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EXECUTIVE SUMMARY

OBJECTIVES

The basic objective of this inspection was to verify that records of Reactor
Coolant System (RCS) leak rate testing at Three Mile Island (TMI) Unit 1, from
the period April 1,1978, to March 31, 1979, showed no indications of practices
similiar to alleged irregularities at Unit 2. The allegations related to Unit
2 RCS leak rate testing involved the following:

.

That tests were often repeated until the results met the acceptance--

criteria and that unfavorable results were discarded:

That RCS water inventory was adjusted contrary to procedural requirements;--

in that water additions were made and not recorded in the test package nor
~ included in the RCS leak rate test calculations;

That computer data entries for the leak rate calculations were " fudged" to--

make the leak rate test calculations appear acceptable; and,

That- hydrogen gas was added to the Make-Up Tank (MUT) to influence leak--~

rate test calculations.

~ Supplemental objsctives of the inspection were to:

-- Examine compliance with the Tecnnical Specifications on RCS Leak Rate;

Inspect the leakage test procedure for technical and functional adequacy;--

and,

-- Examine the effects of instrument calibration and variations on leak rate
determinations.

CONDUCT OF INSPECTION

From July 11, 1983 to September 9, 1983, members of the engineering staff of
Region I conducted an inspection of TMI-1 records, procedures, equipment and
specifications related to reactor coolant system leak rate testing performed by
station personnel in the year immediately preceding the accident at TMI-2. The
inspectors reviewed and correlated diverse records related to leak rate tests,
performed an~"as-built" walkdown of related plant systems and instrumentation,
and, in conjunction with licensee personnel, demonstrated by system operation
a technique by which RCS leak rate results could be modified.

Surveillance records for RCS leak rate tests were reviewed for the period from
April 1, 1978 through March 31, 1979. Six hundred and forty-five test records
were the principal object of this review. These surveillance records were com-
pared with control room logs, power traces and makeup tank level recorder
charts developed during the tests to determine abnormal test operations,
adequacy of records and compliance with test procedures. The station surveill-

,.. . - . . - -
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ance, test procedure in effect at that time was evaluated for completeness and
adequacy. Independent leak rate calculations were performed by the NRC staff
with an NRC microcomputer and compared with TMI-1 data to verify the validity
of licensee calculations.

The inspector performed a walkdown inspection of the makeup system and verified
that the instrumentation system for measuring makeup tank-(MUT) level contained
a loop seal. The significance of this loop seal is that hydrogen additions
made to the MUT during a test could result in errors in RCS leak rate test

. calculations. Further, a review of plant maintenance records for 1978 identi-
fied narrative which described the effects of gas additions on indicated
Make-Up Tank (MUT) level.

The Ml'T strip chart recorder traces were independently analyzed and evaluated
by the inspectors to identify instances cf improper performance of RCS leak
rate tests, such as the addition of hydrogen or water during the performance of
the leak rate test. Strip chart data were compared with control room logs and
surveillance test calculations to determine if test conditions as indicated by
the strip chart were incorporated, or considered, in the calculation of leak
rate. Further, the inspectors directed and monitored an actual demonstration
of the effects of gas additions to the MUT at Unit 1 on indicated MUT level to
support their conclusions. Licensee personnel assisted in this demonstration
and acknowledged the resulting conclusions.

MAJOR FINDINGS

The RCS leak rate tests performed at TMI-1 during the year prior to the acci-
dent at TMI-2 contained several inadequacies and deviations from procedural
and regulatory requirements. These would, .n most instances, have lead to a
less conservative calculation of RCS leakage rates.

a. The RCS leak rate procedure, SP 1303-1.1, Rev. 7, in use during the time
period reviewed, was inadequate because:

o it contained incorrect procedural steps (S3.3);

o it did not prohibit acceptance of test results showing negative
leakage (S2.3);

o it failed to incorporate tamperature compensation for several leak
rate factors (S3.3);

o it omitted several important factors; such as, no provisions to
include steam generator tube leakage as identified leakage or the
effects of pressure variation in the RCS (S3.3); and,

o it utilized incorrect values for volume and water mass change per
unit level change (S3.3).
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b. The as-built configuration of the MUT level instrument system provided a
loop seal on the low pressure reference leg, which introduced the poten-
tial for non-conservative effects on RCS leak rate test results from
MUT gas additions. During discussions with station operating personnel,
the inspectors were informed there was no loop seal in the makeup tank
level instrument system. An NRC walkdown revealed the loop, which pro-
vides a means to affect leakage calculations (S4.3.1).

c. An analysis of MUT level strip charts for the period inspected indicated
at least seven hydrogen additions were made during RCS leak rate tests.
There were no entries in the control rcom logs which recorded the fact
that these gas additions were made nor were they compensated for in the
leak rate calculations. The calculated leak rates, therefore, were in
error. Actual leakages were, in fact, higher than the recorded values
(S4.3.3).

d. Seven instances of apparent water addition to the RCS during leak rate
tests were identified. In only one test was the water addition accounted
for in the calculations; and, in that case, the volume accounted for was
considerably less than the apparent actual addition. These unaccounted
additions resulted in recorded leakage values lower than actual leakages
(S5.2).

e. Eleven instances of apparent feed and bleed operations during testing
were identified, for which the leak rate calculation was not properly

~

corrected for the operator-caused water inventory change (S2.3).

f. A number of instances of substantial apparent level changes in the Reactor
Coolant Drain Tank during leak rate tests were identified. No logbook
entries which would explain these level changes were found. (86.2)

g. The licensee establithed a conservative administrative test frequency for
RCS leak rate testing of once per shift, whereas, technical specification
required only daily testing. Seventeen missing test records were iden-
tified (S2.3).

CONCLUSION

Based on this review of licensee records and limited discussions with licensee
personnel,'it is concluded that there were indications of practices at TMI
Unit I related to RCS leak rate testing similar to those alleged at Unit 2;
i.e., seven (7) examples of water additions, seven (7) examples-of hydrogen
gas additions, and eleven (11) examples of feed and bleed operations were.
identified, from a population of 645 test records, which were not properly
incorporated in RCS leak rate test calculations.
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DETAILS

1.0- Persons' Contacted
,

~

GPU Corporation

J..D. Abramovici, Mechanical System Engineer, Parsippany
'R. Barley, Lead Mechanical Engineer
N. Hollerbush, Supervisor, Document Control

.H. Hukill,-Director, TMI-1
V.: Orlandi, Lead I&C Engineer -
F. Paulewicz, Mechanical . Engineer
M. Sanford, Supervisor, Plant _ Engineering, Parsippany
H. Shipman, Opera *. ions Engineer

'C..Smyth, Supervisor, Licensing
P.'Snyder, Manager, Preventive Maintenance
H. Wilson, Supervisor, Preventive Maintenance

USNRC

R.-Conte, Senior Resident Inspector
F. Young, Resident Inspector

The inspector also held discussions with other licensee employees during
the inspection, including operations, technical support, and administra-
tive personnel.

.
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2.0 SCOPE OF INSPECTION

2.1 Objectives

The basic objective of this inspection 'was to verify that records of
Reactor. Coolant System (RCS) leak rate testing at Unit 1, from the
period April 1,1978, to March 31, 1979, showed no indications of
practices similiar to alleged irregularities at Unit 2. The allega-
tions related to Unit 2 RCS leak rate testing involved the following:

That tests were often repeated until the results met the accept---

ance criteria and that unfavorable results were discarded;

-- That RCS water inventory was adjusted contrary to procedural
requirements; in that, water additions were made and not re-
corded in the test package nor included in the RCS leak rate
test calculations;

-- That computer data entries for the leak rate calculations were
" fudged" to make the leak rate test calculations appear accep-
table; and,

,

-- That hydrogen gas was added to the Make-Up Tank (MUT) to influ-
ence leak rate test calculations.

Supplemental objectives of the inspection were to:

-- Examine compliance with the Technical Specifications on RCS Leak
Rate;

-- Inspect the leakage test procedure for technical and functional
adequacy; and,

Examine the effects of instrument calibratior, and variations on--

leak rate determinations.

2.2 Documents and Records Reviewed

The RCS leakage test records for the period of April 1,1978, through
March 31, 1979 were reviewed. The requirements and commitments
discussed herewith are those applicable specifications and require-
ments for that review period.

2.2.1 Specifications / System Descriptions
;

-- FSAR, Unit 1, Sections 4.2.3.8 and 4.2.3.9.
,

|
-- Technical Specifications Amendments through March

1979: Amendment Nos. 11, 15, 17, 29, 32 and 35.

. . -. - -
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Make-up.and Purification System, Preliminary System--

description by. Babcock and Wilcox (B&W), Med. Ed. Co.,
TMI Unit 1, Initial Issue, August 14, 1969.

Pressurizer Instruction Manual, Babcock & Wilcox--

Instruction Book No. 620-0006, 01-0110 01.

Drawings: RCS, TMI Unit 1, DWG #4192 C-302-650,--

Revision 21; Make-up and Purification, TMI Unit 1, DWG
#4192-C-302-661, Revision 23; Liquid Waste Disposal,
TMI Unit 1, DWG #4192-C-302-690; Make-up Tank, B&W
35-44-002-05; Reactor Cooland Drain Tank, B&W DWG
#37-44-001-01.

2.2.2 Procedures

SP 1303-1.1, Reactor Coolant System Leak Rate, Re---

vision 7, May 25, 1976; Revision 8, August 21, 1981;
Revision 10, May 18, 1983; Revision 11, July 13,1983.

-- TP 600/10, RCS Hot Leakage Test, Revision 0, December
16, 1973, performed February 19, 1974

-- Operating Procedure (0P) 1101-1, Plant Limits and
Precautions, Revision 15, May 18, 1983.

OP-1102-4, Power Operations, Revision 34.--

OP-1103-4, Soluble Poison Level Centrol, Revision 20--

-- OP-1104-2, Make-up and Purification System, Revision
41.

-- OP-1101-21, Nuclear Plant Setpoints.

Station Administrative Procedure (AP) 1012, Shift--

Relief and Log Entries, Revision 8, November 4,1977

2.2.3 Control Room Records

Control Room Operator (CRO) Logs, dated April 1,1978--

to March 31, 1979.

-- Senior Reactor Operator (SRO) Logs, dated April 1,
1978 to March 31, 1979.

Technical Specification Surveillance Procedure (SP)--

1303-1.1 Records, dated April 1, 1978 to March 31,
1979.

_ _ _ - _ - - _ _ - _ - - _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _
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Selected Computer Outputs, Daily Summaries--

Selected Auxiliary Operator Logs--

-- Makeup Tank (MUT) Strip Chart Traces, dated April 1,
1978 to March 31, 1979, excluding those dated July 8,
1978 to August 4, 1978

-- Power Range (NI-5) Recorder (SA-125) Traces, April,
1978 to March, 1979

2.2.4 Other Records

Selected Instrument. Calibration Records; Reactor--

Coolant Drain Tank (RCDT) Foxboro Temperature Sensor,
July 26,1972; RCS Wide Range Pressure Sensor, March,
1972; Pressurizer Level Detector, June 5,1971; RCS
RTD, December 15, 1973, August 22, 1974; pressure
vessel specification data sheet for MUT and RCDT.

-- Selected Chemistry and Sampling records, 1978
6

Plant Operations Review Committee (PORC) minutes of--

meetings, dated December 31, 1975 to December 30,
1976;_ January 1,1978 to December 3,1978; January 8,
1979 to January 22, 1979.

-- Selected Work Requests (WR).

2.3 Summary of Record Review

' Surveillance records of RCS leak rate tests were reviewed for a
period from April 1, 1978 through March 31, 1979. During that
period, there were 290 days which required daily RCS-leak rate
' testing in accordance with' Technical Specification ~able 4.1-2,
item 7. The reactor was not in operation during June 22-29, 1978
and February 16 - March 27, 1979.

The surveillance test procedure (SP 1303-1.1) records were compared
with SRO Shift Foreman and CR0 log entries in order to obtain the
number of times ofitest. performance. The following entries were-
. identified:

Record No. Tests Period

CR0 Log 713 4-1-78/3-31-79
SR0 Log 707 4-1-78/3-31-79
SP 1303-1.1 714 4-1-78/3-31-79

o
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The surveillance records from the period of July 8,1978 to August 4,
1978.were not reviewed due to missing MUT recorder traces. Thus, 69
surveillance test records could.not be reviewed. Therefore, 645
surveillance test records were reviewed against MUT recorder traces

- and other data, 'such as daily logs and computer listings.

The licensee had established a conservative administrative test
frequency.of once per shift. Tests were often performed once per
shift, whereas Technical Specification required a daily test.

The total number of days covered by surveillance record was 290,

days, during idlich the following tests were completed:

No. Tests Performed Per Day No. Days

1(Daily) 27
2 (Twice Daily) 114
3 (Each Shift) or more 149

Major findings from the record review are:

Some of the tests noted in the CR0 and SRO shift logs were--

missing in the surveillance files. These surveillance records
were either never created, lost, discarded or misfiled. Two
test records were found filed out of normal sequence and six
were found misfiled. Seventeen missing test records were
identified. They are listed in Table 1.

The surveillance test reccrds frequently showed negative leak--

rate results. Two months of leak rate test data were reviewed
to identify examples of test records demonstrating negative
leakage. The following summarizes the results of that review:

May, 1978 June, 1978 May + June 1978

Total Test
Records Reviewed 60 61 121

Number Test Records Demonstrating
Negative Leakage Rate Results

Leakage Plus Losses 10 4 14
Gross Leak Rate 20 16 36 .,

Unidentified Leak
Rate 28 20 48
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Table 1

Lost, Misfiled, Discarded or Never Created RCS Leak Rate Test Records

No. Date Time

1 4-29-78 1400
2 5-07-78 1436
3 5-21-78 1025

; 4 6-06-78 0530
5 7-04-78 2205-
6 7-10-78 0338r
7 8-19-78 1450
8 9-03-78 1247
9 11-05-78 1955

10 11-10-78' 1125
L 11 12-11-78 0432'

12 01-07-79- 0600
13 01-18-79 0530

'

-14 01-18-79 13102

'

15. 01-26-79 .0032
16 01-29-79 0310

.

17 02-11-79 2230

4

i |

|.

f

4

%

.

4

1

.

I
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Almost 40% (48 out of 121) of the calculated and recorded
unidentified leak rates during the two month period had negative
values.

-- The RCS_leck test procedure, SP 1303 1.1, recommended water
additions such as Feed-and-Bleed (F&B) operations be avoided
during the test. The inspector identified at least 11 tests,
during which F&B operations appeared to have taken place; and
in each case, the change in water inventory was not properly
compensated for by_the operator in the computer calculations of-

-RCS leakage rates. They are identified in Table 2.-

These record review findings are indicative of the failure of the
licensee to comply with regulatory and procedural requirements for
record-keeping and test performance.

-

_ --
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Table 2

Apparent Uncompensated Feed & Bleed Operations
During RCS Leak Rate Testing

F&B Recorded
No. Date Test Start' Time In CR0/SRO Log Power *

1 5-12-78 0047 No 89.5 Steady
2 5-30-78 0134 No 99.0 Steady
3 7-02-78 0256 Yes 89.0 - 87.0

Dacreasing
4 8-05-78 1456 No 100.5 Steady
5 9-15-78 0921 No 101 Steady
6 11-13-78 0304 No 100 Steady
7 11-16-78 0426 Yes 72.0 - 81.0

Increasing
8 11-20-78 2110 Yes 100.0 Steady
9 11-24-78 0423 No 102.0 Steady

-10 11-24-78 1111 No 102.0 Steady
11 11-24-78 1724 No 102.0 Steady

* Strip chart traces of power range recorder, SA-125. " Steady State" was
assumed if there was less than 0.2% Variation on the recorder traces.

Attachment A contains copies of records for these tests.

L
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3.0 Reactor Coolant System (RCS) Leak Rate

3.1 Background

The TMI Unit 1 Technical Specifications, paragraph 3.1.6 and Table
4.1-2, required that RCS leakages be determined at least once per day
during steady state operations, and that the leakage plus-losses,
total gross leakage and unidentified leakages be maintained within
their respective limits of 30 Gallons-Per-Minute (GPM), 10 GPM and.
1 GPM. The TMI-1 Final Safety Analysis Report (FSAR), Section
4.2.3.8.a, specified that the leakages were measured by counting
water inventory changes within the RCS pressure boundary for a fixed
time interval.

The test procedure included a precaution to avoid addition or removal
of water and chemicals from the RCS. The procedure also recommended
that, for the most accurate leak rate determination, the initial and
final values of power, RCS temperature, RCS pressure and pressurizer
level should be maintained identical.

The procedure specified a test duration of one to eight hours, and
specified the plant computer as the favored tool for performing test
calculations. Hand calculations were allowed as a backup when the
computer was not available. There was only one record of a hand cal-
culation during the one year period from April,1978 thru March,
1979.

When the computer program was initiated, data was taken automatically
from hard-wired, pre-designated computer points, except for RCDT
water levels, which did not have the direct input points to the
computer. Therefore, RCDT levels were always required to be taken
from a local patch panel using a digital voltmeter (DVM), and were
entered manually into the computer calculations. Other manual
actions required by the computer method were input specifications,
such as test time interval (norma?!y one hour), any identified
leakages and the operator actions of make-up water additions and RCDT
pumping. RCS leak rate calculations were automatically done by the
computer when the above steps were completed. For hand calculations,
the preferred data source was defined to be DVM readings from a patch
panel.rather than data obtained from control room indicators, due to
the inherent inaccuracies in the latter readings.

The procedure also specified a set of corrective steps to be taken
when the RCS leakages were in excess of the requirements. -The first

.

step was to perform another leak rate determination, followed by
careful examination of the operator actions affecting the water
inventory. The final step was to initiate action to determine the
source of the leakage, and then to proceed with the ACTION statements
specified in Technical Specification 3.1.6, which required placing
the reactor in hot shutdown within 24 hours of detection of excessive
leakage.

I
i
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3.2 RCS Leak Rate Calculations

The leakage determination was based on a mass balance of the RCS
water inventory changes over a prescribed time interval, normally one
hour, even though the procedure allowed a test duration of up to
eight hours.

The station surveillance procedure for RCS leak rate testing, SP
1303-1.1, Revision 7, May 25, 1976 (effective through August 21,
1981), determined " total RCS leakages plus losses" (30 gpm limit)
from the difference between initial and final water inventory of the
RCS, compensated for thermal expansion (or contraction) and level
changes in the pressurizer and the make-up tank. " Gross RCS leakage
rate" (10 gpm limit) was determined from the difference between
" total RCS leakages plus losses" and changes to Reactor Coolant Drain
Tank inventory. The " unidentified leakage" was determined from the
difference between the gross and operator identified leakages,
excluding the combined effects of normal evaporative losses and
Reactor Coolant Pump (RCP) seal purge. An evaporative loss of 0.51
gpm was applied, based on the results of preoperational test TP
600/10, oerformed February 19, 1974.

Details of the computer algorithm and calculational steps are s

illustrated in Figure 1.

Where the symbols used are:

Tc,, Th =A1 pTcold, Thot ( F) .a

Tc , Th = B. loop T
b b cold, T

hot (*F)

Z = Water level (in)
3p =-density (lb,/ft )

Am'= mass change (lb,)

AV = volume change (gal)

AV' = operator induced change to the RCS or RCDT (gal)

CF = conversion factor from ib, to gallon, a function of T,y, based
on a linear in+.erpolation about 2155 psig

.

b ii
_. _ _ _ _ _ _ _ _ _ -.
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FIGURE 1. TMI-l RCS LEAK RATE CALCULATION (pre-Aprf1 1979)-

1303-1.1 Rev. 7,'5/25/76

-.

READ FINAL TIME DATA:*
READ INITIAL TIME DATA:*

Tc ,Th ,TcB' h ' pzr'Zmu,Zredt
Tc4,Th ,Tc 'h ' Pzr 2mu,Zredt 4 3 8

4 g 8

~

* Data from hard-wired computer points,
. except Zredt (operator input). 3g

g

+Ih}h^ * T' B+T +Ih} i""1 ^(Tave) initial = 4(T +Th c Bc3 3 8 B
|

"
.. "

"
-

density calc.:3r
linear interpolation
based on value and rate of [

v initial ((Tave) initial) change of value at. 2155 psig V final - ((Tave) final)p

= ([ initial -[ final) * V R&1 :
-

>Amagi

V =10,673fd
pzr) initial -(Z zr) final) * CFp i R&1Ampzr = ((Z

1

!
CF) = 120.8 lbm/in

! .

