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1.0 PURPOSE

1.1 Task Description

This calculation determines the ofr ite and Control Room dose consequences should as

common mode software defect cause an undetected failure of the Containment Purge Isolation
Signal (CPIS), Control Room Isolation Signal (CPJS), and/or Fuel Handling Isolation Signal
(FHIS) during an associated design basis accident, in response to a request by the NRC. The
thyroid inhalation and whole body ganuna and beta-skin immersion doses due to released

materials (but not direct shine doses) are calculated.

This analysis supports Design Change Package DCP 2&3 6926.0lSJ and its associated PCN,
which changes the radiation monitors used in Engineered Safety Features Actuation Syst.:ms
(ESFAS) &om a totally analog system to a predominately digital design. The sofhvare design
and procurement controls are intended to prevent any common mode failures that would
disable all of the detectors. Since this calculation is originated in support of the PCN process,
this analysis is considered as being beyond the design basis ofUnits 2 & 3. Realistic or best
estimate values will therefore be used for selected parameters and times. As a result of the
PCN process, licensing commitments may be necessary based on the results of this calculation.

This calculation will evaluate the UFSAR Chapter 15 accidents to ensure that the offsite and
Control Room doses are acceptable should a common mode software failure cause the

simultaneous, undetected, failure of CPIS, CRIS, andn,r FHIS. Currently, Control Room
doses are only evaluated for the most severe limiting fcults. Because the delay in Control
Room isolation may increase the operator doses, additional accidents that release significant
amounts of radioactive material (such as the CEA ejection accident) may have their associated
Control Room doses evaluated.

.
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1.2 Criteria, Codes and Standards

1.2.1 The Control Room operator dose criteria are defined in the General Design Criteria of
Appendix A to 10 CFR 50 (Reference 6.4a). General Design Criterion 19 states that
the Control Room personnel must be able to occupy the Control Room during accident
conditions without receiving radiation expcsures in excess of 5 Rem whole body, or its
equivalent to any part of the body, for the duration of the acc: dent.

Section II of Standard Review Plan Section 6.4 (Reference 6.4n) clarifies the dose
'

guidelines for evaluating the protection afforded by the Control Room by indicating
that the dose to the Control Roora personnel during the entire period of the postulated
accident should not exceed:

Control Room (accident duration dose): Whole body gamma dose of 5 Rem
Thyroid dose of 30 Rem

Beta-skin dose of 30 Rem

1.2.2 Per the exposure guidelines of10 CFR 100, Section 100.11(a)(1) (Reference 6.4b), the
dose at the exclusion area boundary is for the two hours immediately following onset of
the postulated accident. Therefore, the EAB dose should not exceed:

EAB (2 hout dose): Whole body gamma dose of 25 Rem
Hyroid dose of 300 Rem

1.2.3 Per the exposure guidelines of 10 CFR 100, Section 100.11(a)(2), the dose at the outer
boundary of the low population zone is for the entire period of the postulated accident.
Therefore, the LPZ dose should not exceed:

LPZ(accident duration dose): Whole body gamma dose of 25 Rem

Th>Toid dose of 300 Rem

1.2.4 For the Feedwater System Pipe Bresk accident, Standard Review Plan section 15.2.8

Section II(Reference 6.4x) states that doses should be "a small fraction" (which is
dermed as 10%) of the 10 CFR 100 limits specified in paragraphs 1.2.2 and 1.2.3.

*

|.
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1.2.5 For the CEA Ejection accident, the NUREG 75/087 Standard Resiew Plan
Section 15.4.8 Appendix A Section II(Reference 6.4p-i) states that the doses should
be on the order of 150 Rem to the thyroid and 20 Rem to the whole body, or less (for
the first 2 hours at the EAB, and for the accident duration at the LPZ outer boundary).
The NUREG-0800 Standard Review Plan section 15.4.8 Appendix A Section II
(Reference 6.4p-li), which is not the SONGS 2&3 licensing basis, reduced the dose
criteria to "well within" (which is defmed as 75 Rem for the thyroid and 6 Rem for the
whole body) the 10 CFR 100 limits specified in paragraphs 1.2.2 and 1.2.3.

1.2.6 For the FHA, SFP Gate Drop, and SFP Boiling accidents, Standard Review Plan

section 15.7.4 Section II (Reference 6.4s) states that doses should be "well within" the
10 CFR 100 limits specified in paragraphs 1.2.2 and 1.2.3.

1.2.7 For the Increased Main Steam Flow with a Single Active Failure infrequent incident,
.

Section 5.1 of the NRC Safety Evaluation Report for SONGS PCN-201,202,203,
204, and 206 (Reference 6.4u) stated that the doses should be "well within" the7

'

10 CFR 100 limits specified in paragraphs 1.2.2 and 1.2.3,

1.2.8 For the small break Loss of Coolant Accident, Standard Review Plan Section 15.6.5
Appendix A (Reference 6.4r) states that the doses should not exceed the 10 CFR 100

j limits specified in paragraphs 1.2.2 and 1.2.3.

1.2.9 For the Inadvertent Opening of a Steam Generator Atmospheric Dump Valve with
Single Active Failure event, the oiTsite dose limit is 0.5 Rem for the whole body based
on the guidance ofRegulatory Guide 1.26 (Reference 6.4v) and Regulatory Guide 1.29
(Reference 6.4w).

.

!
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2.0 RESULTS/ CONCLUSIONS AND RECO51MENDATIONS

2.1 Results/ Conclusions

2.1.1 The beyond design basis Control Room doses for the analyzed accidents coincident
with a single common mode failure of the DCP 2&3 6926.0lSJ digital radiation
monitor system are as follows. The doses meet the limits ofGeneral Design
Criterion 19.

Control Room Doses in Rem

Thyroid ! eta-Skin Whole Body
'

Criteria (Section 1.2) 30 M 5
,

CEA Ejection (Appendix A) 23.8 0.7 0.1

! Feedwater System Pipe Break
7.9 <0.1 <0.1(Appendix B)-

f

i
Small Break Loss-of-Coolant

s 4.9 <0.1 <0.1Accident (Appendix C).

FHA in FHB (Appendix D)* 20.4 0.4 <0.1
.

SFP Gate Drop (Appendix E)' 29.2 0.8 0.1i

'

Increased Main Steam Flow with a
5.1 3.7 0.7 !

;

Single Active Failure (Appendix F).,

'
Inadvertent Opening of a Steam
Generator ADV with a Single 14.1 <0.1 <0.1
Active Failure (Appendix G)

Spent Fuel Pool Boiling Not Evaluated9'4 0.3(Appendix H) (see App. H).

The doses for these accidents assume manual operator actions to isolate the |
*

containment mini-purge system and/or to place the Control Room HVAC system into
the high radiation isolation mode, per Assumption 3.1.

-
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2.1.2 The beyond design basis offsite doses for the ana|yzed accider.ts coincident with a
single commen mode failure of the DCP 2&3 6926.0lSJ digital radiation monitor
system are as follows.

EAB Dosesin Rem LPZ Dosesin Rem
Accident

Beta. Whole Beta- WholeThyro.d .

i Y'"Shin Body Skin Body
"Small Fraction" Criteria

_

30 N/A 2.5 30 N/A 2.5(10% of Section 1.2 Criteria)

Feedwater System Pipe Break
<0.1 <0.1 <0.1 <0.1 <0.1 <0.1(Appendix B)

"Well within" Criteria
75 N/A 6 75 N/A 6(25% of Section 1.2 Criteria)

FHA inFHB (Appendix D)* 0.2 <0.1 <0.1 0.1 <0.1 <0.1

SFP Gate Drop (Appendix E)* 0.6 <0.1 <0.1 0.1 <0.1 <0.1

SFP Boiling (Appendix H) <0.1 NA <0.1 <0.1 NA <0.1

Increased Main Steam Flowwith
0.2 <0.1 <0.1 0.2 <0.1 <0.1SAF (Appendix F)

Other Criteria 150 N/A 20 150 N/A 20
__

CEAEjection(Appendix A) 1.0 <0.1 <0.1 0.9 <0.1 <0.1

Full 10CFR100 Criteria 300 N/A 25 300 N/A 25

SBLOCA (Appendix C)" < 0.1 < 0.1 < 0.1 s 0.1 < 0.1 < 0.1
Regulatory Guides 1.26/l.29 N/A N/A 0.5 N/A N/A 0.5

IOSGADV/SAF (Appendix G) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
The doses for these accidents assume manual operator actions to isolate the

_*

containment mini-purge system and/or to place the Control Room HVAC system into
the high radiation isolation mode, per Assumption 3.1.

"
The reported SBLOCA doses assume manual operator actions to isolate the

containment mini-purge system at 30 minutes, per Assumption 3.1. However, per
Section C5.14, no manual operator actions are required to ensure acceptable offsite
dose consequences.

. . 1

1
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2.2 Recommendations

Some of the ar.:idents evaluated in this calculation take credit for manual operator actions to
isolats the containment mini-purge system and/or to place the Control Room HVAC system
into the high radiation isolation mode (per Assumption 3.1). It is reconunended that
Calculation J-SPA 289 address the impact of these changes as they relate to Design Change
Package DCP 2&3 6926.01SJ.

V

e

9
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3.0 ASSUMPTIONS *

NOTE: For those accidents analyzed in an appendix to this calculation, any accident
speciSc assumptions are listed in the appendix.<

3.1 The overall initial conditions for the analyses perfonaed in this calculation are:

the plant is at steady state prior to the accident.a,

b. the reactor coolant iodine activity is at the Technical Specification
3.4.16 limit of 1.0 yCi/gm Dose Equivalent 1 131.
the reactor coolant non-iodine activity is at the Technical Specificationc.

3.4.16 limit of100/E uCi/gm.
d. the secondary coolant activity pro 61e is based on the iodine activity

being at the Technical Specification 3.7.19 limit of 0.1 uCi/gm Dose
Equivalent I-131.

primary to secondary leakage is at the Technical Specification 3.4.13
e,

limit of I gallon per minute.
E offsite power is not available, so plant cooldown is througn the

Atmospheric Dump Valves (ADVs) and steam driven Auxiliary
Feedwater (AFW) pump.

g. for accidents which release radioactive material to containment,
containment mini-purge is assumed to be in operation at the start of the
accident. A pre-existing iodine spike at the Technical Speci6 cation
3.4.16 limit of 60 Cilgm Dose Equivalent I-131 is also assumed.

Manual operator actions to isolate the containment mini-purge system, and/or to rilace
the Control Room HVAC system into the high radiation isolation mode, are assumed to
occur at the following times in this analysis:

FHA Inside Containment - Control Room isolation at 3 minutes
a.

(Section 8.1.3.1.7).
b. Feedwater System Pipe Break - Mini-purge isolation at 30 minutes

(Appendix B)

Small Break LOCA - Control Room and mini-purge isolation atc.

30 minutes (Appendix C),
d. FHA in FHB - Control Room isolation at 30 minutes (Appendix D).

SFP Gate Drop - Control Room isolation at 20 minutes (Appendix E).e.

f. Increased Main Steam Flow with Single Active Failure - Control Room
isolation at 30 minutes (Appendix F).

_

g
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Except as follows, design basis assumptions are used in this calculation:

atmospheric dispersion factors are based on 50 % meteorology, asa.

reported in UFSAR Table 15B-4.
b,

dunng a fuel handling accident inside the containment, manual operator
ac'. ion is credited for isolating the control room within 3 minutes.
9 > lays of decay occur prior to the start of the SFP gate drop accident.c.

4

3.2 When the Contrr;l Room is isolated, an unfiltered Control Room inleakage of 10 cfm is
assumed to accaunt for door opening, per Standard Review Plan 6.4 Section III.3.d
(Reference 6.4n).

3.3 The effects of daughter products are considered in this analysis. The daughter products
generated by the radioactive decay of the lodine isotopes are noble gas isotopes. The
drghter products generated by the radioactive decay of the noble gases are Rubidium,
Cesium, Strontium and Barium. The Bechtel LOCADOSE computer program
(NE-319 Reference 6.6a) places isotopes into groups. Rubidium and Cesium are in

LOCADLSE isotope group 5, and Strontium and Barium are in LOCADOSE group 7.
Per Table 2-17 " Particulate Release Rates from Gaseous Efiluents", ofNUREG-0017
(Reference 6.4m) these isotopes are particulates. Additionally, the isotopes in
LOCADOSE groups ' (Te, Sb), 8 (noble metals), and 9 (rare earths) are also listed as
particulates. Therefor. for this analysis, LOCADOSE Groups 5 to 9 are considered to-

consist of particulates and will be subject to High Efficiency Particulate Air (HEPA)
fdtration.

3.4 The breathing rates from Regulatory Guide 1.4 Section C.2.c (Reference 6.4c), which
addresses the breathing rat s ot individuals present at offsite locations during a LOCA,

~

will be used for all analyr.:s. The breathing rate guidance varies as a function of time

for the offsite individuals (at work and at rest). The LOCA at-work breathing rate will
be assumed to apply to the Control Room operators. The LOCA offsite breathing rates
will be assumed to apply to individuals at the EAB and LPZ. These breathing rates are:

i

!

|
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Time Interval CR EAB LPZ
i

(m % c) (m%ec) (m%ec)

O to 2 ham 3.47 x 10d 3.47 x 10d 3.47 x 10*!

2 to S houp 3.47 x 10d Not Applicable 3.47 x 10'

8 to 24 hours 3.47 x 10d Not Applicable 1.75 x 10'

I to 30 days 3.47 x 10d Not apphcable 2.32 = 17

: 3.5 For consistency with current metho_dology (such as ABB design analysis
A-SG2-FE-0100, Reference 6.7h), an intact steam generator iodine partition coefficient
of 0.01 will be used.

! 3.6 This calculation is based on the Unit 2 Cycle 9 configuration. Due to the symmetnf
between units, the results are expected to apply to Unit 3 also.

3.7 Shine doses from sources external to the Control Room vdll not be explicitly
considered in this analysis Per the Calculation N-4060-020 LOCA analysis
(Reference 6.11), approximately 44% of the Control Room whole body gamma dose is
due to shine from sources external to the operating area. Of this 44%, approximately

,

halfis due to shine from sources external to the Auxiliary Building, and halfis due to
the shine from the Control Room HVAC filter units located inside the Auxiliary
Building. To account for these shine doses, the Control Room whole body immersion
dose calculated by LOCADOSE will be doubled. Not performing a detailed analysis of

,

the shine doses does not affect the conclusions of this analysis, as the Control Room
whole body doses are much less limiting than the thyroid doses (as shown in Section 2
of this calculation).

.

3.8 Unless otherwisejustified, operator action to manually place the Control Room HVAC4

system in the high radiation isolation mode is assumed to take place no sooner than

20 minutes after the start of the accident. The 20 minute intervalis addressed in
Standard Review Plan Section 6.4, paragraph III.3.d(3) on page 6.4-10
(Reference 6.4n). The high radiation isolation mode ofoperation can be easily initiated
from the Control Room by manual action.

3.9 The released secondary steam is assumed to be free ofnon-iodine particulates per
Calculation N-4097-015 section II.2.1 (Reference 6.1v).

..

e
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3.10 Since the steam released from the secondary side does not contain particulates (per
Assumption 3.9), particulates which do not decay to iodines or noble gases will not be
modeled in the Secondary Side.

3.11 The steam density in the secondary side is assumed to be 1.95 lbm/ff, which
corresponds to saturated steam at approximately 850 psig. As shown in Section 5.4.6,
the value used is not significant to the calculated results.

t

3.12 The iodine species fractions will be taken as 91% elemental,4% organic, and 5%
particulate. This is consistent with Regulatory Guide 1.4 (Reference 6.4c).

3.13 The reactor coolant system density chosen will be based on the hot leg conditions. As
shown in Section 5.4.5, the RCS density should be minimized to maimim the
calculated doses. The minimum RCS density (other than the pressurizer, which is not
an area of concem) is found at the core exittot leg.

3.14 For the fuel handling accident inside Containment, operator action to manually place
the Control Room HVAC system in the high radiation isolation mode within 3 .ninutes
is assumed. This dumtion is reasonable, given the Licensee Controlled Specification
(LCS) 3.9.102 (References 6.4j and 6.4k).equirement for continuous communications
with the Control Room during fbel handling activities inside containment. The NRC
concurred with this approach in the April 1996 meeting on the radiation monitor
replacement project.

|

|

|

l
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4.0 DESIGN INPUTS

NOTE: For those accidents analyzed in an appendix to this calculation, any specific
design inputs are specified in the appendix.

4.1 The Control Room HVAC parameters during normal and high radiation isolation
operation are as follows (the configuration is shown on References 6.2k and 6.21). For
conservatism, the high radiation isolation mode outside air intake flow rate was

;

increased to the upper tolerance (per procedure SO231-2.44, Reference 6.5d), and +he
,

recirculation flowrate decreased to the lower tolerance (per procedure SO23-I 2.44).'

The SO23-I-2.44 tolerances are consistent with calculation M 0073-043
(Reference 6.lw) page 9 of 24 (*150 cfm for filtered intake) and page 20 of 24 ( 10%
for filtered recirculation). For the first 8 hours of the accident, two trains of#

emergency HVAC are in operation (consistent with UFSAR Appendix ISB,
Reference 6.41).

Parameter CR Normal Operation CR Hich Radiation Isolatim Operatim per Trais
_

Value Reference Value Reference
Filtered Intake o cfm 40096 20$0 + 150 = 2200 cfm 40096 (Ref 6.2e)i

(Ret 6.2e) 40098 (Ref 6.2f)
i SO23-I-2.44 (6.56

Unfiltered 5820cfm 40096 0 cfm + 10 cfra per 40096 (Ref 6.2e)Intake (Ref. 6.2e1 Assumntion 3.2 40098 (Ref 6.2n
Filtered 0 cfm 40096 (35,705-10%)-2200 = 400% (Ref 6.2e)Recuculation (Ref. 6.2e) 29,934.5 cfm*

40098 (Ref 6.2f)
,

SO23-I-2.44 (6.56
Unfiltered 29,835cfm 40096 0efin 40096 (Ref. 6.2e)Recirculation (Ref. 6.2e) 40098 (Ret 6.2f)

* conservatively rounded down to 29,934 cfm for single train operation

4.2 Per drawings 40096 (Reference 6.2e) and 40098 (Reference 6.2f), the makeup air
entering the Control Room passes through both the EVS and EAC filter trains.
However, per UFSAR Appendix 15B (Reference 6.41), credit is only taken for the EAC
charcoal filter. The recirculation air passes only through the EAC filter train. The

EAC iodine filter efliciency is based on the charcoal filter depth of 2 inches (Reference
6. lk) and the corresponding charcoal filter efficiency values given in Regulatory3

Guide 1.52 Table 2 (Reference 6.4f). The EAC particulate efficiency is based on the

4

'
. .

a
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HEPA efficiencies given in Regulatory Guide 1.52 section C.S.c. Regulatory
Guide 1.52 efficiencies are applicable since Technical Specification 5.5.2.12
(References 6.4h and 6.4i) tests the EAC filters to this Regulatory Guide. Per
Regulatory Guide 1.52 this results in the following elemental, organic, and particulate
iodine removal efficiencies for the LOCADOSE intake and recirculation filters.!

1 -

. EVS Removal EAC Filter LOCADOSE LOCADOSE
; E5ciency Esciency Intake Renwva! Recirculation Remon!

(A206/A207) (E4185419) Emciency EEciency

Elanentallodine 0% 95 % 95 % 95 %\

Organic Iodide 0% 95 % 95 % 95 %

Paniculates 0% 99% 99 % 99 %<

4

4.3 Some af the analyses presented in this calculation model a Control Room net free

volume of 244,398 ft3 based on Calculation M-0073-041 page 7 (Reference 6.1c).'

Since first cited, Calculation M 0073-041 was revised in CCN-5 to calculate the
Control Room gross volume rather than the net free volume. And, the control room
net free volume has been revised based on more accurate physical data to be

5

266,920 ft in Calculation M-0073-095 (Reference 6.ly, CCN-3). Calculation
;
'

N-4060-027 (Reference 6.12) assessed the imp:ct of that revised e ime on CR doses
due to design basis accidents and concluded that the revised volume produces,

insigniScant impacts on CR doses. Any subsequent revision to this calculation should
,

use the revised volume 266,920 ft'.

,

,

f

_.
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4.4 The occupancy factors for the Control Room are given in Standard Review Plan 6.4
Figure / Table 6.4-1 (Reference 6.4n). Per 10 CFR 100.11 (Reference 6.4b), the offsite
post accident doses are to be calculated for an individual wb is exposed for the entire
interval ofinterest (which means an occupancy factor of 1.0). Therefore, the,

occupancy factors are:

Exclusion Area Boundary 1.0 for 0 hour to 2 hours
0.0 for 2 hours to 720 hours

Low Population Zone Boundary 1.0 for 0 hour to 720 hours

Control Room 1.0 for 0 hours to 24 houn,

0.6 for 24 hours to 96 hours
0.4 for 96 hours to 720 hours

4.5 The 50% meteorology atmospheric dispersion factors (X/Q) for releases from the
Containment to the locations ofinterest are as follows per Calculations N-4010-001
page 40 (Reference 6.lg) and N 4010-002 Revision 1 page 3 (Reference 6 lh).
Because the Control Room X/Qs include occupancy factors (N-4010-001 page 36 and
39), the values from N-4010-001 are modified as shown below to remove the impact of
the occupancy factors (these values are also riven in UFSAR Table 15B-4).

50 Percentile y/O (sec/m')

0-2 Hours 2-8 Hours S-24 Hours 24-96 Hours 96 720 Hours
Control Room 7.9x104 # 7.9x10" # 4.6x10 * 2.5x10 * 6.25x10-8 *

d 4

Exclusion Area 3.6x10 NA NA NA NA
4

Boundarv

Low Population 9.24x10-' 9.24x10 6.03 x10-' 3.65x10 3.28x10-'
4 4

Zone
__

@ 7.9x10 f:om N-4010-001 + occupancy factor of 1.0 from Desip Input 4.4 = 7.9x10d
d

*
4.6x10d f:om N-4010@l + occupancy factor of 1.0 from Desip Input 4.4 = 4.6x10d
1.5x10d frem N-4010-001 + occupancy factor of 0.6 from Desip Input 4.4 = 2.5x10+ d

# 2.5x10-5 from N-4010-001 + occupancy factor of 0.4 kom Desip Input 4.4 = 6.25x10 8

-
.
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4.6 The core exit / hot leg conditions are 61l'F and 2250 psia per drawings 40111 A
(Reference 6.2g) and 40111 ASO3 (Reference 6.2h). Per the ASME steam tables, the
specific volume at these conditions is 0.02371 f1/lbm, with an equivalent density of5

42.176 lbm/ft'. Per Assumption 3.13, these values wC be used when com'erting RCS
mass release rates to volumetric celease rates.,

.

4.7 The containment free volume is 2,305,000 ft) per Calculation C-257-1.06.01
(Reference 6.la, page 7).

The default dose conversion factors in the Bechtel LOCADOSE computer program
4.8,

(Reference 6.6a) will be used in this calculation. These dose conversion factors are
shown in the LOCADOSE library files included in each analysis.

4.9
Per Calculation N-4097-015 (Reference 6. lv), the reactor coolant and :econdary side!

acti ity concentrations are given in the following table, based on a burnup of
60 GWD/t. The reactor coolant activity is based on 1.0 uCi/gm Dose Equivalent
1-131, and 100/E for non-iodine isotopes

The secondary side liquid activities are based on 0.1 uCi/gm Dose Equivalent I-131,
with the same scaling factor used for non-iodine isotopes. The secondary side steam
activities are based on an iodine partition factor of 0.01, a particulate partition factor of

,

!

0.002, and with the noble gas activity concentrations based on the normal primary to
secondaryleakage of1440 lbn / day.

Per Assumptions 3.9 and 3.10 particulates are not required to be modeled unless
.

calculation N-1140-024 (Reference 6.lf) determined that the particulate decays to a;
noble gas oriodine, or unless required by the specific accident being analyzed. Those
isotopes required to be modeled are identified in bold in the following table.

Per Assumption 3.3, daughter products are included in the analysis. For this reason,
the LOCADOSE Library files will also include isotopes (such as Rb-88 and Cs-135)

,

that are not required per the preceding.

|

'
--
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PRMARY AND SECONDARY SYSTEM AC7IVTTY CONCENTRATIONS
1sotope RCS Actmty SGLiquid Actmty SG Steam Actmty Required per Particulate ?(uCi/cm) (aci/rmi fuCi'en) N-114o42t?

l-131 8 03E-01 8.13E 02 8.13E-04 Yes
1-132 2.25E 01 1.54E 02 1.54E-04 Yes
1133 9.90E-01 9.57E-02 9.57E-04 Yes
I 134 9.85E 02 4.43E 03 4.43E-05 Yes
I-135 4.36E 01 3.78E 02 3.78E 04 Yes
Kr45mm 2.47E+00 0 8.19E 05 Yes
Kr45 1.08E+01 0 3.5sE-04 Yes
Kr47 1.16E+00 0 3.84E 05 Yes

"

Kr-88 3.74E+00 0 1.24E 04 Yes
Xe-131:n 2 51E*00 0 8.36E 05 Yes
Xe-133 3.44E+02 0 1.14E 02 Yes
Xe-135ni 1.16E+00 0 3.84E 05 Yes
Xe-135 1.07EH)1 0 3.55E 04 Yes
Xe-138 5.87E-01 0 1.95E-05 YesS3 3.22Et00 1.49E+03 2.98E+00 No
Br44 4.18E 02 1.54E43 3.0&E 06 Yes

Rb48 4.27E+00 1.13 E-01 2.26E 04 No Yes (NE-319 Group 5)Sr49 9.30E-03 1.74E-03 3.4SE 06 No Yes (NUREG4017)Sr-90 1.09E-03 1.95E 04 3.90E 07 No Yes (NUREG 0017)~

Y-90 1.49E 03 2.59E 04 5.18E-07 No Yes (NE-319 Gicup 9)Y-91 1.02E-01 1.81E 02 3.62E-05 No Yes (NE-319 Group 9)Y-91m 4 05E-03 2.37E-04 4.74E-07 No Yes (NE 319 Group 9)
St-91 6.47E-03 9.76EG 1.95E-06 No Yes (NUREG4017)Mo-99 2.35E+00 4.09E -?! 8.18E 04 No Yes (NE-319 Group 8)Ru-103 9.93E-03 1.76E 03 3.52E 06 No Yes (NUREG-0017)Ru-106 7.54E-04 1.34 EG 2.68E 07 No Yes (NUREG-0017)Te-129 5 24E-02 3.81E 03 7.62E-06 Yes Yes (NE 319 0roup 6)Te-132 6.75E-01 1.19E-01 2.38E-04 Yes Yes (NE-319 Gicup 6)Cs-134 4.03E-01 7.21E-07 1.44 E-04 No Yes (NUREG4017)Cs-136 2.Md-02 4.95E-03 9.90E 06 No " Yes (NUREG 0017)Cs 137 1.24E+00 2.23E-0 t 4 46E-04 No Yes (NUREG-0017)

~

Ba 140 L28E-02 2.27E-03 4.54 E-06 No Yes (NUREG 0017)La-140 1.23E-02 2.19E 03 4 38E-06 No Yes (NE 319 Groco 9)Pr 143 1.19E-02 2.IIE-03 4.22E-06 No Yes (NE 319 Gwup 9)Cc-144 9.0$E 03 1.61E 03 3.22E-06 No Yes (NE 319 Group 9) ?Cr 51 3.54E-03 6.30E 04 1.26E-06 No Yes (NUREG-0017)Mn 54 1.16E 03 1.05E-04 4.10E-07 No Yes (NUREG 0017)Zr 95 1.14E-02 2.04E-03 4.08E-06 No Yes (NUREG-0017)Co-60 7.44E 03 1.3 3E-03 2 66E-06 No Yes (NUREG 0017)F e-59 1.85E 03 3 29E-04 6.58E 07 No Yes (NUREG-0017)Co-54 5 93E-01 106E-02 212E A5 No Yes (NUREG-0017)

_

__
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4.10 The Containment leak rate is 0.1% by volume per day for the first 24 hours of the
accident per Technical Specification SR 3.6.1.1 (Reference 6.4h and 6.4i). Per
Regulatory Guldes 1.4 (Reference 6.4c) and 1.77 (Reference 6.4g), the leak rate is
reduced by 50% after 24 hours. As shown below, this is equivalent to the following
leakage rates (based on the Containment volume per Design Input 4.7);

ContainmentLeonRate = (2.305E=06ft ) x 0*"0I d'"'3 x = 1.6 c/mday 24 x 60 min

3 0 5, 4p
ContainmentLeakRate = (2.305E+06ft ) x = OJ cfm

9

4.11 Technical Specification 3.4.13 (Reference 6.4h and 6.41) limits primary to secondary
leakage to 0.5 gpm per steam generator, with an overalllimit of 1 pm to both steam3
generators. This analysis will be based on the overall limit of 1 gpm. Per procedure
SO123 ID 2.22.23 step 6.4.1.6 (Reference 6.5b), leakage is evaluated after the sample
has been cooled to a density of 8.34 lbm/ gallon. Therefore, ' a primary to secondary
leakage of1 gpm is equivalent to 8.34 Ibm / min. Per Assumption 3.13, this
8.34 lbm/ min leakage will be converted to an equivalent flow rate at the Design
input 4.6 hot leg conditions.

38.34 lbm 0.02371fr
= 0.198 cfmx

min Ibm
u

4.12 Per Calculation N-0220-030 (Reference 6.1e, sheets 14 and 24), the reactor coolant
system (RCS) cold nominal volume (without the pressurizer) is 10,103 cubic feet.
Applying the RCS exphnsion factor of 1.4 percent from CE Letter S-91-031
(Reference 6.31) yields the reactor coolant system hot nominal volume (not including
the pressurizer liquid volume). Per Calculation N-0220-030 (sheets 14 and 23), the
pressurizer water volume at the nominal operating point is 819 cubic feet. Based on
these volumes, the reactor coolant system has a liquid volume of:

l'm = { l'act we m * EtP0"' ION F0'!0') * I'tw
I'm = (10,103 ft3 x 1.014) + 819 ft 3

3l'n = 11,063 ft

This volume will be conservetively rounded down to 11,000 ft', as discussed in
Section 5.4.5.

s,,s e. ew e ee.... . .w,e=m ea ++ .ww.-- ==
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4.13
Using the RCS volume (per Design input 4.12), the activity (for the modeled isotopes)
specified in Design input 4.9, and the RCS density per Design Input 4.6, the total
number of Curies in the RCS liquid (without an iodine spike) is:

L

g , pO_ , 454 gm ,42.176 thm 3 0
x 11.000fr xgm ihm fr3 10' O

O = 210.6 x d '

CC

Therefore, the total activity present in the primary system is:

PRIMARY SYsb4 ACTIVirY INVENIORY 040 IODINE SFiKE)i Isotope D14 9 RCS Activity Concensawnn (gCi/pn) = Scahng Factor = RCS Activtry(Cri
1 131 8.03E 01 210.6 1.69E+02
1 132 2.25E41 210.6 4.74E+01
1 133 9.90E-01 210.6 2,08E+02
1134 N5E42 21v6 2.07E+01
1 135 4.36E41 210.6 9.18E+0|
Kt-85m 2.47E40 210 6 5.20 E+02
Kr 85 1.08E+01 210.6 2.27E+03
Kr-87 1.16E+00 210 6 2.44E+02
Kr-88 3.74E+00 2to 6 7.88E+02
Xe 131m 2.5IE+00 210.6 5.29E+02
Xe 133 3.44E+02 210 6 7.24 E+04
Xc 133m 1.16E+00 210.6 2.44E+02
Xe135 1.07E+01 210 6 2 7.5E+03
Xe138 5.87E 01 210.6 1.24E+02
11-3 3 22E+00 210.6 6.78E+02
Br 84 4.1BE 02 210.6 8.8')E+00
Te 129 5.24E 02 210.6 1.10E+01
Te-132 6.75E 01 210 6 1.42E+02

$

1
1

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



- _ _ --

EC&FS DEPARTMENT.

CALCULATION SHEET fa'e% ccu no.
_

race _ o,
_

Project or DCP/MMP _DCP 2M 8928.01sJ Cale. No._ N 0720 014 CCN eCNVER$10N:
CeN NO CCN -

Subleet Control Room and Offaite Dozen Rhould CP!S CRis. and THIS TMl
Sheet.11.0f 2Q

REV OptG|NATom DATE mt oATP WrV OWQlN A tut OATE mr DATT g
o Mark Drucker 8/15/97 T. Remick 8/18/97

h
4

.

For those accidents where a pre existing lodine spike (equivalent to 60 yC1/gm Dose4. !4

Equivalent I 131 per Technical Specification 3.4.16, References 6.4h and 6.4i) is
present, the lodine present in the RCS is increased by a factor of 60 over the
1.0 uCi/gm Dose Equivalent I 131 values in Design Input 4.13.

PRIMARY SYS'IBA IODINE ACTIVTTY DmNTORY MTDI PRE EXISTING IODINE SPIKD]_1sotope D14 9 RCS ActMtv Concentretion (uCUgmi a Scaling Factors = RCS Activity (CD
1 131 8.03E41 210.6 = 60 1.01E44
1-132 2.25E41 210.6 m 60 2.84E%3
1133 9.50E 01 210.6 = 60 1.25E+0k
I-134 9.85E 02 210.6 = 60 1.25E+03
f.115 4 36E41 210 6 m 60 5 31EM3

4.15 The secondary system will be modeled as IE+09 cubic feet of steam, with the steam
activity (for the modeled isotopes) ss spe-Vied in Design Input 4.9, at the
Assumption 3.11 neam density. A large volume is used so that the steam releases

(from the secondary system) do noi appreciably affect the volume. The specific activity
of the secondary system (from Design Input 4.9) can be converted to a total nuder of
Curies in the IE+09 ft' secondary system steam node as follows:

(3 . H O x (1,Qr1Pfr ) x _1.95 thm 454 gm 08 x xgm fr lbm 10' pG3

G = 885,300 x EO
gm

Therefore, the total activity present in the secondary system steam is:

_

.
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SECONDARY SYstrEM STp U1 ACTIVT1 Y INVENIORY

g,g DI4.9 SO Steam Activi7
Concentraban (uCi/cm) = scaling Factor = Secondary Steam Actinty (C0

,
1 131 8.13E-04 885,300 7.20E+02
1 132 1.54E 04 885,300 1.36E+02
l 133 9.57E 04 885,300 8.47E+02
1 134 4.43E45 885,300 3.91E+0!
l135 3.78E 04 885,300 3.15E+02
Kr 85m 8.19E 05 885,300 7.15E+0i
Kr 85 3.58E-04 885,300 3.17E+02
Kr 87 3.54E 05 885,300 3.auE+01
Kr 88 1.24E 04 835,300 1.10E+02
Xe-131m 8.32E 05 885,300 7.37E+0i
Xe-133 1.14E-02 835,300 1.01E+04
Xe-135m 3.84E 05 E85.300 3.40E+01
Xe-135 3.55E 04 885,300 3.14E42
Xe 138 1.95E 05 885,300 1.73E+0i
H3 2.98E400 885,300 2 64E+06
Br 84 3.08E 06 885,300 2.73E+00
Te-129 7.62E-06 885,300 6.75E40
Te 132 2.38E 04 855.300 i 2.11E+02

4.16 Reactor Core isotope Inventory

The average fuel rod inventory of noble gas ar.J iodine isotopes for non-LOCA transients is
calculated in design analysis A-SG FE-004 (Reference 6.7b, Table 4.1). The A-SG FE-0064
fuel rod activities are based on a core power of 3390 MWt, an average power per fuel rod of
68.045 KW, fresh fuel enrichments up to 5 weight percent U-235, and bumups equal to
20 GWD/t,30 GWD/t, and 40 GWD!t . The A-SG.FE 0064 Table 4-1 isotope-specific
activities represent the highest isotopic inventory for each combination of burnup andi enrichment. There were no refueling times assumed in achieving these bumups. Fission'

product activities beyond 40 GWD/t were not calculated because the relative power in a fuel
rod with a bumup greater than 40 GWD/t is most likely less than unity, the fission rate would

. . .

. . .
. .
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be dropping as the bumup increases, and consequently the high burnup Sssion product
activities would be less than those at a 40 GWD/t burnup.

The A SG FE 0064 average fuel rod inventory is based on a core loading of 49,820 fuel rods
and 1,392 shims. For conservatism, the core inventory used in this analysis will be based on
having fuel (at the A-SG FE-0G64 average fuel rod inventory)in all 51,212 available locations
(i.e.,217 assemblies * 236 potentiallocations per assembly).

CORE ACTIVITY DfVENTORY

A SO-FE 0064 Amage Fuct = MAximumNumhetof a Cort Activitylutope Rod Aethity Inwitory (Ci/ rod) Fuel Rods b Core bventory(CD
l 131 1.859e+03 51212 9.520e+07
1132 2.679e+03 51212 1.372e+08
1 133 3.762e+03 51212 1.927e+08
I-134 4.16Ee+03 51212 2.135e+08
1135 3.5144*03 51212 1.800e+08Kr43m 2.619e+02 51212 1.341e+07Kr45m 5.833e+02 51212 2.987e+07Kr45 1.234e+01 51212 1.144e+06Kt47 1.147e+03 51212 5.874e+07Kr48 1.621e+03 51212 8.301e+07

Xe-131m 1.084e+0! $1212 1.067e46
Xe 133m 1.172e+02 51212 6.002c-06
Xe 133 3.666e+03 51212 1.877e+08

Xe 135m 7.438e+02 51212 3.809e+07
Xe-135 1.ll5e+03 51212 5.710c+07Xe 13R 3.247e+03 51212 1663e+0A

4.17
Per drawing 40092 (Reference 6.2d) the nominal flow rate through the Containment
HVAC mini-purge system is 2000 cfm. For conservatism, this flow rate will be
increased by 10% to 2200 cfm for use in this analysis.

4.18
Per calculation A-SG2 FE-0060 (Table 3.6-11,luference 6.7a) the maximum 100%
power Unit 2 cycle 9 peaking factor is 1.6935. To t' low margin for future increases, a
peaking factor of 1.73 will be used in this analysis.

4

_

g,$ 4
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5.0 METHODOLOGY

5.1 General Methodolg e

As discussed in Section 1.1, scieuc c s.idents will be evaluated for the beyond design basis
case where a single common mode failure causes an undetected, concurrent failure of all the
digital radiation monitors.

Depending on the accident sequence, a formal analysis may not be required. For these cases, a
discussion will be provided. If a formal analysis is performed, it will be done using the
LOCADOSE computer code (Reference 6.6a). This computer code is described in
Section 5.2.

5.2 LOCADOSE Computer Code Description

The doses due to the accident activity release mechanisms will be evaluated through use
Bechtel Standard Computer Program NE-319, LOCADOSE (Reference 6.6a). The
LOCADOSE Code consists of three modules: an activity transport program, a dose calculation
program, and a filter loading program. The first two modules will be used in this calculation.

The activity transport module calculates activities, integrated activities and releases over a time
period using a multi region model that can accommodate up to nine regions and fifty time
steps. Daughter isotope activities, spray removal and LOCA during purge option can be
performed by this program. Activities, integrated activities and releases are saved on a file for
use by the other modules.

The dose calculation module uses the file generated by the activity transport program, the
isotope library file and a user-generated data file to calculate dose rates and doses. Doses and
dose rates can be obtained for all the regions used by the activity transport program and for upto twenty offsite locations.

The LOCADOSE code is executed on the Nuclear Fuel Management IBM RISC 6000

workstation. Use of the LOCADOSE code on the IBM RISC 6000 workstation has been
veri 6ed and validated as detailed in the Sofhvare Installation Repon (Reference 6.6b).

.
.
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5.3 EAB, LPZ and Control Room 1mmersion and Inhalation Doses

5.3.1 GeneralMethodology

This calculation determines the immersion and inhalation doses due to the airborne cloud at the
EAD and LPZ and the cloud inside the Control Room. The LOCADOSE dose calculation
program will be run using the appropriate assumptior.s and design inputs from both the main
calculation and the associated Appendix for each analyzed accident. The model used for a
particular accident is detailed in the Appendix for that accident.

5.3.2 Accidents Not Resulting in Fuel Failure

For those accidents which do not result in fuel failure, the radioactive material released to the
various locations is simply the mass released times the specific activity of the released material
(primary coolant, secondary coolant, or secondary steam).

5.3.3 Accidents Resuhingin Fuel Failure

For those accidents which result in fuel failure, the radioactive material released to the various
locations consists of:

The radioactive material originally present in the primary coolant, secondary coolant, ora.

secondary steam (per Section 5.3.2).

b. The radioactive material released from the failed fuel that is transported to the
environment.

The material released from the failed fuel into the reactor coolant system is based upon
an assumption that the fuel that fails is operating at the highest peaking factor, that a
limited amount of the fuel rod activity inventory is present in the fuel rod gap (if no fuel
melting occurs), and that all of the material in the gap of all of the failed fuel is released
to the RCS. For a given failed fuel percentage, the amount of material released to the
primary coolant is thus:

ReleasetoRCS = CoreInvenson(Ci) x FailedFuelFraction
x Gap ActivityFraction Peaking Factor

The released material is assumed to be evenly diluted in the primary coolant, and then is
released to the containment, secondary side, or environment at the applicable leak rate.

'
, . . . . _ . . .

___ . _ _ . _ _ _ _ _ _ _ _ _ _ - - _ - - - - - - - - - -



. - _ _ - _ _

EC&FS DEPARTMENT

CALCULATION SHEET enn""$cuuo.
' * '

n oe._ o,
._

Project or DCP/MMP _ DCP 2&3 8928.01EJ Calc. No fJ-0720-014 CCN CoNVEMcloN:
ccN No. CCN -

Subject contml Room and OHr.ite Domes Ehnold CPIS. CRIE. and FHIM Tail
Sheet 30 of _25_2

Div OrttoMATom DATf taf D ATT RFV OnlCHATom oATT lar DATg n
0 Mark Drucker 8/15/97 T. Remick 8/18/97 (

4

5.4 Mass Release to Volumetric Release Conversion

The LOCADOSE code is based on volumetric Dow rates (cfm), while most of the accident
release information from ABB/CE is given on a mass basis. The LOCADOSE code is also
based on providing a node volume, and an activity inventory (in curies) for that node. This
section addresses the methodology of the conversion of mass releases to volumetric releases.

For clarity, some unit conversions (such as Cl to Ci) are not shown in the following sections.

5.4.1 Primary to Secondary Leakage Without Fuel Failure

The activity release rate due to primary to secondary leakage (not including the impact of
failed fuel)is:

A .s (min) = y,a (ft )ga(G) x g,,,(fg,)
G A s

r
s rmn

>

Where:

A, activity release iate due to primary to secondary leakage
A,c activity present in RCS in Curies
Vac RCS volumein cubic feet
Q,. primary to secondary volumetric flow rate in efm

Aac, is calculated in Design Inputs 4.13 and 4.14 from the Design Input 4.9 concentrations
(C,e3) as follows:

O
A,a(G)= Caa ("gm ) x V,a (ft') x Densityga (Q) x Iodine Spiking Factorp

Q,. is calculated in Design input 4.11 from the mass release rate (Mr.3) as follows:

Af .s("9 )r3
"

Gr.s ('"I") = Density,a ()

.
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Substituting Aacs and Q,., into the original equation yields:
U

aa ("gm ) x V,a (ft ') x Density,a (Q) x lodineSpikingFactorC .ay ftr-s(ndn}' Vg3)
M,.,( #* )

miny

Density,a ( )

;

As can be seen, Vac, and Density,c3 drop out of the above equation. This means that for a
given C,a, Iodine Spiking Factor, and M , any V,2 and Density,c may be used withoutr
affecting the calculated pnmary to secondary activity release rate.

5.4.2 Primary Coolant Releases Without Fuel Failure

Primary coolant is released to the containment atmosphere during the CEA ejection and*

SBLOCA events. Provided that no fuel failure has occurred, the volumetric flow rate for this
path follows the equations given in Section 5.4.1 (if fuel failure occurs, the activity release rate

.

changes as described in Section 5.4.3). The P S parameter would change to P-C for the;

primary to containment releases. Any V and Density,es may be used without affecting theacs
calculated primary to containment activity release rate.

5.4.3 Primary to Secondary Leakage With Fuel Failure
-

When fuel failure occurs, an additional activity release rate is present due to the activity:

.

released to the reactor coolant system from the failed fuel. The total activity release rate is:

G G
rora(~,;n) * b .s(,G ) * b -s.rr(minb

r gn r

A,. is as described in section 5.4.1. A,4,7 s:i

A''#"(min) , V,, {ft )fr( O) x g'*' ftmin)
_ Ci A 2

3



_ _ _ - _ - _ _

EC&FS DEPARTMENT

CALCULATION SHEET |E"#ccN No. me _ o,
__

Project or DCP/MMP _ DCP 2&3 6928 019 f Cale. No tJ-0720 014 CCN CoNVfRsloN:
eeN No. CCN -

Subject Control Room and Offsite Dnman Should CPIS. CRIS. and FHIS Faif
_ $heet.32.of 252_

Rev omot4 Atom OATE Imp Daty sty omic.NAYom OATT tar oaty n
0 Mark Drucker 8/15/97 T. Remick 8/18/97

h
4

Where:

Ar.s.n activity release rate from failed fuel due to primary to secondary leakage
An activity present in RCS from failed fuel in Curies
Vaes RCS volume in cubic feet
Q,. primary to secondary volumetric flow rate in efm

Q,. is calculated in DesignInput 4.11 from the mass release rate (M, ) as follows:

M ., ( N'" }r

Q,., ( "# , ) = ""
"

Densityper(N'")

Substituting Q,. into the original equation yields:

M .,(,NT }A ,(0) rG
A .s.fr(",") = Y

y ,un
r x

act(ft') Density,cy( )

As can be seen, neither V es nor Densityges drops out of the above equation. In order toi

maximize the activity release rate, Vxc3 and Densityge, should be minimized (a smaller Vac3
and Density,c3 results in a larger Ar.s.rr).

5.4.4 Primary Coolant Releases With Fuel Failure

Primary coolant is released to the containment atmosphere during the CEA ejection and
SBLOCA events. The volumetric flow rate for this path follows the equations given in
Section 5.4.1 and Section 5.4.3. The P S parameter would change to P-C for the primary to
containment releases. Vacs and Densityges hould be minimized to maximize the activitys
release rate.

SA.5 RCS Density and Volume

Per Sections 5.4.3 and 5.4.4, the values used for Vges and Densityges hould be minindzed tos

conservatively maximize the activity release rate due to failed fuel. As shown in Sections 5.4.1
and 5.4.2, use of the minimized values for Vac3 and Densityges does not affect the calculated
activity release rate. '

_

qwgg( he=g- 4 5*WWD 9B.@ S .584 9 ON
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5.4.6 Secondary Steam Releases

The activity release rate from the secondary side (due to MSSV and ADV operation) is:

ste(g,) " Asrc.rs(Ci) * Gsrc(g
0 f2y

)y
3) ,

Where:

A
activity release rate due to MSSV/ADV secondary team releases (at TS limits)ste

Asc ,13 activity present in seconaary side steam at Tech Spec limits in Curies
Vue secondary side steam volume in cubic feet

Q,te secondary side MSSV/ADV volumetric steam flow release rate in efm

Astc.n is calculated in Design Input 4.15 from the Design Input 4.9 concentrations (Cne,n) as
follows:

Asrcr,(0) = Cstcrs("gm) * Vsrc(4') * h*'85iO'src ($)ft
Q,cc can be calculated from mass release rate (Mec) as follows:

Af
src(min)3ft

Oste ("I") * Densitysrc)

Substituting Aste.n and Q,te into the original equation yields:

src.rs ("#
C

stc(ft') x Densitysrc( A ) x
)* Y

histc(*)A,,e("9 ) =
"

Vrtc (f'')
Densitysrc(f)

As can be seen, V e and Densityste drop out of the above equation. Thus, for a given Cste,n3t

and M c,any V,te and Densityste may be used without affecting the calculated secondary3t

steam activity release rate. Because the LOCADOSE models for each appendix transport the
primary to secondary leakage directly to the environment (with appropriate filtration to model:
the steam generator partitioning) rather than into the Secondary Steam node, the presence of
failed fuel does not affect the secondary steam activity release rate.

, . . . . . . . . . . . . . . . . . . . . . . . . . .

_ _ _ , , _ _ _ _ _ , _ _ _ _ - - - - - - - - - - - - - - - - - - ' - - " - - " - - - -
-'



I

EC&FS DEPARTMENT

CALCULATION SHEET '**" "2% NorRru uce _ or .__.

Project or DCP/MMP __DCP 2&16928.01SJ Calc. No._ N-0720-014 CCN CoNVERSloN:
eCN No. CCN -

Subject Control Rogm and Off de Do?.en should CPIM. CRIS. and FHIS Fall
Sheet ,.3_4_of _252

RW OmiCINATOR DATF utF 04tY RW OptGted& TOR D A TV tag payg g
0 Mark Drucker 8/15/97 T. Remick 8/18/97

h
4

6.0 REFERENCES

6.1 SCE Calculations

6.l a Units 2&3 Calculation C-257-01.06.01, Revision 1, Containment Shell Analysis -
Containment Passive Heat Sink.

6.lb Units 2&3 Calculation C 259-01.01.11, Revision 2 (CCN 1 to CCN 5), Evaluatic.1 of
Spent Fuel Pool for Westinghouse High Density Racks.

6.1c Units 2&3 Calculation hi-0073 041, Revision 7 (CCN 1 to CCN-7), Auxiliary Building
- Control Area El-30' Control Room Complex Heat Load Calculation
Spec # SO23-410-1,

6.1d Units 2&3 Calculation hi-0076-001, Revision 3 (CCN-1 to CCN-4), Fuel Handling
Building - Normel Cooling System - Heat Load Calculation Spec # SO23-410-6

6.1 e Units 2&3 Calculation N-0220-030, Revision 0 (CCN-1), SONGS Units 2 and 3
Transient Analysis hiodel(TAhi): Reactor Coolant System (RCS) Volumes.

6.lf Units 2&3 Calculation N-1140 ^24, Revision 0, Post-LOCA EQ Doses - ESF Pump
Seal Failure Leakage with Temporarily Breached SEB Barriers.

6.lg Units 2&3 Calculation N-4010-001, Revision 4 (CCN-1), Contrcl Room X/Q Values.

6.t h Units 2&3 Calculation N-4010-002, Revision 1, EAB and LPZ x/Q Values.

6.11 Units 2&3 Caleplatior. N-4960-020, Revision 2 (CCN 2 and CCN 3), Control Room,
EAB, and LPZ Post LOCA Doses.

6.lj Units 2&3 Calculation N-4071001, Revision 3 (CCN 1), Gaseous Radwaste System
Offsite Doses.

6.lk Units 2&3 Calculation N 4072-001, Revision 4 (CCN-1 to CCN-3), Fuel Handling
Accident inside the Fuel Handling Building.

6.11 Units 2&3 Calculation N-4072-003, Revision 2 (CCN 2), Fuel Handling Accident
inside Containment.

.
.
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6.lm
Units 2&3 Calculation N-4072 007, Revision 3 (CCN 1), Doses Due to Spent Fuel
Pool Boiling.

6.1n
Units 2&3 Csiculation N-4073-001, Revision 4 (CCN-1 and CCN 2), Control Rod
Ejection Accident - Offsite Doses.

6.lo Units 2&3 Calculation N-4074-001, Revision 2, Main Steam Line Break and lodine
Spike Analysis, Offsite Doses.

:

6.1p
Units 2&3 Calculation N-4075-004, Revision 2, Doses For Revised Steam Generator
Tube Rupture Event.;

6.1e
Units 2&3 Calculation N-4076-001, Revision 2 (CCN 1), Inadvertent Opening of a
Steam Generator Atmospheric Dump Valve - Offsite Doses.

,

.

6.1r Units 2&3 Calculation N-4077-001, Revision 7 (CCN-1), Letdown Line Break -'

Offsite and Control Room Doses.

6.ls
Units 2&3 Calculation N-4078-001, Revision 1 (CCN-1), Liquid Radwaste System
Failure Offsite Doses.

6.1t
Units 2&3 Calculation N-4080-026, Revision 0 (CCN-1 and CCN NT2), Containment
P-T Analysis for Design Basis LOCA.

t

!
6. lu Units 2&3 Calculation N-4097-013, Revision 0 (CCN 1), Spent Fuel Pool Rerack

Acti . ties and Source Strength Spectmms.

6. t v
Units 2&3 Calculation N-4097-015, Revision 0, Primary and Secondary Side Acthity
Concentrations at Tech Spec Limits.

6. lw
Units 2&3 Calculation M-0073-043, Revision 3 (CCN-1, CCN-4 to CCN-6), Auxiliary
Building - Control Area El 30' Control Room Complex - Emergency Equipment SizingCalculations,,

i

6.1x
Unit 2 Calculation N-5000-002, Revision 0, S2C9 Inadvertent Opening of a Steam
Generator ADV.

6.ly
Units 2&3 Calculation M-0073 095 Revision 3 (CCN-1 to -3), infiltration into the
Control Room Envelope from Surrounding Areas.

4
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6.12 Units 2&3 Calculation N-4060 027, Revision 0 (CCN.1), Impact ofReduced CR
Volume on CR Doses . OIR 92-085 and OIR 92-087.

,<

e
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6.2 Drawings

6.2a Units 2&3 Drawing 716031, Revision 1, Fuel Handling Building Cask Handling Crane
TravelPath Requirements Plan.

G.2b Units 2&3 Drawing 716032, Revision 1, Fuel Handling Building Cask Crane Hook
Height Requirements.

A

6.2c
Units 2&3 Drawing 4N90, Rnision 5 (FCN F11497M and F11514M), Fuel Handling
Building HV & AC Air Flow Diagram.

6.2d Units 2&3 Drawing 40092, Resision 7, Containment HV & AC Air Flow Diagram
Normal System.

6.2e Units 2&3 Drawing 40096, Resision 14, Air Flow Diagram, Train B Control Building -
El. 30'-0".

6.2f Units 2&3 Drawing 40098, Revision 8, Air Flow Diagram, Train A Control Building -
El. 30'-0".

.

6.2g Unit 2 Drawing 40111 A , Revision 33, P&l Diagram, Reactor Coolant System -
,

System 1201.

6.2h Unit 3 Drawing 40111 ASO3, Revision 31 (DCN-38), P&l Diagram, Reactor Coolant
System System 1201.

6.2i Unit 2 Drawing 40117A, Revision 7, P&l Diagram Sump and Drain Systems - System
No. 2426.

6.2j Unit 3 Drawing 40117ASO3, Revision 7, P&I Diagram Sump and Drain Systems -
System No. 2426.

6.2k Units 2 & 3 Drawing 40173 A, Revision 17, P&I Diagram, Control Room Complex
HVAC (Norma'. A C.) System No.1510,

6.21
Units 2&3 Drawing 40173C, Revision 14, P&I Diagram, Control Room Complex
HVAC (Emergency V S. and A.C. Units) System No.1510.

-
.
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6.2m
Units 2&3 Drawing 41358, Revision 12 (DCN 48 to DCN 54, and FCN F1353 thQ,
Area CA9 HV & AC Plan El. 50' to 30'.

6.2n Units 2&3 Drawing 41366, Revision 11 (DCN 40 to DCN 42), Area CAIO HV & AC
Plan El. 50' to 30'.

6.2o
Drawing SO23 207178, Revision 3 (DCN 6), Fuel Handling Building Spent Fuel
Pool Liner Bulkhead Gate sheet 3 (PX Engineering Company drawing 498A).

6.2p Drawing 5023 990164, Revision 0, Fuel Bundle Assembly (ABB Supplier Drawing
E-FSG E000-A07, Revision 01).

6.2q Drawing SO23-410-1-1, Revision 13 (DCN-2), Control Room Emergency HV Unit
(American Air Filter drawing R107D-160325-K).

6.2r
Unit 2 Drawing 40171 A, Revision 24, P&I Diagram - Containment HVAC System
(Normal)- System 1501,

6.2s
Unit 3 Drawing 40171 ASO3, Revision 21, P&I Diagram - Containment HVAC System
(Normal) . System 1501.

