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U.S. Nuclear Regulatory Commission
Attention:~ Document Control Desk,

): Washington, DC 20555- -

L Millstone Nuclear Power Station, Unit No. 3
Proposed License Amendment Request-

Refueling Water Storage Tank Back Leakage (PLAR 3-98-3)
Reauest for Additional Information

' Northeast Nuclear Energy Company (NNECO), in a letter -dated May 7,1998,.

requested approval of a proposed amendment to Chapter .15 of Millstone . Unit No. 3,

Final Safety Analysis Report. The NRC in a letter dated December- 18, 1998,
- requested additional information to support their review . of the submittal.
Mr. J. Andersen of the NRC agreed to NNECO's request to submit this response no

'later_ than January, 22, 1999. Attachment 1 contains NNECO's response to the [
. questions.

/ !
There are no regulatory commitments contained within this letter.

If the you should have any questions or comments regarding this submittal, please 4

contact Mr. D. Smith at (860) 437-5840.

Very truly yours, ;

NORTHEAST NUCLEAR ENERGY COMPANY

FOR: Martin L. Bowling, Jr.
Recove Officer -Technical Services

.

BY:
. R. P. Necci

Vice President - Nuclear Oversight and
Regulatory Affairs.

cc: see page 2 -000085
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cc: H. J. Miller, Region i Administrator
J. W. Andersen, NRC Project Manager, Millstone Unit No. 3
A. C. Corne, Senior Resident inspector, Millstone Unit No. 3
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Millstone Nuclear Power Station, Unit No. 3
Request for Additional Information

! Question 1:
|
| Insed 2 to the proposed license amendment request states that the RWST

backleakage leak rate is 0.1 to 0.9 gpm. Explain how these leak rates were determined
and modeled in the dose calculation. 1

Response:

!
The leak rates were determined by measuring system leakage during pressurization
testing and correcting the leakage to system accident pressure. In general, each test i

pressurized system piping segments are inspected for backleakage at vented piping
segments or components on the Refueling Water Storage Tank (RWST) side of the i

boundary isolation valves. Since the applied test pressure was less than the system
accident pressure, the measured leakage was corrected in accordance with ASME
Section XI IWV-3423(e), "the ratio between test and function pressure, assuming
leakage flow being directly proportional to the pressure differential to the one half
power."

i

The release scena.rio (containment sump liquid leaking into the lines leading to the,

RWST and hence to the atmosphere) is similar in many respects to that of a Steam
Generator Tube Rupture (SGTR) accident. In an SGTR, primary coolant radioact!wty is !

released to the secondary side of a steam generator and hence to the atmosphere
through the Safety Relief Valves (SRVs). The main difference is that, in the SGTR
accident, the release of radioactivity is a result of both flashing and partitioning,
whereas in the backflow to the RWST, the release is only due to partitioning.

;

The model employed in the current analysis makes use of the DES GENRUP computer
software for the analysis of SGTR, with the input parameters properly selected to be
representative of the backflow leakage to the RWST.

A critical parameter in the radiological-impact analysis was definition of a proper
Partition Coefficient (PC) for the iodines in the RWST water. This was based on
technical information published in A. K Postma, L. F. Coleman and R. K. Hilliard, 1

" lodine Removal from Containment Atmospheres by Boric Acid Spray," Report No.
BNP-100, Battelle Memorial Institute, Pacific Northwest Laboratories, Richland, WA
99352 (7/1970).

| According to this reference, the critical factor in the magnitude of the partition
! coefficient is the total iodine concentration in the water (on a mass basis, including

)
. , _ _ . . _ _ _ _ _ __

1
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! , stable iodine). Hence, for application of the information in this reference, an ORIGEN-2
run was also carried out to determine the core-inventory total iodine mass.

' As for the " breathing rate" of the RWST, the analysis made use of the ideal gas law
and the expected volumetric change on a daily basis based on a conservative rise in

L ' the air temperature within the RWST as a result of solar heating.

The following basic-data and assumptions were used in the analysis: !

; a) A design-basis LOCA takes place at full power, releasing portions of the core
radionuclide inventory. For the scenario of interest in the present calculation
(namely, contaminated liquids), the assumption is that the source term consists of
50% of the core-inventory iodines released to the coolant. From FSAR Table 15.0-
7, the full core inventory for these nuclides is as follows:

1-131: 9.10E+07 Ci
1-132: 1.30E+08 Cl
1-133: 2.00E+08 Ci
1-134: 2.40E+08 Ci
1-135: 1.90E+08 Ci

l

b) The released iodines mix uniformly with a coolant fluid mass of 9.72E+06 lbs, or i,

4.41E+09 gm, or 1.202E+06 gallons at a density of 60.5 lb/ft', consisting of the I
following:

!