CONTINUE'| | 1
' '

:.
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TMI-l RCS LEAK RATE CALC. (pre-April 1979)
1 . 1 1

.. _1303-1.1 Rev. 7, 5-25-76

O -

v CONTINUE |

T,y, = 1s((Tave) initial

+(Tave) final) '

,,

2 = 250 lbm/inAm = ((Zmu) initial -(Zmu) final) * CF2
*

mu
.

Gu

CF =_CF(Tave) s'

conversion factor
A m. * IA" Ra1 *Ampzr + Ammu)rcsfrom lbm to gallon

.

. ,

1

if II

j 2 6Vrcs " Am * CF 5 CONTINUE Ircs

: -

!
.

' *

, _ .
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. TMI-1 RCS LEAK ' RATE CALC. (p're-April-1979) -

1303-1.1 Rev. 7, 5-25-76 '-

.
-

CONTINUE
1

: INPUT: Ave (WATER ADDITION
res CAUSED BY OPERATOR)

u PROCEDURE STATED

LEAK RATE FOR RCS PLUS LOSSES h ^"
.

^*

* @Yrcs + 4Vrcs)/ot

E! 3

O|2 W cdt = ((Zredt)initia - (Zredt) final) * CF3 CF3 = 3540 lixn/ volt
{

U
v **Z from patch panelrcdt

" ?Vredt " A lcdt * CF digital voltmeter readings
entered by operator.,

p .

INPUT: ave (WATER REMOVAL -

redt , CAUSED BY OPERATOR ,

> CONTINUE

.
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- TMI-l RCS LEAK RATE CALC. (pre-April 1979)
'

,

1303-1.1.Rev. 7, 5-25-76

CONTINUEi

! !"'" GROSS LEAK RATE =
i*

Nrcs+4Vrcs + A Vredt - AVredt)/At ACCEPTANCE CRITERIA: 10 gpm
PROCEDURE STATED

u '

MASUREDBYOhkAh

.

CORRECTION TERMS = VAPORATIVE LOSSES +
.

RCP SEAL #3 PURGE = -0.23 gpm

V

UNIDENTIFIED RCS LEAK RATE = GROSS LEAK RATE - PROCE00RE STATED
IDENTIFIED LEAK RATE + CORRECTION ACCEPTANCE CRITERIA: 1 gpm

TERMS

v

END

'
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. Table 3

Selected RCS Leak Rate Results Comparison

A

I I(NRC - GPU) NRC
GPU USNRC A f. A

Leakage-Plus-Losses
5

6-21-78: ~4.1299 4.14771 0.01781 0.42939

7-6-78: 0.2205 0.22516 0.00466 2.0696

9-11-78: -0.3875 -0.389682 -0.002182 0.5600

.11-28-78: 0.1972 0.2029735 0.0057785 2.847

1-6-79: -0.1774 -0.179124 -0.001724 0.9624

Gross
,

6-21-78: 1.1721 1.189077 +0.016977 1.42775

7-6-78: -0.1476 -0.13949 +0.00811 5.814
.

9-11-78: -0.3562 -0.36010 -0.0039 1.0830

11-28-78: -0.1162 -0.10750 +0.0087 8.093

1-6-79: -0.3648 -0.366395 -0.001595 0.435

Unidentified

6-21-78: 0.9421 0.959077 +0.C16977 1.7701

7-6-78: -0.3776 -0.36949 +0.00811 2.140
'

9-11-78: -0.5812 -0.59010 -0.0039 0.6610

11-28-78: -0.3462 -0.33750 -0.0039 1.156

1-6-79: -0.5948 -0.596395 -0.001595 0.2674



22

CF = pressurizer water mass change per level height change (lb,/in).3

CF, = make-up tank mass change per level height change (lb,/in).

CF = reactor coolant drain tank mass change per level sensor

voltage output change (Ib,/ volt)

Subscripts:

pzr = pressurizer
~

mu = make-up tank

redt = reactor coolant drain tank

R&l = reactor vessel & loops

rcs = reactor coolant system

To verify the licensee surveillance calculations, a program was
written for an Osborne portable computer, based on SP 1303-1.1,
Revision 7. Sample calculations were performed for five test cases.
The results indicated an average of 0.31% difference between the
licensee's and NRC calculations with a 2.98% standard deviation. The
results are tabulated in Table 3. Most of the differences in
licensee and NRC calculations are attributed to the use of different
density correction factors. The NRC computer program then was used
to independently check licensee results for many of the tests
examined and to calculate the effects and changes due to the irre-
gularities found and described in the sections which follow.

3.3 Procedural Inadequacies

3.3.1 Total RCS Leakage Plus Losses

Technical Specification Section 3.1.6.8 stated in part, " Loss
of reactor coolant through reactor coolant pump seals and system
valves to connecting systems which vent to the gas vent header
and fro,a which coolant can be returned to the reactor coolant

. system... when added to leakage shall not exceed 30 gpm."

Surveillance Procedure SP 1303-1.1 computed " Total RCS Leakage
Plus Losses" as shown in Figure 1. The calculational procedure
did not account for temperature and pressure differences between
the MUT and RCS. Table 4 shows that the MUT water is normally
at 125*F in comparison to RCS Tave of 579'F. - Failure to convert
MUT level changes to equivalent RCS conditions volume changes
resulted in errors in the leak rate calculations and was a
procedural inadequacy.

- _ _ _ _ _ __ _ _ _ _ . - _ - _ _ . _ . _ _ _ _ . - _ _ _ - _ _ _ _ _ _ _ - - _ _ _ _ - _ _ _ _ _ - _ -
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To illustrate this, assume that during a one hour test period
an operator adds 60 gallons of water (at 125 ) into the MUT.
If temperature correction was not required, the-60 gallons
would remain 60 gallons and the calculation would not be in
error. .In reality the 60 gallons would' expand in the RCS to
82.'56 gallons, but SP. 1303-1.1 assumes no expansion and there--
fore would introduce a nonconservative reduction in RCS leakage
rates of 0.376 gpm.

3.3;2 Total RCS Leakage

-Technical Specification 3.1.6.1 stated, "if the total reactor
coolant leakage rate exceeds 10 gpm, the reactor shall be placed,

in hot shutdown within=24 hours of detection". The total
. reactor coolant system leakage was called the " Gross RCS Leak
-Rate" in SP 1303-1.1 and was computed as shown in Figure 1.

Surveillance Procedure SP 1303-1.1, Rev. 7 incorrectly accounted
for RCS leakage collected in the Reactor Coolant Drain Tank

,

(RCDT) which was removed by operator action, since the calcu-
lation failed to correct for the lower temperature of RCDT water
as compared to the RCS; thus, each gallon removed from the RCDT
caused a nonconservative estimate of " Gross RCS Leak Rate."

3.3.3 Unidentified RCS Leak Rate

Techr.ical Specification Section 3.1.6.2 states: "If unidenti-
fied reactor coolant leakage (excluding normal evaporative
. losses) exceeds one gpm or if any reactor coolant leakage is
evaluated as unsafe, the reactor shall-be placed in hot
shutdown within 24 hours of detection."

Surveillance Procedure SP 1303-1.1 computes " Unidentified RCS
Leak Rate" as shown in Figure 1. The calculational procedure
incorrectly accounts for Reactor Coolant Pump #3 Seal Purge in
that the value of this purge was added to the calculation of
" Unidentified RCS Leak Rate" as a correction factor. Since the
purge is taken from the MUT and ultimately flows to the RCDT,
it is appropriately compensated in the calculation of " Total
RCS Leakage."

3.3.4 Other Procedural Deficiencies

The evaporative loss factor (-0.51 gpm) utilized in com--

puting " Unidentified RCS Leak Rate", was obtained from
the pre-operational test results TP600/10, "RCS Hot Leakage
Test", Revision 0, performed March 14, 1974. In that
procedure, the evaporative loss (-0.51 gpm) was calculated
assuming 125 F MUT water, which was not corrected to
equivalent RCS conditions.
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Table 4

System Data for RCS Leak Rate Calculations

~ , System Operating Conditions

Reactor Coolant System

: T,y, , * F _ 579-

' volume'(without pressurizer,
at 579 F), ft3 10678

Pressure, psig 2155
,

Make-up Tank' Vertical, Cylindrical

pressure psig 15 - 35

Temperature, F 125

Level, inch 73

-Volume, gallon 2955

R_eactor Coolant Drain Tank. Vertical, Cylindrical

Pressure, psig- 0

Temperature, *F. 105 - 110

Level, inch 94.5

Volume / Level, gal / inch 35.4

Volume,-ft3 771

: Pressurizer

~. pressure, psig 2166

Temperature, *F. 648
_

' Level,11nch 220

-. Volume (liquid), ft3= 800
'

?
Volume (Steam), ft3 702

Volume / Level, gal / inch 240~

~

m
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- In addition to the failure to correctly convert MUT level
changes to equivalent RCS water inventory changes, due to
failure to correct for the higher RCS-temperature, the
procedure assumed the MUT and RCDT were maintained at a
constant temperatures, and therefore did not account for.
.the effects of temperature variation on water density.

- The Reactor Coolant Pump #3 Seal Purge was incorrectly
converted to equivalent gr.11ons at 534 F versus the proper
conversion to 579 F.

The procedure failed to account for the effects of changes--

in pr( ssurizer pressure on pressurizer level.

The procedure utilized an RCS Volume figure (excluding the-

3
pressurizer) of-10,673 ft in calculations; whereas, the.
correct Volume figure at an RCS Tave of 579 F was 10,678

3ft ,

The procedure utilized a MUT water mass change per unit-

level change of 250 lbm/in in calculations; whereas, the
correct value for 125 F was 255 lbm/in.

3.4 Measurement Sensor Limitations

The sensors and instrumentation used in leak rate calculations-were
examined for accuracy and repeatability. Since these instruments
have direct input (except for the RCDT level) to the plant process
computer for use in the leak rate calculations, an understanding of
their accuracy and'repeatibility is useful when reviewing leakage
rate determinations.

Table 5 summarizes the estimations of. accuracy and repeatability.
These estimations were checked against a period of. stable reactor
operation and found to be realistic. Instrument and sensor limita-

-tions and performance were not found to be limitations in leak rate
calculations. A conservative estimate of measurement error due to
instrument repeatability is 11.6 gallons regardless of test duration.

The following reference documents were reviewed to determine repeat-
ability to construct Table 5.

-- Calibration notes, TMI-1

-- Bailey BYXXX0 type differential pressure transmitter specifi-
cations E 21-17, page 31; Type BY8230-A Make-up Tank level
differential pressure transmitter, order number, A-29062Z,
calibration specifications sheet No. 150L339.

-- Foxboro model E13DM Differential pressure Transmitter, MI
20-110, January 1969.
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-- RCS RTD Calibration Acceptance Test Data Sheet, February 8,
1974.

< Model 694A Converter, Foxboro; Model 620 Se. ies indicating--

transmitter

Model 1152GP Rosemont pressure transmitter--

Foxboro 99B series totalizer specification sheet, February 1967.--

A significant variation in reactor coolant system parameters can be
expected due to inherent periodic oscillations of some of these para-
meters. The oscillations can be significant if a beginning or final
data set is gathered over a time span which is comparable to the
period of oscillations. It was understood that due to relatively
improved system tune-up for Unit 1, during the one year period of
interest, the system oscillation or inherent periodic perturbation in
Unit 1.was. negligible compared with the expected errors from-such
perturbation in Unit 2. This was understandable since Unit I had
been in commercial operation since 1974 and Unit 2 started its-
operation in December 1978.

A stable period of plant operation was selected to check for such
oscillations. The inspector noted that the reactor was maintained at
100% power for seven hours during a period of 1600-2300 hour or
September 30, 1978.

The inspector reviewed computer summary sheets for the.same date, and
verified that the cold and hot leg temperatures (total six readings;
4 cold legs and 2 hot leg readings) were indeed maintained constant
during the entire seven hour period. Also, the T,y, variation was
far less than one tenth of the RTD uncertainty and less than the
estimated repeatability of the instrumentation.

Accuracy of the'RCS leakage calculation is not dependent on the
absolute accuracy of the RCS inventory measurements but rather is
dependent on accurate measurement of.the inventory changes. There-,

fore, test accuracy does not depend on the absolute instrument--
|- . accuracy of the individual detection systems, but rather on each

instrument's repeatability, or closeness of agreement among a number-
of consecutive measurements. Based on several discussions with

; licensee representatives and review of listed documents, it.was
learned that repeatability of pressure, temperature and level detec-,

' tion elements was considerably better.than their respective ~ accura-
cies.

|

Table 5 shows a summary of the instrument accuracy and estimated,

' repeatability and consequenty expected measurement errors. Note that
,

-the measurement errors due to the instrument repeatability are
independent of the test duration. For example, total measurement

i

-.
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Table 5-

-Instrument Repeatability-

Expected
Inventory
Change.

Instrument Accuracy Repeatability Variance

-Individual ,0ver-all (RMS) parameter gal-

' RCS Temperature (100*F span) 0.52% 0.052% - <6. gal.

.RTD 0.25%

Drift' O.25%
after 2 yrs.

Bridge 0.35%

Signal 0.15%'-
' Conversion-

, RCS Pressure (800 psi span) 1.128%- 0.113% ~0

Transmitter 0.5%

< Buffer 0.15%
Amplifier

' Isolation 1.0%
Amplifier-

Pressurizer
Level (400 inch span)

' Level 0.5% .4 inch 0.4" 9.6 gal

RTD (same 2.8 F/700 F
as RCS RTO)

' MUT level, (100 inch span) 0.5% 0.05" 1.5 gal

RCDT level, (120 inch span) 0.5% 0.06" 2.1 gal

- Flow Totalizer 0.25% 0.1%

Total RMS Variance in Inventory Change Calculation <11.6 gal
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errors estimated from the instrument repeatability would be 11.6
gallons regardless of test duration, and subsequent contribution to
the leak rate error would be 0.19 gpm and 0.05 gpm for one and four
hour test durations, respectively.

3.5 Uncertainty of Make-Up Tank (MUT) Chart Time

.During the one year period, 264 water additions were logged in CR0
logbooks and these entries were identified on the MUT strip chart
tracings, as tabulated in Table 10. The purpose of this comparison
was to determine the accuracy and validity of the chart time. .It was
understood that the time entered in the shift log by an SR0 and CR0
was the control room clock time, and the control room MUT recorder
time was adjusted periodically to the control room clock time at
midnight.

The traces of water addition on MUT charts were compared statisti-
cally with the CR0 log entry times. Statistical analysis showed that
the chart traces of water additions were ahead of the log times by an
average of 3.2 minutes with a standard deviation of 10.73 minutes.
This was an expected result since the operator or SR0 would enter the
water additions into the shift log after completion of the operation.
On this basis, it was determined that the MUT recorder chart time was
accurate statistically to 10 minutes.

This information was later utilized to isolate the interval of the
MUT level strip chart trace which bracketed the period of test
performance. The resulting interval of strip chart was typically 80
minutes wide, (a 60 minute test + 13 minutes before + 7 minutes
after) starting 13 minutes prior to the recorded test start time in

-terms'of chart time. All available records were then correlated to
identify the actual period of. test performance within this interval.

3.6 System and Human Error Potential '

Beside the procedural inadequacies and the "As Built" system limita-
tions, there are three additional expected or potential errors in the
RCS leakage. rate calculations.

(1) RCDT level patch panel DVM readings

The procedure specified that all other level readings besides
the RCDT's were automatically fed from the process computer
input data points. RCDT levels were manually entere'd after
taking patch panel DVM readings. Since a small error in DVM
readings could cause a large error in the RCS leak' rate result,-

the RCDT level readings could be a major source'of the errors in
leak rate calculations. This is discussed further in Section
6 . 0.~
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_(2) MUT Water Addition

Procedure SP 1303-1.1 recommended that no addition of make-up
water be made during a test, and further specified that water
addition, if any, be entered manually into computer.

If make-up water was added during a test, after initial data
taking but before final data reading, and the addition was not
included in the computer calculations, the RCS leak rate cal-
culated results would be inaccurate and understated. This is
discussed further in Section 5.0.

(3) Hydrogen Addition

Because of the configuration and environment of the MUT level
detection instrumentation system, water condenses and collects
in the low pressure reference leg. Under this condition,
hydrogen additions to the MUT during a test cause an increase in
the indicated MUT level without actually adding water into the
system. This would definitely change the RCS leak rate test
results, yielding inaccurate and understated RCS leak rate test
results. So long as the condensed water is blocking the low
pressure U-leg as described above, hydrogen addition would cause
an indicated MUT level shift upward.

Details are discussed in the Sections 4.0.
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4.0 Effects of Hydrogen Addition on Leak Rate Test Results

4.1 Discussion

Hydrogen addition to the make-up tank is often required in order to
limit the oxygen content in the Reactor Coolant System. The RCS leak
rate test procedure, SP 1303-1.1, prohibits the addition of chemicals
during a test, although the procedure did not specifically identify
hydrogen as a chemical.

As discussed later, the addition of hydrogen to the make-up tank
(MUT) can cause an indicated increase in the MUT level without water
addition. Therefore, addition of hydrogen at an appropriate time
(after initial data collection, and preferrably just prior to final
data readings) will affect the leak rate results in a non-conser-
vative fashion. The conditions under which such hydrogen additions

-were made resulted in a characteristic trace on the MUT level chart
record. In order to isolate hydrogen additions, level recorder
charts were searched for the characteristic trace of the hydrogen
addition. These traces, once found, were then compared with the CR0
logbook entries and surveillance records.

4.2 Makeup Tank Level Shift with Hydrogen Addition

The water level in the make-up tank is determined by measuring the
differential pressure between the top and bottom of the tank, as
shown in figure 2. With the level instrumentation operating prop-
erly, any change in cover gas pressure (P ) will be applied equally

3

to the top and bottom of the tank, and the level transmitter will
give the pressure P , representing the liquid head in the tank. The2

piping leading from the bottom of the tank to the higher pressure
side of the level detector is intended to be filled with water, and
the piping from the top of the tank to the low pressure side of the
detector is intended to be dry. The water in the MUT is normally at
125*F, a higher temperature than the ambient room temperature, and
the saturated water vapor over the MUT water is at a higher pressure
than that which can exist in'the colder pipe. Thus, the Low
Pressure Piping will act as a slow vapor condenser, and the condensed
water will gradually fill the " dry" low pressure leg (see figure 2).
If enough water exists in the loop it will form a water loop seal
and, for small pressure changes, serve to isolate' the low pressure
side of the level detector from the make-up tank.

.

___a.__ - _ _ _ . . _ _ _ . _ __ -__ _ .__-_m__ __ _ _ _ ___ __ .-_______--_ . . . _ _ _ _ _ _ _ - _ _ . - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - . . _ . _ _ _ _ _ _ _ _ _ _ - _ _ . _ _ _ _ _ _ _ . _ . _ _ _ _
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FIGURE 2
'
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Referring to the bottom diagram in Figure 2, if a small amocnt of
pressure, say P , is added to the MUT, the condensed loop seal water

H

will behave like a manometer, and the high pressure side will sense
the additional pressure (P ) added to the tank, but the low pressureg

side will only sense a small percentage of the addition. The net
effect will be an apparent increase of the MUT water level, equal to
the pressure increase (P ) expressed in inches of water. For each

H

inch of apparent level change, it takes only 0.036 psi pressure
addition (P ), r 1 psi pressure addition can give 2.3 ft (27.69

H

inches) water level increase. To influence the leak rate, it takes
only a few inches level change, since the water volume change for
each inch of level in the MUT is 30.8 gallons. For example, by
adding 0.072 psi hydrogen pressure (P ), the apparent MUT level will

H

increase by 2 inches, an apparent inventory. increase of 61.7 gallons,
resulting in a decrease of the calculated gross and unidentified leak
rates by 1.028 gpm in a one hour test.

