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|

PURPOSE / OBJECTIVE:
|

Tha purpose of this calculation is to determine the Reactor Coolant System (RCS) Dose Equivalent
lodine-131 (DE l-131) release rates and the iodine spike factors for Byron Units 1 and 2 based on
plant reactor trip data. The results of the calculation will be used to support the Byron Unit 1 Cycle 8 i

Tcchnical Specification Amendment Request (TSAR) to reduce the RCS iodine concentration to 0.2
pCilgm.

METHODOLOGY AND ACCEPTANCE CRITERIA:
I

Tha methodology outlined in the paper presented by Adams and Atwood (Ref.1) will be used to
calculate the pre-trip and post-trip RCS DE l-131 release rates. The RCS DE l-131 activity data
utilized in the calculation is taken from previous Byron Units 1 and 2 reactor trips. The concurrent
iodine spike factor is calculated as the ratio of the post-trip DE l-131 release rate to the pre-trip DE l-
131 release rate. The accident initiated DE l-131 release rate based on the NRC Standard Review
PI:n (SRP) methodology will be calculated and compared to the plant data.

Tha purpose of this calculation is to evaluate the DE l-131 release rate based on actual plant data.
No acceptance criteria is required. However, since the Byron site allowable primary to secondary
Innk rate limit was calculated based on the SRP methodology (Ref. 6 and Ref. 8), the DE l-131
rcinase rate ratio based on plant trip data should be below the release rate determined by the SRP
methodology (500). For iodine release rate spiking factors higher than 500, values up to 12,000 are
acceptable per Ref.1 and justification for acceptance will be included the Tech Spec Amendment
R: quest discussed above.

ASSUMPTIONS:

1) The purification system decontamination factor (DF) is assumed to be 99 (99% removal
efficiency) as recommended in Ref.1. Even though the DF is specified in B/B UFSAR
9.3.4.1.2.5 as a minimum factor of 10 (90% removal efficiency), using a higher DF is
conservative since it will result in higher DE-131 release rates.

2) The CVCS letdown flow (purification system flow) is assumed to be the minimum operating
j flow of 75 gpm (Ref. 7) for both the pre-trip and post-trip conditions. An assumed letdown
; flowrate is necessary due to the absence of historical data. A sensitivity study evaluating the
| impact of CVCS letdown flow on iodine release rates and spiking factor was performed and

documented in Attachment C. The spiking factors associated with the minimum normal'

operating letdown flow (75 gpm) resulted in more conservative (higher) iodine spiking factors.
| REVISION NO. |0 | | | |
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The use of a 75 gpm letdown flow allows comparison to the NRC SRP methodology results,
which also assumed a 75 gpm letdown flow. Therefore, a CVCS letdown flowrate of 75 gpm is
assumed.

3) The effect of boron on the RCS density was assumed to be negligible since the baron mass is
less than 1% of the total RCS mass at the beginning of core life.

DESIGN INPUTS

p) The total volume of the RCS is 12,062 ft (Ref. 2 )

2) The full power RCS temperature and pressure are 586.2 F and 2250 psia. (Ref. 2 and 3) I
1

3) The RCS specific volume at full power is 0.02258 ft'llbm. (Ref. 4 and Assumption 3)

4) The decay constant for iodine-131 is 3.59x10' /hr. (Ref. 5)

5) The Purification System Specific volume at 370 psia and 110 *F is 0.01615 ft'/lb. (Ref. 4, Ref.
5 and Assumption 3)

.

REFERENCES:

1) "The lodine Spike Release Rate During a Steam Generator Tube Rupture", James P. Adams
and Corwin L. Atwood. Nuclear Technology Vol. 94, June 1994.

2) B/B UFSAR Table 11.1-1, Rev. O.

3) 8/B UFSAR Table 5.1-1, Rev. 6

4) ASME Steam Table, Fifth Edition

5) Byron Operating Procedures BOP CV-17, Rev. 7 and BOP CV-9, Rev. 2.

| REVISION NO. |0 | | | |
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6) " Radiological Consequences of Main Steam Line Failures Outside Containment of a PWR",
j NRC Standard Review Plan (SRP) 15.1.5 Appendix A, Rev. 2, July,1981.
|

| 7) B/B UFSAR Table 9.3-2, Rev. O. |

8) Comed Calculation, ATD-0410, " Allowable Leakrate Calculation for Steam Generator Interim I
Plugging Criteria", Revision 0, July 31,1994.'

| 9)- NDIT BYR97-068
;

; 10) Byron Letter 97-5022, " Applicability of Reactor Trip lodine Concentration Data to Support |
Reduced lodine Technical Specification Change", dated 1/23/97.

I

|

CALCULATIONS:

The calculations are contained in Attachment A. )
l

I

'

,

IREVISION NO. 10 | | | |

.
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SUMMARY AND CONCLUSIONS:
I
l
I

Bas d on Byron Unit 1 and 2 reactor trip data, the steady state ar.d post-trip iodhe-131 release rate
end iodine spike factor were calculated and summarized below:

1

Event Pre-Trip Iodine Post-Trip Steady State Post-Trip Iodine Spike {
Concentration Concentration Release Rate Maximum Factor I

(pCi/gm) ( Ci/gm) (Ci/hr) Release Rate
- (Ci/hr)

J l 2.00E-2 1.40E-1 3.52E-1 5.24E+ 1 149.0 '

2 2.90E-2 2.90E-1 5.10E- 1 1.10E+2 215.5
3 3.00E-3 6.90E-3 5.28E-2 2.35 E+0 44.6
4 1.60E-2 3.30E-1 2.81E- 1 1.27E+2 451.3
5 6.70E-3 8.00E-2 1.18E-1 3.04E+1 258.6 l

6 4.51 E-4 3.48E-4 7.93E-3 8.50E-2 10.7
7 4.00E-2 2.60E-1 7.04E-1 9.69E+1 137.8 |

8 3.20E-2 1.90E-1 5.63E-1 7.05E+1 125.4
9 1.20E-2 3.30E-1 2.llE-1 1.27E+2 603.9
10 4.10E-3 6.80E-2 7.21E-2 2.61 E+ 1 361.7

;

I1 7.25E-4 4.70E-4 1.28E-2 1.02E-l 8.0
'

12 4.70E-4 4.20E-4 8.27E-3 1. l l E-1 13.4
.

The event initiated maximum RCS iodine-131 release rates are lower that that predicted by the SRP
methodology (8797 Ci/hr). The largest release rate calculated for Events 4 and 9 is 127 Ci/hr, which is
significantly below the NRC SRP calculated value of 8,797 Ci/hr. |

|

All events, with the exception of Event 9, had iodine release rate spiking factors less than the assumed SRP
value of 500. Event 9 had a spiking factor of 603.9. Event 9 occurred in Byron Unit 2 Cycle I with failed fuel l
and a very low steady state release rate, which tends to inflate the spiking ratio.

i

| REVISION NO. |0 | | | |
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|
| ATTACHMENT A
| CALCULATIONS I
l i

Variable and Constant Definitions

Ro Pre-trip Steady State Release Rate [Ci/hr]
R Post-trip Steady State Release Rate [Ci/hr]

|
Rm Maximum post-Trip lodine Release Rate (Ci/hr] |

L, Total lodine Removal Rate [1/hr] |
L, lodine-131 Decay constant [1/hr]

L, Purification removal constant [1/hr] i

Ao Steady State RCS lodine inventory [Ci] )
Am Maximum Transient RCS lodine Inventory (Ci]
S lodine Release Rate Spike Factor

i

Co Pre-trip DE l-131 Concentration [ Ci/gm]
C Post-trip DE l-131 Concentration [ Ci/gm],

* F Purification System (CVCS Letdown) Flow Rate [gpm]
P Purification System (CVCS Letdown) Flow Rate [kg/hr] ;

DF Purification System Decontamination Factor '

M RCS Mass inventory [kg)
V RCS Volume [ft3]
v RCS Specific Volume [ft3/lb]

{v, Purification System Specific Volume [ft3/lb] i

,

Define units of Curie and microcurie

Cl 1

Cl Cl10s pCl = 1 10 Ci8

Calculate RCS Mass inventory, M ,

I

3Volume of RCS: V = 12062 ft (Design Input 1) |

3

Specific Volume of RCS: v - 0.02258 ft (Design input 3),y
i
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|
|

|

|

|

V
Mass of RCS: M - (1 lb = 0.4536 kg)

v
|

5M = 2.42310 kg

| Calculate Purification Flowrate, P, Decontamination Factor, DF
1

0.01615 g3Purif. Sys. Spec. Vol: y
p g (Design input 5)

Purif. Sys. Flow: F 75 U"' (Assumption 2)
min

I F (1 ft3 = 7.4805 gal)p_
v (1 lb = 0.4536 kg) |

P (1 hr = 60 min) |

4P = 1.6910 -

hr

|
Decon. Factor: DF 99 (Assumption 1)

i
'

i

l

i



.. -. . . . - - - . . . - - - . - . - _ - .. . - . .

*

.

'

CcmED CALCULATION SHEET (Alt 3rnate NEP-12-02 Exhibit E).

Calculntisn Numb;r: BYR97-023 Ravialon 0 Page A-3 |

Byron Reactor Trio Data
j

| This calculation evaluates the data from 12 reactor trip events at Byron listed
| in Attachment B. Each event is individually evaluated and designated by i, |'

as follows: '

i : 1 "12
Co C' _ (Ref. 9)

I

(Ref.10)
2, @ 1.4010- 1 E '2.00 10 -

l gm gm

2.9010-2,49 2.90 10- 1 E '-

gm gm

3.0010'3 Eb 6.90 10' 3. E ' |
-

gm gm

1.60 10-2 @ 3.3010'1 E '
; gm gm j

6.7010'3 Eb 8.00 10-2, |Ci
-

gm gm )
4.51 10'4 b 3.48 10' 4 E '- -

gm gm

Cl4.00 10-2, 2.6010~ 1 E ' |-

gm gm j

3.2010-2,49 1.9010-1 E '-

gm gm '

1.20 10-2, @ 3.3010~1 b-

gm gm

3E9 6.80 10'2
Cl

4.10 10 -

gm gm -

7.2510'4 Eb 4.7010'4 E '- -

Igm gm

4.7010'4 Eb 4.2010'4 E '- -

gm gm

.
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|

|

! l. Calculate the Pre-trio Steadv State Release Rate. Ro
|

Ro = L,* Ao (E'euation 3 of Ref.1)

'

Where: Ao = M * Co

Ro = L, * M *Co

Where: L, = L, + L, (Ref.1)

3.59 10'3 hr (Design input 4)1

L d

I 1

P1g
L (Ref.1)P M

1
L p = 0.069 hr

L t,L d-L p

i
L t = 0.073 hr

L M Co,Ro, t

See Table A.1 for results of this calculation of Ro, for each reactor trip
event.

II. Calculate Maximum Post-trio DE l-131 Release Rate. Rm

R = (L, *(A - Ao*exp(-L,*t)] / [1-exp(-L,*t) ] (Equation 1 of Ref.1)

!
r
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Calculation Number:_BYB97-023 Revision 0 Page A-5

The post-trip maximum transient RCS inventory, A, is calculated based on 3
times the maximum post-trip RCS DE l-131 activity, in accordance with Ref.
1.

A = 3 * C, * M and Ao = Co * M (Ref.1)

Therefore, the maximum post-trip DE l-131 release rate, Rm, is defined as:

Rm = [1, * (3*C *M - Co*M*exp(-(*t)) /. [1-exp(-(*t)]i

The values for Lt, Ci, and M are defined in Section I, above.

Assume 2 hrs. from iodine spike initiating event to maximum iodine
concentration:,

d

t = 2 hr (Ref.1)

L 3 C M - Co, M exp L tt i tRm
i 1 - exp - L tt

See Table A.1 for the results of this calculation of Rm, for each
reactor trip event. '

111. Calculate lodine Soike Factor. S

The concurrent iodine spike factor, S, is defined as the ratio of the
post-trip release rate (Rm) to the pre-trip release rate (Ro).

Rm,
S

I Ro,

See Table A.1 for the results of this calculation of S, for each
reactor trip event.

(

t. ..
. .

.. _
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IV. Calculate lodine Release Rate. Rs. Using SRP Methodology

Steady State RCS DE l-131 Concentration: Cs .1.0 E '
; gm

Calculate steady state DE l-131 activity, As:
|

As Cs M

8
| As = 2.42310 Cl-

|

Calculate steady state DE l-131 release rate, Rs:
!

