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PURPOSE AND OBJECTIVE:

The purpose of this caiculation * to generate the maximum allowable primary {0 secondary steamn generator tube
leak rate during a postulatad ma.n steam line breuk using 24% plugging criteria design data The evaluation was
performed for both a pre-accident and zccident initiated iodine spike. The reiease of iodine and the resuiting
thyroid dose at the Exclusion Area Boundary and Low Population Zone were considered in the leak rate
datermination. Whole body dose due to noble gas immersion is less limiting than thyroid dose as documented in

UFSAR Table 15 0-11. Given the large margin to the 25 rem whole body dose limit, whole body dose was not
re-evaluated

T. Is criculation also determines the resulting thyroid cuse at the Exclusion Area Boundary and Low Population

Zone for the actual predicted end-of-cycle 7 steam generator tube leakage during a postulated Main Steam Line
Break

METH Y Al PTAN ITERIA:

The Main Steam Line Break (MSLB) accident is evaluated because the event causes a sustained large pressure
difference across the steam generator tubes providing a motive force for reactor coolant system (RCS) release
The dose attributed to a 1 gpm leak rate from the reactor coolant system was caiculated. This value was then
used 10 determine the aliowable leak rate witho't exceeding the Standard Review Plan dose criteria.

The activity released to the environment due to a MSLB is analyzed in two distinct releases

1 The release of the iodine activity that has been established in the secondary coolant prior to the
accident, and

o~

2 The release of ihe pnmary coolant iodine activity due to tube leakage

The methodology used for calculating the Radiological Consequences of a MSLB with primary 1o secondary
leakage is consistent with the Standard Review Plan (NUREG 0800), 15.1.5 Appendix A

TID-14844 dose conversion factors were used to determine dose equivalent iodine concentrations for the RCS,

which is the Technical Specification definition of dose equivalent iodine. The TID values are based on ICRP 2,
“Permissible Dose for Internal Radiation, 1959."

The off-site dose assessment uses ICRP 30, “Limits for Intakes of Radionuclides by Workers, 18798" dose
gonversion factors. ICRP 30 is also the basis for Federal Gu'~.nce Report No. 11, "Limiting Values of

Radionuclide Intake and Air Concentration and Dose Conversion Factors for Inhalation, Submersion, and
ingesiion,” dated 1988

The dose Acceptance Criteria are based on the guidance of Standard Review Plan (NUREG-0800) Section
15.1.5, Appendix A. For a MSLB with a postulated pre-accident iodine spike, the calculated doses should not
exceed the guideline values of 10CFR Part 100 Section 11. The numerical values used for these doses are 25
rem to the whole body and 300 rem to the thyroid from iodine exposure for 2 hours following the accident. For a
MSLB with an accident initiated iodine spike, the calculated doses should not exceed a small fraction of the 10
CFR 100 guideline values, i.e. 2.5 rem and 30 rem respectively for the whole body and thyroid doses

| REVISION NO.: 4
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ASSUMPTIONS

1) The effect of buron on the RCS density is assumed to be negligibie since the boron mass is less than 1%
of the total RCS mass at the beginning of core life

RESIGN INPUTS:

The total volume of the RCS is 12,082 ft’. (Ref. 1)

The full power RCS temperature and pressure are 586.2 °F and 2250 psia. (Ref. 1 and 2)
The RCS specific volume at fuli power is 0.02258 fi”/lbm. (Ref. 3)

(Deieted)

Letdown Purification System temperature and pressure are 130 °F and 2300 psig. (Ref. 1)
Letdown Purification System specific volume is 0.01613 ft'/lbm. (Ref. 3)

Breathing rates are taken from UFSAR Tabie 15A-1. (Ref. 6)

tmospheric Dilution Factors, X/Q, are the fifth percentile values taken from UFSAR Table 15.0-14
(Ref. 7)

RCS iodine concentrations are based on UFSAR Table 11 .1-2. (Ref. 8

The initial steam release from the defective and intact steam generators are taken from UFSAR Table
15.1-3. (Ref. 9)

The secondary side faulted steam generator has a partition coefficient of 1.0 and the intact steam
generators have partition coefficient of 0.1, (Reference 15)

The half life for 1-131 is 8.04 days, 1-132is 2.30 hrs, 1-133 i 20.8 hrs, |-134 is 52.6 min, and 1-135 is 6.81
hrs (A = 0.683/half life). (Ref. 21)

The initial primary coolant activity for the pre-accident spike is 80 uCi/g DE 1-131 and * uCi/g for the
accident initiated spike. (Ref. 12 and 14)

14 The initia! secondary coolant activity is 0.1 uCi/g DE 1-131. (Ref. 12 and 14)

15 The duration of the spike is 2 hours. (Ref 24)

16 No fuel failure attributable to the accident since DI\ B design basis is met. (Ref. 12 and 25)
17 lodine partition coefficients for all SGs are 1.0 for primary-to-secondary leakage. (Ref. 15)
18 Norma! letdown purification flow is 75 gom. (Ref 1)

