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1.0 JRI@ DUCT 10N

in an April 25, 1990 letter, Comonwealth Edison Company (Ceco, the licensee)
provided plant-specific information related to steam generator tube rupture
analyses for Byron Station, Units 1 and 2 and Braidwood Station, Units 1
and 2.

In the staff's Safety Evaluttion Report (SER) related to the operation of
Braidwood station, Units 1 and 2, NUREG-1002, Supplement 1, the staff noted
that in the original Byron /Braidwood Safety Evaluation Report (SER) the staff
had addressed the SGTR accident including the sequence of events and
radiological consequences and found them acceptable. Subsequently, it was
determined that an actual SGTR event whi.5 occurred at the Ginna facility
indicated that more than 30 minutes could be required for pressure
equalization, which implied that the Byron /Braidwood SGTR analysis may be
nonconservative insofar as operator actions are concerned,

in NUREG-1002, Supplement 1, the staff required that Ceco submit plant-
specific information related to steamline static load analysis in the event of
overfill and a plant specific radiological consequence av. lysis as follows:

1. Demonstrate that the operator action times assumed in the analysis are
realistic;

2. Perform a site specific SGTR radiation offsite consequence analysis;

3. Evaluate the adequacy of the main steam lines and associated supports
under water-filled conditions as a result of SGTR overfill;

4. Provide a list of systems, components and instrumentation which are
credited for accident mitigation in the plant-specific SGTR emergencyl

operating procedures (EOP); and

5. Survey the designs of the primary and balance-of-plant systems design to
| determine the compatibility with the bounding analysis in WCAP-10698.
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2.0 EVALUATION

Ceco performed the plant-specific margin to steam generator overfill SGTR
analysis using RETRAN computer code for Byron and Braidwood plants
(Reference 3). The SGTR analysis assumptions and operator action times were
consistent with the reference plant analysis. The results of this analysis
indicate that the recovery actions can be completed to terminate the primary
to secondary break flow before overfill of the ruptured steam generator would
occur. Therefore, it is concluded that steam generator overfill is not likely
for a design-basis SGTR for Byron and Braidwood plants. . In addition, Ceco
responded satisfactorily to confirmatory issues 3, 4 and 5 listed above as
required by the staff.

The staff's evaluation of the Westinghouse Owners' Group WM P-10698 stipulates
plant-specific criteria for assessing operator action times in the event of an
SGTR for confirmatory issue 1. Those criteria were employed to evaluate the
information provided by CECO regarding operLtor action times during 4 SGTR at
the Byron /Braidwood plants. The evaluation is based on the following:

The licensee's submittals dated April 25, 1990 (Reference 3) and*

January 17, 1992 (Reference 5),

Conference call between the NRC staff and licensee personnel on*

August 22, 1991.

The staff's evaluation by criterion follows.

Criterion 1. Provide simulator and emergency operating procedure training
related to a potential SGTR.

By letter dated April 25, 1990, the licensee documented that onsite simulator
and E0P training relevant to an SGTR are provided. The staff finds that the
licensee has satisfied Criterion 1.

Criterion 2. Utilizing typical control room staff as participants in
demonstration runs show that the operator action times assumed in the SGTR
analysis are realistic and achievable.

By letters dated April 25, 1990, and January 17, 1992, the licensee provided
the assumed and demonstrated operator response times for the overfill
scenario. The assumed and demonstrated response times were as follows:

|
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OVERflLL SCENARIO
AVERAGE

ACTIONS ASSUMED DEMONSTRATED
~

(RESPONSE TIME IN MINUTES)

SG isolation 16 10.5*
'

Establish RCS cooldown 9 6.9'

* Establish RCS depressurization 4 0.3
* ECCS flow termination 1 1.1
* 70 GPM charging 1 1.1
* RCS letdown 4 3.6
* Establish final-RCS depressurization 2 5.0**

TOTAL 37 28.5

*The licensee's letter dated January 17, 1992, noted that this was the
time at which operators would have isolated the SG, but were prevented
by the simulator instructor in order to maintain design basis sequence
of events.