Rs = 1, * As (Ref. G)

1Where : L t = 0.073 hr (Section I )

Rs L Ast

7 E'Rs = 1.75910 -

hr

| Per SRP, Ref. 6, an accident initiated spike factor of 500 times is used I

to calculate the post accident RCS DE l-131 release rate, Rsa:

Rsa Rs 500 (Ref. 6)

-]3Rsa = 8.79710
hr J

1

This is larger than all of the post-accident release rates calculated in
Sections I and 11 above. !

|

|
i .,

J

- _
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;

1

;

i

TABLE A.1
'

|
|

I

|

Ro, Rm
i

' CI' CI'
i8hr hr 1 |

0.352 52.417 148.955'
O.51 109.977 Y15.535
0.053 2.357 44.647
0.282 127.06 451.339
0.118 30.485 258.597 I

0.008 0.085 10.727

/ 0.704 97.024 137.859
0.563 70.59 125.375
0.211 127.51 603.918 (
0.072 26.092 "361.686 1

0.013 0.102 7.99
0.008 0.111 13.435 |

,

4

|

|

|

:
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| ATTACHMENT B
! BYRON REACTOR TRIP DATA
l
|

!

i

1

.

1

.



. _ . _. . _ . .. . . . _ , . _ _ _ ___

i

Comed CALCULATION SHEET (Altsrn:ta N'E'P-12-02 Exhibit E) |
'
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t

i
:
I

&

i

i

E!jyy.[j
- (t[-{L;' .

|^ <9

I, iI
f!Nf| f,lifeU ! df ; MD'-

e Cycl Qatn ,ati h. ;(Ref $ . 4(Y/N)I
'

,

1 1 1 1/29/86 0:06 98% 2.00E-02 1.40E-01 1/29/86 3:45 Y

2 1 1 9/30/86 9:11 93 % 2.90E-02 2.90E-01 9/30/86 11:35 Y ;

!

3 1 2 7/29/87 22:11 98% 3.00E-03 6.90E-03 7/30/87 1:10 Y

4 1 , 2 7/16!88 4:31 98% 1.60E-02 3.30E-01 7/16/88 7:30 Y

3 1/31/89 9:56 99 % 6.70E-03 8.00E-02 1/31/89 12:00 Y5 1 -

6 1 8 9/11/96 0:17 96.5 % 4.51 E-04 3.48E-04 9/11/96 2:30 N i

I

,

7 2 1 7/14/87 18:15 98% 4.00E-02 2.60E-01 7/15/87 0:15 Y :

8 2 1 7/25/87 12:16 98% 3.20E-02 1.90E-01 7/25/87 14:15 Y i

9 2 1 2/12/88 18:04 94 % 1.20E-02 3.30E-01 2/12/88 20:50 Y :
'

10 2 1 12/15/88 10:02 40% 4.10E-03 6.80E-02 12/15/88 12:45 Y

11 2 5 9/24/94 10:12 100% 7.25E-04 4.70E-04 9/24/94 12:20 N

12 2 6 5/23/96 8:04 98 % 4.70E-04 4.20E-04 S/23/96 10:20 N
1

i
,

i

!
|
!

i

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _
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Calculation Number: BYR97-023 R:visisn: 0 Paga: B-2 (Final)
-

.

t

'

l. .
!

!

!

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

7. . . , , . _ . . , - , - . . . . , , y,m . , ., , [-

,

i b m } -i fy j. -..:) .t7.v : - . ,
.

1 . i%0 .q!p p j ,il'i [ u p j !
-

JA L.
'

eidfMPbd4;f@pb1 liiiig[I !'

r m . &li. A It . J.o .:: e i - J u -' .;'T : ir i .fi L'

j.

. .. .

1 1 1 1/29/86 0:06 98 % 2.00E-02 1.40E-01 1/29/86 3:45 Y [
2 1 1 9/30/86 9:11 93% 2.90E-02 2.90E-01 9/30/86 11:35 Y
? 1 2 7/29/87 22:11 98% 3.00E-03 6.90E-03 7/30/87 1:10 Y t

4 1 2 7/16/88 4:31 98% 1.60E-02 3.30E-01 7/16/88 7:30 Y !
'

5 1 3 1/31/89 9:56 99% 6.70E-03 8.00E-02 1/31/89 12:00 Y |

6 1 8 9/11/96 0:17 96.5 % 4.51E-04 3.48E-04 9/11/96 2:30 N !
'

I I I I
'

7 2 1 7/14/87 18:15 | 98% 4.00E-02 2.60E-01 7/15/37 0:15 N |
8 2 1 7/25/87 12:16 98% 3.20E-02 1.90E-01 7/25/07 14:15 Y }
9 2 1 2/12/88 18:04 94 % 1.20E-02 3.30E-01 2/12K 8 20:50 Y !

10 2 1 12/15/88 10:02 40% 4.10E-03 6.80E-02 12/15/3812:45 Y |
!11 2 5 9/24/94 10:12 100 % 7.25E-04 4.70E-04 9/24/E412:20 N

12 2 6 5/23/96 8:04 98% 4.70E-04 4.20E-04 5/23/E610:20 N !

!
i

i

I

f

i
I
!

!

!
:
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ATTACHMENT C
CVCS LETDOWN FLOW SENSITIVITY EVALUATION

.

! Purpose and Approach: |

Th9 purpose of this sensitivity study is to evaluate the impact of CVCS Letdown flowrate variations
on the pre-trip iodine release rate, post-trip iodine release rate, and the release rate spiking factor.
Tha sensitivity study compares the release rate and spiking factor using the minimum and maximum

i
; normal operating CVCS letdown flowrate,75 gpm and 120 gpm, respectively. The purpose of the

'

| study is to support Assumption 2.

Methodoloav and Acceptance Criteria:

The methodology of Attachment C is consistent with Attachment A with the same design inputs and
variables. The spreadsheet has no acceptance criteria, but also serves as a validation to
Attachment A. The header of the spreadsheet is labelled according to the letdown flowrate.

l
Assumptions:

All assumptions and design inputs are consistent with those previously stated except letdown
flowrate was varied from 75 gpm to 120 gpm.

|

All twenty eight reactor trip events documented in reference 9 were included in the study. Sample ,

ID's 2,3,4,8,10,15,17,18,19,22, 27, and 28 correspond to events 1 through 12 which were used
in Attachment A.

| Summary and Conclusions:

Table C-1 summarizes the data for all 28 reactor trip events. Table C-2 documents the pre-trip
stsedy state iodine release rate, post-trip iodine release rate, and spike factor using 75 gpm letdown
flowrate. Table C-3 documents the equations used in Table C-2. Table C-4 documents the pre-trip
standy state iodine release rate, post-trip iodine release rate, and spike factor using 120 gpm
intdown flowrate. Table C-5 documents the equations used in Table C-4

Tha effect of letdown flow on pre-trip and post-trip release rate is minimal as illustrated by comparing
to the SRP calculated release rate in Attachment A. The SRP methodology calculated a release rate
of 8797 Ci/hr. The maximum post trip release rate at 75 gpm letdown is 127 Ci/hr. The maximum

[lEVISION NO. |0 | | | |
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post trip release rate at 120 gpm is 132 Ci/hr. The margin to the release rate methodology (8797
Ci/hr) is significant in both cases. By increasing the total removal rate of I-131 (e.g. increasing
Intdown from 75 gpm to 120 gpm), the ratio of the pre-trip release rates is more greatly affected thant
ths ratio of the post-trip release rates. In other words, the pre-trip _ number increascs at a higher rate
than the post-trip numbers.

Since the pre-trip iodine release rate is the denominator of the spike factor, the minimum letdown
flowrate yields the higher iodine spike factor. Using 75 gpm letdown flowrate, the spike factor is
higher in every event. For this reason, using 75 gpm is a conservative assumption.

I

.
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| TABLE C-1 i,

,

E f .~ > Y>Yw b I.

$$f? ' MY ' > Sh SPrenTdp Post: Trip iSP6sk'iTMpE $F)iled$
.< un- . > o. ?.? .

1

y - ~s. .. us A - n: n

MM * ea &<C
En 5 $$NN!2:3 !! INN)Md MOUl0Nj$EN

[MI(hNEA$ki$8N!@hEysnt Unit ; Cycle Trfp:Date rTime- JatTrip- TuCilgm) TuCilgni)'- dateltime)Y TNFF/FF) ;|

j 1 1 1 1/16f86 4:49 98% 5.20E-03 2.89E-02 1/13/86 14:30 FF |
2 1 1 1/29/86 0:06 98% 2.00E-02 1.40E-01 1/29/86 3:45 FF 1

3 1 1 9/30/86 9:11 93 % 2.90E-02 2.90E-01 9/30/86 11:35 FF |
4 1 2 7/29/87 22:11 98% 3.00E-03 6.90E-03 7/30/87 1:10 FF !

5 1 2 7/31/87 1:53 30 % 4.70E-03 1.30E-02 7/31/87 7:40 FF
6 1 2 8/11/87 10:11 97 % 6.10E-03 1.605-02 8/12/87 10:30 FF

| 7 1 2 4/18/88 21:48 98% 8.20E-03 5.30E-02 4/19/88 8:00 FF
8 1 2 7/16/88 4:31 98 % 1.60E-02 3.30E-01 7/16/88 7:30 FF
9 1 2 8/4/88 0 47 98 % 2.50E-01 1.70E-01 8/5/88 8:40 FF
10 1 3 1/31/89 9:56 99% 6.70E-03 8.00E-02 1/31/89 12:00 FF
11 1 4 5/3/90 3:00 79 % 2.10E-03 1.70E-03 5/3/90 6:45 NFF
12 1 4 8/19/90 4:25 78 % 1.60E-03 2.10E-03 8/19/90 6:40 NFF
13 1 4 12/3/90 12:40 98 % 2.50E-03 2.10E-03 12/3/90 15:00 NFF
14 1 5 1/29/92 9:01 93 % 2.00E-02 2.60E-01 1/30/92 8:16 FF

J 15 1 8 9/11/96 0:17 96.5 % 4.51 E-04 3.48E-04 9/11/96 2:30 NFF

16 2 1 4/27/87 16:03 89% 2.00E-02 3.10E-03 4/27/87 18:30 NFF
17 2 1 7/14/87 18:15 98% 4.00E-02 2.60E-01 7/15/87 0:15 FF
18 2 1 7/25/87 12:16 98 % 3.20E-02 1.90E-01 7/25/87 14:15 FF
19 2 1 2/12/88 18:04 94 % 1.20E-02 3.30E-01 2/12/88 20:50 FF
20 2 1 5/6/88 12:16 94 % 1.90E-02 2.90E-01 5/6/88 13:30 FF
21 2 1 7/14/88 1:14 95% 1.50E-02 2.40E-01 7/14/88 9:30 FF |
22 2 1 12/15/88 10:02 40% 4.10E-03 6.80E-02 12/15/88 12:45 FF |
23 2 2 1/18/90 0:42 99% 5.60E-03 7.60E-02 1/19/90 7:40 FF |

24 2 3 12/20/90 4:08 72 % 1.50E-03 1.105-01 12/20/90 3:50 FF
~

25 2 4 6/10/92 13:25 100% 5.63E-04 4.80E-04 6/10/92 16:00 NFF
26 2 4 5/11/93 22:38 97 % 1.10E-03 4.92E-04 5/12/93 6:35 NFF
27 2 5 9/24/94 10:12 100% 7.25E-04 4.70E-04 9/24/94 12:20 NFF
28 2 6 5/23/96 8:04 98% 4.70E-04 4.20E-04 5/23/96 10:20 NFC

Calculation No. BYR97-023
Attachment Attachment: C
Revision No. 00

| Page No. Page 3 of 9
1
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75 GPM Letdown Flow TABLE C-2 ,

*

A B C D E F G H I

1 ! %
2 Unit-1
3 1 8.67E-02 9.15E-02 1.07E+01 1.17E+02 9.28E-03 5.20E-03 2.89E-02 98.0 %

T 2 4.20E-01 3.52E-01 5.24E+01 1.49E+02 4.55E-02 2.00E-02 1.40E-01 98.0 %

5 3 8.70E-01 5.10E-01 1.10E+02 2.15E+02 1.01E-01 2.90E-02 2.90E-01 93.0 %

6 4 2.07E-02 5.28E-02 2.35E+00 4.46E+01 2.04E-03 3.00E-03 6.90E-03 ~55Ffo ~-
7 5 3.90E-02 8.27E-02 4.54E+00 5.49E+01 1.29E-02 4.70E-03 1.30E-02 30 0 %