The characteristic trace of a hydrogen addition on the MUT level
recorder when a water loop seal is present will be a strip chart
trace like a step increase with over-and under-shoot. This pattern
(.f-) of over/under-shoot is due to the manometer-like oscillation of
loop seal water in the incompletely filled low pressure reference
leg' due to the sudden pressure increase.

Obviously, the effect of a pressure addition on the level is limited
by the height of the water column in the loop seal. Any excess pres-
sure'will either push the water column toward the top of the U-loop
and into the detector or cause gas bubbles through the water seal,
negating the pressure effect. For practical purposes, 2 - 4 inch
level changes by hydrogen addition will not cause any measurable gas
compression on the detector side of the loop seal in the low pressure
leg.

4.3 Findings Regarding Hydrogen Addition

4.3.1 Existence of Loop Seal

The inspector questioned several licensee staff members
relative to the possible existence of a loop seal in the
MUT level instrument system legs. These licensee repre-
sentatives informed the inspector that no loop seal existed.

During an as-built inspection on July 11, 1983, the inspec-
tor found the existence of a loop seal in the " dry" leg of
the MUT level instrumentation. Subsequently, the inspec-
tor, accompanied by a licensee representative, verified
that the U-loop in the dry leg is more than 4 ft. in
height. The following entries in the plant maintenance
logs indicate that some members of the plant staff were
aware of the effect of water condensation in the low
pressure leg of the level instrument:

.- ---- - --. -
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-- Work Request (WR) No. 23660, April 28, 1978 at 2200
hour, "make-up' tank level recorder is not responding
correctly. Put in 100 gallon - recorder went up 8" or
240 gallons. If you change.make-up tank pressure 4
lbs. - level changes 2 18".

WR No. 23904, May 16, 1978 at 2145 hour, "while adding--

H2 to MUT-1, received MUT-1 high level alarm..."

WR No. 23852, May 23, 1978, Make-up tank level in---

crease 10" for addition of 100 gal . - should only .
move by about 3"."

WR No. 24843, August 8, 1978, " Transmitter / recorder--

erratic. Suspect that reference leg has moisture in
it"; blow down low side. Got a lot of water."

WR No. 21284, September 12, 1979 at 1900 hour, '...--

suspect MUT-1 level transmitter"

4.3.2 Test To Develop Recorder Trace For Hydrogen Addition

On July 28, 1983, the licensee chal.lenged the proposition
that hydrogen addition would cause an increase of the MUT's
indicated level and produced MUT strip chart traces from a
test. The inspector recognized that during this test, the
licensee introduced over 20 psi pressure. This pressure
was much greater than that required to affect MUT level.
It would require a loop seal 46 feet in elevation ~virsus
the existing loop seal with a maximum four foot elevation.
To demonstrate the effect of a realistic hydrogen addition
on MUT level, the inspector proposed a test.

On July 29, 1983, two inspectors were accompanied by
licensee representatives inside and outside of the MUT
room, and another inspector with a licensee representative
directed the test from the control room. The test was per-
formed with nitrogen gas. The effect of the pressure
addition was observed as summarized in the following:

When the loop seal was drained immediately preceding--

the test, no effect of pressure addition was observed
on indicated level.

With water in the loop seal, small amounts of nitrogen--

gas were introduced for 1 second, 2 seconds and 10
seconds by opening and closing MU-V-27, and the
resulting level increases were 1.0 inch, 2 inches and
7 inches. The pressure increases during these tests
were too small to register on the pressure indicator
in the control room.
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-- The trace of the level shift due to the pressure
increase ( t-) was the same as those suspected hydro-
gen additions on the MUT chart for the period April
1978 thru March 1979. (See Table 6)

The test traces are shown in Figure 3. For clarity,
Figure 3A provides a magnified hand drawn version of the
appropriate section of Figure 3. A computer graphic trace
is shown in Figures 4 for this test. After the test,
licensee representative acknowledged the inspector's
findings of the effect of hydrogen additions and their
characteristic traces on the MUT level charts.

4.3.3 Hydrogen Additions During Leak Rate Tests

The Control Room Operator's and Shif t Foreman's logs were
searched for entries showing hydrogen addition during the
periods of leak rate testing records. This was done for
records from April, 1978, through March, 1979. No entries
showing the hydrogen additions were observed in the logs.
The makeup tank level strip chart was then examined for the
additions; 13 additions were identified. Considering the
accuracy of MUT chart times, seven hydrogen additions
during RCS leak rate testing were confirmed as shown in
Table 6. The hydrogen additions were not recorded in the
logs nor compensated for in the leak rate calculations.
When the hydrogen additions and consequent level shifts
were included in the leak rate calculations, the unidenti-
fied leak rates were all increased, and all but one ex-
ceeded the limiting conditions of operation in Technical
Specification 3.1.6.2, which specified the limit as 1 gpm.
Further, Technical Specification 3.1.6.2 stated that if the
unidentified reactor coolant leakage exceeded 1 gpm, the
reactor should be placed in hot shutdown within 24 hours of
detection.

aese findings constitute examples of apparent failure to
comply with procedural and regulatory requiremnts,

a
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Figure 3. Hydrogen Addition Test, July 29, 1983 ~
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Figure 3A. Detail Sketch of.Make-Up Tank Level Response
Hydrogen Addition ~ Test, July 29, 1983-

Time and Level Expansion of Figure 3.
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FIGURE 4.' Process Comouter Display
Hydrogen Addition Test v-

MUT Level Shift on Gas Addition :
10 Seconds Opening / Closing

Test Conducted:.

C 55.8 66.93 49.7 36.1 7/29/33 15:31:33
15:31:33

v-- r sm- N ms =- a , T
._

' @mMmJ ' , ' . .-l-5M ; w i = w em L = m a--m'
m

J.=LJ = - + b "M i SG-1#Jr#+'ai.j P-t= b$i-Zi.it = Z EGQ==g# -iM

p= e m'f
L2 I_j E

W F M" %* 9
ER. FM #Ci -#5" =-- Ar-%+d

- *<w# w.fo+ pa:ts:2i wts G 'me=m t=+;i b 'cw+
i JTv%="i++3i U 9%Dr5&M br bi=MQ U m A:12 %&ar x I'

$$gp$
-

$[N=$DN MNN $$M5 26 4w=mik,% Dme .w arme enh ,

i-f5isa
CM$ w4|%.

j 1MJQLiu- h-s fe+ ?b3dMwr:1=s?cq : = enseeen n .- &r a#w h Nw-r bw mm m tsi L : vm er-n ,

L.Nr ,:Ye w a r- g_ =: .v =5 mr :- . ,%+t , T-1,se;:n=, r w_-t + w:L:u'qncic::rc Er -

k?r'E.h-? .75L;=fl+1mMZd:.% p;
=::v+ nq W=rm=y+:w-a s:= =:n _c-:&.12EE

w%3a,Mdtp==c y %
i: s+ r=1:ck==.

I'~rn"M:
Vi .' / L !.mN . __ 5 3s"wc=-iiC

,

-

n
g6"=: ';a?r.1-53 { F_4i s6-A @-] w:h:

== nw
p*Q=fc .+.

-Mi' M Mii-=d S-' ,
p - 43 : = ='.p3 - -GT54 M 5 => = f r 1-

E EM -- d+1d P'=: pr' :o' w. in mmm'c--ic"h ? +:-: a2d -sr.iS;iJJ Za-d :-S AT=u-=

we:nrol wa+m+t mt;M -- F - -t
tr:czm:xany ;:#4 .Q f',@ (tv - W.%% 3.k3

==+vc: mu==e# &
-

,

-R=a.^+.4 -k"i f
H'!--'

~

J_
'*F5'=fi;Qgj=E Ju~J i gg id =2:ra l. b44: er .- .

\

s -s-1=~2 := % -1 == g n:= = x- -

Wu##d a sm s w 3 b.1 ;' t =s5-:= 'isssr sa e-in
n w=.m n.1ai y p w-w te g g= =t=2 15.2,s.17

r
.= A n ? =: xh ,

=.+ w v atn A. V e3 wn N+16m= g*m -ae m
V"L-h:M&="

v+ ~1-::sM -igd 9;ii=g.1 ez~~, 'g=;;7. 3- E: TTil@'.q. %i%
3- n .- . 3

l OD.3Ni p%. c fi3 M%}gv-s;[
v- x y: -. s . - . t e. :;n - -:-- =.sr=g-a-d

5$$$a w x1
-

@m-Ha, t=.: :a$$$$j N;Im$ gI W
y+ x :s:: 1 x.w- x rtf m- .~=q tw uu m

p!= 3
.x - n.=s=2 ,7 - i sj g .mx s-pf gfp - ;'v..cf u '7-.*[Q%[i.

e -C -
4=e-d i=Egj

s irm_ymz M.--:nn n,t gnog m,.ae;gm time
ma e n .

E.1 =-+ =m,E,m c.ay,wlB B
.

,

wc s
. m ==i=

- pm =i3

g smmAs.:u4 pm == m=r= ==m1km.m mwm m ,

y&=dWBIENTPhiMfn #iK LEVEL . P
.

!.w!WLETDOWiffLOW
iftFt.0 TO REACTOR pSmmwu ,ea-nwuw r6*in C30LANT P N d.- TEMPERATUREma, - i+w 1 me m-2.g=-s-r+2e=s,

- 21 _==

y2:|5$5$Np! '

h$NNS. _[AN[i
E n=try tws?- =&#t V ?=L1 MM= ins:J knF;5_=u

Ei =" h I$2ASNNN5
' "

15'23-01
_

- 2 -j 2.=___

50% 50% 50% 50%
o A998 MU TANK LVL (IN) INH 2O ZERO= 0. O FULL = 100.EA997 HU LETDOHN FLOH ( G Pit ) GPM ZERO= 0;00 FULL = 100.OCA500 HU FLOH TO REACT COOLANT (GPM) GPM ZERO= 25.0 FULL = 150.C .

,AO92 AMBIENT-DRY BULB TEMP DEGF ZERO= 70.O FULL = 110.C
.

PLOT RATE = 2 SECOND(S) '

*
.

$
' s

6

%



-__

r

Table 6

Hydrogen Additions To Makeup Tank During Leak Rate Test

Unidentified Leak
Effect on Leak Rate, Gallon Rate, gpm Hydrogen

Effect on Level Temperature Temperature Entry in Power *
Date Time inch not corrected corrected Original Corrected CR0 Log %

8/8/78 0735 2 61.77 84.996 -0.1099 1.3067 No 99.5, steady

9/8/78 1629 3 92.649 127.439 -0.5823 1.5417 No 99.0, steady
,

l

9/18/78 2355 1 30.883 42.512 0.4014 1.1099 No 100.0, steady

9/19/78 2348 2 61.17 84.996 0.0168 2.1536 No 100.0, steady
|

| 10/2/78 1645 3 92.649 127.457 0.0293 1.4612 No 99.0, steady )
'

!

11/12/78 0816 1.5 46.32 63.761 -0.1954 0.8673 No 100.0, steady

I 2/3/79 1608 3 92.649 127.509 0.4092 2.5344 No 102.0, steady
|

CStrip chart traces of. Power Range Recorder, SA-125

Attachment B contains copies of records for these tests. j

_ _ _ - _ _ _ -
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5.0 Effects of Water Additions on Leak Rate Test Results .

5.1 Discussion

When water is added to the makeup tank during an RCS leak rate test
(before the final readings but after the initial data taking), it
should always cause an apparent reduction in the leak rate results.

Even though procedure SP 1303-1.1 recor. mended against any water
additions during the leak rate test, the procedure provided for the
entry of the water additions into the computer.

.

As stated earlier, the computer program did not account for the water
expansion as the cold water trom MUT (125*F) heated up in the RCS
(579 F), and consequently, even a correctly entered water addition
would result in an error. For example, a 100 gallon water addition
and subsequent computer entry would result in a 100 gallon water
inventory increase, even though that 100 gallons of water would
expand to 137.6 gallons in the RCS. If not manually entered into the
calculation by the operator, this would give a 1,67 gpm (100 gal. in
60 min.) reduction in the uncompensated gross and unidentified leak'

rates for a 60 minute test and would result in an actual 2.29 gpm
(137.6 gal into RCS in 60 min.) reduction of the leak rates.

The water additions to the RCS are required to be entered in the
Control Room Operator's (CRO) log in order to account for the opera-
tor actions. Therefore, one would expect to see any operator-induced
water addition to the RCS recorded in the CR0 lag as well as in the
computer calculations.

Water addition could be identified from the makeup tank level record-
er chart, whose traces shifted upward in level when the water was
added. This characteristic pattern or trace could be easily corre-
lated with the entries in the CR0 log. However, the trace of a water
addition would be different than the trace or pattern seen when
hydrogen was added. The hydrogen addition would result in an almost
perfect step increase with a characteristic overshooting due to the
loop seal water oscillations. In contrast to this, water additions
would not produce sharp, right-angled step-wise indicated level
changes with overshoot, but would show some slope of increasing
indicated level with time.

The makeup tank recorder chart was reviewed in order to datermine if
water additions had been made during RCS leak rate tests without
recording the addition in the control room CR0 and SRO logs, and/or
without including such additions in the RCS leak rate calculations.

.

c.
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-5.2 Findings Regarding Water Addition

During a previous inspection, four such water additions were identi-
fied. During this inspection it was determined that three of them
were wrongly identifitd. In fact, one of the three wrong cases is
now identified as a hydrogen addition.

Based on'the review of MUT strip chart. traces of water addition,
surveillance SP 1303-1.1 computer output and pressurizer level
response during tests, seven tests were identified during which
water additions were made but were not entered into the computer
calculations. Table 7 summarizes these water additions.

In some cases, the chart traces indicated that water might have been
adaed gradually to the RCS. One test, performed January 6, 1979,
accounted for 300 gallons of water addition in the computer calcula-
tions. However, the level shift, a characteristic trace of water
addition on the MUT strip chart, indicated that approximately 479
gallons of water was added instead of 300 gallons. This recorded
MUT level shift provided additional evidence of the existence of a
loop seal in the low pressure reference log, since raising MUT level
compresses the MUT cover gas and causes the same effect as a gas
addition discussed in Section 4.

When these water additions were accounted for in the leak rate calcu-
lations, 'all but one showed that the failure to enter the water addi-
tion into the computer resulted in the unidentified leak rate in
excess of I gpm, as tabulated in Table 7. This was contrary to the
requirement specified in Technical Specification 3.1.6.1 and are
further examples of apparent failure to comply with procedural and
regulatory requirements.

.
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Table 7

Water Additions During RCS Leak Rate Test Without Entry Into the Computer

Water Addition
Entry in Unidentified Leak Rate, GPM Power **

fate Time inch gallons CR0 Log Griginal Compensation Corrected %

5/12/78 1643 8.0 247.1 Yes -0.7443 3.384 4.930- 90, steady

6/11/78 0804 9.0 277.9 Yes -0.5826 5.215 6.977 97, steady

6/21/78 0341 8.0 247.1 Yes 0.9421 5.060 6.613 99.5, steady

8/31/78 0801 5.5 169.86 No -0.4141 2.417 3.481 100, steady g;

11/7/78 1608 2.0 61.77 No 0.0445 1.0735 1.553 100, steady.

12/13/78 1842 10.0 308.83 Yes -0.2170 4.930 6.865 100, steady

1/6/79* 0756 15.5* 478.69* Yes -0.5948 0.1497 0.900 101,. steady

8300 gallons of 478.69 gallons added were included in the original leak rate
calculations.

** Strip chart traces of Power Range Recorder, SA-125

Attachment C contains copies of records for these tests.
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6.0 Effects of Reactor Coolant Drain Tank (RCDT) Level Inputs on

Leak Rate Test Results

6.1' Discussion

The Reactor Coolant Drain Tank collects the effluent or leakage from
the pressuriter PORV and code safety valves. It also collects
leakage past the reactor coolant pumps primary mechanical seal. The
tank fluid can be circulated through a cooler and returned to the
tank by spraying into the tank vapor space. The RCDT also has a
connection to the Reactor Building Sump. Surveillance Procedure SP
1303-1.1, Revision 7 (effective revision during 1978-79), treated the
water level change in the RCDT as a loss of Reactor coolant covered
by Technical Specification 3.1.6.8. Therefore this was not subject
to the 10 gpm limit of total RCS leakage. This treatment of RCDT
water would allow leakage through relief and safety valves and
reactor coolant pump seals to approach a 30 gpm limit.

6.2 Findings Regarding RCDT Level Inputs

Manual reading of RCDT level and manual input of the value into the
computer were required. The RCDT level transmitter output was not
hard-wired into the computer, and consequently its value had to be
manually entered into the computer after taking a patch panel DVM
reading. A 0.1 volt error in the reading could lead to a 1.0 gpm
error in total and unidentified leak rate measurements during a one
hour test. Normal RCDT level readings were 8 to 9 volts. It was not
possible to cross-check records to determine if actual errors were
made.

When an operator took an action such as pumping out water from the
RCDT, this action is required to be logged in the CR0 shift log. As
listed in Table 8, the RCDT tank levels were decreased substantially
according to the surveillance records of leak rate tests; yet, no
entries in the SR0 or CR0 logs were identified reporting the cause
for the apparent large volume of water removed from the RCDT. An
unaccounted water removal from the RCDT would result in conservative
values of calculated gross leakage rate. These are additional
apparent failures to follow procedural requirements concerning
required log entries.

Based on the computer printouts of surveillance results, Table 9
lists those RCDT level changes greater than 60 gallons of water
during the review period. If these changes are overstated, the
resulting RCS leak rate calculations will be nonconservative.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ J
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Table 8

Reactor Coolant Drain Tank Decreases During
Leak Rate Test ($ 0.1' Volt)

Level change. Volume' change Effect on
Date . Time Volt at 579*F, gal Leak Rate opm-

.4/27/78 0805/0905 -0.112 -66.212 -1.104
5/12/78 1643/1743 -0.279 -164.939 -2.749
5/16/78 1615/1915 -0.117 -69.168 -0.384
6/7/78 1646/1846 -0.184 -108.777 -0.906

'9/14/78 2355/0055 -0.218 -128.877 -2.148
10/16/78 1852/1952 -0.890 -526.150 -8.769
12/13/78 1842/1942 -0.592- -349.979 -5.833

_ _ _ _ _
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Table 9

Reactor Coolant Drain Tank Increases During
Leak Rate Test (2 0.1 Volt)

Level change Volume change Effect on
Date Time Volt at 579'F, gal Leak Rate, gpm

5/8/78 2320/0120 0.123 72.715 0.606
5/21/78 0328/0428 0.114 67.395 1.123
6/1/78 0746/0846 0.145 85.721 1.429
6/2/78 0046/0346 0.247 146.021 0.811
6/2/78 1658/1858 0.175 103.457 0.862
6/9/78 2341/0441 0.430 254.207 0.847
6/11/78 0804/0904 0.111 65.621 1.094
6/12/78 1645/1745 0.187 110.551 1.843
6/16/78 0035/0135 0.928 548.615 9.144
6/16/78 1925/2125 0.190 112.324 0.936

'

6/20/78 0041/0141 0.112 66.212 1.104
6/21/78 0341/0441 0.309 182.675 3.045
6/21/78 0912/1012 0.480 283.766 4.729
7/7/78 1603/1903 0.181 107.004 0.594
7/8/78 1935/2135 0.190 112.324 0.936
7/11/78 1535/2035 0.117 69.163 0.235
7/17/78 0040/0440 0.219 129.468 0.539
8/15/78 0455/0555 0.224 132.424 2.207
8/23/78 2349/0349 0.217 128.286 0.535
11/5/78 1712/1812 0.105 62.074 1.035
12/24/78 0740/1040 0.395 233.516 1.300
12/28/78 1627/1927 0.151 89.268 0.496
1/12/79 2347/0047 0.111 65.621 1.094

,
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7.0 MANAGEMENT MEETINGS

An entrance meeting was conducted with H. Hukill and staff on July 11,
1983. The purpose and scope of the inspection was discussed at this
meeting. No other management meetings were held. No written notes or
requests were provided to the licensee by the inspectors during the course
of this inspection.

.
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Table 10

Log Time Versus MUT Recordar Chart Time for Water Additions

Time
No. Date CR0 Chart A, min.