**The licensee's referenced letter also indicated that operators used
the auxiliary pressurizer spray instead of the PORV as assumed in the
analysis.

The licensee's letter dated January 17. 1992, indicated that two randomly
selected operating crews were evaluated for the overfill scenario. This
evaluation yielded the SGTR response times reported in the table above.
Further, the licensee committed to complete demonstration runs on the overfill
scenario for a minimum of 80 percent of Byron /Braidwood operators by June 30,
1993.

The demonstrated times for ECCS flow termination, 70 GPM charging and RCS
depressurization were not bounded by the licenseo's assumed times. The
licensee's letter dated January 17, 1992, explained that (1) a sensitivity
study showed that the average effective SG fill rate does not vary

!- significantly after the ruptured SG is isolated, and (2) the final transient
overfill results are only dependent on the total nitigation timc required,

(i.e., the assumed time of 37 minutes). In addition, the licensee clarified
'

that operators used the auxiliary pressurizer spray instead of the POP.V as
assumed in'the analysis to establish final RCS depressurization. The staff
finds this explanation acceptable,
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Based on the results of the licensee's sensitivity study, information provided
in the above table and explanation regarding operator response times, the
staff finds that the licensee has satisfactorily addressed Criterion 2.
However, the licensee is expected to complete additional demonstration runs
representing 80 percent of Byron /Braidwood operators by June 30, 1993, and to
provide the results to the NRC. This is a confirmatory issue.

Criterion 3. Complete demonstration runs to show that the postulated SGTR
accident can be mitigated within a period of time compatible with overfill
prevertion, using design basis assumptions regarding available equipment and
its impact on operator response times.

The licensee's demonstrated response times-for the overfill scenario are
consistent with the operator action times assumed in the licensee's analysis,
except for (1) ECCS flow termination, (2) 70 GPM charging, and (3) establish
RCS depressurization. As discussed above, the licensee's sensitivity study
indichtes that these exceptions would not preclude a margin to steam generator
overfill.

Criterion 4. If the emergency operating procedures (EOPs) specify SG sampling
as a means of identifying the SG with the ruptured tube, provide the expected
time period for obtaining the sample results and discuss the effect on the
duration of the accident.

The licensee's letter dated January 17, 1992, indicahd that sampling would
take three to four hours for all four SGs and less than one hour for a single
SG. Further, the licensee conveyed that (1) sampling is only needed when SG
narrow range level indications are not adequate, (2) narrow range level
instruments are Class IE, and (3) tube ruptures where narrow range level
indication is not sufficient would involve small leaks and not present an
overfill concern. Based on this information, the staff finds Criterion 4 is
satisfied.

Evaluation of the radiological consequences of a SGTR event for confirmatory
issue 2 is addressed as follows:

As a result of a SGTR event, isotopes of radioactive iodine as well as
radioactive noble gas isotopes could be released to the environment. It is
noted that determination of the radiological releases of noble gases and
bdines involves, inter alia, consideration of a number of factors related to,,

irMial isotopic concentrations, activity release rates from primary and
secondary systems and the flashed fractions of RCS activity.

in the evaluation of the consequences of an SGTR event, the licensee assumed,s

isolation of the faulted steam generator at t = 1679 seconds and that releases
via the faulted steam generator were terminated at that time.

During the course of the SGTR event, initial activity concentrations in the
reactor coolant system (RCS) are diluted and depleted over time by safety
ajection flow and flow from tne ruptured tube. Total RCS activity rate into

oe ruptured SG was determined for each isotope by multiplying isotopic

,
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concentrations by the ruptured tube flow. Activity released into the ruptured
SG was released in two components, the flashed componen' .nd the mixed
component.