8 6 4.80E-02 1.07E-01 5.55E+00 5.18E+01 4.87E-03 6.10E-03 1.60E-02 97.0 %

9 7 1.59E-01 1.44E-01 1.97E+ 01 1.37E+02 1.72E-02 8.20E-03 5.30E-02 98.0 % -

10 8 9.90E-01 2.81E-01 1.27E+02 4.51 E+02 1.10E-01 1.60E-02 3.30E-01 98.0% i

11 9 5.10E-01 4.40E+00 3.82E+01 8.68E+00 3.32E-02 2.50E-01 1.70E-01 98.0%

12 10 2.40E-01 1.18E-01 3.04E+01 2.58E+02 2.62E-02 6.70E-03 8.00E-02 99.0%

13 11 5.10E-03 3.69E-02 4.27E-01 1.16E+01 4.60E-04 2.10E-03 1.70E-03 79.0 %

14 12 6.30E-03 2.81E-02 6.39E-01 2.27E+01 6.97E-04 1.60E-03 2.10E-03 78.0%

15 13 6.30E-03 4.40E-02 5.38E-01 1.22E+01 4.67E-04 2.50E-03 2.10E-03 98.0%

16 14 7.80E-01 3.52E-01 9.92E+01 2.82E+02 9.07E-02 2.00E-02 2.60E-01 93.0%

17 15 1.04E-03 7.93E-03 8.50E-02 1.07E+01 7.50E-05 4.51E-04 3.48E-04 96.5%

18 Unit-2
19 16 9.30E-03 3.52E-01 -1.04E+00 -2.95E+00 -9.94E-04 2.00E-02 3.10E-03 89.0%

W 17 7.80E-01 7.04E-01 9.69E+01 1.38E+02 8.40E-02 4.00E-02 2.60E-01 98.2 %
__

21 18 5.70E-01 5.63E-01 7.05E+01 1.25E+02 6.12E-02 3.20E-02 1.90E-01 98.0%

22 19 9.90E-01 2.11E-01 1.27E+02 6.03E+02 1.15E-01 1.20E-02 3.30E-01 94.0 %

W 20 8.70E-01 3.34E-01 1.11E+02 3.32E+02 1.00E-01 1.90E-02 2.90E-01 94.0 %

IW 21 7.20E-01 2.64E-01 9.19E+01 3.48E+02 8.23E-02 1.50E-02 2.40E-01 95.0% i

25 22 2.04E-01 7.21E-02 2.61E+01 3.61E+02 5.54E-02 4.10E-03 6.80E-02 40.0% |

26 23 2.28E-01 9.85E-02 2.90E+01 2.94 E+02 2.49E-02 5.60E-03 7.60E-02 99.0 %

27 24 3.30E-01 2.64 E-02 4.27E+01 1.62E+03 5.05E-02 1.50E-03 1.10E-01 72.0 %

28 25 1.44E-03 9.91E-03 1.24E-01 1.25E+01 1.05E-04 5.63E-04 4.80E-04 100.0 % j

29 26 1.48E-03 1.94E-02 6.82E-02 3.53E+00 5.99E-05 1.10E-03 4.92E-04 97.0%
'30 27 1.41 E-03 1.28E-02 1.02E-01 7.98E+00 8.66E-05 7.25E-04 4.70E-04 100.0 %

31 28 1.26E-03 8.27E-03 1.11E-01 1.34E+01 9.64E-05 4.70E-04 4.20E-04 98.0%

Calculation No. BYR97-023
Attachment Attachment: C

1/23/97IODIN 075.XLS Release Rate (75) Revision No. 00
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' ' '75 GPM Letdown Flow TABLE C-3 .

'

A B C D E |

~1
. d

2 Unit-1
3 1 =3*H3 =(G3*17.5934) =(130)*((B3)-(0.8647*G3)) =D3/C3

_4_ 2 =3*H4 =(G4*17.5934) =(130)*((84)-(0.8647*G4)) =D4/C4
_ _ _ _ _

_5_ 3 =3*HS =(GS*17.5934) =(130)*((BS)-(0.8647*G5)) =D5/C5
_ _

6 4 =3*H6 =(G6*17.5934) -{130)*((86)-(0.8647*G6)) =D6/C6
_ _ _

_7 5 =3*H7 =(G7*17.5934) ={130)*((B7)-(0.8647*G7)) =D7/C7

8 6 =3*H8 =(G8*17.5934) =(130)*((88)-(0.8647*G8)) =D8/C8

9 7 =3*H9 =(G9*17.5934) =(130)*((89)-(0.8647*G9)) =D9/C9_ _ _

_10_ 8 =3*H10 =(G10*17.5934) =(130)*((B10)-(0.8647*G10)), =D10/C10 _

_11_ 9 =3*H 11 =(G11*17.5934) -(130) ((B11)-(0.8647*G11)) =D11/C11

_12 10 =3*H12 =(G12*17.5934) =(130)*((B12)-(0.8647*G12)). =D12/C12 _
_

E 11 =3*H13 =(G13*17.5934) =(130)*((B13)-(0.8647*G13)) =D13/C13 _ _ _

14 12 =3*H14 =(G14*17.5934) ={130)*((B14)-(0.8647*G14)) =D14/C14

15_ 13 =3*H15 =(G15*17.5934) =(130)*((B15)-(0.8647*G15)) =D1_5/C15_

_16_ 14 =3*H16 =(G16*17.5934) =(130)*((B16)-(0.8647*G16)) =D16/C16
_

17 15 =3*H17 =(G17*17.5934) =(130)*((B17)-(0.8647*G17)) =D17/C17

18 Unit-2

R 16 =3*H19 =(G19*17.5934) ={130)*((819)-(0.8647*G19)) =D19/C19

20 17 =3*H2O =(G20*17.5934) =(130)*((B20)-(0.8647*G20)) =D20/C20

21 18 =3*H21 =(G21*17.5934) ={130)*((B21)-(0.8647*G21)) =D21/C21

22 19 =3*H22 =(G22*17.5934) =(130)*((B22)-(0.8647*G22)) =D22/C22

E 20 =3*H23 =(G23*17.5934) =(130)*((B23)-(0.8647*G23)) =D23/C23
_

24 21 =3*H24 =(G24*17.5934) ={130)*((824)-(0.8647*G24)) =D24/C24

25_ 22 =3*H25 =(G25*17.5934) =_(130)*((B25)-(0.8647*G25)) =D25/C25 ___ _

2_6_23 =3*H26 =(G26*17.5934) =(130)*((B26)-(0.8647*G26)) =D26/C26

_28_ 25 =3*H28 =(G28*17.5934) =(130)*((B28)-(0.8647*G28))_
=D27/C27 _ _ _ _ _ __27_ 24 =3*H27 =(G27*17.5934) =(130)*((B27)-(0.8647*G27)) _

=D28/C28
=D29/C29

_ . _ _

29 26 =3*H29 =(G29*17.5934) ={130)*((B29)-(0.8647*G29))_
=D30/C30

_ _ _ . _3_0_27 =3*H30 =(G30*17.5934) =(130)*((B30)-(0.8647*G30)).
=D31/C3131 28 =3*H31 =(G31*17.5934) =(130)*((B31)-(0.8647*G31))

Calculation No. BYR97-023
c ment Anachment: C

lODIN075.XLS Release Rate (75) 1/23/97
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75 GPM Letdown Flow TABLE C-3 '-
.

3 =D3/(1175*l3) =110 DIN 075.XLS] Unit Tnps'IG2 ='[lODIN075.XLS] Unit Trips *lH2 =110 DIN 075.XLS] Unit Trips *lF2

4 =D4/(1175*l4) =110 DIN 075.XLS] Unit Trips'lG3 =110 DIN 075.XLS] Unit Trips'!H3 ='jlODIN075.XLS] Unit Trips IF3
5 =D5/(1175*l5) ='[lODIN075.XLS] Unit Trips'!G4 =]lODIN075.XLS] Unit Trips'!H4 =]lODIN075.XLSjunit Trips *!F4
6 =D6/(1175'l_ ) =] IODIN 075.XLS] Unit Trips *lG5 =1tODIN075.XLS[ Unit Trips *lHS =] IODIN 075.XLSjunit Trips *lF56

7 =D7/(1175*17) =] IODIN 075.XLS] Unit Trips' LGS =] IODIN 075.XLSjunit Trips'!H6 =]lODIN075.XLS] Unit Trips'IF6_ _

8 =D8/(1175*18) =]lODIN075.XLSjunit Trips *1G7 =]lODIN075.XLS] Unit Trips'!H7 =]lODIN075.XLS] Unit Trips *!F7

9 =D9/(1175*19) ='{lODIN075.XLS] Unit Trips'IG8 ='[lODIN075.XLS] Unit Trips'lH8 =] IODIN 075.XLSjunit Trips'IF8

10 =D10/(1175*l10) ='[lODIN075.XLS] Unit Trips'!G9 ='jlODIN075.XLS] Unit Trips'!H9 =] IODIN 075.XLS] Unit Trips *!F9

11 =D11/(1175*l11) ='jlODIN075.XLS] Unit Trips'IG10 =]lODIN075.XLS] Unit Trips'lH10 =] IODIN 075.XLS] Unit Trips'IF10_ _

12 =D12/(1175*l12) ='{lODIN075.XLS] Unit Trips'!G11 =] IODIN 075.XLS] Unit Trips'lH11 =] IODIN 075.XLSjunit Trips'!F11_

13 =D13/(1175*l13) =110 DIN 075.XLSjunit Trips *1G12 =]! ODIN 075.XLS] Unit Trips *!H12 =]lODIN075.XLS] Unit Trips'!F12
,

14 =D14/(1175*l14) =] LOD!N075.XLSjunit Trips *1G13 =]lODIN075.XLS] Unit Trips'!H13 =]IODINu75.XLS]Ung Trips !F13

15 =D15/(1175*115) =]lODiN075.XLS] Unit Trips'IG14 =1| ODIN 075.XLS] Unit Trips'!H14 =]lODIN075.XLSjunit Trips *!F14

16 =D16/(1175*l16) =]lODIN075.XLS] Unit Trips *1G15 =]lODIN075.XLSjunit Trips'!HIS =] IODIN 075.XLS] Unit Trips'!F15

17 =D17/(1175*117) =110 DIN 075.XLS] Unit Trips'!G16 =110 DIN 075.XLS] Unit Trips *lH16 ='[lODIN075.XLS] Unit Trips'!F16

18

19 =D19/(1175*l19) |=]lODIN075.XLS] Unit Trips'IG18 ='[lODIN075.XLS] Unit Trips *lH18 =1| ODIN 075.XLS] Unit Trips'IF18

20 =D20/(1175'120) |=_]lODIN075.XLS] Unit Trips *!G19 =]lODIN075.XLS] Unit Trips'!H19 =] IODIN 075.XLSjunit Trips *!F19

X =D21/(1175*l21) |=110 DIN 075.XLSjunit Trips'IG20 ='[lODIN075.XLS] Unit Trips'lH2O =] IODIN 075.XLS] Unit Trips'!F20
_

22 =D22/(1175*l22) |=] IODIN 075.XLS] Unit Trips'IG21 =1! ODIN 075.XLSjunit Trips'!H21 =]lODIN075.XLS] Unit Trips *lF21

23 =D23/(1175'l23) |=] IODIN 075.XLS] Unit Trips'IG22 =]lODIN075.XLS] Unit Trips'!H22 =]lODIN075.XLSjunit Trips'!F22
_

24_ =D24/(1175*l24) |=]! ODIN 075.XLS] Unit Trips'IG23 ='[lODIN075.XLS] Unit Trips'!H23 =] IODIN 075.XLS] Unit Trips *!F23

1 =D25/(1175*l25) |=] IODIN 075.XLS] Unit Trips *1G24 ='[lODIN075.XLS] Unit Trips'lH24 =]lODIN075.XLS] Unit Trips'!F24 _ __ _

_26 =D26/(1175*l26) |=]lODIN075.XLS] Unit Trips *!G25 ='[lODIN075.XLS] Unit Trips'lH25 =] IODIN 075.XLS] Unit Trips'!F25 _ [

27 =D27/(1175*l27) ='[lODIN075.XLS] Unit Trips'IG26 ='[lODIN075.XLS] Unit Trips'lH26 =]lODIN075.XLS} Unit Trips'!F26
___.