1. 4/30/78 1400 1355 5

2. 5/4/78 0130 0145 -10
3. 5/5/78 0005 0005 0
4. 5/5/78 0315 0315 0
5. 5/5/78 1700 1700 0
6. 5/5/78 0520 0515 5

7. 5/8/78 1300 1255 5

8. 5/9/78 2055 2050 5

9. 5/10/78 0830 0820 10
10. 5/12/78 1745 1735 10
11. 5/12/78 1543 1547 -4
12. 5/11/78 1800 1746 14
13. 5/13/78 0815 0800 5

14. 5/13/78 1505 1500 5

15. 5/14/78 2225 2220 5

16. 5/15/78 0050 0045 5

17. 5/15/78 1845 1840 5

18. 5/16/78 2120 2110 10
19. 5/16/78 0500 0450 10
20. 5/17/78 0325 0320 5

21. 5/17/78 1530 1530 0
22. 5/18/78 1340 1340 0
23. 5/19/78 0415 0415 0
24. 5/20/78 0525 0523 2
25. 5/21/78 0315 0315 0
26. 5/21/78 0003 0005 -2
27. 5/21/78 1930 1930 0
28. 5/21/78 2245 2245 0
29. 5/22/78 0419 0419 0
30. 5/22/78 1130 1130 0
31. 5/23/78 0530 0520 10
32. 5/24/78 0630 0625 5

33. 5/26/78 2200 2200 0
34. 5/26/78 0112 0107 5

35. 5/26/78 1826 1810 16
36, 5/28/78 1925 1910 15
37. 5/28/78 0320 0315 5

38. 5/30/78 0240 0235 5

39. 6/3/78 0214 0150 24
40. 6/3/78 1515 1450 25
41. 6/4/78 0847 0850 -3
42. 6/5/78 0140 0140 0

__ _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ i
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Time
No. Date CR0 Chart A, min.

43. 6/6/78 1500 1500 0
44. 6/7/78 0330 0330 0
45. 6/8/78 0620 0620 0
46. 6/8/78 1930 1925 5
47. 6/9/78 1440 1440 0
48. 6/9/78 1230 1230 0
49. 6/9/78 0500 0500 0
50. 6/11/78 0755 0750 5
51. 6/11/78 0838 0830 8
52. 6/21/78 1000 0952 8
53. 6/11/78 1055 1050 5
54. 6/11/78 1125 1120 5
55. 6/12/78 1035 1035 1

56. 6/13/78 1110 1055 15
57. 6/13/73 1848 1835 13
58. 6/14/75 1140 1133 7
59. 6/14/78 1325 1315 10
60. 6/14/78 1615 1555 20
61. 6/14/78 1730 1720 10
62. 6/15/78 0845 0840 5
63. 6/15/78 1812 1807 5
64. 6/15/78 2000 1955 5
65. 6/15/78 2131 2113 18
66. 6/16/78 0840 0840 0
67. 6/16/78 1752 1745 7
68. 6/17/78 0200 0155 5
69. 6/17/78 1225 1220 5
70. 6/17/78 2005 2000 5
71. 6/18/78 1500 1455 5
72. 6/19/78 0445 0446 -1
73. 6/19/78 1105 1055 10
74. 6/19/78 1735 1727 8
75. 6/19/78 2040 2030 10
76. 6/20/78 0632 0625 7
77. 6/20/78 2029 2015 14
78. 6/20/78 1530 1520 10
79. 6/21/78 0030 0032 -2
80. 6/21/78 0200 0152 8
81. 6/21/78 1325 0315 10
82. 6/21/78 v450 0440 10
83. 6/21/78 0730 0710 20
84. 6/21/78 0900 0832 28
85. 6/21/78 1100 1040 20
86. 6/21/78 1315 1240 35
87. 6/21/78 1415 1350 25
88. 6/21/78 1620 1620 0
89. 7/1/78 0740 0705 35

- _
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Time
No. Date CR0 Chart A, min.

90. 7/3/78 2225 2215 10
91. 7/5/78 0730 0722- 8
92. 7/5/78 1815 1810 5

93. 7/7/78 C445 0440 5
94. 8/6/78 1535 1535 0
95. 8/7/78 0345 0345 0
96. 8/9/78 1600 1608 -8

'97. 8/9/78 1859 1905 -6
98. 8/10/78 2335 2335 0
99. 8/11/78 2330 2330 0

100. 8/12/78 0042 0050 -8
101. '8/12/78 2313 2314 -1

'102. 8/13/78 2315 2320 -5
103, 8/14/78 0507 0510 -3
104. 8/14/78 2315 2320 -5

~105, 8/15/78 0610 0610 0
106. 8/15/78 2310 2310 0 -

107. 8/16/78 0801 0735 26
108. 8/16/78 1115 1115 0
109. 8/16/78 2320 2320 0
110. 8/17/78 0615 0615 0
111, 8/18/78- 1955 1950 5

112. 8/20/78. 0015 0032 -17
113. 8/20/78 0910 0917 -7
114. 8/22/78 0700 0700 0
115. ,8/24/78 0815 0815 0
116. 8/26/78 0142 0140 2

117. 8/28/78 1600 1550 10
118. 8/30/78 0355 0345 10
119. 9/1/78 0032 0027- 5

120. 9/2/78 0725 0710 15
121. 9/2/78 1947 1940 7

122. 9/3/78 2240 2235 5

123. 9/4/78 0830 0828 2
124. 9/4/78 1520 1516 4

-125. 9/5/78 1945 1940 5
126, 9/7/78 2015 2005 10
127. 9/9/78 0050 0050 0
128, 9/9/78 0715 0705 10
129. 9.9/78 1830 1825 5

130. 9/10/78 0557 0550 -7
131. 9/10/78 2245 2240 5
132, 9/12/78 0530 0528 2
133, 9/12/78 1715 1710 5

134. 9/13/78 0300 0330 -30
135. 9/13/78 '2035 2035 0
136, 9/16/78 0240 0238 2

. - ___-______ __-_____ _ _ _ __ _ __
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Time
No. Date CR0 Chart 4, min.

137. 9/16/78 2345 2345 0
138. 7/18/83 0030 0032 -2
139, 7/18/78 2147 2143 4

140. 9/19/78 2315 2308 7

141. 9/20/78 1435 1435 0
142. 9/20/78 2345 2343 2
143. 9/21/78 1501 1455 6
144. 9/27/78 0725 0715 10
145. 9/27/78 2142 2125 17
146. 9/29/78 0740 0715 25
147. 9/30/78 1915 1900 15
148. 10/3/78 0125 0115 10
149, 10/4/78 2140 2135 5
150. 10/5/78 0800 0755 5
151. 10/5/78 2215 2215 0
152. 10/7/78 2330 2335 -5
153. 10/8/78 1425 1430 -5
154, 10/8/78 1940 1950 -10
155. 10/9/78 0035 0050 -15
156. 10/10/78 1122 1140 -18
157. 10/12/78 1820 1855 -35
158. 10/13/78 0605 0635 -20
159. 10/15/78 0405 0400 5
160. 10/15/78 2145 2140 5
161. 10/15/78 2226 2221 5
162. 10/17/78 1503 1455 8
163. 10/17/78 1902 1850 12
164. 10/17/78 2237 2233 4
165. 10/18/78 1350 1340 10
166. 10/18/78 2015 2015 0
167, 10/19/78 0859 0850 9
168. 10/19/78 2330 2325 5

169. 10/22/78 2305 2308 -3
170. 10/23/78 0220 0215 5
171, 10/24/78 2340 2339 1

172. 10/25/78 2130 2125 5

173. 10/25/78 1556 1540 16
174. 10/27/78 0100 0100 0
175. 10/27/78 0844 0843 1

176. 10/28/78 1859 1853 6
177. 11/3/78 2205 2200 5

178. 11/5/78 1520 1510 10
179. 11/6/78 0530 0520 10
180. 11/6/78 1935 1925 10
181. 11/7/78 1530 1518 12
182. 11/8/78 1352 1338 14
183. 11/9/78 0409 0358 11
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Time
No. Date CR0 [ hart A, min.

184. 11/9/78 1345 1335 10
185. 11/12/78 1415 1402 13
186. 11/13/78 2025 2020 5

187. 11/13/78 0100 0052 8
188. 11/14/78 2145 2140 5

189. 11/15/78 1553 1542 11
190. 11/15/78 1810 1805 5

191. 11/17/78 0645 0638 7
192. 11/18/78 0315 0305 10
193. 11/18/78 1437 1418 19
194. 11/19/78 0408 0357 11
195. 11/19/78 2110 2105 5

196. 11/20/78 0813 0810 3
197. 11/20/78 1015 1013 2
198. 11/21/78 0120 0105 15
199. 11/22/78 0520 0505 15
200. 11/23/78 0610 0600 10
201. 11/23/78 2350 2350 0
202. 11/27/78 2220 2220 0
203. 11/28/78 1400 1400 0
204. 11/30/78 1300 1330 -30
205. 12/1/78 0424 0458 -34
206. 12/2/78 1145 1220 -35
207. 12/5/78 1132 1123 0
208. 12/7/78 0520 0508 12
209. 12/7/78 2332 2330 2
210. 12/9/78 1415 1403 12
211. 12/10/78 2220 2230 -10
212. 12/11/78 1000 1008 -8
213, 12/13/78 1110 1130 -20
214. 12/13/78 1858 1915 -17
215, 12/15/78 0504 0528 -24
216, 12/16/78 0540 0546 -6
217. 12/16/78 1805 1813 -8
218. 12/18/78 0430 0430 0
219, 12/18/78 2130 2135 -5
220. 12/19/78 1330 1335 -5
221. 12/23/78 0350 0350 0
222. 12/23/78 1245 1255 -10
223, 12/23/78 2345 2348 -3
224. 12/25/78 2145 2145 0

225. 12/26/78 0035 0035 0

226. 12/27/78 0900 0850 10
227. 12/28/78 1950 1947 3

228. 12/28/78 2335 2330 5
229, 12/29/78 0730 0723 7

230. 12/29/78 2230 2220 10 -

_ - _ - _ - _ _ _ _ -
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Time
No. ,Date CR0 Chart A, min.

231. 1/5/79 0807 0740 27
~232. 1/6/79 0915- '0917 --2
233. 1/8/79 0900 0908 -8
234. 1/8/79. 1905 1914 -9

1235. 1/9/79: 1625 1630 -5
236. 1/10/79 0750 0743 7
237. --1/11/79 0701 0735. -34
238. 1/11/79 1745- 1738 7

~;239. 1/12/79 1437 1425 12
240. 1/13/79 1550 1538 12
241. -1/14/79 0940 0930 10
242. -1/15/79 0417 0408 9
243. 1/16/79 1800 1750 10
244. 1/20/79 1520 1512 8
245. 1/21/79 2330 2323 7

.246. 1/21/79~ 2350- 2340 10
247. 1/23/79 2115 2108 7
248. 1/24/79 -1641 1532 9
249. 1/27/79 0335 0408 -33
250. 1/28/79 0623 0640 -17
251. 1/29/79 1620, 1655 -35-
252. 1/30/79 1930 1945 -15~
253. 2/2/79 0210 0205. 5
254. 2/3/79 0830- 0820. 10-

= 255. 2/4/79 0508 0517 -9
.256. -2/5/79 0350 0342 8
257. 2/5/79 2335 2330' 5-
-258. 2/6/79 2205 -2215- -10
259. 2/7/79- 0510 0515 -10
; '0. 2/9/79 0315 0305' 10
; 61. 2/10/79 1930 1943 -13
262. 2/13/79 1040 '1043 -3
263. 2/14/79 1325 1315 10
264. 2/15/79 1745 1738- 7

o

. . - - _ . . . . . - . . . . - ._ ,, ..



ATTACHMENT D

COMPUTER PROGRAM LISTING

OF

RCS LEAK RATE CALCULATION
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ATTACHMENT A

COPIES OF RCS LEAK RATE '

.

TEST RAW DATA SUPPORTING.

TABLE 2

FEED AND BLEED OPERATIONS

.

4

I'
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DESIRED INTERVAL (1-8 FOURS)
1.0
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Laata2CDrawaead = ': i "' ~ RMS elW! 4 > ' '*

ENTER RCSQiANGE (GAL)
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C**** THREE MILE ISLAND UtilT 1 ************************************
2 C*******************************************************************

l REAL lilP(6,3),lAVG(G,2),lSG1O 1 Dit4ENSl0N RCDL(2)
," ! CGN0fi//Dt11,0NF, RCSV,TRCS,TAVAG, !.oVG --- -- -- ---- |

C0m0N//TAVE(2) )O } CGNON// I T I ME ( 2 ) ,0 GAL,0PGAL, X I D LK GAL '

E [- - CGN0fi/ BOB 1/CLOCKl,ITEMP,itTIME,ISAVE, IFLG- -- -- I

O g CGF/ON/B0b/ CLOCK, ITMP, INP
.

: C0f140i1/ SOB 2/ lNDIC,RCUT(3)'

-- S-- EXTRN |f1PUT,0CTBCD- - - - - - - - - - - - - - - - - - - ---

1 O ,S EXTRN CONV,BCDur/r

| 'S EXTRt1 SUB1,

|
2 I fJu l C=1 --'

S Sxa 3, INPUTO
h LALL OVERLY (RCDL,CFACT,lflDIC,aTIME)

'

,

I flu I C= 0 ----- -- - ~---- -"
,

| Q ); IFL6=0
,

.
: K=0

- 14- 1iJPUTC=1

'f bNE)'
1

"
; 3 gAgg -- --- -

O i )
.

j -S STA CLOCKl
A- S LDX 2,K

|)Q )SSL$16SXJ3,lt4[UTSTA ITIME 2 i;

!
, , ,

S- LDX 1,lRICK- -
-- -e-

i

S LDA 011742| .3 )S SXJ 3,CONV
;

r,
'

2 S - FSH21 RCDT,1 -

r

/ ;
~

'
'

)i 1 RICK = lRICK+1
's -

'

If 4PUTC= lNPUTC+1 ,
S

, IF (INPUTC.6T.3) GO TO 99-- -

O )S LDA 043624
~

,

!

S C#4 CLOCK
E S--- JL 3-2 - -- --

O | S a Ls16
| .)99 K=K+1 r

4- 1 F (K.GE . 2 ) GO TO 111- - - - -- ---- -- - - - -

I S Sxa 3,Suol
,

O
3111 DO 100 l=1,6i

4 100 - - | AVG (1,K)=(INP(1,1)+1NP(l,2)+1f1P(1,3))/3000.0-- - - - - -

|
kCoL(K)=(RCuT(1)+RCuT(2)+RCoT(3))/30000.0

'

O y-
ISat=0.0'1 DO 300 l =1,4- - ---- -- -- -- =-,-

300 ISUh=lSGi+1 AVG (1,K)@ .

A TAVE(K)=ISG1/4.0 !
'

E '

IF (K.6E.2) CO T0-199 - - ---

O > .

O '
>

t !.,

O ],

a -



-
-

,O - -

.. - . .

i S LDA IFLGg

_.MSI9 __.
J.

nS LDA 043624 ~US RSA 16
,, ,

$ M f$bb
O

. S JE $+2
S - -J $-5#

nS LDA 043624
-

'J+S CAM CLOCK
1 S JL-5-2

.

S J LS14C 199 CALL OVERLY (RCOL,CFACT,lflDIC,NTIME),

-

C--TOTAL LEAKAGE PLUS LOSSES.
C LEAK RATE

O, TGAL= GAL +0 GAL-
1 '

TIME =NTIME=60
RLEAK=TGAL/ TIME

, /! TYPE 406,RLEAK
'

406- FORbMT(////,3111 LEAKAGE PLUS~ LOSSES '(<30-GPM):~,9X,F10.4,4H GPM) - -'

nC ' GROSS LEAK 11 ATE
,v CNRCDT=(RCDL(1)-RCDL(2))*3540.0

GCRCDi=CFACT*CMRCDT
-

C GROSS RCS LEAKAGE.O
i GRCSL=TGAL+GCRCDT+0 MAL,

'

C--GROSS ICS-LEAK RATE ~ ~ ~

-

O; Gi1CSLR=GRCSL/ TIME
! TYPE 409,GRCSLR *

'-
409-FORbAT(//,31H GROSS-RCS LEAK-RATE-(<10-GPM)r,9X;F10.fr;f H GPM)i
C CORRECTIONS--IDENTIFIEis LEAKAGE.

Oj xiDLK=-xiDtK T q,

' TIDLK=-XIDLK .25; g f ,

i- TLKR=GRL.;SLR+TIDLK ;
n! TYPE 411,TLKR's

-

1

41-1- FORhAT(//,37H-NET-UNIDENTIFIEfr LEAK-RATE (<1 GPM):;3X)1F10.4,4H BPM,//,9tiOPERATOR:',//,0FAPPROVED:,//////////,n
'"

STOP -

1 END
~

. O lEOF
, ,

\t

3,

'
.

,- _ .

\
|' Wed, ,6 Wah y e r '

n 2
-

O' > '
.

I / s.

f :::. ( 4 Y I

|g (,OtLYY \

.
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.

t i
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.
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._.,
*

.(f *

f SUBROUTINE INPLfr
-n REAL ' INP(6,3)

_; V ' DIMENS10ft.IDAY(3),ITIM(3)
-

COH40N/B08/ CLOCK,iTMP, INF -

C m ft/s 82/iNDiC,RCDT(3) -,O. EXTRN C0fNS

~-' S - LDA INDIC
S CAM =1.O-

S Je L$10-
S - LbA 043624 ~

-

$O M.';
S SKL-8

-

nS - J $+14~U S- STA CLOCK
: S- AND '=0177400 ''

? S CAM =054400 -

c. O . LDA CLOCKS
''

S R Q 11
S aLu aO
S JL $+5#
S--' RLU 12

nS RLU 14
',, ~

,

- ~

VS ADDB =0200000
' '

J.$+43
S AD08'=010000'O S- . J $+2

: S-- ADOB =040G
*

S- STA CLOCK -
- ~ ~

.O S LDX 1,lTMP
b~ LDR 011235

~

O .' SxJ 3,CONvS

S F$H21 INP,1
.

' S 7ICX~1,19-
S LDA 011233 -

||O.S SXJ 3,C0tN-
,

-

'S' ~- F$H21-1flP;l~

: O,S -ICX-1,19 / ./ /'

,S LDA 011240
,

,
, _.
'

s SXJ 3~,CONV

p'S FSH21 1NP,1
_,
'~

-

S- ICX 1,19
, ,

,

'' -,
, ..

5 LDA-011234
*

. O:S .SxJ 3,C0rw .

S- FSH21 INP,1
*

S ICXT19
S LDAOf6022'O ' . . .

,S SXJ 3,CONV- , '' ~F ,

'~

5 .F$H21-INP,1
-- m S - ICX 1,19

.V S LDA C 1221
*

~

SXJ'3,CONV..5-

. O .S '-
F$H21 iNP,l'-

" "'e''

S. ICX 1,19 ;. -
,

.
,

.

O
.

&

.O
.

. .

-

.

,

O- -

. .-



. .. - _ .._= .

'

Q,. _

i'' S' *STX 1,lTtP~
'O RETURN

SLS10 CLA,

- -S-- -LDB 043625 -

O'S LSC s - -
,

!S SXJ 3,C0f#,

- .'s STA IDAY
~

.S- CLA
.O: S- LSC 8

*
js ~SXJ 3,CONV,

S STA IDAY+1

- O|S . .CLA
.,

,S LSC a --

S SXJ 3,CONV
. Q,S

| STA IDAY+2
-

TYPE 50,'(IDAY(I)E:=,2X,2(12,1H/),12)
-! 1,3)40

FOPAMT(//,6H DAT50
Q'S CLA.

-

a L.DB 043624

O'S LSC a
S SXJ 3,CONV

,
-

S~ STA'ITIM'

CLA
, O S '-S LSC 8 .,

is SXJ 3,C0tN~

O'S STA ITIM+1 -

. :S CLA
~

% LSC'8

OS SxJ 3,CONv- -- r- ,

!S STA ITIM+2- .

* - '60 . TYPE 70,(ITIM(I)71=173)
- FORf4AT(6H TIME:,2X,2(12,1H:),12)

O'|70
>

RETURN ,. . ,
~

l Etiu

Q IEOF.
*

:. . *

.;

g| /'
-

-
-

. .

