -17.6 -21.5
'

200-400 -3.8 -12.8 -15.2
400-600 -1.6 - 7.7 - 9.4
600-900 -1.5 - 6.1 - 7.3
900-1300 -1.1 - 4.5 - 5.4

1300-1900 -1.3 - 3.9 - 4.5
1900-2500 -0.8 - 2.7 - 3 .2

__

TAKE 1
SYSTEMATIC ERROR

Table 2 contains the random loop error uncertainty at a 2( 1evel for
eight segments of RC pressure from 0-2500 psig for both non-accident and
worst case temperature and pressure SBLOCA/SLS conditions.'

LOOP UNCERTAINT_Y_ - RAND 0M

NON ACCIDENT ACCIDENT

RC PRESSUs
(PSIG) ALARM INDICATOR CALIBRATION ALARM INDICATOR

("F) ("F)
('F) (*F) (*F)

0-100 +23.0 +22.7 +15.6 +60.3 +60.2
100-200 711.5 T11.0 7 9.4 T25.4 T25.2
200-400 7 9.0 78.4 T 8.1 T17.0 716.6 3
400-600 7 8.0 7 7.2 7 7.6 T12.8 T12.4
600-900 7 7.6 7 6.7 7 7.3 T11.1 710.5
900-1300 7 7.2 7 6.4 7 7.1 7 9.7 7 9.1

1300-1900 7 7.1 7 6.1 7 7.0 7 8.8 78.1
1900 2500 76.9 7 6.0 {6.9 T 8.7 I8.0 ,

,

.

TAKE 2
RAND 0M LOOP ERROR
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Table 3 presents the total alarm loop error for eight ranges of RC pressure.
During normal operating conditions, the negative crror is the sum of the ,

negative random error and ther worst negat' ve characterizer curve error, and '

the total positive error is the sum of the positive random error and the best.

a (aero) characterizer curve error. For the accident conditions, the total |

negative error is the sum of the negative random error and ths applicable I

accident systematic error, and the total positive error is the positive randoa ,

error alone

!
'

RC PRESSURE TOT _A_L_ ALARM LOOP UNCERTAINTY
(psig) ~ ~ -

Normal SBLOCA SL8
(OF) (DF) (OF)

0-100 -47.4 +23.0 -122.6 +60.3 -189.7 +60.3
100-200 -14.2 +11.5 -43.0 + 25.4 -69.8 + 25.4
200-400 -12.8 + 9.0 -2 9.8 + 17.0 -46.1 + 17.0
400-600 - 9.6 + 8.0 -2 0.5 + ' 2.8 -31.5 + 12.8

3800-900 - 9.1 + 7.6 -17.2 + ' 1.1 -25.5 + 11.1
900-1300 - 8.3 + 7.2 -14.2 + 9.7 -20.4 + 9.7

1300-1900 - 8.2 + 7.1 -12.7 + 8.8 -17.3 + 8.8
,1900-2500 - 7.7 + 6.9 -11.4 + 8.7 -15.7 + 8.7

|,

TAlt.E 3
TOTAL ALARM LOOP ERROR

!

!

|

r

|

|
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