6.21 Units 2&3 Drawing 31394, Revision 17, Elementary Dia5 ram - HVAC Plant Control
Room Isolation System Train A.

.
6.2u Unit 2 Drawing 31395, Revision 16, Elementary Diagram - HVAC Plant Control

Room Isolation System Channel B.

6.2v Unit 2 Drawing 40160A, Revision 26, .* . gram - Auxiliary Feedwater System -System No.1305.

6.2w
Unit 3 Drawing 40160ASO3, Revision 23, P&I Diagram - Auxiliary Feedwater System

System No.1305.

.
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6.3 Vendor Documents

6.3a CE letter S-CE-2666, FS AR Accident Analysis for San Onofre 2 and 3, dated
March 18,1976 (CDM# C7603180-417 3).

6.3b CE Letter S-CE-3034, San Onofre 2 and 3 FSAR. Chapter 15 First Drans (Partial),
dated July 8,1976 (CDM# C760708G-80 141 6).

6.3c CE Letter S-CE 3056, San Onofre 2 and 3 FSAR - Section 15 First and Revised First
Drafts, dated September 7,1976 (CDM# C760907G 58-307-4).

63d CE letter S-CE 3058, San Onofre 2 and 3 FSAR - Revised Steam Line Break Source
Terms, dated July 15,1976 (CDM# C760715G-29 7 2).

6.3e CE letter S-CE 3068, San Onofre 2 and 3 FSAR- Sections 7.3 and 15.7.4, dated
July 19,1976 (CDM # C760719G-47 3-4).

6.3f CE Letter S CE 3124, San Onofre 2 and 3 FSAR - Reactor Coolant Pump Sheared
Shaft and inadvertent Opening of a Safety Valve Analyses Accident, dated August 2,
1976 (CDM# C760802G 9 81).

6.3g CE Letter S-CE-3379, San Onofre Units 2 and 3 FSAR - Input for Dose Calculations
for Chapter 15 Infrequent incidents, dated October 27,1976 (CDMd
C761027G-28-7 2).

6.3h CE Letter S-CE-4517, San Onofre Units 2 and 3 - Analysis ofLetdown Line Breaks
with Automatic Control Systems Oper6n, dated January 23,1978 (CDM #
C780123G 38-4).

6.3i CE Letter S-CE-3036, San Onofre 2 and 3 FSAR - Section 11.1 Revised First Draft,
dated July 8,1976 (CDM# C760708G-46-45-4 and C760708G-125-43-8).

6.3j CE Letter S CE-5696, FSAR ChanEe Package 159 CEA Ejection Reanalysis, dated
September 5,1979 (CDM # C790905G 16 56).

6.3k Ch Letter S2-CE R-441, Assessment ofModified MSSV Flow Characteristics for
F.ONGS 2 Cycle 5, dated September 26,1989 (CDM # C910625-1266-22).

.

.m
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6.31
CE Letter S 91-031, Reactor Vessel Water Volume for SONGS 2/3, dated Februuy
14,1991 (CDM # K910623S5134 2).

6.3m ABB Letter ST 96-456, SONGS 2&3 SDLOCA Data for Radiation Monitor
Replacement Project, dated Septernber 10,1996.

.

I

f
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6.4 Reguletory Documents

6.4a 10 CFR Part 50, " Domestic Licensing cf Production & Utilization Facilities", revised
as ofJanuary 1,1996.

6.4b 10 CFR Part 100," Reactor She Criteria" revised as of January 1,1996.

6.4c Regulatory Guide 1.4, Revision 2, " Assumptions Used for Evaluating the Potential
kadiological Consequences of a Loss of Coolant Accident for Pressurized Water
Reactors", dated June 1974.

6.4d Regulatory Guide 1.11 (Safety Guide 11), " Instrument Lines Penetrating Primary
Reactor Containment", dated March 10,1971, including Supplement I dated February
17,1972.

6.4e Regulatory Guide 1.25 (Safety Guide 25), " Assumptions Used for Evaluating the
Potential Radiological Consequences of a Fuel Handling Accident in the Fuel Handling
and Storage Facility for Bolling and Pressurized Water Reactors", dated March 23,
1972.

6.4f Regulatory Guide 1.52, Revision 2, " Design, Testing and Maintenance Criteria for Post
Accident Engineered-Safety-Feature Atmosphere Cleanup System Air Filtration and
Adsorption Units of Light Water Cooled Nuclear Power Plants", dated March 1978.

6.4g Regulatory Guide 1.77, Revision 0, " Assumptions Used for Evaluating a Control Rod
Ejection Accident for Pressurized Water Reactors", dated May 1974.

6.4h Unit 2 Technical SpeciScations, up to and including Amendment 136 (through 7/17/97)

6.41 Unit 3 Technical Speci5 cations, up to and including Amendment 128 (through 7/17/97)

6.4j Unit 2 Licensee Controlled Speci6 cations, Revision 3 (through 6/30/97)

6.4k Unit 3 Licensee Controlled Specifications, Revision 3 (through 6/30/97)

6.41 SONGS 2&3 Updated Final Safety Analysis Report, Revision 12.

.

i
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6.4m NUREG-0017, Revision 1, " Calculation of Releases of Radioactive Materials in

Gaseous and Liquid Efiluents from Pressurized Water Reactors (PWR-GALE Code)",
published April 1985.

6.4n Standard Review Plan (SRP) Section 6.4, " Control Room Habitability System".

i NUREG 75/087, Revision 1, dated December 1978.
11 NUREG-0800, Revision 2, dated July 1981.

6.40 Standard Review Plan (SRP) Section 6.2.4 Branch Technical Position CSB 6-4,
" Containment Purging During Normal Plant Operations".

i NUREG 75/087, Revision 1, dated May 1978.
il NUREG-0800, Revision 2, dated July 1981.

6.4p
Standard Resiew Plan (SRP) Section 15.4.8 Appendix A, "Radiologier) Consequences
of Control Rod Ejection Accident (PWR)".

i NUREG-75/087, Revision 0, dated 11/24n5.
ii NUREG 0800, Revision 2, dated July 1981.

6.4q Standard Review Plan (SRP) Section 15.6.2, " Radiological Consequences of the
Failure of Small Lines Canying Primary Coolant Outside Containment",

i NUREG 75/087, Revision 1, dated July 1978.
ii NUREG-0800, Revision 2, dated July 1981.

6.4r Standard Review Plan (SRP) Section 15.6.5 Appendix A," Radiological Consequences
of a Design Basis Loss of-Coolant Accident: Containment Leakage Contribution".

i NUREG 75/087, Revision O. dated 11/24n5
il NUREG-0800, Revision 1, dated July 1981.

6.4 s Standard Review Plan (SRP) Section 15.7.4," Radiological Consequences of Fuel
Handling Accidents"

i NUREG 75/087, Revision 0, dated 11/24n5
ii NUREG 0800, Revision 1, dated July 1981.

i

__

.
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6.41 Standard Review Plan (SRP) Section 15.7.5, " Spent Fuel Cask Drop Accidents".
!

, 1 NUREG 75/087, Revision 1, dated December 1978. !
'

il NUREG-0800, Resision 2, dated July 1981.

6.4u
NRC Safety Evaluation by the Of5cc of Nuclear Reactor Regulation Supporting

.! Amendment No. 47 to NPF 10 and Amendment No. 36 to NPF-15, dated May 16,
1986. This SER was for PCN.201, PCN-202, PCN 203, PCN-204, and PCN-206, and

{ applied to both Units 2 and 3.

'
6.4v Regulatory Guide 1.26, Revision 3, " Quality Group Classifications and Standards for

Water , Steam , and Radioactive-Waste-Containing Components ofNuclear Power
Plants," dated February 1976.

-

i

6.4w
Regulatory Guide 1.29, Revision 3, " Seismic Design Classi6 cation," dated September 1

'

1978.

,' Standard Review Plan (SRP) S".: ion 15.2.8, "Feedwater System Pipe Breaks Inside
6.4x

and Outside Containment (PWR)".
5

i PUREG 75/087, Revision 0, dated 11/24n5.
li NUREG-0800, Revision 1, dated July 1981.

i

f
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6.5 Procedures

6.Sa
hiaintenance Procedure 5023 I 3.32, Revision 6 (TCN 6-4), Crane - Cask 11andling
Crane Checkout and Operation.

6.5b Chemistry Procedure 501231112.22.23, Revision 10, Units 2/3 Steam Generator Leak
Rate Determination.

6.5c
Site Technical Services Procedure SO23-X 7.2, Revision 3, Nuclear Fuel hiovement
for Refueling Cycles.

6.5d hiaintenance Procedure 502312.44, Revision 6 (TCN 6-2), CREACUS - Control
Room Emergency Air Clean Up System Operation and Operability Test Surveillance.

. .

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



_ . - __ -

EC&FS DEPARTMENT

CALCULATION SHEET |*,*iu,"fecuo.
"

mi _ o,
_

Project or DCP/MMP _ DCP 7&R8928.oisJ
Calc. No.__ N472o-014 CCN CoNVER$loN:

ccN No. CCN -
Subjecdontml Floom and Offske Domes Should CP!S. CRIS. and FHtM Fall _

Sheet .AS.of .252.RFV ORIGINATOR oATP 1Rf 71ATT RTV ORie. tat A TOR DATP l#F DATE pt0 Mark Drucker 8/15/97 T. Remick 8/18/97
h
4

6.6 Other Documents

6.6a LOCADOSE Code, Bechtel Standard Computer Program NE 319, Release 3.

6.6b Software Installation Report, LOCADOSE (NE 319) Version 3.0, RISC 6000
Con @:W System - Device ID D026748, Operating Synem AIX Version 3.2.5,
Approved i me 30,1995.

6.6c
DDD SO23 360. Revision 4 (DCNs 29 and 30), Reactor Coolant System Design Basis
Document.

6.6d
Memorandum from Allen Evinay," Pre and Post Trip SLB SIAS Timing", dated
September 10,1996 (included as Attachment 1).

6.6e
Interoffice Correspondence SG3 FE 0069, Revision 02, SONGS 3 Cycle 9
Groundrules Document (SCE Document RGR U3-C9), authored by U. Decher, dated
August 29,1996.

6.6f
Interoffice Correspondence SG2 FE-0073, Revision 02, SONGS-2 Cycle 9 Reload
Analysis Ground Rules (SCE Document RGR-U2-C9), authored by U. Decher, dated
August 29,1996.

6.6g Memorandum for File, " San Onofre Nuclear Generating Station, Basis for UFSAR
Section 15.6.3.4.5 -Inadvertent Opening of a 1 ressurizer Safety Valyc Dose
Consequences" authored by Tom Remick, dated May 2,1997.

.
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6.7 ABB/CE Calculations

The following ABB/CE calculations were used for this calculation. These documents are not
available through CD!.1, and are therefore not listed on the Calculation Cross Index.

6.7a Unit 2 Calculation A-SG2-FE-0060, Resision 01, SONGS-2 Cycle 9 Design
Pararneters, F Versus Power.

6.7b Units 2&3 Calculation A-SG FE-0064, Resision 00, SONGS Units 2 and 3
Non LOCA Source Term.

6.7c Unit 2 Calculation A-SG2 FE-0081, Revision 00, SONGS-2 Cycle 9 Excess Load with
LOAC.

6.7d
Unit 2 Calculation A SG2 FE-0088, Resision 00, SONGS 2 Cycle 9 CEA Ejection
Analysis.

6.7e Unit 2 Calculation A-SG2 FE-0089, Revision 00, SONGS Unit 2 Cycle 9 Post-Trip
Steam Line Break Analysis.

-

6.7f
Unit 2 Calculation A SG2 FE 0090, Revision 00, SONGS-2 Cycle 9 Pre-Trip Steam
Line Break Analysis.

6.7g Unit 2 Calculation A SG2 FE 0093, Revision 00, SONGS-2 Cycle 9 Sheared
ShafVSeized Rotor Fuel Failure Analysis.

6.7b Unit 2 Calculat.'on A-SG2 FE-0100, Revision 01, SONGS 2 Cycle 9 RAR Dose
Assessment.

6.7i Units 2/3 Calculation 1370-CPE-009/1470-CPE-005, Revision 00, SONGS 2 and 3
Decreased AuxiliaryFeedwater Analysis.

6.7j Unit 2 Calculation 1370-DT-003, Revision 1, Southern Califomia Edison - Excess
Load Analysis.

6.7k Unit 2 Calculation 1370 DT 005, Revision 1, San Onofre FSAR Steam Line Break
Analysis.

.

.
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6.71 Units 2&3 Calculation 1370 DT-010, Revision 3, SCE SONGS 2&3 FSAR Loss of
Load Analysis.

6.7m Unit 2 Calculation 1370-DT 011, Revision 0, Excess Heat Removal Due to Feedwater.

System hfalfunction for SCE.

6.7n Unit 2 Calculation 1370-DT-013. Revision 0, SCE FSAR Total Loss ofFlow Analysis.

6.7o Unit 2 Calculation 1370 DT-018, Revision 1, SCE Loss ofFeedwuter Flow.

6.7p Unit 2 Calculation 1370-DT-037, Revision 0, Reanalysis ofFeedwater Line Break for
SCE and Responses to NRC Round Two Questions.

!

6.7q Unit 2 Calculation 1370-TS-004, Revision 1, Radiological Releases for SONGS 2 ECP
Transient Analysis.

6.7r Units 2/3 Calculation 1370-TS-109/1470-TS-051, Revision 0, SONGS Units 2&3
Steam Generator Tube Rupture Analysis for Extended Blowdown of Steam Generator
Safety Valves

6.7s Unit 2 Calculation 1370-DT-004, Revision 0, SCE - Loss of All Non-Emergency AC
Power.

1

6.7t Unit 2 Calculation 1370-PSAE-057/92'0-PSAE-034, Revision 0, Waterford/ SONGS
CEA Ejection Peak Pressurc Reanalysis.

6.7u Unit 2 Calculation A SG2-FE-0114, Revision 0, SONGS-2 Cycle 9 Feedwater System
'

Pipe Break.

!

'
. !
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7.0 NOMENCLATURE

ABB: Asea Brown Boveri
ADV: Atmospheric Dump Vah*e
AFW: Auxiliary Feedwater
CE: Combustion Engineering
CEA: ControlElement Assembly
CEA-ej: Control Element Assembly Ejection
CPIS: Contalernent Purge Isolation Signal
CR: ControlRoom
CREACUS: ControlRoom Emergency Air Cleanup System
CRIS: Control Room Isolation Signal
CVCS: Chemical and Volume Control System
EAB: Exclusion Area Boundary
EAC: Control Room Emergency Air Conditioner
ECCS: Emergency Core Cooling System
EVS: Control Room Emergency Ventilation Supply
FHA: Fudilandling Accident
FHA FHB: Fwt ipdting Accident Inside Fuel Handling Building '

FHAIC: Fwllim&g Accident Inside Containment
FHB: Fuel Handling Building
FHIS: FHB Isolation Signal
FWSPB: Feedwater System Pipe Break
GDA: (SFP) Gate Drop Accident
HVAC: Heating, Ventilating and Air Conditioning
IFWF: Increase in Feedwater Flow

'

IMSF: Increased Main Steam Flow
IOSGADV: Inadvertent Opening of a Steam Generator Atmospheric Dump Valve
LCO: Technical Specification Limiting Condition for Operation

=LCS: Licensee Controlled Specifications
LLB: Letdown Line Break
LNFWF: Loss of NormalFeedwater Flow
LOAC: Loss ofNormal AC Power
LOCA: Loss ofCoolant Accident
LOCV: Loss of Condenser Vacuum
LPZ: Low Population Zone
MSSV: Main Steam Safety Valve
PAU: FHB Post Accident Cleanup Filter Unit
PSV: Pressurizer Safety Valve

. .
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RCS: Reactor Coolant System
SAF: Single ActiveFailure
SBLOCA: Small Break Loss of Coolant Accident
SFPB: Spent Fuel PoolBoiling
SG: Steam Generator
SGTR: Steam Generator Tube Rapture
SLB: Steam Line Break
SLB IC: Steam Line Break Inside Containment
SLB-OC: Steam Line Break Out:ide Containment
SRP:

Standard Review Plan (NUREG 75/087 and NUREG-0800)SFP: Spent FuelPool
TS: Technical Specifications
UFSAR: Updated Final Safety Analysis Report

-- X/Q: Atmospheric Dispersion Factor
Ci: microcurie (1 Ci = 1,000,000 4Ci)

.

I
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8.0 COMPUTATIONS

8.1 Determination of Accidents to be Evaluated

This calculation evaluates the UFSAR Chapter 15 events that credit CPIS, FHIS, or CRIS to
ensure that the offsite and control room doses are acceptable. In this sec. ion the various
accident events detailed in UFSAR Chapter 15 are individually reviewed to determine if the
events credit these isolation signals, and consequently if reanalysis is warranted. Section 8.1.1
presents the review of moderate frequency incidents. Section 8.1.2 presents the resiew of
infrequent incidents. Section 8.1.3 presents the review oflimiting faults.

A Safety injection Actuation Sign. l (SIAS) is capable ofinitiating containment minipurge
valve closure (per drawings 40171 A and 40171 ASO3, References 6.2r and 6.2s). A SIAS also
generates a Control Room Isolation Signal (CRIS) per drawings 31394 (Reference 6.2t) and
31395 (Reference 6.2u), which causes contrcl room normal HVAC isolation and essential
llVAC operation.

8.1.1 Determination of Moderate Frequency Incidents to be Evaluated

Moderate frequency incidents are those events which may occur during a calendar year for a
particular plant. The moderate frequency incidents may release radioactivity to the
environment. Table 8.1 1 summarizes the moderate frequency incidents addressed in the
UFSAR.

Table 8.1 1 notes the airbome activity relcare locations for each moderate frequency incident.
The determination of event release locations was made with engineeringjudgement based on
the UFSAR event descriptions and a review of the reload transient analyses. Irrespective of
the release location, any release ofradioacu vity could be dispersed via the atmosphere to the
control room and offsite locations. Currently, control room doses are not evaluated for any
moderate frequency incident.

Table 8.1-1 notes that none of the moderate frequency incidents generates a SIAS, although
the inadvertent operation of the ECCS during power operation event addressed in UFSAR
Section 15.5.1.2 is postulated to be caused by a spurious SIAS. The determination as to
whether an event generates a SIAS was made with engineering judgement based on the
UFSAR event descriptions and a review of the reload transient analyses.

. . .

_ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _
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Many of the mederate frequency incidents y eld consequences that are enveloped by another
more severe event. Table 8.1 1 notes these occurrences. The following subsections determine
that in the absence of CPIS, FHIS and CRIS, the radiological consequences of the moderate
frequen:y incidents are less severe than the infrequent incident of an Inadvertent Opening of a
Sterm Generator Atmospheric Dump Valve with a Single Active Failure (IOSGADV/SAF).
Therefore, there is no need for this calculation to evaluate dose consequences fo any moderate
frequency incident.

TABLE 8.1-1 SUMMARY OF MODERATE FREQUENCY INCIDENTS
Ul SAR Moderate FrequencyIncident A:rborr.e ActnityReleaseloca*2 ort SIAS 0;ber EventSection Description (SEENOTES 1,2,3,4) initiated thatBounds

Dese
Inside Inside MSSV ADV Other Consequences
Ctmt. Fuel pnor to 30 min Mth no

Blde. 30 min to SDC CPIS-FHIS-CRIS
15.1.1.1 Caein Feedwater N N N N N N no doseTemperature

cosm ===
15.1.1.2 Increase in Feedwater Flow N N N N N N no dose

con 3em = e
15.1.1.3 IncreasedMain Steam Flow N N N N N N no dose[ referred to by AFBCE as an

Excess lead cwnt)
consequences

15.1.1.4 Inadvertent Opemog of a Steam N N N Yes N N 1rhequent
GenentorAtmospheric Dump

(See Incidect-
Valve (IOSGADV) Note 6) IOSOADV/SAF

15.2.1.1 Loss ofExternallead N N Yes N N N IOSOADV,
(Sa LOCV or LOAC

Note 5)
15.2.12 Turbine Tnp N N Yes N N N ;OSOADV,

(Se LOCV or LOAC
Note 5)

15.2.1.3 Loss of Condenser Vacuum N N Yes Yes N N 1rdequent
(LOCV) (See lacident-

Note 5) IOSGADV/SAF
1511.4 Loss ofNormal AC Power N N Yes Yes N N Irhequent(LOAC) (See incident-

Note 5) IOSOADV/SAF
15.3.1.1 Partialloss offorced Reactor N N Yes N N N IOSGADV,Coolant Flow

LOCV or LOAC

.
-
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TABLE 8.1 1 SUMMARY OF MODERATE FREQUENCY INCIDENTS
UFSAR Moderate Frequency Incident Aabcm Actmty Release Location flAS OtherEwntSection Description 73EF, NOTES 1,2,3,4) initiated that Bounds

Dose
Ins:de Inside MSSV ADV Other Cocsequences
Ctmt Fuel prior to 30 min with no

Dida. 30 min to SDC CPIS-FHIS-CRIS
15.4.1.1 Uncontrolled CEA Withtawal N N Yes N N N 10SGADV,

from a Sutcritical crLow Power (See
Condition LOCVorLOAC

Note 5)
15.4.1.2 Uncontrolled CEA Withdrawal at N N Yes N N N IOSOADV,Power

LOCV or LOAC
15.4.1.3 ControlElement Assembly N N Yes N N N IOSOADV,Misoperation

LOCV or LOAC
15.4.1 4 CVCS Malfunctien(Irudvertent N N N N N N no doseBoron Dilution)

q m ees
15.4.1.5 Startup of anInactive Reactor N N N N N N no doseCoolant SystemPump

consequ==
15.5.1.1 Chemicaland Volume Control N N Yes N N N IOSOADV,System Malfunction

LOCVorLOAC
15.5.1.2 Inadvertent Ope:3 tion of tne ECCS N N N N N Y no doseDunn8 owerOp: rationP

consequences
(1) If an ewnt does not release radioactiuty into the contamment building, then the failure of the CPIS will not

afect the radiological dese consequences rthat event.
(2) If an event does not release radioactivity naa the fuel hadling building, then the failure of the FHIS will not

afect the radiciogical dose consequences of that ewnt.
(3) UFSAR Chapter 15 dose analyses typically assume that main steam safety valve (MSSV) steam releases

coctmus until the valves either rescat on decressmg seccodary side pressure, or until Operator Action is taken at
time 30 rnicutes to close the MSSVs by operation of Ge ADVs.

(4) UFSAR Chapter 15 dose analyses typically assume that at:nespherie dump valve (ADV) steam releases are
initiated by Operator Action 30 minutes into the event, and that the ADVs are isolated (i.e., end of the accident
scenario) when shutdow cooling mode is initiacea.

(5)
This event releases primary coolant activity via the pressurizer safety nlves (PSVs). The radioactivity flowing
past the PSVs is daccted into the Pressurizer Relief (Queach) Tank, which is designed to prevent norma'
dacharges from the PSVs from being released to the containment atmosphere.

(6) The lOSGADV ennt is charactenzed by an ADV that has inadvertently opened at time zero It is assumed that
_ Occrator AJion isolates the ADV stenm releases at time 30 minutes.

m
_-

.
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8.1.1.1 Airborne Activity Releases Inside Containment

Table 8.1 1 identifies Sve events that could potentially release activity into the contaimnent
building. Per Combustion Engineering Letters S CE-3056 (Reference 6.3c, Sections 15.2.1.1
thrcugh 15.2.1.4), and S-CE-3034 (Reference 6.3b, Section 15.4.1.1), these five events
increase the reactor coolant system pressure and eventually lift the Pressurizer Safety Valves
(PSVs). When the PSVs lift there is an activity release to the Pressurizer Relief (Quench)
Tank via the PSV discharge piping. A tupture disc venting to the containment atmosphere is
provided for Quench Tank overpressure protection. UFSAR Section 5.4.11.1 (Reference 6Al)
indicates that the Quench Tank and associated olowdown systems are designed to receive and
condense the normal discharges from the PSVs and to prevent the discharge from being
released to containment. Per Reactor Coolant System Design Basis Document
DBD-SO23-360 (Reference 6.6c, Section 4.7.1), the Quench Tank volume is sized to more
than accommodate, without challenging the rupture disk, the discharge from the PSVs from
two consecutive occurrences.

Based on the preceding discussion, none of the moderate frequency incidents will release
radioactivity into the containment building. Consequently, the failure of the CPIS will not
affect the radiological consequences of any moderrite frequency incident.

8.1.1.2 Airborne Activity Releases Inside Fuel Handling Building

Table 8.1-1 identi5es no moderate frequency incident that could potentially release activity into
the fuel handling building. Consequently, the failure of the FFDS will not affect the
radiological consequences of any moderate frequency incident.

>

8.1.1.3 Airborne Actisity Releases Directly to the Outside Environment

Since there are no inside containment or fuel handhog building activity releases, the single
event that bounds the radiological consequences of all moderate frequency incidents is that *

which releases the maximum airborne activity directly to the outside ensironment.

Table 8.1-1 identifies numerous events that could potentially release activity directly to the
outside environment. One event, the Inadvertent Opening of a Steam Generator Atmospheric
Dump Valve (IOSGADV) event, releases activity sia an atmospheric dump valve (ADV) that
inadvertently opens. The opened ADV allows a release of contaminated secondary side steam
to the outside environment until Operator Action is taken at time 30 minutes to isolate the

.

. . . . . . . . . . . - . .--. -
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release path. Once the opened ADV is closed, the main condenser is used to facilitate entry
into the shutdown cooling mode.

Other moderate frequency incidents increase the : team generator and main steam system
pressures and eventually lift the main steam safety valves (MSSVs). The opened MSSVs allow
a release of contaminated secondary side steam to the outside environment until the ulves
either rescat on decreasing secondary side pressure, or until Operator Action is taken at time
30 minutes to isolate the release path. The majority of these moderate frequency incidents that
lift the MSSVs have the condenser available to cool the plant and to facilitate entry into the
shutdown cooling mode. In these cases the activity releases to the outside environment end at
time 30 minutes with the Operator Action to close the MSSVs by operation of the ADVs.
However, the condenser is unavailable in the Loss of Condenser Vacuum (LOCV) and Loss of
Normal AC Power (LOAC) events, and consequently a need exists for Operator Action to
open one or more ADVs at time 30 minutes to facilitate entry into the shutdown cooling mode.

Based on these release scenarios, the moderate frequency incident with the most severe

radiological consequences is either the IOSGADV (with its pre-30 minute ADV release), or
the LOCV or LOAC event (with their MSSV and post-30 minute ADV releases). In
comparison, the infrequent incident of an IOSGADV with a Single Active Failure
(IOSGADV/SAF) is essentially an IOSGADV concurrent with a LOCV and a LOAC, in which
it is necessary to cool down the reactor coolant system using the ADV from the unaffected
steam generator. Consequently, in the absence of CPIS, FHIS and CRIS, the 10SGADV/SAF

event will release more radioactive steam and generate more severe radiclogical consequences
than the IOSGADV, LOCV or LOAC event, or any other moderate frequency incident.
Therefore, there is no need for this calculation to evaluate dose consequences for any moderate
frequency incident.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ .
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8.1.2 Determination ofInfrequent Incidents to be Evaluated

Infrequent incidents are those events which may occur during the lifetime of a particular plant.
The infrequent incidents may release radioactivity to the environment. Table 8.1-2 summarizes
the infrequent incidents addressed in the UFSAR.

Table 8.1-2 notes the airborne activity release locations for each infrequent incident. The
determination of event release locations was made with engineering judgement based on the
UFSAR event descriptions and a review of the reload transient analyses. Irrespective of the
release location, any release ofradioactivity could be dispersed via the atmosphere to the

-

control room and offsite locations. Currently, control room doses are not evaluated for anyinfrequent incident.

Table 8.12 notes that none of the infrequent incidents generates a SIAS. The determination as
to whether an event generates a SIAS was made with engineeringjudgement based on the
UFSAR event descriptions and a review of the reload transient analyses.

Many of the infrequent incidents yield consequences that are enveloped by another more severe
event. Table 8.1-2 notes these occurrences. The following subsections determine that in the
absence of CPIS, FHIS and CRIS, the Increased Main Steam Flow with a Single Active Failure
(BISF/SAF) is the most severe infrequent incident. The EfSF/SAF event is also the only
infrequent incident characterized by fuel failure. In the absence of fuel failure (and in the
absence of CPIS, FHIS, and CRIS), the Inadvertent Opening of a Steam Generator
Atmospheric Dump Valve with a Single Active Failure (IOSGADV/SAF) is the most severe
infrequent incident. As concluded in the following subsections, the radiological consequences
of the remaining infrequent incidents are less severe than the IOSGADV/SAF event.

The following subsections also determine that since the BiSF/SAF and IOSGADV/SAF
events do not initiate a SIAS, the control room doses due to an BiSF/SAF or IOSGADV/SAF
will not be mitigated by a CRIS. Consequently, it is necessary for this calculation to evaluate
dose consequences of both the BISF/SAF and IOSGADV/SAF infrequent incidents. Since the
rad;ological consequences of the BISF/SAF and IOSGADV/S AF bound those of all other
infrequent incidents, there is no need for this calculation to evaluate dose consequences for another infrequent incident. y

.
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TABLE 8.1-2 SUhDIARY OF INFREQUENTINCIDENTS
UFSAR Infreen=t Incident hripuan Airtome Acuvity Release Location SIAS Other EventSection

(SEE NOTES 1,2,3,4) initiated that Bounds
- Dose

Inside Inside MSSV ADV Other Consequences
Ctmt Fuel prior to 30 min with co

Blde. 30 min to SDC CPIS-FIES-CRIS
15.1 2.1 Da in Feedwater N N N N N N co doseTemperature with a Single Actiw

Failure consequences

15.1.2.2 Increase in FeedwaterFlow with a N N Yes Yes N N IOSGADV/SAFSingle Actiw Failure (IFWF/SAF)

15.L2.3 Increased Main Steam 71ow with a N N Yes Yes N N NoSingle ActiwFailure(IMSF/SAF)
[ referred to by ABB,CE as an THIS EVENT
Excess land with a Single Actiw MUST BE

Failure event] EVALUATED

15.1.2.4 Inadvertent Opemng of a Steam N N N Yes N N NoGenerator AtmosphericDump
Valve with a Single Actiw Failure (See THIS EVENT
(IOSOADV!SAF) Note 6) MUST BE

EVALUATID
15.2.2.1 Loss ofExtemalIoad with a N N Yes N N N IOSOADV/SAFSingle Active Faih:re

(See

Note 5)
15.2.2.2 Turbine Trip with a Single Active N N Yes N N N IOSGADV/SAFFailure

(See

Note 5)
15.2.2.3 Loss of Ccr. denser Vacuum with a N N Yes Yes N N IOSGADV/SAFSirigle Actiw Failure

(See
(LOCV/SAF) Note 5)

55.2.2.4 Loss ofNoru:al AC Fower with a N N Yes Yes N N IOSGADV/SAFSingle Active Failure

(LOAC/SAF)

15.2.2.5 Loss ofNormalFeedwater Flow N N Yes Yes N N IOSGADV/SAF(LNFWF)

15.3.2.1 Total Loss ofForced Reactor N N Yes N N N IOSGADV/SAFCoolant Flow

15.3.2.2 Partial b:ss ofForced Reactor N N Yes N N N IOSOADV/SAFCoolant Flow with a Single Active
Failure

|
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TABLE 8.1-2 SUADIARY OF INFREQUENT INCIDENTS
UFSAR Infrequent Incident Desenption Ahue Activtty Release location SIAS Other EwatSection

(SEE NCr1TS 1,2,3,4) initiated that Bomis
Dose

laside Inside MSSV ADV Other Consequences
Ctmt. Fuel prior to 30 min with no

Bldg. 30 min to SDC CPIS-FIES CRIS
15.5.2.1 Chemical and Volume Control N N N N N N no doseSystem Malknetion with a Single

Actin Failure consequences

(1) If an event does not inicase radioactivity into the containment building. then the failure of the CPIS will not affect
the radiological dose consegsoces of that event

(2) If an ewnt does not release Wetmty into the fl.;el handling building, then the failure of the FHIS will not
affect the radioleE cal dose consequences of that event.i

(3) UFSAR Chapter 15 dose analyses typicaUy assune that main steam safety ulve steam releases continue ural
the valves either reseat on decreasin6 secondary side pressure, or until Operator Action is taken at time
30 minutes to close the MSSVs by cperation of the ADVs.

(4) UFSAR Chapter 15 dose analyses typicauy assume that atmospheric du:np valw steam releases are initiated by
Operator Action 30 minutes into the event, and that the ADVs are isola:cd (i.e., end of the accident scenario)
when shutdown cooling mode is initiated.

(5) " Ibis event releases primary coolant actisity via the pressurizer safety valves. The radioactivtry flowing past the
PSVs is directed into the Pressurizer Relief (Quench) Tank, which'is designed to prewnt normal discharges from
the PSVs Soca being released to the contai:unent atmosphere.'

(6) The IOSOADV/SAF event is characterized by an ADV that has inadvertently opened at time zero. It is assumed
that Oprator Action at time 30 minutes isolates the affected main steam line loop ADV steam releases, and
initiates atact main steam line looo ADV steam releases to achiew shutdown cooling.

8.1.2.1 Airborne Activity Releases Inside Containment

Table 8.1-2 identifies three events that could potentially release activity into the containment
building. Per Combustion Engineering Letter S-CE-3056 (Reference 6.3c, Sections 15.2.2.1
through 15.2.2.3), these three events increase the reactor coolant system pressure and
eventually lift the Pressurizer Safety Valves. When the PSVs lift there is an activity release to
the Pressurizer Relief (Quench) Tank via the PSV discharge piping. A rupture disc venting to
the containment atmosphere is provided for Quench Tank overpressure protection. UFSAR
Section 5.4.11.1 (Reference 6.41) indicates that the Quench Tank and associated blowdown
systems are designed to receive and condense the normal discharges from the PSVs and to
prevent the discharge from being released to containment. Per Reactor Coolant System
Design Basis Document DBD-SO23 360 (Reference 6.6c, Section 4.7.1), the Quench Tank
volume is sized to more than accommodate, without challenging the rupture disk, the discharge -
from the PSVs from two consecutive occurrences.

. . . . . - . . . . . . . -- - ..- -
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Based on the preceding discussion, none of the infrequent incidents will release radioactivity
into the containment building. Consequently, the failure of the CPIS will not affect the
radiolog. cal consequences of any infrequent incident.

8.1.2.2 Airbome Activity Releases Inside Fuel Handling Building

Table 8.1-2 identifies no infrequent incidents that could potentially release activity into the fuel
handling building. Consequently, the failure of the FHIS will not affect the radiological
consequences of any infrequent incident.

8.1.2.3 Airbome Activity Releases Directly to the Outside Environment

Since there are no inside containment or fuel handling building activity teleases, the event that
,

bounds the radiological consequences of all infrequent incidents is that which releases the
maximum airborne activity directly to the outside emironment.

Table 8.1-2 identifies numerous events that could potentially release actisity directly to the
outside environment. One event, the Inadvertent Opening of a Steam Generator Atmospheric
Dump Valve with Single Active Failure (IOSGADV/SAF) event, re! eases actisity sia an ADV
that inadvertently opens. The opened ADV allows a release ofcontammated secondary side
steam to the outside environment until Operator Action is taken at time 30 minutes to isolate
the release path. With the affected main steam line loop ADV closed, Operator Action is taken
at time 30 minutes to open one or more intact reain steam line loop ADVs to facilitate entry
into the shutdown cooling mode.

Many of the remaining infrequent incidents increase the steam generator and main steam
system pressures and eventually lift the main steam safety valves. As Table S.1-2 indicates, the
opened MSSVs allow a release of contaminated secondary side steam to the outside
environment until the valves either rescat on decreasing secondary side pressure, or until
Operator Action is taken at time 30 minutes to isolate the release path, The majority of these
infrequent incidents that lift the MSSVs have the condenser available to cool the plant and to
facilitate entry into the shutdown cooling mode. In these cases the activity releases to the
outside environment end at time 30 minutes with the Operator Action to close the MSSVs by
operation of the ADVs. However, Table 8.1-2 identifies several infrequent incidents that
model the condenser as unavailable, and with a need for Operator Action to open one or more
atmospheric dump valves at time 30 minutes to facilitate entry into the shutdown cooling
mode. These events include the Increase in Feedwater Flow with a Single Active Failure

._
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(IFWF/SAF), the Increased Main Steam Flow with a Single Active Failure (IMSF/SAF), the
Loss of Condenser Vacuum with a Single Active Failure (LOCV/SAF), the Loss ofNornni
AC Power with a Single Active Failure (LOAC/SAF), and the Loss ofNormal Feedwater Flow
(LNFWF). The radiological consequences of these latter events (with their MSSV and post-30
minute ADV releases) bound the radiological consequences of those events with only MSSV
releases.

Based on the preceding release scenario discussion, the infrequent incident with the most
severe radiological consequences is either the IOSGADV/SAF (with its pre and post-30
rninute ADV releases) or the IMSF/SAF, IFWF/SAF, LOCV/SAF, LOAC/SAF, or LNFW
event (with their pre-30 minute MSSV and post-30 minute ADV releases). Table 8.1-3
documents a comparison of these infrequent incidents to assist in the determination of the most
severe event.

TABLu . 1-a: COMPARISON OF INFREQUENTINCIDENT
_ ACTIVITY RELEASE CHARACTERISTICS

Parameter IFWF/SAF DdSF/SAF IOSOADV/ LOCV/SAF LOAC/SAF LNF%T
SAF

Fuel Failure (percent of the core) 0 < 25 0 0 0 0
Pnmary to SecondaryMass Release 1.0 1.0 1.0 1.0 1.0 1.0Rate (gallon /mmute)

Secondary Side Steam Mass Releases:

0 to 30 mmutes Obm) < 249,040 249.040 289,300 99,100 77,000 20,000

30 minutes to end ofevent Obm) < 668,000 668,000 866,000 660,000 861,012 715,000
Total Event Duration abm) < 917.040 917.040 1.150,000 759,100 938.012 735,000

Table 8.1-3 shows that only one infrequent incident, the IMSF/SAF event, is characterized by
fuel failure. The determination as to whether an event experiences fuel failure was made with
engineering judgement based on the UFSAR event descriptions and a resiew of the reload
transient analyses, including a review of the Unit 2 Cycle 9 Reload Analysis Report dose
assessment by ABB/CE design analysis A-SG2-FE-0100 (Reference 6.7h).

Table 8.1-3 shows that each infrequent incident is characterized by a 1.0 gallon / minute primary
to secondary leakage rate. The determination of this leakage rate was made with engineering
judgement based on the UFSAR event descriptions and a review of the reload transient
analyses, including a review of ABB/CE design analysis A-SG2-FE-0100.

-____ _ - - - _ ._
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Table 8.1 3 shows mass release to atmosphere data per the following references:

The IFWF/SAF mass release data are described in CE Calculation 1370-DT-Oll
(Reference 6.7m, page 5) as having " smaller cooldown rates" than that of the excess
load event (i.e., the inc eased main steam flow event).

The BISF/SAF mass release data are documented in ABB/CE design analysis
A-SG2-FE-0100 (pages E-6 and E-7), ~hich utilizes data determined in CE Calculation
1370-DT-003 (Reference 6.7j, pages 66 and 70).

The IOSGADV/S AF mass release data are documented in Calculation N-4076-001
(Reference 6 lg, pages 22 and 37), which utilizes data determined in CE Calculation
1370-DT-003 (Reference 6.7j, pages 67 and 69).

The LOCV/SAF mass release data are determined in CE Calculation 1370-DT-010
(Reference 6.71, page 17).

The LOAC/SAF mass release data are determined in CE Calculation 1370-DT-004
(Reference 6.7s, pages 19 and 21).

The LNFWF mass release data are documented in UFSAR Section 15.2.2.5.4.3. No
CE Calculation with equivalent mass release data has been found.

Per the Table 8.1-3 listing of events without fuel failure, the IOSGADV/SAF mass release
bounds the IFWF/SAF, LOCV/SAF, LOAC/SAF, and LNFW mass releases. Since more
steam is released during the IOSGADV/SAF, and since the steam release of each event is

characterized by the absence of fuel failure, the radiological consequences of the IFWF/SAF,
LOCV/SAF, LOAC/SAF and LNFW events are bounded by the radiological consequences of
the IOSGADV/S AF event.

Per Tables 8.1-2 and 8.1-3, the IOSGADV/SAF and BISF/SAF events are similar in that both
feature a 1 gpm primary to secondary leakage rate, both feature only secondary side releases,
and neither event initiates a SIAS. However, per Table 8.1-3, although the IOSGADV/SAF
mass release bounds the BISF/SAF mass release, the BISF/SAF event has fuel failure. Based

on this comparison, the true indicator as to which of these events is radiologically bounding
rests upon a comparison of their offsite dose consequences. Per Calculation N-4076-001
(page 41), the IOSGADV/SAF event results in EAB thyroid and whole body gsmma
immersion doses of1.91 Rem and 1.71e-3 Rem, respectively. Per ABB/CE design analysis
A-SG2-FE-0100 (pages 11 and E-5), the BISF/S AF event results in EAB thyroid and whole

. . . . . . . . - . |
-

.
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body gamma immersion dur,es of 17.0 rem and 2.6 rem, respectively. Therefore, the
r

radiological consequences of the B1SF/SAF event bound the radiological consequences of all
other infrequent incidents, including the IOSGADV/SAF, IFWF/SAF, LOCV/SAF,
LOAC/SAF, and LNFW events.

!
!

Since the BISFiSAF and IOSGADV!SAF events do not initiate a SIAS, the control room
doses due to an BISF/SAF or IOSGADV/SAF will not be mitigated by a CRIS. Since the
ofSF/SAF event has fuel failure, it is reasonable to assume that high control room radiation
levels will alert the Operators to a need to manually place the control room HVAC system into
the high radiation isolation mode. Since the IOSGADV/SAF event and all other infrequent
incidents have no fuel failure, there may not be any indication in the control room that an:
incident with radiological consequences has occurred and hence the cont ol'

r room HVAC, ,

system may not be manually placed into the high radiation mode. Consequently, it is necessary
for this calculation to evaluate dose consequences ofboth the BISF/SAF and IOSGADV/SAF
infrequent incidents. Since the radiological consequences of an IhfSF/SAF and
IOSGADV/SAF bound those of all other infrequent incidents, in the absence of CPIS, FHIS,
and CRIS, there is no need for this calculation to evaluate dose consequences for any otherinfrequent incident.

!

I

:

>

|

I
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8.1.3 Determination of Limiting Faults to be Evaluated

Limiting faults are those events which are not expected to occur but are postulated because.
'

their consequences would include the potential for the release of significant amounts of
radioactive material. Limiting faults may release radioactivity to the environment from various
plant locations, including the containment building and the fuel handling building. Table 8.1-4
summanzes the limiting faults addressed in the UFSAR.

Table 8.1-4 notes the airborne activity release locations for each limiting fault. The
determination of event release locations was made with engineeringjudgement based on the
UFSAR event descriptions and a review of the reload transient analyses. Irrespective of the
release location, any release of radioactivity could be dispersed via the atmosphere to the
control room and offsite locations. Currently, control room doses are only evaluated for
selected severe limiting fault accidents.

,

Table 8.1-4 notes that some of the limiting faults generate a SIAS. The determination as to
whether an event generates a SIAS was made with engineering judgement based on the
UFSAR event descriptions and a review of the reload transient analyses.

Many of the limiting faults have radiological consequences t!iat are not impacted by the
absence of CPIS, FHIS and CRIS. Many of the remaining limiting faults yield consequences
that are enveloped by another more severe event. Table 8.1-4 notes these occurrences. The
following subsections determine that in the absence of CPIS, FHIS and CRIS the following
limiting fauhs are among the most severe events:

| Feedwater System Pipe Breaks (FWSPB)
Control Element Assembly Ejection (CEA-ej)

Small Break Loss of Coolaat Accident (SBLOCA)
Design Basis Fuel Handling Accident Inside Fuel Building (FHA-FHB)
Spent Fuel Pool Gate Drop Accident (GDA)
Spent Fuel Pool Boiling Accident (SFPB)

The following subsections determine that these events and the infrequent incidents ofIncreased
Main Steam Flow with a Single Active Failure (BISF/SAF) and Inadvertent Opening of a
Steam Generator Atmospheric Dump Valve with a Single Active Failure (IOSGADV/SAF)
bound the radiological consequences of other limiting faults affected by the absence of CPIS,i

FHIS and CRIS. Section 8.1.2 identifies the B1SF/SAF and IOSGADV/SAF as events that
needs to be evaluated in this calculation..

.

*
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The following subsections also determine that since the FWSPB, CEA-ej, SBLOCA,
FHA-FHB, GDA, and SFPB events do not necessarily initiate a SIAS, the control room and/or
offsite doses due to these events will not be mitigated by a CPIS and/or CRIS Consequently,
it is necessary for this calculation to evaluate these seven limiting faults. Since the radiological
consequences of these seven limiting faults and the IMSF/SAF and IOSGADV/SAF infrequent
incidents bound those of all other limiting faults affected by the absence ofCPIS, FHIS and
CRIS, there is no need for this calculation to evaluate dose consequences for any other limitingfault.

TABLE 8.1-4 SUMMARY OF LIhnNG FAULTS
UFSAR Limiting Fault Description Aibue Acti&?. ' case Location SIAS Other EventSection (SEENOi " ,2,3,4) initiated that Botmds

Dose
Inside Inside MSSV ADV Other Consequences"

Ctrnt. Fuel prior to 30 min with no
Bldg. 30 min to SDC CPIS-FHIS-CRIS

15.13.l A Pre-Trip Steam Line Break, N N Yes Yes Yes Yes NoOutside Contamment
(SeeNote 7)

Pre-Trip Steam Line Break, Yes N Yes Yes N Yes NoInside Containment
(See Note 7)

15.13.1B Post-Trip Return-to-Poww N N N Yes Yes Yes NoSteamLine Break
(See Note 7)

15.23.1 Feedwster System Pipe Breaks Yes N Yes Yes N N No
THIS EVENT

MUST BE
EVALUATED

15.23.2 Loss ofNormalFeedwater Flow N N N Yes N Yes Post-Trip SLBwi:h an Active Failure in the
Turbine Steam D> pass Sysan

1533.1 Single Reactor Coolant Pump N N Yes Yes N N Sicgle RCPShaft Seizure
SIM Shaft

153.3.2 Single Resctor Coolant Pump N N Yes Yes N N InfrequentSheared Shaft
incident-
IMSF/SAF'

153.3.3 TotalLoss ofForced Reactor N N Yes N N N Single RCPCoolant Flow with Single
Active Failure Sheared Shaft

.

_ _ _ . _ _ _ _ _ _ _ _ . - -
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TABLE 8.1-4 SUMMARY OF LIMITING FAULTS
UFSAR Li:nitmg Fault Descriptica Aubome ActivityRelease14 cation SIAS O:her EventSection (SEE NOTES 1,2,3,4) initiated that Bounds

Dose
Inside Inside MSSV ADV Other Consequences
Ctmt. Fuel prior to 30 min wi:h no

Blds. 30 min to SDC CPIS-FHIS<R S
*

15 4.3.1 InadvertentImadmg of a Fuel N N N N N N no dese
Asssmblyinto the Improper
Positien conseqances

15.4.3.2 Control Element Assembly Yes N Yes Yes N Not No
,

#

Ejection (CEA-ej) credited T1HS EVENT
,

MUST BE
EVALUATED

15.6.3.1 Pnmary Sample orInstrument N N N Yes Yes N No
Line Break

(See Note 9)(referred to as a Letdown Line
Break (LLB)]

15.6.3.2 Steam Generator Tube Rupture N N Yes Yes N Yes No
(See Note 7)

15.6.3.3 Srnall Break Loss of Coolant Yes N Yes Yes N Yes and No
,

Accident (SBLOCA)
.

No THIS EVENT
(See MUST BE

Note 6) EVALUATED
j Large Break Loss of Coolant Yes N Yes Yes Yes Yes No

Accident
(See Note 7)

e

15.6.3.4 Inadvertent Opening of a Yes N Yes Yes N Yes SBLOCA
Pressurtzer Safety Valve (See
(TOPSV) Note 5)

15 7.3.1 Radioacthe Waste Gas System N N Yes Yes N N Single RCP
Leak or Failure

Sheared Shaft
15.7.3.2 Radioactiw Waste System Leak N N Yes Yes N N Single RCP

.

or Failure (Release to' Sheared ShaftAtmosphere)

15.7.3.3 Postulated Radioactive Releases N N N N N N no dose
due to Liquid Tank Failures

ecusequences
15.73.4 Design Basis Fuel Handling N Yes N N N N No

'

Accident Inside Fuct Buildir.g THIS EVENT
(FHA.FH3) MUST BE

EVALUATED
*
;

s

*



-_ ___- -_

EC&FS DEPARTMENT

CALCULATION SHEET '4*r*u"Scu no. nu _ c,
_

Project or DCP/MMP _ DCP M3 6928.01SJ Calc. No. _ N-0 720-014 CCN CONvtR$10N:
CCN No CCN -

Subject control Room and OHsite Doses should CPtS. CRts. and FHIS Fa!!
__ Sheet fdLof _252

pry entotNATOR DATE IRE DaTE REV ORiotN Atom DATE InF DATE R
0 Mark Drucker 8/15/97 T. Remick 8/18/97

h
4

q

TABLE 8.1-4 SUhDIARY OF LIh1111NG FAULTS
|UFSAR Limitng Fanit Descriphon Airborne Activity Release Location SIAS Other EventSection (SEE NOTES 1,2,3,4) initiated that Bounds

Dose
Inside Inside MSSV ADV Other Consequeru:es
Ctmt. Fuel prior to 30 min Wthno

Blde. 30 min to SDC CPIS-FHIS.CRIS
15.7.3.5.1 Spent Fuel Cask Drepinto N N N N N N no doseSpect Fuel Pml

(See conseqtecces
Note 8)

15.7.3.5.2 Spent Fuel Cask Drep to Flat N N N N N N no dose
Surface .

(See consequences
Note 8)

15.7.3.6 SpentFuelPmi Gate Drop N Yes N N N N No
Accident (GDA) THIS EVDT

MUST BE \

EVALUATED
15.7.3.7 Test Et:, et Drop N Yes N N N N .odose

^ usequences
15.7.3.8 . pent Fuel Pool Boiling N Yes N N N N No

Accident
THIS EVnT

MUST BE
EVALUATED

15.7.3.9 Design Buis Fuelihndiing Yes N N N N N No
Accident inside Containment

(See Note 7)
15.7.3.10.1 Spent Fuct Assemb:y Drop onto N N N N N N no dose

Reconstitution Station (See e,w,
Note 8)

15.7.3.10.2 Sp:ntFuel AssemblyDroponto N N N N N N no dose
CEA Bearing Spent Fuel (See'

Assembhes
consequenecs

, Note 8)
15.7.3.1I Use ofMiscellaneous N N N N N N no doseEqu:pment Under 2000 lbs

(See consequences
Note 8)

_

_ ---
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TABLE 8.1-4 SUhDIARY OF LBIITING FAULTS |
UFSAR Li:n:tingFault Descrip6cn A:rborne Activity Release locatica SIAS Other EwntSection (SEE NOIE.S 1,2,3,4) initiated that Bounds

Dose
insido inside MSSV ADV Other Consegaces
Cant. Fuel prior to 30 min with no

- Bldz
30 mine --- C CPIS-FHIS-CRISto SD

(1) If an ewnt does not nicase radioactivity into the containme.: buildeg, then the failure of the CPIS will not affect
the radiological dose consequences of that event

(2) If an ewut does not relesse radioactivity into the fuel handling building, then the failun of the FHIS will not
affect th- radiological dose cocsepences of that event

(3) UFSAR Chapter 15 dose analyses typically assurne that ronin steam safety valve steam releases continue untl
the ulves e;ther resca; on decreasing secondary side pressure, or until Operator Action is taken at time
30 ndnutes to close the MSSVs by operation of the ADVs.

(4) UFSAR Chapter 15 dose analyses typicaDy assume that annospherie dump nlw steam releases are initiated by
Operator Action 30 minutes into the event, and that the ADVs are isolated (i.e., end of the accident scenario)
when sir.adown cooling mode is initiated.

(5) This ewat releases primary coolant actmty via the pressurizer safety valms. The radioactivity flowing past the
PSVs is directed into the Pressurizer Relief (Quench) Tank, which is designed to prewnt normal discharges from
the PSVs from being released to the containment atmosphere. In the IOPSV ewnt, the magnitude of the PSV
mass release causes a breach of the Qucoch Tank rupture disk and a subsequent release to the containmen:
atmosphere.

(6) he small break LOCA event represents a spect:um of break sizes. SBLOCA break sizes smaller than 0.31 9
may not genera:e a SIAS.

(7) Althocsh the radiological consequences of this ewut are not bor.ded by the consequences ofany other event, for
reascns d2scuss:4 in Sections 8.1.3.1 through 8.1.3.3, the failure of the CPIS and/or CRIS will not affect the
raiological dose myces of this ewnt

(S) Although this ewnt occurs m the Fuel Handling Building, for reasons discussed in Section 8.1.3.2, the failure of
the FHIS and/or CRIS will not affect the radiological dose consequences of this event.

(9) Althou6 the radiological consequences of this ewnt are not bounded by the censequences of any other event, ash

discussed in Section 8.1.3.3.8, an evaluation which does not credit control room isolataen and the subsequent
initiation of CREACUS has beca performed m the analysis of record. De enh:ation determmed that even
without a CR]S. the control room doses meet GDC 19 dose critena

|

- _ _ _ _ _ _ _ _ _ _ _ _ _ . _
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8.1.3.1 Airborne Activity Releases Inside Containment

Table 8.1-4 identifies the following seven limiting faults which could potentiaDy release activity
into the containment building:

Pre-Trip Steam Line Break Inside Containment (SLB-IC)
*

Feedwater System Pipe Break (FWSPB)*

Control Element Assembly Ejection (CEA-ej)*

Small Break Loss of Coolant Accident (SBLOCA)
*

Large Break Loss of Coolant Accident (LBLOCA)*

Inadvertent Opening of a Pressurizer Safety Valve (IOPSV)
*

Design Basis Fuel Handling Accident Inside Containment (FHA-IC)
*

The following subw.tions determine that many of the limiting faults timt could potentially
release activity into th containment building have radiological consequences that are not
impacted by the absent e ofCPIS and CRIS. Of the remaining limiting faults, the CEA-ej and
SBLOCAlimiting faul< s and the infrequent incident of an Increased Main Steam Flow with a

Single Active Failure (IMSF/SAF) bound the radiological consequences of other limiting faults
that could potentially ralease activity into the contamment building and be affected by the
absence of CPIS and CRIS. Section 8.1.2 identiSes the IMSF/SAF infrequent incident as an
event that need be evaluated in this calculation.

The following subsections determine that since the spectrum of CEA-ej and SBLOCA events
do not always initiate a SIAS, the control room and/or offsite doses due to these events will
not always be mitigated by a CPIS and/or CRIS. Consequently, it is necessary for this
calculation to evaluate these two limiting faults. Since the radiological consequences of these
two limiting faults and the IMSF/S AF infrequent incident bound those of all other limiting

;

i

faults that could potentially release activity into the containment building and be affected by the
absence of CPIS and CRIS, there is no need for this calculation to evaluate dose consequences
for any other limiting fault that could potentially release activity into the containment building.

8.1.3.1.1 UFSAR 15.1.3.l A - Pre-Trip Steam Line Break Inside Containment

UFSAR Section 15.1.3.1 A presents the evaluation of a Pre-Trip Power Excursion Analysis of
a Main Steam Line Break Inside Containment (pre-trip SLB-IC). The pre-trip SLB-IC
releases radioactivity into the containment building as steam via the rupture point, and to the
outside environment via MSSV and ADV steam releases. The radiological dose consequences

.
.. . . . _ . . . . _ . . . . . .
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of this limiting fault were recently evaluated in the Unit 2 Cycle 9 Reload Analysis Report dose
assessment by ABB/CE design analysis A-SG2 FE-0100 (Reference 6.7h, Appendix B).