* , s .,* ,

i _

L
-

. . . .

b
*:

O .

t > . .;
.

.

,

.p
V -

,

L

~
- ry

, '| ~ -n. .. el'
, ..

V *
4

.y
~

~i ; i,j. f -

,

.

C -

.1
,

-C
~

"

.

.
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m
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. .

: / ') . :.
. (,j .

.'h N 4 h D,CONV, ,
is -:

.I $C{bC ?- ,

-i

O! M iM,777
-

I- ; .!..

g g0CK!
p'.

SXJ 3,C0tWr

2 A00G 14TlHE

C'!
-- - - _ , , , , -CAM =027

I'
JG $+2

4
d-$+6 ^

\ 'SUBB =030O STA ISAVE
i LDA 04E

'~ STA IFLG0;I -

a;
.

LDA ISAVE _

1 ~j SXJ-3;0CTBCG
-

-

STA ISAVE _.

Om.
'

-LSA 16
i OR ' ITEMP

- - - - - - - - -

I STi CLOCKOj a ., RETURN
-

-- -

.
L

ONE--DATA-1
.

''

q RETURN RES 1
VB081$ COM 5

- .CLOCKl CEQ 0
ITEMP CEQ 1

.

Ot4TiMECEQ2
-

' 3' c

l
'ISAVE-CEQ-3

. ". r- ~e

IFLG .CEQ 4'QB06$ COM 20 .

CLOCKL CEQ-0 ~ ~ - -

.

ITMP CEQ 1 ~ '

O iNe CEQ 2 -

c.?c

*

'~'
END.-~

n ! EOF / / ,,

vi ,

:, - I ~ . . ,

O|
'

l. ~~

,yf$yi
'

s
. . , ,

.2;o- . . .

!,* . -

Q| ?||'
.. i

! . .,.

O^ A.
, %...

'h' b ,

- 0: -,

:t i
;' i . , ,

| O' . ![~h, .;, ..
,

|C --

| t:
0;| - f'.

::t i .u.

| O-
. . __ _ ._ -- . _ - . _ _ . _ _ _ _ .__ _ _ _ _ .
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JO
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. _ . . _ . . , ,

EocTsco Q Y,gTBCDO '
.

,

1 *
.kg 30,

i

O
8I'l l0

i

O! fHQESS

__

s
-

gRb'SS0O i RESS TES 1
I - .END

O:!
_ _ _ _ _ _ . . . ,

IEOF .

- -

1 !
.

_

*'C *

,,
y

-

- :

,! . -
.

_
.

.
_ ..

- .. -u;.,,

*G *) _
F-

. ;.4 ,

I
' O'

.
.

-

.

.
E

O. - -.-
' *

i- .

_ . , . .. .
,, . .
g

.. .O
'

- -
_

! "

at h,

- ' *
.,

; . -

.-.
-

-O '''
''

.. ..
_3 *

L *
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ENTRY BCDOCl*

. . _ . -
,

--

* - *
!,

CONV EN g CONV
'

- r._;__

BCDOCT Q X dXg 3 R

JAN'NEG
~~

STA TEMP7 3'v CLA3
I STA FLG

'

J $+6
O NEG AP

. -STA TEMP
! LDA C00

'

Oi . STA FLG . *

Cl.A --

STA INT '

O, SX 1,0
~

-~ ~~~LOOP - CEA
LDB TEMP ',sO LSC 4 _.

. .

'

r .

- STB-TEt.F -

ADDS INT,3 ,b iUPb =10
-- STB INT . .

.;,..'
-

ICX 1 5 '

,

0: JL w6e .
. . . .

i 2
-CLA-

4 Lbd TEMP
b3 LSC 4 -

. ADDB INT c'
STA INT

O LDx 1,sDi - -

IL GB MX j,

LDA FLG -

O CAM C00 -

! ! -- LDA INT -

u.
JE $+2 -

. #: Y '# ~0;. J s+2 . w
-

'
--

: ). AN '

..

J 0,3
O BDi RES 1

1 - TEMP RES-1
. ,

| '.m INT RES 1
_

,: s;;,''
.

| Vj. FLG RES 1
.

' t-.

1 : REX- RES -1
- I COD DATA 077777777 -

'

C- eta)
-l !E0r . , . ,_

0; '
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1. IF (XIN-A(1) - , ,6
6 IF (XIN-A(N) , ,2:

C 2 OUT=B(N)
i FETURN . _ . .

_

S OUT=B(1)b,
RETURN

1 1 00-3 l=2,H
__

IF (XIN.LT.A(I)) GO TO 4
'

bs 3 CCNTINUE
4 gg l -1)+ (XI N-A( l-1) ) * ( B ( l )-B( I-1))/ ( A( l )-A( l -1) ) -_

o ENO
1 IEOF
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nj SUdROUTINE UVERLY(RCDL,CFACT,ItIDIC,ifTIME) |,
v! UlMENSION T1(8),Dil(S),T2(6),CF(6) 1-

1 '
DIMENSION RCDL(2)

O|~ -
DIMENSION lHR(2),IMIt1(2),ISEC(2)

,

HEAL IAVGC6,2)
1 - CCH ON//Oll i , DNF, kCSV, TRCS, TAVAG, l AVG Ty 7 .f4 o |

>
t

Lw |

O| C0fMON//ITIME(2),0 GAL,0PGAL,XIDLK, GAL y , [C0kN0fi// IAVE(2) / *M,
f .

1 ' DATA Ti(1) T1(2) T1(3) T1(4),T1(5)
1545.,558. 75.,5f6.,57 .6,580.8,58gTI(6);T1(7),T1(8)/516.,d . ./b DATA DN(1),0ft(2),Dfl(3),DN(f+),Dfl(5),DN(6),Dt1(7),DN(8)/

1 if+8 . 85,47 .15,46. 25,45.1, f44 . 93, f 4 . 8,4 fs . 66,4 f . 56/ --4 4,

n' DATA T2(1) T2(2) T2(3) T2(f+),T2(5),T2(6)/520.,548.,4 1562.5,577.$5,580,.4,583,./
1 . tp

DATA- CF(1);CF(2)iCF(3)' CF(f ),CF(5),CF(6)/.15ff,;1592, pr, 6

n 1.1628. 16652,.1674,.16816/
V EXTPf1 CONV

i -IF (IllDIC.NE.1) GO TO~10 .
T,- 4000 400 Fe,W f(////,22X,28HRE/.CTOR C00LNIT LEAKAGE TEST)

'- TYPE-401
fO1 FORMAT (27X,11HSP 1303-1.1,////)ig

TYPE 100
,

- -- 100-- FORbMT(28HDESIRED INTERVAL (1-8-HOURS))
ACCFoT 11,NTIMEg^

11. F0FAAT(11.)
L REi')RN

_ ;

7. -
i 10. TYPE 404

Oj-- V40f, F0at.WT(50li ENTER IDENTIFIED LEAKA.CE FROM DS 1303-1.1.2 (GPM))
i ACCEPT 405,XIDLK

! 405 FORf %T(F10.4)
0; TYPE 406

i - 406-- F0Fe%T(2ftH-ENTER RCDT -CHANGE- (GAL); d

p ACCEPT 405,0i' GAL / / '
-

V TYPE f074 g1 407 FORF%T(23H ENTER RCS-CHANGE-(GAL)-)
~ ~ *

ACCEPT f405
LDX 2,ZERO ,0 GALp .V S

L S -CLA
n S LDB ITit4E,2
V S LSC 8

! S -SXJ-3,CONV
S STA IHR,2

..O S CLA
- ~.;1 S LSC-8

S SXJ 3,CONVps'

S STA iMIN,2
~

i S CLA

p S LSC 8 #
J S SXJ 3,CONV

,.

i S STA-lSEC,2
,

S iCx 2,2O S JL $-14
1 S J..$t?

! C
|1
| 0

-

. _ _ .. .. .. . .
- -_ -.
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.SZERO DATA-0

EAEE IWHil[RW[1):BWhl:H: BIB _.,

MAf D/ ,2 x,4HT I ME,6 X,3 HTCA,6 X,3 HTHA,6 X, JHTCB,6 X,3 hTHB,O 50e
''

IgtgE,4X,8HPRZR LVL~ 2X,8ttUTK LVL,2X.,4HRCDT LVLT
~

,

O 560 FOR1AT(12X 5(3H(F),6X),4H(ift),6X,4H(ifl),M,6H(VOLT))
2 DO-600J=1$2 _

1( I AVG ( l I ,,J ), I I =$,lillN(d)((| SEC(J), ( l AVG ( l ,d) . I =1,4 ),TAVE(d) ,TYPE 507 lHR(J)
'O 6), RCD J)

- -507 - FORMAT ,3 ( 12;1H: ),6 ( 2X; F 7.3 ),2 (3X, F7. 3 ))-
600 CollTIN

*bf I.EVF.I.L -C l SS I P

PRZL=1 AVG (5 1)-lAVG(5, .iE
b3 CPRZL=PRZL*120.8

C iMSS~ CHANGE IN iU TANK 8.EVEi.
--

CF UTK=250.0*( I AVG (6,7 IAVG(6,2)1
bs

i C TOTAL RCS i%SS CHANGE , .J . .' r I.
..z:

-
~

TRCS=RCSV+CPRZL+CMUTK A* y
C TOTAL RCS CHANGE IN GALLONSO TAVAG=(TAVE(1)+TAVE(2))/2. 7 y

-

CALL- INTER (TAVAG,CFACT; 6;T2,- CF) -
GAL =TRCS*CFACT

'- *

0; RETURN .

END-

;
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TABLE h.1-2.

MINIMUM EQUIPMENT TEST FREQUENCY !%

Item Test Frecuency
_

1. Control Rods Rod drop times of all Each refueling shutdown
full length rods

.

; ..

2. Control Rod Movement of each rod Every two weeks, when reactor
Movement is critical

-3. Pressurizer Safety Setpoint 50% each refueling period
Valves

h. Main Steam Safety Setpoint 25% each refueling period
Valves

2.

5. Refueling System Functional Start of each refueling period
Interlocks

6 Main Steam- (See Section 4.8)
Isolation Valves

s

Reactor Coolant Evaluate Dg, when reactor coolant k
. -

System Leakage system temperature is greater I
than 5250F

.8. Charcoal and high DOP test on HIPA filters, Each refueling period and at
efficiency filters freon test on charcoal any time work on filters
for Control Room, filter units could alter their integrity
and R3 Purge
-Filters

9. Spent Fuel Cooling Functional Each refueling period prior to
System fuel handling

10. Intake Pu=p House (a) Silt Accumulation- Each refueling period
Floor- Visual inspection of Intake
(Elevation 262 Ft Pu=p House Floor

.6 in.) (b) Silt Accumulation Quarterly
Measurement of Pu=p House
Flov

11. Hydraulic Shock ' Inspection of Hydraulic - Refueling Interval
Suppressors on Shock Suppressors (Snubbers)

,

Safety Related on Safety Related Systems.
Systems

!-

f
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3.1.6 LEAKAGE .I

} .'
Apulieability

Applies to reactor coolant leakage from the reactor coolant system and the
makeup and purification system. r

Objective.

To assure that any reactor coolant leakage does not compromise the safe
operation of the facility.

,

:.T11

Sp cif1 cation
;.r.:.

3.1.6.1 If the total reactor coolant leakage rate exceeds 10 gpm, the reactor i
shall be praced in hot shutdown vitnin 24 nours of detection. ;{,3

.e
3.1.6.2 If unidentified reactor coolant leakage (excluding normal evaporative l'!

losses) exceeds one gpm or if any reactor coolant leakage is evaluated 1_C
' ~

as unsafe, the reactor shall be placed in hot shutdown within 2h
hours of detection. '

g
t .:

3.1.6.3 any reactor coolant leakage exists through a non-isolable fault Em

in a RCS strength boundary (such as the reactor vessel, piping, i
'valve body, etc. , except the steam generator tubes ), the reactor .-

shall be shutdown,' and cooldown to the cold shutdown condition shall < -)
be initiated within 24 hours of detection. I ki

n-

3.1.6.4 If reactor shutdown is required by Specification 3.1.6.1, 3 1.6.2, j hor 3.1.6.3, the rate of shutdown and the conditions of shutcovn [ 7
shall be deter =ined by the safety evaluation for each case and i.,

reported as required by specification 6.7 e
e.

3.1.6.5 Action to evaluate the safety i= plication of reactor coolant leakage
shall be initiated within four hou'r.s of detection. The nature, as /.
well as the magnitude, of the leak shal.1 be considered in this ::

evaluation. The safety evaluation shall assure that the exposure se
of offsite personnel to radiation is within the guidelines of at

10 CFR 20. ;c

:s
b3.1.6.6 If reactor shutdown is required per Specification 3.1.6.1,31.6.2- t

,

or 31.6.3 the reactor shall not be restarted until the leak is j
l repaired or until the problem is otherwise corrected. i c.-
'

ir

; 3.1.6.7 When the reactor is critical and above 2 percent power, two reactor .e

| coolant leak detection systems of different operating principles P_

shall be in operation for the Reactor Building with one of the two ne

systems sensitive to radioactivity. The systens sensitive to radio - =st

activity ruc 5e out-of-service for no more than 72 hours provided a .

sample is taken of the Reactor Building atmosphere every eight hours
and analyzed for radioactivity and two other means are available to
detect leakage.

!
!
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f ',1.6.8 Loss of reactor coolant through reactor coolant pumo seale,

W ;system valves to connecting systems which vent to the sms vent
,H=ader sul L w u..h c;ela.a can ce returned to the reactor -

!coolant system shall not be considered as reactor coolant leakage '

and shall not be subject to the consideration of Specifications
3.1.6.1, 3.1.6.2, 3.1.6.3, 3.1.6.k 3.1.6.5, or 3.1.6.6 except
that such losses when added to leakage shall not exceed 30 gym.
If leakage plus losses exceeds 30 gp= the reactor shall be
pacea u. aun snutdown within c4 nours oI ceteetion.

3ases

leak of radioactive fluid, whether from the reactor coolant system primarylegf

beundary or not can be a serious problem with respect to in-plant radioactive
:entamination and required cleanup or, in the case of reactor coolant, it
eculd develop into a still core serious problem and, therefore, the first

,

indications of such leakage vill be followed-up as soon as practical.
~he unit's makeup system has the capability to makeup considerably more
than 30 gpm of reactor coolant leakage,

f seid crystalline deposits, and physical inspections can disclose reactork' ster inventory balances, ::enitoring equipment, radioactive tracing, boric
'

coolant leaks.
I

Although some leak rates on the order of gallons per ninute may be tolerable
from a dose point of view it is recognized that leaks in the order of drops
per minute through any of the barriers of the primary system could be in-
dicative of materials failure such as by stress corrosion cracking. If
depressurization, isolation, and/or other safety measures are not taken
promptly, these small leaks could develop into much larger leaks, possibly

j into a gross pipe rupture. Therefore, the nature and location of the leak,
as well as the magnitude of the leakage must be considered in the safety
evaluation,

kten reactor coclant leakage occurs to the reactor building, it is ultimately
:enducted to tho reactor building sump. Although the reactor coolant is
safely contained, the gaseous components in it escape to the reactor building
Ltmosphere. Tiere, the gaseous components become a potential hazard to plant
;ersonnel, during inspection tours within the reactor building, and to the
6tneral public whenever the reactor building atmosphere is periodically
;urgeG to the environment.

Een reactor coolant leakage occurs to the auxiliary building it is collected
in the auxiliary building sump. The gases escaping from reactor coolant
dakage within the auxiliary building vill be collected in the auxiliary and
hel handling building exhaust ventilation system and discharged to the environ-
**'t P-a the unit's auxiliary and fuel handling building vent. Since the
Dity of this leaka6e occurs within confined, separately ventilated cubicles
# *h!n the auxiliary building, it incurs very little hazard to plant personnel-

.

I

.
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TInen reactor coolant leakage occurs to the nuclear services closed cooling
vnter system, the leakage, both gaseous and liquid, is contained because the
nuclear services closed cooling water system surge tank is a closed tank that
is maintained above atmospheric pressure. The leakage would be detected by the
nuclear services closed cooling vater syste= monitor and by purge tank liquid
level, both of which alam in the control room. Since the nuclear services
closed cooling water system's only potential contact with reactor coolant is
in the sample coolers, it is considered not to be a hazard. However, if reactor
coolant leakage to this receptor occurred and the surge tank's relief valve
discharged, radioactive gases could be discharged to the environ =ent via the
unit's auxiliary and fuel handling building vent.

'

Wh;n reactor coolant leakage occurs to the intermediate cooling closed cooling g
vnter system, the leakage is indicated by both the inter =ediate cooling vater i
monitor (RM-L9) and the intermediate cooling closed cooling water surge tank /

liquid level indicator, both of which alarm in the control room. Reactor coolact,
Irakage to this receptor ultimately could result in radioactive gas leaking to ,

tha environment via the unit's auxiliary and fuel handling building vent by vey
of the atmospheric vent on the surge tank.

!! hen reactor coolant leakage occurs to either of the decay heat closed cooling
vater systems, the leakage is indicated by the affected system's radiation
monitor (RM-L2 or RM-L3 for system A and B, respectively) and surge tank liquid ~

level indicator, all four of which alarm in the control roc =. Reactor coolant
,

leakage to this receptor ultimately could result in radioactive gas leaking to 1

the environ =ent via the unit's auxiliary and fuel handling building vent by
way of the atmospheric vent on the surge tank of the affected system.

Assuming the existence of the maximum allovable activity in the reactor ecolant,
a reactor coolant leakage rate of less than one gpm unidentified leakage within
the reactor or auxiliary building or any of the closed cooling water syste=s
indicated above, is a conservative limit on what is allovable before the guide
lines of 10 CFR 20 would be exceeded. This is shown as follows : if the specifi:
activity of the reactor coolant is 130/f pCi/ml and the gaseous portion of it !
(as identified by Table 11-2) is discharged to the environment via the unit's i l

k
from this activity at the site boundary, using an annual average )(/Q = k.5 x id j[
auxilia y and fuel handling building vent, the yearly whole body dose resulting .

|
3sec/m , is 0.3h rem. This may be compared with the 10 CFR 20 guideline of 0.5 1|

*

krem / year whole body dose. ;

y
'#arn the reactor coolant leaks to the secondary sides of either steam generat:r. j (
all the gaseous components and a very small fraction of the ionic components i

ara carried by the steam to the main condenser. The gaseous components exit th' I
'main condenser via the unit's vacuum pump which discharges to the condenser vent

pnst the condenser off-gas monitor. The condenser off-gas monitor vill detect
any radiation, above background, within the condenser vent. '

However, buildup of radioactive solids in the secondary side of a steam genera:U
and the presence of radioactive ions in the condensate can be tolerated to only h
a small degree. Therefore, the appearance of activity in the condenser off-ESS' $or any other possible indications of primary to secondary leakage such as water 3
inventories, condensate demineralizer activity, etc., shall be considered j
positive indication of primary to secondary leakage and steps shall be taken :: j
d2termine the source and quantity of the leakage. 4

|
f
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( If reactor coolant leakage is to the containment, it may be identi,fied by one
or more of the following methods:

The containment air particulate monitor is sensitive to lov leak rates.a.
- The rate of leakage to which the instrument is sensitive is 0.05h gpm
within sixty minutes, assuming the presence of corrosion product
activity.

b. The containment radioactive gas monitor is less sensitive but can be
used as a backup to the air particulate monitor. The sensitivity
range of the instrument is approximately 2 gpm to greater than 10 gpm.

A leakage detection system which determines leakage losses from waterc.
and steam systems within the containment. This system collects and
measures moisture condensed from the containment atmosphere by cooling -

coils of the main recirculation units. This system provides a depend-
able and accurate means of measuring total leakage, including leaks
from the cooling coils themselves which are part of the containment
boundary.

d. Indication of leakage from the above sources shall be cause to require
a containmer.t entry and limited inspection at power of the reactor
coolant system. Visual inspection means , i.e., looking for steam, floor
vetness, or boric acid crystalline formations, vill be used. Periodic

g inspections for indications of Idakage within the containment vill be
V conducted to enhance early detection of problems and to assure best

on-line reliability.

If reactor coolant leakage is to the auxiliary building, it may be identified,

by one or more of the following methods:.