28 =D28/(1175*l28) =]lODIN075.XLS] Unit Trips *1G27 =1| ODIN 075.XLS] Unit Trips *lH27_ =] IODIN 075.XLS] Unit Trips'lF27

29 =D29/(1175*l29) =] IODIN 075.XLS] Unit Trips'!G28 =110 DIN 075.XLS] Unit Trips'lH28 =] IODIN 075.XLS] Unit Trips' F28_!

=] IODIN 075.XLSjunit Trips'!F29 _30 =D30/(1175*l30) =]] ODIN 075.XLS] Unit Trips'lG29 =] IODIN 075.XLSjunit Trips'!H29__
=110 DIN 075.XLS] Unit Trips'IF30

___

31 =D31/(1175'l31) =*[lODIN075.XLS] Unit Trips *lG30 =110 DIN 075.XLS] Unit Trips *!H30
,

Calculation No. BYR97-023
Attachment Attachment: C
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120 CPM Letdown Flow TABLE C-4 ~ .

<
,.

A | B | C | D E | F G H I

j U -

;

'
" '

y # ] 'j pil7-- 1 []D . !} .; .

3SFN 'yy$t%;jj* *l .

-

emhisMXJLbu,J H L L| au L d:AdldliN7]Q$ Mph MMj gggpb [.?: j t . . .. . | n '':'2 -

'"'M*1 1- 1 ' -

2 Unit-1
3 1 | 8.67E-02 | 1.45E-01 | 1.12E+01 7.71E+01 9.72E-03 5.20E-03 2.89E-02 98.00 %

_

_4_ 2 | 4.20E-01 | 5.58E-01 5.48E+01__ 9.81E+01 4.76E-02 2.00E-02 1.40E-01 98.00 % i

5 3 8.70E-01 8.09E-01 1.15E+02 1.42E+02 1.05E-01 2.90E-02 2.90E-01 93.00 %~ N[k(
oy>o

6 4 2.07E-02 8.37E-02 2.485+00 2.97E+01 2.16E-03 3.00E-03 6.90E-03 98.00 %

gg[[g7 5 3.90E-02 1.31E-01 4.78E+00 3.64E+01 1.36E-02 4.70E-03 1.30E-02 30.00 %

' y8_8_ 6 4.80E-02 | 1.70E-01 5.85E+00 3.44 E+01 5.13E-03 6.10E-03 1.60E-02 97.00%_ _ t

9 7 1.59E-01 | 2.29E-01 2.07E+01 9.03E+01 1.79E-02 8.20E-03 5.30E-02 98.00 % - 7.
9W 8 9.90E-01 4.46E-01 1.32E+02 2.97E+02 1.15E-01 1.60E-02 3.30E-01 98.00 %

'

_11_ 9 5.10E-01 6.98E+00 4.22E+01 6.05E+00 3.67E-02 2.50E-01 1.70E-01 _98.00% _._ ;u g g m
$,

12 10 2.40E-01 1.87E-01 3.18E+01 1.70E+02 2.73E-02 6.70E-03 8.00E-02 99.00 % @ E
y13 11 5.10E-03 | 5.86E-02 4.65E-01 7.94E+00 5.01E-04 2.10E-03 1.70E-03 79.00 % $ g

14 12 6.30E-03 1 4.46E-02 6.81E-01 1.53E+01 7.44E-04 1.60E-03 2.10E-03 78.00 % 3 3'
'

# "

15 13 6.30E-03 6.98E-02 5.85E-01 8.38E+00 5.08E-04 2.50E-03 2.10E-03 98.00 %

16_ 14 7.80E-01 5.58E-01 1.04E+02 1.86E+02 9.47E-02 2.00E-02__ 2.60E-01 93.00% _ _
*

17 15 1.04E-03 1.26E-02 9.29E-02 7.39E+00 8.20E-05 4.51E-04 3.48E-04 96.50 %

18 Unit-2 | | |

1 16 9.30E-03 | 5.58E-01 | -8.92E-01 -1.60E+00 -8.53E-04 2.00E-02 3.10E-03 89 00% .

20 17 7.80E-01 | 1.12E+00 1.01E+02 9.08E+01 8.79E-02 4.00E-02 2.60E-01 98.20 %

21 18 5.70E-01 | 8.93E-01 7.38E+01 8.26E+01 6.41E-02 3.20E-02 1.90E-01 98.00 % ,

E 19 | 9.90E-01 | 3.35E-01 | 1.33E+02 3.97E+02 1.20E-01 1.20E-02 3.30E-01 _94.00 %

E 20 | 8.70E-01 | 5.30E-01 | 1.16E+02 2.19E+02 | 1.05E-01 1.90E-02 2.90E-01 94.00%_ __
*

24_ 21 7.20E-01 4.19E-01 | 9.59E401 2.29E+02 | 8.60E-02 1.50E-02 2.40E-01 95.00%_ _
2.38E+02 | 5.79E-02 4.10E-03 6.80E-02 40.00 % i

25 22 2.04E-01 1.14E-01 2.72E+01 -

26 23 2.28E-01 1.56E-01 3.03E+01 1.94E+02 | 2.60E-02 5.60E-03 7.60E-02 99.00 %

27 24 | 3.30E-01 4.19E-02 | 4.46E+01 1.06E+03 | 5.27E-02 1.50E-03 1.10E-01 72.00 %

_28_ 25 | 1.44E-03 | 1.57E-02 | 1.35E-01 8.56E+00 | 1.15E-04 5.63E-04 4.80E-04 100.00%

E 26 1.48E-03 | 3.07E-02 | 8.16E-02 2.66E+00 | 7.16E-05 1.10E-03 4.92E-04 97.00 %

2 27 1.41E-03 | 2.02E-02 | 1.13E-01 5.59E+00 | 9.62E-05 7.2SE-04 4.70E-04 100.00% _ _
31 28 1.26E-03 | 1.31E-02 | 1.20E-01 9.16E+00 | 1.04E-04 4.70E-04 4.20E-04 98.00 %

(Release Rate (120))
IODIN 075.XLS 1/23/97
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120 GPM Letdown Flow TABLE C-5 ~
,

.
-

A | B C D E

1 1

2 Unit-1_ |

3 1 =3*H3 =(G3*27.9026) =(135.5)*((B3)-(0.7941*G3)) =D3/C3

4 2 =3*H4 =(G4*27.9026) =(135.5)*((B4)-(0.7941*G4)) =D4/C4
._

5 3 =3*HS =(G5*27.9026) =(135.5)*((BS)-(0.7941*G5)) =DS/C5

6 4 =3*H6 =(G6*27.9026) =(135.5)*((B6)-(0.7941*G6)) =D6_/C6
7 5 =3*H7 =(G7*27.9026) =(135.5)*((B7)-(0.7941*G7)) =D7/C7

___

$ {:o y n
c

3. s N-8 6 =3*H8 =(G8*27.9026) =(135.5)*((B8)-(0.7941*G8)) =D8/C8
fy_9_ 7 =3*H9 =(G9*27.9026) =(135.5)*((89)-(0.7941*G9)) =D9/C9 _ Z

X 8 =3*H10 =(G10*27.9026) =(135.5)*((B10)-(0.7941*G10)) =D10/C10
_

~ zgg
~

1 9 =3*H11 =(G11*27.9026) =(135.5)*((B11)-(0.7941*G11)) =D11/C11 z

R 10 =3*H12 =(G12*27.9026) =(135.5)*((B12)-(0.7941*G12)) =D12/C12

13 11 =3*H13 =(G13*27.9026) =(135.5)*((B13)-(0.7941*G13)) =D13/C13 o o > w

1 12 =3*H14 =(G14*27.9026) =(135.5)*((B14)-(0.7941*G14)) =D14/C14 k s y
,3 -15 13 =3*H15 =(G15*27.9026) =(135.5)*((B15)-(0.7941*G15)) =D15/C15 5 :r

[ 14 =3*H16 =(G16*27.9026) =(135.5)*((B16)-(0.7941*G16)) =D16/C16
~~ % $ $

" "

17 15 =3*H17 =(G17*27.9026) =(135.5)*((B17)-(0.7941*G17)) ED17/C17 .c
O

18 Unit-2 ,

3 16 |=3*H19 =(G19*27.9026) =(135.5)*((B19)-(0.7941*G19)) =D19/C19

20 17 =3*H2O =(G20*27.9026) =(135.5)*((B20)-(0.7941*G20)) =D20/C20

1 18 =3*H21 =(G21*27.9026) =(135.5)*((B21)-(0.7941*G21)) =D21/C21

X 19 =3*H22 =(G22*27.9026) =(135.5)*((B22}-(0.7941*G22)) =D22/C22

23_ 20 =3*H23 =(G23*27.9026) =(135.5)*((B23)-(0.7941*G23)) =D23/C23 ~~[
24 21 =3*H24 =(G24*27.9026) =(135.5)*((B24)-(0.7941*G24)) =D24/C24

_

=(G25*27.9026) =(135.5)*((B25)-(0.7941*G25)) =D25/C252, 5 22 |=3*H25 -

1 23 |=3*H26 =(G26*27.9026) =(135.5)*((B26)-(0.7941*G26)) =D26/C26

X 24 |=3*H27 =(G27*27.9026) =(135.5)*((B27)-(0.7941*G27)) =D27/C27

28 25 |=3*H28 =(G28*27.9026) =(135.5)*((B28)-(0.7941*G28)) =D28/C28

g 26 |=3*H29 =(G29*27.9026) =(135.5)*((B29)-(0.7941*G29)) =D29/C29

3, 0 27 |=3*H30 =(G30*27.9026) =(135.5)*((B30)-(0.7941*G30)) =D30/C30

31 28 |=3*H31 =(G31*27.9026) =(135.5)*((B31)-(0.7941*G31)) =D31/C31

(Release Rate (120))
lODIN075.XLS 1/23/97

. _ _ _ _ _ - _ - - - - _ - - - - - _ _ . _ --. _- -_- -_. _



'' *

120 GPM Letdown Flow TABLE C-5
,

.

F | G H I

2 |

110 DIN 075.XLS] Unit Trips'!H2 =110 DIN 075.XLS] Unit Trips *lF23 =D3/(1175*l3) |=110 DIN 075.XLS] Unit Trips'lG2 =

]lODIN075.XLS} Unit Trips'lH3 =]] ODIN 075.XLS] Unit Trips *lF3 g(gQ i4 =D4/(1175*l4) |=1 IODIN 075.XLS] Unit Trips'lG3 =

110 DIN 075.XLS] Unit Trips *lH4 =] IODIN 075.XLS] Unit Trips'IF4 Eo 2a
5 =DS/(1175'IS) |=] IODIN 075.XLS] Unit Trips'!G4 =

[8(g
|

] IODIN 075.XLS] Unit Trips'!HS ='[lODIN075.XLS]lJnit Trips'!FS6 =D6/(1175*l6) ='[lODIN075.XLS] Unit Trips *1G5 =

yEo'jlODIN075.XLSjunit Trips'lH6 =]lODIN075.XLS] Unit Trips]F6 _7 =D7/(1175*l7) =1tODIN075.XLS] Unit Trips'lG6 =

'[lODIN075.XLS] Unit Trips'lH7 =]lODIN075.XLS] Unit Trips'IF7 _ y8 =D8/(1175*18) =]lODIN075.XLS] Unit Trips *1G7 =

9 =D9/(117519) =1| ODIN 075.XLS] Unit Trips'IG8 .=] IODIN 075.XLS] Unit Trips'!H8. =]lODIN075.XLS] Unit Trips *!F8
*[lODIN075.XLS] Unit Trips'!H9 =]lODIN075.XLS] Unit Trips *lF9_ { S y 310 =D10/(1175*l10) =] IODIN 075.XLS] Unit Trips *lG9 =

]lODIN075.XLS} Unit Trips'lH10 ='[lODIN075.XLS] Unit Trips'IF10 _ g y. d,11 =D11/(1175*l11) |=1tODIN075.XLS] Unit Trips'lG10 =

]lODIN075.XLS] Unit Trips'lH11 ='[lODIN075.XLS] Unit Trips *lF11_. g g g12 =D12/(1175*l12) |=110 DIN 075.XLS] Unit Trips'lG11 =