18 (Deleted)

| REVISION NO.: 4
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"CALCULATION NO. BRW-97-0798-M PROJECT NO. PAGENO.6 |
20 (Deleted)
21 Demineralizer Decon Factor, DF  for iodine is 10. (Ref 1)
22 The iodine release rate spike factor is 500. (Ref 12)
23 Allowable primary to secondary leak rate is 150 gallons per day (0.1 gpm) per steam generator. (Ref. 14)
24 Dose conversion factors are based on ICRP 30 values using *he significant digits from Federal Guidance
Repurt No. 11 (Ref. 17 and 20,
25 Projected ena-of-cycle 7 leak rate is 122 gpm based ori room temperature and pressure. (Ref. 5)
|
REFERENCES:
1) B/B UFSAR Table 11.1-1, Revision 0, as amendad in Reference 22
2) B/B UFSAR Table 5.1-1, Revision 0
3) ASME Steam Table, Fifth Edition
4 (Deleted)
5) BRW-DIT-97-278, Inputs into Offsite Dose Culcula o Support Unit 1 Reduced RCS DE |-131 Activity
Limit, Rev. 2 i
&) B8/B UFSAR T able 15A-1, Revision 0

B/B UFSAR Table 150-14 Revision 0

8) B/B UFSAR Tabie 11.1-2, Revision 0
8) 8/B UFSAR Table 15 1-3, Revision 8
10) introductory Nuclear Physics by Kenneth S. Krane, 1988

11) (Delated)

12) Standard Review Plan (NUREG 800), 15.1.5 Appendix A

13) (Deleted)

14) Technical Specifications 3.4 8 (Amendment 89), 3.7.1.4 (Original), 3.4.6 2 (Amendment 57)

15) WCAP 14048, ‘Braidwood 1 Technica! Support 1or Cycle 5 Steam Generator Interim Plugging Criteria”

dated May, 1994,

| REVISION NO.: 4 |
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16)

ICRP Publication 2. Report of Committee || on Permissibie Dose for internal Radiat'on, 1959

ICRP Publication 30, Limits for Intakes of Radionuclides by Workers, 1978

J P Adams and C. L. Atwood, “The lodine Spike Release Rate During a Steam Generator Tube
Rupture,” Nuciear Technology, Vol. 84, pp 361-371, June, 1991 and EGG NERD-8648 Technical Report
“Probability of the lodine Spike Release during an SGTR,” September, 1389

Westinghouse Letter CAE §7-171, dated July 21,1987, pertaining to the Reactor Coolant Water Density
Used in Determining Byron and Braidwood Alternate Tube Pilugging Limit

Federal Guidance Report No.11, “Limiting Values of Radionuclide Intake and Air Concentration and
Dose Conversion Factors For Inhalation, Submersion, and Ingestion, 1988

NUREG/CR-1413, “A Radionuclide Decay Data Base -~ Index and Summary Table," 1980

*Primary Coolant Source Terms ' Westinghouse letter CAE-87-185, CCE-987-225, dated September 19
1997

TID-14844 *Calculation of Distance Factors for Power and Test Reactor Sites,” March 23, 1962
B/B UFSAR Section 15.1.5.3, Revision 8

B/B UFSAR Section 15.1 5.1, Revision 4

VARIABLE AND CONSTANT DEFINITIONS:

M RCS mass (g

Maim Steam Generator steam release mass [Ib]
v RCS volume [ft”]

\ RCS specific volume [ft"/ibm]

RCS leak rate constant [sec |

Fuel Release constant [Ci/sec]

Isotope Decay Constant [sec ']

Letdown Purification Removal Constant [sec ']
Total lodine Removal Rate [sec |

Time [sec]

RCS iodine activity [Ci]

lodine Concentration [Ci/g or uCi/g]

initia! lodine Concentration {Ci/g or uCi/g]
Letdown Purification Flow [g/sec]

Activity Released of nuclide, | [Ci]
Thyroid Innhalaticn Dose [rem]

Breathing Rate [m’/sec] _
Atmospheric Dilution Factor [sec/m”’]

DCF Weighted Activity [rem]

DE 1-131 Dose Equivalent |-131

(]

NPT E LR

o

SXx®O02
o
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—

DEFINE UNITS:

Ci= 1 Cune

uCi=1E-6 Ci

1ibm = 454 g

11° = 7.48 gal

1 mnin = 60 sec

1 Sv/Bq= 3.7E12 rem/Ci

CALCULATION OF DOSE DUE TO STEADY STATE ACTIVITY IN SECONDARY SIDE

The first dose compone:nt 1o be calculated will be the dose from the secondary side. The secondary side
activity is conservatively taken as the Technical Specification limit of 0.1 uCi/g (Design Iinput 14). This
value is the same for both the pre-accident and accident initiated events. The steam release for the
faulted steam generator (SG) is 96,000 Ibs (Design Input 10) wiiich is the entire initial SG water mass.
The faulted SG is assumed to steam dry in 10-15 minutes so all of the iodine is available for release
The combined 0-2 hr steam release for the th- 1ot steam generators is 406,716 Ibs (Design input
10). The combined 2-8 hr sleam release for ntact SGs is 939,604 (bs (Design Input 10). For
the three intact SGs a partition ceoefficient o\ sed (Design input 11)