Primary coolant system = 5.157E+05 lbm
(FSAR Table 6.2.3)

1

4 Accumulators = 2.209E+05 lbm |

(885 ft' each, FSAR Table 6.2.3, at 62.4 lb/ft')
'

RWST = 8.985E+06 lbm 4

''

(1,166,000 gal minimum level (Tech Spec. 3.5.4) -
89,000 gallons (FSAR Fig. 6.3-6, quench spray pump
auto-stop, upper limit), at 62.4 lb/ft'))

Total = 9.722E+06 lbm

|

_-. . - . _ .
|
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Based on this dilution mass and the 50% release fraction, the coolant
concentration for the iodines of interest is as foliows:

1-131: 1.03E+04 (mci /gm)
1-132: 1.47E+04 (mci /gm)
1-133: 2.27E+04 (mci /gm)

" ,

'l-134: 2.72E+04 (mCilgm) - j
'

I-135: 2.15E+04 (mci /gm)

c) Backflow into the RWST commences after coolant injection from the RWST is )
terminated. As described in FSAR Sec. 6.5.2.2 and shown in FSAR Fig. 6.3-6, j

termination of coolant injection from the RWST occurs upon completion of the
,

quench spray. Based on information in FSAR Sec. 6.3, this occurs at about 105 |
min. after the po'stulated LOCA (consisting of about 45 minutes for completion of the
ECCS switchover to the recirculation mode, and about 1 hour for post-switchover
quench-spray duration). This delay time prior to initiation of backflow to the RWST:

was conservatively ignored.

d) For the analysis of the partition coefficient, the amount of water remaining in the ,

'RWST at the end of the injection phase is conservatively taken to correspond to the
lowest possible value, namely the low end of the Low-Low-Low level quench-spray-
pump auto-stop setpoint. This corresponds to 48,000 gallons, or about 4.0E+05 lbs,

^

based on a density of 62.4 lb/ft'. Note that the RWST water is maintained at a
maximum temperature of 50 *F (FSAR Sec. 6.2.2.2, and Tech. Spec. Sec. 3.5.4).

,

e) The backflow into the RWST is a result of isolation valve leakage, and amounts to

0.9 ppm or about 436.8 lb/hr (10,482 lb/ day), based on a coolant density of 60.5
lb/ft (from Crane Technical Paper No. 410, " Flow of Fluids Through Valves,
Fittings, and Pipe," the Crane Co.,104 N. Chicago St., Joliet, IL 60434, pg. A-12, at
an assumed coolant temperature of about 180 *F). As a conservative
approximation, and for input into the GENRUP computer code, the total dilution
volume within the RWST was assumed to increase on a daily basis (at the end of

.

each day) at the rate of 10,482 lb/ day. |
.

Note that the backflow into the RWST is initially clean water, consisting of the water
which remains within the lines at the end of the injection phase. The radioactivelya

contaminated water arrives at the RWST at a later time, as discussed below,

f) _ As described in Millstone Unit No. 3 Calculation No. RWST-01543-D3, Rev. 2, titled
"ECCS Back Leakage to the RWST During Post LOCA Sump Recirculation"

,

' (4/14/98), each potential leakage path to the RWST was evaluated to establish
leakage boundaries, attached piping configurations and volumes, as well as the

,

f .,
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ultimate destination of the leakage. The time required for contaminated fluid to,

reach the RWST was determined in the above calculation by calculating the time it
would take for the leakage to displace the stagnant and isolated piping sections.
The time required to displace the clean volume was then reduced by 50% to
account for possible mixing in the lines. This is considered a reasonable
assumption since the sump fluid is relatively cool and thermal mixing will be

,

minimal. In addition, the lines are isolated and stagnant, except for the minor |
leakage rates, and the mixing due to flow is negligible.

Based on the above, the total backflow rate of contaminated sump fluids into the
RWST as a function of post-LOCA time is as follows:

Post-LOCA Time Backflow Rate Backflow Rate
Interval (hrs) (gpm) (ib/hr)

l
i

0.00 - 8.50 0.0 0.0
8.50 - 29.83 0.1 48.53

29.83 - 36.94 0.4 194.1
|

36.94 - 67.48 0.5 242.7
67.48 - 126.25 0.6 291.2

126.25 - 137.66 0.7 339.7 '

137.66 - 144.43 0.8 388.2
144.43- 720.00 0.9 436.8 1

g) The " breathing rate" of the RWST was determined by making use of the ideal gas
law and the expected volumetric change on a daily basis. The latter was based on
a conservative rise in the air temperature within the RWST as a result of solar
heating.

From the ideal-gas law, the relative change in volume resulting from a change in
teenperature at constant pressure is given by:

(DV / V) = (DT / T).

Assuming a conservative initial air temperature within the tank of 35 *F (i.e.,495 *R)
and a rise in the temperature as a result of solar heating by 40 *F (or 40 *R), the
relative change in the air volume would be:

(DV / V) = (40/495) = 0.0808.