The licensee assumed that the radionuclide release rate from the ruptured
steam generator consisted of the flashed activity that is immediately released
when a PORY or safety valve is open, and activity that is assumed to directly
mix with the SG liquid. For iodines mixed in the steam generator liquid, the
ratio of the activity concentration in the exhaust steam to that in the
secondary coolant (partition factor) was assumed to be 0.01 in accordance with
the Standard Review Plan (SRP) 15.6.3, " Radiological Consequences of Steam
Generator Tube Failure." Other assumptions utilized by the licensee in
evaluating the radiological ecnsequences of a steam generator tube failure are
also defined in SRP 15.6.3. In performing the radiological consequence
evaluations, CECO considered two different accident scenarios, the first
assuming a pre-existing iodine spike and the second assuming an accident-
generated iodine spike.

The licensee utilized a RETRAN control system model and particular
radionuclide input data to calculate the activity source term for these two
(4ses.

For the pre-accident iodine spike case, the initial reactor coolant system
iodine activity was based on the maximum technical specification value of 60
uci/gm dose equivalent 1-131. The licensee noted that these values, as well
as noble gas concentrations, are defined in Byron /Braidwood FSAR Table 15.0-10
(Amendment No. 46).

For the accident - initiated iodine spike case it was assumed that the iodine
release rate from the fuel increases to a value 500 times higher than the
release rate during normal operation. Radionuclides released from the design

-basis 1% failed fuel were assumed to be instantaneously mixed in the reactor
coolant before leaking into the ruptured steam generator as well as the intact
steam generators.

In either case (i.e., either the accident-generated or the pre-existing iodine
spike case) the licensee assumed that the radionuclide releases occurred from
both the intact steam generator and the steam generator with the failed tube.
Cumulative radionuclide releases for iodine isotopes were provided in Table
C-1 of Attachment 2 to tie licensee's April 25, 1990, letter and are
summarized below:

Pre-Accident Concurrent
Isotope Iodine Soike (Ci) Jodine Spike (Ci)

1-131 4.08 F+01 2.98 E+01
1-132 1.35 L+01 4.19 E+01
I-133 6.48 E+01 6.45 E+01
1-134 7 73 E+01 6.27 E+01
1-135 I 49 E+01 5.64 E+01

_ - _ . _ _ _ _ _ _ . _~. _ . _ _ _ _ - _ _ _ _ _ _ _
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In performing the radiological dose consequence analysis, the licensee assumed
the fifth percentile x/Q values listed in Table 15.0-13 and Table 15.0-14 of
the Byron /Braidwood FSAR. The staff assumes, however, the 5% x/Q vhlues used
in the staff's SER related to operation of the Byron and Braidwood units. The
x/Q values assumed by the licensee and the staff are summarized below:

Facility FSAR x/0 SER x/0

Byron 5.7x10' 6.8X10'
Braidwood 7.7x10' 5.6x10'

The staff independently calculated maximum hypothetical offsite radiological
consequences from the postulated SGTR event assuming a limiting single failure
and other assumptions as provided in Table 1. Table 2 provides the cumulative
noble gas releases used by the staff and the licensee in evaluating whole body
doses. Table 3 presents the calculated doses to both the whole body and the
thyroid for both cases evaluated. Results are presented for both the pre-
accident and accident initiated iodine spike cases. No additional fuel
failure is anticipated as a result of the steam generator tube rupture.
Finally, it is noted that for all cases evaluated, the staff used the releases
calculated by the licensee in qualifying offsite radiological consequences.

The result: of the staff's evaluation differ somewhat from the licensee's
evaluation, primarily due to the fact that different values of x/Q assumed by
the licensee result in lower calculated doses for Byron and higher calculated
doses for Braidwood. In either case, however, both the licensee-calculated
and staff-calculated offsite dose consequences were within staff acceptance
criteria and do not exceed: (1) a small fractior, (10%) of the dose guidelines
set forth in 10 CFR 100 for an accident-initiated iodine spike, and (2) the
dose guidelines set forth in 10 CFR 100 for the case of a pre-accidert spike. <

3.0 CONCLUSION

The staff has reviewed CECO's responses to confirmatory issue 1 regarding
operator action times during an SGTR, concluding that the licensee's
demonstrated times for Byron /Braidwood operators, and commitment to conduct
additional demonstration runs, are satisfactory.