The auxiliary and fuel handling building vent radioactive gas monitora.
.

is sensitive to very lov activity levels and would show an increase in
activity level shortly after a reactor coolant leak developed within the
auxiliary building.

b. -Water inventories around the auxiliary building sump.

c. Periodic equipment inspections.

d. In the event of gross leakage, in excess of 13 t 2 spm, the individual
cubicle leak detectors in the makeup and decay heat pump cubicles,
will alam in the control room to backup "a", "b", and "c" above.

%en the source and location of leakage has been identified, the situation can
be evaluated to determine if operation can safely continue. This evaluation
vill be performed by the Three Mile Island Operations Group according to routine
established in Section 12.1.1 of the FSAR. Under these conditions, an allovable
leakage rate of 30 gym has been established.

I>

.
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SURVEILLANCE PROCEDURE

SP 1303-1.1

" REACTOR COOLANT SYSTEM LEAK RATE",,

REVISION 7, MAY 25, 1976

:

,

!

''
;

,

i-

r

i '

i



TROLLED COPY 05m m v-
THREF MILE ISLANC NUCLEAR STATION [ , ;.I |umr .i s.. n ,.2 m... u ..t s m . u j .u . w. .

Rtr.72 c00tA::7 :.ys It: LU,x PATE y.}y!
<

mi os u , . .. P:,es ;
g gge, Rorse gagg, ggg R *ision Pm h Res.un
1.0 05/02/75 4
2.0 05/02/75 4
3.0 05/02/15 4
4.0 10/14/75 5 |

4.1 10/14/75 5
5.0 05/02/75 4
6.0 05/02/75 4
7.0 05/02/75 4
8.0 05/25/76 7
9.0 05/02/75 4

10.0 05/02/75 4
11.0 10/14/75 5
12.0 05/02/75 4
13.0 05/02/75 4
14.0 03/02/75 4

15.6 05/02/75 4
16.0 10/14/75 5
17.0 05/02/75 4
10.0 05/07/75 4
19.0 05/02/75 4 j
20.0 05/02/75 4
21.0 05/02/75 4
22.0 02/17/76 6
23.0 02/17/76 6
24.0 02/17/76 6

Unit 1 Staff T:xrG. Approvet Unic 2 Staff Recommends Approvel

Appsetel //// _ Gate Apovowel Ie DateCagneemt De.M. Head
CagneenspapL Head

|( ! J'] .

- wUnit 1 PORC Recommwies Appemel Unit 2 FORC Retomr'wnds disprowel

M 4 '| n ? ' c . w oen & -A '
om

pgCasenuse et 50RC Casamen of POR *

PORC comments sh / included PORC comments of I ~

included
j Y '/weist | (|, ,s9 ret

/*
|

.

*

er / , / $o. s, oste
.

#
/.1,) o u. ,4m. - s oste ;- z s n..

$gbun $g.=twittfuists
Una Seperictencent

tone n n

fiits.yM. O. ji ).9 I"" $c# $.,18 A[xg.' [$ g-@ ..f i E .hf @ga...m-JY:q,Y..'.t$ i b .-P18 D.
4

, M'# f3' *p-;fc f.

C . +.,$, .. - ~

f
. .g .. . .y . , ,g|f '" e-3. - , . . . , . . a,, . 4q.,, 4 .

Y. . _|[ :.. ,-|
.

;I. ;
- 5 Nb - "

~

'._ _ .
-



.y7 ,; Q4 .:

,

N AY 2 - 1973

THAtt MILE ISLAND NUCLEAR 5*ATION

UN!T #1 $URVEILLANCE PROCEDURE 1303-1.1

RC SYSTEM LEAK RATE -1

Required Interval -

Oa11y. when RCS temperature 5258 F.0
.i

1.0 M
To evaluate reactor ecolant system leakage in accordance with

,

#

Technical Specific 3 tion Table 4.1-2 item 7. '

2.0 ptANT STATUS
-

2.1 Reactor coolant system temperature is greater than 5250F. .

.

2.2 The Make-Up Tank level is between 66" and 96".

2.3 The pressurizer level is greater than 200".

2.4 Reactor poser. temperature and pressure are in a steady state

' condition. (i.e.initialandfinalconditionsapproximately '

-

thesame.)

3.0 LIMITS ANO PRECAUTIONS
*

.

3.1 Avoid addition and removal of weter from the reactor coolant

and Make-Up systems during this test. The following operations
j

should not be conducted during this test:
g

Make-Up or chemical addition to the make-up system.
-

a.

b. Sasoling of the RCS or make-up system.

Venting or draining of the RCS or make-up system.c.

d. Changing purification dominera112ers or make-up filters .:
in service.

. . .

e. Scration or debcration.
-

-

?

1.0
:

,
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3.2 The RCS and makeup system should be maintained in a steady

state conditior during this test. Changes in valve line-ucs,

coolers in-service. pumos-in-service, etc. should be avoided.

3.3 For the most accurate determination of the RCS leak rate, the
,

initial and final conditions of reactor power. RCS temperature,

pressure and pressurizer level should be identical.

3.4 The same sources should be used when recording initial and -

.

final RCS temperature, pressurizer level. make-up tank level -

and RCDT level. Differences in sources could be misinterpreted

as RC5 leakage 'when comparing successive readings.

3.5 Minimize power level variations during this test.

4.0 LOCATION OF SYSTEM / ASSEMBLY

NOTE: See enclosure two for sources of data.

4.1 The computer is the favored source of information.

4.2 If two or more inputs are not obtainable on the computer, the

patch panel is to be used to obtain the recuired data.
5.0 EQU!pMENT

5.1 Equipment for use on patch panel.

S.I.1 Digital voltmeter capatie of readteg ?,,10 VOC.
,

5.1.2 Leeds for patch panel to voltmeter.a
6.0 pt0CEDURE

4.1 If the computer is availatte. initiate the " Reactor Coolant

Leakage Test" as detailed in Enclosure II. Data sheets for

hand calculations are provided for use as follows:
.

Data Sheet for Use When

1303-1.1.1.1 Computer is operational

$
%=

2.0 *

fi
. .

-
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1,3C 3-1.1 u AT 2 - 1975 -,

aev's :r. .

but act ave'14:1e 'or

RCS program.

1303-1.1.1.2 Comcuter not operational

6.2 If a nand calculation is being perfor~ed, cetain the appit:a:!e

data snect (see stso 6.1) and taxe the initial set of data.

After a minimum of one hour, take the final set o' data and

determine the not RCS leak rate as per instructions on the

data sheet.

6.3 If changes to the RCS inventory must be made during the per'or-

mance of this test, they must be accounted for using Data

Sheet 1303-1.1.3. Operations such as adding water to the Make

up Tank or samoling the RCS may be accounted for in this

manner.

6.4 If the not RC5 leakage is excessive as defined by th t acceptarce

criteria in section 7, proceed as follows:

6.4.1 Perform another detarmination of the RC5 leak rate.
.

6.4.2 Insure that no un-accounted for operator acticn has

occurred that would change the RC5 inventory. (See

section 3.1 for a listing of possibilities). If such an

action has occurred, it invalidates the measurewnt.

Enter this in the " Remarks" section of the data sheet,

clearly describing the action that invalidated the measure-

ment.

6.4.3 Initiate action to determine the source of leakage.

Check items such as:

a. Proper valve line-up.

3.0 *

_r- %_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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;

2. Valve stea leakage.
:

[ C. Make-up Dupp Dacting glands.

I d. Relief valves not seated proDerly.

6.4.4 If sources of leauage are found, initiate data sheet

1303-1.1.2. -=

[ |
a. Document completely the source of leakage. (Example:

[ MU-V-159A stem leakage through packing gland). -
-

5- E b. Determine the leak rate. The most perferred method

- is to collect the leakage in a calibrated container. . . . -=
. . ,y

(0btain from Chemistry Dept.) over a known period of p .' : 9 -r

hi
.

. time. Use data sheet 1303-1.1.2 to document the 7)' <

= 1 y 4
-

i dg. .

_
method used to determine the leak rate. Include: ? ch f

E 7. 3 %'
~ ic:p,| i'|

- Model # & Serial # of DVM used, description of other
r. , L

equipment used length of measurement and quantity 2-[[f/j/$,.
~

.

7 ' .?:g~
..,a

_

of leakage collected (Example: Used 50 ce gn duated 4
f . .M ;.i '

_

cylind e to collect 40 cc of water in 10 seconds.)
Q:4F?!!

=
s. 159 i.4; .

t i c. Determine the leak yate and enter on Data Sheet t-
- ; % *-

2 .
|. 7.,gs1303-1.1.2.

. ;;,*
3

b This quantity may be subtracted from the net RCS K.:
' '

- . . . . -. ,-

f s | - 31 .

f leakage (Line 8C of Data Sheet 1303-1.1.1 and 1.1.2). | ! p'Q
d. The Shift Supervisor shall make the initial determi- [ f..'h|

.

. ye n-

nation of the safety implications of the leak. If .

he decides that there are possible safety implications. ; {f .

'

he shall notify the proper personnel in accordance f .

- . with AP 1014. Y..2aJ-

-[, g,Ii-h.qw.7.0 ACCEPTANCE CR!TER!A. a1

9 . $ 3:*

"0
.

.
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7.1 If tne gross reactor coolant leakage rate (! tem 7 of Cata :>

Sheet} eaceeds 10 gem. the resetor shall ne placed in not-

shutdown within 24 hours of detection.
..

.

O

?

:

- .

. , ,

__

. . - ['
?
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.
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';03 I.! un g..gg.
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:-

?.2 If untceatt'iec reFtur .o3|4nt leakace ''te- % c' ",d's Enee*

exceeds 1 gpm r/ :ne reactor sn411 te placed D* not snUtdown

within 24 nours of detection.

7.3 If any reactor coolant leakage is evaluated as unsa'e, the p
reactor shall be placed in not shutdown witntn 24 neurs o<

detection.

7.4 If any reactor coolant leakage exists through a non-isolable

fault i.i a RCS strength boundary (such as the reactor vessel,

piping, valve body, etc., except the steam generator tubes),

the reactor shall be St.utdown, and cooldown to the cold shutdown

condition shall be initiated within 24 hours of detection.

7.5 If reactor shutdown is required by criteria 7.1, 7.2, 7.3, or
- 7.4, the rate of shutdown and the conditions of shutdown shall g

,

be determined by the safety evaluation for each case and g...)gfs.

justified in writing as soon thereafter as practicable.'

7.6 Action to evaluate the safety implication of reactor coolant

leakage shall be initiated within four hours of detection. [M
The nature, as well as the magnitude, of the leak shall be

7 |.
}|considered in this evaluation. The safety evaluation shall "a
1

assure that the exposure of offsite personnel to radiation is - D

within the guidelines of 10 CFR 20.
'

7.7 If reactor shutdown is required per Specification 7.1, 7.2,

7.3, tte reactor shall not be restarted until the leak is

repaired or until the problem is otherwise corrected.
,

1

7.8 Loss of reactor coolant through reactor coolant pump seats ard
i

system valves to connecting systems which vent to the gas vent

header and from which coolant Can be returned tC the reactor
m

S.0
.

t
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1303 1.1 var 2 1979
'

,

Revis ce 4

coolant system small not be considerec as reactor coolant
.. (i

leakage ano shall not be suoject to tne consideration of the
]

ateve criterta e= cept that such losses when added to leakage
,

shall not eaceed 30 gem. If leakage plus losses exceeds 30 '

gem the reactor shall be placed in hot shutdown within 24

hours of detection.
. .|,_

.

. '
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'
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k;
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Page 1 of 5 fOATA SHtti 1303-1.1.1.1
. ..

For use innen Computer is Available

Initial Conetttons . To se taken at one etnute 4tervals

Computer
Point T 72 T rg 3 '

LLnL1 Time T.
,.

2
..

_

Line 2a Tc Loop A 510 + . . ,3

-

ki g Ty Loop A 504 + + . .3

- Line tc Tc Loop 8 513 + + . ,1

Line 24 Ty Loop B 509 + + .
=

.3
'

Line la Unit Teve (Sum of Lines 24, 2b. 2c and 2d e 4) .4
..

_ LLnL1 Prar Level 1720 + + = +3 -

! kjne4 MU Tg Level 494 .3 ;+ + .

; k13,1 RCOT Level Patch
=- Penel

'

_ DVM + + = .3
Ij Final Conditions To be taken at one minute Intervals -

__

Camputer_~
: Point 7 T

kit |L[ Ties 1 2 T3 . .7,; ,

i
= Line 7a Tc Loop A 510 + + . .3

- Line 7b Ty Loop A 504 + + ._, ,3
'

3 Line 7e Te Loop B 513 + + . ,3

$ kis.21 in Looe a los + + . .3 *
_,

[ Line 7e Unit Tave (Sum of Lines 74. 7b. 7c and 7d , 4) ,4

(13.1 Prar Level 1720 + + . ,3 ..

4

= LLnL1 MJ Tk Level 494 + + .
' ,3 2,

,

Line 10 RCDT Level Patch
- Panel f-

3
-

[2 DVM + + .
_

_s . y
y V

,

__ .
..

...

'

~..

g .;
= 7.0

..

a _
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12'J3 1.1 rd/.55/.~e,

Reetston y
Page 2 of 5

ST(: Carry Algebraic signs throuan all steps.,

1. Mass change due to RCS Temeerature change.

(use line 2* and Figure 1 to detemine rientity)

M a. Initial Density Ibm /ft3

(use line 7e and figure 1 to detemine density)
UjtL11 b. Final Density '

lbm/ft3

c. RCS Volume change (line !! minus Ifne 't i 10,673)

Line !! ,

Minus Line 12

M 10.673 ft3 a Ilm/ft3* Ibn

2. Mass change in Para. Level
*

(Line 3 minus Line 4 a 120.8)
'

Line 3

inus Line 4

Line 4 120.8 s _ in _ 1ha*

% .s change in MU Tank Level

(Line4minusLine9a2501ha/ inch)
Line 4

.

Minus Line 9

klGR.jl 250'$8na in * 1he
l4. Total RCS Mass Change

(Algebraic se of lines 13. 14 and 15)

Line 13 Teve chanoe of mass

Line 14 Pressurizer mass change

Line 15 MUT mass change

Line 16 1ha '

8.0

_-_ .____________-_ _ - -



1103 1.1 oevis*on 4
peep ' of 5

W AY 2 - 1975
-

5. Total RCS change in gallons

4. Mean fave (Itse 2 plus line 7; e 2)

Line te _ 8F
Rine 7e 8F

_ ! = _OF .

Line 17 ,

h. Use figure 2 and Line 17 to find
..

Line 18 conversion factor from ihm to gallons: cal /lba

c. SCS Inventory change (Line 18 times Itne 18)

Line 16 1ha :

Line 19 sLine 18 es1/lbe= J at
:

4. Operator caused changes to system

M (fromdatasheet 1303 1.1.3): J a1
e. Total RCS leakage plus losses

(Algebraicsumoflines19and20)
'

Line 19_
Line 20 _

*

M sal.

6. Total leaktge plus losses
'

a. DurationofTest(Line6minusLine1)
Line 6 h_a

'

.L1ne 1 h_a |

Mg ,R h ae ein j
t

b. Leak Rate (Line 21 divided by Line 22) [
t

Line 21 _ , .-

.

..

9.0 H

h
1|. . . . .. n



| _

a

' '

1303=1.1 up 2 1F5 -

kev 15 ton 4 |- 'h'

.-

Dage 4 of 5.

Line 21 *Line 22 _ e een
,

-

E Line 23 thall act onte*4 ?n coa 'seeleceptance
. .

criteeta 7.R)
'

i
7. Sress Leak Rate [ (|

: 4. Mass change in RC97 W :r * 5 2'DT IS A W("' d

.f (Line 5 minus line 19 : M 40 lbm/velt) - l
-

Line 5
-

-' N &
/ v a 3844 lbm/velt = 1haLine 2e

,

I b. RC3V change in gallons ~ '" 5'
,.

) (Line 24 times '.tne 18) ,g ;,

. Line 24 _
'

mLine 18 (Conversten fatter)

klRL.E tel*
;

3 c. Operator caused changes to the RCOT {.
-

M (fromdatesheet 11011.1.3): sal
[

9 d. Sress RCS Leakage .

(AlgebratesumofLines21,28and?4)
.

~ Line 21 _ fetal RCS Leakseg e Lesses

Line 28 _ RCOT increase (considered RCS Iosses)

Line N _ RCDT c9ange by operater
'

List 21 J1
e. Sress RCS leak rate (identified and unidentified leakage)

(Line27dividedbyline22) ;
p.

Line 27 _ s

(p,Line 24 eLine 22 e esa

k,1,M,[,T,: Line 28 thall not exceed In acm. (See Accentance Cri+.oria 7 !)

4.- T

.? 10.0
.

.. ;J.
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1303 1.1 pace 5 od 5
10/14/75 .

.-

.-,

8. Corrections 'tientified leakage)
' '

e. Evasoretive losses .51 gem

b. RC#ume Seal 83 Purge +.28 com
-

t. Identified leakage - som (sign is minus),

I (from data sheet 1301-1.1.2)
-

!
t

M Total (Algetretc sus) som

9. Net unteentified RCS Leak Rate .

#Algeteate sum of lines 21 and 29

Line 24 _
Line 29 _ ,

kl*R.2 J
Et Line 30 may set esteed 1 ese (See Acceetance _.

Critaria7.2andsection6.4foraction)

Resortst
-

.

-

.

SWI Medal i Serial i

'

PeMormed by cate

.;

.- ;;e e; by late"-

-
..

,

9

'Y
..

- .-
.. .

g

- - _ ._
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3At 1 till

-

SATA $N(rf |101.t 1 1.*
.,

.

Per use wnen cemetee in ''ot Ava tishle

Inittel Condittuce = 70 be taken at one minute interwelt
;..

Patan
Danel

: Pelat i- g ftmo t it i t
/f*2 --. '

q W fave 40 - _ ,,,, e * * *1e
3 M Prsr level IP -- . * * .3=

iugj 84U fank Il _* * e le _*

; m ac07 on
, I

. . e .ie y
Ptnel Cemettient fa bq taken at ene minute intervalt

Polen
'

Penel
# etat fg 79 7

-

Mgj flee 3 ifsg ";
Mad, five 40 + +

- e,__ e le :

Mgj Peselievel if * * s_ e ie__M 4U fank 15 e + - e_ eleM MRT ON,_ + + . , , , , , e l e , ,,,,,,,,.

C&gtteni
When uttet panth pens) voltate, W lure le ressed the voltate

.y
selarity (* er =) and treet this el en electrats sten,

.

j

m

-

#

.-'

.

I
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kan : or s

40ft: Caery Algetrate Signs througn all stepsi

1. Volwee change awe to RC5 temperstwee

4. Temperature conversions

1) Initial temperature (570 minus, line 2 times 5):

570'P - (Line 2. al) = OF

'ine 11

2) Final temperature (570 minus Itne 7 times 5):

570'F - (Line 7 al) = f r

Line 12

3. Initial Density (use Line 11 and figure 1
Line 13 to dete ntne density) I W ft

Final Denstty (use line 12 and ftsure 1t.

Line 14 le detemine denetty) _ Ins /ft3
..

4.
M3veluimethange(Itne13minusline14. times 10.873)
Line 13 _

. tine 14. _
M 10.673 ft3 a _a_ .

'

t. Volume thange in Ps.r level

(Line3minusLine8a120.8)
Line 3

.Line te,,,,_

M 120.8 1km/In a fae- Its
3. Volume change in MJ fank Levet

(Line 4 minus Itne 96 times 250)
Line 4

=Line g-

Line 17 250 lbs/in a _ ta= lba
,

13.0
..

.
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4 Total RCS %ss cunge

(Algetretc sum of lines 15, 16 anet 17)

Line 15 7 ave cnange of m st

Line 16 Pressuriser mass change

Line 17 ._ tqui mass change

Line 18 1ha

5. Total RC5 change in gallons

4. Mean Teve (Line 11 plus Line 12; e 2)

Line 11 4

+Line 12 8F
>

(333,3 +b #F

b. Use figure 2 and line lg to find

Ligg,3 conversten facter from Ibn to galleast cal /1ba

c. K S Inventory change (line 18 times line 20)

Line 18 1hm

LD|g,1L sLine 20 sal /1bn a 341
_ _ _ . ,

d. Operator caused changes to systen

kkg,3, (fromdatasheet 1303-1.1.3): nel

e .' Total K S leakage plas lesses
!(Algebraicsumoflir.es21and22)
[

Line 21

+11ne it

Line 23 set.