$110 DIN 075.XLS] Unit Trips'!H12 =*[lODIN075.XLS] Unit Trips'!F12_ =
13 =D13/(1175*l13) |=110 DIN 075.XLS] Unit Trips'lG12 =

'[lODIN075.XLS] Unit Trips'lH13 ='[lODIN075.XLSjunit Trips *lF13
',

14 =D14/(1175*l14) |=110 DIN 075.XLS] Unit Trips'!G13 = n
] IODIN 075.XLS] Unit Trips'lH14 =] IODIN 075.XLS] Unit Trips'!F14

15_ =D15/(1175*l15) j=] IODIN 075.XLS] Unit Trips'!G14 =

'[lODIN075.XLS] Unit Trips'!HIS =] IODIN 075.XLS] Unit Trips]F1516 =D16/(1175*l16) |=] IODIN 075.XLS] Unit Trips'IG15 =

110 DIN 075.XLS] Unit Trips'!H16 ='[ IODIN 075.XLS] Unit Trips *lF1617 =D17/(1175*l17) |=110 DIN 075.XLS] Unit Trips *1G16 =

18 | _

] IODIN 075.XLS] Unit Trips'lH18 =] IODIN 075.XLSjunit Trips'lF1819 =D19/(1175*l19) ='jlODIN075.XLS] Unit Trips'lG18 =

]lODIN075.XLS] Unit Trips'!H19 =]lODIN075.XLS] Unit Trips *!F19_20 =D20/(1175*120) =] IODIN 075.XLS] Unit Trips'lG19 =

] IODIN 075.XLS] Unit Trips *lH2O =] IODIN 075.XLSjunit Trips'lF20 |21 =D21/(1175*l21) ='[lODIN075.XLS] Unit Trips'IG20 =

]! ODIN 075.XLS] Unit Trips *!H21 =] IODIN 075.XLS] Unit Trips'!F2122 =D22/(1175*l22) =110 DIN 075.XLS] Unit Trips'!G21 =

]lODIN075.XLS] Unit Trips *!H22 =]lODIN075.XLS] Unit Trips'lF222 =D23/(1175*l23) =110 DIN 075.XLS] Unit Trips *1G22 = ,

]lODIN075.XLS] Unit Trips'lH23 =]lODIN075.XLS] Unit Trips'IF23
_.24 =D24/(1175*l24) ='[lODIN075.XLS] Unit Trips'IG23 =

110 DIN 075.XLS] Unit Trips'!H24 =] IODIN 075.XLSjunit Trips'!F2425 =D25/(1175*l25) =]lODIN075.XLS] Unit Trips'!G24 =

'[lODIN075.XLS] Unit Trips'!H25 =] IODIN 075.XLS] Unit Trips *!F2526 =D26/(1175*l26) ='[lODIN075.XLS] Unit Trips *!G25 =

] IODIN 075.XLS] Unit Trips'lH26 =] IODIN 075.XLS] Unit Trips'!F2627 =D27/(1175*l27) =110 DIN 075.XLS] Unit Trips *1G26 =

'[lODIN075.XLS] Unit Trips'!H27 =] IODIN 075.XLS} Unit Trips *lF2728 =D28/(1175*l28) =1tODIN075.XLSjunit Trips *!G27 =

1tODIN075.XLS] Unit Trips'lH28 fjlODIN075.XLS} Unit Trips'!F2829 =D29/(1175*l29) =1| ODIN 075.XLS] Unit Trips'IG28 =

'[lODIN075.XLS] Unit Trips'lH29 ='[lODIN075.XLS] Unit Tpps]F29 _ |30 =D30/(1175*l30) =]lODIN075.XLS] Unit Trips *1G29 =

llODIN075.XLS] Unit Trips *lH30 =110 DIN 075.XLS] Unit Trips *lF3031 =D31/(1175*l31) =1| ODIN 075.XLS] Unit Trips *lG30 -:

(Release Rate (120))
lODIN075.XLS 1/23/97
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ronment for primary coolant (containment bypass)
through either the atmospheric dump valves or second-

The U.S. Nuclear Regulatory Commission (NRC) ary relief valves. Since the primary coolart can carry
requires utilities to determme the response of a pressur- radioactive matcrials. a steam generator tube rupture ,

Iced water reactor (PWR) to a steam generator tube (SOTR) accident has been A&rM as a design-basis '

| rupture (SGTR) as part of the safety analysisfor the assident for PWRs and is analyzed as part of a plant's
plant. The SGTR analysis includer assumptions regard- final safety analysis teport (FSAR). no U.S. Nuclear
ing the presence offission product fodine in the reac- Regulatory Commiulon (NRC) tegulations regarding .

tor coolant resultint ' tom lodine spikes. To get a bener the FSAR for PWRs aru listed in 10CFR$0 (Ref.1). |understanding 0// e spiking, reactor trip andasro- Guidelines are provided for interpretation of these reg.
ciated radlocher, y data were collected from 26 ulations in the Standard Review Plan (SRP).2

PWRs. There dart . sere compared against validation An lodme spike is a tempotany increase in the con.
criteriatodeterm : their applicability to an investiga- centration oi finsion product iodine that sometimes
tion of the magnitttue ofan todme spikefollo wing a re- occurs as a result oi a iarge reactor power or RCS pres-
actor trip. The applicable data and the results of a sure change. The iodine, a fission product released to
statistical analysis are presented. Conclusions anr made the coolant, comes either as a product of the fission-
from this analysis of todine spikingfollowing reactor ing of tramp uranium on the fuel element ehnding sur-
trips concerning the magnitude of a spike during an face or from the fuelitself, being released through tiny
SGTR and compared with the NRC analysis criteria. holes in the clandfng of otherwise w^~ned fuelrods.
& conclusion ir thau made that the lodine release rate The claddinF defects can occur during the manufactur-
emected during an SGTR, on the basis of the analysis ins process or as a result of corrosion auring opera-
of the data base, is much test (by afactor of15 or tions (e.g., hydriding). This lodine (specifically, W )I
more) than that specMed by the NRCfor analysis of represents the principalsource of radiation potentially
this accident type. leaked to the environment during an SGTR.

Reference 2 describes two different scenarios to be
emM in the analysis of an SGTR. De first inchxies
the m-wdon that an iodiac spike occurs prior to ini-
tlation of the SGTR. De second includes the assump-

I* UEN tion that the SOTR occurs coincident with the iodine
spike. In each case, the SRP provides guidelines re-
garding the =-he of the iodine spike and the con-

In pressur zed water reactors (PWRs), water in the sequent RCS lodine concentration that are - =M ini

3primary coolant system is pressurized to prevent it from the analysis of this transient. An earlier study com-
bolllag. This high-pressure water is circulated through ' pared the SRP guidelines for an SOTR with precanst-
beat exchanger tubes in the steam generators where its lag iodine spike and iodine spudng data from operstms
heat is tsansferred to lower pressum secondary coolant, ' PWRs.
producing steam, which is used to generate electrical The SRP rN= governmg tr.alysis of the second
power. The tubes represent a large fraction of the re- scenario (SOTR with coincidem iodine spike) specify
actor coolant system (RCS) boundary, and rupture that the iodine concentranon is to be assumed to result
of these tubes can result in a direct path to the envi- from an SOTR-initiated iodine spike that increases the
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iodine reicase rate (the rate at which the iodine is re- ators would attempt power operations following an
leased from the fuel element to the RCS coolant) to a SGTR-induced scram.
value that is 500 times the steady-state release rate. There is a pressure transient inherent with a reac-
Reference 2 further directs that the steady-state release tor trip because the principal heat source is immedi-
rate (used in this calculation) should be based on an ately lost when the control rods are inserted and the
RCS iodine concentration of I gC1/g, the technical heat sink is maintained until the main steam stop
specification limit. This paper contains the results of valves can be closed, ne effects of this pressure tran.
a study conducted to evaluate this guideline and to de- sient are inherently included in this data base.
termine the probability that an iodine spike of a given Additional pressure transients may occur as the op-
magnitude will occur as a resuh of an SGTR. Rese re- erators attempt to bring the plant to a safe shutdown
suits were published previously in Ref. 4. condition. However, it is expected that operators

would require some time to diagnose the transient and

IL ANALYSIS
laitiate depressurization (~0.5 h). Buildup of the io-
dine is exponential, and thus, a large fraction of the

The objective of this study is to determine the c ncerati n increase mid occur prior to the oper-
probability that an SOTR would result in an iodine ateinitiated depressunzanon. Denfm. it is consid-

spike of a given magnitude. In the analysis below, this cred that any perturbing effects of a subsequent
"'' " # "" ' ""# ""probability is considered to be equal to the probabil.

ity that a reactor trip would result in an iodine spike uat4 covend by the consenatism buut into the

of the same magnitude. The methodology used in this '

phenomena not taken into account is the pos-study was sbHity thedhy ple out so m wh
? 1. to develop a data base of reactor trips and as- and thus not be measurable during the transient. It has
i sociated radioiodine concentrations from com- been observed' that at acidic pH conditions, iodine

mercial PWR operations can plate out under water, and this may penurb the
" " ' * " ' " * * * " " * * *** *2. to bound the magnitude of the mammum iodine '

concentration following the trip i dine spikmg data were obtained during normal
power operations, any plateout oflodine durm, s these

3. to bound the release rate from the fuel to the measured transients may be expected to also exist dur.
ECS during each event ing an SGTR, and the measured iodine release rate

4. to esthne the desired probabilities. may be interpreted as an " effective" release rate and
used as such.

Iodine spiking data resulting from reactor tripsII.A. lodies Spiking Osts Base
were collected from 26 PWRs. These plants were se-

Fewer than 10 SGTR events have occurred in U.S. lected from all regions of the coyntry and from all
PWRs. The uncertainties associated with a statistical three PWR vendors. For each plant, Table I lists the
analysis of this small number of events would be so operating utility, vendor, time frame from which the
large that the resuhs would not be useful to predict the data were collected, and the number of events that ul-
behavior of future lodine sptking events. However, an timately satisfied the validadon criteria. Of the plants
SOTR occurrms during pewer operations would result used in this study,14 (50%) were Westmghouse (W) de-
in a reactor trip, which is a large power excursion. Ref. sign,5 (20%) were Babcock & Wilcox (B&W) design,
erence 5 indicates that "This (iodine) increase is often and 7 (30%) were Combustion Engineering (C-E)
cbserved during power increases and reactor coolant design.
depressunzations followmg power decreases." Since it Five specific criteria were used to ensure that the
is this power excursion that causes the iodine spike, it data could be compared among plants and that the re-
5 ====d hat the probabdity that an SOTR event re- sulting data base would be valid. The criteria aret
suits in an iodine spike of a given magmtude is equal
to tne prok hmty that a rascror trip would result in an 1. sufficient steady-state power prior to the trip to
iodine spik of the same magnitude. His assumpdon- ensure an adequate buikiup of iodine. He spe-
that the reactor trip causes the iodine spike rather than cific criterion used was a minimum of 5 days at
anything else ==dawd with the SGTR ltseif-allows steady state power operation, resultins in a
a much larger data base to be ddg.d. maimum of 35% of the steady state $1 con-

ners are other phenomena that can affect the io- centration. In nearly all cases, the steady-state
dine spike, specifically a power increase or a pressure power operation lasted several weeks to several
. transient, that could affect the validity of this assump. months rather than the minimum 5 days.
tion. The power increase (e.g., if the reactor is quickly
brought back to power following st spurious trip) may 2. knowledge of the steady-state iodine concen.
be ignored since it is highly unlikely that reactor oper. tration
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PWR Plants Used in This Study

NSSS Time Number of
Plant Utility Vendor Frame Events

Arkansas Nuclear One I Arkansas Power and Light Company B&W 1976 to 1989 3

Arkansas Nuclear One.2 Arkansas Power and Light Company C-E 1980 to 1989 18

Calvert Cliffs.l Baldmore Gas and Electric Company C.E 1979 to 1989 5

Calvert Cliffs-2 Baltimore Gas and Electric Company C-E 1979 to 1989 i
Catawba 1 Duke Power Company W 1986 to 1988 3

Catawba.2 Duke Power Company W 1986 to 1988 5

Cook 1 Indiana & Michisan Electric Company W 1983 to 1989 4

Cook.2 Indiana & Michigan Electric Company W 1984 to 1989 2
Crystal River-3 Plorida Power Corporation B&W 1977 to 1989 0
Haddam Neck Connecticut Yankee Atomic Power Company W 1984 to 1989 6