In ABB/CE design analysis A-SG2-FE-0100 (Section B3.7), the activity introduced into the
containment building as a result of the pre-trip SLB IC was modeled as being gradually
released to the outside emitonment at a 0.1 volume percent per day containment leakage rate.
The containment minipurge was implicitly assumed to be out ofservice during the event;
consequently, there was no modeling of a CPIS.

A Safety Injection Actuation Signalis capable ofinitiating containment minipurge valve
closure, control room normal HVAC isolation, and control room essential HVAC operadon.
ABB/CE Unit 2 Cycle 9 pre trip steam line break design analysis A SG2 FE-0090
(Reference 6.7f) ends its transient evaluation prior to confirmation that a SIAS has been

generated. However, per Reference 6.6d, engineering judgement predicts that the pre-trip
SLB-IC would have generated a SIAS within approximately 30 seconds. Therefore, the SIAS
provides a backup if the digital radiation monitors experience a common mode software
failure.

8.1.3.1.2 UFSAR $15.2.3.1 - Feedwater System Pipe Breaks

UFSAR Section 15.2.3.1 presents the evaluation of a Feedwater System Pipe Break (FWSPB);
however, no radiological dose consequences are presented for this event. A FWSPB releases
radioactivity into the containment building as a consequence of steam generator liquid
blowdown via the inside containment break location, and to the outside environment sia
MSSV and ADV steam releases.

An FWSPB event may not provide indication in the control room that an accident with

radiological consequences has occurred and, hence, the control room map not be isolated by
operator action.

For this reason, it is necessary for this calculation to evaluate the limiting
fault of a FWSPB event.

8.1.3.1.3
UFSAR }15.4.3.2 - Control Element Assembly Ejection (CEA-ej)

UFS AR Section 15.4.3.2 presents the evaluation of a Control Element Assembly Ejection
(CEA-ej). In a CEA-ej event it is possible for fuel damage to occur, and for primary reactor
coolant carrying failed fuel aethity to be released into the containment building. The

.
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radiological dose consequences of this limiting fault are evaluated in Calculation N-4073-001
(Reference 6.1n).

Per Calculation N-4073-001 (Appendix A page A5), the failed fuel activity released during a
CEA-ej was modeled as being immediately released from the RCS to the Containment, and
then gradually released to the outside environment at a 0.1 volume percent per day
containment leakage rate. The containment minipurge was implicitly assumed to be out of
service during the event; consequently, alere was no modeling of a CPIS.

No Safety Injection Actuation Signal was assumed to be generated during the CEA-ej event.
As such, the offsite and control room dose consequences of the CEA-ej event cannot be
assumed to be mitigated by SIAS initiated containment minipurge valve closure, control room
normal HVAC isolation, and control room essential HVAC operation. For this reason, it is
necessary for this calculation to evaluate the limiting fault of a CEA-ej event.

8.1.3.1.4
UFSAR {l5.6.3.3 - Small Break Loss of Coolant Accident

UFSAR Section 15.6.3.3 presents the evaluation for a spectrum of Small Break Loss of
Coolant Accidents (SBLOCAs). However, no radiological dose consequences are presented in
the UFSAR for these events. In a SBLOCA event it is possible for fuel damage to occur, and
for primary reactor coolant carrying failed fuel activity to be released into the containment
building.

A Safety Injection Actuation Signal can be generated by sufficiently low pressurizer pressure
or high containment pressure However, several of the SBLOCA event scenarios are small
enough such that they would not generate a SIAS within 30 minutes. As such, the offsite and
control room dose consequences of several SBLOCA event scenarios will not be mitigated by
SIAS initiated containment minipurge vah e closure, control room normal HVAC isolation, and
control room essential HVAC operation. For this reason,it is necessary for this calculation to
evaluate the limiting fault of a SBLOCA.

8.1.3.1.5 UFSAR l15.6.3.3 - Large Break Loss of Coolant Accident

UFSAR Section 15.6.3.3 presents the evaluation for a Large Break Loss of Coolant Accident
(LBLOCA). In a LBLOCA event fuel damage would occur, and primary reactor coolant
carrying failed fuel activity would be released into the containment building. In addition,
during a LBLOCA other outside containment release paths are postulated, including

-
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Engineerco Safety Feature (ESF) and Post Accident Sampling System leakage. The
radiological dose consequences of this limiting fault are summarized in Calculation
N-4060-020 (Reference 6.li).

A Safetyinjection Actuation Signal is capable ofinitiating contamment minipurge valve
closure, control room normal HVAC isolation, and control room essential HVAC operation.
Per Technical Specification Limiting Condition for Operation 3.3.5 and its Table 3.3.5-1

(References 6.4h and 6.4i), a SIAS is generated if the containment pressure exceeds 3.7 psig.
Per Calculation N-4080-026 (Reference 6.It, Supplement A page A-45) - the Cont t nmenti

Pressure / Temperature analysis for the design basis LOCA - the containment pressure rises to
6.68 psig within one second of a LBLOCA. Consequently, a SIAS will be generated for a
LBLOCA event within one second of the event stan time. Engineeringjudgement dictates that
this time to SIAS is sufficiently r.hort such that the SIAS will provide an adequate backup if the
digital radiation monitors experience a common mode software failure.

8.L3.1.6 UFSAR 915.6.3.4 -- Inadvertent Opening of a Pressurizer Safety Valve

UFSAR Section 15.6.3.4 presents the evaluation of an inadvertent Opening of a Pressurizer
Safety Valve (IOPSV). An IOPSV releases radioactivity into the containment building, and to
the outside environment via MSSV and ADV steam releases. No radiological dose
consequences are presented in the UFSAR for this event; UFSAR Section 15.6.3.4.5 currently
states that the radiological consequences of the IOPSV e cent are less severe than those of the
inadvertent Opening of a Steam Generator Atmospheric Dump Valve with a Single Active
Failure (IOSGADV/SAF).

By definition, the 10PSV event is characterized by the failure of a pressurizer safety valve
resulting in the discharge oflarge amounts of steam into the Pressurizer Relief (Quench) Tank
via the PSV discharge piping. A rupture disc venting to the containment atmosphere is
provided for Quench Tank overpressure protection. Per CE Letter S CE-3124
(Reference 6.3f), the rupture disk on the Quench Tank would fail after 1300 lbm of steam is
discharged. Per engineeringjudgement, during an IOPSV event the rupture disk will fail,
resulting in a release of radioact: ity into the containment building. Therefore, the IOPSV is
actually a small break LOCA.

A May 2,1997 memorandum for file (Reference 6.6g) compares the IOPSV and SBLOCA
event dose consequences. The memorandum concludes that the 0.025 ft2 SBLOCA releases to
containment and through the MSSVs are larger than the similar IOPSV releases, and that the

ADV cooldown doses are the same for both events. The memorandum concludes that the

,
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O.025 ft SBLOCA dose consequences bound the 10PSV dose consequences. UFSAR change
'

request SAR 23-544 has been originated to revise the UFSAR Section 15.6.3.4.5 text to
compare the IOPSV event to the SBLOCA event, rather than to IOSGADV/SAF event.

8.1.3.1.7 UFSAR l15.7.3.9 - Design Basis Fuel Handling Accident Inside Containment

UFSAR Section 15.7.3.9 presents the evaluation for a Design Basis Fuel Handling Accident
,

Inside Containment (FHA-IC). In a FHA IC event it is possible for the gaseous isotopes in the
i

damaged spent fuel rod gap space to be released into the containment building. The
radiological dose consequences of this limiting fault are evaluated in Calculation N-4072-003
(Reference 6.11).

Per Calculation N-4072-003, the activity introduced into the containment building as a result
of the FHA-IC was modeled as being rapidly released to the outside environment at a flow rate

4

of 82,000 cfm for the duration of the accident. This flow rate effectively evacuated the
containment air space within the first two hours of the event as required by Regulatory Guide
1.25 (Reference 6Ae, Position C.I.i). Since this exhaust flow rate is in excess of the of

4

40,000 cfm purge system flow rate shown by Drawing 40092 (Reference 6.2d), a failure of
CPIS would not affect the doses calculated in the current analysis of record.

<

Operator Action is capable ofinitiating containment minipurge valve closure, control room.

normal HVAC isolation, and control room essential HVAC operation. Per Licensee
Controlled Specification 3.9.102 (References 6.4j and 6,4k), continuous communication with
the control room is required when performing fuel handling activities inside containment.
Therefore, the control room Operators will be immediately notified should an FHA-IC occurs.

This allows for pro.npt Operator Action to place the control room HVAC system in the high
radiation isolation mode. The current analysis of record (Calculation N-4072-003) assumes
that control room isolation occurs 3 minutes after the start of the FHA. Based on the
operators performing the manual action to isolate the Control Room within 3 minutes, the
FHA-IC analysis remains valid for the case where the CRIS from the digital radiation monitors
fails.

!

.
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8.1.3.2 Airborne Activity Releases Inside Fuel Handling Building

Table 8.1-4 identifies the following nine events which occur inside the fuel handling building
and which could potentially release activity into the fuel handling building:

Design Basis Fuel Handling Accident Inside Fuel Handling Building (FHA-FHB)
*

Spent Fuel Cask Drop into Spent Fuel Pool*

Spent Fuel Cask Drop to Flat Surface*

Spent Fuel Pool Gate Drop Accident (GDA)*

Test Equipment Drop*

Spent FuelPoolBoiling Accident*

Spent Fuel Assembly Drop onto Reconstitution Station*

Spent Fuel Assembly Drop onto CEA Bearing Spent Fuel Assemblies
*

Use ofMiscellaneous Equipment Under 2000 lbs*

The following subsections determine that many of the limiting faults that could potentially
release activity into the fuel handling building have radiological consequences that are not
impacted by the absence ofFHIS and CRIS. Of the remaining limiting faults, the FHA-FHB
and GDA limiting faults bound the radiological consequences of other limiting faults that could
potentially release activity into the fuel handling building and be affected by the absence of
FHIS and CRIS.

The following subsections determine that since the FHA FHB and GDA events do not initiate
a Safety Injection Acuation Signal, the control room doses due to these events will not be
mitigated by a CRIS. Consequently, it is necessary for this calculation to evaluate these two
limiting faults. Since the radiological consequences of these two limiting faults bound those of
all other limiting faults that could potentially release activity into the fuel handling building and
be affected by the absence of FHIS and CRIS, there is no need for this calculation to evaluate
dose consequences for any other limiting fault that could potentially release activity into the
fuel handling building.

8.1.3.2.1 UFSAR Q15.7.3,4 - Design Basis Fuel Handling Accident Inside Fuel Handling
Building

UFSAR Section 15.7.3.4 presents the evaluation for a Design Basis Fuel Handling Accident
Inside the Fuel Handling Building (FHA.FHB). In a FHA.FHB event it is possible for the
gaseous isotopes in the damaged spent fuel rod gap space to be released into the fuel handling

4
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building air space. The radiological dose consequences of this limiting fault are evaluated in,

Calculation N-4072-001 (Reference 6.lk).

Per Calculation N-4072-001, the activity introduced into the fuel handling building as a result
of the FHA-FHB was modeled as being released to the outside environment at a flow rate of
26,365 cfm. This flow rate effectively evacuated the fuel handling building air space within the
first two hours of the event as required by Regulatory Guide 1.25 (Reference 6.4e, Position
C.I.i). This exhaust flow rate is equivalent to the normal operation FHB HVAC intake flow
rate shown by Drawing 40090 (Reference 6.2c). Therefore, a fdlure of FHIS would not affect
the doses calculated in the current analysis ofrecord.

,

No Safety iweetion Actuation Signal is generated during the FHA FHB event. As such, the
control room dose consequences of the FHA-FHB event will not be mitigated by SIAS
initiated control room normal HVAC isolation and control room essential HVAC operation.

;
'

For this reason, a failure of CRIS would affect the doses calculated in the current analysis of
;

record, and it is necessary for this calculation to evaluate the limiting fault of a FHA-FHB.

4

8.1.3.2.2 UFSAR 515.7.3.5.1 - Spent Fuel Cask Drop into Spent Fuel Pool

UFSAR Sections 15.7.3.5.1 and 9.1.4 address the potential for a Spent Fuel Cask Drop into
i the Spent Fuel Pool. As noted in the UFSAR, the cask handling crane is prohibited from
i

traveling over the spent fuel pool or any unprotected safety-related equipment. The fuel
handling building layout and design are shown on Drawing 716031 (Reference 6.2a). Per this
drawing and UFSAR Section 9,1.4, positive protection against dropping the spent fuel
shipping cask into the spent fuel storage pool is provided by the basic layout of the spent fuel
storage pool, fuel transfer system, ano fuel handling arrangement which make it impossible to
pass the cask over the spent fuel storage racks. Thus, an accident with radiological
consequences resulting from dropping a cask or other major load into the spent fuel pool is not
credible.

8.1.3.2.3 UFS AR 615.7.3.5.2 - Spent Fuel Cask Drop to Fht Surface

NUREG-0800 Standard Review Plan 15.7.5 (Reference 6.4t, Section II) states that the plant
design with regard to spent fuel cask drop accidents is acceptable without calculation of

radiologie-! consequences ifpotential cask drop distances are less than 30 feet and appropriate
impact limiting devices are employed during cask movements.

1
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UFSAR Sections 15.7.3.5.2 and 9.1.4 address the potential for a Spent Fuel Cask Drop to a
Flat Surface. Plant design as shown on Drawing 716032 (Reference 6.2b) and administrative
controls limit the potential drop of a spent fuel cask to less than an equivalent 30-foot drop
onto a flat, essentially unyielding, horizontal surface. The administrative controls that
implement this limitation are addressed in Procedure SO123-I 3.32 (Reference 6.5a,
Attachment 1, Administrative Control 13, and Attachment 4).

Administrative controls also include the requirement for placing a 3-foot high railcar in the
railcar bay to serve as an impact energy absorber should a spent fuel cask drop through the
open receiving / shipping hatch to the railcar. The railcar represents a yielding surface that
mitigates the consequences of a potential 34-foot drop to plant grade. The administrative -
control that implements this limitation is addressed in Procedure SO123-I-3.32 (Attachment 1,
Administrative Control 15).

Since the guidelines of Standard Review Plan 15.7.5 are met, there are no radiological
consequences that need be evaluated for a spent fuel cask drop accident to a flat surface.

8.1.3.2.4 UFSAR Q15.7.3.6 - Spent Fuel Pool Gate Drop Accident

UFSAR Section 15.7.3.6 presents the evaluation for a Spent Fuel Pool Gate Drop Accident
inside the Fuel Handling Building (GDA). In a GDA event it is possible for fuel damage to
occur, and for gaseous isotopes in the spent fuel rod gap space to be released into the fuel
handling building air space. The radiological dose consequences of this limiting fault are

evaluated in Calculation N-4072-001 (Reference 6.1k).

Per Calculation N-4072-001 (Assumption 3.6 and Design Input 4.5), the activity introduced
into the fuel handling building as a result of the GDA was modeled as being released to the
outside environment at a flow rate of 26,365 cfm. This flow rate effectively evacuated the fuel
handling building air space within the first two hours of the event as required by Regulatory
Guide 1.25 (Reference 6.4e, Position C.1.i). This exhaust flow rate is equivalent to the normal
operation FHB HVAC intake flow rate shown by Drawing 40090 (Reference 6.2c).
Therefore, a failure of FHIS would not affect the doses calculated in the current analysis of
record.

No Safety Injection Actuation Signal is generated during the GDA event. As such, the control
room dose consequence ~ of the GDA event will not be mitigated by SIAS initiated control
room normal HVAC isolation and control room essential HVAC operation. For this reason, it
is necessary for this calculation to evaluate the limiting fault of a GDA.

,. ... .... __ ... _.._.. . _. .
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8.1.3.2.5 UFSAR ll5.7.3.7 - Test Equipment Drop

UFSAR Section 15.7.3.7 addresses the scenario of a Test Equipment Skid Drop Inside the
Fuel Handling F,uilding. As noted in the UFSAR, administrative controls will be implemented
to ensure that the radiological consequences for a test equipment drop will be bounded by the
radiological consequences for a spent fuel pool gate drop accident. The administrative
controls listed in the UFSAR, and the procedure steps that implement these controls, are as
follows-

A. "The height above the pool floor that the skid may be carried over rack cells which

contain Unit I fuel assemblies shall be limited to 47 feet (elevation 64 feet 6 inches)"
-Implemented by Procedure SO23-X-7.2, Step 4.18.2 (Reference 6.Sc).

B. "When it [the skid] is lowered, it shall be lowered over empty racks or rack cells
containing Unit I fuel assemblies only."

- Implemented by Procedure SO23-I-3.32, Precaution 4.16 (Reference 6.Sa).

C. "The mammum height that the skid will travel horizontally over the racks shall be
72 inches (elevation 39 feet 10 inches). A drop from this height will not damage Units
2 and 3 fuel assemblies."

- Implemented by Procedure SO23-X-7.2, Step 4.18.2.
(

D. "All CEA's are to be removed from the test equipment skid impact zone,10 by 12 cells,
prior to lifting or lowering the skid over the high density spent finel storage racks."
- Implemented by Procedure SO23-X-7.2, Step 4.18.1.

E. "The test equipment skid shall be maintained 11 inches or less above the top of the
racks when passing over CEA bearing SONGS Units 2 and 3 spent fuel assemblies in
the high density spent fuel storage racks."

-Implemented by Procedure SO23-X-7.2, Step 4.18.3.

F. "The test equipment skid shall not be lifted or transported over the reconstitution
station or adjacent spent fuel storage locations when spent fuel assemblies are in the
reconstitution station on the rack spacers."
- Implemented by Procedure SO23-X-7.2, Step 4.18.4.

Having these controls in place will ensure that the fuel assemblies are not damaged since the
depth of penetration will not impact the racks at the level where the Unit 1 or Units 2 and 3
fuel assemblies are located. Although the UFSAR correctly states that radiological

, . . . . . . . . . . . . ..
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consequences of this accident are bounded by those of the gate drop accident, there will be, in
fact, no radiological consequences. Hence, operator action to isolate the control room is not
necessary in order to meet the dese criteria of GDC 19.

8.1.3.2.6 UFSAR $15.7.3.8 - Spent Fuel Pool Boiling Accident

UFSAR Section 15.7.3.8 addresses the scenario of a loss of spent fuel pool cooling flow
resulting in a Spent Fuel Pool (SFP) Boiling Accident. In a SFP boiling accident it is possible
for gaseous isotopes in the spent fuel rod gap space to 1 n released into the fuel handling
building air space. The radiological dose consequences of this limiting fault are evaluated in
Calculation N-4072-007 (Reference 6.1m).

In Calculation N-4072-007 (Assumption 5 and Section 8.1B on sheet 24), no credit was taken
for the FHIS as the activity released into the fuel handling building as a result of the SFP
boiling accident was modeled as being instantaneously released to the outside environment.

Calculation N-4072-007 predicts EAB whole body and thyroid doses ofless than 0.05 rem,
which is bounded by the doses for a design basis fuel handling accident in the fuel handling
building (FHA-FHB). However, the SFP boiling accident is still evaluated (Appmdix H)
because, unlike the FHA-FHB, it may not provide indication in the control room that an

accident with radiological consequences has occurred and, hence, the control room may not be
isolated by operator action.

8.L3.2.7 UFSAR $15.7.3.10.1 - Spent Fuel Assembly Drop onto Reconstitution Station

UFSAR Section 15.7.3.10.1 addresses the scenario of a Spent Fuel Assembly Drop onto a
Reconstitution Station Inside the Fuel Handling Building. As noted in the LFSAR, two
administrative controls have been implemented to prevent the occurrence of this type, of
accident. The administrative controls listed in the UFS AR, and the procedure steps that
implement these controls, are as follows:

A. "No spent fuel assembly shall be moved over any spent fuel assembly in the
reconstitution station or over adjacent storage locations when spent fuel assemblies are
in the reconstitution station on the .ack spacers."

- Implemented by Procedure SO23-X-7.2 (Reference 6.5c), Step 4.7.3.

.
-
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B.
"No CEA bearing spent fuel assemblies shall be placed atop rack spacers in the
reconstitution station."

- Implemented by Procedure SO23-X-7.2, Step 4.7.1.

These administrative controls ensure that an accident with radiological consequences resulting
from a spent fuel assembly drop onto a reconstitution station is not credible. .

8.1.3.2.8
UFSAR {l5.7.3.10.2 - Spent Fuel Assembly Drop onto CEA Bearing Spent
Fuel Assemblies

UFSAR Section 15.7.3.10.2 addresses the scenado of a Spent Fuel Assembly Drop onto a
CEA Beadng Spent Fuel Assembly Inside the Fuel Handling Building. As : e 1in the
UFS AR, this type of accident wil' not damage either the dropped assembly or the target CEA
bearing spent fuel assembly in the high density spent fuel storage racks. As such there are no
radiological consequences for a spent fuel assembly drop onto a CEA beanng spent fuel
assembly.

8.1.3.2.9 UFSAR 615.7.3.11 - Use of Miscellaneous Equipment Under 2000 lbs

UFSAR Section 15.7.3.11 addresses the scenario ofmiscellaneous equipment weighing under
2,000 pounds dropping onto the high density spent fuel storage racks during refueling and
normal spent fuel pool maintenance. Procedure SO23-X-7.2 (Reference 6.Sc) Step 4.20.1 has
been implemented to implement the 2,000 pound value as a load restriction. As noted in the
UFSAR, the dropping of equipment weighing under 2,000 pounds will not damage fuel

,

impacted by the dropped equipment. As such there are no radiological consequences for
miscellaneous equipment weighing under 2,000 pounds dropping onto the high density spent
fuel storage racks during refueling and normal spent fuel pool maintenance.

._

.
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8.1.3.3 Airborne Activity Releases Directly to the Outside En ironment

Table 8.1 4 identifies the following twelve events that could potentially release activity solely
to the outside environment. Events that could a!so release activity into the containment or fuel
handling buildings are addressed in Sections 8.1.3.1 and 8.1.3.2, respectively.

Pre-Trip Steam Line Break Outside Containment
*

Post-Trip Return-to-Power Steam Line Break*

Loss ofNormal Feedwater Flow with an Active Failure in the Turbine Steam Bypass
-

System

Single Reactor Coolant Pump Snaft Seizure
*

Single Reactor Coolant Pump Sheared Shaft
*

Total Loss ofForced Reactor Coolant Flow with a Single Active Failure
*

Inadvertent Loading of a Fuel Assembly into the ImproperLocation
*

Primary Sample or Instrument Line Break (LLB)
*

Steam Generator Tube Rupture
*

Radioactive Waste Gr.s System Leak or Failure
*

Rt.dioactive Waste System Leak or Failure (Release to Atmosphere)
*

Postulated Radioactive Releases due to Liquid Tank Failures
*

The following subsections determine that many of the limiting faults that could potentially
release activity solely to the outside environment have radiological consequences that are not
impacted by the absence of CRIS. Of the remaining limiting faults, the LLB limiting fault and
the infrequent incident of an Increased Main Steam Flow with a Single Active Failure
(BISF/SAF) bound the radiological consequences of other limiting faults that could potentially
release activity solely to the outside environment and be affected by the absence of CRIS.
Section 8.1.2 identifies the B1SF/SAF infrequent incident as an event that need be evaluated in
this calculation.

The following subsections determine that since the LLB event does not initiate a Safetyx
Injection Actuation Signal, the control room doses due to this event will not be mitigated by a
CRIS. Since the radiological consequences of the LLB limiting fault and the BISF/SAF
infrequent incident bound those of all other limiting faults that could potentially release activity
solely to the outside environment and be affected by the absence of CRIS, there is no need for
this calculation to evaluate dose consequences for any other limiting fault that could potentially
release activity solely to the outside envirranent.

.
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J.l.3.3.1
UFSAR $15.1.3.l A - Pre Trip Steam Line Break Outs'de Containment

UFS AR Section 15.1.3.l A presents the evaluation of a Pre-trip Power Excursion Analysis of a
Main Steam Line Break Outside Containment (pre trip SLB OC). The pre trip SLB-OC
releases radioactiv.'ty to the outside environment as sterm via the rupture point, and via MSSV
and ADV steam releases. The EAB radiological dose consequences of this limiting fault were
recently evaluated in the Unit 2 Cycle 9 Reload Analysis Report dose assessment by ABB/CE
de,ign analysis A SG21;E-0100 (Reference 6.7h, Appendix C).

ABB/CE Unit 2 Cycle 9 design analysis A SG2 FE-0090 (Reference 6.7f) ends its pre trip
steam line break transient evaluation prior to confirmation that a SIAS has been generated.

iwever, per Reference 6.6d, enginectingjudgement predicts that the pre-trip SLB-OC would
e generated a SIAR within approximately 30 seconds. Therefore, the SIAS provides a
kup if the digital radiation monhors experience a common mode software failure.

8.1.3.3.2 UFSAR ll5.1.3.lB ~ Post Trip Steam Line Break

UFSAR Section 15.1.3.lB presents the evaluation of a Post-Trip Retum to Power Analysis of
a Main Steam Line Break (post-trip RTP SLB). The RTP SLB can occur either inside or
outside containment. The EAB radiological dose consequences of this limiting fault were
recently evaluated in the Unit 2 Cycle 9 Reload Analysis Report dose assessment by ABB/CE
design analysis A-SG2 FE-0089 (Reference 6.7e).

Per ABB/CE design analysis A SG2-FE-0089 (Section 4.2), the Post Trip Return-to-Power
Steam Line Break Outside Containment (post-trip RTP SLB-OC) represents a more direct
activity release path to the emironment than the Post-Trip Retum-to-Power Steam Line Break
Inside Containment (post-trip RTP SLB-IC). The post trip RTP SLB OC event releases
radioactivity to the outside emitonment as steam via the rupture point, and sia ADV steam
releases. The absence of activity dilution and hold-up within the containment buildingjustifies
the fact that UFSAR Section 15.1.3.lB only addresses the radiological consequences of the
post-trip RTP SLB-OC. The radiological dose mnsequences of this limiting fault were
recently evaluated in Calculation N 4074-001 (Reference 6.lo).

Per ABB/CE design analysis A SG2 FE 0089 (Tables 7.1.5b-3 through 7.1.5b-6), the post-trip
RTP SLB IC event results in low pressurizer pressure that generates a SIAS 21.34 seconds
after the piping failure. Per ABB/CE design analysis A SG2 FE-0089 (Section 4.2), the
pre-trip RTP SLB OC transient analysis results are bounded by the pre-trip RTP SLB IC
results. For this reason, engineeringjudgement dictates that the post trip RTP SLB IC SIAS

_
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time is characteristic of the post trip RTP SLB OC event. Engineeringjudgement also dictates
that this time to SIAS is sumelently short such that the SIA: will provide an adequate backup
if the digital radiation monitors experience a common mode sonware failure.

8.1.3.3.3
UFSAR 615.2.3.2 - Loss ofNormal Feedwater Flow with an Active Failure in
the Turbine Sicam Dypass System

UFSAR Section 15.2.3.2 presents the evaluation of a loss of normal feedwater finw with an
active failure in the turbine steam bypass system. The Loss of Normal Feedwater Flow with
this Single Active Failure (Lb7WF/SAF) releases radioactivity to the outside uwironment via
ADV steam releases. No radiological dose cor. sequences are presented in the U.ns LR for thisevent,

The LhTWF/SAF transient analysis was recently evaluated in ABB/CE design analysis
1370-CPE-009/1470-CPE-005 (Reference 6.7i). Per ABB/CE design analysis
1370-CPE-009/1470-CPE 005 (Hand Calculation #8b, page $3), the LNFWF/SAF event
results in low pressudzer pressure that generates a SIAS 72.85 sewnds aner the tent.1 nation of
all feedwater flow to the steam generators. Engineering judgement dictates that this time to
SIAS is sumciently short such that the SIAS will provide an adequate backup if the digital
radiation monitors experience a common mode soAware failure.

Per ABB/CE design analysis 1370-CPE-009/1470-CPE 005 (Lection U1, page 10), the
radiological consequences of the LhTWF/SAF event ve less severe than other limiting faults.
This conclusion is consistent with UFSAR Sectica 13.2.3.2.5, which states that the
radiological consequences of the LhTWF/S AF event are less severe than the consequences of
the Post trip Return to Power Steam Line Break Outside Containment (post-trip RTP
SLB OC). Thit conclusion is also supported by a comparison of the LhTWF/SAF and
pon-trip RTP SLB-OC event characteristics as presented in Table 8.1-6.

.
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TABLE 8.1-6: COMPARISON OF LNFWF/SAF and POST-TRIP RTP SLB-OC
._

EVENT CIIARACTERISTICS
Parameter Loss of Normal Feedwater Fkm Post Trip Retum-to Power

with a Single Active Failure steam Line Break
Outside Containment

Tuelrailure
O percent 0 percent

Pnmary to Secadary Mass Release Rate
1.0 nwu 1.0 gpm

Seemdary Side Uquid Mass Releases 0 lbm 308.571.t lbm
Sccoodary Side Steam Mass Releases

0 to 30ininutes 0 lbm oIb.n
30 minutes to end ofewnt 700.000 lbm 1,120,392 Ibm

Totat Event Iktion 700.000 lbrn 1.100.392 Ilmi

No fuel failure is predicted for either the LNFWF/SAF or the post trip KTP SLB.OC. The
determination as to whether an event experiences fuel failure was made with engineering
judgement based on the UFSAR event descriptions and a review of the reload transient
analyses.

Each event is characterized by a 1.0 gallon / minute primary to secondary leakage rate. The
determination of this leakage rate was made with engineering judgement based on the UFSAR
event descriptions and a review of the reload transient analyses.

The neam mass release cau. during a LNFWF/SAF is documented in CE Celculation
1370-DT-018 (Reference 6.7o, page 21). Theliquid and steam mass releases to atmosphere
during a post-trip RTP SLB OC are documented in Calculation N-4074-001 (Reference 6.lo,
pages 12 and 13), which cites CE Letter S-CE 3058 (Reference 6.3d). CE Letter S-CE-3058
is partially based on mass release rate and accident duration data determined in CE Calculation
1370-DT 005 (Reference 6.7k, Revision 0 page 83).

Per Table 8.16, the LNFWF/SAF mass release is bounded by the post trip RTP SLB-OC mass
relesse. Since more steam and liquid mass are released during the post-trip RTP SLB-OC, and
since each event is characterized by the @::nce of fuel failure, the radiological consequences
of the LNFWF/SAF are bounded by the radiological consequences of the post-trip RTP
SLB OC.

'
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8.1.3.3.4 UFSAR $15.3.3.1 - Single Reactor Coolant Pump Shd Seizure

UFSAR Section 15.3.3.1 presents the evaluation of a Single Reactor Coolant Pump Shd
Seizure (also known as a Seized Rotor event [RCP/SR]). No radiological dose consequences
are presented for this event; UFSAR Section 15.3.3.1 currently ttn that the radiological
cornequences of the RCP/SR are less severe than those of the Singa steactor colant Pump
Sheued Shd (RCP/SS).

The RCP/SR and RCP/SS transient analyses were recently evaluated in ABB/CE Unit 2

Cycle 9 design analysis A SG2-FE-0093 (Reference 6.7g). Per ABB/CE design analysis
A-SG2 FE-0093 (Section 7.3.3.2), the consequences of the RCP/SS event are more limhing
than the RCP/SR event because of the delay in generating the RCP/SS trip (relative to the
RCP/SR trip), and the consequential increase in RCP/SS fuel failure (relative to the RCP/SR
fuel failure).

Engineering judgement dictates that the mass release for the RCP/SR and RCP/SS events will
be virtually identical, representing the MSSV and ADV steam releases associated with a loss of
AC power event. The steam release consists of secondary side activity plus failed fuel induced
primary side activity introduced by primary to-secondary leakage. Since the RCP/SS event has
greater fuel failure than the RCP/SR even% the radiological consequences of the RCP/SR are
bounded by the radiological consequences of the RCP/SS.

8.1.3.3.5 UFSAR 915.3.3.2 - Single Reactor Coolant Pump Sheared Shd

UFSAR Section 15.3.3.2 presents the evaluation of a Single Reactor Coolant Pump Sheared
Shd (RCP/SS). The RCP/SS transient analysis was recently evaluated in ABB/CE Unit 2

Cycle 9 design analysis A SG2 FE-0093 (Reference 6.7g). Per ABB/CE design analysis
A-SG2-FE 0093 (Section IV), the RCP/SS event is characterized by a fuel failure of
8.05 percent. The RCP/SS releases radioacthity to the outside emironment via MSSV and

ADV steam releases. The radiological dose consequences of this limiting fault were recently
evaluated in the Unit 2 Cycle 9 Reload Analysis Report dose assessment by ABB/CE design
analysis A-SG2 FE-0100 (Reference 6.7h, Appendix D).

Similar to the RCP/SS limiting fault, the infrequent incident of an increased Main Steam Flow
with a Single Active Failure (IMSF/SAF)is also characterized by fuel failure and both MSSV
and ADV steam releases. Per ABB/CE design analysis A-SG2 FE-0081 (Reference 6.7c,
Section 4.1), the IMSF/SAF event is characterized by a fuel failure of I S.4 percent.

. . .
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As with the RCP/SS limiting fault, the EAB radiological dose consequences of the IMSF/SAF
infrequent incident were recently evaluated in the Unit 2 Cycle 9 Reload Analysis Report dose
assessment by ABB/CE design analysis A SO2 FE 0100 (Appendix E). Primarily because of
the difference in fuel failure, ABB/CE design analysis A-SO2 FE 0100 shows that the
IMSF/SAF infrequent incident has radiological consequences that are more severe than those
of the RCP/SS limiting fault. As noted in Section 8.1.2, this calculation will evaluate the
infrequent incident of an IMSF/SnF.

8.1.3.3.6
UFSAR $15.3.3.3 - Total Loss of Forced Reactor Coo' ant Flow with a Single
Active Failure

UFS AR Section 15.3.3.3 presents the evaluation of a Total Loss of Forced Reactor Coolant
Flow with a Single Active Failure (TLOF/SAF). The TLOF/SAF releases radioactivity to the
outside environment via MSSV steam releases No radiological dose consequences are
presented for this event; UFSAR Section 15.3.3.3 currently states that the radiological
consequences of the TLOF/SAF are less severe than those of the Reactor Coolant Pump
Sheared Shaft (RCP/SS). This conclusion is also supported by a comparison of the TLOF/SAF
and RCP/SS event characteristics as presented in Table 8.1-7.

TABLE 8.1-7: COMPARISON OF TLOF/SAF and RCP/SS
EVENT CHARACTERISTICS

Parameter Totalloss of Sing!c Reactor Coolant Pump
Forced React- Coolant Flow Sheared ShaA
with a Sincie Actm Faihn

Fuel Failure
._

2.12 percent 8.05 percent

Pnmary to Secondary Mass Release Rate 1.0 gpm 1.0 gpm

Secondary Side Steam Mass Releases

0 to 30 minutes
3233 lbm 84,700 lbm

30 minutes to 2 hours 0 lbm 492,634 lbm

Total: o to 2 botn 3:35 lbm $77.304 lbm

Per CE Calculation 1370 DT-013 (Reference 6.7n, pages 5 and 17), the TLOF/SAF limiting
fault is characterized by 2.12 percent fuel failure and a MSSV steam release of only 3235 lbm.

*
. ;
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Per ABB/CE design analysis A.SO2.FE-0093 (Reference 6.7g, Section IV), the RCP/SS event
is characterized by a fuel failure of 8.05 percent. The steam and liquid mass release data
during a RCP/SS are documented in ABB/CE design analysis A SG2 FE-0100
(Reference 6.7h, Appendix D pages D6 and D7), based on data determined in CE Calculation
1370-TS-004 (Reference 6.7q, Revision 00, pages 12 and 13).

Each event is characterized by a 1.0 gallon / minute primary to secondary leakage rate. The
determination of this leakage rate was made with engineering judgement based on the UFSAR
event descriptions and a review of the reload transient analyses.

Per Table 8.17, the TLOF/SAF fuel failure and mass release are both bounded by the RCP/SS.
Therefore, the radiological consequences of the TLOF/SAF are bounded by the radiological
consequences of the RCP/SS.

8.1.3.3,7
UFSAR 915.4.3.1 -Inadvertent Loading of a Fuel Assembly into the Improper
Position

1

UFSAR Section 15.4.3.1 presents the evaluation of an inadvertent loading of a fuel assembly
into the improper position. Two accidents are considered, (1) the mistoading of fuel pellets or
fuel pins of different enrichment in a fuel assembly, and (2) the incorrect placement or
orientation offuel assemblies.

As noted in the UFS AR, the likelihood of an error in assembly, fabrication, or core loading is
considered to be extremely remote because of the extensive quality control and quality
surveillance programs employed during the fabrication process as well as the strict procedural
control used during core loading. However, even if the core were to have incorrectly placed
fuel rods or assemblies, these would either be detectable from the resalts of the startup or
would lead to a minimal number of rods with excessive power during full power operation.
These precautions and administrative procedural controls ensure that an accident with

radiological consequences resulting from an inadvertent loading of a fuel assembly into the
improper position is not credible.

8.1.3.3.S UFSAR Q15.6.3.1 -- Primary Sample or Instrument Line Break

UFSAR Section 15.6.3.1 presents the evaluation of a Primary Sample or Instrument
(i.e., Letdown) Line Break (LLB). In the LLB primary reactor coolant is released into the
auxiliary building air space, from which it is dispersed to the outside environment.

,
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Additionally, due to the postulated loss of normal AC power, the process of cooling down the
{plant results in secondary steam releases from the ADVs. The radiological dose consequences

of this limiting fault were recently evaluated in Calculation N-4077 001 (Reference 6.lt).

No Safety injection Actuation Signal is generated dudng the limiting LLB event (where the,

non-safety pressurizer control systems remain in operation). As such, the control room dose
consequences of the LLB event will not be mitigated by SIAS initiated control room normal

.

HVAC isolation and control room essential HVAC operation. Calculation N-4077-001

evaluates a case (Case B N) which does not credit control room isolation and the subsequent
;
'

initiation of CREACUS. This evaluation determined that the Case B-N control room doses'

meet the dose criteria of10 CFR Part 50 Appendix A General Dc ign Criterion 19. The initial
conditions of Case B-N are consistent with, or conservative to, thwe of this analysis.
Therefore, Case B-N is applicable to this calculation and its assumed high radiation induced
CRIS failure.

8.1.3.3.9 UFSAR 915.6 3.2 - Steam Generator Tube Rupture

UFSAR Section 15.6.3.2 presents the evaluation of a Steam Generator Tube Rupture (SGTR).
The SGTR event releases radioactivity to the outside environment via the condenser air

ejectors, MSSV and ADV steam releases. The radiological dose consequences of this limiting
fault were recently evaluated in Calculation N-4075-004 Revision 2 (Reference 6.1p).

The SGTR transient analysis was evaluated in CE Calculation 1370-TS-109/1470 TS-051
'(Referer.cc 6.7r). Per CE Calculation 1370 TS 109/1470-TS-051 (Table IILD 1), the SGTR
event results in low pressurizer pressure that generates a SIAS 1010.2 seconds (about
16 8 minutes) after the tube rupture. The SIAS is capable ofinitiating control room normal
HVAC isolation and control room essential HVAC operation.

Calculation N-4075-004 evaluates a pre-existing primary reactor coolant system iodine spike
case [ Case P30) in which credit for the SIAS induced CRIS and CREACUS operation is not
taken unti130 minutes after the start of the SGTR event. This eva'uation determined that even
with this delay in the SIAS start time, the control room doses meet the dose criteda of 10 CFR
Part 50 Appendix A General Design Criterion 19

L
i

.
*
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8.1.3.3.10 UFSAR $ 15.7.3.1 - Radioactive Waste Gas System Leak or Failure

UFSAR Section 15.7.3.1 presents the evaluation of a radioactive waste gas system leak or
failure. The evaluation specifically addresses a failure of a gaseous radwaste system (GRS)
decay tank and the release of contaminants into the auxiliary building ah' space and eventually
to the outside environment within two hours.

Calculation N-4071-001 (Reference 6.lj)is the analysis ofrecord for the GRS decay tank
failure. Par Calculation N-4071-001, the aethity released to the outside environment consists
of the lodine and noble gas present in one reactor coolant system volume, with consideration
given for an iodine partition factor of 0.001. %e resultant aethity profile for the isotopes
released to the environment is as shown in UFSAR Table 15.7 2. This activity release profile
is less severe than that determined in other limiting faults, including the activity release profile
detennined for the Reactor Coolant Pump Sheared Shaft (RCP/SS) event. The aethity profile
for the RCP/SS event is documented in the Unit 2 Cycle 9 Reload Analysis Report dose

(

assessment by ABB/CE design analysis A SG2 FE-0100 (Reference 6.7h, Appendix D,
page D-22). Therefore, the radiological consequences of the GRS decay tank failure are
bounded by the radiological consequences of the RCP/SS.

8.1.3.3.11 UFS AR { l5.7.3.2 - Radioactive Waste System Leak or Failure

UFSAR Section 15.7.3.2 presents the evaluation of a radioactive waste system leak or failure.
The evaluation specifically addresses a failure of a liquid radwaste system (LRS) primary or
secondary tank, and the release of contaminants into the auxiliary building air space and
eventually to the outside emironment within two hours.

Calculation N 4078-001 (Reference 6.ls) is the analysis of record for the LRS primary and
secondary tank failures. Per Calculation N-4078-001, the activity released to the outside
emironment consists of the iodine and noble gas present in a tank volume, with consideration
given for an lodine partition factor of 0.001. The resultant activity profile for the isotopes
released to the emironment is as sh wn in UFSAR Table 15.7-4. This aethity release profile
is less severe than that determined in other limiting faults, including the aethity release profile
determined for the Reactor Coolant Pump Sheared ShaA (RCP/SS) event. The sethity profile
for the RCP/SS event is documented in the Unit 2 Cycle 9 Reload Analysis Report dose
assessment by ABB/CE design analysis A SO2 FE-0100 (Reference 6.7h, Appendix D,
page D-22). Therefore, the radiological consequences of the LRS primary or secondary tank
failure are bounded by the radiological consequences of the RCP/SS.

.

. . _ . . . , ... ,

- - _ _ _ - - . - - - - - - - - - - - " ' - - - ~ -



- - _ - _ _ - - - - -

EC&FD DEPARTMENT

CALCULATION SHEET 5' c"u" scu uo. ,,ce _ c,
_

Project or DCP/MMP DCP 2&3 8926.o1SJ
Calc. No._ N.0720 014 CCN CoHVER$loN:

eeN No. CCN -
Subject Control Room and Offsite Dom Should CPf9 CRfM. and FHIS Fall

-

Sheet 87 ef152_mgv omicadATom DaTY mg caTP nrV ORm1NAtom DATE tmF DATir R0 Mark Drucker 8/15/97 T. Rernick 8/18/97 E

4

8.1.3.3.12 UFSAR $15.7.3.3 - Postulated Radioactive Releases due to Liquid Tank
Failures

UFSAR Section 15.7.3.3 presents the evaluation of a postulated radioactive release due to a
liould tank failure, and refers the reviewer to UFSAR Sections 2.4.12 and 2.4.13 for
discussions of the effects of a postulated radioactive liquid tank failure on surface water and
groundwater.

UFSAR Section 2.4.12 addresses the effects of a postulated radioactive liquid tank failure on
surface water. Since this is not an airborne release path, there is no radiological consequences
either offsite or in the control room that would be mitigated by a CPIS, FHIS or CRIS.
Therefore, it is not necessary for this calculation to evaluate this event.

UFSAR Section 2.4.13 addresses the effects of a postulated radioactive liquid tank failure on
groundwater. Since this is not an airbome release path, there is no radiological consequences
either offsite or in the control room that would be mitigated by a CPIS, FHIS or CRIS.
Therefore, it is not neceasary for this calculation to evaluate this event.

8.2 Control Element Assembly Ejection

The analysis of the Control Element Assembly (CEA) Ejection limiting fault is prosided in
Appendix A. The calculated doses are listed in the appendix, and meet the criteria of
Section 1.2.

8.3 Feedwater System Pipe Break

The analysis of the Feedwater System Pipe Break (FWSPB) infrequent incident is prosided in
Appendix B. The calculated doses are listed in the appendix, and meet the criteria of
Section 1.2.

8.4 Small Break LOCA

The analysis of the Small Brest LOCA limiting fault is prosided in Appendix C. The
calculated doses are listed in the appendix, and meet the criteria of Section 1.2.

.
.
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8.5
Fuel Handling Accident in the Fuel Handling Duilding

The analysis of the Fuel Handling Accident (FRA)in the Fuel Handling Building (FHB)
limiting fault is provided in Appendix D. The calculated doses are listed in the appendix, and
meet the criteria of Section 1.2.

8.6 Spent Fuel Pool Gate Drop Accident

The analysis of the Spent Fuel Pool (SFP) Gate Drop the Fuel Handling Building (FHB)
limiting fault is provided in Appendix E. The calculated doses are listed in the appendix, and
meet the criteria of Section 1.2. Per Design Input E4.4, nortnal movement of the Spent Fuel
Pool gate can not result in any damage to the fuel stored in the Spent Fuel Pool. The gate is
only lifted to perform maintenance activities on the gate.

8.7 increased Main Steam Flow with a Single Active Failure

The analysis of the Increased Main Steam Flow with a Single Active Failure infrequent incident
is provided in Appendix F. The calculated doses are listed in the appendix, and meet the
criteria of Section 1.2.

8.8 Inadvertent Opening of a SG ADV w/ SAF

The analysis of the Inadvettent Opening of a Steam Generator Atmospheric Dump Valve (SG
ADV) with a Single Active Failure (SAF) infrequent incident is presided in Appendix G. The
calculated doses are listed in the appendix, and meet the criteria of Section 1.2.

8.9 Spent Fuel Pool Boiling

The analysis of the Spent Fuel Pool Boiling infrequent incident is provided in Appendix H.
The calculated doses are listed in the appendix, and meet the criteria of Section 1.2.

.
.
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9.0 COMPUTER FILES

The following computer files were created for this calculation. Copies of the LOCADOSE
11bruy, input, and dose output files for each analysis are included in the associated appendix,

drwxt.sr. 2 temiskte nf010 2560 sep 11 14:17 ./drwo or*x 11 eys eye $12 Jun 11 09:03 ../*rw r****. 1 remiekte ef010 854 sep to 14:13 coa aint.dl.rw r .r*= 1 remickte nf010 26490 sep 1016:23 ces*mtal.do
a rr r ** ** 1 remickte ef 010 6687 Aug 1515:02 see aini.tib*re r***** 1 remickte nf010 3753 sep 1016:18 ces mint.tl
.rer* * r . 1 remickte ef010 107232 sep to 16:23 ces-mini.to
.re r. r.. i reelskte ef010 82T74 sep 1016:23 coe mint.trn *

*rw-r***** 1 remickte n1010 427 sep 9 09:17 fhe fhb.d1erw r- r** 1 remickte nf010 12716 sep 9 09:18 the,fhb.de*re r*** - 1 remickte nf010 3007 sep 9 09 17 fhe,,thb. lib' rr r***** i ramtskte nf010 1237 Sep 9 09:17 the,fhb.tlarr r- r=* 1 remickte nf010 15324 sep 9 09:18 the,fbb.to.rr r r** 1 remickte nf010 5410 sep 9 09:18 fhe fhb. ten

ere r** * - 1 reelekte nf010 391 sep 9 09:17 gatedrop.dlerrt r * 1 remickte nf010 13404 sep 9 09:18 gatedrop.doerr r***** 1 remickte nf010 3007 sep 9 09:17 satedrop. Lib*rw r** * 1 remickte ef010 1374 sep 9 Os.17 setedrep.tlarr r* r** 1 remickte nf010 20041 Sep 9 09:18 setedrop.te.tr e r.- 1 reelckte nf010 6974 sep 9 09:18 setedrop.trn
-rr r****- i realekte nf010 777 sep 3 14:39 inst.dl.rw r r** 1 remiskte nf010 18696 sep 1114:17 tesf.doare r*** * 1 remickte nf010 6687 sep 3 14:39 lasf. Lib
rr r * * . 1 remickte nf010 2925 sep 11 14:16 leaf.tlrw r r-* 1 remickte nf010 49752 sap 1114:17 imsf.to
rr ra r.. I reelekte nf010 36800 sep 11 14:17 lasf ten

a rr e * 1 remickte nf010 6687 Sep 611:32 stoca. lib
* re r + * 1 remickte nf010
re c r.- 1 remiskte nf010 645 sep 11 13:01 eloce_01.di

24426 Sep 11 13:02 stoce_01. &*rw r***** 1 reelckte nf010 3731 sep 11 13t01 stoce,01.tl.rr r..r * 1 reelckte nf010 82997 sep 11 13:02 stoce_01.to.rr r..r - 1 remickte nf010 69382 sep 11 13:02 eloce,01.trn

. rr r . . i druckest nf010 6687 Aug 514:21 stoce.ilb

.re r..... i druckeel ef 010 T39 Aug 7 16:11 sbi ,720.dlre r r - 1 druckem! nf010 22253 Aug 7 14:12 sbi,720.dorr ra.... 1 druckemi nf 010 4795 Aug 714:11 sb1720.tiare r**e.- 1 druckemi n f.10 61929 Aug 714:12ab1[720.to
a

rre ar a 1 druckeel of010 27590 Aug 7 14:12 sb1 720.trn
rw r *** * 1 druckeel nf 010 740 Aug 7 14:11 sb 30m.dl

22253 Aus 714:13 sb(40,30s.do-rrr*=r** 1 druchemi nf010
rrr * 1 druckeel nf010 5032 Aug 7 14:11 sb40,30m.tlrr e r - 1 druckemi nf010 61929 Aug 7 14:13 ab40,,30m.tore r..r-- 1 druckeef nf010 27590 Aug 7 14:13 ab40,,30s.trn

.
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The Appendix C parametric evajuation files are:

rw r*** * 1 remickte nf010 6687 sep 6 11:32 stoca.ttb*rv r*-* - 1 teetckte n+010 842 sep 11 13:01 stocat.dl.rw r=*r** t remickte nf010 23394 sep 11 13:03 stoco1.do
-rw r ** * I remickte nf010 3649 Sep it 13:01 stoca1.t1rw r r** i remickte nf010 73372 Sep 11 13:03 stoce1.torw r .r-. 1 reelekte nf010 62686 sep 11 13:03 stocat.trn
*rwar***** 1 remickta nf0f0 846 Sep 11 13:01 stocarw r r** 1 remickta nf010 23394 Sep 11 13:02 stoce,,02.dl02.doerw r***** 1 restekte of010 3643 sep 11 13:01 stoca
*rw r**r * 1 remickte nf010 73572 sep 11 13:t2 stoca,02.tl02.torwar* r - 1 restekte ef010 62286 sep 11 13:02 stoca,,02.trn
rw-r***** 1 renickta nf010 845 top it 13:01 stoco 05.dl

,

arw r r * 1 remickte nf010 23394 sep 11 13:02 stocs,05.do
*rw r** +- 1 remickte nf010 3M3 tap 11 11:01 stoca,

73572 Sep 11 13:02 stoca,,05.tl02 stoce,,05.to
*rw r**r** 1 remickta nf010
rw r**r - 1 remickta nf010 62686 Sep 11 13: 05.trn

*rw r.**** 1 reelckta nf010 846 sep 11 13:01 stoce 07.dfrw r..r** 1 reelckte nf010 23394 top 11 13:03 stoca,,07.doarv-r***** 1 reelckte nf019 3646 Sep 11 13:01 stoca,
73572 sep 11 13:03 stoca,,07.t1*rw r r** 1 remichts nf010 07.toerw r r . 1 reelckta nf010 62686 sep 11 13:03 stoce,,,07. ten

erw r** +- 1 remichte nf010 843 sep 11 13:01 stoca.
23394 Sep 11 13:03 stoca.,1.dierw r r - 1 reelckte nf010 1.dorw r .* 1 reefckte nf010 3645 sep it 13:01 stoce 1.t1

erw-r..r - 1 remichte nf010 73172 Sep 11 13:03 stoca
rw r r . 1 renickta nf010 62686 Sep 11 13:03 stoca.,,1.to1.trn
rw r + * 1 remickta nf010 845 sep 11 13:01 stocep01.dl.rw-r r** 1 remickte af010 23394 Sep 11 13:04 stocap01.dorw-r **.- 1 remickte nf010 3645 sep 11 13:01 stocop01.tl*rw-r e . I reelekte nf010 735T2 sep 11 13:04 stocep01.to

1 remickte nf010 62686 Sep 11 '.3:04 stocap01.trn
*rw r. .*

,

e
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APPENDIX A CEA EJECTION

A1.0 CEA EJECTION METHODOLOGY

Following a Control Element Assembly (CEA) Ejection there are three main radioactive
inaterial release mechanisms. First, as the CEA ejection is based on a breach of the reactor
coolant pressure boundary (at the failed CEA drive vessel penetration) the reactor coolant
released to Containment leaks to the emironment at the Containment leak rate or at the
mini-purge flow rate. Second, the process of cooling down the reactor results in the release of
secondary side activity to the atmosphere through the Atmospheric Dump Valves (ADV) and
Main Steam Safety Valves (MSSV) as the assumed loss of power makes the condenser
unavailable. Third, steam generator tube leakage is assumed to be at the design basis value of
1 gpm, resuhing in the reactor coolant leakage being released from the secondary side to the
atmosphere with the flow through the ADV/MSSVs. The released radioactive materialis
dispersed into the atmosphere, and from there to the Control Room, EAB and LPZ.

The immersion and inhalation doses arc due to the airborne cloud at the EAB and LPZ and the
cloud inside the Control Room. The LOCADOSE dose calculation program will be run using
the appropriate assumptions and design inputs from Sections 3 and 4 to calculate the
immersion and inhalation doses in the CR and at the EAB and LPZ. Figures A-1 and A-2
show the LOCADOSE models used.

1.
Figure A-1 represents the initial configuration, with containment mini purge inoperation.

2.
Figure A-2 represents the configuration once the CR HVAC system has been placed
into the high radiation isolation mode, and the containment mini-purge system has been
isolated.

.
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A2.0 CEA EJECTION LOCADOSE h1ODEL

Figure A-1

CEA Ejection LOCADOSE hiodel
CR11VAC In Normal hinde

Containment hiini-purge in Operation
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, - - 0% NOCordainment Primary Secondary
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y 11.000 ft* 1.0E+09 ft3

vanes wth

| |
FILTER FILTE84

e et, ni,o.00139 hr)0%i 90 % 1 5513 cfm (0.0139 0.049 br)100% Part 100% Part0% NG 0% NG

2201.scfm 0.198 c'm

y V Y
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to(p: %Q LPZ 10 LPZ
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g|*m 29885 c'm-

0% Part
0% NG

NODE $

X/O CR k Co@ol Room 5820 W

244.398 ft*

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - -_



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

EC&FS DEPARTMENT

CALCULATION SHEET ' ** "UCN No.hi f. o r ._ o,
_

Project or DCP/MMP EP M3 6926.019J Calc No. N.0720 014 CCN CONVERSJON:
ccNNo CCN

Subject Control _ Room and OHeite DOAes Should CPIS. CRIS. and FHIS Fail
Sheet 93 of JR

RtV ORiotWATOR DATT 1Rf DATF RFV ORtrllNATOR r)ATF IRF DATT ||
0 Mark Drucker 8/15/97 T. Remick 8/18/97

h
4

Figure A.2

CEA Ejection LOCADOSE Model
! CR IIVAC in Illgh Radiation iso'stion Mode

Containment Mini.page Isolated

FILTER
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A3.0 CEA EJEC110N ASSUMPTIONS |

A3.1 Per CE Letter S CE 5696 (Reference 6.3j), the analyses of record for the CEA
Ejection did not consider the impact of the break in the RCS boundary. This was done

!
to conservatively maximize the RCS overpressurization transient. Based on
engineering judgement, a St.AS would have been generated had the break been
considered. Per S-CE 5696, the CEA Ejection has a break size of 0.041ft . ABB2,

Letter ST.96-456 (Reference 6 3m) provides a listing of the SIAS time for the vadous
SBLOCA sizes. This data is plotted in the followius chart. Based on the chart, this
analysis will assume that for the 0.041 ft CEA Ejection a SIAS will be generated by

2

165 seconds. The SIAS will cause the Control Room HVAC to shift to the high
radiation isolation mode, and the Containment mini purge system to isolate.