At the maximum fill level, the RWST can hold 1.207E+6 gallons (FSAR Fig. 6.3-6).
If it is conservatively assumed that this entire space will be occupied by air after the

-_ - . _ _
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and of the injection phase, then the change in volume due to the assumed
temperature rise would amount to:

,

'

DV = 0.0808 x 1.207E+6 = 9.75E+4 gallons = 1.30E+4 ft*.

! To maintain the same pressure within the tank, this amount of air must be released
from the tank during the solar-heating interval. Following the end of heatup, and as
the RWST air starts to cool down, outside air will be drawn into the tank. The cycle :

will then repeat on a daily basis. On an average, it can be assumed that the RWST j

will be releasing 1.30E+4 ft* of air per day, or about 9.1 cfm. At a density of 0.0773 :

lb/ft* for dry air (from Crane Technical Paper No. 410, " Flow of Fluids Through j

Valves, Fittings, and Pipe," the Crane Co.,104 N. Chicago St., Joliet, IL 60434, pg.
A-10, for an average temperature of (35+75)/2 = 55 * F), this would correspond to a
release rate of 42 lb/hr.

Note that the air released from the RWST will be free of any radioactivity until the
arrival of backflow into the RWST [at 8.5 hrs after the LOCA). After that time, the
iodine activity airborne within the tank will depend on the selected partition
coefficient and the iodine concentration in the water. This is handled automatically
by the GENRUP computer code.

h) The PC applicable to the lodines in the RWST water was based on information in A.
K. Postma, L. F. Coleman and R. K. Hillicrd, " lodine Removal from Containment
Atmospheres by Boric Acid Spray," Report No. BNP-100, Battelle Memorial Institute, l

i Pacific Northwest Laboratories, Richland, WA 99352 (7/1970). For this application,
the RWST was, in effect, assumed to behave like a closed system for the
establishment of equilibrium conditions between the water and air. This is certainly
appropriate during the cool-down phase, when air drawn into the RWST v ould
inhibit any loss of airborne iodine. Similarly, during the heat-up phase, the overall
change in air volume is sufficiently small (about 8%, a conservative value) that any
impact on the establishment of equilibrium conditions would be minimal. i

in addition to the above, the GENRUP model assumes that equilibrium conditions
are attained instantly. As such, any loss of radiciodines from the air space of the
RWST as a result of atmospheric releases is instantly replenished from the water
inventory.

;

-. - -
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The critical factor in the magnitude of the partition coefficient is the total lodine
concentration in the water (on a mass basis, including stable iodine). It was first
necessary to compute the potential total iodine concentration within the RWST.
This was accomplished through use of the ORIGEN-2 computer code using the 4

"

following input:

Power level = 37.5 MWt/MTU,

Enrichment = 4.2 % [
Operating period = up to 1320 days

|. Burnup = up to 49,500 MWD /MTU i
,

Note that this data is for a typical large PWR with extended burnup. The ORIGEN-2
| results were then adjusted for the Millstone Unit No. 3 design-basis power level of

|
3636 MWt (FSAR Table 6.2-3). |

. .

Note that in the final analysis, use was made of an overall iodine decontamination
factor of 100, a value which is at least 2.4 times less than expected. |

| The critical factor in the magnitude of the partition coefficient for iodines is the total
iodine concentration in the water (on a mass basis, including stable iodine). For
application of this information to the lodines leaking into the RWST, it was first

| necessary to compute the potential total iodine concentration within the RWST.

! This was accomplished through use of the ORIGEN-2 computer code.

|; The production rate of total lodine within the Millstone Unit No. 3 core is about 25
| grams per day, and that it varies only slightly with irradiation time. ;

,

The data was used to compute the buildup of iodine in the RWST as a result of :

post-LOCA backflow leakage, it is clear that, in view of the initially clean water
remaining within the RWST after the injection phase (48,000 gallons), the iodine
concentration within the RWST will be increasing with time. Hence, the maximum

,

| concentration will occur at the end of the accident (i.e., 30 days after the postulated

j LOCA).

For typical burnups in the range of 36,000 to 50,000 MWD /MTU, the total iodine
concentration in the Millstone Unit NO. 3 RWST following a 30-day buildup can
range between about 1.2 - 1.7 (mgrams/ liter). As a bounding limit, we will consider.

a fuel irradiation case of 49,500 MWD /MTU.

e

| Applicable PCs corresponding to these time-dependent iodine concentrations (as
required by the GENRUP computer code) were prepared. The PCs, which range!

between approximately 7200 and 3000, are presented below. This table also lists

,

,, -- -,. -- ,
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the iodine decontamination factors associated with the releases from the RWST,
calculated using the relationship (from Ref. 2, Standard Review Plan, Sec. 6.5.2):

DF = 1 + (V / V ) PC,%

where V% and V, are the liquid and air volumes between which the partitioning
takes place. It is seen that the DFs range between approximately 310 and 240. As

i described below, these are presented for informational purposes only and were not
used in the final analysis.'