McGuire-1 Duke Power Company W 1986 to 1988 6
McGuire-2 Duke Power Company W 1986 to 1988 6

Millstone-2 Northeast Utilities Service Company C-E 1984 to 1989 6

Millstone-3 Northeast IJtilities Service Company W 1987 to 1989 2

North Anna-1 Virginia Power Company W 1978 to 1989 14

Notth Anna-2 Virginia Power Company W 1980 to 1989 7

Oconee ! Duke Power Company B&W 1986 to 1988 0
$ Oconee-2 Duke Power Company B&W 1986 to 1988 1

d Oconee-3 Duke Power Company B&W 1986 to 1988 0

Palisades Consumers Power Company C-E 1980 to 1989 12

Praitic Island 1 Northern States Power Company W 1974 to 1989 7
Prairie Island-2 Northern States Power Company W 1975 to 1989 7

San Onofre-2 Southern California Edison Company CE 1984 to 1989 11

San Onofre-3 Southern California Edison Company C-E 1984 to 1989 8

Surry 1 Virginia Power Company W 1972 to 1989 24
Surry 2 Vir8 inia Power Company W 1973 to 1989 10

3. availability of at least one posttrip chemistry 11.5. Bounding Asalysia for Maximem lonne Ceementraties
sample taken 2 to 6 h after trip An analysis was performed to bound the actual

4. no posttnp RCS iwmisdion (e.g., recriticahty) maximum iodine concentration for each iodine spike
prior to the RCS sample event. This analysis is necessary because, in most casas,

RCS samples are taken infrequently (in some cases5. availability of all requisite transient information only every 4 h and m others, only every 24 h) rather
(purif! cation flow, trip date and time, posttrip than continuously during the iodine spike.
sample date and time)- ne data used in this bounding analysis were ob-

Dese criteria are di--~i in more detail in Ref. 4. tained from licensee event reports (LERs). Twenty-four-

Dese five criteria were applied to each reactor trip iodine spiking events were extracted from the LERs
event, and only those events meeting the criteria were with multiple RCS coolant sampleil these events were
included in the data base. The resultant data base is used to **'ima'* the time dW of the concentra-
listed in Table IL Included in the table are the plant tien. 'Ibe mammum lodine concentration was bounded.

; name, nuclear steam supply system (NSSS) vendor, the for each event by inteWh (where possible) or ex-
trip date, percentage of reactor power prior to trip, the trapolation of the data. Based on the results of this
pretrip lodine concentration, posttrip (2 to 6 h after boucains analyns, it is judged that the madmum io-

| trip) mnimum measured concentration, and the cal- dine concentration resulting from a reactor trip is no
J culated lodine release rate for each of the transient more than a factor of 3 greater than any value men-

events. De release rate in this table is based on the sured 2 to 6 h after trip His analysis is discussed in
bounded maximum iodine concentration (three times dotad in Ref. 4. Thus, the bounded maxunum values

,

j the measured posttrip concentration as discussed in are the measured values (Post-I in Table II), conserva-
Sec. II.B) and an assumed time after trip of 2 h (dis- tively multiplied by a factor of 3 and used to calculate
cussed in Sec. II.C). the iodine release rates as discussed in Sec. II.C.

NtJCLEAa TECHNot.OGY VOL. 94 JtJNE 1991 363

.

, , - - - - , ,. -- , - - - - , , - - - - , . - , -- ..,



. - - .- -- . - .- - .. .- - .. -. - . . - - -. -. - - .-~

; ;pi 22 '97 03:15PM BNCT/FSP PROGRAMS P.5/12
j .

i .- Calculation No. BYR97-023
Adams ana Atwooo IODINE SPlKE RELEASE RATE Attaciunent Attachment: D

Revision No. 00

TABLE!! Page No. Paec 4 of /l
Iodine Release Rate Following a Resetor Trip

Event NSSS Trio Power Pre.1* Post l* R3 (2)'
,

| Number Plant Vendor Date (%) (gCi/g) (pC1/g) (C %)
1 ANO-Id B&W 800822' 100 5.64E-01' l .44E+01 5.hE+032 ANO-1 B&W 801208 75 2.46E-01 7.43E+00 2.86E+033 ANO1 B&W 850531 100 7.02E-02 3.32E+00 1.28E+034 ANO.2 C.E 800129 100 2.61E-01 1.11E+00 3.36E+02

,

'

5 ANO-2 CE 800624 100 1.28E-01 3.00E-01 8.48E+01
6 ANO-2 C-E 800724 100 1.27E-01 4.39E-01 1.30E+02

i

7 ANO-2 CE 810217 100 1.23E-01 1.11E+00 3.47E+028 ANO.2 C.E 810820 100 3.62E-01 4.81E-01 1.20E+029 ANO2 C-E 811123 100 5.05E-02 1.79E-01 5.30E+0110 ANO.2 C-E 811221 95 6.47E-02 2.46E-01 7.3E+01
|11 ANO-2 C-E 840617 100 4.06E-02 1.94E-01 5.89E+0!12 ANO-2 C-E 84M20 100 3.08E-02 1.53E-01 4.66E+0113 ANO-2 C-E 840828 100 2.98E-02 1.71E-01 5.25E+01| 14 ANO-2 C-E 841026 100 4.43E-02 2.36E-OL 7.22E+01

| 15 ANO-2 C-E 850204 100 5.51E-02 3.88E-01 1.20E+02
16 ANO.2 C.E M0813 100 9.25E-02 6.83E-01 2.123+02I 17 ANO2 C-E 860211 100 5.75E-02 9.00E-01 2.86E+02

i 18 ANO-2 C-E 860421 100 4.80E-02 8.74E-01 2.79E+02e 19 ANO2' ' C-E 870909 100 5.06E-03 6.07E-03 1.47E40020 ANO-2 C-E 881201 100 7.82E--02 3.45E -01 1.69E+02
'

21 ANO-2 C-E 890418 100 4.17E-02 5.31E-01 1.68E+02l 22 Calcif-1 C-E 810116 92 3.24E-03 1.70E-03 3.0lE--0123 Calc 1f.! C-E $20711 84 3.59E-03 2.64E-02 9.5E+00
-

24 CalClf l C-B 830126 100 2.86E-02 4.48E-01 1.66E+02
-

15 Calc 1f-1 C-E 830919 96 2.15E-02 2.75E-01 1.0!E+02
-

-

| 26 Calc 1f.1 C.E 870911 100 4.23E-02 3.95E-01 1.44E+0227 Calcif.2 C-E 870301 95 7.44E -02 8J8E-01 3.15E+0228 Catawba 1 W 860419 100 4.70E-03 3.88E-03 1.00E+0029 Catawba-1 W 860514 100 5.50E-03 3.15E-02 1.18E+0130 Catawba-1 W 870409 100 3.90E-03 3.54E-0{ 9.59E-01
1 31 Catawba-2 W 870128 100 8.10E-04 1.89E-03 6.56E-01

32 Catawbs.2 W 870506 100 6.10E-04 9.34E-04 3.02E-01
33 Catawba 2 W 870727 90 3.80E-04 2.91E-04 7.23E-02 '

34 Catawba-2 W 880626 100 6.10E-04 6.80E-04 2.00E-01
-

35 Catawbe.2 W 880929 95 4.60E-04 7.88E-04 2.60E-01
.,

36 Cook.! W 860722 90 2.40E-03 5.67E-02 2.34E+0!37 rook.1 W 861122 90 2.: gem 03 4.84E-01 2.10E+0238 ( ' ok.1 W 870604 90 2.20E-03 2.99E-01 1.35!+02 1.
.

39 C ok 1 W 881123 90 1.00E-04 8.051-04 3.3E-01 140 ( ak.2 W 841119 96 1.2W!-03 8.00E-04 1.89E-01 ;

y
41 Look.2 W 860201 80 1.40E-03 3.065 - 02 1.26E+0! J:
a2 HadmNk W 851110 100 1.30E-02 2.37E-01 7.4tE+01 4
43 HadmNk W 851121 100 6.8E!-03 8.96E-02 2.79E+01 7

>

44 HadmNk W 860604 97 8.60E-03 8.93E-03 2.1E +00 -

45 HadmNk W 860617 98 - 4.30E-03 1.01E-02 2.87E+00 2
s46 HadmNk W 860030 100 5.50E-03 1.08E-02 2.99E+00 'l,

! 47 HadmNk W 870416 100 8.40E-03 1.051-01 3.10E+0! .i
{ 48 McGul.1 W 860105 100 7.87E-03 3.00E-01 1.22E+02 .'.

49 McCul.1 W 860924 100 5.30E-03 3.3CE-02 1.30E+01 e
50 McGui.1 W 870415 100 5.60E- 03 1.10E-01 4.27E+01 ,'-

| See footnotes at end of table.

(Continued)
.
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Page No. Page for ||
TABLE 11 (Continued)

Event NSSS Trip Power Pre.1 Post-1 R3(2)

.

Number Plant Vendor Date (%) (SC1/g) (gCi/ ) (Cl/h)8~

il McGui-1 W' 880323 100 5.50E-03 1.70E-01 6.86E+01
)

J2 McGui.1 W 880416 100 6.90E-03 1.40E-01 5.64E+01
J

i 53 McCul.1 W 880620 100 1.10E-02 6.20E-01 2.52E+02
i

l 54 McGul-2 W 860115 100 6.50E-03 4.10E-02 1.53E+0! |

'

55 McCul-2 W 860722 93 1.60E-03 3.60E-02 1.41E+01
56 McGui-2 W 860827 100 3.70E-03 7.30E-02 2.86E+0157 McGui 2 W 870120 100 5.90E-03 9.10E-02 3.48E+0158 McGui-2 W 870916 100 9.50E-02 5.80E-01 2.21E+02

,

59 McGui-2 W 880112 89 1.50E-02 - 2.80E-01 1.10E+02 |60 Mlu 2 CE 841115 100 5.04E-02 1.05E+00 3.68E+02 1

61 MlH-2 C-E 841128 100 6.19E-02 7.04E-01 2.44E+0262 Mill-2 C-E 860812 100 4.09E-03 5.25E-03 1.42E+0063 M1112 C-E 870723 100 8.30E-03 8.77E-02 3.03E+0164 Mill-2 CE 871116 100 1.60E-02 1.35E-01 4.45EMI65 MHl-2 C.E 881025 100 1.08E-02 1.55E-01 5.41E+01 l

66 Mill.3 W 881005 100 1.17E-03 6.79E-01 2.79E+0267 MRI 3 W 881022 100 3.22E-03 3.14E--01 1.28E+0268 NoAnna.1 W 781024 100 4.50E-02 9.73E-03 9.53E-0169 NoAnna 1 W 781214 98 4.10E-02 3.93E-02 9.63E+0070 NoAnna-1 W 800618 100 3.00E--03 3.55E-02 1.18E+0!| 71 NoAnna-1 W 810624 100 6.50E-02 2.59E-01 8.25E M I72 NoAnna.1 W 810710 100 7.60E-02 8.45E-01 2.82E44273 NoAnna-1 W 810803 100 8.30E-02 8.24E-01 2.74B+0274 NoAnna-1 W 830606 100 4.40E-02 9.37E-01 3.1E+0275 NoAnna1 W 841114 100 3.00E-03 3.00E-03 7.47E-01
76 NoAnna 1 W 841231 100 4.00E-03 2.40E-03 4.49E-0177 NoAnna-1 W 851024 100 8.00E-03 5.74E-02 1.89E+0178 NoAnna-1 W 860223 100 4.00E-03 1.11E-01 3.7 E M I79 NoAnna.1 W 860326 100 4.00E-03 1.33E-01 4.51E+0180 NoAnna-1 W 860520 100 4.00E-03 1.98E-01 6.73E+0!
81 NOAnna-1 W 860531 100 4.00E-03 1.1 2 -01 3.93EMI82 NcAnna 2 W 810122 100 5.00E-03 3.02E-01 1.03EM283 NoAnna-2 W 810306 100 1.00E-02 4.03E-01 1.37EM284 NoAnna-2 W 810606 100 1.50E-02 2.60E-01 8.748+0!
85 NoAnna.2 W 811209 100 1.40E-02 2.22E-01 7.45E+01
86 NoAnna-2 W 830227 100 1.30E-02 1.59E-01 5.31E M I87 NoAnna-2 W 860529 100 1.00E-03 1.00E-03 2.49E-01
88 NoAnna 2 W 860629 100 1.00E-03 1.00E- 03 2.49B-01
89 Ocon-2 B&W 870420 87 2.40E-02 1.60E-01 5.86EH1
90 Paus C-E 800826 88 7.10E-02 7.28E-01 2.82E+02
91 Palis C-E 800928 81 4.50E-02 2.58E-01 9.7E+0192 Palis C-E 801009 96 2.01E-ol 9.18E-01 3.44E+0293 Paus CE 801223 99 5.00E-02 3.0 4 -01 1.15E+0294 ' Paus C-E 810115 98 ' I.1E-01 7.64E--01 2.91E+0295 Paus C-E 821016 100 5.005 -02 5.60E-01 2.17E+02
96 Paus C-E 821028 90 8.40E-02 1.36E- 01 4.38E+0197 Paus C-E 830126 97 4.002--02 1.70E-01 6.30E+0198 Palis C-E 830519 99 5A1E-02 1.35E- 01 4.94EMI
99 PaHs C-E 850811 98 1.10E-02 8.80E-03 2.33E+00