!
,

1s
'

. _

x .

( ,

i 9

' g N,
6 i I_

s N
e3 N j

{M \
to 0.1 si,

-

. .w : *1
E 0.05 ; i |g i N

N
| N

0.01 N
10 100 500 1,000

Time of SlAS (seconds)

SBLOCA STAS Time 0.041 ft2 (10 sec divisions)

A3.2 The RCS mass release to Containment information from the 0.05 ft SBLOCA will be2

assumed to apply to the CEA ejection. Since the CEA ejection break size is 0.041 ft2,
this is reasonable. Per ABB Letter ST-96-456, the 0.05 ft2 SBLOCA break flow rate
data is:

.
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20 05 ft SBLOCA

0 - 2.25 min (0.0375 hr): 121,000 lbm (equivalent to 1275 cfm)
2.25 30 min: 316,880lbm (equivalent to 271 cfm)
30 50 min (end): 75,770lbm (equivalent to 90 cSn)

The volumetric flow rate for each of the time intervals has been calculated as follows,
using the Design input 4.6 RCS specific volume:

_ intenal release (lbm)_ , 0.02371ft'pg, ,,

y , Interval duration (min)_

thm

For the first time interval, a sample calculation is:

121,000 thm 0.02371ft3x
= 1275 cfm2.25 min Ibm

The flow rate from 50 minutes to 24 hours will be assumed to be equal to the flow rate
at 50 minutes. The flow rate after 24 hours will be assumed to be O cfm (as the RCS is
assumed to be depressurized, stopping the leak).

It will be assumed that 1% of the iodine present in that portion,of the RCS leakage that
A3.3

does not flash will also become airborne. The value of 1% is consistent with the iodine
panition coeflicient used for the steam generators.

A3.4
Because this evaluation is based on having the containment mini purge system in
service at the start of the accident, a pre-existing reactor coolant iodine spike of
60 gCilgm Dose Equivalent 1 131 will be assumed. This is per Standard Resiew Plan

Section 6.2.4 Branch Technical Position 6-4 item B.S.a (Reference 6.4o).
A3.5

Decause this analysis assumes that only the iodine present in the leaking reactor coolant
that Cashes to steam becomes airbome in containment, no credit will be taken for
iodine removal by containment spray or plate out,

A3.6
Once the SlAS is initiated, it is assumed that the Control Room HVAC system dampers
take 10 seconds to shifi to the high radiation isolation mode. This time is conservative

to the value of 6 seconds used in calculation N 4072-001 (Reference 6.tk).

. .
e
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A3.7
Once the SIAS is initiated, it is assumed that the Containment minl purge system takes
10 seconds to isolate. This time is conservative to the Licensee Controlled.

Specification 3.6.101 Table 3.6.101 1B (References 6.4j and 6.4k) stroke time lirnit of
5 seconds.

A4.0 CEA EJECTION DESIGN INPUTS

A4.1
Per CE Letter S-CE 5696 Table 15.4-30 (Reference 6.3j) as verified by calculanon
1370 PSAE 057 (Reference 6.7t), the sequence ofevents for a CEA Ejection is as
follows:

$ seconds:
steam generator safety valves (MSSV) open

288 seconds: emergency feedwaterinitiated
803 seconds: steam generator safety valves closed
1800 seconds:

operator opens atmospheric dump valves (ADV) to
inhiate cooldown

11801 seconds: shutdown cooling is initiated, ADV and AFW secured

A4.2
Per CE Letter S-CE 56% (Reference 6.3j) as verified by calculation 1370-PSAE-057
(Reference 6.7t), the following mass releases occur:

4

steam released through MSSVs:
103,500 lbm

steam released from steam driven AFW pump (288 - 1800 sec);17,000 lbm
steam released through ADVs and AFW pump (1800 11801 sec): 645,500 lbm

A4.3
Per CE Letter S2-CE R-441 (Reference 6.3k), an additionalMSSV mass release of
40,000 lbm occurs due to the change in the MSSV blowdown parameters.

A4.4
Per A SG2 FE 0088 Sections VII and XU.7.4.6.4 (SONGS 2 Cycle 9 CEA Ejection
Analysis, Reference 6.7d), the design basis CEA ejection does not result in any

,

cladding failure, or fuel melting. This analysis will conservatively model 10% cladding
failure, and 0% fuel melting.

A4.5
Per Regulatory Guide 1.77 Appendix B item 1.b (Reference 6.4g),100% of the
gaseous activity present in the fuel rod gap (per Design Input A4.6) is released to the
reactor coolant system

.
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A4.6
Per Regulatory Guide 1.77 Appendix B item 1.c (Reference 6Ag), the activity present
in the fuel rod gap is 10% of the core lodines and 10% of the core noble gases.

.
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AS.O CEA EJECTION COMPUTATIONS
. , . .). 5

AS.1 Primary System Activity Inventory
,

'
s

The activity present in the primary system has two sources. The ftrst source is the normal l.

reactor coolant activity (per Design Inputs 4.13 and 4.14) with an lodine spike (per 4@
9

Assumption A3.4), and the second is the activity released from the failed fuel (Design
'

input A4.4). Per Section 5.3.3, the failed fuel activity release to the RCS is:

ReleasetoRCS = Coreinventory(a) x Gap ActivityFraction
u FauedFuelFraction u PeakingFactor

CEA EJECI1ON RCS ACTIVIIY
A B C D E=AxBxCxD F O*E+F

g D14.16 Core ^^
Inwntary DI A4.6 Gap

Fra h Failed Fuct Peaking From Fa ed . CS

(CD Fraction Factor
pg Normal RCS Acuvity
(Ci) ND N

I 131 9.520e+07
1647e+06 10.100 1.657e+06I 132 1.372e4 8
2 374e+06 2840 2.377e+061 133 1927e+08
3.3 34e+06 12,500 3.347e+061 134 2.135e+08

_3.694e+06 1250l 135 1.800e+08 3.695e 0_6
3Il4e406 5510 3.120e+06Ki 83m 1.341e+07
2.320e+05 N/A 2.320e+05Kr-85m 2.987e+07
5168e+05 520 5.173c+05Kr-85 1.144 e+06 0.1 0.1 1.73 1.979e+04 2270 2.20(e+04Ki87 5 874e+07
1.016e+06 244 1.016e+06Kr.18 830le+07
1.436e+06 788 1.437e+06Xe-13 tm 1.067e+06

_ __1.846e404 529 1.899e+04Xe 133m 6.002e+06
1.038e+05 N/A 1.038e+05Xe 133 1.877e+08
3.247e+06 72.400 3.319e+06Xe 135m 3.R09e+07
6.590e+05 244 6.592e+05Xe 135 5.710e+07
9.87Ee+05 2250 9.901e+05Xe 138 1 663e+08
2.877e+05 124 2.877e+0611 3 N/A

0 678 678Br44 N/A
0 8 80 8 80Te.129 N/A
0 11.0 11 0Te 132 N/A
0 142 142

, , . _

. *

__ _-_m-,- - - - - - ~ - - - - ' ' ' __ _ _ _ _ _ - _ _ . - -



- _-_ - .

liC&FS DEPARTMENT

CALCULATION SHEET %'s"ldcu wo. uce _ or _
?Qc . c. L - )MP lCP 2M M2401sJ Cale. No._f00720-014 CCN CoNVER$loN:

cen no. CCN -
. $r.tject.Rauf doom and Offsite Deses Should CPfS. f'RIS. and FHfs Fall

^ y. .... - - -
Sheet 22.cf 152_pngg m _ DATF ntF DAM MV ORmW A Tom DATF pr DAM gr g; ens /07 T. nemick 8/18/97

3y .m _ _

k' { 4 sample calculation forI 131 is:

k% | (9.52c+07 x 0.1 x 0.1 x 1.73) + 10,100 = 1.657c+06

AS.2 Itcactor Coolant Iodine Flashing

The reactor coolant being released is initially at the hot leg conditions of 61l'F and 2250 psia
(per Design input 4.6). Per Assumption A3.5, the lodine present in the portion of the leaking
reactor coolant that Cashes to steam will become airborne. To find the flashing fraction, the
mass and enthalpy balance equations will be solved simultaneously.

Terminology (all enthalples are from the ASME Steam Tables):
m,

mass of coolant released to containment
=

mt released coolant mass that remains a liquid in containment
-

m, released coolant mass that flashes to a gas in containtnent
=

h,
coolant enthalpy (compressed liquid at 61l'F and 2250 psia,

=

629.3 DTUAbm)
h

liquid enthalpy (satunited liquid at 14.7 psia,180.17 BTU 4bm)
=

t

h,
gas enthalpy (saturated vapor at 14.7 psia,1150.5 BTUAbm)

=

mju,= m ht z + m,h,

m, a mz + m,
Substituting m = m, . ng yields:t

m,h, = (m, - m,)ht + m,h,

m,h, a m,hg - m,ht + m,h,

m,(h, - h ) = m,(h, - hyt

b , h, - h t

m, h, - ht

3 , 629.3 - 180.17
= 46.3%m, 1150.5 - 180.17

Per Assumption A3.3, an additional 0.537% (1% of the iodine present in the 53.7% of the
liquid that does not flash)is aise assumed to be released. The total flashing plus partitioning

.
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percentage of 46.837% (46.3% + 0.537%) will be conservatively modeled as 47% in this
catalation. The flashing will be modeled in LOCADOSE by assuming a 53% efficient iodine
filter is on the flowpath of the leaking reactor coolant from the RCS to the containment
volume. No filtration will be used on the noble gases or particulates leaking frorr. .he RCS to
the containment volume.

AS.3 Secondary Side MSSV Releases

Per Design input A4.1, the MSSV mass release starts at 5 seconds, and ends at 803 seconds.

Per Design inputs A4.2 and A4.3 the mass release through the MSSVs is:

103,500 lbm + 40,000 lbm = 143,500 lbm

Using a neam density of 1.95 lbnVn' per Assumption 3.11, this results in the following MSSV
flow rate:

y,y,pyp,7,,, , 143.500lbm , _60 secondr , _ ft 8

(803 - 5 seconds)_ -$533cfmmin 1.95 lbm

AS.4 Secondary Side AFW Releases Prior to 30 Minutes

Per I' An input A4.1, the ARV mass release starts at 288 seconds, and is stillin operation at
1800 seconds.

Per Design input A4.2 the steam release from the ARV turbine (up to 1800 seconds)is
17,000 lbm.

Using a steam densi'y of 1.95 lbm/A) per Assumption 3.11, this results in the following ARV
tiow rate for the first 30 n nutes:

A pypa ,ge = __ _ 11.000lbm , 60 seconds , ft *
=346cfm(1800 - 288 seconds) min 1.95 /bm

. .
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AS.5 Secondary Side ADV and AFW Releases After 30 Minutes

Per Design input A4.1, the combined ADV/AFW mass release starts at 1800 seconds, and
continues to 11801 seconds.

Per Design Input A4.2 the combined steam reles:.e from the ADVs and AFW turbine (from
1800 seconds to the end of the accident)is 64j,500 lbm.

Using a steam density of1.95 lbm/ft' per Assumption 3.11, this results in the following
ADV/AFW flow rate after 30 minutes:

gy gp , ,,
645,500 ihm 60 seconds fr 3

x x -1986c/m(11801 - 1800 seconds) min 1.95lbm
|

A5.6 Total Secondary System Releases

The total release rate from the secondary side is the total of the release rates from the MSSV,
the AFW turbine, and the ADVs. The totals, per time interval, are:

O sec 5 sec 288 sec 803 sec 1800 sec 11801 sec0 hr 1.39E43 hr 008 hr 0 3 31 hr 0.5 hr 3.28 hr
MSSV

5533 cfm

AFW
346 cfm

ADV/AFW
1986 cfm

Total O cfm $333 cfm $879 cfm 346 cfm 1986 cfm

AS,7 Primary to Secondary Leakage

Per Design input 4.11, the primary to secondary leakage is 0.1' 98 cfht. This leakage will be
assumed to start at time zero, and stop once shutdown cooling is placed in service. Once
shutdown cooling is placed in service, there is no longer a release path from the Steam
Generator to the atmosphere (i.e., MSSV or ADV open). A filter (99% effective for iMne,
100% for particulates, 0% for noble gases) will be used on this flow path, to model the steam
generator partition coefficient of 0.01 (per Assumption 3.5).

.-.
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AS.8 Containment Releases to Atmosphere

Prior to the SIAS, the flow rate out of containment is the 2200 cfm from the mini purge
system (per Design input 4.17) plus 1.6 cfm of containment leakage (per Design input 4.10).
Once the isolation of the mini purge system initiated by the SIAS is completed (10 seconds
after the generation of the SIAS per Assurrption A3.7), the flow rate out of containment is
equal to the Design Inpc. 4.10 containment leak rate.

.
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AS.9 CEA Ejection LOCADOSE Code Time Steps

The time steps entered into the LOCADOSE Code were chosen to model the times at which
parameters important to the analysis are changed (e.g., HVAC changes, secondary system
release changes). The analysis will be done for a duration of 30 days.

tune Step
(hours aRet

Significance of the Tirne Step
stan nf evenn

0 hrs Ber. inning of CEA ejection limiting fault

0.00139 hr MSSV open
(5 seconds)

00375 br Change in break Dow rate
G.25 rninutes)

165 m s SlAS generated per A3.1

0.049 ht
Control Room llVAC transfernd to high radia.ien isolation : node (10 seconds after

(175 seconds) SIAS per A3.6)

Cant =iammt miniturge system isolated (10 seconds aner SIAS per A3.7)
0.080 hr AFW in sah. releasing secondary steam from the AFW turbine exhaust

GR8 seconds)

0.2231 br MSSV closed
(803 seconds)

0.5 br ADVcpco
Change in break flow rate

2 hr End ofEAB dose analysis

3.28 br
Shutdown coolr.g in sersice, ADV closed and AFW secured (stopping the release pth(11801 seconds) allowing the prunary to secondary Icakage to reach the atmosphere)

8 hr
Control Room HVAC placed in single train operation
CR XQ changes
LPZ XQ chaeges
LPZ breathing rate changes

24 hr Change in break Dow rate

Chacge in containment leakage ra's
CR occupancy factorchanges
CR XQ changes
LPZ XQchanges
LPZ breathine rate changes

96 hr CR occupancy factor changes
_

CR XQ changes
LPZ XQ changes

720 hr End of andsis

. .
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A5.10 CEA Ejection Dose Results

Per Section A6.5, the dose consequences of this accident are as follows. The Control Room
whole body doses are doubled per Assumption 3.7.

, CEA Ejection . Mini purge in Operation. SIAS at 165 Seconds

Location Dose (Rem)

CR:
Thyroid 23.8
Beta Skin 0.7
Whole Body o,j

EAB:
Thyroid 1,o
Beta Skin <o, j
Whole Body <o, j

LPZ:
Thyroid 0.9
Beta Skin <0.1
Whole Body <0.1

,

_ . _ . _ . . . . . _ _ _ _ . _ _ _ _ _ _ _ _ . . _ . _ _
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A6.0 CEA EJECTION COMPUTER FILES

A 6.1
CEA Ejection LOCADOSE Library File (Cea niini. lib)

Vet 4 ten 1.0 Thyroid Lung Bone Sete skin kihole Body
1.1312.ME+04 9.9761071.490f+06 2.073t+M 3.150E+03 3.170E 02 8.720t 021 21 00 0 0 0 1

1.100t 02 0.000E+00 0.000t+00 0.000t40 0.000t+00 0.000t+00
1 1312.508E+04 9.976t*C71.490E*06 2.073E+04 3.150E*03 3.170E 02 8.720E 021 1.817E 013.789t411 21 0 0 0 0 0 2

1.100t*02 0.000E*00 0.000t+00 0.000t+00 0.000l+00 0.000E+002 1.817E 01 3.789t 01
1 1312.508E+04 9.976t-071.490t+06 2.073E+04 3.150t+03 3.170E C2 8.720E 02 31 21 0 0 0 0 0
1.100E 02 0.000E+00 0.000t40 0.000E+00 0.000E*00 0.000E+0031.8171013.789t 01

| 132 3.806t+04 8.425E 051.430t+04 8.879E+021.450E+021.320E 015.130t41
-

'

C 0 0 0 0 00 1

0.000t+00 0.000t40 0.000E40 0.000E+00 0.000E+00 0.000f+C0 34 4.824t 013.559E*00
f.132 3.8066+04 8.425E 051.430E+04 8.879t+021.4508421.320E 015.130E 010 0 0 0 0 0 0 2

0.000t+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.^00t*00 35 4.8244 01 3.559t+00
'

l 132 3.806E+04 8.425f 051.430f+04 8.879t+021.450E+021.320E*01 5 130E 010 0 00 0 0 0 3

0.000E+00 0.000E+00 0.000E+00 0.000t+00 0.000E+00 0.000E+00 36 4.824t 013.559t+00
l 115 5.622E+04 9.211E 06 2.690E+05 5.064t+031.080E+03 7.3502 021.550E412 23 22 0 0 0 0 1

v.710E 01 2.90CE 02 0.000E+00 0.000t+00 0.000t 00 0.000t+004 4.0671 01 6.0471 Os
1 133 5.622E+04 9.211t 06 2.690E+05 5.064t+03 1.08 X+03 7.350E 02 1.55Cf 012 23 22 0 0 0 0 2

9.710E 012.900t 02 0.000E+00 0.000E40 0.000t*00 0.000E*00
1"133 5.622t+04 9.211106 2.690t+05 5.064E+031.08CE+03 7.350E 01 1.550E 015 4.067E 016.0475 012 23 22 0 0 0 0 3

9.710E 012.900102 0.0003+00 0.000t+00 0.000E+00 0.000E+006 4.067E 016.047t41
1 134 6.575t+04 2.200E 04 3.730E+03 3.627t+02 8.050E419.230E 02 5.320E C10 0 0 d 0 0 0 1

0.000t+00 0.000t+00 0.000E*00 0.000E+00 0.000f+00 0.000E+007 6.052E 01 2.620t+00
1"134 6.375E+04 2.200t 04 3.730E+03 3.627E+02 8.050t+019.230E 02 5.320E 010 0 0 0 0 0 0 2

0.000t+00 0.000E+00 0.000t*00 0.000E+00 0.000E+00 0.00tE+00 8 6.052t 012.620f+00
I"134 6.575E+04 2.200E 04 3.730E+03 3.627t+02 8.050E+019.230E 02 5.320E 010 0 0 0 0 0 0 3

0.000E*00 0.000t+00 0.000E+00 0.000E+00 0.000t+00 0.000E+009 6.052E 012.620E*00
1-135 5.103E+04 2.912105 5.600E*041.971E+0) 3.350t421.290E 014.210E 012 25 24 0 0 0 0 1

8.450t 01 1.550F 010.000t+00 0.000t+00 0.000E+00 0.000s+0010 3.691E 01 1.617E+00
I"135 5.103t+04 2.912E 0$ 5.600t+041.971E+03 3.350t+02 1.2906 014.2104412 25 24 0 0 0 0 k

8.450t41 1.5501410.000t+00 0.CCM+00 0.000E+00 0.000t+00113.691E 01 1.617E40
1"135 5.103t+04 2.912t 05 5.600E+04 1.971t+03 3.350E+021.290C-01 4.2104 012 25 24 0 0 0 0 3

8.'.50t 01 1.550E 010.000E40 0.000t+00 0.000E+00 0.000E+0012 3.691E 01 1.617E+00
KR 83M 4.152t+031.052104 0.000E+00 5.1901010.000t+00 0.000E+00 2.396f 060 0 0 00 0 0 4

0.000E+C0 0.000E+00 0.000E+00 0.000t+00 0.000E+00 0.000E+0013 0.000E+00 4.610E 04
El 85M 1.297E*04 4.297E 05 0.000!+00 2.910E+00 0.000E+00 4.626E 02 3.7081021 18 0 0 0 0 0 4

2.100E 01 0.000t+00 0.000t+00 0.000E*00 0.000r.00 0.000E+00 14 2.9021 01 1.6101 01
.

KR " 85 4.102E+02 2.054f 09 0.000E+00 2.410E+0f 0.000f+00 !. 246t 02 5.102t 040 0 0 0 0 00 4

0.000t40 0.0005 00 0.000E+00 0.000E+00 0.000E+00 0.000E+0015 2.505t412.234E 03

-..
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tt 87 2.335t+M 1.514t M 0.000C401.530C+010.000t+00 3.083E 01 1.876t 01 40 0 0 0 0 0 0
0.000t+00 0.000E+00 0.000t+00 0.000t+00 0,000t+00 0.000C+00 16 1.324t+00 8.0328*01

Kaab8 3.200f'C4 6.7318 05 0.000D00 3.13CI+010.000E+00 7.51CE 02 4.6581011 31 0000 0 4

1.000E*00 %.000E+00 0.000t+00 0.000t+00 0.000t+00 0.000t+0017 3.587E 01 1.981t+00
at131N 2.595t+02 6.815E 07 0.000t+001.400t+00 0.000E+001.50st 02 2.899t 0140 0 0 0 0 0 0

0.000t 4 0 0.000E+00 0.000t+00 0.00CE+00 0.000t+00 0.000.<00 18 0.000t+0s. 116t 03
Ett33m 1.384t+03 3.6638 06 0.000DC01.890t+C0 0.000t+00 3.150t42 7.954t*031 23 0 0 0 0 0 4

1.000t+00 0.000E+00 0.000t+00 0.000E+00 0.000E+00 0.000t+0019 0. '0Ct+00 2.332t*C2
XE 133 %.622t*041.528t 06 0.000t+001.570t+00 0.000t+00 9.697103 9.316E 030 0 00 0 0 0 4

0.030t+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000t+00 201.004t 012.997t*02
Xtt35N 1.5571+04 7.380t.04 0.000E+00 2.220E+00 0.000t+00 2.253t 02 9.887t 021 25 0 0 0 0 0 4

1.000t+00 0.000t+00 0.000E+00 0.000t+00 0.000t+00 0.000t+00 21 3.0001 01 4.266E 01
XE 135 5.363t+04 2.115t 05 0.000L+00 4.050E+00 0.000t+00 5.894t 02 5.736t 0241 32 0 0 00 0
1.000t40 0.000t*00 0.000E+00 0.000t+00 0.000t+00 0.000E+C0 22 3.028E 012.466t 01

*E 138 4.775t+04 8.151t 04 0.000840 2.440t+010.000t+001.309t 014.798b0141 33 0 0 0 0 0
1.000t+00 0.C00E+00 0.000t+00 0.000t+00 0.000t+00 0.000t40 25 6.140E 01 1.241t+00

Ma- 31.848t41 1.780t 091.580t+C21.580t+02 5.570t+010.000t+00 0.000D00100 0 00 0 0 0

0.000E+00 0.00Dt+00 0.000f+00 0.000E+00 0.000t+00 0.000t+00 24 5.685t 03 0.000t+00
ht 84 5.394603 3.632E C4 0.000t+00 4.675t+02 0.000t+C0 2.700t414.480E 01 110 0 00 00 0
0.000t+00 0.000t+00 0.000t*00 0.000000 0.0 Cot +00 0.000E+00 25 1.230t+001.779E 00

TI*129 8.727t+031.662t 04 4.870eC3 2.420t+02 6.220t-031.010E 01 1.280E C263343536 0 0 0
9.1006 014.000E 02 5.000E 02 0.000!+00 0.000t+00 0.000t+00 26 5.224t 015.981t 02

f t 132 3.841t+04 2.462106 2.370t+013.600t+04 3.25Ct 013.06CE 03 5.280E 023 4 5 6 0 0 0 6

9.100E 014.000L 02 5.000E 02 0.000t+00 0.000t+00 0.00M+00 27 5.940E 02 2.123L 01
Rt"85 0.000t+00 6.496t 04 0.000E40 2.908t+02 0.000t+00 4.790001 1.55rg.010 0 0 0 00 0 $

0.000t+00 0.000D00 0.000t+00 0.000E+00 0.000t+00 0.000E*00 28 2.072t+00 6.365t 01
cs 135 0.000000 7.449015 7.480t+031.57CE+031.460E46 2.7301 C3 0.000E+000 0 000 0 0 5

0.000E+00 0.000t+00 0.000C+00 0.000t+00 0.000t+00 0.000t+00 29 5.630E-02 0.000E+00
CS*138 0.000t+00 3.587104 0.000t*00 6.070000 4.140t+012.810E 015.530E*010 0 0 0 0 0 0 5

0.000t+00 0.000t+00 0.000t+00 0.000t+00 0.000t+00 0.000t+00 301.218t+00 2.330D00
1 129 0.000t+0C 1.400E 15 5.540t+06 9.015t+04 2.480t+03 3.710E 04 3.0241 030 0 0 0 00 0 1

0.000t*00 0.000t+00 0.000t+00 0.000t+00 0.0001 40 0.000t+00 31 4.090E 02 2.820E 03| 129 0.000t+001.400U15 5.540E46 9.0155+04 2.480t+03 3.710E 04 3.02',t C3( 0 0 0 0 0 0 0 2

0.00Cb00 0.000E+00 0.00M+00 0.000t+00 0.000t+00 0.000t+00 32 4.090E 02 2.820E 03
!"129 0.C00D001.400E 15 5.540t+06 9.015t+04 2.480t+03 3.710t 04 3.0241-C30 0 0 0 0 0 0 3

0.000D00 0.000t+00 0.000t+00 0.000t+00 0.000t+00 0.00CE+00 33 4.090E 02 2.820E 03

.
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A6.2
CEA Ejection LOCADOSE Activity Transport Input File (cea-mini.ti)

CEA Electim (10% f alted fust) Ninipurge & CR lsol a 175 sec
Tom Reekk
SONOS UNI 15 233
coe-mitti . t l
N 720 013 0

1

3 12 36 1 1 0
00 0.00000E+00 0.00000E +00 2 0 0

CFM Curf Cut!Es
1 1 1 1 1 1 1 1 1 1 1
0.91 0.04 0.05

COWTA!NMT,RCS SEC. STEAM
0.00000r+00 0.00139E+00 1 1 1 1
1 0 1

0 1.657E+06 720 <!-131
0 1.657E+06 720 <!-131
0 1.657E+06 720 -1 131
0 2.3770+06 136 <!*132

,

0 2.377L+06 136 <l 132
0 2.377E+06 136 <1 132
0 3.347E+06 847 <! 133
0 3.347I+06 847 <t 133
0 3.347E+06 847 <! 133
0 3.693E+06 39.2 <! 134
0 3.695E+06 39.2 <! 134
0 3.695E+o6 39.2 <! 134
0 3.120E+06 335 <! 135
0 3.120E+06 335 <l 135
0 3.(20E+06 335 <! 115
0 2.320E+05 0 <tr 8h
0 C.173E+05 72.5 crr-85m
0 2.206E*04 317 <Kr 85
0 1.016E*06 34.0 <Kr-07
0 1.437E+06 110 <tr 88
0 1.899E+04 73.7 <xe-131m
0 1.038E+05 0 <xe 133m
0 3.319E+C6 10100 <xe-133
0 4.592E+C5 34.0 <xe-135m
0 9.901E+05 314 <xe-135
0 2.877E+C6 17.3 <Xe-135
0 678 2.6!.e+06 <n 3
0 8.80 2. 73 <sr-64
0 11.0 6.75 <Te-129
0 142 211 <Te 132
00 0 cab-88
00 0 <Cs 13500 0 <Cs 138
00 0 <! 129
00 0 <! 129
00 0 <! 129
2.305E+06 11000 1.CE+09

3 2 1275 0
53 53 53 0 0000000

2 1 2201.6 0
t 0 0 0 100 100 100 100 100 100 1003 1 0.198 0
99 99 99 0 100 100 100 100 100 100 100

1,0,0,0

w

. ..e ee -

4
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1,0,0,0
1 7.900000E 04

244396 0 5620 29585 5820
0 0 0 0 0 0 0 0 0 0 00. 0 0 0 0 0 0 0 0 0 0

0.00159E+00 0.0375f+00 1 1 1 1
0 0 0
4 1 0 1533
0 0 0 C 0 0 0 0 0 0 01,0,0,0

1,0,0,0
0 7.900C00E-04

0.0375f +00 0.049E+00 1 1 1 1
0 0 0
32 271 0

53 53 53 0 0 0 0 0 0 0 0-1,0,0,0
1,0,0,0

0 7.900000E 04
').049E+00 0.08E+00 1 1 1 1
0 0 0
21 1.6 0
0 0 0 0 100 100 1')0 100 100 100 100-1,0,0,0

1,0.0.0
1 7.900000E 04

244398 4400 10 59869 4410
95 95 99 0 99 99 99 99 99 99 99
95 95 99 0 99 99 99 99 99 99 99

0.08E+00 0.2231E+00 1 1 1 1
0 0 0
4 1 0 5879
0 0 00 0 0 0 0 0 0 01,0,0,0

1,0,0,0
0 ?.900000E 04

0.2231E+00 0.5E*00 1 1 1 1
0 0 0
4 1 0 346
0 0 0 0 0 0 0 0 0 0 0

1,0,0,0
*1,0,0,0

0 7.900000E 04
0.50000E+00 2.00000E+00 1 1 1 1
0 0 0
3 2 90 0

53 53 53 0 0 0 0 0 0 0 04 1 0 1986
0 0 0 0 0 0 0 0 0 0 0i -1,0,0,0

1,0,0,0
0 7.900000E 04

2.0000CE+00 3.28000E+00 1 1 1 0
0 0 0
1,0,0,0
1,0,0,0

* 0 7.900000E-04
28300E+0C 8.00000E+00 1 1 1 1
0 0 0
3 1 1.0E 9 0
100 100 100 100 100 100 100 100 100 100 100

. . . .

e e
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4 1 1.0E 9 0
100 100 100 100 100 103 100 100 100 100 100+1,0,0,0

1,0,0,0
0 7.900000E 04

8.00000E+00 2.40000t+01 1 1 1 10 0 0
*1,0,0,0
-1,0,0,0

1 4.600000E-04
244398 2200 10 29934 2210

M 95 99 0 99 99 99 99 99 99 99
95 95 99 0 99 99 99 99 99 99 99

2.&0000E+01 9.6000Ct+C1 1 1 1 1
0 0 0
2 1 0.8 0
0 0 0 0 100 100 100 100 100 100 100
3 2 it-09 0

100 100 100 100 100 100 100 100 100 100 100'1,0,0.0
1,0,0,0

0 2.50000E 04
9.60000E+01 7.20C00E+02 1 * 1 0
0 0 0

'1,0,0,0
1,0,0,0

0 6.2500000E-05

I

-
.

.

d
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A6.3 CEA Ejection LOCADOSE Dose Calculation Input File (ces-minLdi)

cEA Ejection (10% Failed fuel) Minipurge & CR isol 0175 see
foe toolck
$06iGS UNITS 213
cea-aint.di
11720 13 0

1

00RD0f
2 5 4 3 1 0 0

REM REM /14R

3.6000E 06 0.0000E+00 0.0000f+00 0.0000E+00 0.0000E+00
3.4700E* 04 0.0000E+C0 0.0000E+00 0.0000E+00
9.2400E 07 9.2400E-07 6.0300( 07 3.6500E 07 3.2800E-07
3.4700E 04 3.4700E 04 1.7500E-04 2.32CCE 04
2.0000E+00 8.0000E+00 2.4000E+01 9.6000E+01 7.2000E+C2
2.0000E+00 8.0000E+00 2.4000E+01 7.2000E+02
1.0000E+00 1.0000E+00
1.0000E+00 1.0000E+00 1.0C00E+C0
3.470CE-04
1.0000E+00 1.0000E+00 1.0000E+00
3.47uoE 04
1.0000E+00 1.0000E+00 1.0000E+00
3.470ct 04
1.0000E+00 0.6000E+00 0.4000E+00
3.4700E-C4
2.4000E+01 9.6000E+01 7.2000E+02
7.2000E+02
1.0000E+00 1.0000!+00 1.0 1.0

A6.4 CEA Ejection LOCADOSE Activity Transport Output File (cea-mini.to)

As this is not a design basis calculation, no output file is included.

-_

A~
.

.
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A6.5
CEA Ejection LOCADOSE Dose Calculation Output File (cea-mini.do)

techtet standard Cowputer Program LOCADOSE, WE319 version 3.0
(c) 1989 S::E AIK Verstors. 2 f eb 1995 Cate No. k72013 Rev Wo. 0Originator ice temick Date 10 Sep 1996
Project $04CS UNITS 213 Job No. ces mini.dl stm t No. 12
S4}ect CEA Ejection (In felled fuelpu. u

..u...u .u.u mu.mintpurge & CR isol 8175 see
u.u........u...

WE319 00 set Within Regions suonary

Doses in REM for reston 5 cent Room
-

fise Interval thr) Thyroid Lung gone Beta skin Whole SodyPrem to
0.0000E+00-1.3900E-03 1.322E 04 2.310E 06 3.874E-07 1.424E 06 1.734E 071.3900E 03 3.7500E 02 2.151E+00 3.670E 02 6.309E-03 6.410E-03 9.459E 043.7500E 02 4.9000E 02 2.491E+00 4.245E 02 7.299E-03 7.0321-03 1.046E 034.9000E 02 8.0000E-02 6.598E+00 1.126E 01 1.933E-02- 2.146E 02 3.046E C38.0000E 02 .2231 9.787E+00 1.6%E-01 2.8721 02 7.476E-02 8.804E 03.2231 .5000 1.270E+00 2.831E 02 3.879E 03 1.033E 01 1.039E C2.5000 2.000 1.084E-01 2.093E 02 4.625E 04 2.554E 01 2.470E 022.000 3.280 7.943E 02 8.3481 03 2.250E-04 8.848E 02 8.819E-033.280 8.000 2.867E-01 8.849E 03 7.689E 04 5.648E 02 5.431E 038.000 - 24.00 5.487E 01 9.932E 03 1.380E-03 3.090E-02 2.000E 0324.00 - 96.00 2.986E 01 4.669i-03 6.7321 04 8.654E 03 4.433E-0496.00 720.0 1.388E-01 2.052E 03 2.941E 04 2.395E 03 1.105E 04Total 2.376t+01 4.444E 01 6.934E 02 6.553E-01 6.573E 02

Sechtet Standard Coquter Program LOCA005t, wt319 version 3.0
(c) 1969 SCE Aix Version. 2 Feb 1995 Cate no. h72013 Rev No. 0Originator Tom Remick Date 10 Sep 1996
Project $0NCS UNITS 213 Job he. cea-mini.dl $heet No. 14
subject CIA Election (10% Failed Fuet)-Minipurse & CR 1:o1 a 175 sec

hE319 Offsite Oose to mary

00ses in REM for distance 1

Time interval thr) Thyroid Lung sone Beta skin Whole SodyFroe to
0.0000E+00-1.3900E 03 8.763E 04

1.219E 05 2.5671 06 7.244E 06 1.604E 051.3900E 03 3.7500E 02 5.428E 01 9.254E 03 1.591E-03 1.530E-03 4.087E 033.7500E*02 4.9000E 02 3.278E-01 5.580E 03 9.594E 04 8.730E 04 1.360E 034.9000E C2-8.0000E 02 1.838E 03 4.0521 05 7.239E 06 7.919E-05 1.593E-048.0000E-02 .2231 8.969E 03 1.925E 04 3.530E 05 2.948E 04 5.949E-04.2231 .5000 1.893E-02 3.382E 04 5.583E-05 3.572E-04 7.309E-04.5000 - 2.000 1.129E 01 1.9901-03 3.526E-04 7.713E 04 1.666E-032.000 3.280 0.00CE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+003.280 8.000 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+008.000 - 24.00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000t+0024.00 * 96.00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00CE+0096.00 720.0 0.000E+00 0.000E+00 0.000E+00 0.00CE+00 0.000E+00total 1.014E+00 1.741E 02 3.004E-03 3.913E 03 9.614E-03

.
.
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Rechtel Standard Computer Program LOCADOSE, hE319 Version 3.0
(c) 1989 80E Atx version. 2 Feb 1975 Calc No. N720-13 Rev be. 0Originator Tom temict Date 10 Sep 1996
Project SONGS UNiit 283 Jcb ko. cea-alMI.dl theet ho. 16
Subject CEA Ejectinn (10% Failed fuel) Minipurge & CA ! sol 0175 see

NE319 Offsite Oose s m ry

Doses in REN for distance 2

ilme Intet val (hr) Thyroid Lung Sone Beta skin WhcLe BodyFrcus to

0.0000E+00 1.3900E 03 2.249E-04 3.900E 06 6.589E 07 1.859E 06 4.11?E*C4
1.3900E 03 3.7500E C2 1.393E 01 2.375E C3 4.C834 04 3.927E 041.049E-033.7500E 02 4.9000E*02 8.412E 02 1.432E-03 2.462E 04 2.241E 04 6.058E 04

*

4.9000E 02 8.0000E 02 4.7171 04 1.040E 05 1.858E 06 2.033E-05 4.089E*058.0000E 02 .2231 2.302E 03 4.941E 05 9.061E.06 7.567E-05 1.527E 04.2231 .5000 4.859t 03 8.681E 05 1.434E 05 9.168E 05 1.876E 04.5000 - 2.000 2,898E-02
5.108E 04 9.050E 05. 1.980E 04 4.275E 042.000 3.280 2.582E 02 4.413E 04 7.861E 05 7.607E 05 1.750E-043.280 - 8.000 9.299E*02 1.468E-03 2.493E 04 7.292E 05 1.826E 048.000 24.00 9.568E-02 1.445E 03 2.4061-04 8.904E 05 1.821E 0424.00 96.00 1.280E-01 1.830E 03 2.886E 04 4.170E-05 7.345E C594.00 - 720.0 3.224E 01 4.490E 03 6.831E 04 6.091E 05 1.078E 04Total 9.252E 01 1.414E 02 2.311E C3 1.345E-03 3.188E 03

,

_

-
.

|
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APPENDIX B FEEDWATER SYSTEM PIPE BREAK

Bl.0 FWSPB PURPOSE

A feedwater system pipe break (MVSPB) is postulated to occur as a result of a pipe failure in
the main feedwater system. This may produce a total loss ofnormal feedwater and a very
rapid blowdown of one steam generator (SG). Ifnormal plant electrical power is lost, this
superimposes a loss of primuy coolant flow, turbine load, pressurizer pressure and control,
and steam bypass comrol. This would cause a rapid decrease in the heat transfer capability of
both steam generators and eventual elimination ofone steam generator's heat transfer
capability. The result would be an RCS heatup and pressurization.

The FWSPB is postulated to release activity via the following pathways:

1.
Primary coolant leakage to the secondary system and eventually to the outside
environment.

2.
Secondary system liquid releases through the break to the containment and eventually
to the outside environment.

3. Secondary system steam releases directly to the outside environment.

The objective of this appendix is to calculate the doses from a FWSPB at the Exclusion Area
Boundary (EAB) and the Low Populttion Zone (LPZ) as wc!! as inside the Control Room
assuming CRIS failure.

- _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ .
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B2.0 FWSPB RESULTS

The resulting doses are as follows, based on Table B-22:

DOSE (Rem)
Thyroid Beta Skin Whole Body

Exclusion Area Boundary <0.1 <0. I <0.1
Low Population Zone <0.1 <0.1 <0.1
Control Room 7.9 <0.1 (0.1

All doses meet the acceptance criteria of Sections 1.2.1 and i.2.4.

_-

9
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B3,0 FWSPH ASSUMPTIONS

B3.1 The break is assumed to occur between the steam generator and the feedwater line
check valve, rendering the check valve ineffective at terminating the blowdown of the
affected steam generator, per Calculation 1370-DT-037 (Reference 6.7p, Sheet 72).

B3.2 It is assumed that main feedwater flow to both steam generators is terminated

instante.neously following the break, per Calculation 1370-DT-037 (Reference 6.7p,
Sheet 45). The absence of subcooled feedwater flow to the generators results in a
gradual heatup of the primary and secondary systems.

B3.3 The most limiting single failure is assumed to be the failure ofone of the electric driven
auxiliary feedwater pumps, per Calculation 1370-DT-037 (Reference 6.7p, Sheet 44).
This failure leads to larger radiological releases through the steam generator safety
valves due to the relatively higher steam generator pressure which results with only
one-half the auxiliary feedwater flow available.

B3.4 All releases of activity into the containment are assumed to be mixed in 50% of the
containment volume. This is conservative as a smaller volume results in a higher
airborne activity concentration inside the containment.

B3.5 It is assumed that after 30 minutes the operator isolates th containment mini-purge
system and begins a controlled cooldown via the atmospheric dump valves until the
shutdown cooling system can be initiated, thereby terminating the accident. No credit
is taken for automatic or manual CRIS actuation.

B3.6 It is conservatively assumed that 100% of the iodines introduced into the affected
steam generator via primary-to-secondary leakage will be released to the containment
(i.e., an iodine partition factor of 1.0).

B3.7 All fluid releases into the containment are conservatively assumed to be ha,ce an iodine
partition factor of 1.0, thereby maximizing the amount ofiodine released to the
environment.

.

____.___ ''-
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B4.0 M'SPD DESIGN INPUTS

B4.1 The FWSPB event inceases the reactor coolant system pressure and eventually lifts the
pressurizer safety valves. Tiie pressurizer safety valves release 2325 lb steam to the
quench tank (Reference 6.7p, Sheet 46), which is then released to the containment
following the actuation of the quench tank rupture disk.

B4.2 Secondary side liquid mass release from the affected steam generator into the
containment is 151,033 lbm, per Calculation 1370-DT-037 (Reference 6.7p, Sheet 46).

B4.3 Main feedwater flowing towards the affected steam generator is released through the
break at a maximum flow rate of 21.9E6 lbm/hr (per Cycle 9 reload ground rules,
Reference 6.6e, 6.6f, Item V 003) until isolated following a main steam isolation signal
(MSIS). MSIS is init*ed at 265.4 sec per Calculation A SG2-FE-0114

(Reference 6.7u, Page ' i, case of degraded secondary and 1000 SG tubes plugged)
w?.ile the main feedwater isolation valve response time is 10.9 sec, per LCS 3.3.100
Table 3.3.100-2.5 (Reference 6.4), 6.4k). An isolation time of 300 see will
conservatively be used for the feedwater valves.

B4.4 Secondary side steam mass releases to the atmosphere are as follows, per Calculation
1370-DT-037 (Reference 6.7p, Sheets 37 and 46):

-

TIME MASS RELEASE (ibm)
0 - 30 min 74,800

30 min - 3.7 hr 934,000

Total 1,008.800

B4.5
The shutdown cooling system is initiated at 13,300 sec (or 222 min or 3.7 hr), thereby
terminating the accident, per Calculation 1370-DT-037 (Reference 6.7p, Sheet 49).

-
.
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B5.0 FWSPB METHODOLOGY & COMPUTATIONS

B5.1 Methodology

A FWSPB releases activity into the containment building and eventually to the environment.
For each radioactive fluid release (primary liquid, secondary liquid, secondary steam), the
following equation is used to calculate the inhalation dose due to a given isotope:

(

Dja = (AR)(y/Q)(BR)(DCF )(OF)fa

where:

AR is the integrated activity released (Ci)
X/Q is the atmospheric dispersion factor (sec/m')
BR is the breathing rate (m'/sec)

.

DCFa is the inhalation dose conversion factor (Rem /Ci)
OF is the occupancy factor (unitiess)

The immersion dose is calculated as follows:

D, = (AR)(X/Q)(DCF.)(OF)f f

where DCFw is the immersion dose conversion factor (Rem-m'/Ci sec) and the otherparameters are as defined above.

Control room doses are calculated at the CR HVAC intake louvers. No credit is taken for
dilution within the CR HVAC envelope, nor for CREACUS filtration.

B5.2 Primary System Liquid

Once the SG has boiled dry due to lack of feedwater, the primary to secondary leakage will be
released to containment with no iodine partitioning. Since the SG boils dry in under 40 sec

~ (per Calculation 1370-DT-037, Reference 6.7p, Sheet 48), the entire 0.5 pm of primary toE
secondary leakage into the affected main steam line loop (per Design Input 4.11) will be

.

. *
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assumed to be released to containment with no partitioning. Over the 222 min duration of the
accident (per Design Input B4.5), the primary to secondary leakage into the affected SG is:

' O.5 gal' ' 8.34 lbm'
(222

454 gm'
= 4.20E+5 gmmin , g gal ,ar , g ,

,

Per Design Input B4.1, 2325 lbm or 1.056E+6 gm of primary coolant is released via the
pressurizer quench tank rupture disk. "he total relesse of primary system Duid into the
containment is:

m,, = (4.20E+5 gm) + (1.056E+6 gm) = 1.476E+6 gm

With the mini purge system in operation for 30 minutes (per Assumption B3.5), the following
amount of containment air is released to the environment, based on the purge rate from Design
Input 4.17:

(2200 fP/ min)(30 min) = 6.60E+4 ft3

Once the mini-purge system is secured, the following amount of containment air leaks (per
Design Input 4.10) to the environment for the remaining duration of the 222 min accident (per
DesignInput B4.5):

(1.6 fP/ min)(222 min - 30 min) = 3.07E+2 ft)

Assuming the primary coolant to be mixed in half of the conta'mment volume

(Assumption B3.4), the following release fraction is obtained (per Design Input 4.7):

6.60E+4 ft3 + 3.07E+2 ft) = 5.75E-2
(0.5)(2.305E+6 ft )

3

Hence, the mass of primary coolant released to the outside emironment via the containment is:

m... = (1.476E+6 gm)(5.75E-2) = 8.49E+4 gm

. -

*
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Like the 0.5 gpm primary to secondary leakage into the affmed SG, per Design Input 4.11
there is also 0.5 gpm primary to secondary leakage into the intact SG. As with the affected
SG, this leakage also totals 4.20E+5 gm over the 222-minute accident duration. However, this
leakage has an iodine partition factor of 0.01 (per Assumption 3.5) and is not diluted by the
containment volume before being released to the outside environment. The total effective
mass of primary coolant containing iodine that is released to the outside emironment is

obtained by adding this direct release from the intact steam generator to the release diluted by
the containment:

m .. = (4.20E+5 gm)(0.01) + (8.49E+4 gm) = 8.91E+4 gm

The total mass of primary coolant containing noble gases and tritium that is released to the

outside environment is obtained by adding the direct release from the intact steam generator to
the release diluted by the containment:

m. = (4.20E+5 gm) + (8.49E+4 gm) = 5.05E+5 gmm

Design input 4.9 lists the primary coolant activity concentrations by isotope. Multiplying the
concentration (pCilgm) by the mass released (gm) yields the activity released. The equations
from Section B5.1 can then be used to calculate the doses. This is done in Tables B-1 to E-7
with the results summarized in Table B-22. Sample calculations are shown below.

The EAB whole body dose from Xe-133 due to immersion is calculated as follows:

3.44E+2 "O (5.05E+5 gm) IE-6-

0AR = = 1.74E+2 Ci
g gm, 0,,,

f if T

Rem-m3- D,,,, = (1.74E+2 Ci) 3.6E-6 *** 9.32E-3
0-sec , (1.0) = 5.RE-6 Rem

u m,s

Using a pre-existing spiking factor of 60, the following EAB thyroid dose due to inhalation is
calculated for I-131:

MO
(8.91E+4 gm) lE-6 O (60) = 4.29 Ci

AR = 8.03E-1
( gm, g po,

.

____
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1.49E*6 Rg
(1.0) = 8.0E-3 RemDa = (4.29 Cl) 3.6E-6 .sec, 3.47E-4

3
( m,s sec,s Cl ,

B5.3 Secondary System Liquid

Per Design Input B4.3, the feedwater entering the containment towards the affected steam
generator is released through the break as follows:

' 21.9E+6 lbm' ' 454 gm'
(300 sec) = 8.29E+8 gm

3600 sec Ibm, ,, ,

Per Design Input B4.2, the total release from the affected steam generator to the containment
is 151,033 lbm or 6.86E+7 gm. The total release of secondary system liquid is:

(8.29E+8 gm) + (6.86E+7 gm) = 8.98E+8 gm

Since this release is into the containment, it is multiplied by the containment air release
fraction, as is done with the primary system liquid in Section B5.2:

(8.98E+8 gm)(5.75E-2) = 5.16E+7 gm

Doses are calculated based on this mass release using the equations from Section B5,1, as is
done in Section B5.2 for the primary system. These calculations are shown in Tables B-8 to
B-14 with the results summarized in Table B 22.

B5.4 Secondary System Steam

Per Design input B4.4, the total mass of steam released from the secondary system is
1.0088E+6 lbm or 4.58E+8 gm. This release is assumed to be directly to the outside
environment. Tables B 15 through B-21 show the doses from this release, calculated using the
dose equations from Section B5.1, with the results summarized in Table B-22.

.
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T .ble B 1. Primary Coolant Activities Released to Outside Environment
. . ,

MASS ACTIVITY
IWLEASE

ISOTOPE (gm) (pCi/g) (Ci)

1-131 8.91e H)4 4.82e+01 4.29et00
I-132 8.91e+04 1.35e+01 1.20e+00

I-133 8.91 e+04 5.94e+01 5.29e+00
I-134 8.91e+04 5.9Ie+00 5.27c-01
I-135 8.91e+04 2.62e+01 2.33e+00

Kr-85m 5.05e+05 2.47e+ 00 1.25e+ 00

Kr-85 5.05e+ 05 1.08e+01 5.45e+00

Kr-87 5.05e+05 1.16e+00 5.86e-01
Kr-88 5.05e+05 3.~14e+00 1.89e+00

Xe-131m 5.05e+05 2.51e+00 1.27e+00

Xe-133 5.05e+05 3.44e+02 1.74e+02

Xe-135m 5.05e+05 1.16e+00 5.86e-01

Xe-135 5.05e+05 1.07c+01 5.40e+00

Xe-138 5.05e+05 5.87e-01 2.96e-01
H-3 5.05e&OS 3.22e+00 1.63e+00

Note 1: Ci values obtained by muhiplying pCilgm values by gm value and IE 6 Ci/ Ci.
Concentrations are from Design input 4.9, with the iodine values multiplied by a spiking factor
of 60 (per Design input 4.14). Mass releases are per Section B5.2.

Note 2: This table was prepared using a spreadsheet software with intemal calculations
1

performed using more digits than shown; hence, hand calculations may yield slightly differen
results due to roundoff.

.
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Table B-2. EAD Thyroid Dose due to Primary System Releases

ACTIVITY DCF DOSE
ISOTOPE (Ci) (Rem /Ci) (Rem)
1131 4.29e+00 1.49e+06 8.0e-03

'

I-132 1.20e+00 1.43e+04 2.l e-05
1-133 5.29et00 2.69e+05 1.Be-03

1-134 5.27e-01 3.73 e+03 2.Se-06

1-135 2.33e+00 5.60e+04 1.6e-04

H-3 1.63e400 1.58e+02 3.2e 07
Total 1.0e-02

Note 1: Dose calculated using Da quation from Section B5.1 with a X/Q of 3.6E 6 sec/m'e

(per Design Input 4.5), a breathing rate of 3.47E-4 m'/sec (per Assumption 3.4), inhalation
DCFs per Design input 4.8, and an occupancy factor of 1.0 (per Design Input 4.4).

Note 2: This table was prepared using a spreadsheet software with internal calculations

performed using more digits than shown; hence, hand calculations may yield slightly different
results due to roundoff.

.
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Table B-3. EAB Immersion Doses due to Primary System Releases

m

ACTIVITY DCF (Rem-m*/Ci sec) DOSE (Rem)
ISOTOPE (Ci) 8. Skin W. Body B. Skin W. Body
I-131 4.29e+00 3.17e-02 8.72e-02 4.9e-07 1.3e-06
I-132 1.20c+00 1.32c-01 5.13e-01 5.7e-07 2.2e-06
I-133 5.29e+00 7.35c-02 1.55e-01 1.4e-06 3.0e-06
I-134 5.27e-01 9.23e-02 5.32e-01 1.7e-07 1.0e-06

1-135 2.33e+00 1.29e-01 4.21e-01 1.le-06 3.5e-06
Kr-85m 1.25e+00 4.63 e-02 3.71e-02 2.le-07 1.7e-07

Kr-85 5.45e+00 4.25e-02 5.10c-04 8.3 e-07 1.0e-08

Kr-87 5.86e-01 3.08e-01 1.88e-01 6.Se-07 4.0e-07
Kr-88 1.89e+00 7.51 e-02 4.66e-01 5.le 07 3.2e-06
Xe-131m 1.27e+00 1.51e-02 2.90e-03 6.9e-08 1.3e-08

Xe-133 1.74c+02 9,70e-03 9.32e-03 6.le-06 5.8e-06

Xc-135m 5.86e-01 2.25e-02 9.89e-02 4.8e-08 2.le-07
Xe-135 5.40c+00 5.89e-02 5.74e-02 1.le-06 1.le-06
Xe-138 2.96e-01 1.31e-01 2.80e-01 1.4e-07 3.0e-07
H-3 1.63t4. 00 0.00e+00 0.00e+00 0.0e+00 0.0e+00
Total 1.3e-05 2.2e-05

Note 1: Dose calculated using Du quation from Section B5.1 with a X/Q '3.6E-6 sec/me 5

(per Design input 4.5), immersion DCFs per Design input 4.8, and an occupancy factor of 1.0
(per Design input 4 A).

Note 2: This table was prepared using a spreadsheet software with internal calculations

performed using more digits than shown; hence, hand calculations may yield slightly difTerent
results due to roundotT.

.
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Table D-4 LPZ Thyroid Dose due to Primary System Releases

ACTIVITY DCF DOSE I
ISOTOPE (Ci) (Rem /Ci) (Rem)
1-131 4.29e+00 1.49e+06 2.le-03
I-132 1.20e+00 1.43e+04 5.5e-06

I-133 5.29e+00 2.69e+05 4.6e-04

I-134 5.27e-01 3.73c+03 6.3e-07

1135 2.33e+00 5.60e+04 4.2e-05
11-3 1.63e+00 1.5Be+02 8.2o-08

Total 2.6e-03

Note 1: Dose calculated using Da quation from Section B5.1 with a X/Q of 9.24E-7 sec/me i

(per Design input 4.5), a breathing rate of 3.47E-4 m%ec (per Assumption 3.4), inhalation
DCFs per Design input 4.8, and an occupancy factor of 1.0 (per Design Input 4.4).

Note 2: This table was prepared using a spreadsheet software with intemal calculations

performed using more digits than shown; hence, hand calculations may yield slightly different
results due to roundoff.
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Table B-5. LPZ Immersion Doses due to Primary System Releases

ACTIVITY DCF (Rem-m'/Ci sec) DOSE (Rem)
ISOTOPE (Ci) B. Skin W. Body B. Skin W. Body
1-131 4.29e+00 3.17e-02 8.72e-02 1.3e-07 3.5e-07
I132 1.20e+00 1.32e-01 5.13e-01 1.5e-07 5.7e 07
I-133 5.29e400 7.35e-02 1.55e-01 3.6e-07 7.6e-07
1-134 5.27e-01 9.23e-02 5.32e-01 4.5e-08 2.6e-07
I-135 2.33et00 1.29e-01 4.21e-01 2.8e-07 9. le-07
Kr-85m 1.25e+00 4.63e-02 3.71e-02 5.3e-08 4.3e-08
Kr-85 5.45e+00 4.25e-02 5.10e-04 2. le-07 2.6c-09
Kr-87 5.86e-01 3.08e-01 1.88e-01 1.7e-07 1.0e-07
Kr-88 1.89e+00 7.51 e-02 4.66e-01 1.3e-07 8. le-07
Xe-131m 1.27e+00 1.51e-02 2.90e-03 1.8e-08 3.4e 09
Xe-133 1.74et02 9.70e-03 9.32e-03 1,6e-06 1.5e-06

Xe-135m 5.86e-01 2.25c-02 9.89e-02 1.2e-08 5.4c-08
Xe-135 5.40c+00 5.89e-02 5.74e-02 2.9e-07 2.9e-07
Xe-138 2.96c-01 1.31e-01 2.80o.01 3.6e-08 7.7e-08
H-3 1.63e+00 0.00e+00 0.00e+00 0.0e+00 0.0e+00
Total 3.4e-06 5.7e-06

Note 1: Dose calculated using Du quation from Section B5.1 with a X/Q of 9.24E-7 sec/me 3

(per Design input 4.5), immersion DCFs per Design Input 4.8, and an occupancy factor of 1.0
(per Design input 4.4).