As a conservative approach, the partition coefficients which yielded DFs in excess i
of 240 were not employed in the analysis. Instead, a new set of PCs were

4

calculated which would yield an iodine decontamination factor equal to what is '

typically employed in many applications in the nuclear power industry, namely a DF
of 100. i

Question 2:

What X/Q values were used in the calculation for the RWST backleakage contribution
to the EAB, LPZ and control room doses? Provide the methodology used to determine :
these X/Q values. |

lResponse:

k.P.Z1
8 - 24 hr: 1.99E-05 sec/m3
24 - 96 hr: 8.66E-06 sec/m3
96 - 720 hr: 2.63E-06 sec/m3

The Stone and Webster computer program EN-113 Version 6, Level 6, which is based
upon the methodology outlined in Reg. Guide 1.145, was used to determine the X/O's
at the LPZ. These X/Q's are documented in calculation ENVR-W129, ' Accident
Ground-Level X/Q's at the EAB and LPZ.'

The XIQs for the LPZ are applicable for releases from both the reactor containment and
the ventilation vent (ground-level release model in both cases). In view of the proximity

'
of the RWST to the containment these X/Qs were assumed to also apply to releases
from the F WST.

4

Please nota that backleakage into the RWST does not start until 8.5 hours post-LOCA
and therefore the EAB dose is not affected.

4

--_ -



-

,

6 ,.;-.
, ,s.

' ~
U.S. Nucl:ar Rtgulitory Commission
B17511Mttachment 1\Page 8

i
-. .

Control Room:
8 - 24 hr- 8.53E-04 sec/m3
24 - 96 hr: 4.32E-04 sec/m3
96 - 720 hr: 8.03E-05 sec/m3. -

IChe above X/Q's do not include an occupancy factor) '

The above control room X/Q values are calculated using the methodology described in
Murphy and Campe and are documented in calculation WM(B)-04, " Normalized X/Q at
the Unit 3 Control Room for Releases From the Unit 3 Containment and Turbine '

Building", Rev. O, dated May 27,1998.

The X/Qs for the control room are for releases from the reactor containment, and as
such are conservative. The RWST is located farther away from the control room air
intake than the containment. In fact, the Control Room intake, reactor containment
and RWST are almost in line, such that releases from the RWST towards the control
room will experience the building-wake effects caused by the reactor containment.

,

Question 3:
.

'

What is basis of solar induced tank venting - is it conservative for all conditions
(winter / summer)?

R3sponse:

The operating temperature of the RWST is 40-50 *F. The water in the RWST is
maintained at a maximum temperature of 50 *F by the chilled water system. The RWST
is insulated to limit the temperature rise of the RWST water to 1/2 *F, or lesa, per 24
hour period whenever the chilled water system is inoperable. Therefore the basis as
described below for solar induced tank venting is conservative for all conditions.

The analysis made use of the ideal gas law and the expected volumetric change on a
daily basis based on a conservative rise in the air temperature within the RWST as a
result of solar heating. From the ideal gas law, the relative change in volume resulting
from a change in temperature at constant pressure is given by:

(AV / V) = (AT / T)

Assuming a conservative initial air temperature within the tank of 35 *F (495 *R) and a
rise in the temperature as a result of solar heating of 40 *F (40 *R), the relative change
in the air volume would be:

(Av / v) = (40 / 495) = 0.0808

At the maximum fill level, the RWST can hold 1.207E+6 gallons. It is conservatively
assumed that this entire space will be occupied by air after the end of the injection
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phase, then the change in volume due to the assumed temperature rise would amount
to: ;

AV = 0.0808 x 1.207E+6 = 9.75E+4 gallons = 1.30E+4 ft3

To maintain the same pressure within the tank, this amount of air must be released
|

from the tank during the solar heating interval. Following the end of heatup, and as the
RWST air starts to cool down, outside air will be drawn into the tank. The cycle then '

repeats itself on a daily basis. On an average, it can be assumed that the RWST will |
be releasing 1.30E+4 ft3 of air per day, or about 9.1 cfm. At a density of 0.0773 lbift3
for dry air, this would correspond to a release rate of 42 lb/hr.

.

Question 4:

What is the value of tank venting flow vs. time?

Response:

9.1 cfm or 42 lb/hr. |

Question 5:

Does the backleakage enter RWST below expected water level durinc accident?
|

Response: j

l

No.