The iodine cancentrations are obtained from USSAR Table 15.0-9 as updated in Reference 22
and are converted to Ci/lb, since the steam release is defined in Ibs

Ci
— | Equation 1.4
. -ACI

TABLE 1.a

| lodine Concentration, C,, | lodine Concentration, C,, |
| (UFSAR Table 15.0-9, Ref 22) (Equation 1.a)
1

Nuclide

[Cig] [CiAb)

3 TEE 0.0645 2.93E.¢
e | 0.0723 3.28E-5
183 | 0.1032 4 6OE-5
134 0.0155 70456

=135 ‘ 0.05687 2.57E-8

_REVISION NO.:
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The iodine concentration for each nuclide, C, from Table 1.a, is multiplied by the mass of steam
released (98,000 Ibs for the faulted SG and 406,716 Ibs for the three intact SGs) and then
multiplied by the partition coefficient (1.0 for the faulted SG and 0.1 for the intact SGs) to obtain
the curies released, R, for 0-2 hours

R (e [(-l] ( (u»'! .\11?;‘"”'{]b]- 1.0 Equationl bl

)\‘

R™=[Ci]=C (| «M™[Ib]x0.1 Equation1b.2

TABLE 1.b
Nuclide | Activity Released from | Activity Released from
| Faulted SG, R | Intact SGs (0-2 hrs), R'™", |
{ (Equation 1.b.1) [Ci] (Equation 1.b.2) [Ci] |
| 2.81E0 ‘ 1.19E0 ~
3.15€E0 ; "~ 1.33E0
4 50E0 1.91E0
6.76E-1 , 2.86E-1
“2.47E0 ; 1.05E0

The activity released, R determined above, is multiplied by the ICRP-30 Cose Conversion
Factor, DCF,, (Design Inpui 24) for each iodine isotope and then summed separately for the
fauited SG and intact SGs. The DCF-weighted activity released is

] silexi Faulted | e ' rem ‘ a
W '[“‘”"1[ R [( \]' DCF | —— Equation | ¢.]
Ci

e PR GRCIAT £ ) e .
W [rem] Ry 1]‘ DCF| ——| Equationlc.2
|

\

"REVISION NO.: 4
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; TABLE 1.c
| Nuclide | ICRP-30 Dose |  Weighted Activity Weighted Activity

|

Conversion Factor, |  from Faulted SG, i from Intact SGs,
I
|

1
|
%
| DCF,, (Design Input | g W™ (9-2hrs) |

24) [rem/Ci] | (Equation 1.c.1) [rem)] | (Equation 1.c.2) [rem] |
1.08E6 , 3.03E6 1.29E86 J

—

8 4423 | 2.07E4 | 8.57E3
1 BOES | 8 10ES 3 44ES
107E3 | 7.23E2 3.08E2
3.13E4 7 73E4 32064

Total L(RxXDCF) 3 94E6 1 €8ES

The 0-2 hour weighted activity released from the faulted and the three intact SGs is 5 62E6 rem
(3.84:6 + 1 88E6 rem). This total weighted activity can also be defined as L RxDCF)

The DE 1-131 activity released from the faulted and intact seam generators is the total weighted
activity from Table 1 ¢ divided by the I-131 dose conversion factor. Numerically this is $.20 Ci
DE 1-131 (5.62E6 rem/1.08E8 rem/Ci)

The off-site thyroid inhalation dose at the exciusion area boundary, Dgag, is calculated in
accordance with UFSAR equation 15A-2. The LPZ doses for both the pre-accident and accident
initiated iodine spike cases include the activity released from the secondary side and are
calculated in steps 2.f and 3.1, respectively. The breathing rate is based on the 0-8 hour time
penod

Exclusion Area Boundary Dose (0-2 hours) for Secondary Side Release

L)E,\j_[wm] I() < B S(R x DCF,) Equationl.d |

- |x5.62E6(rem|

'REVISION NO.: 4
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2. GALCULATION OF DOSE DUE TO PRIMARY-TO-££ZONDARY LEAKAGE DURING PRE:
ACCIDENT INITIATED SPIKE

In accordance with Reference 12, the pre-accident case occurs when the reactor is operating at the
maximum value permitied by the Technical Specifications prior to the postulated MSLB. The radioactive
isotopes are assurned to be evunly distributed throughout the RCS. The iodine activity changes over
time due 1o radioactive decay and the rate at which activity leaves the RCS due to primary-to-secondary
tube leakage.

a The RCS mass inventory, M, will be calculated given the hot full power volume and specific
volume.