Note 2: This table was prepared using a spreadsheet software with internal calculations

performed using more digits than shown; hence, hand calculations may yield slightly different
residts due to roundoff.

%
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Table B-6. Control Room Thyroid Dose due to Primary System Releases

ACTIVITY DCF DOSE
ISOTOPE (Ci) (Rem /Ci) (Rem)
I-131 4.29e+00 1.49e+06 1.8e+00

1-132 1.20e400 1.43 e+04 4.7e-03

1133 5.29e+00 2.69e105 3.9e-01

I-134 5.27e-01 3.73c403 5.4e-04

1 135 2.33 e+00 5.60e&04 3.6e-02

H-3 1.63e+00 1.58e+02 7.0e-05

Total 2.2e+00

Note 1: Dose calculated using Da quation from Section 85.1 with a X/Q of 7.9E-4 sec/me 2

(per Design Input 4.5), a breathing rate of 3.47E-4 m'/sec (per Assumption 3.4), inhalation
DCFs per Design Input 4.8, .nd an occupancy factor of 1.0 (per Design Input 4.4).

Note 2: This table was prepared using a spreadsheet software with internal calculations

performed using more digits than shown; hence, hand calculations may yield slightly different
results due to roundoff.
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Table B-7. Control Room Immersion Doses due to Primary System Releases

_

ACTIVITY DCF (Rem-m'/Ci-sec) DOSE (Rem)
ISOTOPE (Ci) B. Skin W. Body B. Skin W. Body
I-131 4.29e+00 3.17e-02 8.72e-02 1.le-04 5.9e-04

1-132 1.20e400 1.32e-01 5.13e-01 1.3e-04 9.7e-04

1-133 5.29e+00 7.35e-02 1.55e-01 3.le-04 1.3 e-03

1-134 5.27e-01 9.23o-02 5.32e-01 3.8e-05 4.4e-04

1-135 2.33c+00 1.29e-01 4.21e-01 2.4e-04 1.6e-03

Kr-85m 1.25et00 4.63e-02 3.71e-02 4.6e-05 7.3 e-05
-- Kr-8$ 5.45e+00 4.25e-02 5.10e-04 1.8e-04 4.4e-06

Kr-87 5.86e-01 3.08e-01 1.88e-01 1.4e-04 1.7e-04

Kr-88 1.89c+00 7.51e-02 4.66e-01 1. Ie-04 1.4c-03

Xe-131m 1.27e+00 1.51e-02 2.90e-03 1.5e-05 5.Be-06

Xe-133 1.74e+02 9.70e-03 9.32e-03 1.3e-03 2.6e-03

Xe-135m 5.86e-01 2.25e-02 9.89e-02 1.0e-05 9.2e-05

Xe-135 5.40et00 5.89e-02 5.74e-02 2.5e-04 4.9e-04

Xe-138 2.9Cc-01 1.31c-01 2.80e-01 3.l e-05 1.3 e-04

H3 1.63 e+00 0.00e+00 0.00e+00 0.0e+00 0.0e+00

Total 2.9e-03 9.8e-03

Note 1: Dose calculated usag D equation from Section B5.1 with a X/Q of 7.9E 4 sec/m'
(per Design Input 4.5), immersion DCFs per Design input 4.8, and an occupancy factor of 1.0
(per Design input 4.4). Whole body doses have been doubled per Assumption 3.7.

Note 2: This table was prepared using a spreadsheet software with internal calculations
performed using more digits than shown; hence, hand calculations may yield slightly different
results due to roundoff.

,
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Table B 8. Secondary System Liquid Activities

ACTIVITY
ISOTOPE (pCi/g) (Ci)
1131 8.13E-02 4.20E+00

1-132 1.54E-02 7.95E-01

1-133 9.57E-02 4.94E+00

1-134 4.43E-03 2.29E-01

I-135 3.78E-02 1.95E+00

11-3 1.49E+03 7.69E+04

Total 1.21E+01

Note: Ci values obtained by multiplying pCi/g values by 5.16E+7 gm (per Section B5.3) and
1E-6 Ci/pCi. Concentrations are from Design Input 4.9.

Precision Note: This table was prepared using a spreadsheet sofhvare with internal
calculations performed using more digits than shown; hence, hand calculations may yield
slightly different results due to roundoff.
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Table B-9. EAB Thyroid Dose due to Secondary Liquid Releases

ACTIVITY DCP DOSE
ISOTOPE (Ci) (Rem /Ci) (Rem) *

1131 4.20E+00 1.49E+06 7.8E-03

I132 7.95E-01 1.43E+04 1.4E 05

I133 4.94E+00 2.69E+05 1.7E-03

1134 2.29E-01 3.73E403 1.1E-06

I-135 1.95E+00 5.60E+04 1.4E-04

H-3 7.69E+04 1.58E+02 1.5E-02

Total 2.5E-02

Note 1: Dose calculated using Da quation from Section B5.1 with a X/Q of 3.6E-6 sec/me 3

(per Design input 4.5), a breatLng rate of 3.47E-4 m%ec (per Assumption 3.4), inhalation
DCFs per Design input 4.8, and an occupancy factor of 1.0 (per Design input 4.4).

Note 2: This table was prepared using a spreadsheet software with internal calculations

performed using more digits than shown; hence, hand calculations may yield slightly different
results due to roundoff.
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Table B-10. EAB Immersion Doses due to Secondary Liquid Releases

ACTIVITY DCF (Rem-m'/Ci-sec) DOSE (Rem)
ISOTOPE (Ci) B. Skin W. Body B. Skin W. Body
I131 4.20E+00 3.17E-02 8.72E-02 4.8E-07 1.3E-06

I132 7.95E-01 1.32E-01 5.13E-01 3.8E-07 1.5E-06

I-133 4.94E+00 7.35E-02 1.55E-01 1.3E-06 2.8E-06
I-134 2.29E-01 9.23E-02 S.32E-01 7.6E-08 4.4E-07
1-135 1.95E+00 1.29E-01 4.21 E-01 9.lE-07 3.0E-06
H-3 7.69E+04 0.00E+00 0.00E+00 0.0E+00 0.0E+00
Total 3.lE-06 8.9E-06

Note 1: Dose calculated using Du quation from Section B5.1 with a X/Q of 3.6E-6 sec/m'e

(per Design Input 4.5), immersion DCFs per Design Input 4.8, and an occupancy factor of 1.0
(per Design Input 4.4).

Note 2: This table was prepared using a spreadsheet software with internal calculations

performed using more digits than shown; hence, hand calculations may yield slightly different
results due to roundoff.
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Table B-11. LPZ Thyroid Dose due to Secondary Liquid Releases
_ _ _

ACTIVITY DCF DOSE
ISOTOPE (Ci) (Rem /Ci) (Rem)
I-131 4.20E+00 1.49E+06 2.0E-03
1-132 7.95E-01 1.43E+04 3.6E-06
I-133 4.94E+ 00 2.69E+05 4.3E-04
I-134 2.29E-01 3.73E+03 2.7E-07
I-135 1.95E+00 5.60E+04 3.5E-05
H-3 7.69E+04 1.58E+02 3.9E-03
Total 6.4E-03

Note 1: Dose calculated using Da quation from Section B5.1 with a X/Q of 9.24E-7 sec/m'e

(per Design Input 4.5), a breathing ra:e of 3.47E-4 m'/sec (per Assumption 3.4), inhalation
DCFs per Design Input 4.8, and an occupancy factor of 1.0 (per Design Input 4.4).

Note 2: This table was prepared using a spreadsheet software with internal calculations

performed using more digits than shown; hence, hand calculations may yield slightly different
results due to roundoff.
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Table B-12. LPZ Immersion Doses due to Secondary Liquid Releases

FTIVITY DCF (Rem-m'/Ci-sec) DO3E (Rem)
ISOTOPE (Ci) B. Skin W. Body B. Skin W. Body
I-131 4.20E+00 3.17E-02 8.72E-02 1.2E-07 3.4E-07
I 132 7.95E-01 1.32E-01 5.13E-01 9.7E-08 3.8E-07
1-133 4.94E+00 7.35E-02 1.55E-01 3.4E-07 7. lE-07

i

I-134 2.29E-01 9.23E-02 5.32E-01 1.9E-08 1.lE-07
1-135 1.95E400 1.29E-01 4.21E-01 2.3E-07 7.6E-07
H3 7.69E+04 0.00E+00 0.00E+00 0.0E+00 0.0E+00
Total 8. lE-07 2.3E-06

Note 1: Dose calculated using D equation from Section D5.1 with a X/Q of 9.24E-7 sec/m'
(per Design Input 4.5), immersion DCFs per Design input 4.8, and an occupancy factor of 1.0
(per DesignInput 4.4).

Note 2: This table was prepared using a spreadsheet software with internal calculations

performed using more digits than shown; hence, hand calculations may yield slightly different
results due to roundoff.
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Table B 13. Control Room Thyroid Dose due to Secondary Liquid Releases

3 ACTIVITY DCF DOSE
ISOTOPE (Ci) (Rem /Ci) (Rem)
I-131 4.20E+00 1.49E406 1.7E+00

1132 7.95E-01 1.43E+04 3.!E-03
1133 4.94E+00 2.69E+05 3.6E-01

1134 2.29E-01 3.73E+03 2.3E-04

1135 1.95E+00 5.60E+04 3.0E-02

II 3 7.69E+04 1.58E+02 3.3E+00
Total 5.4E+00

Note 1: Dose calculated using Da quation from Section B5.1 with a X/Q of 7.9E-4 sec/m'e

(per Design Input 4.5), a breathing rate of 3.47E-4 m'/sec (per Assumption 3.4), inhalation
DCFs per Design Input 4.8, and an occupancy factor of 1.0 (per Design Input 4.4).

Note 2: Thi.= table was prepared using a spreadsheet software with internal calculations

performed using more digits than shown; hence, hand calculations may yield slightly different
results due to roundoff.
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Table B-14. Control Room Immersion Doses due to Secondary Liquid Releases

8

ACTIVITY DCF (Rem-m /Ci-sec) DOSE (Rem)
ISOTOPE (Ci) B. Skin W. Body B. Skin W. Body
1131 4.20E+00 3.17E-02 8.72E-02 1 lE-04 5.8E-04
I-132 7.95E-01 1.32E-01 5.13E-01 8.3E-05 6.4E-04
I133 4.94E+00 7.35E-02 1.55E-01 2.9E-04 1.2E-03

1-134 2.29E-01 9.23E-02 5.32E-01 1.7E-05 1.9E-04

1-135 1.95E+00 1.29E-01 4.21E-01 2.0E-04 1.3E-03

11-3 7.69E+04 0.00E+00 0.00E+00 0.0E+00 0.0E+00

Total 6.9E-04 3.9E-03

Note 1: Dose calculated using Du quation from Section B5.1 with a X/Q of 7.9E-4 sec/m'e

(per Design Input 4.5), immersion DCFs per Design Input 4.8, and an occupancy factor of 1.0
(per Design Input 4.4). Whole body doses have been doubled per Assumption 3.7.

Note 2: This table was prepared using a spreadsheet software with internal calculations
performed using more digits than shown; hence, hand calculations may yield slightly different
results due to roundoff.

1
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Table B-15. Secondary System Steam Activities

[ ACTIVITY

I ISOTOPE (pCi/g) (Ci)
I131 8.13 E-04 3.72E-01

1132 1.54E 04 7.0$h-02

1-133 0.57E-04 4.3 bd-01

1-134 4.43E-05 2.03E-02

I 135 3.78E 04 1.73E-01

Kr-85m 8.19E-05 3.75E-02
,

Kr 85 3.58E-04 1.64E-01

Kr87 3.84E-05 1.76E-02

Kr 88 1.24E-04 5.68E-02

Xc-131m 8.32E-05 3.81E-02

Xe 133 1.14E-02 5.22E+00

Xe-135m 3.84E-05 1.76E-02

Xe-135 3.55E-04 1.63E 01

Xc 138 1.95E-05 8.93E 03

II 3 2.9.8E+00 1.36E+03

Note 1: Ci values obtained by multiplying pCi/gm values by 4.58E+8 gm (per Section B5.4)
and 1E-6 Ci/pci.

Note 2: This table was prepared using a spreadsheet software with intemal calculations

performed using more digits than shown; hence, hand calculations may yield slightly different
results due to roundoff.

'

.
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Table D 16. EAD Thyroid Dose due to Seconduy Steam Releases

ACTIVITY DCF DOSE
ISOTOPE (Ci) (RenVCi) (Rem)
1 131 3.72E-01 1.49E+06 6.9E-04

1132 7.0$E-02 1.43E+04 1.3E-06

I133 4.38E-01 2.69E405 1.5E-04

1134 2.03E-02 3.73E+03 9.5E 08

I 135 1.73 E-01 5.60E+04 1.2E-05

11 3 1.36EH)3 1.58E+02 2.7E-04
-

Total 1.lE-03

Note 1: Dose calculated using Da quation from Section D5.1 with a y/Q of 3.6E-6 sec/m'e

(per Design Input 4.5), a breathing rate of 3.47E-4 m'/sec (per Assumption 3.4), inhalation
DCFs per Design input 4.8, and ar. occupancy factor of 1.0 (per Design input 4.4).

Note 2: This table was prepared using a spreadsheet software with internal calculations
performed using more digits than shown; hence, hand calculations may yield slightly different
results due to roundoff.

.
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Table B 17. EAB Immersien Doses due to Secondary Steam Releases
,

ACTIVITY DCF (Rem-m'/Ci-sec) DOSE (Rem)
ISOTOPE (Cl) D. Skin W.Dody B. Skin W. Dody
1131 3.72E-01 3.17E-02 8.72E-02 4.2E 08 1.2E-07
1132 7.0$E-02 1.32E-01 5.13E-01 3.4E 08 1.3E 07
1-133 4.388-01 7.35E-02 1.55E-01 1.2E-07 2.4E 07
1134 2.03E-02 9.23E 02 5.32E-01 6.7E-09 3.9E-08
1135 1.73E-01 1.29E-01 4.21E-01 8.0E-08 2.6E-07
Kr 85m 3.75E-02 4.63E-02 3.71E-02 6.2E-09 5.0E-09
Kr 85 1.64E 01 4.25E-02 5.10E-04 2.5E-08 3.0E 10
Kr-87 1.76E-02 3.08E-01 1.88E-01 2.0E-08 1.2E-08
Kr-88 5.68E-02 7.51E-02 4.66E-01 1.5E-08 9.5E-08

Xe-131m 3.81E-02 1.51E-02 2.90E-03 2.lE-09 4.0E 10
Xe-133 5.22E+00 9,70F-03 9.32E-03 1.8E-07 1.8E-07

Xe-135m 1.76E-02 2.2SE-02 9.89E-02 1.4E-09 6.3E-09
Xe-135 1.63 E-01 5.89E-02 5.74E-02 3.4E-08 3.4E 08
Xe-138 8.93 E-03 1.31E-01 2.80E-01 4.2E-09 9.0E-09
11 3 1.36E+03 0.00E400 0.00E+00 0.0E+00 0,0E+00

Total 5.7E-07 1.lE-06

Note 1: Dose calculated using Du quation from Section B5.1 with a X/Q of 3.6E-6 sec/m'e

(per Design Input 4.5), immersion DCFs per Design input 4.8, and an occupancy factor of 1.0
(per Design input 4.4).

Note 2: This table was prepared using a spreadsheet software with internal calculations

pe formed using n ore digits than shown; hence, hand calculations may yield slightly different
results due to rourdoff.

_ _ _ - _ _ _ _ _ _ _ _ _



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

EC&FS DEPARTMENT

CALCULATION SHEET 'M"u"ficu uo. r oc _ or _
Project or DCP/MMP _DC21&3_0328.01SJ Cale. No. fM720-014 CCN Cok VIRsloN

ccN No. CCN --
Gubject Control Room and Offaite Domen Should CPIS. CRIS. and FHIS Fall Sheet .138.of .262.
Rrv omleutATom DATE FE DATI REV 0FIQINATOR DAff IRE DATI R

0 Mark Drucker 8'16/97 T. Hemick 8/18/97

| 4

Table B 18. LPZ Thyroid Dose due to Secondary Steam Releases

ACTIVITY DCF DOSE
ISOTOPE (Ci) (Rem /Ci) (Rem)
1131 3.72E-01 1.49E406 1.8E-04

1-132 7.05E-02 1.43C+04 3.2E-07
,

1133 4.38E-01 2.69E405 3.8E-05

I134 2.03E-02 3.73E403 2.4E-08

1135 1.73E-01 5.60E+04 3.lE-06
'

H-3 1.3 6E+#< l.58E+02 6.9E-05

Total 2.9E.04

Note 1: Dose calculated using Da quation from Section B5.1 with a X/Q of 9.24E-7 sec/m'e

(per Design input 4.5), a breathing rate of 3.47E-4 m'/sec (per Assumption 3.4), inhalation
DCFs per Design input 4.8, and an occupancy factor of 1.0 (per Design input 4.4).

Note 2: This table was prepared usin8 a spreadsheet software with internal calculations
performed using more digit than shown; hence, hand calculations may yield slightly different
results due to roundoff.

,
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Table B-19. LPZ Immersion Doses due to Secondary Steam Releases

ACTIVITY DCF (Rem-m'/Ci-sec) DOSE (Rem)
ISOTOPE (Cl) B. Skin W. Body B. Skin W. Body
l131 3.72E-01 3.17E-02 8.72E-02 1.lE-08 3.0E-08

x

1132 7.05E-02 i.32E-01 5.13E-01 8.67 09 3.3E-08
I 133 4.38E-0.1 7.35E-02 1.55E-01 3.0E-08 6.3E-08
1134 2.03E-02 9.23E-02 5.32E-01 1.7E-09 1.0E-08
1135 1.73E-01 1.29E-01 4.21E-01 2.lE-08 6.7E-08 I

Kr 85m 3.75E-02 4.63E-02 3.71E 02 1.6E-09 1.3E-09
Kr-85 1.64E-01 4.25E-02 5.10E-04 6.4E-09 7.7E-11.

Kr 87 1.76E-02 3.08E-01 1.88E-01 5.0E-09 3.0E-09
Kr 88 5.68E-02 7.51E-02 4.66E 01 3.9E-09 2AE-08
Xe-131m 3.81E-02 1.51 E-02 2.90E-03 5.3E 10 1,0E-10

Xe-133 5.22EMO 9.70E-03 9.32E-03 4.7E-08 4.5E-08
Xe-135m 1.76E-02 2.25E-02 9.89E-02 3.7E-10 1.6E-09
Xe135 1.63E-01 5.898-02 5.74E-02 8.9E-09 8.6E-09
Xe-138 8.93E-03 1.31E-01 2.80E-01 1.lE-09 2.3E-09
11 3 1.36E M3 0.00E400 0.00E+00 0.0E400 0.0E+00 i

Total 1.5E-07 2.9E-07
,

Note 1: Dose calculated using Du quation from Section B5.1 with a X/Q of 9.24E-7 sec/m'e
|

(per Design input 4.5), immersion DCFs per Design Input 4.8, and an occupancy factor of 1.0
(per Design input 4.4).

'

Note 2: This table was prepared using a spreadsheet software with intemal calculations

performed using more digits than shown; hence, hand calculations may yield slightly different
results due to roundoli
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Table B 20. Control Room Thyroid Dose due to Secondary Steam Releases

ACTIVITY DCF DOSE!

ISOTOPE (Ci) (Rem /Cl) (Rem)
1 131 3.72E-01 1.49E+06 1.5B-01

1-132 7.05E-02 1.43E+04 2.8E-04
I 133 4.38E-01 2.69E405 3.2E-02
I-134 2.03E-02 3.73E+03 2.lE-05
1135 1.73E-01 5.60E+04 2.7E-03
11-3 1.36E403 1.58E+02 5.9E-02

_ Total 2.5E-01

Note 1: Dose calculated using Da quation from Section B5.1 with a X/Q of 7.9E-4 sec/m'e

(p,r Design input 4.5), a breathing rate of 3.47E-4 m'/sec (per Assumption 3.4), inhalation
DCli per Design luput 4.8, and an occupancy factor of 1.0 (per Design input 4.4).

Note l: This table was prepared using a spreadsheet software with internal calculations

performed dmg more digits than shown; hence, hand calculations may yield slightly different
results due to mundoff.

<
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Table B-21. Control Room immersion Doses due to Secondary Steam Releases

ACTIVITY DCF (Rem m'/Ci sec) DOSE (Rem)
ISOTOPE (Ci) B. Skin W. Body B. Skin W. Body
1 131 3.72E 01 3.17E 02 8.72E-02 9.3E-06 5.lE-05
1-132 7.0$E-02 1.32E-01 5.1311-01 7.4E-06 5.7E-05
1133 4.38E-01 7.35E-02 1.55E-01 2.5E-05 1.lE-04
1134 2.03E-02 9.23E-02 5.32E-01 1.5E-06 1.7E-05

1-135 1.73E-01 1.29E-01 4.21E-01 1.8E-05 1.2E 04

Kr-85m 3.75E-02 4.63 E-02 3.71E-02 1.4E 06 2.2E-06
Kr 85 1.64B-01 4.2SE-02 5.10E-04 5.5E-06 1.3E-07

Kr 87 1.76E-02 3.08E-01 1.88E-01 4.3E-06 5.2E-06
Kr.88 5.68E-02 7.51E-02 4.66E-01 3.4E 06 4.2E-05

Xc-131m 3.81E-0't 1.51E-02 2.90E-03 4.5E-07 1.7E-07

Xe133 5.22E400 9.70E-03 9.32E-03 4.0E-05 7.7E-05

Xe 135m 1.76E-02 2.25E-02 9.89E-02 3.1E-07 2.7E-06

Xe-135 1.63 E-01 5.89E-02 5.74E-02 7.6E-06 1.5E-05
'

Xc-138 8.93E 03 1.31E-01 2.80E-01 9.2E-07 3.9E-06
11 3 1.36E+03 0.00E+00 0.00E+00 0.0E400 0.0E400
Total 1.3 E-04 5.0E-04

Note 1: Dose calculated using Du quation from Section B5.1 with a X/Q of 7.9E-4 sec/m'e

(per Design input 4.5), immersion DCFs per Design input 4.8, and an occupancy factor of 1.0
(per Design input 4.4). Whole body doses have been doubled per Assumption 3.7.

.

Note 2: This table was prepared using a spreadsheet software with internal calculations

performed using more digits than shown; hence, hand calculations may yield slightly different
results due to roundoff.
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Table B 22. Dose Summary

DOSE (Rem)

Thyroid Beta Skin Whole Body

Exclusion Area Boundary

Primary Liquid 1.03-02 1.3E-05 2.2E-05
,

Secondary Uguld 2.5E-02 3.lE 06 8.9E-06

Secondary Steam 1.lE-03 5.7E-07 1 lE-06

Total 3.6E-02 1.7E-05 3.2E-05

Low Population Zone

Primary Liquid 2.6E-03 3AE-06 5,7R-06

Secondary Liquid 6AE-03 8.1E-07 2.3E-06

Secondary Steam 2.9E-04 1.5E-07 2.9E-07

Total 9.3E-03 4.4E-06 8.3E 06

Control Room

Primary Liquid 2.2E40 2.9E-03 9.8E-03

Secondary Liquid 5.4EMO 6.9E-04 3.9E-03

Secondary Steam 2.5E 01 1.3E-04 5.0E-04

Total 7.9E400 3.RE-03 1.4E-02

Note: This table was prepared using a spreadsheet software with internal calculations
performed using more digits than shown; hence, hand calculations may yield slightly ditTerent
results due to roundoff.

.
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APPENDIX C SMALL BREAK LOCA

CLO SHLOCA METIIODOLOGY

Following a Small Break Loss-of Coolant Accident (SDLOCA) there may be four main
radioactive material release mechanisms. First, as the SDLOCA is a breach of the rt. actor
coolant pressure boundary (at an unspecified location) the reactor coolant released to
Containment leaks to the environment at the Containment leak rate or at the mini-purge flow
rate, Second, for some of the SDLOCA events Main Steam Safety Valves (MSSV) actuate to
control secondary side pressure with a corresponding release of secondary side activity to the
environment. Third, the process of cooling down the reactor results in the release of
secondary side activity to the atmosphere through the Atmospheric Dump Valves (ADV) as '

the assumed loss of power makes the condenser unavailable. Fourth, steam generator tube
leakage is assumed to be at the design basis value of I gpm, resulting in the reactor coolant
leakage being released from the secondary side to the atmosphere with the flow through the
ADVs or MSSVs. The released radioactive material is dispersed into the atmosphere, and
from there to the Control Room, EAB and LPZ,

The immersion and inhalation doses are due to the airborne cloud at the EAB and LPZ and the
cloud inside the Control Roorn. The LOCADOSE dose calculation program will be run using
the appropriate assumptions and design inputs from Sections 3 and 4 to calculate the
immersion and inhalation doses in the CR and at the EAB and LPZ. Figures C-1 and C-2
show the LOCADOSE models used.

1. Figure C-1 represents the initial configuration, with containment mini purge system in
operation.

2. Figure C-2 represents the configuration once the CR HVAC system has been placed
into the high radiation isolation mode and the containment mini purge system has been
isolated,

Due to the wide variation in break flow rates and SIAS generation times caused by the
differing SBLOCA break sizes, a parametric evaluation will first be performed to determine
which SBLOCA is limiting. The limiting SBLOCA will then be evaluated for the offsite and
Control Room doses.
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C2.0 SI1LOCA LOCADOSE MODEL

rigure C-1

SDLOCA LOCADOSE Model
CR llVAC In Nonnal Mode, Containment Mint Purge in Operation

FILTER
NODE 2 NODE 3 NODE 4

63%1
Containtnent 100% Pa1 Primary Secondary

4 0% NG
2.30E+06 M - System system steamm

3- - - 11000 ft 1.0E*C0 ft'
varies with
break tire
andthne

2201.6 cfm FILTER gggy g,,,,
90 % i V$gY, ,pYg[,,100% Part
0% NG

0,196 cfm
c

i

%/Q EAD I/O EAB X/O EAD
Ifo Lpz LQ LPZ Lo(pg

FILTER

0% i ** 20S65 cfm_

0% i em
0% Part
0% NG

NODE $

$820 cfmW CR Control Room 6820cfm

244,398 ft'
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{ Figure C-2
:̂

SBLOCA LOCADOSE Model
CR IIVAC in High Radiation Isolation Mode. Containment Mini Pune Secured
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C3.0 SULOCA ASSUMPTIONS

C3.1 No specifle cooldown information is provided for this accident. The entire secondary
side mass releases from an inadvertent Opening of a Steam Generator Atmospheric
Dump Valve with a Single Active Failure (IOSGADV/S AF) will be used to provide a
reasonable approximation of the cooldown mass releases. The IOSGADV/SAF has a
cooldown duration of 16,950 seconds (283 minutes or 4.71 hours) and a total
secondary steam mass release of 1,155,300 lbm (from S CE-3379, Reference 6.3g;
with the data from pages 67 and 69 of calculation 1370 DT 003, Reference 6.7j). For
conservatism, the secondary system mass release will be rounded up to 1,300,000 lbm
for this analysis.

C3.2 Decause this evaluation is based on having the containment mini purge system in
service at the start of the accident, a pre-existing iodine spike will be assumed. This is
per Standard Review Plan 6.2.4 Branch Technical Position 6-4 (Reference 6.4o).

,

C3.3 This analysis assumes that the iodine present in the leaking reactor coolant that flashes
to steam will become airborne in containment. Therefore, no additional credit will be
taken for lodine removal by containment spray or plate out.2

C3 4 It will be assumed that 1% of the lodine present in that portion of the RCS leakage that
does not flash will also become airborne. The value of 1% is consistent with the iodine
partition coeflicient used for the steam generators.

C3.5 Per ABB Letter ST 96-456 (Reference 6.3m) no fuel failure results from small break
LOCAs at the beginning ef core life, and any fuel failures at the end of cycle will occur
after the SIAS has been generated (and therefore after the containment mini-purge
system and the Control Room have been isolated).

C3.6 It is assumed that the leakage from the RCS to containment continues until 24 hours
after the start of the accident, when the RCS is issumed to be depressurized (stopring
the leak).

C3.7 Since the ADB/CE mass release information in Design input C4.3 does not go to
24 hours, the mass release rate calculated from the last ABB/CE time interval will be
assumed to apply from the end of the ADB/CE atolysis to 24 hours.

.

.
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C3.8 To bound SBLOCAs smaller than 0.01 fit, the 0.01 ft SBLOCA evaluation will not2

credit the SIAS (per Design input C4.1). This is because smaller SBLOCAs may not
generate a SIAS prior to 30 minutes, due to makeup from the CVCS. Instead,
operator action to manually isolate the containment mini purge spicm and place the
Control Room HVAC system in the high radiation isolation mode is assumed to take
place 30 minutes after the start of the accident. This 30 minute interval is conservative
relative to the 20 minute manual action interval permitt :d by Standard Review Plan
Section 6.4, paragraph 111.3.d(3), page 6.4-10 (Reference 6.4n). The operators would
be alerted to the leak through safety related instrumentation such as the

2(3).LT 5853-2 containment sump inflow leak detection (with associated Control
Room annunciator), or by the Critical Function Monitor:ng System computer, or by
observation of the increase in containment sump level on 2(3)-L1-5853 1 or
2(3)-La-5853 2 (References 6.21 and 6.2j).

C3.9 Secondary side mass release time information is not available. The parametric analysis
will assume that of the 1,300,000 lbm secondary release (per Assumption C3.1),
400,000 lbm is released in the first 30 minutes through the MSSVs. This 0 to 30

minute value is conservatively larger than the actual MSSV release (per Design input
C4.3). The remaining 900,000 lbm of the assumed secondary release is through the
MSSVs, ADVs, and/or the steam driven Auxiliary Feedwater pump during the
remainder of the event.

C3.10 Once the SIAS is initiated, it is assumed that the Control Room HVAC system dampers
take 10 seconds to shift to the high radiation isolation mode. This t.'me is conservative

to the value of 6 seconds used in calculation N-4072-001 (Reference 6.lk).

C3.ll Once the SIAS is initiated, it is assumed that the Containment mini purge system takes
10 seconds to isolate. This time is conservative to the Licensee Controlled
Specification 3.6.101 Table 3.6.101-1B (Refuences 6.4j and 6.4k) stroke time limit of
5 seconds.

C3.12 The entire Design Input C4.3 MSSV release for the 0.01 ft SBLOCA will be assumed2

to occur in the first 30 minutes. Per ABB Letter ST-96-456 (Reference 6.3m), the
MSSVs for the broken loop actually close c 1936 seconds (32.3 minutes), and the
MSSVs for the intact loop close at 2040 seconds (34 minutes). Modeling the flowpath
isolation at 30 minutes is slightly conservative, as the entire release therefore occurs
prior to isolation of the Control Room.

.

_
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C4.0 SHLOCA DESIGN TNPUTS

C4.1 Per ABB Letter ST-96 456 (Reference 6.3m) the SIAS and MSSV actuations occur at
the following times for the given break si.te. An entry of N/A indicates that the event
did not occur.

iBreak Size (ft l SIAS (sec) MSSVs Open (sec) Last MSSYs_Cluedbcc)
0.01 620 150 2040
0.025 260 110 5440
0.05 135 140 2500
0.075 88 92 440
0.10 70 70 314
1.0 10.5 N/A N/A

C4.2 Per ST-96-456 the mass releases for the various sized SBLOCAs are as follows.

0.01 g2 SnLOCA

0 10.33 min (620 sec or 0.172 hr): 116,960 lbm (equivalent to 268 cfm)
10.33 30 min: 102,590 lbm (equivalent to 124 cfm)
30 60 min: 156,320 lbm(equivalent to 124 cfm)
60 83.3 min (end): 40,030lbm (equivalent to 41 cfm)
otal(0 to 83.3 min): 415,900 lbm

DEISR3SDLOCA

0 4.33 min (260 sec or 0.072 hr): 119,090 lbm (equivalent to 652 cfm)
4.33 30 min: 239,830 lbm (equivalent to 222 cfm)
30 60 min: 114,110 lbm (equivalent to 90 cfm)
60 - 100 min (end): 123,250 lbm(equivalent to 73 cfm)
total (0 to 100 min): 596,280 lbm

DJ1R2ggroeg
0 - 2 25 min (135 see or 0.038 hr): 121,000 lbm (equivalent to 1275 cfm)
2.25 - 30 min: 316,880 lbm (equivalent to 271 cfm)
30 50 min (end): 75,770 lbm (cquivalent to 90 cfm)
total (0 to 50 min): 513,650 lbm

_ - _ _ _ - _ _ _ _ _ _ _ - _
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20_075 R RRLOCA
*

O - 1.47 min (88 see or 0.024 hr): 117,350 lbm (equivalent to 1893 cfm)
1.47 - 30 min: 354,560lbm (equivalent to 295 cfm)
30 33.3 min (end): 14,690 lbm (equivalent to 106 cfm)
total (0 to 33.3 min): 486,600 lbm

0.1 n3 SRLOCA

0 1.17 min (70 sec or 0.019 hr): 121,710lbm (equivalent to 2466 cfm)
1.17 - 16.7 min (end): 300,750lbm (equivalent to 459 cfm),

total (0 to 16.7 min): 422,460 lbm

h sBLOCA
1 0 - 0.175 nin (10.5 see or 0.003 hr): 157,220 lbm (equivalent to 21300 cfm)
:

0.175 1.1 min (end): 251,940lbm (equivalent to 6458 cfm)
total (0 to 1.1 min): 409,160 lbm

The volumetric flow rate for each of the time intervals has been calculated as follows,
us'mg the Design input 4.6 RCS specific volume:

Interval release (Ibm) _ , 0.02311ft'
y,,,,,,qf,y , Interval duration (min) thm

For the 0.05 ft2 first time interval, a sample calculation is:

121,000ihm
0.02371ft{ = 1275cfmx

2.25 min ihm

C4.3 Per ST-96-456 the MSSV releases for the various sized breaks are as follows.
,

3

DSLR SBLOCA
150 620 seconds: 95,373 lbm (broken loop, prior to SIAS)
150 - 620 seconds: 94,238 lbm (intact loop, prior to SIAS)
620 - 1936 seconds: 49,347 lbm (broken loop, after SIAS)
620 - 2040 seconds: 74,442 lbm (intact loop, after SIAS)
total: 313,400 lbm (both loops)

.
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20.025 ft SHLOCA
110 - 260 seconds: 11,043 lbm (broken loop, prior to SIAS)
110 - 260 seconds: 10,520 lbm (intact loop, prior to SIAS)
260 - 5440 seconds: 135,057 lbm (broken loop, aRer SLAS)
260- 5440 seconds: 105,950 lbm (intact loop, after SIAS)
total: 262,570 lbm (both loops)

20.05 ft SBLOCA
140 - 2500 seconds: 68,008 lbm (broken loop, all aAer SIAS)
140 - 920 seconds: 48,264 lbm (intact loop, all aAer SIAS)
total: 116,272 lbm(both loops)

0.075 fl3 SBLOCA
92 - 440 seconds: 39,209 lbm (broken loop, all aAct SIAS)
92 - 435 seconds: 36,392 lbm (intact loop, all aAer SIAS)
total: 75,601 lbm(both loops)

30.1 ft SBLOCA
70 - 314 seconds: 30,894 lbm (broken loop, all aner SIAS)
70 - 314 seconds: 28,834 lbm (intact loop, all aAer SIAS)
totat: 59,728 lbm (both loops)

2Loft SBLOCA
no MSSV actuation

.
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C5.0 SBLOCA COMI'UTATIONS

C5.1 Primary System Activity inantory

The pnmary system contains the normal reactor conlant activity (per Design inputs 4.13 and
4.14) with an iodine spike (per Assumption C3.2). Use of this initial source term, without a
production term, means that this analysis is valid for those cases which generate a reactor trip,

C5.2 Reactor Coolant Iodine Flashing

Per Assumption C3.3, the lodin -present in the portion of the leaking reactor coolant that
flashes to steam will become >%ome. To find the flashing fraction, the mass and enthalpy
balance equations will be i.mved simultaneously. The break location is not specified, so the
temperature and pressure of the released fluid is not known. To maximize the amount ofliquid
that flashes, this analysis will be done for the hot leg conditions of 61l'F and 2250 psia (per
Design input 4.6).

Terminology (all enthalpies are from the ASME Stcam Tables):
ng msss of coolant released to containment=

mt released coolant mass that remains a liquid in containment=

m, rcleased coolant mass that flashes to a gas in containment=

h, coolant enthalpy (compressed liquid at 61l'F and 2250 psia,
=

629.3 DTU/lbm)
h liquid enthalpy (saturated liquid at 14.7 psia, I 80.17 BTU /lbm)

=
o

h, gas enthalpy (saturated vapor at 14.7 psia, i 150.5 BTU /lbm)
=

,

m,h, = m ht z + m,h,

m, = mg + MC,

Substituting m = m, - m, yields:o

m,h, = (m, - m,)h,, + m,k,

m,h, = m,ht - m,h,, + m,h,

m,(h, - h ) = m,(h, - h )t t

.
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g , h, - kM
l

m, h, - hi

3 , _629.3 - 180.17 =M%
m, 1150.5 - 180.17

Per Assumption C3.4, an additional 0.537% (1% of the lodine m ent in the 53.7% of the
liquid that does not flash) is also assumed to be released. The total flashing percentage of
46.837% (46.3% + 0 537%) will be conservatively modeled as 47% in this calculation. The
flashing will be modeled in LOCADOSE by assuming a 53% efficient iodine filter is on the
flowpath of the leaking reactor coolant from the RCS to the containment volume. ho fdtration
will be used on the noble gases or particulates leaking from the RCS to the containment
volume.

C5.3 SBLOCA Primary to Secondary Leakage

Per Design input 4.11, the primary to secondary leakage is 0.198 cfm. The radioactive
material in this leakage is only released when there is a flow path from the Steam Generator to
the atmosphere (i.e., MSSV or ADV open). For conservatism, this will be assumed to be from
the start of the accident to the point when shutdown cooling is in operation. A filter (99%
effective for iodine,100% for particulates,0% for noble gases) will be used on this flow path,
to model the steam generator partition coeflicient of 0.01 (per Assumption 3.5).

C5.4 SBLOCA MSSV Releases Prior to 30 Minutes for Parametric Evaluation

Per Assumption C3.9 the MSSV steam release from the secondary side during the first
30 minutes is 400,000 lbm. For the purposes of the parametric evaluation, this release will be
modeled as starting at 0 seconds. Using a steam density of 1.95 lbmM' per Assumption 3.11,
this results in the following MSSV mass flow rate:

MSSVJ1awrate = # _*x '
6838 cfm

Use of this value for all size SDLOCAs will tend to over predict the Control Room doses for
the larger SDLOCAs. As shown in Design input C4.1, the SIAS has already been generated
(and thus the Control Room isolation initiated) for the 0.075 ft2,0.1 f12, and 1.0 (12 SBLOCAs

..

_
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before the MSSVs open. This over conservatism does not affect the conclusions of the
parametric evaluation, since as shown in Section C5.8 the doses actually decrease with
increasing break size (due to the smaller duration for the mini purge release path).

,

C5.5 SHLOCA Secondary Side Cooldown Releases for Parametric Evaluation

Per Assumption C3.9 the steam release from the secondary side during the ceoldown is

900,000 lbm, and the duration is 283 minutes. Using a steam density of 1.95 lbm/ft' per
Assumption 3.11, this results in the following cooldown mass flow rate:

Cooldownflowrute = #'** u - N =1631cfm'l83 min 1.95 lbm

C5.6 Containment Releases to Atmosphere

Prior to the SIAS, the flow rate out of containment is the 2200 cfm from the mini purge
system (per Design input 4.17) plus 1.6 cfm of containment leakage (per Design Input 4.10).
Once the isolation of the mini purge system initiated by the SI AS is completed (10 seconds
after the generation of the SIAS per Assumption A3.7), the flow rate out of containment is
equal to the Design input 4.10 containment leak rate.

C5.7 SBLOCA LOCADOSE Code Time Steps for Parametric Evaluation

The time steps entered into the LOCADOSE Code were chosen to model the times at which

parameters important to the analysis are changed (e.g., llVAC chnnges, secondary system
release changes). The analysis will be dcne for a duration of 30 days. To simplify the
modeling, the break flow rate for the O to SIAS time interval will be modeled as continuing for
the additional 10 seconds necessary for the Control Room and minl-purge isolations to occur
(per Assumption C3.10).
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Time Step
(iners after Sign:ficance of the Time Step

start of ewnt)

O hrs Containment mini-Pirge system in operation
Beginning of SBLOCA limiting fault

variable (per C4 h SIAS generstod
Change in lucak flow for 0.01 fi' SBIDCA

nriable + 10 seconds Containment mini-purge and Contml Room isolated (except for 0.01 ft' SBLOCA
(per C4.1 and C3.10) per Assurnption C3.8)

Change in treak Dow (ecept for 0.0111' SDLOCA)

0.5 hours Start of plant puoldowti
Change in tweak Dow

Contammmt mini-purge and Control Room isolated for 0.01 ft' SDI AX' A per C3 8

1 hr Change in break flow

2 hr End ofEAB dose analysis

5.2I br (4 7I hr cooldown + 0.51r start time = 5 2I br) Shutdown cooling in service, ADV
v

closed and AFW eecured (also stopping the release path fcv the pritnary to accondary
Irakage).

8 hr Control Room !!VAC placed in single train operation
CR XQ changes
IEZ XQ changes
174 hreathing n:e changes

.

24 br Leakage fan RCS to Containment assumed to be isolated
CR couupancy factor danges

CR XQ chanEc8
LPZ XQ changea
IPZ breathing rate changes

96 hr CR occupancy factor changes
CR XQ changes
LPZ XQ changes

720 hr End of analysis
_

_ - _ - _ _ _ - - _ _ _ - _ _ _ _ _ _ _ .
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C5.8 SDLOCA Dose Results for Parametric. aluation

The Control Room and EAD thyroid dases for the various sized SBLOCAs are as follows,
based on the Section C6.2 and C6.5 input Sles:

Break Size CR Thyroid Dose (Rem) EAD Thyroid Dose (Rem)
0.01ft3 4.91 0.076

20.025 8 0.17 0.007

0.05 ft" 0.09 0.005

0.075 ft2 0.06 0.004

0.1 ft' O.05 0.003

1.0 ft2 0.03 0.003

Based on the parametric evaluation, the 0.01 ft2 SBLOCA is the most limiting. The following
sections will detail the 0.01 ft accident specific LOCADOSE input parameters (which differ

2

slightly from the generic values used in the parametnc evaluation).
.

2C5.9 0.01 ft SDLOCA MSSV Releases

Per Design input C4.1 the MSSV steam release from the secondary side starts at 150 seconds.
Per Design input C4.3 the release totals 313,400 lbm, which will be rounded up to
314,000 lbm for this analysis. Per Assumption C3.12 this entire release will be assumed to

occur during the first 30 minutes of the accident. Using a steam density of 1.95 lbm/ft2 per
Assumption 3.11, this results in the following MSSV mass flow rate:

I A'000 Ib* I'MSSYJ1owrote = =$855cfmx
30 min - 2.5 min 1.95 thm

- _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ - _ _ _ - - _ _ _
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C5.10 0.01 ft' SHLOCA Secondary Side Cooldown Releases

Per Assumption C3.9 the steam release from the secondary side during the cooldown is
900,000 lbm, and the duration is 283 minutes. Using a steam density of 1.95 lbrnW per
Assumption 3.11, this results in the following cooldown mass flow rate:

Cooldownfowrate m #' *x A'
=1631cfm283 min 1.95 lbm

.
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3C5.11 0.01 ft SDLOCA LOCADOSE Code Time Steps

The time steps entered into the LOCADOSE Code were chosen to model the times at which
parameters important to the analysis are changed (e.g., IIVAC changes, secondary system
release changes). Per Assumption C3.8, no credit will be taken for the SIAS initiating the
it.olation of the Control Room or the Containment mini-purge system, in order to bound
smaller SDLOCAs (where the SIAS may not occur prior to 30 minutes). The analysis will be
done for a duration of 30 days.

Time Step
(hours afict SigniScance of the Time Step

start of event)

O hrs Cmtsirunent mini-purge systein in operation
Beginning of SHIDCA limitmg fault
Containment leakage begins at 0.1 wlu ne percent per day.

0.042 hr MS$Vs open
(150 seconds)

0.172 hr SIAS generated (but not credited, pcr Assumption C3.H)
(620 seconds) Chan6e m brcak flow

0.5 hours Containment mini-purge isolated (per Assumption C3.8)
Control Roorn isolated (pw Assumption C3 8)
Str-t of plant cooldwn
MSSVs closed (per Assumpt.on C3.12)

2 hr End of EAB dose analysis

5.21hr (4.71 hr cooldown + 0.5 hr start time - 5.21 hr) Shutdown cooling in serwce, ADV
closed and AFW secured (also stopping the release path for the primary to secondary
leakage),

ws.

B hr Control Room HVAC placed in ti#.. . cration
CR xQ changes,

ifZ XQ changes
IPZ14eathing rate changes

24 hr Irakage from RCS to Containment assumed to be isolateda

Containment leakage * educed to 0.05 volume percent per day
CR occupancy facta anges
CR XQ changes
ITZ XQ changes
1.FZ breathing rate changes

% hr CR occupancy factor changes
CR xQ changes
ITZ XQ changes

720 hr End of analpis

- .- -
-
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2C5.13 0.01 ft SBLOCA Dese Results

Per Section C4.2, the 0.01 fta break size is charactedzed by an average 30 minute leak rate of
approximately 1300 gpm:

LR (0.0i ft2) = (l16,920 lbm + 102,590 lbm] / [(30 min)(42.176 lbm/ min)(0.13368 ft / gal))2

LR(0.01 A2) = 1300 gpm

Per Section C6f| the dose consequences of this 0.01 A2 break size SDLOCA are as follows.
The Control Room whole body doses are doubled per Assumption 3.7.

i
Table C5.12-1

20.01 ft SBLOCA, Mint Purge and CR Isolated at 30 Minutes

Location Dose (Rem)

Control Room
Thyroid Inhalation 4.9
Beta Skin immersion <0.1
Whole Body Gamma immersion <0.1

EAB:
Thyroid Inhalation 0.1
Beta Skin immersion <0.1
Whole Body Gamma immersion <0.1

LPZ:
Thyroid Inhalation <0.1
Beta Skin Immersion <0.1
Whole Body GammaImmersion <0.1

2

.
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C5.13 40 gpm RCS Leak Dose Results

This section evaluates a small RCS leak which is at the capacity of a single charging pump
(i e.,40 gallons / minute per Technical Specification LCO 3.5.2 (References 6.4h and 6.4i),
assuming that Operator Actions are taken at 30 minutes to isolate the containment mini purge
system and to place the Control Room IIVAC system into the high radiation isolation mode.

The analysis is based on a LOCADOSE code run for an RCS leak rate of 40 gpm. The leak
rate is assumed to occur with an reactor coolant density of 42.176 lbm/A corresponding to the8

core exit / hot leg conditions of 61l'F and 2250 psia (per Design input 4.6). Use of this density
ensures consistency between the leak rate and the primary reactor coolan.t activity
concentrations modeled in the LOCADOSE code runs (per Design inputs 4.13 and 4.14).
Based on a 0.13368 A'/ gallon volumetric conversion factor and a reactor coolant density of

2
42.176 lbm/ft , the 40 cpm volumetric leak rate is equivalent to a mass leak rate of:

LR = (40 gallons / minute)(0.13368 fP/ gallon)(42.176 lbm/ft') = 225.5 lbm/ minute

The LOCADOSE code run for the 40 gpm RCS leak is presented in Section C6.8. The
significant characteristics of this run are:

1. Per Assumption C3.2, the primary reactor coolant system iodine activity concentration
at the start of the RCS leak is modeled at the Technical Specification 3.4.16 short-temi
full power pre-existing iodine spike limit of 60 pei/ gram dose equivalent Iodine-131.
This iodine spike is assumed to decay (at the half-lives of the various isotopes) from
time zero.

2. The RCS leak continues unabated during the 30 day RCS leak event duration. This
model conservatively omits consideration of any Operator Action that would be taken
to mitigate 6he release into the containment air space.

3. Per Design input 4.10, the containment leak rate is 0.1% by volume per day (1.6 cfm)
for the first 24 hours of the accident per Tech Spec 3.6. l.1, and reduced by 50% to
0.8 cfm aller 24 hours. Containment mini-purge is assumed to be in operation at
2200 cfm (per Design Inl.nt 4.17) at the start of the event.

4. MSSV and ADV cooldown steam releases are not considered in this evaluation.
Engineering judgement dictates that should the MSSVs lifl, then Operator Action
would be taken to identify the cause and initiate a cooldown to shutdown cooling
which would terminate these activity releases within a matter of hours. As such,

-
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Engineering judgement dictates that the secondary side steam actisity release will be
minimal in comparison to the primary coolant (with pre-existing lodine spike) acthity
released to the environment.

5.
Simultaneoua manual Operator Actions occur to isolate the containment mini purge
and start a single train of the control room essential llVAC system. system, place the Control Room IIVAC system into the high radiation isolation mode,

The LOCADOSE input fdes for the 40 gpm case utilize the activity release rates determined in
Table C5.13 1. These activity release rates were calculated by scaling the Design input 4 9
RCS activity profile with the Design Input 4.6 RCS density and the assumed RCS $0 gpm leak

.

iodine spiking factor of 60 and the Section C5.2 47 percent RCS to containment air flashingrate. The iodine isotopes were additionally scaled by the Design input 4.14 RCS pre-existing
fraction. Sample calculations are provided in Table C5.13-1 footnotes "b" and "c".

in Figures C-3 and C-4. Table C5.13 2 presents the LOCADOSE Code time steps employedThe containment airbome activity release mechanism and the control room model are depicted
in this evaluation.

Per Section C6.8 the dose consequences of this 40 gpm break size SDLOCA are as presented
in Table C5.13-3. The Control Room whole body doses are doubled per Assumption 3 7

..

_ -



- --_

EC&FS DEPARTMENT

' 's scu no.CALCULATION SHEET A rief or

Project or DCP/MMP _DCP 2&3 8928 01U Calc. No N-0720-014 CCN CoNVERSloN:
eCN No. CCN .

Subject __ Cant.nl Room and Offalta Donna Should CPIS. CRIS. and FHIS Fall Sheet lftQ.of 25i2
REV omlGtNATOR DAff | 1RE DATE REV OPfe=_^ TOM DATE IRE DATE h
0 Mark Drucker 8/15/97 T. Remick 8/18/97 h

4

Engineering judgement dictates that the secondary aide steam activity release will be
minimal in comparison to the primary coolant (with pre-existing iodine spike) activity
released to the environment.

5. Simultaneous manual Operator Actions occur to isolate the containment mini-purge
system, place the Control Room IIVAC system into the high radiation isolation mode,
and start a single train of the control room essential liVAC system.

The LOCADOSE input fdes for the 40 gpm case utilize the activity release rates determined in
Table C5.13-1. These activity release rates were calculated by scaling the Design input 4.9
RCS activity profile with the Design input 4.6 RCS density and the assumed RCS 40 gpm leak
rate. The iodine isotopes were additionally scaled by the Design input 4.14 RCS pre-existing
lodine spiking factor of 60 and the Section C5.2 47 percent RCS to containment air flashing
fraction. Sample calculations are provided in Table C5.13 1 footnotes "b" and "c".

The containment airborne activity release mechanism and the control room model are depicted
in Figures C-3 and C-4. Table C5.13-2 presents the LOCADOSE Code time steps employed
in this evaluation.

Per Section C6.8 the dose consequences of this 40 gpm break size SBLOCA are as presented
in Table C5.13-3. The control Room whole body doses are doubled per Assumption 3.7.

_ . . . _
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Table C5.131

ACTIVITY RELEASE RATES INTO CONTAINMENT FOR A 40 GPM RCS LEAK
hotope Ku Rcs KLs t racum Ko Cmvenu ictmtyActivity lodine Density Flashing Leak Rate Fador Rc! case

Spling into Ctmt. Rate
Faca into Ctmt

(D14.9) [D14.14] [D14.6] [ Sect. C5.2j (assurned] (ace note b)(uci/am) (unitiessi (1hm/cf) (unitIm) (cal / min) (see note a) (Cihn
1 131 8.03e-01 60 42.176 0.47 40 3.638c 03 1.39e+021132 2.25e-01 60 42.176 0.47 40 3.63Mo 93 3.89e+01
1-133 9.90e-01 60 42.176 0 47 40 3.63N.i 1.71e+02l 134 9.85e42 60 42.176 0.47 40 3.638e-03 1.70e+011-135 ~ .36c 01 60 42.176 0.47 40 3.638e 03 7.55e+01

4

Kr-83m 0.00e+00 1 42.176 1 40 3.63Me 03 0.00e+00Kr-85m 2.47e+00 1 42.176 1 40 3.638e43 1.52e+01Kr 85 1.0Me+01 1 42.176 1 40 3 63Me43 6 63e+01
,Ki-87 1.16e+00 1 42.176 1 40 3.63Me 03 7.12e+00
Kr-MM 3.74e+00 1 42.176 1 40 3.638e 03 2.30e+0 i
Xe 131m 2.51e+00 1 42.176 1 40 3.638c 03 1.54e+0iXe 133m 0 00e+00 1 42.176 1 40 3.63Be43 0.00e+00
Xe-133 3.44e+02 1 42.176 1 40 3 65&e-03 2. l le+03
Xe-135m 1.16e+00 1 42.I'16 1 40 3 638e-03 7.12c+00Xc-135 1.07e+01 1 42.176 1 40 3.63He-03 6.57e+01Xe 138 5.87e41 1 42.176 1 40 3.638e-03 3.60e +00H3 3.22e+00 1 42.176 1 40 3.638e 03 1.98e+01Br-84 4.lMe 02 1 42.176 1 40 3 63Me-03 2.57e 01
'i n-129 5.24e 02 1 42.176 1 40 3 63Me 01 3.22e-01
'l e-13 2 6.75t-01 1 42.176 1 40 3 63Me 03 4.14e+00
Rb-MM 4.27e+00 1 42.176 1 40 3.63Me-03 2.62c+01Ca 135 0 00r+00 1 42.I76 1 40 3 63Me 03 0 00e+00
Cs-13N 0 00e+00 1 42.176 1 40 3.63Me43 0.00e+00
1-129 0 00e+00 60 42 176 0 47 40 3 63ke ot 0 00e+<M

(a) CF = (453.5924 gm/11su)(0.13368 cflgalXIe-6 CVuciX60 min /hr) = 3.63Be 3 gm cf Ci min / lbm-gal-pCi-hr

(b) Sample calculation fw hxline-131:

Release Rate = (0.803 uCi/g.nX60)(42.176 lbm/cfX0 47X40 gal / min)(3.638e-3 gm-cf Ci-min / lbm-pl-pci-la)
Release Rate = 139 Ci,tr

(c) Sample calculation for Krypton-85m.

Release Rate = (2 47 uCUgm)(42.l?6 lbm/cfX40 gaVminX3 638e 3 gm<f Ci min / lbrn-gal-pci-hr) = 15.2 Cilhr

4
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Figure C-3
40 gpm SBLOCA LOCADOSE Model

CR HVAC in Ncimal Mode, Containment Mini-Purge in Operation

Node 2
Containment

.