Question 6:

If #3 is no-justify iodine DF=100

Response:

A critical parameter in the radiological-impact analysis was definition of a proper PC for
the iodines in the RWST water. This was based on technical information in A. K.
Postma, L. F. Coleman and R. K. Hilliard, " lodine Removal from Containment
Atmospheres by Boric Acid Spray," Report No. BNP-100, Battelle Memorial Institute,
Pacific Northwest Laboratories, Richland, WA 99352 (7/1970).

According to this reference, the critical factor in the magnitude of the partition
coefficient is the total iodine concentration in the water (on a mass basis, including

. . - , . -_ -
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| stable iodine). Hence, for application of the information in this reference, an ORIGEN-2
; run was also carried out to determine the core-iriventory total iodine mass.

: For the analysis of the partition coefficient, the amount of water remaining in the RWST
1 at the end of the injection phase is conservatively taken to correspond to the lowest
| possible value, namely the low end of the Low-Low-Low level quench-spray-pump auto-
: stop setpoint. This corresponds to 48,000 gallons, or about 4.0E+05 lbs, based on a
: density of 62.4 lb/ft'. Note that the RWST water is maintained at a maximum

temperature of 50 *F (FSAR Sec. 6.2.2.2, and Tech. Spec. Sec. 3.5.4).
I
] For this application, the RWST was, in effect, assumed to behave like a closed system

| for the establishment of equilibrium conditions between the water and air. This is
; certainly appropriate during the cool-down phase, when air drawn into the RWST would
j inhibit any loss of airborne iodine. Similarly, during the heat-up phase, the overall
j change in air volume is sufficiently small [about 8%, a conservative value) that any
j- impact on the establishment of equilibrium conditions would be minimal.
:
1

i in addition to the above, the GENRUP model assumes that equilibrium conditions are

| attained instantly. As such, any loss of radiolodines from the air space of the RWST as
j a result of atmospheric releases is instantly replenished from the water inventory.

The critical factor in the magnitude of the PC is the total iodine concentration in the

] water (on a mass basis, including stable iodine). It was first necessary to compute the
j potential total iodine concentration within the RWST. This was accomplished through
I use of the ORIGEN-2 computer code using the following input:
4

!
i Power level = 37.5 MWt/MTU
| Enrichment = 4.2 %
! Operating period = up to 1320 days
j Burnup = up to 49,500 MWD /MTU

i l
j Note that this data is for a typical large PWR with extended burnup. The ORIGEN-2

results were then adjusted for the Millstone Unit No. 3 design-basis power level of 3636

MWt (FSAR Table 6.2-3).

Note that in the final analysis, use was made of an overall iodine decontamination ,

factor of 100, a value which is at least 2.4 times less than expected.

The critical factor in the magnitude of the partition coefficient for iodines is the total
iodine concentration in the water (on a mass basis, including stable iodine). For

,

application of this information to the iodines leaking into the RWST, it was first
necessary to compute the potential total iodine concentration within the RWST. This
was accomplished through use of the ORIGEN-2 computer code.

-. - -. . - _ .
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Note that the production rate of total iodine within the Millstone Unit No. 3 core is about4

25 grams per day (seen below), and that it varies only slightly with irradiation time.

Total lodine inventory in a PWR Core As a Function of irradiation Time

Power (MWt) 37.5 37.5 3636 3636' |
2

(per MTU) (per MTU) (MP3) (MP3)

Irradiation Burnup lodine Prod. lodine Prod. Production,

,

Time (days) (MWD /MTU) (grams) (grams) (grams / day)
'

.

0 0 0.000E+00 0.000E+00 0.000E+00 1

120 4500 3.447E+01 3.342E+03 2.785E+01

240 9000 6.251 E+01 6.061E+03 2.525E+01

360 13500 9.208E+01 - 8.928E+03 2.480E+01

480 18000 1.228E+02 1.191E+04 2.481E+01

600 22500 1.543E+02 - 1.496E+04 2.493E+01
'' 720 27000 1.863E+02 1.806E+04 2.509E+01

840 31500 2.189E+02 2.122E+04 2.527E+01

960 36000 2.518E+02 2.441E+04 2.543E+01

1080 40500 2.850E+02 2.763E+04 2.559E+01

1200 45000 3.182E+02 3.085E+04 2.571 E+01
4

3

1320 49500 3.516E+02 3.409E+04 2.583E+01 1

This data was used to compute the buildup of iodine in the RWST as a result of post-;
' '

LOCA backflow leakage. It is clear that, in view of the initially clean water remaining
within the RWST after the injection phase [48,000 gallons), the iodine concentration
within the RWST will be increasing with time. Hence, the maximum concentration will

4- occur at the end of the accident (i.e.,30 days after the postulated LOCA). The
i expected RWST total iodine concentrations at the end of the accident as a function of

fuel burnup at the time of LOCA is shown in the Table below..