RCS Volume: v=12062 ft° (Design Input 1)
RCS specific volume  v=0.02258 ft*/Ibm (Design Input 3)

VI®| . asdl 9| Equation 2
Mg]f: x lT.—n] quation £a

= 2.42€8 [g]

b. The RCS activity needs to be calculated for 60 uCi/g DE 1-131. UFSAR Table 11.1-2 is used to
obtain RCS activity, which is based on 1% fuel clad defects per UFSAR Table 11.1-1. The total
initial RCS activity is calculated by multiplying the initial concentration by the RCS mass. The
initial DE 1-131 activity is then determined by multiplying each isotope’s activity by its dose
conversion factor, summing the values for each nuclide and dividing the sum by the i-131 dose
conversion factor to normalize the activity to 1-131. This DE i-131 activity is the contribution due
to 1% fuel clad defects. To determina the activity at 1 uCi/g DE 1-131, the fraction of each
isotopes contribution to the DE |-131 is calculated and then multiplied by the RCS mass to obtain
the corected total activity in the RCS at 1 uCi/g DE 1-131. To obtain the total activity at 60 uCig
DE 1-131, each isotope activity is multiplied by 60.

[ REVISION NO.: 4 ' |
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A [('1} = -M[g] Equation 2b.1

w

" rem

W [rcm] = A [(‘1]- DCF

Equation 2.b.2

: W [rcm]

rem

| “‘JEQ[rem]

| 48E& rc‘m
Ci L Ci

DE 1131[Ci] =
DCF

=939.2 [('1}

A [(‘1]

~ DE 1-131:
DE 1131[Ci)

8.

Nuclide Concentration at l

Equation 2b.3

u(x

Ci
RCS Activity at | o
4

\1L] 1

-[Ci] = Equation 2 Equation 2.b 4

[(‘z} Equation 2.b 4[("\]- 60 Equation2b.$
g

P 1Ci
RCS Activity at 60

TABLE 2.b

" Nuclide | RCS RCS ICRP-2

-

Concent., |
Ce
(UFSAR
Table
11.1-2)

[cig)

Activity,
A
(Eq.
2.b.1)
[Ci)

|
|
{
|
i
i
|
|
|
|
i
!

i Conversion
; Factor DCF,

Dose

{rem/Ci]
{Ref. 23)

| Weighted

| (Eq.2.0.2)

Activity,
w,

(rem]

Nuclide
Concent,,
at 1 uCilg
(Eq. 2.b.3)

(uCirg]

RCS Totaﬂ RCS Total
Activity at | Actrvity at
1 uCl/lg ‘ 60 uCl/g

i
|
i‘ [cn [c)

-134

2.5E-8

"

1 4BES

8.95E8

0.845

(Eq. 2.b.4) | (Eq. 205
}

156.1 9.36E3

-132

2.8E-8

5.35E4

3.863E7

0.722

1748 1.05E4

| 134

-133

4 0E-8

i
-

4 00ES

3.87E8

1.032

249.7 1.50E4

| B.0E-7

2.50E4

3.83E6

0.1585

37.5 2.25€E3

-138

IV S—

2.2E-6

1.24E5

6.60E7

0.566

137.3 8.23E3

W,

| CURVISESSUENU RO PAI VPR

1.39E9

"REVISION NO.:
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c The two removal mechanisms for this accident are due to decay and leak rate to the secondary
side of 1 gpm. The time dependent activity after two hours with the removal constants can be
culculated using the basic decay equation methodology (Reference 10).

t
C—I-A—(—lz— A Alt) - A A(()

dt d

A t

A Mok
T

0

il +a
AW = A Ua " *ir)
Where t =2 hours = 7200 sec
g1 | gpm
Ir  Volume of RCS
gal

I} — |n3 n
min [lmm]
& = X x

Ir 12062 n3 7 48 |gal

81855-7[”(']

d. Since the isotope activity is 2~sumed to remain evenly distributed throughout the RCS volume,
then the rate at which the isotope activity leaks from the RCS, R(1), is simply the RCS leak rate
times the activily. The total activity released during a given time interval is the integration of the
release rate ovar that interval, in this case, 2 hours.

R(t) = A, x A(t)
R(‘)= '{1, " Al,f‘ tHdgedy )

jR(:)dt = j').,,Ak,c hedtnd

_—é!——):—)j (A, +A i

R= -——A‘*—AL-(I-c 441} Equation 2.d

| REVISION NO.: 4
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: TABLE 2.d
RCS Activity at 60 """" "“" Activity
Nuclide Cilg Releaned, R,
s (Datgn m 1:) (Equation 2.d)
(Table 2.b) {Ci} g“'
| [ci
191 | 9.36E3 9.97& 7 1.24E1
132 | 1.05E4 8.37E-5 1.05E1
3 | 1.50E4 9.25E-6 1.93E1
194 | 2.25€3 2.20E-4 1.50E0
1-135 8 23E3 2.91E-5 9 88E0
e Ca.culate the 0-2 hour thyroid inhalation dose at the Exclusion Area Boundary (EAB) in
accordance with UFSAR equation 15A-2.
TABLE 2.¢
ICRP-30 Dose
Activity Conversion Factor, Weighted Activity
Nuclide Relersed, R DCF,, (Design Input Released, R, x DCF,
(Table 2.d) [C]] ,"‘, trem/Ci] [rem]
1-131 1.24E1 1.08E8 1.34E7
132 | 1.05E1 6.44E23 8.76E4
e ] e | 1.80E5 3.47E6
M 1 | 1.07€3 1.60E3
1135 | 988E0 | 3.13E4 3.09€5
| Total L(RXDCF )san 1.72E7