2 306E+06 ft3

1

Containment Purge + Leakage Flow - 2201.6 Cfm

1

X/Q Atmospheric DispCrsion to Control Room

1

Unfiltered Inflow = 5820 cfm
1

Node 3
ControlRoom

266.920 ft3

1 1 I
Exhaust Flow = 5820 cfm Recire. Flow = 29885 cfm i

l 1 ;

} M lation Filter
0% 1 elemental""~"

0% l organic
0% Particulates
0% Noble Gases
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Figure C-4
40 gpm SBLOCA LOCADOSE Model

CR IIVAC in Emergency Mode, Containment Mini-Purge Isolated

Node 2
Containment
2.306E+06 fP

1
.

Leakage Flow = 1.6 cfm (prior to 24 hours)
Leakage Flow = 0.8 cfm (after 24 hours)

!

X/Q Atmospheric Dispersion to Control Room

1

Unfiltered Inflow = 10 cfm
Filtered Inflow = 2200 cfm (95% I elem., 95% 1 org., 99% partic., 0% noble gases)

1

Node 3
Control Room

266.920 fP

1 ! 1

Exhaust Flow = 1210 cfm Recire. Flow = 29934 cfm i
l 1

}

} Recirculstion Filter
95% I elemental~~~~

95% I organic
99% Particulates
0% Noble Gases
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TABLE C5.13-2

40 CPM HCS LEAKAGE SEQUENCE OF EVENTS
Time Step
(hours after

; start of ewnt) Sienhva of the Time rrep

0bn
Containment mmi-purge system in operatim
Beginning of 40 gpm RCS leakage

Contahunut tr=hge begins at 0,1 wlume inui per day i

0.5 hours Cmtsinment mini purge isolated

Cmtrol Room isolatei, with Control Room HVAC placed in single train operation
1 hr End of EAB dose analysi

8 hr CR XQ changes
LPZ XQ changes

LPZ bratNag rate changes

24hr
Containment leakage reduced to 0.05 volume percent per day
CR occupancy factor change:
CR XQ changes
LPZ XQ changes
LPZ breathing rate clumges

96 hr CR occupancy factor change
CR XQ changes
LPZ x9 changes

720 hr End of anahsis

e

_

e
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TABLE C5.13-2
40 CPM RCS LEAKAGE SEQUENCE OF EVENTS

Time Step
(hours aRer Sigmficance of the Time Step

start of event)

O hrs Containment mmi-purge system in operation
Beginning of 40 gpm RCS leakage
Contamment leakage begins at 0.1 volume percent per day

0.5 hours Containrnent mini-purge isolated

Control Room isolated, with Control Room IWAC placed in single train operation

2 hr Fixiof EAB dose analysis

8 hr CR XQ chang:s
LPZ y/Q changa
LPZ breathing rate changes

25 c- Containment leakage reduced to 0.05 volume percent per day
CR occupancy factor changes
CR XQ changes'
LPZ xQ changes
LPZ breathing rae changes

96 hr CR occupancy factorchanges
CR y/Q changes
IPZ XQ changes

720 hr Erx! of analysis

______ __
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TABLE C5.13-3
40 GPM RCS LEAKAGE,

MIN 1 PURGE AND CR ISOLATED AT 30 MINUTES

Location Dose (Rem)

ControlRoom:
Thyroid Inhalation 0.2
Beta Skin Im'rersion <0.1
Whcle Body Gamma Immersion <0,1

EAB:
Thyroid Inhalation <0.1
Beta Skin Immersion <0.1
Whole Body GammaImmersion <0.1

LPZ:
Thyroid Inhalation <0.1
Beta Skin Immersion <0.1
Whole Body GammaImmersion <0.1
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C5.14 Offsite Doses without ManualIsolation of Containment

This section determines the ofTsite 2-hour EAll and 30-day LPZ doses due to an unmitigated
I gpm RCS leakage rate. These doses will be scaled up to the post LOCA offsite dose criteria
to determine the maximum RCS leakage rate that can be tolerated without initiating manual
isolation ofthe containment mini-purge system. The LOCADOSE code run for the I gpm
RCS leak rate case is presented in Section C6.9. The significant characteristics of this run are:

1. Per Assumption C3.2, the primary reactor coolant system iodine activity concentration
at the start of the RCS leak is modeled at the Technical Specification 3.4.16 short-term
full power pre-existing iodine spike limit of 60 pci/ gram dose equivalent Iodine-131.
This iodine spike and the normal reactor coolant activity are assumed to decay (at the
half-lives of the various isotopes) from time zero. Per engineering judgement, the
non-conservatism introduced by decaying the initial normal reactor coolant activity is
insignificant compared to the dose contribution from the high initial iodine

concentration and the conservatism inherent in not taking credit for CVCS cleanup of
the RCS.

2. The RCS leak continues unabated during the 30 day RCS leak event duration. This
model conservatively omits consideration of any Operator Action that would be taken
to mitigate the release into the containment air space.

3. Per Design Input 4.10, the containment leak rate is 0.1% by volume per day (1.6 cfm)
for the first 24 hours of the accident per Tech Spec 3.6.1.1, and reduced by 50% to
0.8 cfm after 24 hours. Containment mini-purge is assumed to be in operation at
2200 cfm (per Design input 4.17) at the start o# he event.t

4. MSSV and ADV cooldown steam releases are not considered in this evaluation.
Engineering judgement dictates that should the MSSVs lift, then Operator Action
would be taken to identify the cause and initiate a cooldown to shutdown cooling
which would terminate these activity releases within a matter of hours. As such,
Engineering judgement dictates that the secondary side steam activity release will be
minimal in comparison to the primary coolant (with pre-existing iodine spike) activity
released to the environment.

5. No manual Operator Actions occur to isolate the containment mini-purge system.

The LOCADOSE input files for the 1.0 gpm case utilize the activity release rates determined in
Tables C5.14-1. These activity release rates were calculated by scaling the Design Input 4.9

,

.

>

_ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _



- _ - --- - - - -

EC&FS DEPARTMENT

CALCULATION SHEET ' *" dcN No.sru race _ or _
Project or DCP/MMP _ DCP 28,3 6928.01SJ Calc. No.SO720414 CCN CoNVERSloN:

CCN No. CCN -
Subject Control Ronatand Off aite Domen Should CPIS. CRIS. and FHIS Fall Sheet.167 Of 25(
REV ORIGINATOR DATE 1RE DATE REV ORIGINATOR DATE IRE DATE R
0 Mark Drucker 8/15/97 T. Hemick 8/18/97 h

4

RCS activity profile with the Design Input 4.6 RCS density and the assumed RCS leak rate.

The iodine isotopes were additionally scaled by the Design Input 4.14 RCS pre-existing iodine
spiking factor of 60 and the Section C5.2 47 percent RCS to containment air flashing fraction.
Sample calculations are provided in Table C5.14-1 footnotes "b" and "c"

The containment airbornc activity release mechanism and the control room model are identical

to that modeled in Section C5.13. Table C5.14-2 presents the LOCADOSE Code time steps
employed in this evaluation.

This LOCADOSE Code run for the 1 gpm RCS leak rate allows determination that a RCS leak
rate as high as 342,857 gpm would yield acceptable offsite 2 hour EAB thyroid inhalation and
whole body gamma immersion doses without the need for manual operator action to isolate the
containment mini-purge system. This determination, documented in Table C5.14-3, was made
by dividing the EAB thyroid inhalation and whole body gamma immersion dose criteria (per
Secti6n 1.2.8) by the calculated 0 to 2-hour EAB doses per unit leak rate (per Section C6.9.3):

LR (EAB, thyroid inhalation) = (300 rem) / (8.750c-4 rem /LO gpm) = 342,857 gpm
LR (EAB, WB gamma immersion) = (25 rem) / (1.14 I e-6 rem /1.0 gpm) = 21,910,605 gpm

Similarly it can be determined that a RCS leak rate as high as 2950 gpm would yield acceptable
30-day offsite LPZ thyroid inhalation and whole body gamma immersion doses without the
need for manual operator action to isolate the containment mini-purge system. This
determination, documented in Table C5.14-3, was made by dividing the LPZ thyroid inhalation
and whole body gamma immersion dose criteria (per Section 1.2.8) by the calculated 0 to
30-day LPZ doses per unit leak rate (per Section C6.9.3):

LR (LPZ, thyroid inhalation) = (300 rem) / (1,017e-1 rem /l.0 gpm) = 2950 gpm
LR (LPZ, WB gamma immersion) = (25 rem) / (6.421e-5 rem /l.0 gpm) = 389,347 gpm

Per Section C4.1, a SIAS is expected for SBLOCA leak iates equivalent to those associated
2

with a 0.01 ft break size or larger. Per Section C5.12, the 0.01 ft break size is characterized2

by an average 30 minute leak rate of approximately 1300 gpm. Since the need for manual'

operator action to isolate the containment mini-purge system is not required until a leak rate of
either 342,857 gpm (for EAB dose criteria satisfaction) or 2950 gpm (for LPZ dose criteria
satisfaction). and since a SIAS will initiate CPIS for leak rates in excess of 1300 gpm, there is
never a need for manual operator actions to ensure acceptable offsite doses for 30 days
following either an RCS leak rate of up to 40 gpm or a SDLOCA for the non-design basis
initial conditions of this calculation.

- _ _ _ _ _ _ _ _ _ .
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Table C5.14-1
ACTIVITY RELEASE RATES INTO CONTAINMENT FOR A 1 GPM RCS LEAK

isotope KC5 KC5 MC5 1 raction KU5 Convemon Actmty
Activity lodine Density Flashing Leak Rate Factor Release

Spiking into Ctmt. Rate
Factor into Ctmt.

[D14.9) (DI 4.14] [DI 4.6] [ Sect. C5.2) [assmned] (notes b,c)
(uci/cm3 (unitiese (Itm'ef) funitle<0 . (naL8 mint (see note n) (CiSir)

1-131 8 03e 01 60 42.176 0.47 1 3.638e-03 3.47e+00
1132 2.25c 01 60 42.176 0.47 1 3.63 he-03 9.74e41
1-133 9.90e-01 60 42.l',6 0.47 1 3.638e 03 4.28e+00
1134 9.85e 02 60 42.176 0.47 1 3.638e-03 4.26e-01
1-13 5 4.36e-01 60 42.176 0.47 1 3.638e-03 1.89e+00
Kr-83m 0.00e+00 1 42.176 1 1 3.638e-03 0.00V+00
Kr-85m 2.47e+00 1 42.176 1 1 3.638e-03 3.79e-01
Kr-R5 1.08e+0! ! 42.176 1 1 3.638e-03 II6e+00
Kr-87 1.16e+00 1 42.176 1 1 3.638c-03 1.78e-01
Kr-88 3.74e+00 1 42.176 1 1 3.638e-03 5.74c-01
Xe-13 tm 2.51e+00 1 42.176 1 1 3.638e43 3.85e 01
Xe-133m 0 00e+00 1 42.176 I I 3.63 Se-03 0.00c+00
Xo-133 3.44c+02 1 42.176 1 1 3.638e43 $.28e+01
Xe-135m 1.16e+00 1 42.176 1 1 3.638e4)3 1.78e41
Xe-135 1. Ole H)1 1 42.176 1 1 3.638e-03 1.64e+00
Xe-138 5.87c-01 1 42.176 1 1 3.638e-03 9 01e42
11-3 3.22e+00 1 42.17t, i 1 3.638c-03 4 94e-01
Br 84 4.18e-02 1 42.176 1 1 3.638e-03 6.41e-03
Te-129 5.24e-02 1 42.176 1 1 3.638e 03 8.04e-03
Te-132 6.753-01 1 42.176 1 1 3.638e-03 1.04c-01
Rlr88 4.27e+00 1 42.176 1 1 3.638e-03 6.3$e-01
Cs-135 0.00et00 1 42.176 1 1 3.63 He-03 0.00e+00
Cs-138 0.00e+00 1 42.176 1 1 3.638e 03 0.00e+00
I-129 0 0n +00 60 42.176 0 47 1 3 638e4B 0 0Gr+o)c

(a) CF = (453.5924 gm/lbm)(0.13368 cf/galXle-6 Ci/uCi)(60 min,hr) = 3 63Re-3 gm-cf-Ci-min /lbm-gal- ci br

(b) Sample calculation for lodme-131:

Release Rate = (0.803 uCi/gmX60X42.176 lbm/cf)(0.47)(I gal / min)(3.638e-3 gm-ct-Ci-min / lbm gal-pci-tr)
Release Ra,e = 3.47 CUhr

(c) Sample calculation for Krypton-85m:

Release Rate = (2.47 uCi/gm)(42.176 lbm/cfXI sal / min)(3 638e-3 gm cf-Ci-min / lbm-gal-pci-hr) = 0.379 Ci/hr

|

1
|
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TABLE C5.14-2
1 GPM RCS LEAKAGE SEQUENCE OF EVENTS

Tirne Step
(bours after Significance of the Time Step

start of ewnt)

O hr Contamment rainiturge system in operation
Beginning of I spra RCS leakage

Cmt h leakage begins at 0. I wlume purcent per dayt

2 hr End ofEAB dose analysis

8 hr CR XQ changes

LPZ XQ chan6es
LPZ breathing rate changes

24 hr Containnw.t leakage reduced to 0 05 mlume percent per day
CR occupancy factor changes
CR XQ changes
LPZ XQ changes
LPZ breathing rate changes

% hr CR occupancy factor changes
CR x4 changes
LPZ XQ changes

720 hr End of analysis

Table C5.14-3
3

Dose Receptor Dose Dose per unit of Allowable
Limit RCS leakage RCS leakage
(rem] (rem /gpta) (apm)

__

2-hour EAB - Thyroid Inhalation 300 8.750e-4 342,857
2 hour EAB -WB Gamma Immersion 25 1.14 le-6 21,910,605
30-day LPZ - Thyroid Inhalation 300 1.017e-1 2950
30-day LPZ - WB Gamma Immersion 25 6.421 e-5 389,347_

.

.
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C6.0 SDLOCA COMPUTER FILES

C6.1 SBLOCA LOCADOSE Library File (sloca. lib)

This library fde was used for 811 of the LOCADOSE evaluations.

Version 1.0 Thyrold tme Bone Beta Skin Whole Body
I -1312.5088+04 9.976E 071.490E+06 2.073E+04 3.150E+03 3.170E-02 8.720E C2 1
1 21 0 0 0 0 0

1.100E 02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1 1.817E 01 3.789E 01
| 1312.508E+04 9.976E 071.490E+06 2.073E+04 3.150E+03 3.170E 02 8.720E-02 2
1 21 0 0 0 0 0

1.100t 02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 2 1.817E-01 3.789E 01
1 1312.508E+04 9.976E 071.490E+06 2.073E+04 3.150E+03 3.170E 02 8.720E 02 3
1 21 0 0 0 0 0

1.100E 02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 3 1.817E 01 3.789E 01
1 132 3.806E+04 8.425E 051.430E+04 8.879E+021.450E*021.320E 015.130E 01 1
0 0 0 0 0 0 0
0.000E+00 0.000E*00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 34 4.824E-013.559E*00

I 132 3.806E+04 8.425E 05 1.430E+04 8.879E+021.450E+021.320E-015.130E-01 20 0 0 0 0 0 0
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 35 4.824E 013.559E+00

1 132 3.806E+04 8.425E 05 1.430E+04 8.879E+02 1.450E+02 1.320E 01 5.130E 0! 3'

0 0 0 0 0 0 0
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 36 4.824E 013.559E+00

1 -133 5.622E+04 9.211E 06 2.690E+05 5.064E+031.080E+03 7.350E 021.550E-01 122322 0 0 0 0
9.71CE 01 2.900E 02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 4 4.067E-01 6.047E-01

1 -133 5.622E+04 9.211E 06 2.690!+C5 5.064E+031.080E+03 7.350E-021.550E 01 22 23 22 0 0 0 0
9.7A-01 2.900E 02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 5 4.067E 01 6.047E 01

1 133 5.622E+04 9.211E 06 2.690E+05 5.064E+03 1.080E+03 7.350E 02 1.550E 01 32 23 22 0 0 0 0
9.710E 01 2.900E 02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 6 4.067E-01 6.047E 01

1 134 6.575E+04 2.200E 04 3.730E+03 3.627E+02 8.050E+019.230E-02 5.320E 01 10 0 0 0 0 0 0
0.000E+00 0.00CE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 7 6.052E-01 2.620E+00

1 134 6.575E+04 2.200E-04 3.730E+03 3.627E+02 8.050E+019.230E-02 5.320E 01 20 0 0 0 0 0 0
0.000E+00 0.000E+00 0.000E+00 0.00CE+00 0.000E+00 0.000E*00 8 6.052E-01 2.620E+00

| 154 6.575E+04 2.200E-04 3.730E+03 3.627E+02 8.050E+019.230E 02 5.320E 01 30 0 0 0 0 0 0
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 9 6.C52E 01 2.620E+00

l 135 5.103E+04 2.912E 05 5.6002+041.971E+03 3.350E+021.290E 014.210E-01 12 22 24 0 0 0 0
8.450E 01 1.550E-01 0.000E+00 0.000E+00 0.000E400 0.000E+00 10 3.691E 01 1.617E+00

1 135 5.103E+04 2.912E-05 5.600E+041.971E+03 3.350E+C21.290E 014.210E 01 22 25 24 0 0 0 0
8.450E 01 1.550E 01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 11 3.691E 01 1.617E+00

1 135 5.103E+04 2.912E 05 5.600E+041.971E+03 3.350C.+021.290E-014.210E-01 32 25 24 0 0 0 0
8.450E 01 1.553E-01 0.000E+00 0.000E+00 0.000E+00 0.00M +00 12 3.691E 01 1.617E+00

KR-53M 4.152E+03 1.052E-04 0.000E+00 5.190E 010.000E+00 0.000E+00 2.396E 06 40 0 0 0 0 0 0

0.00CE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 13 0.000E+00 4.610E-04
lat-85M 1.297E+04 4.297E-05 0.000E+00 2.910E*00 0.000E+00 4.626E 02 L7C8E-02 4
1 18 0 0 0 0 0

2.100E-01 E 000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 14 2.902E 01 1.610E 01

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

Y
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Et 85 4.102E+02 2.054E 09 0.000E+00 2.410E+00 0.000E+C0 4.246E 02 5.102E-04 4
0 0 0 0 0 0 0
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E*00 0.000E+0015 2.505E 01 2.236E-03

KR 87 2.335E+04 1.514E-04 0.000E*00 1.530E+01 0.000E+00 3.083E 01 1.876E 01 4
0 0 0 0 0 0 0
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00161.324E+00 8.032E-01

ER= 88 3.200E+04 6.T31E 05 0.000E+00 3.130E+01 0.000E+00 7.510E 02 4.658E 01 4
1 31 0 0 0 0 0

1.000E+00 0.000E+00 0.00CE+00 0.000E+00 0.00CE+00 0.000E+0017 3.587E 01 1.961E+00
XE131M 2.595E+02 6.815E 07 0.000E+00 1.400E+C0 0.000E+001.508E-02 2.899E 03 4
0 0 0 0 0 0 0
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 18 0.000E+00 3.116E-03

XE133M 1.3&lE+03 3.663E-06 0.000E+001.890E+00 0.000E+00 3.150E 02 7.954E-03 4
1 23 0 0 0 0 0

1.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 19 0.000E+00 2.332E 02
XE 133 5.622E+041.528E-06 0.000E+001.57DE+00 0.000E+00 9.697E 03 9.316E-03 4
0 0 0 0 0 0 0
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 201.004E-012.997E 02

XE135N 1.557E+04 7.380E 04 0.000E+00 2.220E+00 0.000E+00 2.253E-02 9.887E C2 4
1 25 0 0 0 0 0

1.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 213.000E 014.266E-01
XE-135 5.363E+04 2.115E-05 0.000E+00 4.050E+00 0.000E+00 5.894E-02 5.736E 02 4
1 32 0 0 0 0 0

1.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 22 3.028E 01 2.466E 01
XE 138 4.775E+04 8.151E 04 0.000E+00 2.440E+010.000E+001.309E 01 2.798E 01 4
1 33 0 0 0 0 0
1.000E+00 0.000E+00 0.000E+00 0.00CE+00 0.000E+00 0.000E+C0 23 6.140E 01 1.241E+00

31 *3 1.848E+01 1.780E-09 1.580E+02 1.580E+02 5.570E+01 0.000E+00 0.000E+00 10
0 0 0 0 0 0 0
0.000E+00 0.000E+00 0.000C400 0.000Ee00 0,000E+00 0.000E+00 24 5.685E 03 0.000E+00

8R 84 5.394E+03 3.632E-04 0.000E+00 4.675E+02 0.000E+00 2.700E 014.480E 01 11
0 0 0 0 0 0 0
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 25 1.230E+00 1.779E+00

TE-129 8.727E+03 1.%2E 04 4.870E 03 2.420E+02 6.220E 03 1.010E=01 1.280E-02 63 34 35 36 0 0 0
9.100E 01 4.000E-02 5.000E 02 0.000E+00 0.000E+00 0.000E+00 26 5.224E 01 5.981E 02

TE 132 3.841E+04 2.462E 06 2.370'!+013.60CE+04 3.250E+01 3.060E-03 5.280E-02 6
3 4 5 6 0 0 0
9.100E 014.00CE 02 5.000E 02 0.000E+00 0.000E+00 0.000E+00 27 5.940E 02 2.123E-01

R8--88 0.000E+C0 6.496E 04 0.000E+00 2.908E+02 0.00CE+00 4.790E 01 1.55CE-01 50 0 0 0 0 0 0
0.CCCE+00 0.C00E*00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 28 2.072E+00 6.365E 01

CS 135 0.000E+0* 7.449E-15 7.48CE+031.570E+031.460E+04 2.730103 0.000E+00 50 0 0 0 0 0 0
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00ut+00 6.000E+00 29 5.630E-02 0.000E+00

Cs-138 0.000E+00 3.587E 04 0.000E+00 6.07CE+00 4.140E+01 2.810E 015.530E 01 50 0 0 0 0 0 0
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 301.218E+00 2.330E+00

1 129 0.000E+001.400E 15 5.540E+06 9.015E+04 L 480E+C3 3.710E 04 3.024E 03 1
0 0 0 0 0 0 0
0.000E+00 0.000E+00 0.00CE+00 0.000E+00 0.000E+00 0.00CE+00 314.090E 02 2.820E 03

? 129 0.000E+001.400E 15 5.540E+06 9.015E+04 2.480E+03 3.710E 04 3.024E 03 20 0 0 0 0 0 0
0.000E+00 0.000E+00 0.000E*C0 0.000E+00 0.00CE+00 0.000E+00 32 4.090E 02 2.820E 03

I--129 0.000E+001.40CE 15 5.540E+C6 9.015E+04 2.48CE+03 3.710E 04 3.024E 03 3
0 0 0 0 0 0 0
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 33 4.090E-02 2.820E-03
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C6.2 SBLOCA LOCADOSE Activity Transport Input Files for Parametric Evaluation

The generic file shown in section C6.2.1, rodified as indicated for each break size, was used
for the parametric evaluations of Control Room and EAB thyroid doses. Because the SIAS is
not credited in the 0.01 ft SBLOCA (per Assumption C3.8), the slightly different input file

2

given in section C6.2.2 was used for that parametric evaluation. The file names for the various
break sizes are:

20.0111 SBLOCA slocap01.ti
0.025 ft: SBLOCA sloca_02.ti
0.05 ft: SBLOCA sloca 05.ti

2
-

0.075 ft SBLOCA sloca 07.ti
0.1fl2 SBLOCA sloca_1.ti
1.0 fl2 SBLOCA stocal.ti

C6.2.1 Parametric Evaluation of SBLOCAs Other Than 0.01 ft 2

_ ft2 $8t00A, Minipurge in Operation, 1 spike
Tom Remick
SoliG5 Ult!TS 2&3
stoca_01.tf
11-720-013 0

I
3 9 36 1 1 0 ,

00 0.00000E+00 0.00000E+00 2 0 0
CFM OUFT CURIES

1 1 1 1 1 1 1 1 1 1 1
0.91 0.04 0.05

CONTNMT RCS SEC, STEAM

0.0C000E+00 VALUE_A 1 1 1 1

S8LOCA 0.025 ft' O.05 ft' O.075 ft' O.1 ft' I f t'
~

VALUE,A (hr) 0.075 0.040 0.027 0.022 0.006

1 0 1
0 10100 720 <!-131
0 10100 720 <!-131
0 10100 720 <!-131
0 2840 136 <! 132
0 2840 136 <! 132
0 2840 136 <!-132
0 12500 847 <t-133
0 12500 847 <! 133
0 12500 847 <t-133
0 1250 39.2 <!-134
0 1250 39.2 <!-134
C 1250 39.2 <! 134
0 5510 335 <1-135
0 5510 335 <!-135
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0 5510 335 <! 135
0 0 0 4r 83m
0 520 72.5 <r-85m
0 2270 317 <r-85
0 244 34.0 G r-87
0 788 110 4r-88
0 529 73.7 <xe 131m
0 0 0 <xe-133m
0 72400 10100 <xe=133
0 244 34.0 <xe-135m
0 2250 314 <xe 135
0 124 17.3 <xe 138
0 678 2.64e+06 <W-3
0 8.8 2.73 <ar-84
0 11.a 6.75 <Te 129
0 142 211 <Te 132
0 0 0 <Rb 88
0 0 0 <Cn 135
0 0 0 <Cs-138
0 0 0 <! 129
0 0 0 <1 129
0 0 0 <! 129
2.305E+06 11000 1.0E+09
2 1 2201.6 0

0 0 0 0 100 100 100 100 100 100 100
3 1 0.198 0
99 99 99 0 100 100 100 100 * 100 100

3 2 VALUE B 0

seLOCA 0.025 ft' O.05 ft' O.075 tt' O.1 * t' 1 f t'
VALUE_t (cfm) 6b2 1275 1893 2466 21300

53 53 53 0 0 0 0 0 0 0 0
4 1 6838 0

0 0 0 0 100 100 100 100 100 100 100
-1,0,0,0
-1,0,0,0

1 7.9000E-04
244396 0 5820 29885 5820

0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0'

VALUE_A 0.50000E+00 1 1 1 1

|seeearlierVALUE_4 table |

C 0 0
2 1 1.6 0

0 0 0 0 100 100 100 100 100 100 100
g 3 J VALUE C 0

ssLOCA 0.025 ft' O.05 ft' O.073 ft' O.1 ft" 1 f t"
VALUE_C (cfm) 222 2 71 295 459 6458

53 53 53 0 0 0 0 0 0 0 0
-1,0,0,0
1,0,0,0

1 7.900000E 04
244398 4400 to 59869 4410

.
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95 95 99 0 99 9a 99 99 99 0 0
95 95 99 0 99 99 99 99 99 0 0

0.5E+00 1.0000E+00 1 1 1 1
0 0 0
3 2 VALUE,0 0

SeLOCA 0.025 f t' O 05 f t' 0.0f5 ft' O.1 f t' 1 ft'
V4LUE_0 (cfa) 90 90 106 459 6458

53 53 53 0 0 0 0 0 0 0 0
4 1 1631 0

0 0 0 0 100 100 100 100 100 100 100
1,0,0,0
1,0,0,0

0 7.90000CE-04
1.0E+00 2.0000E+00 1 1 1 1
0 0 0
3 2 VALUE_E 0

SSLOCA 0.025 f t' O 05 f t' O.075 f t' O.1 ft' I ft'

VALUE_E (cfs) 73 90 106 459 6458

53 53 53 0 0 0 0 0 0 0 0
4 1 1631 0

0 0 0 0 100 100 100 100 100 100 100
-1,0,0,0
1,0,0,0

0 7.900000E-04
2.00000E+00 5.2100CE+00 1 1 1 *

0 0 0
-1,0,0,0
-1,0,0,0

0 7.900000E 04
5.21000E+00 8.00000E+00 1 1 1 0
0 0 0
3 1 1.0E-09 0
100 100 100 100 100 100 100 100 100 100 1004 1 1.0E-09 0
100 100 100 100 100 100 100 100 100 100 100

-1,0,0,0
-1,0,0,0

0 7.900000E 04
8.00000E+CC 2.40000E+01 1 1 1 1
0 0 0
1,0,0,0
1,0,0,0

1 4.600000E 04
244396 2200 10 29934 2210

95 95 99 0 99 99 99 99 99 0 0
95 95 99 0 99 99 99 99 99 0 0

2.40000E+01 9.60000E+01 1 1 1 0
0 0 0
2 1 0.8 0

0 0 0 0 100 100 100 100 100 100 100
3 2 1.0E-09 0

100 100 100 100 100 100 100 100 100 100 100
-1,0,0,0
-1,0,0,0

0 2.500000E 04

.

. __ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _
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EC&FS DEPARTMENT
_

CALCULATION SHEET 'A'Eo"" icu wo. race __ or _
Project or DCP/MMP . DCP 2&3 8926.01SJ

Calc. No.__N-0_ 720-014 CCN CONVERSION:
*

_

CCN No. CCN -
Subject control Room and Offaite Dwa Should CPIS. CRIS. and FHIS Fall

Sheet _175 of _252
REV GiwwAATOR MATE IRE DATE REV ORIGIRIATOR DATE IRE DATT k
0 Mark Drucker 8/15/97 T. Remick 8/18/97 h

4

9.60000E+01 7.20000E+C2 1 1 1 0
0 0 0
1,0,0,0
1,0,0,0

0 6.250000E 05

C6.2.2 Paranietric Evaluation of 0.01 ft' SBLOCA (slocap01.ti)

0.01 f t2 SELOCA, Itinipurge in Operation, I-spike
% e Remick
SONGS UltITs 253
stocap01.tl
W 720-013 0

1

3 9 36 1 1 0
00 0.00000E+00 0.00000E+00 2 0 0

CFM Cuff CtAtIEs
1 1 1 1 1 1 1 1 1 1 1
0.91 0.04 0.05

CCNTNMT RCS SEC STEAM
0.00000E+00 0.172 1' i 1 1
1 0 1

0 10100 720 <l 131
0 10100 720 <!-131
0 10100 720 <! 131
0 2840 136 <! 132
0 2540 136 <! 132
0 2840 136 <l.132
0 12500 847 <! 133
0 12500 847 <!-133
0 12500 847 <! 133
0 1250 39.2 <!-134
0 1250 39.2 <l.134
0 1250 39.2 <! 134
0 5510 335 <! 135
0 5510 335 <! 135
0 551C 335 <! 135
0 0 0 <Kr 83=
0 520 72.5 <xr-ass
0 2270 317 <re 85
0 244 34.0 <tr 87
0 788 110 <Kr 88
0 529 73.7 <xe 131a
0 0 0 <xe-133m
0 72400 10100 <xe 133
0 244 34.0 <xe-135m
0 2250 314 <xe-135
0 174 17 3 <Xo-138
0 678 2.64e+06 (N-3
0 8.8 2.73 <sr 84
0 11.0 6.75 <Te 129
0 142 211 <Te 132
0 0 0 <Rb-88
0 0 0 <Co 135
0 0 0 <Co-138
0 0 C <!-129
0 0 0 <! 129
0 0 0 <!-129

i

-

_ .

. _.

_ _ _ _ _ . _ _ - _ _ - . - - - - - - - -
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EC&FS DEPARTMENT

CALCULATION SHEET A' 's !CN NO. PAGE _ OF _

Project or DCP/MMP _ DCP 2&3 8926.01SJ Calc. No. N-0720 014 ccN CONVERSION:
CCN No. CCN -

Subject Control Room and Off aite Domen Ehould CPIS. CRIS. and FHIS Fall Sheet.110.of 252
REV 040lNATOR DATE 1RE DATE WV ORIGINATOR DATE 1RE DATE R

0 Mark Drucker 8/15/97 T. Remick 8/18/97 h
4

2.305E+C6 11000 1.0E+09
2 1 2201.6 0
0 0 0 0 100 100 100 100 100 100 100

3 1 0.198 0
99 99 99 0 100 100 100 100 100 100 100

3 2 268 0
53 53 53 0 0 0 0 0 0 0 0
4 1 6838 0
0 0 0 0 100 100 100 100 100 100 100

1,0,0,0
1,0,0,0

1 7.9000E 04
244396 0 5820 29885 5820

0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

0.172 0.50000E+00 1 1 1 1
0 0 0
3 2 124 0
53 53 53 0 0 0 0 0 0 0 0

1,0,0,0
1,0,0,0

0 7.900000E 04
0.5E+00 1.0000E+00 1 1 1 1
0 0 0
2 1 1.6 0

0 0 0 0 100 100 100 100 100 100 100
3 2 124 0
53 53 53 0 0 0 0 0 0 0 0

4 1 1631 0
0 0 0 0 100 100 100 100 100 100 100

1,0,0,0
-1,0,0,0

1 7.900000E 04
244398 4400 10 59869 4410
95 95 99 0 99 99 99 99 99 0 0
95 95 99 0 99 99 99 99 99 0 0

1.0E+00 2.0000E+00 1 1 1 1
0 0 0
3 2 41 0
53 53 53 0 0 0 0 0 0 0 0

4 1 1631 0
0 0 0 0 100 100 100 100 100 100 100

-1,0,0,0
1,0,0,0

0 7.90000CE 04
2.00000E+00 5.21000E+00 1 1 1 1
0 0 0
1,0,0,0
1,0,0,0

0 7.900000E 04
5.21000E+00 8.00000E+00 1 1 1 0
0 0 0

| 3 1 1.0E-09 0
100 103 100 100 100 100 100 100 100 100 100

4 1 1.0E-09 0
100 100 100 100 100 100 100 100 100 100 100

1,0,0,0
1,0,0,0

0 7.900000E 04
8.00000E+00 2.40000E+01 1 1 1 1
0 0 0

______-___________ - _- - . - _ - _ ____ _-
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EC&FS DEPARTMENT

CALCULATION SHEET '**" "UCN No.eaEu PAGE__oF _
Project or DCP/MMP DCP 2M 8928 01SJ Calc. No. N-0720-014 CCN CoNVERSloN:

CCN NO. CCN -
Subject _ Control Room and Offalte Domen Should CPIS. CRIS. and FHIS Fall Sheet 177 of 2E2
REV ORIGINATOR DATE IRE DATE REV GF' =? TOR DATE IRE DATE R

-

0 Merk Drucker 8/15/97 T. Remick 8/18/97 h
4

-

1,0,0,0
+1,0,0,0

1 4.600000E.04
244398 2200 10 29934 2210
M M 99 0 M MM M M 0 0
95 95 99 0 99 99 99 99 99 0 0

2.40000E+01 9.60000E+01 1 1 1 0
0 0 0
2 1 0.8 0

0 0 0 0 100 100 100 100 100 100 1003 2 1.CE 09 0
100 100 100 100 100 100 100 100 100 100 1001,0,0,0

-1,0,0,0 4

0 2.500000E-04
9.60000E+01 7.20000E+02 1 1 1 0
0 0 0
1,0,0,0

-1,0,0,0
0 6.250000E-05

C6.3 SBLOCA LOCADOSE Dese Calculation input File for Parametric Evaluation

The Dose Calculation input file sven in Section C6.5, with the title modified for each break
size, was used for the pararneric evaluation of Control Room and EAB thyroid doses. The file
names for the various break sizes are:

0.01 R2 SBLOCA slocap01.di
0.025 ft2 SBLOCA sloca 02.di

~

0.05 ft2 SBLOCA sloca 05.di
-

0.075 ft: SBLOCA stoca 07.di
-

0.1ft2 SBLOCA sloca l.di
1.0 R2 SBLOCA slocai.di

C6.4 SBLOCA LOCADOSE Activity Transport Input File (stoca_01.ti)

0.01 ft2 satoCA, Minipurge in operation, I spite
Tom Reelck
SchCS UNiis 2&3
stoca_01.tl
h 720 013 0

1

3 to 36 1 1 0
00 0.00000E+00 0.00000E+00 2 0 0

CfM CufT CURIES
1 1 1 1 1 1 1 1 1 1 1
0.91 0.04 0.05

CONilmi RCS SEC. STEAM
0.00CCCE+00 0.042 1 1 1 1
1 0 1

0 10100 720 <! 131
.

, e , e e e == e.- e= * * =

_ _ _ _ _ - - - - -
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EC&FS DEPARTMENT
'

CALCULATION SHEET 'M"5 CCN No. eA0E _ cr _
l

Project or DCP/MMP _ DCP 2&3 6928.01SJ Calc. No. N-0720-014 CCN CONVERSION:
CCN No. CCN -

Subject Control Ranm and Offsite Donam Should CPis. CRIS and FHIS Fail Sheet.121.of 757m

REV ORIGINATOR DATE N4f DATE REV OfUGINATOR DATE IRE DATE R
0 Mark Drucker 8/15/97 T. Remick 8/18/97 h

4-

0 10100 720 <! 131
0 10100 720 <l 131
0 2840 136 <! 132
0 2840 136 <!-132
0 2840 136 <! 132
0 12500 847 <t 133
0 12500 847 <l.133
0 12500 847 <I 133
0 1250 39.2 <t 134
0 1250 39.2 <! 134
0 1250 39.2 <! 134
0 5510 335 <! 135
0 5510 335 <! 135
0 5510 335 <! 135
0 0 0 <Kr-83m
0 520 72.5 <Kr 85m
0 2270 317 <Kr-85
0 244 34.0 <Kr 87
0 788 110 <Kr-88
0 529 73.7 <xe-131m
0 0 0 <xe-133m
0 72400 10100 <xe-133
0 244 34.0 <xe-135m
0 2250 314 <xe 135
0 124 17.3 <xe 138
0 678 2.64t*06 <H 3
0 8.8 2.73 <8r 84
0 11.0 6.73 <Te 129
0 142 211 <Te-132
0 0 0 <a b-88
0 0 0 <Co-135
0 0 0 <Cs-138
0 0 0 <!-129
0 0 0 <! 129
0 0 0 <I 129
2.305E*06 11000 1.0E+09

2 1 2231.6 0
0 0 0 0 100 100 100 100 100 100 100

3 1 0.196 0
99 99 99 0 100 100 100 100 100 100 100 I3 2 268 0

53 53 53 0 0 0 0 0 0 0 0
-1,0,0,0
1,0,0,0

1 7.9000E 04
244398 0 5820 29885 5820

0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

0.042 0.172 1 1 1 1
0 0 0
4 1 5855 0

0 0 0 0 100 100 100 100 100 100 100
1,C,0,0

-1,0,0,0
0 7.90C000E 04 '

O.172 0.50000E+00 1 1 1 1
0 0 0
3 2 124 0
53 53 53 0 0 0 0 0 0 0 0

1,0,0,0
-1,0,0,0

.

|
|
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EC&FS DEPARTMENT

CALCULATION SHEET E"#CCN NO. PAGE OF

Project or DCP/MMP DCP 2&3 8928.01SJ Calc. No. N-0720-014 CON CONVERS!ON:__

CCN NO. CCN -
Subject Centrol Room and Offnite Donas Should CPfS. CRIS. and FHIS Fall Sheet 179 of 252
REV ORIGINATOR DATF Ife DATE REV OR6GWATOR DATE IRE DATE R
O Mark Drucker 8!15/97 T. Remick 8/18/97 E

y

4

0 7.900000E 04
0.5E+00 1.0000E+00 1 1 1 1
0 0 0
2 1 1.6 0

0 0 0 0 100 100 100 100 100 100 100
3 2 124 0
53 53 $3 0 0 0 0 0 0 0 0

4 1 1631 0
0 0 0 0 100 100 100 100 100 100 100

1,0,0,0
-1,0,0,0

1 7.900000E-04
244398 4400 10 59669 4410

95 95 99 0 99 99 99 99 99 0 0
95 95 99 0 99 99 99 99 99 0 0

1.0E+00 2.0000E+00 1 1 1 1
0 0 0
3 2 41 0
53 53 53 0 0 0 0 0 0 0 0

4 1 1631 0
0 0 0 0 100 100 100 100 100 100 100

1,0,0,0
1,0,0,0

0 7.900000E-04
2.00000E+00 5.21000E+00 1 1 1 1
0 0 0

-1,0,0,0
1,0,0,0

0 7.900000E 04
5.21000E+00 8.V0000E+00 1 1 1 0
0 0 0
3 1 1.0E-09 3
100 100 100 100 100 100 100 100 100 100 100

4 1 1.0E-09 0
100 100 100 100 100 100 100 100 100 100 100

1,0,0,0
1,0,0,0

0 7.900000E 04
8.00000E+00 2.40000E*01 1 1 1 1
0 0 0
1,0,0,0
1,0,0,0

1 4.600000E 04
244398 2200 10 29934 2210

95 95 99 0 99 99 99 99 99 0 0
95 95 99 0 99 99 99 99 99 0 0

2.4CCC0E*01 9.6000CE+01 1 1 1 0
0 0 0
2 1 0.8 0

0 0 0 0 100 100 100 100 100 100 1003 2 1.0E 09 0
100 100 100 100 100 100 100 100 100 100 100

1,0,0,0
-1,0,0,0

0 2.500000E 04
9.6000CE+01 7.20000E+02 1 1 1 0
0 0 0

-1,0,0,0
-1,0,0,0

0 6.25C000E-05

_ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _
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EC&FS DEPARTMENT

CALCULATION SHEE!T '*fuE$Cu No.e exoE or
e

Project or DCP/MMP _ DCP 2&3 6928.01SJ Calc. No. N-0720-014 CCN CONVERSION:
CCN No. CCN -

Subject Control Room and Offaite Da=== Should CPIS. CRIS. and FHIS Fail Sheet.180.of 252
REV ORiolNATOR DATE ME DATE REV Ca'^"_^ TOR DATE ME DATE R

0 Mark Drucker 8/15/97 T. Rernick 8/18/97 "

4o

C6.5 SBLOCA LOCADOSE Dose Calculation input File (stoca_01.di)

0.01 f t2 $8LOCA, Mlntpurge in Operation,1 spike
Tom teelck
$0NG$ UNI 15 2&3
stoca_01.dl
N 072013 0

1
l

DORDOF

2 5 4 3 1 0 0
REM ROVut

3.6000E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
3.4700E-04 0.0000E+00 0.0000E+90 0.0000E+00
9.2400E-07 9.24C0E 07 6.0300E 07 3.6500E-07 3.2800E 07
3.4700E-04 3.4700E ru 1.7500E 04 2.3200E 04
2.0000E+00 8.0000E+00 2.4000E+01 9.6000E+01 7.2000E+C2
2.0000E+00 8.0000E+00 2.4000E+01 7.2000E+02
1.0000E+00 1.0000E+00
1.0000E+00 1.0000E+00 1.0000E+00
3.4700E 04
1.0000E+00 1.0000E+00 1.C000E+00
3.4700E-04
1.0000E+00 1.0000E+00 1.0000E+00
3.4700E-C4
1.0000E+00 0.6000E+00 0.400E+00
3.4700E 04
2.4000E+01 9.6000E+01 7.2000E+02
7.2000E+02
1.0000E+00 1.0000E*00 1.0 1.0

s

.

u _ ___ -- . _ - -
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EC&FS DEPARTMENT

CALCULATION SHEET f.n*EuScN No.
"

raoE _ o,
_

Project or DCP/MMP DCP 2M 8928.01SJ Calc No._N 0720-014 CCN CONVERSION:
CCN No. CCN -

Subject Control Room and Offaite Dnana Should CPIS. CRIS. and FH:S Fall Sheet 181 of _252
REV ORIONAAT0ft DATE IRE DATE REV Om T_^ TOR DATE IRE DATE R
0 Mark Drucker 8/15/97 T. Rernick 8/18/97 h

4

C6.6 SBLOCA LOCADOSE Activity Transport Output File (sloca_01.to)

As this is not a design basis calculation, no output file is needed. However, to support
Section 8.1.3.1.2, the page showing the activity that has been released to containment for the
0 to 2.5 minute intervalis included.

Sechtet Standard Computer Program LOCADCSE, hE319 Version 3.0
(c) 1989 SCE AIX Version. 2 Feb 1995 Cate no, h 720-013 Rev ko. 0criginator (om Remick Date 11 Sep 1996
Project SONGS UNITS 213 Job No, stoce_01.tf sheet No. 7
Sthject 0.01 f t2 SSLOCA, Minipurge in Operation, !=s.. ....... .. ........ ... . pike ... . .. ..

****Results for Activity Cognatation et the end of 4.2000E-02 hours

Distribution of Instantaneous Activity in CIAIES
CONThMT RCS SEC_ STEAM Cont RoomI 131 2.823E+02 9.497E+03 7.199E+02 7.396E 04

1 -132 7.846E+012.639E+031.369E+02 2.055E 04
| -133 3.489E+02 1.174E+04 8.458E+02 9.143E 04
l *134 3.380E+01 1.137E+03 3.792E+018.856E 05
1 135 1.533E+02 5.159E+03 3.335E+02 4.018E-04
n-83M 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Ka 85M 3.073E+01 4.858E+02 7.203E+01 1.273E-04Kt 85 1.350E+02 2.135E+03 3.170E+02 5.595E-04
ER -87 1.418E+01 2.243E+02 3.323E+01 5.878E-05
KR. 88 4.639E+01 7.335E+02 1.089E+02 1.923E 04
XE131M 3.146E+014.974E+02 7.369E+01 1.304E 04
XE133M 8.734E 03 1.886E 01 1.350'-02 2.944E-08
XE 133 4.305E+03 6.807E+04 1.010t+04 1.784E-02
XE1!5M 1.687t+012.898E+02 3.588E+016.685E-0S
13 135 1.341E+02 2.124E+03 3.140E+02 5.552E 04
XE 138 6.520E+00 1.031E+02 1.529E+01 2.702E 05
H3 4.032E+016.376E+02 2.640E+06 2.200E 33
BR 84 4.954E-01 7.833E+00 2.584E+00 0.000E+00
TE 129 6.380E-01 1.009E+01 6.582E+00 0.000E+00
TE 132 8.442E+00 1.335E*02 2.109E+02 0.C00E+00
RB- 88 4.358E+00 6.897E+01 1.024E+01 7.259t 06

k CS 135 1.509E 10 2.388c-09 3.536E 10 2.468E 16
CS 138 3.657E 01 5.789E+00 8.588E 01 5.898E 07
1 -129 1.007E.13 2.162E 121.413E 121.791E 19
Total 5.672E+031.0$7E+05 2.653E+06 2.192E-02

if

__

_ _ . - _ _ _ _ _ _ _ _ _ . _ - _ _ _ _ _ _ _
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EC&FS DEPARTMENT

CALCULATION SHEET EREO CCN No.
'

moE _ o, _

Project or DCP/MMP DCP 2&3 8028.01SJ Calc. No. N-0720-014 CCN CONVERSION:
CCN No. CCN -

Subject Control Room and Offahe Dosen Should CPIS. CRIS. and FHIS Fail
Sheet 182 of _252_

REV ORidfMATOR DATE IRE DATY REV O'"'tT0ft DATE tRE DATE R_

O Mark Drucker 8/ibi97 T. Remick 8/18/97 E
y

&

C6.7 SBLOCA LOCADOSE Dose Calculation Output File (Sloca_01.do)

Bechtel Starxiard Coguter Program LOCADOSE, NE319 Version 3.0
(c) 1989 SCE AIX Versien. 2 Feb 1995 Calc No. N-072013 tev he. 0originator i m Remick Da'e 11 Sep 1996
Project SOE S UNITS 2&3 Job No, stoca,01.dt Sheet ho. 12
Subject 0.01 f t2 $5LOCA, Minipurge in operation,1 spf ke

NE319 Doses Within Regions Sumery

Doses in REM for region 5 Cont Roca

Time Interval (hr) Thyroid Ltes Bone Beta Skin Whole Body
from to

0.0000E+00 4.2000E 02 3.531E 03 5.403E 05 8.968E-06 3.760E-06 3.790E 07
4.2000E 02 .1720 2.151E 01 3.287E-03 5.459E 04 1.761E-04 1.942E-05

.1720 .5000 3.481E+00 5.312E-02 8.8165 03 2.697E 03 2.954E 04

.5000 - 1.000 1.195E+00 1.834E 02 3.022E-03 3.184E 03 2.377E 04
1.000 - 2.000 1.051E 03 1.636E 04 2.651E-06 2.649t-03 1.567E 04
2.000 5.210 1.381E 03 1.279E-04 3.421E 06 2.002E-03 1.126E-04
5.210 8.000 8.268E-04 2.591E 05 2.021E 06 2.6TTE-04 1.403E-058.000 24.00 2.974E-03 5.754E 05 7.032E-06 2.865E-04 1.396E-05
24.00 * 96.00 1.750E 03 3.231E 05 3.857E-06 1.520E-04 6.963E 06
96.00 - 720.0 8.367E-04 1.449E 05 1.772E-06 7.118E-05 2.164E-06

Totat 4.904f+00 7.522E-02 1.241E-02 1.149E-02 8.593E 04

Bechtel Sts.' wierd Ccaputer Program LOCADOSE, NE319 Version 3.0
(c) 1989 SCE AIX Version. 2 Feb 1995 Cale No N-072013 Rev No. 0Originator Tom Remick Date 11 Sep 1996
Project SONGS UNITS 213 Job No, stoca_01.dl Sheet No. 14
Subject 0.01 ft2 SOLOCA,Itinipurge in Operation, 1 spike

NE319 01falte Dose sunnery

Doses in REN for distance 1

Time Interval (br) Thyroid Lung Bone Beta Skin Whole BodtFrom to

0.0000E+00 4.2000E-02 8.071E 04 1.234E-05 2.05DE 06 7.694E 07 1.4386 06
4.2000E-02 .1720 1.182E-02 1.806E 04 3.001E-05 9.135E 06 1.844E-05

.1720 .5000 6.188E-02 9.440E-04 1.568E 04 4.551E 05 9.199E-05

.5000 - 1.000 2.521E-04 3.884E 06 6.34M-07 1.263E 06 1.593E 06
1.000 - 2.000 5.266E-04 8.054E-06 1.320E-06 1.956E 06 7.466E 06
2.000 - 5.210 0.000E+00 0.000E+00 0.0COE+00 0.000E+00 0.000E+00
5.210 8.000 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+008.000 - 24.00 0.000E+00 0.000E+00 0.C00E+00 0.000E+00 0.000E+00

,

24.00 96.00 0.000E+00 0.00CI+00 0.000E+00 0.000E+00 0.000E+00%.00 720.0 0.000E+00 0.00CE+C0 0.000E+00 0.000E+00 0.000E+00
Total 7.529E 02 1.149E 03 1.908E 04 5.863E 05 1.159E 04

.
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EC&FS DEPARTMENT

CALCULATION SHEET '**" " $CN NO.eRtu PAGE._.0F _

Project or DCP/MMP _ DCP 2&3 6928.01SJ Calc. No. N-0720-014 CCN CONVERSION:
CCN No. CCN -

Subject Control Rrom and Offalta Do3gtShould CPIS. CRIS and FE'S Fail Sheet .183.of 252
REV OmomATOR DATE IRE DAYE REV ORIGINATOR, DATE ME DATE R

O Mark Drucker 8/15/97 T. Remick 8/18197 E
~

y

#

techtet Standard cavuter Program LOCADOSE, NE317 veielen 3.0
(c) 1999 $CE AIX Version. 2 Feb 1995 Calc No. N-0720-13 Rev No. 0
oristnetor Tom Remick Date 11 Sep 1996
Project SONGS UN115 213 Job No. stoce_01.di $heet No. 16
s tject 0.01 ft2 $8LOCA, Minipurge in Operation, 1 epike

NE319 Off aite Dose Suenary

Doses in kEM for distence 2

Time Interval (hr) Thyrold Lung sono Bete Skin Whole Sody
from to

0.0000E+00-4.2000E 02 2.071E-04 3.168E 06 5.2612 07 1.975E-07 3.691E 07
,4.2000E-02 .1720 3.035E 03 4.636E 05 7.702E-06 2.345E 06 4.732F*06 t.1720 .5000 1.58aE 02 2.423E 04 4.023E-05 1.168E-05 2.361E 05

.5000 - 1.000 6.472E-05 9.970E-07 1.629E 07 3.243E 07 4.089E 07
1.000 - 2.000 1.352E-04 2.067E 06 3.388E 07 5.020E-07 6.329E-07
2.000 - 5.210 4.482E 04 6.777E-06 1.111E 06 1.086E-06 1.347E 065.210 8.000 2.653E 04 3.952E-06 6.486E 07 1.524E 07 2.523E-078.000 24.00 5.192E-04 7.594E 06 1.228E 06 5.189E 07 7.640E C724.00 96.00 7.509E-04 1.064E 05 1.654E-06 4.552E 07 5.712E-07
96.00 - 720.0 1.944E 03 2.709E 05 4.116E 06 1.102E-06 1.007E 06

Total 2.325E 02 3.509'' 04 5.772E 05 1.836E-05 3.370E-05

0

.
*

-_ _ ____ . _ __.___ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ . . _
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EC&FS DEPARTMENT

CALCULATION SHEET #e"u"f$ca no.
'

eAoE_ or _

Project or DCP/MMP DCP 2&3 6928.01S3 Calc. No. N-0720-014 CCN CONVERStoN:
CCN No. CCN -

Sut> ject Control Hoom and Offsite Domen Should CPts. CRIS. and FH!S Fall Sheet _184 of 252
REV OfuGINATOR DATE ME DATP MEV ORIOlNATOR DATE IRE DATE R

O Mark Drucker 8/15/97 T. Rernick 8/18/97 E
y

4

C6.8 RCS Leak LOCADOSE Filc (40 gpni w/ CR & Coi.taininent isolation at 30 inin)

C6.8.1 RCS Leak .LOCADOSE Activity Transport Input File (sb40_30rn.ti)

40.0 spa saLotA w/1 spike, CR & sinipurge f ootsted a 30 min
MARK DRUCKER

SONGS UNITS 2A3
ab40,30s.ti
N 0720-14 0

1

1 8 36 1 1 0
00 0.00000E+00 0.00000E+00 2 0 0

CFM (AIFT CURIES
1 1 1 1 1 1 1 1 1 1 1
0.91 C.04 0.05

CONTNMT

0.000CCE+00 0.50CC0E*00 1 1 1 1
1 1 1
0 <I 131 inttiat centalnment inventory
0 <l 131 inittet containment inventory
0 <!-131 inittet containment inventory
0 <! 132 inittet contairveent inventory
0 <! 132 initlet contatriment inventory
0 <! 132 initial contairment inventory
0 <! 133 inittat contairment inventory
0 <! 133 initial containment inventory
0 <!-133 initlet contairveent inventory
0 <! 5% initial contalinent inventory
0 <I 'e34 initial conta'rment inventory
0 <! 134 inittet contairment inventory
0 <! 135 inittet contairveent inventory
0 <! 135 initial contaltveant Inventory
0 <! 135 initial contairment inventory
0 <r-83m initlet containment inventory
0 <r 85m inttlet contatriment truentory
0 <tr-85 initial containment inventory
0 4r-87 initial containment inventory
0 c r-88 initial containment inventory
0 <xe 131m initial containment inventory
0 <xe 133e initial contairveent inventory
0 <xe 133 initial contairment inventory
0 <xe 135m initlet contaltvoent inventory
0 <xe 135 initial contairveent inventory
0 <xe 138 initial contairment inventory
0 <M 3 initlat contairment inventory
0 <g r-84 initial contairment inventory
0 <Te-129 inittat contairment Inventory
0 <Te 132 inittel contairment inventory
0 stb-88 Inittat contairment Inventory
0 <Cs-135 initial contairment inventory
0 <Cs-138 inittet contairment inventory
0 <I 129 initial contairment inventory
0 <! 129 initial contairment inventory
0 <t=129 initlet contairment inventory

139. <!-131 ci/ hour Leaked into containment
139. <! 131 ci/ hour teeked into contairment
139 <!-131 cl/ hour teeked into contairment
38.9 <! 132 cl/ hour leaked into contairment
38.9 <! 132 cl/ hour leaked into containment

. ..