6. Total leakage plus lesses

a. Duratten of test (line 6 minus fine 1)
-

Line 6 _ h m

-Line 1 h_m
_Line to h mo min '

14.0
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Page A of 5
IfeY 2. tyg-

b. Leek rate (line 23 divided by line 2A)
,

Line 23 .-_

Qs3Lg eLine 24 = com

j g: QOf shall not onceed 10 som (see Accootence gg
Criteria 7,0) $" A""*=

Kan mm
7. Gross leak rate --

Tami

a. Mass therge in IICOT
!

(Line I riisus line 10 x 1540 IWvolt)

Line 5

.Line 10

ki!!Ll1 v a 3540 I W yolt = _ 1bn
b. RCOT change in gallons

(Line26timesline20)
Line 26

aline 20 (Conversion factor)
! M e es]

c. Operater caused changes to the RC07 *
Ma l(tg|Lt1 (from data sheet 1341-1.1.3): sali

d. Sress RCS leakage '

(Algebretcsumoflines23,27and28) i :

*

Line 23 Total RC5 leakage losses e

o Line 27 RCOT increase (considered itC5 losses)

Line 28 RCOT change (by operator)

Lint E sal
_

_

e. Gross RCS feek rate (identified and unidentified leakage)
l (line 2e divided by line 24) !

Line 2g _
,

Line 30 eLine 24 = com

15.0
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.._ . .

,

4,..:k,bf. i : e
'

-

.y[ 3; gp,6 e w. g. . f., 7, q ..-.; ... .. . 7 ..g
, .;j ,. - . , , . .

: . x . w. .y . ;. 7 x
.

;- .'

. p 3.... ,c-7

i " ' ' *

3.y . p ,., g
' Dage $ of 5
:

10/14/75
Q$f,: Line in snati not esce e to e m. 4ee

Accentance Criti,ete 7.1)>

| S. a rrections (identified leakage)

a. Evaporative Issses .51 ppm

t. RCPump Seal 83 Purge +.28 gom

c. Identified Leakage - opi (sign is negative)

(from data sheet 1303-1.1.2)
] Line 11 Total (Algebrate sum) gpm

9. Met unidentified RCS Leak Rate
_

(Algebraic sum of Ifnes 30 and 31)

Line 30

Line 31
5

.

LIMIT: Line 32 may not exceed 1 ens. (See Acceptance

Criteria 7.2 and saition 6.4 for action)

.

Romerts:

.

DYN Model P Serial #

PerfefWed by Date '-

Qg=
/;g'y vsh -.

saj'4.Approved by Date
vg , -|

.; g|Q f y . '^o'
_

.

.

'. .*
:. m

.; ;- pg ;.
ne

t;
i.?]y3.gJ.

'

.
.

16.0 5, '}
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-

Revis10M 4
3 AY 2 1373

\, Data Sneet 1303 1.1.2,

l IDENTIF!!D LEAXAGE
I

5 1. Seurte of Leakage
(Describe in detail, attach drawings if necessary)-

2. Method used to determine leak rete
(Describe briefly)

3. Led. Rate ens
(For use in step s.c of Data Sheet 1303.1.1.1.1 a W 1.1.1.2

FIENEEITw Dete
4 Pessible Safety taglications

(ShtftSuperviserCheckOne)

Yes (!nitiate necessary as 4

, _ No Esplain

|

|

Shift Supervisor Date

.

17.0
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M

Revision 4 W
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I g
I Data sheet 1303 1.1.3 i

%
OPERATOR CAU5ED CMMGES TO RC5 !NVENTORY

1. Identify seeratin that caused change:

.
-

i

\. ~

,.

I

2. Time Operetten Started:

Time Geeretton completed:

3. Calculattens
s

i

-;

^:

i
4 Total change to RCS inventory: sal. ?

?
.

4II0fts: 1) If change is to RCOT enter in section 7 of Data sheet 1303- i
1.1.1.1 and 1303-1.1.1.2

g
2)

IofDataSheet13b31.1.1.1or1.1.1.2If change is to en other part of the system, enter in section;

(
v3) 11GM1 Renovals from the system have a negative (- sign. :Addittens to the system have a positive (*)) sign. 7
1
)
a

Performee By Date 4

5

Approved sy ca te $ 1
x 1

,

| ) |
,

,

18.0 {
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ENCLOSURE II

Computer Determination of RC

Leak Rate

E.2.1.0 PURPOSE

This program is designed to perform all the calculations

accomplished on Data Sheet 1303-1.1.1.1. The plant computer

will automatically gather all input 1 and average three minute

intervals of the initial and final readings. This procram is

run from the programmer's console of the Bailey 855 corcuter.

_

It may be run at any time the programmer's console is not

being used by another program.
'

E.2.2.0 PROCEDURE

E.2.2.1 Turn on the programmer's selectric typewriter next to the

Bailey 855 computer. Se sure that the " OUTPUT SELECT"

switch is on " UTILITY C04PUTER."

E.2.2.2.1 If the computer printout on the selectric shows a question
,

sert (7), type "r". then depress the " Return" Key. The

computer will respond with an exclamation mark (!).

Proceed to E.2.2.2.2.
1

E.2.2.2.2 If the printout on the selectric shows an exclamation

mark (!), type "RC" and then press the " Return" key.

(See sample printout: Attachment 1)

E.2.2.3 The computer will then request the t' .e interval over

which the test is to be run. Any interval from 1 to 8

hours in one hour intervals may be choosen. Enter a

single digit, then press the " Return" Key.

22.0

-
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E.2.2.4 The computer will now request known leakage. Enter

*!dentified Leakage" (as determined by Data Sheet 1303-
i
i 1.1.2) in gallons per minute. Enter operator caused p
1 ;
! changes to the RCUT or the RCS (as detailed on Data Sheet =
f =
'

1303-1.1.3) in gallons.
'

.
|-

M: For the above entries, be sure to enter a
@

,

deciaal point. If no decimal point is entered.
;'

the computer will insert one according to the,

gg.g " 7-

:; .
0 rg%. ? '/Mformat it espects to see. .v.,

,

E.2.2.5 The computer will now print out all required data. Se %
+ #. . . .. ;

b
, sure to attach data sheets detailing any entries made in 3;

step E.2.2.4.
[

7
.

I

.
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ATTACHMENT 1.

frc -

OATE: 01/20/75 -

TM: 16: 3:38

REACTOR COOLANT L U KAGE TEST
. SP 1303-1.1

DESIRED INTDVAL (1-8 HOURS)
1

>
. . . .

*-

ENTER 10ENTIFIED LEANAGE FROM OS 1303-1.1.2 (GPM)
,

.T'.,- INTE ACDT CHANGE (GAL)

,
e'I STERACSCHANGE(GAL)

.

c' TM TCA TNA TC8 THB TAVE PRZR LYL MUTK LYL RCOT LVL> ' , , (F) (F) (F) (F) (F) (!N) (!N) (VOLT)

;

p,.
14: 3:54 SM.977 401.055 554.250 600.719 578.750238.311 79.603 8.925$.^>
14: 8:54 557.031 801.070 556.180 600.719 578.742 230.17879.095 a.M5y.

s'3

y'{3,7-
.

. LEANASE PLUS LOSSES (<30, GPM): 0.0473 GPM
.

..;,-
.

?, 4
.. - M RCS LEAK RATE (<10 GPM): -0.1443 GPM
^ .4

M T int!D O TIFIED L S E RATE (<1 GPM)-0.3783 GPM
.,

p|..-$ h$W
"

GPSATOR:,-

1 w.
.

' :
.

-

APPR0ftD:
-.

,

i .

:*
.

*

e.

g
'

y

.. ~.

..

..

.-i
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ENCLOSURE 2

TABLE A -

SUMMARY OF REVISIONS

% Changes *

5 Revised
6 Changed from page 5' Revision
7 Revised
7A Added (Summary Table)
78 Added (Summary Table)
7C Added (Summary Table)
7D Added (Summary Table)
7E Added (Summary Table)
12 Revised
13 Revised (Table 1)
14 Revised
15 Revised (Table 2)
16 Revised
20 Revised
26 Revised
32 Revised
36 Revised (Table 6)
38 Revised
39 Revised (Table 7)
40 Revised
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EXECUTIVE SUMMARY

OBJECTIVES-

The basic objective of this inspection was'to verify that records of Reactor
Coolant System (RCS) leak rate testing at Three Mile Island (TMI) Unit 1, from
the period April 1, 1978, to March 31, 1979, showed no indications of practices
similiar to' alleged irregularities at Unit 2. The allegations related to Unit
2 RCS leak rate testing involved the following:

That tests were often repeated until the results met the acceptance--

criteria and that unfavorable results were discarded;

That RCS water inventory was adjusted contrary to procedural requirements;---

in that water additions were made and not recorded in the test package nor
included-in the RCS leak rate test calculations;

That computer data entries for the leak rate calculations were " fudged" to--

make the leak rate test calculations appear acceptable; and,

That hydrogen gas was added to the Make-Up Tank (MUT) to influence leak--

rate test calculations.

Supplemental objectives of the inspection were to:

Examine compliance with the Technical Specifications on RCS Leak Rate;--

Inspect the leakage test procedure for technical and functional adequa.cy;--

and,

Examine the effects of instrument calibration and variations on leak rate--

determinations.

CONDUCT OF INSPECTION

From July 11, 1983 to September 9, 1983, members of the engineering staff of
Region I conducted an inspection of TMI-1 records, procedures, equipment and
specifications related to reactor coolant system leak rate testing performed by
station personnel in the year immediately preceding the accident at TMI-2. The
inspectors reviewed and correlated diverse records related to leak rate tests,
performed an "as-built" walkdown of related plant systems and instrumentation,
and, in conjunction with licensee personnel, demonstrated by system operation
a technique by which RCS leak rate results could be modified.

Additional information was cbtained subsequent to September 9, 1983. This
information and previously obtained information has been extensively reanalyzed

R1
by the staff. This led to revision of the inspection report. Revised
information is annotated by R1 in the right hand margin.
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Surveillance records for RCS leak rate tests were reviewed for the period from
April 1, 1978 through March 31, 1979. Six hundred and forty-five test records
were the principal object of this review. These surveillance records were com-
pared with control room logs, power traces and makeup tank level recorder
charts-developed during the tests to determine abnormal test operations,
adequacy of records and compliance with test procedures. The station surveill-
ance test procedure in effect at that time was evaluated for completeness and
adequacy. Independent leak rate calculations were performed by the NRC staff
with an.NRC microcomputer and compared with TMI-1 data to verify the validity
of licensee calculations.

The inspector performed a walkdown inspection of the makeup system and verified
that the instrumentation system for measuring makeup tank (MUT) level contained
a loop seal. The significance of this loop seal is that hydrogen additions
made to the MUT during a test could result in errors in RCS leak rate test
calculations. Further, a review of plant maintenance records for 1978 identi-
fied narrative which described the effects of gas additions on indicated
Make-Up Tank (MUT) level.

Tne MUT-strip chart recorder traces were independently analyzed and evaluated
by the-inspectors to identify instances of improper performance of RCS leak
rate tests, such as the addition of hydrogen or water during the performance of
the leak rate test. Strip chart data were compared with control room logs and
surveillance test calculations to determine if test conditions as indicated by
the strip chart were incorporated, or considered, in the calculation of leak
rate. Further, the inspectors directed and monitored an actual demonstration
of the effects of gas additions to the MUT at Unit 1 on indicated MUT level to
support their conclusions. Licensee personnel assisted in this demonstration
and acknowledged the resulting conclusions.

MAJOR FINDINGS

The RCS. leak rate tests performed at TMI-1 during the year prior to the acci-
dent at TMI-2 contained several inadequacies and deviations from procedural

~

i and regulatory requirements. These would, in most instances, have lead to a
' less conservative calculation of RCS leakage rates.
i

a. The RCS leak rate procedure, SP 1303-1.1, Rev. 7, in use during the time
period reviewed, was inadequate because:

o it contained incorrect procedural steps (S3.3);

! o it did not prohibit acceptance of test results showing negative
leakage (62.3);

| o it failed to incorporate temperature compensation for several leak
rate factors ($3.3);

j o it omitted several important factors; such as, no provisions to
! include steam generator tube leakage as identified leakage or the
( effects of pressure variation in the RCS ($3.3); and,

| it utilized incorrect values for volume and water mass change pero

| unit level change (63.3).
|
t
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'b... The'as-built: configuration of the MUT: level. instrument system provided a
loop seal on the-low pressure reference leg, which introduced the poten-
tial for non-conservative effects on RCS_ leak rate test results from

'MUT gas. additions. During' discussions with station operating personnel,
the inspectors were informed there was no loop seal in the makeup tank
level instrument system. An NRC walkdown revealed-the loop, which pro-

-vides'a means.to. affect leakage calculations ($4.3.1). -

,

c. .An. analysis of MUT level strip charts.for the period inspected indicated .R1.
-at least eleven hydrogen additions were made during RCS leak rate tests.
There were no entries in the control room logs which recorded the fact1

.that these gasiadditions were made nor were they compensated for in the:
leak'. rate calculations. The calculated leak rates, therefore, were in
error. Actual leakages were, in fact, higher than the. recorded values
(54.3.3).

d.- . Thirteen' instances of apparent water addition to the RCS during leak rate
tests were identified. In only one test'was the water addition accounted R1

:for in the calculations; and, in that case, the volume accounted for was
considerably less.than the apparent actual addition. These unaccounted
additions resulted in recorded leakage values lower than actual leakages
($5.2).

e. Thirteen instances of apparent feed and bleed operations during testing
were identified, for which the leak rate calculation was not. properly R1
corrected for the operator-caused water inventory change ($2.3).

'f. _One instance of a combined hydrogen addition, water addition and feed and R1
-bleed operation was found ($4.3.3). R1

g. A. number of instances of substantial apparent level changes in the Reactor
Coolant 0 rain Tank during leak rate tests were identified. No logbook

~

entries which would explain these level changes were found. (56.2)

.
h. The licensee established a conservative. administrative test frequency for

RCS leak rate testing of once per shift, whereas, technical specification
required only daily-testing. Fifteen missing test records were iden- R1

,

! tified (62.3).
t ..

[- CONCLUSION

|

! Eleven' instances of hydrogen addition, 13 instances of water addition,
R113 instances of feed and bleed and one instance of combined feed, bleed,
R1t

( hydrogen and water addition were identified in a population of six hundred
R1

! and forty five test records examined. These inventory changes or additions
R1

| affected MUT level and were not properly incorporated into the RCS leak rate
R1calculations. The instances were limited to performance by only a few
R1irdividuals. Recalculation using best available information showed that,,

R1
j exc'ept for four instances, Technical Specifications would have been met.

R1

|-

L

L
.
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SUMMARY TABLE
'

R1

0F
R1

APPARENT IRREGULARITIES
R1

DURING RCS LEAK RATE TESTING
R1

R1

_R1(added as a result'of Revision 1 to
Inspection Report 50-289/83-20) R1
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78

.

Supe %RY OF APPARENT IRREGULARITIES DURING RCS LEAK RATE TESTING 83

R1
HATER ADDITim NN

usury INCLUDED IN usu/5F LEE M IJNIDENTIFIES LEAK RATE.E95
DATE CLOCK Tiff GALLW/ Tiff N Ensur M Mats,

- . ;st.s

04/30/78 1532/1632 165/1538 no no -1.8580 1.9260 al
.

--

(MUT +1.3*; nome) -2")

04/30/74 2321/0021 60/2335 no no -0.9717 0.4044--

(05/01/78) (MUT +1" ; nomal -1.5")

05/03/78 1822/1922 F48 (60 gal) no no "3-0;7658 0.6102--

(MUT +1.7";nomal -2")

f 05/07/78 /1436 no surveillance data -0.9933
w05/12/78 0047/0147 FA8 (60/0125) no yes -0.3760 1.0000 R1 m--

(MUT+1.4"; normal-3")

* 05/12/78 1643/1743 180/1732 no yes
*

-0.7443 0.6337--

(NUT +5"; nomal .1" ) (70/1745)

05[13/78 2340/0040 F88 (no effect) s.a no 0.5882(invalidtest) R1--

(05/14/78)

05/21/78 /1025 no surveillance data 0.8460

05/26/78 1656/1756 90/1753(jogged) no no -0.7518 1.4498--

(MUT +0.4"; normal -3") RI

# 06/06/78 /0530 no surveillance data 0.5812
'

06/11/78 0804/0904 F&B no yes 0.5826(invalidtest)--

06/21/78 0341/0441 30/0410.90/0425 no yes "0.9421 1.6301--

(MUT -6"; normal -11")
.

NOTE f : suspected to be misfiled.
R1

'8* : RCOT drained ; 165 gal. 9 579 F

s
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IIATER 4DDITION INDA0 GEN
uvuti INClouts IN snu/5F LIE M UnicENTIFIED LEAK RATE.EPN RIDATE CLOCK TlfE GELW/ TIE N ansur M im ____ site! t - -_ situ

\

1

07/02/78 0256/0356 F18(1590/0310) RIno yes 0.7266(invalidtest)--
;

F48L 100/0340) (F88;1950/0345)i

07/04/78 /2245 no survet11ance data 0.9967
i

i

R1

07/10/78 /0338 no servet11ance data -0.0771

06/08/78 0735/0835 no no no 2"/0750 -0.1099 0.2341 a)

,

(1.5" decayed; 0.5" effective)
08/19/78 /1450 no surveillance data -0.2380

7 08/29/78 1547/1647 240/1548 ( leo no -0.0673 0.2767(M+0.3"; normal-1" : 15 9al. effeetive)
--;

; 08/30/78 1952/2052 no no no 1"/1952 0.1023 0.3775 RIj
'

(0.6" decayed; 0.4" effective).

1

08/31/78 0801/0901 no no no 1.5"/08R0 -0.4141 0.6179,

(181T +1.3" ; norr.a1 -1") RI
!

| 09/03/78 /1138 no survelliance data *~

!
0. % 67

09/08/78 1629/1729 60/1705{ no no

i
(181T +1.3"; normal -1") -0.5823 0.7937 "I--

! 09/11/78 1825/1925 60/1840-50(jog
(181T +2.6"; normal gedj no no .

-0.5862 0.7898--

2", gj,

09/15/78 0921s1021 45/1010-20(jogtedlno
i

no
(181T +0.3"; normal -1"h -0.55C3 0.4817--

3

1 RI

i
1 : gesttanable

1

i .

j

!

,
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MATER ADDITim NTOMGENDIART IKLUDED IR del /5F LIE M istIDENTIFIES LEAK RATE.GPM
I

'

DATE clock TIM GALLW/ TIE N tuiRY M un6viuittits 6vioit6 s to

09/17/78 0508/0608 F&8(100/0515-57) no no
(noeffect?) 0.7745(invalidtest)

--

1 09/18/78 2035/2136 45/2100(jogged) no no -0.4265 0.6055--

09/18/78 2355/0055 no RI
(09/19/78)

' no no 2"/0040 -0.5823 0.7937
(MIT +1.3"; normal -1")

09/22/78 2100/2200 F&B no no
-0.0373(invalid test)

--
1

10/02/78 1645/1745i no no no 2"/1720 -0.0293 0.3147
10/17/78 1201/1301 60/1240-1303(jogged)no (1.5" decayed; 0.5" effecttve)

no -0.4581 0.9179 .y--
>

11/05/78 /1955 o'
na surve111ance data/1950 0.3395 Rt

11/07/78 1608/1708 no no no 2"/1653 0.0445 0.3197
! (1.6" decayed; 0.4" effective)

'# 11/10/78 /1125 no survelliance data
I 0.5374 .

11/12/78 0816/0916 no no no 2"/0903 0.1954 0.4926
i

(MUT +0.8"; normal -0.5": 1" effective)
11/13/78 0304/0404 F&8(30/0356)

gy
no no

(MIT +0.4"; normal -0.7") -0.5507 0.1373--

.