The total DE 1-131 activity released is the weight~ ~

activity from Table 2.e divided by the |-131

dose conversion factor. Numerically this is 15.9 w. DE 1-131 (1.72E7 rem/1 08C6 rem/Ci). The
breathing rate is based on 0-8 hour time period.

=77E—4(-’°-f-]n3 475-4.(-'3-
Lm LSCC_‘

37

x| 72E7[rem]
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f. Calculate the thyroid inhalation dose at the Low Population Zone (LPZ) using the equation from
UFSAR Section 15A 4 The activity released during the accident from 2-40 hours was obtained
from UFSAR Table 15.1-4 (as amended in Ref. 22). This activity includes the dose contribution

from a 8 4 gpm pnmary-to-secondary leakage and the secondary side release.

; TABLE 2.1.1
‘ ; ICRP Dose
PTG Puradeny (UFSAR Canversion Facter, '&"3,"’..?‘..’3".‘:‘
Table 15.14) (o) | DCFu(Design lnput | "o nee (rem)
% 24) [rem/Ci]
| 1-131 | 1 WE? 1.08E8 2.05E9
e ek 3.8E1 6.44E3 2.45E5

1-133 { 1 8E3 1.80E5 3.24E8
i 134 | 3.7E0 1.07E3 3 96E3
; 1135 3 8E2 3.13E4 1.19E7

Total £(R x DCF) 2.39E9

The total 2-40 hour weighted activity calculated above in Table 2.1.1 is separated into specific

time periods of 2-8 hrs, 8-24 hrs, 24-40 hrs. This is L.sed on scaling the total 2-40 hour

weighted activity by the fraction of steam released during the same time period. The 2-40 hour

steam release was obtained frorn UFSAR Table 15.1-3.

| TABLE 2.1.2
| Stean, Releaso, | Fraction of Total | 1O 240K | Weighted Activity
| Time Period | (UFSAR Table | Steam Retease | ool "t LY | Released in Time
| 18.43) [1Ib] | for Time Seriod 244) [rem) | Period [rem]
(28N 939,604 0.30 1 2.39E9 717E8
| 8-24 hr 1,234,515 | 0.39 2.39E9 9.32E8
24-40 hr 980806 | 031 2.39E9 7.41E8
Total Steam | Total Weighted
Reiease SER0.050 i Activity Released L9

The atmospheric dilution factors (X/Q) for 0-8 hrs, 8-24 hrs, and 24-40 hrs were obtained from
UFSAR Table 15 0-14 The breathing rates for 0-8 hrs, 8-24 hrs and 24-40 hrs were obtained

from UFSAR Table15A-1. Calculate the thyroid inhalation dose at the Low Population Zone
(LP2) using the equation from UFSAR Seciion 15A 4.

D :1&.\‘

(

LPZ

xBxY (R, «DCF) Equation2f]
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TABLE 2.1.3
Atmos. | Weighted |
Dispersion | Breathing Rate, Activity | LPZDose, Dz, |

Time Factor, X/Q, B, (UFSAR Released, | wi 9.4 gpm Leak |
Period (UFSAR Table Table 15A-1) LRxDCF,, | Rate (Ejuation

16.0-14) : [m’/sec) (Table 2£.2) |  2.1.1) [rem]

[sec/m’] [rem]
0-2 hr 7.1E-5 347E-4 167E8" 411

[ — GRS

2-8 hr 71E-5 3 47E-4 717E8 17.66

—————————— e .

8-24 1 4E-5 1.75E-4 9.23E8 2.28

e ————————————————————————————

24-40 71E-8 2.32E-4 741E8 1.22

Total LPZ Dose
w/ 9.4 gpm Leak
Rate {rem]
*From Tables 2.e and 1.¢, [(1.72E7x9.4) + (3.94E6 + 1 68ES) = 1 87E8)

CALCULATION OF DOSE DUE TO PRIMARY TO SECONDARY LEAKAGE DURING ACCIDENT
INITIATED SPIKE

The accident initiated spike model is the same as the pre-accident model except an additional iodine
appearance rate term is added for fuel release rate into the RCS. In accordance with the Standard
Review Plan, the reactor tnp and/or primary system depressurization associated with the MSLB creates
an iodine spike in the primary system. The spiking model assumes that the iodine release rate from the
fuel rods to the primary coolant increases to a value 500 times greater than the Technical Specification
limit. This factor adds an additional release rate factor for iodine activity, )

fuel

Calculate the total removal rate of iodine, A, through letdown purification and radioactive decay
Equation 2 of Reference 18 defines this total as