' ' '

_ _ _ _ _ _ _ _ _ _
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EC&FS DEPARTMENT

CALCULATION SHEET L'8cINCCN No.
*

rAoE _ or _
Project or DCP/MMP DCP 2&3 8928.01SJ Calc. No.E0720-014 CCN CONVERSION:

CCN NO. CCN -
Subject control Room and Offaite Domes ShruM CPIS. CRIS. and FHIS Fail Sheet 185 of 252
REv oml00NATOR DATE wtf DATE REV ofuGWATOR DATE IRE DATE R
O Mark Drucker 8/15/97 T. Rernick 8'18/97 E

y

4

38.9 <l 132 cl/ hour teeked into containment
171. <I 133 cl/ hour teeked into contefranent
171. <I 133 cl/ hoar tested into contatrenent
1 71. <! 133 cl/ hour teeked into contefreent
17.0 <! 134 cl/ hour teeked into contairveent
17.0 <!-134 cl/ hour teeked into contairveent
17.0 <! 134 et/ hour leaked into contairment
75.5 <!-135 ci/ hour leaked into conteirment
75.5 <!-135 ct/ hour leaked into conteinment
75.5 <! 135 ct/houe leaked into containment

0 <Kr-8&n cl/ hour teeked into containment
15.2 <Kr-85m ct/ hour teeked into conteirment
66.3 <Kr-85 cl/ hour teeked into contairveent
7.12 <tr-87 cl/ hour leaked into contatrument

23.0 <Kr 88 et/ hour teeked into conteirseent
15.4 <xe 131m cl/ hour leaked into contalrusent
0 <xe 133m et/ hour leaked into contalrunent

2110. <xe 133 ct/ hour leaked into containment
7.12 <xe-135m cl/ hour leaked into conteltvoent

65.7 <xe 135 cl/have teeked into contairveent
3.60 <xe 138 cf/ hour teeked into contatriment

19.8 SM-3 cl/ hour teeked into contairveent
0.257 <8r-84 ct/ hour leaked into contaltment
0.322 <Te-129 ct/ hour teeked into contatronent
4.14 <Te 132 cl/ hour leaked into contatrvnent

26.2 <ab-88 cl/ hour teeked into contalrnent
0 <Cs-135 cl/ hour tested into contefreent
0 <Cs 138 cl/ hour teeked into contairment
0 <! 129 ct/ hour leaked into contafrument
0 <! 129 et/ hour leaked into contalement
0 <! 129 ct/ hour teeked into contairewnt

2.305E+06
2 1 2201.6 0
0 0 0 0 100 100 100 100 100 0 0

-1,0,0,0
-1,0,0,0

1 7.900000E-04
266920 0 5820 29885 5820

0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

0.50000E+00 1.00000E+00 1 1 1 1
0 0 0
2 1 1.6 0
0 0 0 0 100 100 100 100 100 0 0

-1,0,0,0
1,0,0,0

1 7.900000E-04
266920 2200 10 29934 2210

95 95 99 0 99 99 99 99 99 0 0
95 95 99 0 99 99 99 99 99 0 0

1.00000E+00 2.C0000E+00 1 1 1 1
0 0 0
1,0,0,0

-1,0,0,0
0 7.900000E 04

2.0000CE+00 4.00000E+00 1 1 1 1
0 0 0
1,0,0,0
1,0,0,0

0 7.900000E 04
4.00000E+00 8.00000E+00 1 1 1 1

_

_ . . _ . _ . . . . _ _ _ _ _ _ _
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EC&FS DEPARTMENT

CALCULATION SHEET ' '" " $cn no.AEt ,,Ao E or

Project or DCP/MMP D.CP_2fk3 8928.01SJ Calc. No._ N-0720-014 CCN CONVERSION:
CCN No. CCN --

Subject Control Room and Offsite Dnsen Should CPIS CRIS. and FHIS Fail Sheet _188 of 252
REV GRiGiNATOR DATY IRE DATE REV ORiefMATOR DATE Rf DATE R
O Mark Drucker 8/15/97 T. Remkk 8/18/97 E

y

4

0 0 0
1,0,0,0
1,0,0,0

0 7.900000E-04
8.00000E+00 2.40000E+01 1 1 1 1
0 0 0
1,0,0,0
1,0,0,0

0 4.600000E 04
2.40000E+01 9.60000E+01 1 1 1 1
0 0 0
2 1 0.8 0

0 0 0 0 100 100 100 100 100 0 0
1,0,0,0
1,0,0,0

0 2.500000E-04
9.60000E+01 7.20000E+02 1 1 1 1
0 0 0
1,0,0,0

-1,0,0,0
0 6.250000E-05

C6.8.2 RCS Leak LOCADOSE Dose Input File (sb40_30m.di)

40.0 gia SBLOCA w/ I spike, CR & minipurge isolated 9 30 min
MARE DRUCKER

SONGS UNITS 213
sb40_30m.dl
u-0720 14 0

1

00RDOFDRRDRO

2 5 4 3 1 0 0
REM REM /H

3.6000E 06 0.0C00E+00 0.0000E+00 0.0000E+00 0.0000E+00
3.47005 04 0.0000E+00 0.0000E+C0 0.0000E+00
9.240CE 07 9.2400E 07 6.0300E 07 3.6500E-07 3.2800E-07
3.4700E 04 3.4700E-04 1.7500E 04 2.3200E 04
2.0000E+00 8.0000E+00 2.4000E+01 9.6000E+01 7.2000E+02
2.0000E+00 8.0000E+00 2.4000E+01 7.2000E+02
1.0000E+00 1.0000E+00
1.0000E+00 1.0000E+00 1.0000E+00
3.4700E-04
1.0000E+00 0.6000E+00 0.4000E+00
3.4700E-C4
2.4000E+01 9.600CE+(1 7.2000E+02
7.2000E+02
1.0000E+00 1.0000E*00

.

_____.___m . _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . . _ _ _ _ _ _ _ _.- -
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EC&FS DEPARTMENT

CALCULATION SHEET EREM ICN NO.
'

PAGE _ OF _

Project or DCP/MMP DCP 7&3 8928.01SJ Calc. No._N-0720-014 CCN CONVERSION:
CCN No. CCN -

Subject control Room and Offsite Danae ShotM CPIS. CRis. and FHtR Fall Sheet _197 of _252
REV ORIOMATOR DATE mE DATE REV ORIGINATOR DATE UE DATE R
0 Mark Drucker 8/15/97 T. Remick 8/18/97 h

4- -..

C6.8.' RCS Leak LOCADOSE Dose Output Input File (sb40_30m.do)2

Bechtet Standard computer Program LOCADOSE, hE319 version 3.0
(c) 1989 SCE AIK Version. 2 feb 1995 Calc ho. N 0720-14 Rev No. 0
Originator MARK DRUCKER Date 7 Aug 1997
Project SO CS UNITS t&3 Job no, sb40_30m.dl theet No. 7
Seject 40.0 spa SBLOCA w/ ! spike, CR & minipurge Isolated a 30 min
....... . ......... ... .... .... .............. ........ .

NE319 Ocee Rate Within Regions Summary

Dose rates in REM /HR for region 3 Cont Room

Time lhyroid Lung Bone Beta skin Whole Body
(hr)

0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
5.000E-C1 5.303E-01 8.085E 03 1.342E 03 3.889E-04 4.403E 05
1.000E+00 1.674E-02 2.683E 04 4.392E 05 1.579E-04 1.013E-05
2.000E+00 3.986E-05 8.923E 06 1.184E 06 8.804E 05 5.122E-06
4.000E+00 4.218E 05 3.886E 06 5.306E 07 3.312E 05 1.789E 06
8.000E+00 8.089E-05 2.038E 06 3.262E-07 8.951E 06 4.641E 07
2.400E+01 1.268E-04 2.746E 06 4.532E-07 9.305E-06 4.537E-07
9.600E+01 9.839E-05 2.266E 06 3.973E 07 7.443E-06 3.367E-07
7.200E+02 2.820E-05 1.479E-06 4.108E-07 3.461E 06 4.82SE-08

_

*

''

_ . _ - ____ _ ___ ____________________________-._m_ . - _
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EC&FS DEPARTMENT

CALCULATION SHEET ?!EuIlsCN uo.
*

race _ or _
Project or DCP/MMP ._ DCP 2M 892&O1SJ Calc. No. N-0720-014 CCN CONVERSION:

CCN No. CCN -
Subject control Room and Offsite Dam Should CPIS. CRIS. arvi FHIS Fall Sheet .188 of 252
REV ORIGINATOR DATE WE DATE REV 0'"^"^ TOR DATE IRE DATE R.

O Mark Drucker 8/15/97 T. Remick 8/18/97 E
y

4

Sechtet Standard Coq uter Program LOCADOSE, hE319 version 3.0
(c) 1989 SCE AIX Version. 2 Feb 1995 Cole No. N 0720-14 Rev No. 0Originator RAaK DRUCKER Date 7 Aug 1997
Project SONGS tm!Ts 2&3 Jcb No sb40,30m.d1 Sheet No. 10
subject 40.0 spo SSLOCA w/ I spike, CR & minipurge isolated 8 30 min

NE319 Doses Withln Regions Swenary

Doses in REM fo.' region 3 C mt Roan

ilme Interval (hr) Thyroid Lung Bone gets Skin Whole Body
From to

0.0000E+00 .5000 9.331E 02 1.423E 03 2.363E 04 6.843E-05 7.818E-06.5000 1.000 7.429E-02 1.137E 03 1.885E-C4 1.138E-04 9.731E-061.000 2.000 2.437E 03 4.796E-05 7.526E-06 1.176E-04 7.064E C62.000 4.000 6.753E-05 1.127E 05 1.567E 06 1.092E-04 6.225E 064.000 - 8.000 2.460E 04 9.695E 06 1.49aE-06 6.444E-05 3.468E-068.000 24.00 1.406E-03 3.109E 05 5.101E-06 1.111E 04 5.517E 0624.00 96.00 2.926E 03 6.690E 05 1.148F-05 2.286E-04 1.061C DE96.00 720.0 6.684E 03 2.551E 04 6.399E-05 6.310E 04 1.455E-05
lotal 1.814E 01 2.983E 03 5.160E-04 1.444E-03 6.498E-05

Bechtel Standard Coguter Program LOCADOSE, NE319 version 3.0
(c) 1989 SCE AIX Version. 2 Feb 1995 Calc No, h 0720-14 Rev No. 0Criginator MARE DRUCKER Date 7 Aug 1997
Project SONCS UNITS 243 Job No ab40,30m.di Sheet No. 11
34)ect 40.0 spe $5LOCA w/ I spike, CR & mlnipurge isolated a 30 min

NE319 Doses Within Regions Sweary

Cunulative doses in REM for region 3 cent Rom

Time Thyroid LLeg sene Beta Skin Whole Body(hr)

5.000E 01 9.331E 02 1.423E-03 2.363E-04 6.843E 05 7.818E-06
1.000k+00 1.676E-01 2.561E-03 4.249E 04 1.822E 04 1.755E 052.000E+00 1.700E-01 2.609E-03 4.324E 04 2.998E-04 2.461E 05
4.00uC+00 1.701E-01 2.620E-03 4.339E 04 4.000E-04 3.t44E 058.000E+00 1.704E 01 2.630E 03 4.354E-04 4.734E-04 3.431E 052.400E+01 1.7182-01 2.661E 03 4.405E-04 5.845E 04 3.982E-05
9.600E+01 1.747E 01 2.728t 03 4.520E-04 8.131E 04 5.043E 057.200E+02 1.814E-01 2.983E 03 5.160E-04 1.444E-03 6.498E 05

-

-_ _ -- _ _ _ _ - _ - _ . . - _ - . . _ _ _ _ _ _ .._ _ _ _ . _ . . . _ _ - _ _ _ _ - _ _ . . . - . _ _ . _ _.-_-.-_.__
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EC&FS DEPARTMENT
,

CALCULATION SHEET ',*EM$CNNO..

eAct _ o?._

Project or DCP/MMP DCP 2&3 6928.01sJ Calc. No._ 160720-014 CCN CONVERSION:
CCN NO. CCN -

Subject Control RoomaM Offeta Dn==. Should CPIS. CRis. and rillSIAll Sheet 189 of 252
ftEV ONGINATOR DATE Rf DATE MV OfuQiNAT(* DATE IfE DATT R
0 Mark Drucker 8/15/07 T. Remick 8/18/97 h

&

Sechtel Standard Computer Progres LOCAD0$t, NE319 Vereien 3.0
(c) 1969 let AIE Version. 2 Feb 1995 Cote No. N 072014 Rev be. 0
Orlpinetor MARK CRUCKER Date 7 Aug 1997
Project SONGS UNITS 2&3 Jcb No. ab40.30m.dl theet he. 12
Subject 40.0 spe tBlotA w/ I spike, CR & ninfpstge isoleted a 30 min
eu... .. 4u n n u .. . . u un .u...u...u...u.uuu.u......u . .

WE319 Of felte Dose Rate $tseiery

Dose rates In RDt/NR for distence 1

Time thyreld Lurg Bone Sete skin Whole Rody
thr)

0.000C+00 0.000E+00 0.000E+00 0.000E + 00 0.000E+00 0.000t+00
5.000E 01 9.052E 03 1.380E 04 2.292E 05 6.406t 06 1.295E-05
1.000E+00 1.318E 05 2.004t 07 3.3255 08 9.008E 'MP 1.TTTE-08
2.000t+ 00 2.617E 05 3.961t 07 6.560E 08 1.695t 08 3.207E 08> 4.000r +0r. 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
8.f" A +00 0.000E +00 0.000E+00 0.00bE+00 0.000E+00 0.000E*00
* 400E+01 0,00CE+00 0.000E+A 0.000E +00 0.000E+00 0.000E+00.

9.600t+01 0.000E+00 0.000t+00 0.000E+00 0.000E+00 0.000E+00
7.?00E+02 0.000t+00 0.000E+00 0.000E+00 0.000t+00 0.000E*00

Dechtel Standard Co.puter Preres LOCADOSE, WF319 version 3.0
(c) 1989 SCE A!X Verolon. 2 Feb 1995 Cetc No. N 072014 Rev No. 0Origfneter MAAK ORUCKER Date 7 Aug 1997
Project SONGt UNITS FL3 Job No. eb40,30s.dl theet ho. 13
Subject 40.0 spe SOLOCA w/ I spike, CR & minipurse Isolated a 30 min
.u - . m ......u .... u u.. ....... u..u....u. - u m ....... .

q
bE319 offsite Dose Rete tum.ory

Dose rates in REM /ht for distence 2

Time Thyrold Ltse tone Sete skin Whole Body
(hr)

^
0.000E +00 0.0008!+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
5.000t 01 2.323t 03 3.542E 05 5.854t*06 1.644E 06 3.325t 06
1.000t+00 3.383E 06 5.144t 08 8.535E 09 2.312E 09 4.560E-09
2.000E+00 6.718E 06 t0171 07 1.684t 08 4.350E 09 8.230E 094,000E+00 1.319E 05 1.9811 07 3.269E 08 7.905E 09 1.401E 08'
8.000E+00 2.545E 05 3.783t 07 6.1921 08 1.384E 08 2.245E 08
2.400E+01 2.230E 05 3.229E 07 5.168E 08 2.007E C8 2.799E.08
9.600E+01 2.538E 05 3.565E 07 5.476E 08 1.414t*08 1.676E 08
7.200E+02 2.533E 05 3.563E 07 5.480E 08 2.060E C8 1.090E-08

( .

. . .
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ECQFS DEPARTMENT

CALCULATION SHEET |ltM'sCN No. pact._ of _

Project or DCP/MMP _ DCP 2Q0928.01sJ Calc. No N 0720m 4 CCN CONVFRStoN:
CCN No. CCN -

Subject Crirol Room and Offaite Doman Ehould CPIS. CRIS. add FHIS Fail Sheet.19Q.of 252
REV OnleMATOR DATT RE DATE Rty C90MATOR DATE 1RE DATE R
0 Mark Drucker 8/15/97 T. Hemick 8/18/97 h

4

tochtel Strderd Ctaputer Program LOCADOSE, ht319 version 3.0
O 1989 set Als Versitri. 2 f eb 1995 Cole ko. W 0720 14 Rev No. 0' Igtrator MARK ORUEK!R Dett 7 Aug 1997

Project $0 cs 04118 2L3 Job No. et40,30s.dl sheet No. 14
$4)ect 40.0 gra LDLotA w/1 spike, CR & sinipurge isolated a 30 min

ht319 Of f alte Done lumery

Doses in ktM for distence 1

flee interval (hr) thyrold Lung lone Sete skin Whole Bodyfrom to

0.000X+00 .5000 2.276t 03 3.472E 05 5.768[ 06 1.620E 06 3.288t 06.5000 1.000 4.941t 06 7.521t 08 1.248[-08 3.421t 09 6.810E 091.000 2.000 1.969t 05 2.985t 07 4.947E 08 1.300t 08 2.499t*062.000 4.000 0.000t+00 0.000t+00 0.000E+00 0.000t+00 0.000E+004.000 2.000 0.000t*00 0.000t+00 0.000E+00 0.000E+00 0.000t+00
4.000 * 24.00 0.000t+00 0.000t+00 0.000t+00 0.000t+00 0.000E*D024.00 * 96.00 0.000t+00 0.000t+00 0.000t+00 0.000t+00 0.000E+0096.00 720.0 0.000t+00 0.000t+00 0.000t+00 0.000r+00 0.000t+00

toteL 2.301E 03 3.509E 05 5.829E 06 1.636E 06 3.320t 06

Sechtel Stenderd Computer Program LOCA00St. Nf319 verslam 3.0
(c) 1969 $tt A1x version. 2 Feb 1995 tale ko. N 0720 14 Rev No. 0Originator MARK ORUCKER Cate 7 Aug 1997
Project SONGS Uulls 213 Job Wo. t*40,30s.dl sheet h 15
84 ject 40.0 spe SDLOCA w/1 splke, CR S minipurge lootsted 9 30 min
.......... ....... . ...... ..... ....... .................

WE399 Of fslte 04se sweary

Comatetive doses in RLM for distence i

Time Thyroid Lug Bone Sete skin Whole body
(hr)

5.000t-01 2.276t 03 3.472t 05 5.7A8[ 06 1.620t 06 3.288t 06
1.000t+00 2.281t 03 3.479t 05 5.7H3t 06 1.623E 06 3.295t 06
2.000t+00 2.301t 03 3.509t 05 5.829t 06 1.636t 06 3.320E 064.'90t+00 2.3012 03 3.509t 05 5.829t 06 1.6368 06 3.320E 06
8.000t+00 2.301E 03 3.509t 05 5.829t 06 1.634t 06 3.3200 06
2.400t+01 2.301t 03 3.509t 05 5.829t 06 1.636t=06 3.320t 06
9.600E+01 2.301t 03 3.509t-05 5.829t 06 1.636t 06 3.3200 06
7.200t+02 2.301E-03 3.509t-05 5.829t 06 1.636t 06 3.320E 06

>

_ _ - _ _ _ _ - -
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EC&FS DEPARTMENT

CALCULATION SHEET ' *"Meno.hE n 0E._ or _
ProjoC1 or DCP/MMP DCP 2&3 8928.013J Calc.NO. N4720414 CCN coNVERs)0N

CCN No. CCN -
Subject Cnntrol_Poom and Offalte Dnaam Should CPIS. CRIS. and FHtS rail

Sheet .191.of 252_

RfV OMQWATOR DATE mr DATE MtV ORM^. TOR DATE MF DATI R
O Mark Drucker 8/15/97 T. Remick 8/18/97 h

5

Bechtel Standard Congster Program LOCADOSE, W319 version 3.0
(c) 1989 $CE AIF Version. 2 f eb 1995 Calc Wo. h 0720 14 tev he. 0Origirstor Matt ORUCttR Date ? Aue 1977
Project $0hC8 UWitt 213 Job he, ab40,30s.dl theet No. 16
5(bject 40.0 ppm $8LOCA h/ I spike, CR & mini... .. ........ . .................... . . purge i sol e t ed a 30 mil n

....... ...... ........ .......

hE319 Offstte Dose ssmeery

Doses in REN for dlsterre 2

Ilme interval (hr) Thyreld lme Bone bete skin Wole ladyfrom to

0.0000t+00 .5000 5.8411 04 8.9111 06 1.480t 06 4.158t 07 8.439t 07.5000 1.000 1.268E 06 1.930E 08 3.204[ 09 8.780E 10 1.748t-091.000 2.000 3.053E 06 7.661t 08 1.270E 08 3.338t 09 6.415t 092.000 4.000 1.993t 05 3.00?t 07 4.960t 08 1.229C 08 2.234t 084.000 8.000 7.741E 05 1.154t 06 1.896t 07 4.357[ 08 7.304t*08
4 8.000 24.00 2.470E 04 3.604t 06 5.811t 07 2.338t 07 3.400t 0724.00 96.00 1.256t 03 1.715t 05 2.749t 06 7.2935 07 7,.974E 07

96.00 720.0 1.522t 02 2.133t 04 3.265t 05 9.717t 06 7.259t 06lotel 1.741t 02 2.451t 04 3.7715 05 1.116t 05 9.444t 06

Dechtel Standard Consuter Program (Octbost, w319 version 3.0
(c) 1989 SCE AIX Version. 2 Feb 1995 Cale No. N 0720-14 Rev No. 0Originator MARK ORUC*ft Date 7 Aue 1997Project $0hES UNiil iE3 Job st.. ab40 30s.dt Sheet No. 17
54)ect 40.0 spe $8LOCA w/ I spike, CR & mini
e .. ... ........... ..... ....... purge i sol a t ed 8 30 stin.. ...... ...... .......

ht319 of f aite cose tussary t

Ctmulative doses in REM for distance 2

Time thyroid Lung Bone Bete Skin Whole Body(hr)

3.000E 01 $.841E 04 8.911t 06 1.480t-06 4.158E 07 8.439E 071.000t+00 5.854t 04 8.930E-06 1.484t 06 4.167t 07 8.457E 072.000E+00 5.905t 04 9.007t 06 1.496t 06 4.200E 07 8.521t-07
4.000E+00 6.104t 04 9.3075 06 1.546E 06 4.323E 07 8.744E 078.000t+00 6.878t 04 1.0465 05 1.735t-06 4.759t 07 9.474t 07
2.400E+01 9.349t 04 1.406E 05 2.317E 06 7.096E 07 1.287E 069.600t+01 2.191t 03 3.181t 05 5.065t 06 1.439E 06 2.185t 04>
7.200t+02 1.741E 02 2.451t 04 3.T72t 05 1.116t 05 9.444t 06d

)

-

.
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EC&FS DEPARTMENT

CALCULATION SHEET E"u"licN uo. 4/ at _ or _
Ptolect of DCP/MMP DCP_21L3 6928.01BJ Calc. No._ N-0720-014 ccN coNytmstoN:

ccN No. CCN -
Subject control Roorn and Offaite Deane Rhould CPIS. CRIS. and THIS Fall

Sheet .192.of 252
RfV ORKNNATom DATE IRf DATE REV OI:lGINATOR DATS Imt DATe R
0 Mart 4 Drucker 8/15/97 T. Rerr4ck 8/18/97 h

4

C6.9 RCS Leak LOCADOSE Files (1 gpm with no CR or Containment Isolatlen)

C6.9.1 RCS Leak LOCADOSE Activity Transp0rt input File (shi,.720.ti)

1.0 som $8LOCA u/o isolat'n, Minipurge in Operation,1 apike
Matt DRJerit
toWGs until 283
abt 720.t1
N Oh014 0

1

1 6 36 1 1 0
00 0.00000E+03 0.00000t+00 2 0 0

CFM CUFT Cutits
9 1 1 1 1 1 1 1 1 1 1
0.91 0.04 C.0$

CONTNNi

0.00000E+00 0.50000E+00 1 1 1 1
1 1 1
0 <! 131 inittel contaltvoent 'nymtory
0 el 131 'nittst contairveent rventory
0 <! 131 inittel containment inventory
0 <! 132 inittat contaltunent Inventory
0 <! 132 initial contatrant Irwentary
0 <! 132 inittel contaltet inventory
0 <! 133 inittel contatrinent inventory
0 ci 133 inittel contairvesnt bventory
0 <l>133 initial contairveent inveory
0 <! 134 initial contalrvnent Inventory
0 <! 134 initlet contalrvnent inventory
0 <l 134 initial contelrvesnt inventory
0 <! 135 Inittat contairvennt inventory
0 <l 135 initlat contaltweent invmtory
0 <! 135 initial containment inventory
0 <tr 83m inittel contaltvoent inventory
0 <Kr 85a initial contaltvoent leventory
0 <tr 85 trittal contalfwent inventory
0 <xr 87 inittet contatrinent Inventory
0 <Kr-88 inittet contatrinent inventory
0 <xe 131m initial contatrinent inventory
0 <xe 133m inittat contaltunent inventory
0 <xe-133 inittet contaltunmt inventory
0 <xe-135m inttlet contairvannt inventory
0 <xe 135 inittel contaltunent Inventory
0 <xe-138 initial contairveent Inventory
0 <H 3 initial contalronent inventory
0 str 84 initial contalrvient Inventory
0 <1e 129 inittel contalrvnent inventory
0 <te 132 inillet antairvient inventory
0 <ab-88 Inittel cetatronent inventory
0 <Co 135 Initial contairvnent Irwentory
0 <t.s 138 Initial contairvnent inventory
D <! 129 inittat contairveent inventory
0 <! 129 inittet contairvnent inventory
0 <! 129 initial contalrvnent inventory
3.47 <! 131 cl/ hour leaked into contaireent
3.47 <! 131 cl/ hour teeked Inte contalrinent
3.47 <! 131 cl/ hour Leaked into contalrwent
0.974 <! 132 cl/ hour leaked Into contaltnent
0.974 <! 132 cl/ hour teeked into contaltnent

_.

Me O 6

|
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EC&FS DEPARTMENT

CALCULATION SHEET L*Rtu'"" scN NO. nce _ or _
Project or DCP/MMP __ DCP 2&3 B926.01SJ Calc. No. N41720414 CCN CONVERF'nN:

gN NO CCN -
Subject control Room and Off aite Domes Should CPIS. CRIS. and FHIS Fail

Sheet 193 of.252.
Rfv GidGieATOR DATE |RE DATE R[v ORietNATOR DATT IRE DATF M
0 Mark Drucker 8/16/97 T. Remick 8/18/97 h~

4

0.974 <! 132 cl/ hour tenked into contalment
4.28 <!*133 cl/ hour teeked into contalement
4.28 el*133 cl/ hour teeked into contalment
4.28 <! 133 cl/ hour tenked it:te contalment
0.426 <l*134 cl/ hour leaked into contalment
0.426 <! 134 cl/ hour leaked into conteirment
0.426 <! 134 cl/ hour leaked into contelnment
1.89 (1 135 cl/ hour leaked into conteirment
1.89 <l.135 cl/ hour teeked into conteltment
1.89 <!*135 cl/ hour teeked into conteltment
0 <tr 83m cl/ hour leaked into contalrment
0.3 79 <Kr 85m cl/ hour leaked into contalrment
1.66 <tr 85 cl/ hoar teeked into conteirment
0.178 <Kr 87 cl/ hour Leeked into conteltmoet
0.574 <tr 88 cl/ hour teeked into contelrveent
0.385 <xe 131m cl/ hour leaked into conteltment
0 <xe 133m cl/ hour leaked into containment

52.8 <xe 133 cl/ hour leaked into containment
0.178 <xe 135m cl/ hour tenked into conteltveent
1.64 <xe-135 cl/ hour leaked into centelrveent
0.0901 <xe 138 cl/ hour leaked into contalnnent
0.4 94 <il + 3 cl/ hour leaked into contalrment
0.00641 <sr 84 cl/ hour Leeked into contelnment
0.00604 <Te 129 cl/ hour leaked into contelrment
0.104 <Te 132 cl/ hour leaked into contelrment
0.655 <Rb-88 cl/ hour leaked into contelrmant
0 cco 135 cl/ hour teeked into conteiramt
0 <Cs 138 cl/ hour teeked into contairment
0 <!*129 cl/ hour leaked into contaltvoent
0 <!.129 cl/ hour teeked into contaltvoent'
0 <!*129 et/ hour leaked into conteltment

2.305t+06
2 1 2201.6 0

0 0 0 0 100 100 100 100 100 0 01,0,0,0
1,0,0,0

1 7.9000E 04
266920 0 5820 29885 5820
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

0.50000t+00 1.0n000t+00 1 1 1 1
0 0 0
1,0,0,0
1,0,0,0

0 7.9000001 04
1.00000L+00 2.00000E+00 1 1 1 1
0 0 0

*1,0,0,0
*1,0,0,0

0 7.900000E 04
2.00000E+00 4.00000!+00 1 1 1 1
0 0 0
1,0,0,0

+1,0,0,0
0 7.900000E-04

4.00300E+00 8.00000E+00 1 1 1 1
0 0 0
1,0,0,0
1,0,0,0

0 7.900000E 04
8.00000E+00 2.40000E+01 1 1 1 1

_
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EC&FS DEPARTMENT

CALCULATION SHEET ' '* d' $Cu no.rREu eAoE _ or._
Project or DCP/MMP DCP 2h3 6928 DiR)

Calc. No._ N-0720-014 __ CCN CONVERSION:
CCN No. CCN -

Subject control Room and Offsite Dates Should CPIS. CRIS. and FHIS Fail
Sheet _194 of 252

MtV ORIGINATOR DATF tmF DATE REV ORIGINATOR DAff SRE DATE R
~

0 Mark Drucker 8/15/07 T. Flemick 8/18/97 t
y

4

0 0 0
1,0,0,0
1,0,0,0

0 4.600000E 04
2.40000E+01 9.60000E+ 01 1 1 1 1
0 0 0
2 1 2200.8 0

0 0 0 0 100 100 100 100 100 0 01,0,0,0
1,0,0,0

0 2.500000E 04
9.60000E+01 7.20000E*02 1 1 1 1 '

0 0 0 l

1,0,0,0
1,0,0,0

0 6.250000E 05

C6.9.2 RCS Leak LOCADOSE Dose Input File (sb1_720.di)

1.0 spen stLOCA w/o 1setat'n, Minipurge in Operation,1 spike
Matt OtucLIR
SONGS UNlls 2&3
abt 720.dl
N072014 0

1

DORDOFCkRDRO.

2 5 4 3 1 0 0
REM RE18/Nt

3.6000E 06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
3.4700E -04 0.0000E+00 0.0000E+03 0.0000E+00
9.2400E 07 9.2400E 07 a.0300E 07 3.6500E 07 3.2600E 07
3.4700E 04 3.4700E 04 1.7500E 04 2.3200E 04
2.0000E*00 8.CC00E+00 2.4000E+01 9.6000E+01 7.2000E+02
2.0000E*00 8.0C00E*00 2.4000E+01 7.2000E*02
1.0000E+00 1.0000E+00
1.0000E+00 1.0000E *00 1.0000E+00
3.4700E 04
1.0000E+00 0.6000E+00 0.4000E*00
3.4700E 04
2.4000E+C1 9.6000E+01 7.2000E+02
7.2000E*02
1.0000E+00 1.0000E+00

.

.4.+
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ECOFS DEPARTMENT

CALCULATION SHEET ' *" " $cN No.Atu Fact 0,

Project or DCP/MMP _ DCP 2&3 8928.01SJ Cafe. No. N-0720014 CCN CONVERSION:
ccn No, CCN .-

Subject control Room and Offalte Ontaa shouli.CDS. CRIS. and FHIS Fail Sheet 105 of 252
REV ONelNATOM DATE IRE DATI REV OmlGINATOR DATI RE ,,, DATE R
0 Mark Drucker 8/16/97 T. Remick 8/18/97 h

&

C6.9.3 kCS Lenk LOCADOSU Dose Output input File (sb!_720.do)

Bechtel Standard Ccsvuter Progree LOCADOSE. ht319 Version 3.0
(c) 1989 $CE AIX Version. 2 Feb 1995 Cole No. W 072014 Rev ko. 0Originator MARK DRUCKER Date 7 Aug 1997
Project 50hCS UW118 2&3 Job No, sbi 720 sheet Wo. 7stbject 1.0 give $sLOCA w/o teolet'n, Mf niparg.die in Operation 1 spfke
seeeeeen.n . .....ne ....... .. .......... n.ee.n... ... .......

ht319 Dose Rate Within legions SJmery

Dose rette in REM /Mt for region 3 Cont Room

ifne Thyroid lung Bone Sete $ kin Whole Bodythr)

0.000t+00 0.000E+00 0.000E+00 0.000E+00 0.0G0E+00 0.000E*00
5.0005 01 1.326E 02 2.0208 04 3.3538 05 9.727E 06 1.iC2E-06
1.000f +00 4.134t 02 6.593t M 1.0948 04 3.140E 05 3.429E 06
2.000t+00 1.223E 01 1.852E C3 3.0658 04 8.429t 05 8.787t 064.000t*00 2.855t 01 4.L89t 03 7.073t 04 1.786E 04 1.769E 058.000t*00 5.526E 01 8.205t 03 1.344f C3 3.0721 04 2.831t-05
2.400t+01 6.230E 01 9.029f 03 1.446E C3 2.837t 04 2.300E 05
9.600t+01 3.505f 01 4.944t 03 7.6411 04 1.340E 04 9.435E 06
7.200t+02 2.9762 02 4.163E 04 6.358E 05 1.127t 05 5.806t 07

s

--

,es..

/

_ _ _ _ _ _ _ ___
.

-
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EC&FS DEPARTMENT

CALCULATION SHEET 'A'EMbo. uce _ o,_.
Project or DCP/MMP _DCP 2&S 8928 01SJ C81c No. N-0720-014 CCN COWER 510N:

CCN NO. CCN -
Subject control hom and Off aita Donas EbmM CPlf. CRIS. and FHIS Fall Sheet _198 01_252
hrV ORIQlMATOM DATE Ntf DATE REY CiE^?. TON DATE ORf DATE R
O Mark Drucker 8/15/97 T. Remick 8/18/97 E

y

4

Buhtet 8tw derd Computer Progree LOCAD0tt, WE319 Version 3.0
(c) 1989 $0F AIX Version. I f eb 1995 Cete No. k 072014 Rev Wo. 0Orlpinetor MARE DRUCEtt Date 7 Aup W97
Project SONC$ 1%|IS ?&3 Job he. sb1 i20 $heet be. 10subject 1.0 spa ssLotA w/o isolet'n, MinIpurg.dle in on n u u u .... n u . n u . = w .u n ... u peration, 1 spike

.......n..u...n

hE319 Doses Within Regions twinery

Doses in REN for region 3 Cont Rom

ilme Interval thr) Thyroid Lung tone Sete Skin Whole Scd/From to

0.0000t+00 .5000 2.331E 03 3.555E 05 5.90s. De 1.712E 06 1.95M 0F.5000 1.000 1.368E 02 2.083E 04 3.456E 15 9.966E 06 1.105E 061.000 2.000 8.173E 02 1.240E 03 2.054E 94 5.757E 05 6.101E-062.000 4.000 4.099E 01 6.1 TIE 03 1.020E 03 2.679E 04 2.698E 05A.000 8.000 1.701E+00 2.538E 02 4.169E 03 9.904E 04 9.385E 058.000 24.00 8.144E+00 1.189E 01 1.919E 02 3.928C 03 3.314E 0424.00 96.00 1.515E+01 2.143E 01 3.333E 02 5.962E 03 4.310E 04
a

%.00 720.0 7.900E+00 1.1065 01 1.690F 02 2.989E 03 1.585E 04*ctet 3.338t+01 4.768F 01 7.485E 02 1.421E 02 1.049E 03

Sechtel Standard Caputer Program LOCADOSE, WE319 version 3.0
(c) 1989 Ect AIX Version. 2 Feb 1995 Calc No. W 072014 Sev No. 0Originator makt DeucEER Date 7 Aug 1997
Freject Sakst UNils 2&3 Job No. abi T20 sheet he. 11Select 1.0 6pm SBLOCA w/o isolet'n, MinIpurg.dle in Operation, l spike

NE319 poses Within teolons stsspery

Cumulative doses in REN for region 3 Cent Room

Time Thyroid Lmg Sone Bete Skin Whole Body
(hr),

5.000E 01 2.331E 03 3.555E 05 5.90$E 06 1.712E 06 1.956E 07
1.000E+00 1.E31E 02 2.438E*04 4.046E 05 1.17CE 05 1.301E 062.000E+00 9.774E 02 1.484E 03 2.459E 04 6.926E-05 7.402E 06
4.000E+0D 5.076E-01 7.661E 03 1.266E-03 3.371E 04 3.438E-05
8.000C+00 2.209E+00 3.304E 02 5.435E 03 1.328E 03 1.282E 04
2.400E +01 1.035E+01 1.519E 01 2.462E 02 5.255E 03 4.596E 04
9.600E*01 2.54ti+01 3.642E 01 5.795E 02 1.122E 02 8.9CM 04
7.200E+02 3.338E+01 4.768f*01 7,485E 02 1.421E 02 1.049E*03

-
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ECOFS DEPARTM NT

CALCULATION SHEET %*r"u,"UCN uo. PAot ._ o,
_

Project or DCP/MMP DCP 2& 18928 O19J Calc. No._ N4720-014 CCN CONVLR$10N:
CCN No. CCN -

Subject Control Ranm and Offalta.Doug3hould CPIS. CRIS. and THIS Fall Sheet _197 Of 252
y OmeINATOR DATE IRE DATE REV c~ ~ ^ TOR DATE IRE DATE R

0 Mark Drucker 8/15/97 T. Remick 8/18/97 h
4

techtet standard Cog uter Program LOCADO$t, NE319 Verelon 3.0
(c) 1989 $CE Als Vereton 2 Feb 1995 Calc ho. N 0720 14 Rev No. 0Originator Matt DauCEER Date 7 Aug 1997
Project $0NGS UWill 2L3 Job No. sbi 720 sheet he. 12tubject 1.0 grse SBLOCA m/o Isolet'n, Minipurg.dle in Operetton
nnn.. nu ...u.. ...nnnnn ....n.....men....,..Ispiken n non........

ht319 offsite Dose tote tusseary

Dese rates in REM /NR for distance 1

time thyroid Lun0 Bone Sete skin m ole Body
the)

0.000E+00 0.000t+00 0.v00r+00 0.000E +00 0.000E+00 0.000E*00
S.000E 01 2.261t 04 3.448t 06 5.728E 07 1.603E 07 3.239E 07
1.000E+00 4.434t 04 6.743t 06 1.119t 06 3.035t 07 5.9875 07
2.000E*00 8.530E 04 1.291t 05 2.139E 06 5.533E 07 1.047E 064.000t+00 0.000E+00 0.000E+00 0.000F400 0.000t+00 0.000E*00
8.030E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+ 00
2.400E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
9.600E+01 0.000E+00 0.000E*00 0.000E+00 0.000t*00 0.000E+00
7.200E+02 0.000E+00 0.000t*00 0.000E+00 0.000E+00 0.000E+00

Bechtel standard Congiuter Program LOCADost, ht319 version 3.0
(c) 1989 SCL AIK Version. 2 Feb 1995 Cole No. N 072014 Rev No. 0

-

Originetar MARK ORUCEtt Date 7 Aug 1997
Project 50hCS UNITS 253 Job No. ebi 720.dl sheet ho. 13
Stbject 1.0 spia EELOCA w/o isolet'n, Mint
unnnen u ... ......n.n.n .... purse in operat ion, -spike.un.nn..n.p .n.n .

NE319 Offelte Dese tote S. mary

Dose rates in REM /HR for dietence 2

flee Thyroid Lmg tone Sete skin m ole Body(hr)

0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
5.000E 01 5.803E 05 * 950E 07 1.470E-07 4.113E 08 8.315E 081.000E+00 1.138E 04 1. 31t 06 2.872E-07 7.7911 08 1.537t 072.000E+00 2.189E-04 !.J14r 06 5.489t-07 1.420E 07 2.687t 074.000t+00 4.060E 04 6.098E 06 1.006t 06 2.437E 07 4.319t 078.000E+00 7.026E 04 1.044E 05 1.710E 06 3.8252 07 6.212t 072.400E+01 4.195E-04 6.084E 06 9.752t 07 3.8001 07 5.33eE-079.600E+01 3.434t 04 4.845t 06 7.490E 07 1.970E 07 2.398E 077.700E+C2 1.047t 04 1.465E 06 2.23?E 07 5.940E C8 5.289E 08

)

.

.__,.__....__i.
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EC&FS DEPARTMENT

CALCULATION SHEET 'EMcN uo.r ,AOC _ or _

Project or DCP/MMP DCP 2&3 8928.01SJ Calc. No_40720-014 CCN CONVER$10N:
ceN No CCN --

Subject _ContrDLilcom and OHalte Donna Should CPIS. CRIS. and HilS Fah Sheet.MS_E'f J52. _ ,

REV ORIQlhiATOR DATE IME DATE REV Oa'""".". TOR DATE IRE DATE R

_0 Mark Drucker 8/15/97 T. Remick 8/18/97 E
y

&

Bechtel Sterceed Conputer Prc. oram LOCADOSE. kE319 Vereton 3.0
(c) 1959 SCE AIK Version. 2 feb 1995 Cole No. N 0720 14 Rev me. 0Originator MAAE ORUCKER Date 7 Aug 1997
Project SONGS UhliS 2&3 Job Wo. ebi 720 $heet No. 1454]ect 1.0 ppm BBLOCA w/o leolet'n, M11Ipur.dl
n u . . ..n = = ... ....... n. u.se in Operation. !* spike

. . . u..n. .. . u . a.n . .. u . .

WE319 Offelte Oose su mary

Dosee in REM for dietence 1

Time Intervel (hr) Thyroid Lung Bone Sete skin Whole Bodyfrom to

0.0000E+00 .5000 5.684E 05 8.673E-07 1.441E 07 4.053E 08 8.226E C8.5000 1.000 1.677E 04 2.553E 06 4.238E 07 1.163E 07 2.315E C71.000 * 2.000 6.505E 04 9.863E 06 1.635E 06 4.304E 07 8.2721 072.000 4.000 0.000E*00 0.000E+00 0.000E*00 0.000E+00 0.000E+004.000 8.000 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+008.000 24.00 0.000E*00 0.000E+00 0.000E*00 0.000E+00 0.000E +0024.00 96.00 0.000E+00 0.000E+00 0.000E+00 0.000E*00 0.000E+0096.00 720.0 0.000E+00 0.000E+00 0.000E+00 0.000E*00 0.000E+00Total e.750E 04 1.328E 05 2.203E 06 5.872E 07 1.141E-06

Sechtet Standard Computer Program toCAbosE. WE319 verelon 3.0
(c) 1989 SCE AIX Verelen. 2 Feb 1995 Catt No. N 0720 14 key No. 0Originator MARE ORUCKER Date 7 Aug 1997
Project SONG 5 UNIT 5 2&3 Job No. sbi 720,dl sheet ko. 15
$ 4]ect 1.0 som $5LOCA w/o isolet'n, Minipurge in operation, i.epike

hE319 Offsite Dose t senery

Cumalative doses in REM for dietence 1

Tlee Thyroid tung Bone Bete skin Whole Body
Or)

5.000E 01 5.684E 05 8.673E 07 1.441E 07 4.053E-08 8.22tf C8
1.000E+00 2.245E 04 3.420E 06 5.679E-07 1.568E 07 3.138E 07
2.000E+00 8.750E-04 1.328E 05 2.203E 06 5.872E 07 1.141E 06
4.000E+00 8.750E 04 1.328E 05 2.203E 06 5.872E 07 1.141E 06
8.000E+00 8.750E 04 1.3282-05 2.203E 06 5.872E 07 1.141E 06
2.400E*01 8.750E-04 1.328E 05 2.203E 06 5.8721 07 1.141E 06
9.600E+01 8.750E C4 1.32aE 05 2.203E 06 5.872E-07 1.141E 06
7.200E+02 8.750E 04 1.328E-05 2.203E 06 5.972E 07 1.141E 06

.
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ECSFS DEPARTMENT

CALCULATION SHEET ' *" " $CN No.Atu PAot _. or _
Project of DCP/MMP DCP 2&3 0926.01SJ Calc. No. RD120:014... CCN CONVERSION:

CCN No. CCN -
Eabject Control Room and Offade Doman hold CPIS. CR!S. and FHIS Fall

Sheet _199 Of _252
REV OmantATOR DATE GRE DATE RfV ORleMATOR DAff mE DATE R
O Mark Drucker 8/15/97 T. P . mick 8/18/97 E

y

I

Bechtel Standard Ccoputer Prostes LOCADost, kt319 version 3.0
(c) 1989 $CE AIX version. 2 Feb 1995 Catt ko. N 072014 Rev No. 0
Orf elnator MRK DRUCKit Date 7 Aug 1997
Project SONGS UNiis 2&3 Job No. sbi 720 $ Feet ho. 16SW]ect 1.0 epin SSLOCA w/o isolet'n, Minlyg.dle in O

. .... ...... ....... .......... ....
peration. | spike
........................ ..

NE319 Offalte pose suwary

Doses in REM for distence 2

time Interval (hr) thyroid Ltelo Bone Sete Skin Whole todyFran to

0.0000t+00 .5000 1.459E 05 2.226t 07 3.699t 08 1.040E 08 2.111E 08.5000 1.000 4.304t 05 6.552E 07 1.08at 07 2.964E 08 5.942t 081.000 2.000 1.670t 04 2.532t 06 4.196E 07 1.10$E 07 2.123t 072.000 4.*J00 6.2906 04 9.476t 06 1.546E 06 3. 98cE -07 7.062E 074.000 8.000 2.243E 03 3.345t 05 5.4964 06 1.264t 06 2.120E 068.000 24.00 5.450E 03 7.957t 05 1.264t 05 5.177E 06 7.560E*0624.00 96.00 2.45DE 02 3.471t 04 5.397E 05 1.446E 05 1.802E 0596.00 * 720.0 6.863t 02 9.605t 04 1.468t 04 3.090E 05 3.551E 05total 1.017t 01 1.433E 03 2.212t 04 6.033E 05 6.421E 05

Sechtet Standard Coquter Progrese LOCADOSt. NI319 version 3.0
(c) 1989 $CE AIX Version. 2 Feb 1995 Calc No. N 072014 Rev No. 0Originator MAK DRUCKER Date 7 Aug 1997
Project SONG $ UNils 213 Job No. ob1 723.dt Sheet No. 17
S eject 1.0 spre SBLOCA m/o isolat'n.s.......... ......... MinTpurs.e in Operation, t..ptE.

... ... ...... ... ..................

kt319 Offelte Dome $ m mry

Cumtetive cknes in REN for distance 2

Tinie thyroid Lune Bone Bete Skin Whole Body(hr)

5.000E 01 1.459Z 05 2.226E-07 3.699E 08 1.040E 08 2.111E*061.000E+00 5.763E 05 8.778t-07 1.458E 07 4.025f 08 8.C53t 082.000E*00 2.246E 04 3.409E 06 5.654E 07 1.507t 07 2.928E 074.000E+00 8.536E 04 1.299t 05 2.131E 06 5.393E-07 9.990E 078.000t+00 3.096E 03 4.6348 05 7.628t 06 1.6035-06 3.119E 062.400t+01 8.547E 03 1.259E 04 2.047t 05 6.980E 06 1.068E*059.600E+01 3.305E 02 4.730E 04 7.444t-05 2.144E 05 2.870E 057.200E+02 1.017t 01 1.4331 03 2.2121 04 6.033t 05 6.421E-05

.
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APPENDLX D Fila in FilB
|

D 1.0 Fila in FHB METilODOLOGY;

"

Following a Fuel llandling Accident (FHA) in the Fuel 11andling Building (FIIB), activity is
released into the Spent Fuel Pool, and then disperses into the F}lB atmosphere, and from there
to the Control Room, EAD and LPZ.

The immersion and inhalation doses are due to the airbome cloud at the EAB and LPZ and the
cloud inside the Control Room. The LOCADOSE dose calculation program will be run using
the appropriate assumptions and design inputs from Sections 3 and 4 to calculate the
immersion and inhalation doses in the CR and at the EAB and LPZ. Figures D 1 and D 2
show the LOCADOSE models used. The figures relate to each other as follows:

,

l. Figure D-1 represents the initial configuration.

2. Figure D-2 represents the configuration once the CR HVAC system has been placed
into the high radiation isolation mode,

i

i

i

,

i
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D2.0 FIIA in FIIB LOCADOSE MODEL

Figure D 1

FIIA in FIIB LOCADOSE Model
CR HVAC In Normal Mode, FIIB HVAC In Normal Mode

|
NODE 2

Fuel HandAng FILTER

BUDG
365,305 fd

__ 0%i**
.- 29885 cfm

$ p"ak
0% NG

26365 cfm

NODE 3

J f %/Q CR _5820 cfm Control Room 5820cfm

244,398 ff

7/QEAD

X/QLPZ

(

.
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Figure D-2

FIIA in FIlli LOCADOSE Model
2 Trains of CR IIVAC In liigh Radiation Isolation Mode, FIIB IIVAC In Normal Mode

NODE 2

FuelHandibg
Building

385,305 ft'
_ 95% l ehm _ 59869 ctm

99 P7tt ' ' *}
0% NG

26366cfm

X/Q CR % NODE 3

X/QCR FILTER _
Contol Room 4410 cfm

'4
otal 95%Imm 244,398 ft*

trains) 95% 1 ers
X/Q EAB 99% Part

0% NG
X/Q LPZ

l

.
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D3.0 FIIA in FIIB ASSUMPTIONS

D3.1 In accordance with Regulatory Guide 1.25 (Reference 6.4c), it is assumed that the fuel
has at least 72 hours of decay prior to the accident. This time is based on IJcensee
Control Specification 3.9.101 (References 6.4j and 6.4k). Regulatory Guide 1.25

Section C.I.a mates that the accident will be assumed to occur at a time after shutdown
identified by the Technical Specifications as the earliest time irradiated fuel handling
operations may begin.

D3.2 In accordance with Regulatory Guide 1.25 Section C.I.1, all of the radioactive material
in the FHB atmosphere is assumed to be released to the environment over s 2 hour
interval.

D3.3 Manual operator action is assumed to occur at 30 minutes to place the Control Room
HVAC in the high radiation isolation mode Because personnel must be in the FHB
rnoving fuel for the FHA to occur, it is reasonable to assume that the Control Room

receives prompt notification of the accident. The chosen interval allows adequate time
for the personnel to stop fuel movement and exit the FHB prior to notifying the
Control Room.

D3.4 Per Regulatory Guide 1.25 position C.I.f, elemental and particulate iodine are
indistinguishable, and treated only as inorganic iodine. Treating the particulate iodine
as elemental iodine is conservative, since the CR recirculation fdter is more efficient at
removing particulate iodine.

D3.5 The atmospheric dispersion factors for Containment releases (given in Design
input 4.5) are assumed to apply to FHB releases also. The normal FHB HVAC
discharges tc the Continuous Exhaust Plenum, which is the discharge point for
containment leakage into most of the plant buildings. Use of the Containment y/Q is
reasonable, since the FHB is essentially adjacent to the Containment, For the EAB and
LPZ, this means that the distance to the EAB and LPZ, and the terrain features, are
very similar. For the Control Room, the FHB is further away from the outside air
makeup (per drawings 41358 and 41366, References 6.2m and 6.2n), making the
distance, and terrain features, conservative with respect to the Containment.

D3.6 This analysis does not take any credit for FHB Post Accident Cleanup Units
S2(3)-1504-M E370 or E371.

1

_
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D4.0 FIIA in F11B DESIGN INPUTS

D4.1 CE letters S-CE-2666 (Reference 6.3a) and S-CE-3068 (Reference 6.3c) provide the
gap activity released from one fuel pin during an FHA (with a peaking factor of 1.65
and 72 hours of decay after reactor shutdown). To account for operating with fuel
discharge burnup extended from 33 GWDff to 60 GWDff, Calculation N-4097-013
(Reference 6.lu) dMermined activity change factors to be used to account for the
change in burnup. In the table below, the CE activities are adjusted by the N-4097-013
Table 8.1 1 change factor. Where the change factor is less than 1.0, no changes were
made to the CE inventory, in accordance with N-4097-013 page 8, a change factor of
1 was used for Xc 133m (with its 2.19 day halflife). The daughter isotopes of the CE
inventory (as determined by the LOCADOSE Code library file) are listed with a zero
initial activity.

_

ISO 10PE N.4097 013 S CE-3068 Inventory Adjusted
Change Factor (Ci/ Peak Rod) Irnentary

(Ci/ Peak Rod)

1-131 1 00 2.10e+02 2.10e+02

1-133 0.98 5.56e+01 5.56e+01

1-135 0.98 3.47e 01 3.47e O1

KR--85 2.00 1.4 ',e+01 2.92e+01

XE131M 1.00 3.58e+00 3.58e+00

XE-133 0.98 5.12e+02 5.12e42

XE133M 1.00 1.07e+0| 1.07e+01

XE-135 1.10 6.63e+00 7.29e400

XE135M 1.00 0.00e'00 0.00e+00

CS 135 2.00 0.00e+00 0.00e+00

9

.
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D4.2 The FHB HVAC parvneters during normal operation are as follows:

Parameter IHB Normal Orwration
,

Value Reference

Filtered intake O cfm 40090 (Ref. 6.2c)

UnfilteredIntake (includes 26,36$ cfm 40090 (Ref. 6.2c)
inftitration)

Exhaust Rate 26.365 cfm 40090 (Ref 6.2c)
Filtered Recirculation o efm 40090 (Ref. 6.2e)
Ifnnitaed Recirculation 0 cfm 40090(Ref 6.2c)

D4.3 The FHB volume served by the normal File HVAC system is 365,305 ft2 per
Calculation M-0076-001 sheet 5 (Reference 6.id).

D4.4 Per Section C.I.h of Regulatory Guide 1.25 (Reference 6.4e), the noble gas activity
released to the Spent Fuel Poolis not subject to clean-up due to pool scrubbing. The
retention of noble gases in the pool is negligible (i.e., a decontamination factor of one).
For iodine, the iodine being released from the fuel pin gap space is assumed to be
99.75% particulate and elemental, and 0.25% organic per Regulatory Guide 1.25
sections C.I.f and C.I.g. The SFP decontamination factor for elemental / particulate
iodine is 1/133, and I for organic iodine. These values are based on having 23 feet of
water above the top of the fuel.

D4.5 This calculation will model 236 fuel rods in a fuel bundle assembly per drawing
SO23 990-164 (Reference 6.2p).

D4.6 Per S-CE-2666 (Reference 6.3a) no more than all of the fuel pins in four rows parallel
to one assembly face (corresponding to 60 pins) are damaged.

.
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D5.0 FHA in FHR COMPUTATIONS

DS.1 Spent Fuel Poollodine Removal

As discussed in Design Input D4.4, the iodine gap activity released to the spent fuel pool water
is subject to clean-up due to pool scrubbing. Regulatory Guide 1.25 gives pool
decontamination factors for situations where there is at least 23 feet of water above the rods.
Per Technien) Specification LCO 3.7.16 (References 6.4h and 6.41), the Spent Fuel Pool water '

level above the spent fuel stored in the fuel racks must be greater than or equal to 23 feet
during fuel movement. Per CE letter S-CE-2666 (Reference 6.3a) the release occurs after the
dropped bundle has hit the fuel pool floor. Since this means that the top of the bundle is below
the top of the stored fuel, at least 23 feet of water are above the damaged bundle. Therefore,
this calculation may take credit for iodine removal by the spent fuct pool.

Per Design Input D4.4, the activity profile modeled assumes that the iodine gap inventory of
Design input D4.1 is composed of 99.75 percent inorganic species (i.e., elemental and

particulate iodine), and 0.25 percent organic species (i.e., organic iodide). Per Regulatory
Guide 1.25, the pool decontamination factors for the inorganic lodine and organic iodide
species are 133 and I, respectively. Per Assumption D3.4, particulate iodine will be treated as
elemental iodine. This results in the following iodine activity inventories becoming airborne in
the FlIB:

hxtine Species Initial Pin Gap Fraction of Decontamination Airtane Activity
Inventory (CD Totallodine Factor for SFP (CD

A B C A=B+C
I-131 elemental 210 0 9975 133 1.575

e

I 131 orgt.nie 210 0 0025 1 0.525

1 133 elemental 55 6 0.9975 133 0.417
1 133 organic 55 6 0.0025 1 0.139,

1 135 elemental 0.347 0.9975 133 0.0026025,

1-135 organic 0.347 0.0025 1 0.0008615 i

) As a sample calculation, the I-131 elemental airborne activity is:

210 Ci x 0.9975
= 1.575 Ci

133

. .
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D5.2 FIIB Eahaust Howrate

As discussed in Assumption D3.2, the analysis should assume that all of the radioactivity is
released from the FHB over a 2 hour interval (120 minutes). The RIB exhaust flowrate (per
Design Input D4.2), and the FIIB volume (per Design Input D4.3) result in removing all but
the following amount of the activity in the 2 hour period ofinterest:

AdMtyw , , _AdMtyw x e''''
, ,.n,,

AdMtyw AdMtyw

g , FHR Rowrote ,, 26.365 p*lmin
FHB Volume 365,30s p3

A = 0.0722 min 'l
AdMty 3,

, g.,%..) * 02' a'=') - 0.0002, or 0.02%AdMtyw

Based on engineering judgement, the impact of not removing 0.02% of the FIIB activity within
the 2 hours will ha*,e negligible impact on the resulting doses. Use of the no mal FHB HVAC
exhaust flow rate in the analysis will meet the Regulatory Guide 1.25 2 hour removal
requirement.