} )
:
*
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30-Day Total lodine Accumulation in the Millstone Unit No. 3 RWGT For A
Postulated LOCA

Takinri Place after Various Effective Full Power Days

Post-LOCA lodine Transfer lodine Conc.
Irradiation Burnup Sump lodine to RWST in RWST

Time (days) (MWD /MTU) (mgram/ gal) (mgrams) (mgrams/ liter)

0 0 0.000E+00 0.000E+00 0.000E+00

120 4500 1.390E+00 5.405E+04 1.668E-01

240 9000 2.521E+00 9.802E+04 3.025E-01

360 13500 3.714E+00 1.444E+05 4.455E-01

480 18000 4.953E+00 1.926E+05 5.942E-01

600 22500 6.223E+00 2.420E+05 7.466E-01

720 27000 7.514E+00 2.921 E+05 9.014E-01

840 31500 8.829E+00 3.433E+05 1.059E+00

960 36000 1.016E+01 3.949E+05 1.218E+00

1080 40500 1.149E+01 4.469E+05 1.379E+00

1200 45000 1.283E+01 4.990E+05 1.540E+00

1320 49500 1.418E+01 5.514E+05 1.701 E+00

For typical burnups in the range of 36,000 to 50,000 MWD /MTU, the total iodine
concentration in the Millstone Unit No. 3 RWST following a 30-day buildup can range
between about 1.2 - 1.7 (mgrams/ liter). As a bounding limit, a fuel irradiation case of
49,500 MWD /MTU was considered. (Attached Table " Total lodine Accumulation in the
Millstone Unit No. 3 RWST and Ensuing Concentrations as a Function of Post-LOCA
Time (49,500 MWD /MTU Fuel Irradiation)")

Applicable PCs corresponding to these time-dependent iodine concentrations (as
required by the GENRUP computer code) were prepared. The PCs, as seen in the
following table, range between approximately 7200 and 3000. This table also lists the
iodine decontamination factors associated with the releases from the RWST, calculated
using the relationship (from Ref. 2, Standard Review Plan, Sec. 6.5.2):

DF = 1 + (V / W) PC,%
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. .

where V and V, are the liquid and air volumes between which the partitioning takes%

place. It is seen that the DFs range between approximately 310 and 240. These are
presented for informational purposes only and were not used in the final analysis.
(Attached Table " Total lodine Concentration in the Millstone Unit No. 3 RWST, Partition
Coefficients and Effective Decontamination Factors as a Function of Post-LOCA Time
(49,500 MWD /MTU Fuel Irradiation)(For Information Purposes Only)"

As a conservative approach, the partition coefficients which yielded DFs in excess of
240 were not employed in the analysis. Instead, a new set of PCs were calculated
which would yield an iodine decontamination factor equal to what is typically employed
in many applications in the nuclear power industry, namely a DF of 100. (Attached
Table " Total lodine Concentration in the Millstone Unit No. 3 RWST, and Partition
Coefficients Yielding an Overall Decontamination Factor of 100, as a Function of Post-
LOCA Time (49,500 MWD /MTU Fuel Irradiation)")
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Total lodine Accumulation in the Millstone Unit No. 3 RWST and
Ensuing Concentrations as a Function of Post-LOCA Time

(49,500 MWDIMTU Fuel Irradiation)
Backflow Backflow Total RWST Total RWST RWST lodine

|
Leakage Time Leakage water iodine Concentration

(days) (Ibm) -(ibm) (mgrams) (mgrams/ liter)

0 0 4.000E+05 0 0

1 1.048E+04 4.105E+05 1.838E+04(*) 9.871E-02(b)

2 2.096E+04 4.210E+05 3.676E+04 1.925E-01

3 3.145E+04 4.314E+05 5.514E+04 2.817E-01 i

4 4.193E+04 4.419E+05 7.351E+04 3.667E-01

5 5.241E+04 4.524E+05 9.189E+04 4.478E-01 1

6 6.289E+04 4.629E+05 1.103E+05 5.252E-01

7 7.337E+04 4.734E+05 1.287E+05 5.991E-01

8 8.386E+04 4.839E+05 1.470E+05 6.699E-01

9 9.434E+04 4.943E+05 1.654E+05 7.377E-01

10 1.048E+05 5.048E+05 1.838E+05 8.026E-01

11 1.153E+05 5.153E+05 2.022E+05 8.649E-01

12 1.258E+05 5.258E+05 2.205E+05 9.247E-01

13 1.363E+05 5.363E+05 2.389E+n5 9.822E-01

14 1.467E+05 5.467E+05 2.573E+05 1..'37E+ 00

15 1.572E+05 5.572E+05 2.757E+05 1.097.+00
16 1.677E+05 5.677E+05 2.941 E+05 1.142 .+00 _
17 1.782E+05 5.782E+05 3.124E+05 1.19 E+N
18 1.887E+05 5.887E+05 3.308E+05 1.239E+00