100 Palis C-E 870620 100 8.70E-02 4.70E--01 1.83E+02
; 101 Palis C-E 870710 94 5.70E--02 1.90E-01 7.lE+01

102 PrEl W 770107 100 1.10E-03 6.40E-02 1.35E+01
103 Pr!si.l W 780831 100 2.52E-02 1.15E+00 2.43E+02
104 Prist l W 790608 100 6.88E-03 1.79E-01 3.77E+01

| 105 PrEl W 791115 64 7.24E-04 6.66E-02 1.42E+01
'
'

(Continued)
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TABLE !! (Continued)'

\Event NSSS Trip Power Pre-1 Post.1 R3 (2) |Number Plant Vendor Date (%) (gCi/g) (gC1/g) (Cl/h) '

; 106 Prist.1 W 801111 100 1.47E-04 1.09E-04 1.42E-02
I

107 Prisi 1 W 810831 100 2.87E-04 2.58E-04 3.76E-02
'

108 Prist.1 W 850915 100 1.00E--04 3.42E-02 7.35E+00. 109 Pris!.2 W 750121 45 5.28E-05 3.90E-05 5.04E-03
4

!!O Pris!.2 W 791101 100 7.35E-04 7.40E-04 1.14E-01: 111 Prist 2 W 801020 100 4.36E-04 4.95E-04 7.88E-02| 112 Prlsl.2 W 810516 100 1.37E-04 2.15E-04 3.77E-02) 113 Prist-2 W 811205 100 2.63E-04 2.30E-04 3.33E-021 114 Prisi 2 W 820325 100 3.40E-04 2.85E-04 4.01E-02!!5 Pris!-2 W 860728 100 2.00E-04 3.20E-02 6.868+00

*

116 SanOno-2 C-E 840104 100 7.89E-02 2.36E-01 8.07E+014 117 SanOno-2 C-E 850518 100 1.38E-02 5.72E -02 2.10E+01j 118 Sanono.2 CE 850801 100 1.32E-02 7.47E-02 2.69E+0!119 Sanono.2 GE 850820 100 1.72E-02 $.14E-02 1.76E+01
-

120 SanOno.2 GE 850912 100 1.60E-02 6.98E -02 2.47E+01
121 SanOno.2 C-E 851018 100 1.17E.-02 5.90E-02 2.12E+01i 122 SanOno.2 C-E 860109 100 4.01E-02 3.25E-01 1.25E+02123 SanOno.2 C.E 860812 100 9.89E-02 1.20E+00 4.46E+02: 124 SanOno.2 CE 860913 60 7.43E-02 1.70E+00 6.69E+02

'

125 Sanono-2 C-E 861210 100 6.86E-02 1.66E+00 6.53E+02
,

i 126 Sanono.2 GE 870205 100 7.61E-02 2.04E+00 8.05E+02i 127 SanOno 3 C-E 840106 100 .4.27E-01 2.16E+00 8.05E+0212s SanOno-3 C-E 840601 100 4.03E-01 1.99E+00 7.47E+02
4

129 SaaOno-3 C-E 840611 100 5.0$E-01 2.61E+00 9.83E+02
4

| 130 SanOno.3 GE 860412 100 4.55E-02 7.51E-02 2.48E+01 *

131 SanOno-3 C-E 860726 100 6.47E-02 2.65E-01 9.12E+01
.

132 Sanono.3 C.E 860.04 94 4.70E--02 1.92E-01 7.13E+01: 133 SanOno.3 C-E 870621 100 9.58E-02 5.26E-01 1.99E+02
'

134 SanOno-3 C-E 880219 100 4.49E-02 5.64E-02 1.74E+01
.

; 135 Surry.1 W 770'126 100 2 20E-02 6.93E-01 2.22EW2'

136 Surry.1 W 800603 100 7.00E--03 2.30E-01 7.38E+01 |137 Surry-l W 810822 100 7.60E-02 1.98E+00 6.34E+02i 138 Surry-l W 811125 100 1.82E.-01 :i.07E+00- 1.63E+03
'

i 139 Surry41 W 811216 100 5.90E-02 8.12E-01 2.58E+02
i 140 Surry.1 W 820325 100 1.60E-01 5.57E+00 1.79E+03 -

,

| 141 Surry-1 W 820413 100 1.79E-01 5.14E+00 1.65E+03142 Surry.1 W 820425 100 1.30E-01 3.12E+00 9.99E+02 -

143 Surry.1 W 820713 100 1.15E-01 8.97E+00 2.89E+03 33 144 Surry-1 W 820824 100 9.30E-02 8.20E+00 2.65E+03
] 145 Surry-1 W 821104 100 6.20E-02 2.65E+00 8.52E+02

146 Surry-1 W 821129 100 1.29E--01 5.18E+00 1.67E+03 (147 Surry.1 W 830914 100 1.10E-02 5J5E-01 1.72E+02
~

2 148 Surry-1 W 840106 100 5.60E-02 9.22E-01 2.94E+02
.

) 149 . Surry-1 W 840206 100 7.40E-02 1.44E+00 4.60E+02 . f.150 Surry.1 W 840613 100 3.60E--02 1.18E+00 3.79E+02 V
151 Surry-1 W 840926 80 3.30E-02 6J1E-41 2.01E+02 4152 Surry.1 W 850126 100 1.01E-01 1.49E-01 3.98EMI 2-
153 Surry-1 W 850804 100 2.60E-02 1.44E+00 4.64EM2 @154 Surry-1 W 860107 97 2.40E-02 1.72E+00 5.55E+02 g

,

'
155 Surry 1 W 870516 100 6.00E-03 3J0E-03 5.58E-01 m-

156 Surry-1 W 870807 100 4.00E-03 3.30E-03 7.34E-01 I157 Surry1 W 370920 100 7.00E-03 2.42E-01 7.77E+01 I138 Surry-1 W 880216 100 9.00E-03 9.30E-01 3.00E+02 2159 Surry-2 W 771108. 100 2.00E-04 3.00E-04 8.04E-02 1
160 Surry.2 W 780624 100 5.00E-04 3.00E-04 5.54E-02 2:

(Continued) Y!
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TABLE 11 (continued)
! Event NSSS Trip Power Pre-! Post 1 R3 (2)} Number Plant Vendor Date (%) (aci/g) (pCl/g) (C1/h)
.

I 161 Surry-2 W 821010 100 2.00E-03 6.70E-02 2.15E+0!i 162 Surry-2 W 830208 100 2.00E-03 1.82E-0! 5.87E+0!! 163 Surry.2 W 830412 100 3.00E-03 5.35E-01 1.73E+021 164 Surry-2 W 830620 100 3.00E-03 3.31E-01 1.07E+02j 165 Surry 2 W 840113 100 3.00E-04 2.00E-03 6.22E-01
1
i

166 Surry-2 W 841029 m - 2.00E-.04 2.00E-04 4.81E -025 167 Surry-2 W 341211 100 | 9.00E-04 3.00E-04 8.04E-02; 168 Surry.2 W 860511 100 g 2.00E--04 2.00E- 04 4.81E-02
cPre-! is the measured steady-state iodine concentration before trip.

;

i
* Post-1 is the mammum measure 1 lodine concentradon 2 to 6 h after trip.
'R3 (2) is the lodme release rate based on bounded madmum iodine concentration and assumen 2 h time from trip to maxi.mum concentradon.
C

ANO = Arkansas Nuclear One; Calc 1f = Calvert Cliffs; HadmNk = Haddam Neck: McGui = McGuire; Mill = Millstone;
,

i
NoAnna = North Anna Ocon = Oconee; Palis = Palisades; Prls! = Prairie Island; SanOno = San Onofre.' Read as August 22,1980.:

'
' Read as 5.64 x 10"'.

.

!
j

/

] j ll.C. Caleelation et ledine Release Reta
The pretrip steady-state release rate Ro is given by

p

! The release rate of 83'I from the.fd to the RCS, Ro = 4,Ao . (3)j shown in Table II, was detr:mmed from the data using
the followiomaadon : This equation is derived from Eq. (1) by eMad== the;

limit as t-.on and letting A = Ao. *

R = 4,[A - Aoexp(-L,t)I In all cases included in the table, the purification
(1) flow was constant before and during the transient. Ad.1 - exp(-L,t) ,-

ditionally, the purification system decon*=8a=%
4

4 *ha* factor was ===l o be 99 (l.c.,99% of the radio.t*

active iodine was assumed to be removed from the1
R = transient iodine release rate (Ci/h) purification flow stream by the demineralizers). His

,

L, = total lodine removal rate (hd) assumption is judged aa--arable because purification );

systems typically remove n'early all'of the radioactive
,

! A = maximum transient RCS iodine inventory iodine from the fluid stream, and small varianons in
|;

(eg) the d=*=landon factor do not significantly affect;

the magnitude of the purification removal constant.! 1Ao = steady-state RCS iodme inventory (Ci) Using the time from reactor trip to marimmn maa- I

t = time from iodine spike initladng event to sured iodine concentration in the equation results in an

'. maximum lodine concentration (h), average release rate that can be used to enrimata the av-
erage transient RCS iodine concentration during an

and SOTR event. The absence of samples taken immedi-i
aesty after reactor trip means that the acmal time of the

. L, = L, + L (2) maximum concentration camiot be determined. Be-' p,

where cause of this, a second release rate was calculated as.
suming that the mammum concentration occumd 2 h

L, = 1881 decay constant = 3.59 x 10-3 h-i after reactor trip. His 2ch time period is judged to be
1 4, = purification removal constant adequately conservative, but much better data would

i be required to confirm this. However, Lewis et al.8 in-
F(1 - 1/DF) dicate that the madmusn measured iodine <==nna-i =-

M tior. occurred sometime after 3 h in speci6c spddng
events in Canada deuterium uranium (CANDU) reac-

'

F= purification system flow rate (kg/h) tors. Voilleque' indicates a time delay of 6 h in one:

{ M = RCS mass inventory (kg) PWR. Seven of the 24 events (used ta bound the max-
h W c=e-nasion n e study)1M mm-DF = purification system d=W= ion factor, pies taken before and after 2 h after scram. In all seven

,
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events, the maxirnum iodine concentration occurred assumes that PWRs usually are base-load plants and I

sometime after 2 h. The calculated release rate in- operate at full power, cine could normalize the release
,

'

creases as the assumed time to maximum concentration rate using the number of fuel rods in the core. How-
decreasest thus, the time of 2 h was used in this anal- ever, the pretrip power level was known for each of the
ysis. This release rate (based on the bounded maximum events in the data base, whereas the number of fuel
iodine concentration and using 2 h in the equation) is rods was not. Therefore, the release rate was normal.

i listed for each event as R3(2) in Table II. ized using the power level. Using pretrip core power to
The release rate must be normmH M o account for normalin the selease rate is a valid method of compar.T t

differences in reactor size because the amount ofiodine ing release rates among the various plant sizes while
beina teicased from the fuel into the RCS is a function eliminaring the artificiality of assumms a smgle steady.