Based on the evaluation, the staff concludes that the SGTR radiological,

| consequence analysis provided by the licensee for confirmatory issue 2 is
,

acceptable. The analysis performed by both the licensee and the staff'

I demonstrate that the calculated radiological consequences from a steam
generator tube rupture event at both the Byron and Braidwood exclusion area

| and low population zone boundaries meet the acceptance criteria provided in
| ' SRP Section 15.6.3. Consequently, the staff considers the licensee's response

to this confirmatory issue regarding the plant-specific radiological'

consequence analysis acceptable.

The staff also finds CECO's responses regarding confirmatory issues 3, 4 and 5
satisfactory.

Principal Contributor: K. Eccleston, K. Desai, G. West and R. Pulsifer

Dated: April 23,1992
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TABLE 1,

Assumptions Used for the Calculation of the Radioloalcal

Conseauences followina a Postulated Steam Generator

Tube Runture Accident

1. Core Power Level, HWL 3411 ;

2. Steam Generaw Leakage prior to 1.0
event, gpm

3.- Reactor Coolant Activity
3.1 Pre-Accident Spike 60 uci/gm. 0.E. I

,Dinitial 1.0uci/E3.2 Accident - Initiated Spike
w/factorof500$ncre.E.I}uase n
release rate

4. Secondary systems initial activity 0.1 uct/gm D.E. l ni
5. RCS mass, lbm. 511,214

6. SG Initial Mass, Ibm 78,570

7. Offsite Power Availability lost at time of trip
'

8. Total Hass Released from Ruptured SG 93,216 lbm.

9. Total Mass Released from Intact SG 127,522 lbm.

10. Iodine Partition Factor fo.' iodenes 0.01
mixed in secondary coolant

11. 0-2 hour relative concentration
x/Q, sec/m8 at EAB
a. Byron site

6.8 x 10''' sec/m8b. Braidwood site 5.6 x 10' sec/m8
1

12. 0-8 hour relative concentration
x/Q, sec/m8 at LPZ
a. Byron site 2.3 x 10'5 cc/m8
b. Braidwood site 6.9 x 10'5 ;c:/m8

|
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TABLE 2a

SGTR CUMULATIVE NOBLE GAS RELEASES

Pre-accident Post-accident
Nuclide SpikeCast4_{1 Soike Case. Ci

Kr-o3m 0.0 1.44E+00 i

Kr-85 4.77E+02 3.38E402
Kr-85m 1.10E+02 8.78E401
Kr-87 5.79E401 4.76E+01 !

Kr-88 1.89E402 1.44E402
Kr-89 0.00 3.66
xe-131m 0.00 7.3Ei+01
xe-133 1.52E+04 1.08E404
xe-133m 1.67E+02 7.22E402
xe-135 3.36E+02 2.43r+02
xe-135m 6.24E+00 1.24E+01
xe-138 2.31E401 2.83E401
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TABLE 3.
,

CALCULATED DOSES FROM SGTR
,

ILYIgn Braidwood
1. Pre-Accident lodine Spike Case

a) whole-body date in rem from noble gases

i) exclusion area boundary 0.2 0.1
11) low population zone <0.1 <0.1

b) thyroid dose in rem from inhaled iodines

1) exclusion area boundary 22.1 18.5 >

11) low popula. ion zone 0.8 2.3
'

2. Accident-initiated lodine Spike Case

a) whole body dose in rem from noble gases

i) exclusion area boundary 0.1 0.1
ii) low population zone <0.1 <0.1

b) thyroid dose in: rem from inhaled lodines

i) exclusion area boundary 17.4 14.3
11) low population zone 0.6 1.8
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