Equation 3.a.1

Equation 3.a2

REVISION NO.: 4
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The 75 gpm letdown purification flow, F,, is converted from gpm to grams/sec at letdown design
parameters (Oesign Inputs 2 and 3)

gal | | fi L ib

min 7 48 gal 0016131° | | | 60 sec

= 4704
sec

Substituting the values of F , M and DF into Equation 3 .a.2 gives

oo - SRS :

L2tdown Purif. | Isotope Decay | Totai lodine
sadlite Removal Constant, | Constant,iy | Removal Rate, &, |
‘ | A.p, (Equation 3.a.2) | (Design input 12) | Equation 3.a.1

f [sec™] § [sec] ' [sec™]
1.75E- ‘ 9 97E-7 1.85E-5
1.75E- 8.37€-5 1.01E-4

0.25E-6 2.67E-5
2.20E-4 Z 2.38E-4

2. 91E-5 | 4.86E-5

The equilibrium fuel release rate, L., is defined as the product of the RCS activity at 1 uCi/g DE 1-131
{from Table 2.b) and the total iodine removal rate for each isotope

e [Ci/SEC] = A [Ci] X 2 [s€2 ] Equation 3.b
. ! i )
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Each equilibrium fuel release rate is multiplied by 500 (Design Input 22) to obtain the spiked release rate.

Table 3.
Total lodine Fue) ‘lelease Spiked
Nuclide Removal Rate, i, Rate, Lue Release Rate
(Table 3.a) (Equation 3.b) 500 X Aiye
[sec™] [Cisec] [Ci/sec)

1-131 1.85E-5 2.89E-3 1.45

-132 1.01E-4 1.77E-2 8.85

1-133 2.67E-5 8.67E-3 334

<134 2.38E-- 8 82E-3 4 .48

1-135 4 6BE-5 8.39E-3 3.2C

[ Neo ~cting the loss ierms (radiodecay, leakage and letdown), the time dependent RCS activity
due 1o the accident initiated iodine spike may be written as:
dA(t)
—— = 500
5t A
A 1
[dA@) = [5004,,dt
A, 0
A(t)= A, +5004,,t Equation3c
d. Since the isotope activity, A(t) is assumed to remain evenly distributed throughout the RCS

volume, then the rate at which the isotope activity leaks from the RCS, R(t), is the RCS leak rate
constant, »,, multipl’~ d by the activity determined by Equatior: 3.c. Tne total activity released
during the event is calculated by integrating the release rate over the time interval.

R(t) = 4, A(t)

=A(A, + 500'{1».1!)

jk(t)dz = 'j/zu(A,, +£004,,t )t

(

R=4|

)
At+ 500';““1 Equation 3 d

)
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TABLE 3.d
RCS Activity at Spiked Rel Rate 0-2 Hour Activity
Nuclide 1 uCig, As (Table 3.b) [Ci/sec] Released, R,

(Table 2.b) [Ci] : (Equation 3.d) [Ci]

131 156.1 1.45 7.18

-132 174 8 8.85 4 27E1

11133 2487 3.34 1.63E1

-134 375 4 .46 2.14E1

1-135 1373 3.20 | 1.55E1

@ Calculate the thyroid inhalation dose at the Exclusion Area Boundary and Low Population Zone

in accordance with UFSAR equation 15A-2.

TABLE l.e
Nuclide 0-2 Hour Activity Releasad, DCF, RxDCF,
R, (Table 3.d) [Ci] [rem/Ci] [rem]
-131 7.18 1.08E6 7.73€E6
1-132 4 27E1 6 44E3 2.75ES
1-133 1.83E1 1.80E5 2.93E6
1-134 2.14E1 1.07€3 2.29E4
1-135 1.55E1 3.13E4 4 85E5
L(RxDCF)) 1.14E7

The total DE 1-131 activity released in 0-2 hours is the total weighted activity released,
TL(RxXDCF), from Table 3 e divided by the I-131 dose conversion factor. Nuimerically this is 10.6
Ci DE 1-131 released in the first two hours (1.14E7 rem/1.08E6 rem/Ci). The breathing rate is
based on the 0-8 hour time period.

Exclusion Area Boundary Dose for a 1 gpm leak rate.

i \
Dy [rem] =/ -%—‘ «BxY (R, xDCF,) Equation3.e |
\ /EAB '
7764 % 347E-4 ™| | 14E7[rem]
= - L—';ITJK J —41\;;-!! rem
=3.05 [rem]
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f

Calculate the thyroid inhalation dose at the Low Population Zone (LPZ) using the equation from
UFSAR Section 15A 4 The activity released during the accident from 2-40 hours was obtained
from UFSAR Table 15 1-4 (as amende in Ref. 22). This activity includes the dose contribution
from a 8 4 gpm primary-to-sécondary leakage and the secondary side release.