19 1.992E+05 5.992E+05 3.492E+05 1.285E+00

20 2.096E+05 6.096E+05 3.676E+05 1.329E+00

21 2.201 E+05 6.201 E+05 3.860E+05 1.372E+00

22 2.306E+05 6.306E+05 4.043E+05 1.414E+00

23 2.411 E+05 6.411 E+05 4.227E+05 1.454E+00

24 2.516E+05 6.516E+05 4.411 E+05 1.492E+00

25 2.621 E+05 6.621E+05 4.595E+05 1.530E+00

26 2.725E+05 6.725E+05 4.778E+05 1.566E+00

27 2.830E+05 6.830E+05 4.962E+05 1.602E+00

28 2.935E+05 6.935E+05 5.146E+05 1.636E+00

29 3.040E+05 7.040E+05 5.330E+05 1.669E+00

30 3.145E+05 7.145E+05 5.514E+05 1701E+00
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Total lodine Concentration in the Millstone Unit No. 3 RWST, Partition
Coefficients and

Effective Decontamination Factors as a Functica of Post-LOCA Time
(49,500 MWD /MTU Fuel irradiauon)
(For Information Purposes Only)

Backflow RWST lodine Partition Total RWST RWST Effective
Leakage Time Concentration Coefficient Water Air Space Decontam.

(days) (mgrams/ liter) (gallons) (gallons) Factor

1 9.871 E-02 7.21E+03 4.921 E+04 1.158E+06 3.07E+02
i 2 1.925E-01 6.83E+03 5.046E+04 1.157E+06 2.99E+02

3 2.817E-01 6.42E+03 5.172E+04 1.155E+06 2.88E+02
,

4 3.667E-01 6.13E+03 5.297E+04 1.154E+06 2.82E+02 l

5 4.478E 01 5.73E+03 5.423E+04 1.153E+06 2.71 E+02

6 5.252E-01 5.41E+03 5.549E+04 1.152E+06 2.62E+02

7 5.991 E-01 5.20E+03 5.674E+04 1.150E+06 2.58E+02

8 6.699E-01 5.16E+03 5.800E+04 1.149E+06 2.61E+02

9 7.377E-01 5.05E+03 5.926E+04 1.148E+06 2.62E+02

10 8.026E-01 4.89E+03 6.051 E+04 1.146E+06 2.59E+02>

11 8.649E-01 4.66E+03 6.177E+04 1.145E+06 2.52E+02

12 9.247E-01 4.48E+03 6.303E+04 1.144E+06 2.48E+02

13 9.822E-01 4.34E+03 6.428E+04 1.143E+06 2.45E+02

14 1.037E+00 4.26E+03 6.554E+04 1.141 E+b6 2.46E+02

|
15 1.091E+00 4.19E+03 6.680E+04 1.140E &O6 2.46E+02

16 1.142E+00 4.11 E+03 6.805E+04 1.139E+06 2.47E+02

17 1.191 E+00 4.02E+03 6.931 E+04 1.138E+06 2.46E+02

18 1.239E+00 3.90E+03 7.057E+04 1.136E+06 2.43E+02

19 1.285E+00 3.78E+03 7.182E+04 1.135E+06 2.40E+02

20 1.329E+00 3.67E+03 7.308E+04 1.134E+06 2.38E+02

21 1.372E+00 3.57E+03 7.434E+04 1.133E+06 2.35E4 02

22 1.414E+00 3.48E+03 7.559E+04 1.131 E+06 2.34E+02

23 1.454E+00 3.39E+03 7.685E+04 1.130E+06 2.32E+02

24 1.492E+00 3.32E+03 7.810E+04 1.129E+06 2.31 E+02

25 1.530E+00 3.28E+03 7.936E+04 1.128E+06 2.32E+02
-

26 1.566E+00 3.25E+03 8.062E+04 1.126E+06 2.34E+02

27 1.602E+00 3.22E+03 8.187E+04 1.12SE+06 2.35E+02

28 1.636E+00 3.18E+03 8.313E+04 1.124E+06 2.36E+02

29 1.669E+00 3.13E+03 8.439E+04 1.123E+06 2.36E+02

30 1.701 E+00 3.08E+03 8.564E+04 1.121 E+06 2.36E+02
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Total lodine Concentration in the Millstone Unit No. 3 RWST, and Partition

Coefficients Yielding
an Overall Decontamination Factor of 100, as a Function of Post-LOCA Time

(49,500 MWD /MTU Fuelirradiation)

Backflow RWST lodine Total RWST RWST Partition Coef. |
Leakage Time Concentr. Water Air Space as Used in the

'