'. of the number of fuel rods in the core and the iodine state fodine concentration. Thus, each release rate in
inventory in those fuel rods. The SRP normahzes this Table II was divided by the pretrip core electric power
number to the steady state release rate by specifying tevel prior to performing the statistical analysis dis. |2 hat the release rate during the transient be 500 times cussed in Sec. III.
larger than that which, during steady-state operation, 'l
results in an RCS concentration of 1.0 pC1/g. His

ituethodology is difficult to assess because the number Ill. PR08A8tLITY DISTRIBUTIONS FOR THE RELEASE RATE '

1 of reactor trips that occur with an RCS concentration
'

near 1.0 gC1/g is too small to be used in this analysis. A statistical analysis was performed on the data
i A=a-ias the SRP methodology (comparing the ratio base in Table II to estimate the probability distribution '

i of the bounded lodine spike release rate and the pre- of the normahzed release rate associated with aniodine
trip steady state release rates to the SRP value of 500) spike caused by a reactor trip. It was assumed that the
using all trips results in extremely large ratios (up to evenu represent a random sampiing of the iodine spik-,

4 12000), not because the absolute posttrip release rate ing that has occurred and is med to occurin com-
(ratio-numerator) is high but rather because the steady. mermal PWRs. No attempt was made to correlate the,

1
state release rate (ratio daaamiastor) is ser low. This is data to either specific plants or fuel manufacturers. ,

illustrated in Fig.1, which shows the release rate ratio The results from this statierical analysis are cumulative
(R/Ro) plotted against the initial iodine concentra, probability distributions, which are measures of the
tion. All ratios >500 result from initial concentrations probability that an SOTR would result in an iodine
<0.3 pC1/s. spike with magstude less than a given value. Both the

A different normallration method is proposed, nominal probability distribution and the 95% confi.
namely to divide the release rate by the steady-state dance ihnit probability distribution were calculated
core power (in megawatts (electric)). A=="*iaa that the usmg nonparametric statistical analysis methods,
ratio of " leaking" to intact fuel rods is approximately The statistical methodology used to analyze the
constant between PWRs, the release rate depends on data base was as fs llows. The norninal probability cor.
the amount of lodine in the defective rods, which, in responding to the k'th release rate out of a total of 168
turn, depends on the pretrip power level. If one also events is k/169. The 95% confidence lower bounds on

the cumulative probability of each point are found
using the methodology dienaad in Refs.10 and 11.
De results are indaa-adaa+ of any assamadan regard.

12 ing the shape of the probability distribution ofIodine ~

-

concentrations or ofiodine release rates.
10 Table III is a listing of the normalized bounded re-

I6
lease rates and the calculated nommal probability and

a 95% confidence limit probability distribudons. Rose'

same results are illustrated in Fig. 2, which shows the
7two pmbabilsty distributions ploGed against the h

d rate and expanded to emphasize probabilities >0.5.
4 The interpretation of the results can be illustrated by '

g.% considering the 90th percenale, the value that exceeds
;

2 4 90% of the normalized release rates from all possible
SOTR events of the type considered. The nominal

,

: " ,u, '*e=, value (best estimate) of the 90th percentile is given by
.

0 -

_ _- , a,

0.2 o.4 0.6 event 152,0.679 Cf/h MW(clectnc). (Note: ne event

inhiel lodne Concentration We)
numbers in this table are for the ordered release rates;
identical event numbars in different tables do not im.

Fig.1. naaadari sslease rate ratio compared to initial iodine ply the same event.) This value of 0.679 corresponds
concentration, to probability 0.899, or 90% when rounded. The 95%
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TAB 1.E 111 Page No. - Paee 4 of H
Statistical Analysis of the lodine Release Rate

95 %
95 %Event R 3 (2)/P* Nominal Confidence Event R3(2)/P Nominal ConfidenceNumber (Ci/h.MW) Probability Limit Number (Cl/h * MW) Probability Limit|

| t 9.69E-06* 0.006 0.000 $1 1.93E-02 0.302 0.2452 2.73E-05 0.012 0.002 52 2.11E-02 0.308 0.2513 6.15E-05 0.018 0.005 53 2.25E-02 0.314 0.2564 6.15E-05 0.024 0.008 54 2.25E-02 0.320 0.2625 6.32E -05 0.030 0.012 55 2.30E-02 0.325 0.268
6 6.40E-05 0.036 0.016 56 2.42E-02 0.331 0.2737 7.09E-05 0.041 0.020 57 2.45E-02 0.337 0.2798 7.23E-05 0.047 0.024 58 2.60E-02 0.343 0.2849 7.26E-05 0.053 0.028 59 2.72E-02 0.349 0.29010 7.71E-05 0.059 0.033 60 2.75E-02 0.355 0.296

11 1.03E-04 0.065 0.037 61 2.95E-02 0.361 0.30112 1.03E-04 0.071 0.042 62 3.48E-02 0.367 0.30713 1.51E-04 0.077 0.046 63 3.62E-02 0.373 0.31314 1.75E-04 0.083 0.051 64 4.20E-02 0.379 0.31815 1.78E-04 0.089 0.056 65 4.40E-02 0.385 0.324
16 2.18E-04 0.095 0.061 66 4.782 -02 0.391 0.33017 2.27E-04 0.101 0.066 67 4.79E-02 0.396 0.335t 18 2.63E-04 0.107 0.070 68 5.05E-02 0.g02 0.341i 19 2.79E-04 0.112 0.075 69 5.10E-02 0.408 0.34720 2.79E-04 0.118 0.000 70 5.11E-02 0.414 0.333
21 3.30E-04 0.124 0.085 71 5.33E-02 0.420 0.35822 3.54E-04 0.130 0.090 72 5.43E-02 0.426 0.364| 23 5.03E-04 0.136 0.095 73 5.63E-02 0.432 0J7024 5.73E-04 0.142 0.101 74 5.82E-02 0.438 0.37625 7.27E-04 0.148 0.106 75 5.95E-02 0.444 OJ81! 26 7.97E-04 0.154 0.111 76 6.12E-02 0.450 0J8727 8.36E-04 0.160 0.116 77 6.18E-02 0.456 0.39328 8.37E-04 0.166 0.121 78 6.22E-02 0.462 0J99( 29 8.74E-04 0.172 0.126 79 6.36E-02 0.467 0.40530 9.40E-04 0.178 0.132 80 6.48E-02 0.47,3 0.411
31 1.07E-03 0.183. 0.137 81 6.82E-02 0.479 0.41632 1.63E-03 0.189 0.142 82 6.tTE-02 0.485 0.42233 1.715 -03 0.195 0.147 83 7.24E-02 0.491 0.428; 34 3.01E-03 0.201 0.153 84 7.33E-02 0.497 0.434

| 35 3.71E-03 0.207 0.158 85 7.52E-02 0.503 0.440
36 4.92E-03 0.213 0.163 86 7.53E-02 0.509 0.44637 5.15E -03 0.219 0.169 87 8.11E-02 0.515 0.45238 1.03E-02 0.225 0.174 88 8.35E-02 0J21 0.45839 1.08E-02 0.231 0.179 89 8.41E--02 0J27 0.46340 1.10E-02 0.237 0.185 90 8.58E- 02 OJ33 0.469,

| 41 1.12E-02 0.243 O.190 91 8.93E-02 0.538 0.475
'

l

42 1.19E-02 0.249 0.196 92 9.22E-02 0.544 0.48143 1.198 -02 0.254 0.201 93 9.23E-02 0.550 0.48744 1.31E-02 0.260 0.207 94 9.32E-02 0.556 0.49345 1.325 -02 .0.266 0.212 95 9.46E-02 0.562 0.499
46 1.33E-02 0.272 0.218 96 9.79E-02 0.568 0.505i 47 1.415 -02 0.278 0.223 97 9.88E-02 0.574 0.5111 48 1.58E-02 0.284 0.229 98 9.95E-02 0.580 OJ171 49 1.60E-02 0.290 0.234 99 1.04E-01 0J86 0J3250 1.91E-02 0.296 0.240 100 1.12E-01 0.592 0.529

i See footnotes at end of table.

(Continued)
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TABLE 111 (Continued)

95 %
Event R3(2)h> Nominal Confidence Evem R3 (2)/P Nominal Confidence

95 %
Number (Ci/h.MW) Prebability Limit Number (Ci/h.MW) Procability I i=!t

101 1.14E-01 0.598 0.535 136 3.63E-On 0.805 0.753102 1.15E--01 0.604 0.541 137 3.71E-01 0.811 0.759103 1.19E-01 0.609 0.547 138 3.74E-01 0.817 0.766104 1.26E-01 0.615 0.553 139 3.76E-01 0.822 0.772105 1.27E-01 0.621 0.559 140 3.84E-01 0.828 0.779
106 1.27E- 01 0.627 0.365 141 3.91E-01 0.834 0.785107 1.37E-01 0.633 0.571 142 4.04E-01 0.840 0.792108 ! 1.40E-01 0.639 0.578 143 4.06E-01 0.846 0.798109 ! 1.40E-01 0.645 0.584 144 4.23E-01 0.852 0.805110 | 1.48E-01 0.651 0.590 145 4.43E-01 0.858 0.412
!!!

^

1.52E-01 0.657 0.596 146 4.68E-01 0.864 0.818112 1.53E-01 0.663 0.602 .147 4.85E-01 0.470 0.825113 1.70E-01 0.669 0.608 148 5.89E-01 0.876 0.832!!4 1.81E-01 0.675 0.614 149 5.93E-01 0.882 0.838!!S 1.87E-01 0.680 0.620 150 5.~ 94E-01 0.888 0.845
116 1.95E-01 0.686 0.627 151 6.08E-01 0.893 0.852117 1.96E-01 0.692 0.633 152 6.793 - 01 0.899 0.859118 1.97E-01 0.698 0.639 153 7.10E-01 0.905 0.866119 2.06E-01 0.704 0.645 154 7.32E-01 0.911 0.873| 120 2.14E -01 0.710 0.651 155 7.32E-01 0.917 0.880
121 2.2 3 -01 0.716 0.658 156 8.12E-01 0.923 0.887122 2.21E-01 0.722 0.664 157 8.93E-01 0.929 0.894123 2.35E-OL 0.728 0.670 158 1.09E+00 0.935 0.901124 2.42E-01 0.734 0.676 159 1.28E+00 0.941 0.908

.

125 2.48E-01 0.740 0.683 160 1.53E+00 0.947 0.916
126 2.5fS-01 0.746 0.689 161 2.08E+00 0.953 0.923127 2.80E-01 0.751 0.695 162 2.11E+00 0.959 0.931128 2.80E-01 0.757 0.702 163 2.13E+00 0.964 0.938129 2.85E-01 0.763 0.708 164 2.29E+00 0.970 0.946130 3.07E-01 0.769 0.714 165 3.39E+00 0.976 0.954
131 3.15E-01 0.775 0.721 166 3.42E+00 0.982 0.963132 3.25E-01 0.781 0.727 167 3.70E+00 0.988' O.972

|133 3.30E-01 0.787 0.733 168 6.62E+00 0.994 0.982 .134 3.34E-01 0.793 0.740
135 3.54E-01 0.799 0.746

,

*R3 (2)/P la the iodine release rats =W==d usin8 the bounded iodine concentration and the 2.h assumption, dmded by
,

the prstrip power.
' Read as 9.69 x 10-*.

.

con 6dence upper bound on the 90th percentile is 8iven MW(electric), resulting in an absolute release rate of
|by event 158,1.09 CI/h MW(electnc). Whh 95% con. 679 C1/h for a 100(>MW(electric) plant. The 95% con- -

fidence, it is tW that 90% (or from the table, fidence bound on the 90th percentile is i 19 C1/h.
90.1%) of r.il SOTRs will result in an iodine spike with MW(electric), resulting in an absolute release rate of

.

a normalized release rate <1.09 C1/h MW(electric). 1090 Ci/h for a 1000-MW(electric) plant. The SRP
'Ihus, the use of the data to deternune the probability value for this size plant (based on an initial RCS con-
of concentrations resulting from future events depends centration of 1.0 pCI/g and a 500-fold increase in re. "

on the desired level of confidence. If nommal proba- lease rate) is calculated in Ref. 4 to be 16300 Ci/h.b'lity values suffice, they can be used (e.g., the nomi- 'Ihis appears to be overly conservative and could be re-
nal 90% value). If a higher degree of confidence is duced, from this arialysis, by a factor of ~15. If a
required, the 95% confidence probability distribution higher level of assurance is deemed appropriate, amay be used. higher percentile (and, th More, a higher normalized

The 90th percentile release rate is 0.679 Ci/h. concentration) could be um.
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