, TABLE 3.1
RCS lodine Activity | 1O 1% 098 | 240 Hour Weighted
| Nuclide Released, R, (UFSAR DCF, (Design Input Activity Released,
i Tabie 15.14) [Ci] 24) {rem/Ci] R x DCF, [rem)
| 18 2.1E3 1.08E6 2.27E9
' 1132 { 1.0E3 6 44E3 € 44E6

U 2 9E3 j 1.80E5 5.22E8

e | 1.4E2 | 1.07E3 1.50ES

L1388 | 1.2E3 T 3.13E4 3.76E7

Total Z(R x DCF) | 2.84E9

The totai 2-40 hour weightad activity released caiculated above in Table 2.f.1 is separated into
specific time penods of 2-8 hrs, 8-24 hrs, and 24-40 hrs. This is based on scaling the total 2-40
hour weighted activity released by the fraction of steam released during the same time period.
The 2-40 hour stean release was obtained from UFSAR Table 15.1-3.

TABLE 3.1.2
[ I
| Steam Release, | Fraction of Total w;mzm;m Weighted Activity
- Time Period | (UFSAR Table = Steam Release Released (Table Released in Time
; 15.1-3) [Ib]) i for Time Period 3.41) [rem] : Period {rem}
| -8 hr 939604 | 0.30 2.84E9 8 52E8
| 8-24 hr 1234515 | 0.39 2.84E9 1.11E9
24-40 hr 980806 | 0.31 2.84E9 8.8058
Total Steam [ Total Weighted ‘
Reiease 5,106,026 ) Activity Released 3.0088

The atmnspheric dilution factors (X/Q) for 0-8 his, 8-24 hrs, and 24-40 hrs were obtained from
UFSAR Table 15.0-14. The breathing rates for 0-8 hrs, 8-24 hrs and 24-40) hrs were obtained
from U¥ SAR Table15A-1. Calculate the thyroid inhalation gose at the Low Population Zone
(LP2) using the equation from UFSAR Section 15A 4.
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«BxY (R xDCF) Egquation3f1

TABLE 3.1.3

| Weighted Activity
Released,
LIRxDCF)),
(Table 3.1.2)
[rem)

stmos
Dispersion Sreathing Rate,
Time Factor, WQ, B, (UFSAR
Perion (UFSAR Table Table 15A-1)
16.0-14) [m*/sec)
(sec/m’] | i g
T AE-S JATE 1.13E8° 2.78
T1E-¢ 3 E 8.52E8 20 .99
1 4E-5 5E 1.11E9 2.72
711E-6 = 8. ROEB 145
Total LPZ Dasge
w/a 94 Leak 27 .94

| Rate [rem] '
*From Tables 3 e and 1.¢c [(1 14E7xD 4) + (3. 94ED + 1 68E+6) = 1 13E8]

LPZ Dose, D pz, W/
a 9.4 gpm Leak
Rate (Equation

3.1.1) [rem)

CALCULATION OF SITE ALLOWABLE LEAK RATE
Results of the Pre-Accident lodine Spike Model

The EAB dose for a 9.4 gpir leak rate is 44 74 rem (4 60 X 9.4+1.50). Thu total LPZ dose

alculated in Table 2.1.3 is 25.27 rem. Therefore, the EAB dose is more limiting

The thyroid dose due 10 the reiease of activity in the secondary side of all four steam generators
is 1 50 rem (page 10) The dose due to 1 gpm primary (0 secondary leakage in 4 steam
generators with a concentration of €0 uCi/g is 4 60 rem (page14) Given that the dose lim#* in
the Standard Review Plan is 300 rem for the pre-accident mode!, the maximum allowable leak
rate without exceeding 300 rem is

3CO rem ~1.50 rem
Allowable Leak Rate » .
rem
4 60

gpm

64 RO gpm
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Consequently, the total EAB dose due to a 64 89 gpm leak during a MSLB is 300 rem. Allowing
0.1 gpm rvom temperature leakage per each of the three intact steam generators leaves 64 47
gpm (64 89-0 3x1 408) for the fauiti«d loop

Note that the 64 88 gpm allowable leak rate is calculated at RCS operating conditions. Shouid
the allowable leak rate be desired 10 be expressed at room temperature conditions, the 64 89
gpm must be divided by 1 408 (Reference 19) 1o account for RCS density differences
Therefore the room temperature allowable leak rate is 46 15 gpm

Resulls of the Accident Inttiated lodine ‘J{Hﬁ(' Model

The EAB dose for a 9.4 gpm leak rate is 30.17 rem (3.05 x ©.4+1.5). The total LPZ dose
calculated in Table 3.1.3 is 27.94 rem. Therefore, the EAB dose is more limiting

The thyroid dose due 1o the release of activity in the secondary side of all four steam generators
is 1.50 rem (page 10). The dose due 10 1 gpm primary to secondary leakage in 4 steam
generators with a concentration of 1 uCi/g is 3.05 rem (page 18). Given that the dose limit in the
Standard Review Plan is 30 rem for the accident initiated spike model, the maximum allowable
leak rate without exceeding 30 rem is