(days) (mgrams/ liter) (gallons) (gallons) Analysis

1 9.871 E-02* 4.921 E+04(*) 1.158E+06(*) 2.33E+03N

2 1.925E-01 5.046E+04 1.157E+06 2.27E+03

3 2.817E-01 5.172E+04 1.155E+06 2.21E+03

4 3.667E-01 5.297E+04 1.154E+06 2.16E+03

5 4.478E-01 5.423E+04 1.153E+06 2.10E+03

6 5.252E-01 5.549E+04 1.152E+06 2.05E+03
1

7 5.991 E-01 5.674E+04 1.150E+06 2.01E+03 j

|8 6.699E-01 5.800E+04 1.149E+06 1.96E+03

9 7.377E-01 5.926E+04 1.148E+06 1.92E+03

10 8.026E-01 6.051 E+04 1.146E+06 1.88E+03
|11 8.649E-01 6.177E+04 1.145E+06 1.84E+03

12 9.247E-01 6.303E+04 1.144E+06 1.80E+03 j

13 9.822E-01 6.428E+04 1.143E+06 1.76E+03 I

14 1.037E+00 6.554E+04 1.141 E+06 1.72E+03

15 1.091 E+00 6.680E+04 1.140E+06 1.69E+03

16 1.142E+00 6.805E+04 1.139E+06 1.66E+03

17 1.191 E+00 6.931 E+04 1.138E+06 1.63E+03 '

18 1.239E+00 7.057E+04 1.136E+06 1.59E+03

19 1.285E+00 7.182E+04 1.135E+06 1.56E+03

20 1.329E+00 7.308E+04 1.134E+06 1.54E+03

21 1372E+00 7.434E+04 1.133E+03 1.51 E+03

22 1.414E+00 7.559EA04 1.131E+06 1.48E+03

23 1.454E+00 7.685E+04 1.130E+06 1.46E+03

24 1.492E+00 7.810E+04 1.129E+06 1.43E+03

25 1.530E+00 7.936E+04 1.128E+06 1.41 E+03

26 1.566E+00 8.062E+04 1.126E+06 1.38E+03

27 1.602E+00 8.187E+04 1.125E+06 1.36E+03

28 1.636E+00 8.313E+04 1.124E+06 1.34E+03

29 1.669E+00 8.439E+04 1.123E+06 1.32E+03

30 1.701 E+00 8.564E+04 1.121 E+06 1.30E+03
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. Question 7:
;

j ls the backleakage flow rate based on maximum DP across leaking valves for all
accident conditions? e.g. pump combinations (worst case) 7

i

r Response:

7 The maximum differential pressure utilized within the backleakage program is
,

determined from the Stone and Webster " Containment Recirculation System and Safety
:. Injection System Hydraulic Analysis" calculation. This analysis includes a computer
| model of the Design Basis Loss of Coolant Accident, which results in the containment

|
sump filling with water from the reactor coolant system (highly radioactive from fuel
damage) and the RWST (via the Quench Spray System). 1

1

The analysis model included all Containment Recirculation Spray System (RSS) pumps I

(4) taking a suction from the containment sump. The RSS pumps supply the RSS
discharge piping to the containment spray header and, using the Residual Heat
Removal system, the net positive suction head for the Charging Pumps (2) and High
Pressure Safety injection Pumps (2) at approximately 165 psig. Since the suction is

. normally 30 psig this is the maximum pressure experienced. ;

During the Design Basis LOCA, the Reactor Coolant System pressure will be the same 4

as containment. The maximum containment pressure, at the start of the Recirculation
Mode is approximately 27 psig. Consequently, the SlH and CHS Pumps will be at
maximum flow conditions. FSAR Figure 6.3-5 identifies the SlH pressure at
approximately 826 psig and CHS discharge pressure as approximately 624 psig.

Pressure testing the CHS discharge valves was performed at a higher pressure which
bounded all conditions. This test is conservative and leakage would be lower than
measured. However, pressure testing of the SlH discharge valves is limited to
approximately 200 psig. This limitation is required as pressurization of these valves
results in the pressurization of the pump suction. Leakage pass the valves, measured
at approximately 200 psid, is correlated to leakage at maximum pressure in accordance
with ASME Section XI.

.

Question 8:

How does the LOCA dose analysis referred to in your amendment request of Sept. 28,
1998 affect this analysis / amendment request?

Response:

The' LOCA dose analysis ieferred to in the amendment request of Sept. 28,1998
uses the dose results from this analysis / amendment request for RWST backleakge.
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The calculated dose from RWST baileakge in this analysis is added to the dose
from the other sources in the Sept. 29,1998 analysis / amendment request. This

,

amendment is RWST backleakage wheras the amendment of Sept. 28,1998
assumes that the RWST backleakge has been approved. If this analysis / amendment
changes, in so far as the dose from RWST backleakage changes, the dose reported
in the analysis / amendment request of Sept. 28,1998 would change.