11/16/78 0426/0526 F&8

- ) 0.6059(invalid test)(MUT+1.8"; normal-0.2,no no '--

1 11/20/78 2110/2210 * F&8 no no
0.8772(invalidtest)

--

11/21/78 0206/0306 fl8(90 gal) no no
i

R1

-0.5078(invalid test)
--

I

!

!

!

!

__
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WATER A00lTI(NI Iff9MGEN 'R1

ovuti IllcLUDED IR usu/5F LUE M UNIDENTIFIES LEAR RATE. EPM
DATE ct0cr TIME GALLON /TifE N tmut M m cite t---_- c i t o

R1
.

-0.3462(invalid test)11/28/78 1653/1853 F&B(200/1720-50) no no --

12/11/78 0432 no surveillance data -0.8118
R1

**
-0.2170 0.1417** 12/13/78 1842/1942 270/1920 no yes --

(PtlT +8.3"; normal -1")

RI12/18/78 0830/0930 no no no /0834( )0.5220
(no effect?)

'

01/06/79 0756/1156 400/0923;120F&8/1010 300 gal. yes /0937./0940 -0.5948 0.4485 ai
(no effect)

01/08/79 /0600 no surveillance data 0.4842
/0604 R1

. 01/09/79 1936/2036 F48(30 gal) no no -0.2981 0.3899--

(Illi +1"; normal -1")
! R1 N
'

01/11/79 1606/1706 no no no 2"/1738 -0.6163 0.7597 m
i .

RI.

01/18/79 0401/0501 60/0450(jog 9ed) no no -0.6938 0.6824--

(IllT +1.1"; normal -1")
i
1 01/18/79 /1310 no surveillance data 0.0700

RI

01/26/79 /0032 no surveillance data -0.4909

01/29/79 /0310 no surveillance data -0.3124

02/02/79 1600/1700 no no no 2"/1614.1620 0.3287 0.6727,

(1.5" decayed; 0.5" effective)
! 02/03/79 1615/1715 no no no 2"/1623 0.4692 0.8132

(0.5" effective)
*

02/12/79 /2230 no surveillance data -0.5000
.

** : RCDT drained ; 350 gal. 0 579 F8

.

_ _ _ _ _ _
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The surveillance records from the period of July 8,1978 to August 4,
1978 were not reviewed due to missing MUT recorder traces. Thus, 69
surveillance test records could not be reviewed. Therefore, 645
surveillance test records were reviewed against MUT recorder traces
and other data, such as daily logs and computer listings.

The licensee had established a conservative administrative test
frequency of once per shift. Tests were often performed once per
shift, whereas. Technical Specification required a daily test.

The total number of days covered by surveillance record was 290
days, during which the following tests were completed:

No. Tests Performed Per Day No. Days

1 (Daily) 27
2 (Twice Daily) 114
3 (Each Shift) or more 149

Major findings from the record review are:

Some of the tests noted in the CR0 and SRO shift logs were--

missing in the surveillance files. These surveillance records
were either never created, lost, discarded or misfiled. Two
test records were found filed out of normal sequence and six R1
were found misfiled. Fifteen missing test records have been.
identified. They are listed in Table 1.

The surveillance test records frequently showed negative leak--

rate results. Two months of leak rate test data were reviewed
to identify examples of test records demonstrating negative
leakage. The following summarizes the results of that review:

May, 1978 June, 1978 May + June 1978

Total Test
Records Reviewed 60 61 121

Number Test Records Demonstrating
Negative Leakage Rate Results

Leakage Plus Losses 10 4 14
Gross Leak Rate 20 16 36
Unidentified Leak
Rate 28 20 48
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TABLE 1

Lost, Misfiled, Discarded or Never Created RCS Leak Rate Test Recordsm

NO,. DATE TIME

R1

1 5-07-78 1436
2 5-21-78 1025
3 6-06-78 0530
4. 7-04-78 2245
5 7-10-78 0338 R1

6 8-19-78 1450
7 9-03-78 1247
8 11-05-78 1955
9 11-10-78 1125

:10 12-11-78 0432
'll 01-08-79 0600 R1

12 01-18-79 1310 R1

'13 01-26-79 0032
14- 01-29-79 0310 ,

15 02-12-79 2230 R1'

..

i'

r

i

; s_~ -
_
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Almost 40% (48 out of 121) of the calculated and recorded
unidentified leak rates during the two month period had negative
values.

The RCS leak test procedure, SP 1303-1.1, recommended water--

additions such as Feed-and-Bleed (F&B) operations be avoided
during the test. The inspector identified at least 13 tests,"

during which F&B operations appeared to have taken place; and R1

in each case, the change in water inventory was not properly
compensated for by the operator in the computer calculations of
RCS leakage rates. They are identified in Table 2.

.

These record review findings are indicative of the failure of the
licensee to comply with regulatory and procedural requirements for
record-keeping and test performance. ,

,

E
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Table 2

Apparent Uncompensated Feed & 81eed Operations
During 8CS Leak Sate Testing

t

HATE 8 A00lTION INgNIGEN
DUutT INCloute IN tup /5F LEE M UNIDENTIFitt LEAK SATE. EPM

DATE ttoct TIME GALLINI/ Tiff MTTE tisius M - -- :tito - tito

.

05/03/78 1822/1922 * F&8 (60 gal) no no -0.7658 0.6102 R1--

(MUT +1.7"; normal -2")

05/12/78 0047/0147 FA8 (60/0125) no yes -0.3760 1.0006--

(MIT +1.4*; normal -3")

05/13/78 '2340/0040 F&8 (no effect) , no no
(05/14/78) 0.5882(invalidtest) 'R3--

R1-

ri06/11/5 0804/0904 F&8 no yes 0.5826(invalid testl--

07/02/78 0256/0356 F1311590/0310) no yes 0.7266(invalidtest) et--

F48L 100/0340) (F48;1950/0345) y
*

| 09/17/78 0508/0608 F48(100/0515-57)
(no effect?) 0.7745(invalid test), no - no --

| 09/22/78 2100/2200 F18 no no -0.0373(invalid test)--

I

11/13/78 0304/0404 F&8(30/0356) no * no -0.5507 0.1373
--

i (MUT+0.4"; normal-0.7")'

,
j 11/16/78 0426/0526 F&8 . no no
, (MUT +1.8"; normal -0.2") 0.6059(invalid test)

--

!
11/20/78 2110/2210 F&B no no 0.8772(invalid test)--

11/21/78 0206/0306 F&8(90 gal) no no
i -0.5078(invalidtest) 8'--

11/24/78 1653/1863 F&8(200/1720-50) no no -0.3462(invalidtest)-

I 01/09/79 1936/2036 F88(
(MJT +1,'3 gal) no no -0.2901 0.3899; normal -1") --

I
R1

.

I
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3.0 Reactor Coolant System (RCS) Leak Rate

3.1 Background

The TMI Unit 1 Technical Specifications, paragraph 3.1.6 and Table
4.1-2, required that RCS leakages be determined at least once per day
during steady state operations, and that the leakage plus-losses,
total gross leakage and unidentified leakages be maintained within
their respective limits of 30 Gallons-Per-Minute (GPM), 10 GPM and
1 GPM. The TMI-1 Final Safety Analysis Report (FSAR), Section
4.2.3.8.a specified that the leakages were measured by counting
water inventory changes within the RCS pressure. boundary for a fixed
time interval.

The test procedure included a precaution to avoid addition or removal
of water and chemicals from the RCS. The procedure also recommended
that, for the most accurate leak rate determination, the initial and
final values of power, RCS temperature, RCS pressure and pressurizer
level should be maintained identical.

The procedure specified a test duration of one to eight hours, and
specified the plant computer as the favored tool for performing test
calculations. Hand calculations were allowed as a backup when the
computer was not available. There was only orie record of a hand cal-
culation during the one year period from April,1978 thru March,
1979.

Upon initiation of a computer calculation, data was taken
automatically from hard-wired, pre-designated computer points. Manual
actions required by the computer method were input specifications

R1such as test time interval (normally one hour), any identified
leakages and the operator actions of make-up water additions and RCDT
pumping. RCS leak rate calculations were automatically done by the
computer when the above steps were completed. For hand calculations,
the preferred data source was defined to be DVM readings from a patch
panel rather than data obtained from control room indicators, due to
the inherent inaccuracies in the latter readings.,

The procedure also specified a set of corrective steps to be taken
when the RCS leakages were in excess of the requirements. The first' step was to perform another leak rate determination, followed by
careful examination of the operator actions affecting the water
inventory. The final step was to initiate action to determine the
source of the leakage, and then to proceed with the ACTION statements

. specified in Technical Specification 3.1.6, which required placing
the reactor in hot shutdown within 24 hours of detection of excessive
leakage.

._ - .. . -- ---. -.. _ - - - - - - .
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THI-l RCS LEAK RATE CALC. (pre-April 1979) -

1303-1.1 Rev. 7, 5-25-76 '
.

1 CONTINUE

INPUT AVrcs A D ATOR)

PROCEDURE STATED''
3

LEAK RATE FOR RCS PLUS LOSSES ACCEPTANCE CRITERIA: !
30 gpm

" (dVrcs + AVrcs)/at i

Ev

i 2 | W cdt = ((Zrcdt) initial - (Zredt) final) * CF3 CF3 = 3540 lbmNolt

u **Z - '

1el R1'
DELETED9 'Vredt = ATcdt * CF d 9 3adings y

ente
R1

. , . , _ . . . . .
.

v

WATER REMOVAL
INPUT: AV'edt . CAUSED BY OPERATOR .r

> CONTINUE

'

.
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errors estimated from the instrument repeatability would be 11.6
gallons regardless of test duration, and subsequent contribution to
the leak rate error would be 0.19 gpm'and 0.05 gpm for one and four
hour test durations, respectively.

3.5 Uncertainty of Make-Up Tank'(MUT) Chart Time

During the one year period, 264 water additions were logged in CR0
logbooks and these entries were identified on the MUT strip chart-

tracings, as tabulated in Table 10. The purpose of this comparison
'was to determine the accuracy and validity of the chart time. It was
understood that the time entered in the shift. log by-an SR0 and CR0\,

was the control room clock time, and the control room MUT recorder
time was adjusted periodically to the control room clock time at
midnight.

,The traces of water addition on MUT charts were compared statisti-
cally with the CR0 log entry times. Statistical analysis showed that
the chart traces of water additions were ahead of the log times by an
average of 3.2 minutes with a standard deviation of 10.73 minutes.
This was an expected result since the. operator or SRO would enter the
water _ additions into the shift log after completion of the operation.,

On this basis, it~ was determined that the MUT recorder chart time was
.

accurate _ statistically to 10 minutes.
'

This inform'ation was later utilized to isolate the interval of.the
MUT le' vel strip chart' trace which bracketed the period of test
performance. The resulting interval of strip chart was typically 80
minutes wide, (a 60 minute test + 13 minutes before + 7 minutes
after) starting 13 minutes prior to the recorded test start time in
terms of e. hart time. All available records were then correlated to
identify che actual period of test performance within this interval.

3.6 System and Human Error potential

Beside the procedural inadequacies and the "As Built" system limitr-
tions, there are three additional expected or potential errors in the
RCS leakage rate calculations.

(1) RCDT pumpout entries

The procedure required computer entry by operators of
RCDT pumpouts. This is discussed further in Section 6.0 R1

R1

R1

R1

._. _ , _. ____ _ . _ _ _ _ _ _ _ _ . __ . . _ __ ,____ _ _ -_-_ _ ._ _ __ _.-__ .
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The trace of the level shift due to the pressure--

increase (p)wasthesameasthosesuspectedhydro-
gen additions on the MUT chart for the period April
1978 thru March 1979. (See Table 6)

The test traces are shown in Figure 3. For clarity,
Figure 3A provides a magnified hand drawn version of the
appropriate section of Figure 3. A computer graphic trace
is shown in Figures 4 for tSis test. After the test,
licensee representative acknowledged the inspector's
findings of the effect of hydrogen additions and their
characteristic traces on the MUT level charts.

4.3.3 Hydrogen Additions During Leak Rate Tests

The Control Room Operator's and Shift Foreman's logs were
,

searched for entries showing hydrogen addition during the
periods of leak rate testing records. This was done for
records from April, 1978, through March, 1979. No entries
showing the hydrogen additions were observed in the logs.
The makeup tank level strip chart was then examined for the
additions. Twelve (one combined) hydrogen additions R1
during RCS leak rate testing were identified as shown in R1
Table 6. The hydrogen additions were not recorded fa the
logs nor compensated for in the leak rate calculations. When
the hydrogen additions and consequent level shifts were
included in the leak rate calculations,.the unidentified
leak rates were all increased.

R1

_ _ - - . . __ - _.
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5.2 Findings Regarding Water Addition

During a previous inspection, four such water additions were identi-
fied. During this inspection it was determined that three of them -

were wrongly identified. In fact, one of the three wrong cases is
now identified as a hydrogen addition.

Based on the review of MUT strip chart, traces of water addition,
surveillance SP 1303-1.1 computer output and pressurizer level
response during tests, fourteen (one combined) tests were identified R1

during which water additions were made but were not entered into the
computer calculations. Table 7 summarizes these water additions.

In some cases, the chart traces indicated that water might have been
added gradually to the RCS. One test, performed January 6,1979,
accounted for 300 gallons of water addition in the computer calcula-
tions. However, the level shift, a characteristic trace of water
addition on.the MUT strip chart, indicated approximately 480 gallons
added. When gas space compression is accounted for, the addition R1

amounted to approximately 400 gallons, instead'of the 300 gallons R1
entered into the computer calculation. This recorded R1

MUT level shift provided additional evidence of the existence of a
loop seal in the low pressure reference leg, since raising MUT level
compresses the MUT cover gas and causes the same effect as a gas
addition discussed in Section 4.

When these water additions were accounted for in the leak rate calcu- R1

lations, three showed the unidentified leak rate in excess of I gpm,
as tabulated in Table 7. This was contrary to the requirement R1
specified in Technical Specification 3.1.6.1. These are
further examples of apparent failure to comply with procedural and R1
regulatory requirements.

i

|
<
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Table 6

Hydromen Additions To Make e Tank Durinn Leek Rete Test

'

idATER ADolTION NYSA0 GEN
DUutT INCLUDED IN CIW/5F LUE N UNIDENTIFIED LEAK RATE.GPM

CATE CLOCK TIME GALLWl/TIIE N LRINT
~

URLusun0Itp LunnsLitU
(

08/08/78 0735/0835 no no no 2"/0750 -0.1099 0.2341 R1
(1.5" decayed; 0.5" effecttwe)

08/30/18 1952/2052 no 'no no 1"/1952 0.1023 0.3775 g3(0.6" decayed; 0.4" effective)

04/31/78 0001/0901 no no no 1.5"/0820 -0.4141 0.6179
(MUT +1.3" ; normal -1")

*
,

.

09/14/78 2355/0055 no no no 2"/0040 -0.5823 0.7937 R1

(09/19/78) (MUT+1.3"; normal-1")

10/02/78 1645/1745 no no no 2"/1720 -0.0293 0.3147
,

(1.5" decayed; 0.5" effective) g
'

cn11/07/78 1608/1708 no no no 2"/1653 0.0441 o,3tgy; (1.6" decayed; 0.4" effective) ,j

11/12/78 0816/0916 no no no 2"/0903 -0.1954 0.4926!

(NJT +0.8"; normal -0.5": 1" effective)
-

,,

l

(n/0834( b ) 0.5220
12/18/78 C330/0930 no 'no no

oeffect?) ,
,i

01/06/79 0756/1156 400/0923;120FAS/1010 300 gel. yes /0937./0940 -0.5948 0.4485
(no effect)

01/11/73 1606/1706 no no no 2"/1738 -0.6163 0.7597;

02/02/79 1600/1700 RI
no no no 2"/1614,1620 0.3287 0.6727

(1.5" decayed; 0.5" effective)
i 02/03/79 1615/1115j no no no 2"/1623 0.4692 0.8132 "I.

i (0.5" effective)
!

i

e

1- -
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Table 7

- Water Addittens Durins 8C5 Leak 8 ate Test Without Entry Into the Computer

WATER A00lTION iffDROGEN
CHANT INCLUDED IN CIW/5F LE N UNIDENTIFIED LEAK 8 ATE.GPMg CLOCK TIME GALLON /TIIE N taint M unsunneuto tunneu to

04/30/78 1532/1632 165/1538 no no -1.8580 1.9260 R1--

(MUT'+1.3"; normal-2")

R104/30/78 2321/0021 60/2335 no no 0.9717 0.4044-

(05/01/78) (MUT +1" ; normal -1.5")

* 06/12/78 '1643/1743 180/1732 no . yes
' *

-0.7443 0.6337 R1--

(MUT +5"; normal -1" ) (70/1745)
"I

05/26/78 1656/1756- 90/1753(jogged) no no -0.7518 1.4498--

(MUT +0.4"; normal -3")

06/21/78 0341/0441 30/0410.90/0425 no yes 0.9421 1.6301--

(MUT -6"; normal -11")

? 08/29/78 1547/1647 240/1548( )no no -0.0673 0.2767--

(M+0.3"; normal-1" : 15 gal. effective)
1

-0.5823 0.793709/04/'8 1629/1729 60/1705 no no -

(ftiT+1.3"; normal-1")
R1

-0.5862 0.789809/11/78 1825/1925 60/1840-50(jogged) no no --

(MUT+2.6"; normal-2")
R1

-0.5503 0.481709/15/78 0921/1021 45/1010-20(jogged)no no --

(Illi +0.3"; normal -1")
-0.4265 0.6055? 09/18/78 2035/2136 45/2100(jogged) no no --

-0.4581 0.9179
10/17/78 120V1301 60 /1240-1303(jogged)no no --

R1
**

12/13/78 1842/1942 270/1920 no yes -0.2170 0.1417** --

(MUT +8.3"; normal -1")
"I

01/06/73 0756/1156 400/09'23;120F&B/1010 300 gal. yes /0937,/0940 -0.5948 0.4485
(noeffect)

01/18/79 0401/0501 60 /0450(jogged) no no -0.6938 0.6824-

(Illi +1.1"; normal -1")
,1

R1

? : questionable

0: 8CDT drained ; 165 gal. 9 579 F*

: 8CDT drained ; 350 gal. 0 579 F** 8

_
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6.0 Effects of Reactor Coolant Drain Tank (RCDT) Level Inputs on
Leak Rate Test Results-

6.1 Discussion

The Reactor Coolant Drain Tank collects the effluent or leakage from
the pressurizer PORV and code safety valves. It also collects
leakage past the reactor coolant pumps primary mechanical seal. The
tank fluid can be circulated through a cooler and returned to the
tank by spraying into the tank vapor space. The RCDT also has a
connection to the Reactor Building Sump. Surveillance Procedure SP
1303-1.1, Revision 7 (effective revision during 1978-79), treated the
water level change in the RCDT as a loss of Reactor coolant covered
by Technical Specification 3.1.6.8. Therefore this was not subject
to the 10 gpm limit of total RCS leakage. This treatment of RCDT
water would allow leakage through relief and safety valves and
reactor coolant pump seals to approach a 30 gpm limit.

6.2 Findings Recarding RCDT Level Inputs R1

When an operator took an action such as pumping out water from the
RCDT, this action is required to be logged in the CR0 shift log. As
listed in Table 8, the RCDT tank levels were decreased substantially
according to the surveillance records of leak rate tests; yet, no
entries in the SRO or CR0 logs were identified reporting the cause
for the apparent large volume of water removed from the RCDT. An
unaccounted water removal from the RCDT would result in conservative
values of calculated gross leakage rate. These are additional
apparent failures to follow procedural requirements concerning
required log entries.

Based on the computer printouts of surveillance results, Table 9
lists those RCDT level changes greater than 60 gallons of water
during the review period. .The last column of Table 9 demonstrates R1

the substantial effect. of RCDT level changes on identified leak |R1
rates.

.
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NOTE:

R1
= ATTACHMENTS A, B, AND C'TO ORIGINAL REPORT-HAVE BEEN REVISED TO

R1REFLECT CHANGES.N0TED IN THE REVISED REPORT. COPIES OF THE

*

REVISED ATTACHMENTS ARE VOLUMIN0US AND ARE NOT INCLUDED HERE. R1
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