. 2 rem
Allowable Leak Rate
rem

gpm

§ 34 gpm

Constcquently, the total EAB dose duo 1o a 9.34 gpm leak during a MSLB is 30 rem. Allowing C 1
gpm room temperature leakage per each of the three intact steam generators leaves 8.92 gpn.
(9.34-0 3x1 408) for the faulted loop

Note that the 9 3% gpm allowable leak rate is calculated at RCS operating conditions. Shouid the
allowable leak rate be desired 10 be expressed at room temperature conditions, the 9.34 gpm
must be divided by 1 406 (Reference 19) to accourt for RCS density differences. Therefore, the
room temperature aliowable leak rate is 8 64 gpm
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CALCULATION OF END-OF -CYCLE 7 PREDICTED DOSES

in accordance with the requirements for Braidwood Unit 1 voltage based reoair criteria (IPC) for outer
digmeter stress corrosion cracking at tube support plates, the potential tube ieakage during a MSLB

event with containment bypass must be predicted at the end of the next operating period. This predicted |
leak rate must be compared 1o «ud shown to be less than the maximum site allowable leak rate
determined in Section 4 above

Braidwood Station is currently preparing a request for Technical Specification change to lower the RCS
Dose Equivalert lodine 131 limit 1o 0.05 uCi/g. As documented in Section 3, the site allowable leak |
rate of 8.64 gpm at room temperature conditions is based on an RCS DE 1131 limit of 1 uCi/g. The site
allowable leak rate can be increased proportional 1o a reduction in RCS DE 1131. Therefore by reducing
the RCS DE 1131 lirait 1o 0.05 uCi/g, the ullowable leak rate at room temperature conditions is increased |
1o 132.8 gpm (664 gpm/0.05).

The predicted end-of-cycle 7 ieak rate is 122 gpm based on room temperature conditions (Design Input
25). To this is added operational leakage from three steam generators (0.1 gpm per steam generator)
for a total leak rate of 122.3 gpm at room temperature conditions. This is bounded by the requested
132.8 gpm site al.owable leak rate limit at room temperature conditions.

This section of the calculation determines the EAB and LPZ thyroid dose for the prewic.Ad end-of-cycle
leak rate of 122.3 gpm to validate that the current operating conditions are bounded by existing |
calculations. The EAB and LPZ dose is bourded by Section 3 ot this cocument, which showed that the
accident initiated spike is the limiting accident.

a The most restrictive EAB thyroid dose limit is 30 ram pe: section 4 b (page 22). This dose limit
corresponds to an allowable leak rate of 6.64 gpm at an RCS DE 1-131 concentration of 1 uCi/g.
The calculated EAB dose remains the same when allowabie leakage is increased to 132.8 gpm I
because RCS DE |-131 is decreased by & proportional amount. The EAB dose, Xeas, dué t0
current cycle projected leakage of 122.3 gpm is calculated by performing a ratio of _alculated |
values 10 projected values.

1223 gpm _ Xgu
1328gpm 30 rem

Xew = i ™ 30 rem
132.8 gpm

Xgap = 2763 remata 005 4 C/g RCS DE 1131 concentration

Therefore, the end-of-cycle 7 predicted EAB dose is within the 30 rem dose limit under end-of-
cycie 7 operating conditions.
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The LPZ calculated thyroid dose is 27 94 rem per Section 3.1 (page 21). This dose limit
corresponds 10 an allowable leak rate of 6 64 gpm at an RCS DE 1-131 concentration of 1 uCi/g
which again remains the same under the proposed allowable leak rate of 132.8 gpm because
RCS DE 1-131 is reduced to 0.05 uCi/g DE 1-131. The LPZ dose for projected end-of-cycle
conditions, X, sz, IS calculated by perfc ming a ratio of calculated values to projected values

122.3 gpm X

328gpm 27 94 rem

199
L

- 2794 rem

132 8 gpm

73remata005 4 Cvg RCSDE1-131 concentrauon

The, fore. the end.of-cycle 7 predicted LPZ dose is within the 30 rem dose limit under end-of-
cycle 7 operating conditions

SUMMARY AND CONCLUSIONS

It is concluded from Section 4 that the accident initiated spike is more limiting, therefore the maximum site
allowable SG leak rate during a postulated MSLB is 8.3 gpm & RCGS operating conditions (8.6 gpm at room
temperature) with a RCS DE 1-131 concentration of 1 uCi/g. This value includes the 0.1 gpm contribution from
each of the three intact SGs

Section § determined that the Unit 1 eng-of-cycie 7 predicted MSLB tube leakage results in off-site thyroid doses
that are less than a small fraction (10%) of 10CFR100 limits. The r=eulting EAB and LPZ doses, with a 0.05
WCi/ig RCS DE 14131 limit, are 27 83 rem and 25.73 rem. respectively, which are less than the 30 rem limit for the

miing accident inlliated spike case

5

_REVISION NO ..