D5.3 FRA in FHB LOCADOSE Code Time Steps

The time steps entered into the LOCADOSE Code were chosen to model the times at which
parameters important to the analysis are changed (e.g., HVAC changes). While the accident
ends at 2 hours per Regulatory Guide 1.25, the analysis will go until 8 hours to ensure that all

of the activity is removed from the FHB (due to the exponential equation used in determining
the FHB exhaust flowrate in Section D5.2). This also ensures that the activity entering the
Control Room has had sufficient time to either be exhausted back to the environment, decayed,
or be removed by the CR EAC recirculation filters.

.

_._.____._m_.m_
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liX:ADOSE

Reac or S tdown " bW #" **Om)
0 N/A Reactor t.hutdows

3 days 0 hrs Herinning of Fi!A ~

3 days + 30 rnin o.5hr Control Roorn HVA C inanually isolated

3 days + 2 hrs 2 hrs End ofEAllanahtis
1 days + 8 hrs 8 hrs End of analys:

D5.5 FIIA in FilB Dose Results

The number of fuel pins that fail is per Assumption D4.6. The doses for a single failed pin are
from Section D6.5. The Control Room whole body doses e.rc doubled per Assumption 3,7.

FHA - CR and FHB IIVAC in Normal Operation at Start of FHA,
CR lsolates at 30 Minutes

. Single Pin Total Dose
Location

Dose (Rem) Pins Failed Dose (Rem)
CR:
Thyroid 3.406E-01 60 20.4
Beta Skin 6.508E-03 60 0.4
Whole Body 2.798E-04 60 <0.1

EAB:
Thyroid 4.090E-03 60 0.2
Beta Skin 2.562E-05 60 <0.1
Whole Body 1.999E-05 60 <0.1

LPZ:
Thyroid 1.050E-03 60 0.1
Beta Skin 6.577E-06 60 <0.1
Whole Body 5.133E-06 60 <0.1

__ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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D6.0 Fila in FHB COMPUTER FILES

D6.1 Fila in FCU LOCADOSE Lib.ary File (tha_fhb.Ilb)

version 1.0 Thyrold Eung Borte beta skin WholJ Body
I 1312.508t+04 9.976E 071.490E+06 2.073E+04 3.150E+03 3.170E 02 8.720E 02 11 11 0 0 00 0

1.10X-02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1 1.817E 01 3.789t 01
1"1312.50aE+04 9.976E 071.490E+06 2.073E+04 3.150E+03 3.170E 02 8.720E 02 21 11 0 0 0 0 0

1.100E 02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00X+00 2 1.817E 01 3.799E 01
I"1312.508t+04 9.976E 071.490E*06 2.073E*04 3.150E+03 3.170E 02 8.720E 02 31 11 0 0 00 0

1.100E*02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 3 1.817E 01 3.789E 01
1~ 133 f 622E+04 9.211E-06 2.690E+0i 5.064E+03 1.080E+03 7.350E 02 1.550E 01 12 13 12 0 0 0 0
9.710E 012.900E 02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 4 4.057E 016.047E 01

1"133 5.622E 604 9.211E 06 2.690E+D5 5.064E+031.0%E+03 7.350E 021.550E 01 221312 0 1 0 0
9.71(*-01 2.900E-02 0.000E+00 0.000E*00 0.000E+00 0.000E+00 5 4.067E-01 6.047E 01

I"133 5.622E+04 9.211E 06 2.690E+05 5.064E+031.083E+03 7.350E C21.550E 01 32 13 12 0 0 0 0
9.710E 012.900E 02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 6 4.067E 016.047E 01

I"135 5.103E+04 2.912E 05 5.600E+04 1.971E+03 3.350E+021.290E-01 t.210E 01 12 14 15 0 0 0 0
8.450E O'.1.550E 010.000E+00 0.000E*00 0.000E+00 0.000E+00 7 3.691E 01 1.617E+00

I"135 5.103E+04 2.012E-05 5.600E+041.971E+03 3.350E+02 1.290E 014.210E 01 22 14 15 0 0 0 0
'

8.450E 01 1.550E 010.000E+00 0.000E+00 0.000E+00 0.000E+00 8 3.691E-01 1.61?E+00
I"135 5.103E+D4 2.912E-05 5.600E+041.971E+03 3.350t+021.290E-014.210E 01 32 14 15 0 0 0 0
8.450E 01 1.550E 010.000E+00 0.000E*00 0.000E+00 0.000E+00 9 3.691E 01 1.61TE+00

ER"85 4.102E+02 2.054E-09 0.000f+00 2.410E+00 0.000E+00 4.246E-02 5.102E 0440 0 0 0 0 0 0
0.000E+00 0.00X+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 10 2.50$E 01 2.236E 03

XE131M 2.595E+02 6.815E 07 0.000E+001.40X+00 0.000E+001.508E 02 2.899E 0340 0 0 0 0 0 0

0.000E+00 0.000E+0u 0.00X+00 0.000E+00 0.000E+00 0.000E+00110.000E+00 3.116E-03
XE133N 1.384E+03 3.663E 06 0.000E+00 1.890E+00 0.000E+00 3.150E 02 7.954E 03 41 13 0 0 0 0 0

1.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E*0012 0.000t+00 2.33?t 02
xt 133 5.622E+041.528E 06 0.000E+001.570E+00 0.000E+00 9.697E 03 9.316E 03 40 0 0 0 0 0 0

0.000E+00 0.700E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0013 9.004E 012.Y97E 02
RE 135 5.363E+04 2.115E 05 0.000E*00 4.050E+00 0.000E*00 5.894E 02 5.736E 02 41 16 0 0 0 0 0
1.00CE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0015 3.028F 012.466E 01

NE'.35N 0.000E+00 7.38CE: 04 0.00CE+00 2.220E+00 0.000E+00 2.253E 02 9.887E 02 41 14 0 0 0 0 0
)

1.000E+00 0.000E+00 0.00CE*?0 0.000E+00 0.000E+00 0.000E+0014 3.000E 014.266E 01
Cs-135 0.003E+00 7.449E 15 7.480E+031.570E+031.46CE+04 2.730E 03 0.000E+00 50 0 t, 0 0 0 0

0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00CE+00 0.000E+00 16 5.630E 02 0.000E+00

-

__

_ .
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D6.2 FHA in FHB LOCADOSE Activity Transport Input File (iha_fhb.ti)

FRA in fuel Sleg, CR lsolated at 30 minutes
ice Rentek
SONGS Utift 213
tha,fhb.tl
k 720 013 0

1

1 3 16 1 1 0
00 0.00000E+00 0.00000C+00 2 0 0

CFM Cup! CURIE 5

1 1 1 1 1 1 1 1 1 1 1
1 1 0

FUEL SLDG

0.00000t+00 0.5E+00 1 1 1 1
1 0 1

1.575 <! 131 elemental
0.525 <! 131 orpenic
0 <l.131 particulate
0.417 <I 133 elemental
0.139 <! 133 organte
0 <! 133 particulate
0.0026025 <! 135 elementet
0.0008675 <1 135 oreenie
0 <! 135 particulate
29.2 <Kr 85
3.58 <xe-131m
10.7 <xe-133a
512 <xe 133
7.29 <xe-135
0 <xe 135m
0 <ts 135
365305

2 1 0 26365
0 0 0 0 0 0 0 0 0 0 0

1,0,0,0
1,0,0,0

1 7.900000E 04
244398 0 5520 29885 5820y

0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

0.5E+00 2.00000E+00 1 1 1 1
0 0 0
1,0,0,0
1,0,0,0

1 7.900000E 04
244398 4400 10 59869 4410

95 95 99 0 99 99 99 99 99 0 0
95 95 99 A 99 99 99 99 99 0 0

2.00000E+00 8.00000t+00 1 1 1 0
00 0
1,0,0,0
1,0,0,0

0 7.900000E-04

--- ____ _ _ - _ _ _ _ _ - _ _ - - - . _ _ _ _ - - _ _ _ _ _ _ _ _ . - - _ _ _ _ .
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D6.3 FHA in FIIB LOCADOSE Dose Calculation Input File (tha_fhb.di) l

fha In Fuel tide, CR l6olated et 30 afrutes
Tom kemick
$0NGs UNiil 2&3

i the_fhb.dl
W 720 013 0

1
-

DCt00F'

2 2 1 1 1 0 0
R[M RE4/HR

3.6000f*06 0.0000E+00
3.4700E 04
9.2400E 07 9.2400E 07
3.4700E*04
2.0000E+00 S.0000t + 00 l

i 8.0000E+00 i
3 1.0000E*00 1.0000!+00
1 1.0000E+00

3.4700E 04
1.0000E+00

. 3.4700E 04'

8.0000E+00I

8.0000E *00
1.0000E*00 1.0000E+00

!

D6.4 FHA in FHB LOCADOSE Activity Trsnsport Output File (fhn_fhb.to),

i

As this is not a design basis calculation, no output file is included.

:

. _

d

T

. - . .



.

_ _ - - _ - -

EC&FS DEPARTMENT

CALCULATION SHEET fa?L " b o. ,40E _ or _

Project or DCP/MMP _DCP 2Qn928.01S.1 ___ Calc. No._ N-0720-014 Ct.N coNVER$loN:
ccn No. CCN -

Subject _ Control Room and Off aite Domes Should CPIS. CRIS. and FHIS Fall
Sheet.212.of 252

MEV GEGiiiATOR DATE mE DATE REV Crr3 TOR DATT RE DATT R
O Mark Drucker 8/15/97 T. Hemick 8/18/97 E

y

4

D6.5 Fila in FilB LOCADOSE Dose Calculat10n Output File (tha_fhb.tlo)
DecMal Standard Computer Progrme LocADost, ht319 Version 3.0
(c) 1989 SCL AIX Verstm. 2 Feb 1995 Calc ko. N 720 013 Rev Wo. 0Originator toe Realck Date 9 Sep 1996
Project $0NGS Units 243 Jte No. fhe_fhb.dl $heet ko. 8
Subject FFA In fuel Stdg, CR leoleted et 30 minutes
en n ...n.. .n n.n.. u n.... ......n...... n ...... n

Nf 319 Doses Within tegfons luweary

Desen in trM for reglen 3 Cont Room

Time interval (hr) Thyreld tmg tone Beta skin Whole bodyfrom to

0.0000E+00 .5000 2.926t 01 4.219t 03 6.4372 04 1.832E 03 8.074E 05.5000 * 2.000 4.799E 02 8.494t 04 1.056E 04 3.727t 03 1.589E 042.000 8.000 8.1171 07 4.374t c5 1.782E 09 9.488t 04 4.020E 05total 3.40ft 01 5.112E 03 7.493E 04 6.508r 03 2.798E 04

Bechtel Standard Computer Program LOCA00st, bE319 Version 3.0
(c) 1989 SCE AIX Verelon. 2 f eb 1995 Cate No. W 720 013 Rev Its. Oortsinator Tom teelck Date 9 sep 1996
Project SONGS UNils 2A3 Job Wo. fhe.fhb.dl theet ko. 10
S 4 ject FNA in Fuel Dids, CR lootsted at 30 minutes

... .... .n....n....n n.......u.. . ....n u n .......

ht319 offette Dose Swsnary

Deses in stM for distance 1

Time Interval (hr) Thyroid Lung tone Beta skin Whole Bocryprose to
0.0000t+00 .5000 3.6231 03 5.224t 05 7.973E 06 2.270E 05 1.7722 05.5000 2.000 4.675E 04 6.740E 06 1.028C-06 2.922E 06 2.278E 062.000 - 8.000 0 000E+00 0.000E*00 0.000E+00 0.000E+00 0.000E+00Total 4.090E-03 5.898E-05 9.001t 06 2.562E-05 1.995E 05

Dechtet starderd Copputer Program LOCADOSE, 6t319 version 3.0
(c) 1999 SCL AIX Veralon, 2 Feb 1995

Calc No. k-720 013 Rev he. 0Originator Tom teelck Date 9 Sep 1996
Project SONGS UNITS 213 Job to, tha,fhb.dl sheet No. 12subjett FNA In fuel SLdg, CR 1soleted at 30 minutes

WE319 Offsite Cose Susmary

Doses In REN for distance 2

Time Interval thr) Thy *oid Lung Bone Beta skin Whole pooyfrom to
0.0000E+00 .5000 9.299E 04 1.341E 05 2.046E 06 5.826E 06 4.547E 06.5000 2.000 1.200t 04 1.730E 06 2.639E 07 7.501E 07 5.848t-072.000 8.000 1.832E 07 2.596E 09 3.956E 10 1.1221 09 8.726t 10Total 1.050E 03 1.514E 05 2.311t 06 6.577E 06 5.133E*06

.

*

_ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - . _ . - - _ _ - - - - - - - - - _ - - - - - - -
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APPENDIX E SPENT FUEL POOL GATE DROP
-

E1.0 SFP GATE DROP METIIODOLOGY,

i
Following a Spent Fuel Pool (SFP) gate drop in the Fuel llandling Building (FHB), activity is
released into the Spent Fuel Pool, and then disperses into the FHB atmosphere, and from there'

to the Control Room, EAB and LPZ. The SFP Gate Drop damages 236 fuel pins. This
analysis is based on the gate being dropped onto spent fuel with a total of 9 days of decay.,

i

The immersion and inhalation doses are due to the airborne cloud at the EAD and LPZ and the
,

i

cloud inside the Control Room. The LOCADOSE dose calculation program will be run using
the appropriate assumptions and design inputs from Sections 3 and 4 to calculate the

immerrion and inhalation doses in the CR and at the EAB and LPZ.
,

:|

E2,0 SFP GATE DROP LOCADOSE MODEL
,

The Appendix D LOCADOSE model, modified to use the time steps given in Section E5.2, is
used for this analysis.

!

;

I

E3.0 SFP GATE DROP ASSUMPTIONS
!

E3.1 Assumptions D3.1 to D3.6 of Appendix D are used in the analysis of the Spent Fuel
Pool gate drop accident.

,

E3.2 Manual operat.or action is assumed to occur at 20 minutes to place the Control Room
HVAC in the high radiation isolation mode. Because personnel must be in the FHB
lifling the gate for the gate drop to occur, it is reasonable to assume that the Control
Room receives prompt notification of the accident. The chosen interval allows

{ adequate time for the personnel to exit the FHB prior to notifying the Control Roorn.
;
4

i
E3.3 A total of 9 days of decay following reactor shutdown are assumed to occur prior to

the start of the SFP gate drop accident.

:

.
-

.
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E4.0 SFP GATE DROP DESIGN INPUTS

E4.1 The design inputs of Appendix D are used in the analysis of the Spent Fuel Pool gate
drop accident.

E4.2 The design basis Spent Fuel Pool gate drop accident damages all of the 236 fuel pins in
one fuel assembly per CCN.2 to Calculation C-259 1.01.11 (Reference 6.lb).

E4.3 To model 9 days ofdecay prior to the start of the SFP gate drop accident, the
LOCADOSE model includes a delay of 144 hours (6 days) prior to the start of the
accident. When combined with the 72 hours (3 days) of decay included in the CE
source term (Design input D4,1), a total of 216 hours (9 days) of decay are present
prior to the start of the accident.

E4.4 During routine opening and closing of the SFP Gates, the gates slide on a rail system
that includes horizontal restraints (Drawing SO23-207 1 78, Reference 6.20). These
restraints preclude the gate from dropping onto stored fuel during routine gate
operation. The only time the SFP Gates can actually drop are when the gates are lified
up by a crane.

ES,0 SFP GATE DROP COMPUTATIONS

ES.1 SFP Gate Drop Calculation Method

The analysis for the SFP gate drop uses the same model as the FIM in the FIIB (Appendix D),
except that the time steps are modified to include a total of 9 days ofdecay prior to the start of
the accidem. Refer to Appendix D for the details of the LOCADOSE model.

.

*---
. . . _ . . . . .
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E5.2 SFP Gate Drop LOCADOSE Code Time Steps

The time steps entered into the LOCADOSE Code were chosen to model the times at which
parameters important to the analysis are changed (e.g., HVAC changes). While the accident
ends at 146 hours per Regulatory Guide 1.25 (2 hours after the start of the accident), the
analysis will go until 152 hours to ensure that all of the activity is removed from the FIIB (due
to the exponential equation used in determining the F11B exhaust flowrate in Section D$ 2).
This also ensures that the activity entering the Control Room has had sufficient time to dther
be exhausted back to the environment, decay, or be removed by the CR EAC recirculation
filters.

SETime After
Reactor Shutdown Time Step Significance of tie Tune Step

(hours)

0 N/A Reactor shutdown

3 days O Start of additional decay bevond the 72 hou s used in DI IR 1
9 days 144 h's Beginning of SFp gate drop event

9 days + 20 min 144 33 hr Control Ronm INAC manually isolated
9 days + 2 hrs 146 hrs Fat of EAD ansIvsi
9 days + R hrs 152 hrs End of analysis

.
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E5.3 SFP Gate Drop Dose Results

The number of fuel pins that fail is per Design input E4.2. The doses for a single failed pin are
from Section E6.5. The Control Room whole body doses are doubled per Assumption 3.7.

SFP Gate Drop at 9 Days of Decay, CR 1solates at 20 Minutes
'

Single Pin Total Dose
' Cat. ton

,

Dcze(Rem) pins Failed Dose (Rem)
CR:
Thyroid 1.237E-01 236 29.2
Beta Skin 3.357E-03 236 0.8
Whole Body 1.175E-04 236 0.1

EAB:
Thyroid 2.330E-03 236 0.6
Beta Skin 1.309E-05 236 <0.01
Whole Body 8.366E-06 236 <0.01 '

LPZ:
Thyroid 5.981E-04 236 0.1
Beta Skin 3.359E-06 236 <0.01
Whole Body 2.148E-06 236 <0.01

,

.
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E6.0 SFP GATE DROP COMPUTER FILES *

E6.1 SFP Gate Drop LOCAbOS.3 Library File (gatedrop. lib)
{

version 1.0 Thyteld Lung tone Bete skin Whole 8W
1 1312.508E+04 9.976E 071.490E*06 2.073E+04 3.150E+03 3.170E 02 8.720E 02 .

1 11 0 0 0 0 0 1

1.100002 0.000E+00 0.000E+00 0.000E*00 0.000E+00 0.000E+00 1 1.817E-01 3.789E 01
1 1312.508E+04 9.9760071.490E+06 2.073E+04 3.153E+03 3.170E-02 8,720E-021 11 0 0 0 0 0 2

1.104 0d 0.000E*00 0.000E+00 0.000E+00 0.00*s+00 0.000E+00 2 1.817E 01 3.789E 01
I 1312.508E+04 9.f'6E 071.490E+06 2.073 +04 3.130E+03 3.170E-02 8.720E 021 11 0 0 0 0 0 3

1.10nt 02 0.000E+00 0.0C%+00 0.000E+00 0.000E+00 P.000E+00 3 1.817E-01 3.789E-01
1 133 5.622E+04 9.211E-06 2.600E+05 5.064E+03 1.080E+03 7.350E-02 1.550E 0121312 0 0 0 0 1

9.710E 012.900E 02 0.000E+00 0.000E+00 0.000E+C10.00cc+00 4 4.067E-01 6.047E-01
| -133 3.622E+04 9.21iE-06 2.N +05 5.064E+031.080E+03 7.350E-021.550E 0121312 0 0 0 0 2

9.710E-01 2.900E 02 0.0voE+00 0.000E+00 0.000E+00 0.000E+00 5 4.067E 01 6.047E 01
t- 133 5.622E+04 9.211E-06 2 690E+05 5.064E+C3 1.080E*03 7.350E-02 1.550E-0121312 0 0 0 0 3

9.710E 01 2.900E-02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 6 4.067E-016.047E 01
1 135 5.103E+04 ?.912E 05 5.600E+041.971E+03 3.350E+021.290E-014.210E 012 14 15 0 0 0 a 1

8.450E01 1.550E 010.000E+00 0.000E+00 0.000E+00 0.000E+0F 7 3.691E-01 1.617E+00
1 135 5.103k+04 2.9stE-05 5.600E+041.971E+03 3.350E+021.290E 514.210E 0121415 0 0 0 0 2

8.450E01 1.550E 010.000E+00 0.000E+00 0.000E+00 0.000E+00 8 3.691E-01 1.617E+00
t- 135 5.103E+04 2 912! 05 5.6u0E+041.971E+03 3.350E+021.290E 014.210E-012 14 10 0 0 0 0 3

8.450E 01 1.550e 01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 9 3.691E ~1 1.617E+0C
KR -85 4.102E+02 2.054E 09 0.000E+00 2.410E+00 0.000E+00 4.246E 0. 5.102E-040 0 0 0 0 0 0 4

1000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0010 2.505E 012.236E-03
XE131M 2.595E+02 6.815E-07 0.000E+001.400E+00 0.000E+001.508E 02 2.899E 030 0 0 0 0 0 0 4

0.00CE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00110.010E+00 3.116L 03
XE133M 1.384E+03 3.663E 06 0.000E+001.890E+00 0.000E+00 3.150E-02 7.954E 6 41 *3 0 0 0 0 0

1.000E*00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 12 0.000E+00 2.332E 02
XE-133 5.622E+04 1.52BE-06 0.000E+001.370E+00 0.000E+00 9.697E 03 9.316P030 0 0 0 0 0 0 4

0.000E+00 0.000E+00 0.bO0E+00 0.000E+00 0.000E+00 0.000E+00 13 1.004E-01 2.997E 02
ct35 5.363E+04 2.115E-05 0.000E+00 4.050E+00 0.000E+00 5.74E 02 5.736E 021 16 0 00 0 0 4

1.000E+00 0.000E+00 0.000E+00 0.00SE+00 0.000E*00 0.000E+00 15 3.028E 01 2.466E-01
XE135M 0.000E+00 7.380004 0.000E+00 2.220E+00 0.000E+00 2.253E 02 9.807E-021 14 0 0 0 0 0 4

4

1.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0C0E+00 14 3.000E 01 4.266E 01
05 135 0.000E+00 7.449E-15 7.480E+03 1.570E+031.460E+04 2.730E-03 0.000E+000 0 0 0 0 0 0 5

0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+C0 0.000E+09 16 $ Y'.0E 02 0.000E~~a

- _ _ - . - _ _ _ - _ _ _ _ _ _ _ _ _ . . - - _ _ - - - - -
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E6.2
SFP Gate Drop LOCADOSE Activity Transport Input File (gatedrop.ti)

SFF Cate Drop 8 9 Days, CR ! sol 3 20 minutes
Tom Remick
5:.*GS Uu!TS 213
gatedrop.tl
k 720 013 0

j 1 g1 4 16 1 1 0
00 0.00000E+00 0.00000E+00 2 0 0

CfM CUFT CultIES

1 1 1 1 1 1 1 1 1 1 1
1 1 0

FUEL BLDG

0 144 1 1 1 1
1 0 1

1.575 <! 131 elemental
0.525 <: 131 organic
0 <! 131 pe-ticulate
0.417 <!-133 elemental
0.139 <!-133 organic
0 <! 133 particutate
0.0026025 <!-135 elemental
0.0008675 <! 135 organic
0 <l 135 particulate
29.2 <tr-85
3.58 <xe-131m
10.7 <xe-133m
512 <xe 133
7.29 <xe-135
0 <xe 135m
0 <cs-135
365305
2 1 0 0
0 0 0 0 0 0 0 0 0 0 0-1,c,0,0

-1,0,0,0
1 7.900000E 04

244398 0 5820 29885 5820
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0- 144 144.33 1 1 1 1

0 0 0
2 1 0 26365
0 0 0 0 0 n 0 0 0 0 0-1,0,0,0

1,0,0,0
0 7.900000E-04

144.33 146 1 1 1 1
0 0 0
1,0,0,C

-1,0,0,0
1 7.900000E-04

244398 4400 10 59869 4410
95 95 99 C 99 99 99 99 99 0 0
95 95 99 0 99 99 99 99 99 0 0146 152 1 1 1 0

0 0 0
-1,0,0,0
-1,0,0,0

-

_ --" '
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E6.3
SFP Gate Drop LOCADOSE Dow Calculation Input File (gatedrop.di)

SFP Gate Drop a 9 Days, CA Isol G 20 mirutes
Tom tenisk
SONGS utills 2&3
patedrop.dl
N 720 013 0

1

DOR 00F

2 2 1 1 1 0 0
ACM REM /NR

3.600E 06 C,0000E+00
3.4700E 04
9.2400E 07 9.2400'.-07
3.4700E*04
14 152
152,

, 1.0000E+00 1.00C0F+00
1.0000i+00
3.4700E 04
1.0000E+00
3.4700E-04
152
152

1.0000E+00 1.0000E+03

Et 4
SFP Gate Drop LOCADOSE Activity Transport Output File (gatedrop.to)

As this is not a design basis calculation, no output file is included.
<

, ~

.

' ''
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E6.5
SFP Gate Drop LOCADOSE Dose Calculation Output File (gatedrop.do)

1 Sechtel Standard Computer Program LOCADOSE, NE319 version 3.0
(c) 1989 SCE AIX Version. 2 feb 1995 Cale No. N 720 013 Rev No. 0oristnator f ar Remick Date 9 Sep 1996
Project SONGS UNIT 5 2L3 Job Wo. potedrop.d1 sheet No. 8Stbject 57P Gate Drop G 9 Da
. u n.u ... ... =. .....ys, CR isol a 20 minutes

=s.... .. . u.....- . ..n ... un.w. ..

NE319 Doses Vithin teclans Summary

DoseT in REM for region 3 Cent Room

time Interval thr) Thyroid Ltes Bone Bete Skin Whole BodyFrem to
0.0000E+00 144,0 0.000Et00 0.000E+00 0.000E+00 0.000E+00 0.000E+00144.0 - 144.3 9.542E 02 1.351E 03 2.01pt 04 5.360E 04 1.935E 05144.3 - 146,0 2.831E-02 4.935t 04 5.988E-05 2.326E 03 8.100E-05146.0 L2.0 4.635E-07 2.120E 05 9.804E 10 4.957E 04 1.716E-05Totst 1.237E-01 1.865E 03 2.617E 04 3.357E-03 1.175E 04

Bechtel Standard Compter Program LOCADOSE, NE319 Version 3.0
(c) 1989 SCE AIX Version. 2 Feb 1995 Cate No. N 720 013 Rev No. 0Origine+or Tom Remick Date 9 sep 1996
Project $0 LGS UW1TS 243 Job No. patedrop.dl Sheet No. 10Subject SFP Gate Orop S 9 Days, CR lsol 9 20 altutes

-

hE319 offsite Oose susunary

Costs in REN for distance 1
.

Ilme Intervat thr) Thyrold f.mg Sone Beta skin Whole Bodyfrom to

0.0000E+00- 144.0 0.000E+00 0.000E+00 0.000E+00 0.000E+CC 0.000E+00144.0 - 144.3 1.773E 03 2.509E 05 3.750E 06 9.957E-06 6.366E 06'44.3 - 146.0 5.571E-04 7.885t 06 1.178E-06 3.129E 06 1.999E 06146.0 - 152.0 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00Total 2.330E-C3 3.2S7E 05 4.928E 06 1.30rt 05 8.366E 06
Sechtet Starderd Camputer Program LOCADOSE, NE319 version 3.0
(c) 1989 SCE Aix Version. 2 Feb 1995

Cate No. W 720-013 Rev No. 0Originator Tom Remick Date 9 Sep 1996
Project SONGS UNIT 5 213 Jeb ho. patedrop.df sheet No. 12Subject 55P Gate Orop G 9 Days CR iso
on..nuun w...n.,. n...l a 20 minutesu = .... .... r ...... .9

NE319 Of faite p' oss suunary

Doses in REM for d' stance
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APPENDIX F INCREASED MAIN STEAM FLOW w/SAF

F1.0 IMSF w/SAF METHODOLOGY
,

Following an Increased Main Steam Flow with in Single Active Failure (IMSF w/SAF) there
are three main radioactive material release mechanisms. First, the reactor transient results in

'

opening the Main Steam Safety Valves (MSSVs), resulting in the release of secondary side
activity to the atmosphere. Second, the process of cooling down the reactor results in the
release of secondary side activity to the atmosphere through the Atmospheric Dump Valves
(ADV) as the assumed loss of power makes the condenser unavailable. Third, steam generator
tube leakage is assumed to be at the design basis value of 1 gpm, resulting in the reactc.c
coolant leakage being released from the secondary side to the atmosphere with the flow
through the MSSVs or ADVs. The released radioactive materialis dispersed into the
atmosphere, and from there to the Control Room, EAB and LPZ.

The immersion and inhalation doses are due to the airbome cloud at the EAB and LPZ and the
cloud inside the Contrel Re,om. The LOCADOSE dose calculation program will be run using
the appropriate assumptions and design inputs from Sections 3 and 4 to calculate the
immersion and inhalation doses in the CR and at the EAB and LPZ. Figures F-1 and F-2 show
the LOCADOSE models used.

1. Figure F-1 represents the initial configuration.

2.
Figure F-2 represents the configuration once the CR HVAC system has been placed
into the high radiation isolation mode.

1

.
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F2.0 IMSF w/SAF LOCADOSE DlODEL

Figure F-1

IMSF w/SAF LOCADOSE Model
CR HVAC In Nonnal Mode

NODE 2 NODE 3

Primary Secondary
System System Steam

811000ft 1.0E+09 ft3

m

FLTER

99% I 4257 cfm from
100% Part MSSV(to 0.5 hrJ

0% Nu

0.198 cfm

X/Q EAB X/Q EAS

X/QLPZ 10 LPZ

FILTER

- Q 29885cfm
0% Part
0% NG

NODE 4
5820cfmg ControlRoom 5820 cfm u

8244.398 ft
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Figure F-2

IMSF w/SAF LOCADOSE Model
CR HVAC In High Radiation Isolation Mode

'
NODE 2 NODE 3

Prirnary Saumdary
System System Steam

8 811000 ft 1.0E49 A

4 flLTER

99% g 2171 dm (0.5 hr . 2 hr)
100% Part 2176 dm (2 hr-5.21 hr)

0% NG 0 cfm (> 5.21 hr)

0.198 dm (OI -l' " hr)
O cfm (>5.21 hr)

) f

%)Q EAB
YA3 LPZ

LCLPZ

FILTER1

95%iemm
'

4 p7rt 59889 cfm ( k) B hr)
0% NG 29934 cfm (8-720 hr)

Y
X/QCR k NO3E4

ControlRoom kLQ CR FILTER g
4400 cfm (to 8 hr) 95% ie 244,398 n 4410 cfm (to 8 hr)3

2200 cfm (8 -720 hr) 95% iw 2210 cfm (8-720 hr)
99% Part

0% NG

i
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F3.0 IMSF w/SAF ASSUMPTIONS

F3.1 No specific cooldown mass release information after 2 hours is provided for an IMSF
w/SAF in calculation 1370-TS-004 (Reference 6.7q). The mass relases from an
Inadvertent Opening of a Steam Generator Atmospheric Dump Valve with a Single
Failure (IOSGADV/SAF) will be used to provide a reasonable approximation of the
cooldown mass releases. The IOSGADV/SAF has a cooldown duration of
16,950 seconds (283 minutes or 4.71 hours) and a total secondary steam mass release
of 1,155,300 lbm (from S-CE-3379, Reference 6.3g; with the data from pages 67 and
69 of calculation 1370-DT-003, Reference 6.7j). For conservatism, a cooldown
duration of 283 minutes and a cocidown secondary system mass release cf
1,200,000 lbm wiF be used in this analysis.

Per Design Input F4.2 the 30 minute to 2 hour ADV cooldown mass release is
381,010 lbm. Therefore, the cooldown mass release aner 2 hours is:

Cooldown Mass Releasem,a = 1,200,000lbm - 381,010lbm = 818,990lbm

F3.2 No srecific information regarding the amount of :tivity present in the fuel rod gap is
avr'.able. Therefore, the gap activity of 10% iodine,30% Kr-85, and 10% for the
re. .aining noble gases specified in Regulatory Guide 1.25 (Reference 6.4e) will be used
for this analysic

F3.3 For conservatism, a pre-existing reactor coolant iodine spike of 60 uCi/gm Dose
p Equivalent I-131 will be assumed to be present at the start of the accident.

F3.4 Manual cperator acticn to place the Control Room HVAC system into the high
radiation isolation mode is assumed to occur at 30 minutes.

'
1
|

.
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F4.0 IMSFw/SAF DESIGN INPUTS

F4.1 This calculation will be analyzed for 25% failed fuel. This conservatively bounds the
18.4% failed fuel calculated in Calculation A-SG2-FE-0081 (Reference 6.7c,
Section 4.1). This value is consistent with the fJh d fuel percentage used in calculation
A-SG2-FE-0100 (Reference 6.7h).

F4.2 Per Calculation 1370-TS-004 (Reference 6.7q) the secondary side steam releases ai c

0 to 30 minute MSSV release: 249,040 lbm
30 minute to 2 hour ADV release: 381,010 lbm

;

k

.
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F5.0 IMSF w/SAF COMPUTATIONS

F5.1 Primary System Activity Inventory

The activity present in the primary system has two sources. The first source is the activity
released from the failed fuel (Design Input F4.1) and the second is the normal reactor coolant

activity (per Design Inputs 4.13 and 4.14) with an iodine spike (per Assumption F3.3). Per
Section 5.3.3, the failed fuel activity release to the RCS is:

ReleasetoRm = CoreInventory(0) x GapActivityFraction
x FailedFuelFraction x PeakingFactor

IMSF w/SAF RCS ACTIVflY
A B C D E=ArneD F G=E+F

DI 4.16 Core Assump6on Di F4.1 D14.18 Actmty From D14.13/4.14 TotalRCS
lsotope inwntory F3.2 Osp Failed Fuel Peaking Failed Fuel NormalRCS Actisity

(Ci) Fraction Fraction Factor (CD Actisity (CD (CD
I 131 9.520e+07 4.ll7e+06 10,100 4.127e+06
I-132 1.372e+08 5.934e+06 2840 5.937e+06
I-133 L927e+0_8 8.334e+06 12,500 8.347t406
I134 2.135c+08 0.1 0.25 1.73 9.234c+06 1250 9.235e+06
I-135 1.800e+08 7.785e+06 5510 7.791e+06

Kr-83m 1.341e+07 5.800<+05 N/A 5.800e+05
Kr-85m 2.987e+07 1.292e+06 520 1.293e+06
Kr-85 1.144e+06 0.3 0.25 1.73 1.484e+05 2270 1.507e+05
Kr-87 5.874e+07 2.541e+06 244 2.541e+06
Kr.88 8.30le+07 3.590e+06 788 3.591e+06

Xe-131m 1.067e+06 4.615e+04 529 4.668e+04
Xe-133m 6.002e+06 0.1 0.25 1,73 2.596e+05 N/A 2.596e+05
Xe 133 1.877e+08 8. l l8e+06 72.400 8.190e+06

Xe-135m 3.809e+07 1.647e+06 244 1.647e+06
Xe-135 5.710c407 2.470e+06 2250 2.472e+06
Xe-138 :.663e+08 7.192e+06 124 7.192e+06

H3 N/A 0 678 678
Br44 N/A 0 0.25 1.73 0 8.80 8.80

Te-129 N/A 0 11.C 11.0
Te-132 N/A 0 142 142

.
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F5.2 Primary Coolant Releases

The primary to secondary leakage will be assumed as going directly from the RCS to the
environment at 0.198 cfm per Design Input 4.11. A filter (99% effective for iodine,100%
effective for particulates, 0% for noble gases) will be used on this flow path, to model the
steam generator iodine partition coefficient of 0.01 (per Assumption 3.5).

F5.3 Secondary Side MSSV Release
;

Per Design Input F4.2, the MSSV release for the first 30 minutes is:

MSSVpowrate , W,Wbm , p'
, 425y ,g,

30 minutes 1.95 lbm

F5.4 Secondary Side ADV Releases

Pu Design Input F4.2, the ADV release for 30 minutes to 2 hours is:

ADVflow rate,_,,ua ' 381,010lbm x __ fl * = 2171 cfm
{110 minutes - 30 minutes) 1.95lbm

Per Assumption F3.1 the steam release from the secondary side during the remainder of the
cooldown (283 minute total duration less the 90 minutes of cooldown that occur prior to'
2 hours)is 818,990 lbm. This is a flow rate of:

818,990lbm ft',

ADVflowrasen,,,, , ,J "
, 1.95 lbm - 2176 cfm

(183 minutes - 90 minutes)

)

.
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F5,5 TMSF w/SAF LOCADOSE Code Time Steps

The time steps entered into the LOCADOSE Code were chosen to model the times r1 which

parameters important to the analysis are changed (e.g., llVAC changes, secondary system
release changes). The analysis will be done for a duration of 30 days.<

_

Time Step
(hours after Significum of the Time Step

y startofewn0
0 hrs Begmnmg ofIMSF w/SAF

Start of MSSV release

0.5hr End ofMSSV release
(1800 seconds) Control Roorn IIVAC manually transferred to high radiation isolation mode

Initiate plant cooldown. start of ADV and AFW relee ses from accondary side-

2 hr End ofEAB dose analysis
t

5.21 hr Shutdown coobng in service, ADV closed and AFW secured (also stoppmg the release
path for the prunary to secondary leakage)(4.71 hr + 0.5 hr = 5.21 hr)

8 hr Control Room IIVAC placed in single train operation
CR XQ changes
iFL y)Q changes
17Z breathing rate changes

24hr CR ccoupancy factor changes
CR X/Q changes
IFLXQ changes
LPZbreathing rate changes

96 hr CR occupancy factor changes
CR X/Q changes
LPZ XQ changes

720 hr End of analysis

$

<

k

4

__
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F5.6 IMSF w/SAF Dose Results

Per Section F6.5, the dose consequences of this accident are as follows. The Control Room
whole body doses are doubled per Assumption 3.7.

Increase in Main Steam %w w/SAF, CR Isolated at 30 Minutes

Location Dose (Rem)

CR:
Thyroid 5.1
Beta Skin 3,7
Whole Body n,7

EAU:

Th>Toid 0.2
Beta Skin <0.1
Whole Body <o,i

LPZ:
Thyroid 0.2
Beta Skin <0.1
Whole Body <0.1

_ _ - _ - _ - _ _ _ _ -



- - _ - - -

EC&FS DEPARTM2NT

CALCULATION SHEET E"u" iCN uo. mE_ou
Project or DCP/MMP __DCP 2L 3 6928.01SJ

Calc. No..f-0720 01_4_ CCN CONVERSION:
CCN No. CCN -

Subject Control Room and Off aita Dosan Should CPIS. CRIS. and FHis rail
._ Sheet 330 of 252__

REV ONGINATOR DATE IRE DATE REV ONOINATOR DATE IRE DATE R
d

O Mark Drucker 8/15/97 T. Itemick 8/18/97 I h
I *

F6,0 D1SF w/SAF COMPUTER FILES

F6.1 IMSF w/SAF LOCADOSE Lib.ary File (imsf. lib)

version 1.0 thyreld Lung Bone Beta ntn Whole Body
I -1312.508E+04 9.976E-071.490E+06 2.073E+04 3.150E+03 3.170E 02 8.720E 02 11 21 0 0 0 0 0

1.100E 02 0.000E+00 0.000E*00 0.000E+00 0.000t+00 0.000E+00 1 1.817E 01 3.789E-01
1 -1312.508E+04 9.976E-071.490E+06 2.073E+04 3.150E*03 3.170E 02 8.720E-02 21 21 0 0 0 0 0

1.100E 02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 2 1.817E 01 3.789E*01
1- 131 2.500E+04 9.976E 071.490E+06 2.073E+04 3.150E+03 3.170E 02 8.720E-02 31 21 0 0 0 0 0

1.10CE 02 0.CCOE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 3 1.817E 01 3.789E 01
1--132 3.806E+04 8.425E 05 1.430E+04 8.879E+02 1.450E+02 1.320E 01 5.130E-01 10 0 0 0 0 0 0

0.000E+00 C 000E+00 0.000E+00 0.000E+00 0.000E+00 0.00M+00 34 4.824E-013.559E+00
1--132 3.806E+04 8.425E-051.430E+04 8.879E+021.450E+021.320E-015.130E-01 20 0 0 0 0 0 0

0.000E+00 0.000E+00 0.000E+00 0.000E+00 9 M +00 0.000E+00 35 4.824E-01 3.559E+C0
l 152 3.806E+04 8.425E 05 1.430E+04 8.8hWa 1.450E+021.320E-C15.130E 01 30 0 0 0 0 0 0

0.000E+a0 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E*00 36 4.824E-01 3.559E+00
t--133 3.622E+04 9.211E-66 2.690E*05 5.064E+031.080E+03 7.350E-021.550E 01 12 23 22 0 0 0 0

9.710E 01 2.900E-02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 4 4.067E-01 6.047E-01
1 133 5.622E+04 9.211E-06 2.690E+05 5.064E+031.080E+03 7.350E 021.550E-01 22 23 22 0 0 0 0

9.710E-01 2.900E-02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 5 4.067E-016.047E-01
1--133 5.622E+04 9.211E 06 2.690E+05 5.064E+03 1.080E+03 7.350E-02 1.550E-01 32 23 22 0 0 0 0

9.710E 01 2.900E-02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 6 4.067E*'116.047E-01
1--134 6.575E+04 2.200E-04 3.730E*03 3.627E+02 8.050E+019.230E 02 5.320E-01 10 0 0 0 0 0 0

0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 7 6.052E*012.62*E+00
1 134 6.575E+04 2.200E 04 3.730E+03 3.627E+02 8.050E+019.230E-02 5.320E 0120 0 0 0 0 0 0

0.00CE+00 0.000E+00 0.000E+00 0.000E+00 0.C00E+00 0.C00E+00 8 6.052E-01 2.620E+00
I--134 6.575E+04 2.200t 04 3.730E+03 3.627E+C2 8.050E+019.2308 C2 5.320E*01 30 0 0 0 0 0 0

0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 9 6.032E-01 2.620E+00
1 135 5.103E+04 2.912E 0S 5.600E+041.971E,03 3.350E+021.290E-014.210E 01

12 25 24 0 0 0 0

8.45CE-01 1.550E 01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 10 3.6911-01 1.617E+00
1 135 5.103E+04 2.912E 05 5.600E+041.971E+03 3.350E+021.290E 014.210E 01 22 25 24 0 0 0 0

8.450E-01 1.550E 01 0.000E+00 0.000E+00 0.000E+00 0.000E*00 11 3.691E-01 1.617E+00
1 -135 5.103E+04 2.912E-05 5.600E+04 1.971E+03 3.350E+02 1.290E-01 4.210E-01 32 25 24 0 0 0 0
8.450E-01 1.550E 01 0.000E-+00 0.000E+00 0.000E+00 0.000E+0012 3.691E-01 1.617E+00

tR 83M 4.152E+031.052E-04 0.000E+00 5.190E-010.000E*00 0.000E+00 2.396E 0640 0 0 0 0 0 0

0.000E+00 0.000E+00 0.000E+00 0.000Es 30 0.000E+00 0.000E+C013 0.000E+00 4.610E 04
KR 85M 1.297E+04 4.297E*05 0.000E+00 2.910E+00 0.000E+00 4.626E-02 3.708E 02 41 18 0 0 0 0 0

2.10CE 010.00CE+00 0.000E+00 0.000E+00 0.00CE+00 0.000E+0014 2.9C2E-01 1.610E-01
KR--85 4.102E+02 2.054E 09 0.000E+00 2.410E+00 0.00CE+00 4.246E 02 5.102E-0440 0 0 0 0 0 0

0.000E+00 0.000E+00 0.00CE+00 0.00CE+00 0.00CE+00 0.000E+0015 2.50$E-012.236E-03

_

. .. .. . - - == *
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KR--87 2.335E+041.514E 04 0.000E +00 . 530E+010.000E+00 3.083E-01 1.876E-01 40 0 0 0 0 0 0
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 16 1.324E+00 8.032C 01

KR--88 3.200E+04 6.731E-05 0.000E+00 3.130E+010.003E+00 7.510E 02 4.658E 01 41 31 0 0 0 0 0

1.000E+00 0.000E+00 0.000D 00 0.000E+00 0.000E+00 0.000E+00 17 3.587E 01 1.981E+00
xE1314 2.595E+02 6.815E-07 0.000b 00 1.400E+00 0.000E+00 1.508E 02 2.899E 03 40 0 0 0 0 0 0

0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0018 0.000E+00 3.116E 03
xE133M 1.384E+03 3.663E 06 0.000E+301.890E+00 0.000D00 3.150E 02 7.954E 03 41 23 0 0 0 0 0

1.000E+00 0.000E*00 0.000E+00 C.000E+00 0.000E+00 0.000E+0019 0.000E+00 2.332E 02
XE 133 5.t>22E+041.528E 06 0.000E*001.570900 0.000E+00 9.697E 03 9.316E 03 40 0 0 0 0 0 0
0.000E+00 0.000E+00 0.C00E+00 0.000E+00 0.000E+00 0.000E+00 20 1.004E-01 2.997E 02

XE135M 1.557E+04 7.380E-04 0.000E+00 2.220E+00 0.000E+00 2.253E 02 9.887E 02 41 25 0 0 0 0 0

1.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 21 3.000E-01 4.266E 01
NE 135 5.363E+04 2.115E-05 0.000E+00 4.050E+00 0.000E+00 5.894E-02 5 736E 02 41 32 0 0 0 0 0

1.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+C0 22 3.028E-01 2.466E 01
XE-138 4.775E+04 8.151E 04 0.000E+00 2.440E+01 0.000E+00 1.309E-01 2.798r-01 41 33 0 0 0 0 0

1.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 23 6.140E-U 1.241E+00H--
3 1.848E+01 1.780E 09 1. 580E+02 1.580E+02 5.570E+01 0.000E+00 0.'YJA *00 100 0 0 0 0 0 0

0.000E+00 0.000E+00 C.000E+00 0.000E+00 0.000E+00 0.000E+? 24 5.685E-03 L OO0E+00
BR -84 5.394D 03 3.632E-04 0.000900 4.675E+02 0.000E+00 i.700E-01 4.480E-0. 110 0 0 0 0 0 0

0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 23 1.230E+001.779E+00
TE 129 8.727E+031.662E 04 4.87CE-03 2.420E+02 6.220E-031.010E-01 1.280E-02 63 34 35 36 0 0 0
9.100E-01 4.000E-02 5.000E-02 0.000E+00 0.000E+00 0.000E+00 26 5.224E-01 5.981E 02

.

TE-132 3.841E+04 2.462E-06 2.370E+013.600E+04 3.25CE+013.060E 03 5.280E 02 6 03 4 5 6 0 0 0

9.100E-014.000E 02 5.000E-02 0.000E+00 0.000E+00 0.000E+00 27 5.940E-02 2.123E-01
RB 88 0.000E+00 6.496E 04 0.000E+00 2.908E*02 0.000E+00 4.790E-01 1.550E 01 50 0 0 0 0 0 0

0.00CE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 28 2.072E+00 6.365E 01 -

05 135 0.000E+00 7.L49E-15 7.480E+031.5700031.460E+04 2.730E-03 0.000E+00 50 0 0 0 0 0 0

0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 29 5.630E 02 0.000E+00
05-138 0.000E+00 3.5878 04 0.000E+00 6.070E+00 4.140E+012.810E-015.530E 01 50 0 0 0 0 0 0

0.000E+00 0.000 9 00 0.000E+00 0.000E+00 0.000E+00 0.000D 00 30 1.218E+00 2.330E+00
1 129 0.000E+001.400E 15 5.540E+06 9.015E+04 2.480E+03 3.710E 04 3.024E-03 10 0 0 0 0 0 0

0.000E+00 0.000E+00 0.000900 0.000E+00 0.000E+00 0.000D00 314.090E 02 2.820E-03
1-129 0.000E+001.400E-15 5.540D06 9.015E+04 2.4ECE+03 3.710E 04 3.024E-03 20 0 0 0 0 0 0

0.000E+00 C.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 32 4.090E-02 2.820E 03
1--129 0.0000 00 1.400E 15 5.540D 06 9.015 6 04 2.480E*03 3.710E 04 3.024E-03 30 0 0 0 0 0 0

0.000E+00 0.000E+00 0.000E+00 D.00M+00 0.000E+00 0.000E+00 33 4.090E-02 2.820E-03

-

_ -
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CALCULATION SHEET 'fu" ccN No.f eme or

Project or DCP/MMP 3CP 2&3 8928.01SJ
Calc. No._ N-0720-014 _ I CON CONVERSION:

ccN No. CCN ~\

Subject _. Control Room and Offaita Dnnan Should CPIS. CRIS. and FHIS Fail
Sheet 232 of.252.

REV GWiw=ATOR DATE IRE DATE REV ORH3fNATOR DATE | IRE DATE R
0 Mark Drucker 8/15/97 T. Remick 8/18/97 "

v
I I

F6.2 IMSF w/SAF LOCADOSE Activity Transport Input File (imsf.ti)

Inc Main Steam Flow w/SAF, CR Isol e 30 min,1 spike, 25% FF
Tcn teelck .

SONGS UNiiS 213
Imsf.tl
u 720 013 0

1

2 7 36 1 1 0
00 0.00000E+00 0.00000E+00 2 0 0

CFM CUFT CURIES

1 1 1 1 1 1 1 1 1 1 1
0.91 0.04 0.05

ROS SEC STEAM~

0.00000E+00 0.5E+00 1 1 1 1
1 0 1

4.127e+06 720 <! 131
4.127e+06 720 <! 131
4.127e+06 720 <! 131
5.937e+06 136 <!-132
5.937e+06 136 <! 132
5.937e+06 136 <! 132
8.347E+06 847 <! 133
8.347e+06 847 <! 133
8.347e+06 847 <1-1L
9.235e+06 39.2 <!-134
9.235e+C4 39.2 <t-134
9.235e+06 39.2 <!-134
7.791e+06 335 *I 135
7.791e+D6 335 <! 135
7.791e+06 335 <! 135
5.800e+05 0 <xr 83m
1.293e+06 72.5 <Kr-85e
1.507e+06 317 <Kr-85
2.541e+06 34.0 <Kr-87
3.591e+06 110 <tr 88
4.668e+04 73.7 <xe-131m
2.596e+05 0 <xe-133e
8.190e+06 10100 <xe-133
1.647e+06 34 <xe-135m
2.+72e+C6 314 <xe 135
7.192e+06 17.3 <xe-138
678 2.64e+06 <W-3
8.80 2.73 <sr-84
11.0 6.75 <Te-129
142 211 <Te 132
0 0 <R b- 88
0 0 <cs-135
0 0 <Cs-138
0 0 <I-129
0 0 <!-129
0 0 <!-129
11000 1.CE+09
2 1 0.198 0

99 99 99 0 100 100 100 100 100 100 100
3 1 4257 0

0 0 0 0 100 100 100 100 100 100 100
1,0,0,0

-1,0,0,0
1 7.900000E-04

-_

,

.

. .
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EC&FS DEPARTMENT

CALCULATION SHEET %"u"/CCN no. rAoE _ o,_
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Project or DCP/MMP .. DCP 2&3 8928.01SJ Calc. No. . N-0720-014 CCN CONVERSION:
CCN NO. CCN -

Subject Control Room and Offaita Dn=== StwM CPtS. CRIS. and FHIS Fall
Sheet .233 of .212

REV ONGMATOR DATE IRE DATE REV M.M"_'. TOR DATE IRE DATE R

0 Mark Drucker 8/15/97 T. Remick 8/1R/97 (
I

244396 0 5820 29885 5820
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

0.5E+00 2.00000E+00 1 1 1 1
0 0 0
3 1 2171 0

0 0 0 0 100 100 100 100 100 100 100
-1,0,0,0
-1,0,0,0

1 7.900000E 04
244398 4400 10 59869 4410

95 95 99 0 99 99 99 99 99 0 0
95 95 99 0 99 99 99 99 99 0 0

2.00000E+00 5.21000E+00 1 1 1 1
0 0 0
3 1 2176 0
0 0 0 0 100 100 100 100 100 0 0

-1,0,0,0
1,0,0,0

0 7.900000E-04
5.21000E+00 8.00000E+00 1 1 1 1
00 0
2 1 1.0E-09 0
100 100 100 100 100 100 100 100 100 100 100

3 1 1.0E 09 0
100 100 100 100 1C0 100 100 100 100 100 100

1,0,0,0
-1,0,0,0

0 7.900000E-04
8.00000E+00 2.40000E+01 1 1 1 1
0 0 0
1,0,0,0

-1,0,0,0
1 4.60000(4-04

244398 22G 10 29934 2210
95 95 99 0 99 99 99 99 99 0 0
95 95 99 0 99 99 99 99 99 0 0

2.40000E+01 9.60000E+01 1 1 1 0
0 0 0

-1,0,0,0
-1,0,0,0

0 2.500000E 04
9.60000E+01 7.20c00E+02 1 1 1 0
0 0 0
1,0,0,0

-1,0,0,0
0 6.250000E 05

m

_ . __ ._-
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holect or DCP/MMP DCP 27.") 6928.01SJ Calc. No.__N-0720-014 CCN CONVERSION:
ccN No. CCN -

Subject Control Room and Offalte Dosen Should ChS. CRIS. and FHIS Fail $heet 234 of 262
REV OR60lNATOR DATE fRE DATE REV ORiolNATOR DATE IRE DATE R
O Mark Drucker 8/15/97 T. Remick 8/18/97 E
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4

F6.3 IMSF w/SAF LOCADOSE Dose Calculation input File (imsf.di)

Inc Main Steam Flow w/SAF, CR Isot G 30 min,1 spike, 25% FF
Tom Remick
$0NGS UNITS 243
isnsf . d1
M 720-013 0
1

00RDOF

2 5 4 3 1 0 0
REM REM /NR

3.6000E 06 0.0000E+00 0.0000E+00 0.0000E+00 0.000CE+00
3.4700E-04 0.0000E+00 0.0000E+00 0.0000E+00
9.2400E-07 9.2400E 07 6.0300E 07 3.6500E 07 3.2800E 07
3.4700E 04 3.4700E-04 1.7500E-04 2.3200E-04
2.0000E+00 8.0000E+00 2.4000E+01 9.6000E+01 7.2000E+02
2.0000E+00 8.0000E+00 2.4000E+01 7.200CE*02
1.0000E+00 1.0000E+00
1.000CE+00 1.0000E+00 1.000CE+C0
3.4700E-04
1.0000E+00 1.0000E+00 1.0000E*00
3.4700E 04
1.0000E+CJ 0.6000E+00 0.4000E+00
3.4700E-04
2.4000E+01 9.6000E401 7.2000E+02#
7.2000E+02
1.0000C+00 1.0000E+00 1.0

F6.4 IMSF w/SAF LOCADOSE Activi;y Transport Output File (imsf.to)

As this is not a design basis calculation, no output file is included.

F6.5 IMSF w/SAF LOCADOSE Dose Calculation Output File (imsf.do)

Bechtel Standard CompJter Pt Sgree LOCADOSE, EE319 Version 3.0
(c) 1989 stE AIX Version. 2 Feb 1995 Calc No. N 720-013 Rev No. 0Originator Tom Remick Oste 11 Sep 1996
Project SONGS LillT5 213 Jcb No. Imef.di Sheet No. 10
Steject inc Main steam Flow w/sAF, CR laol G 30 min, I* spike, 25% FF,

NI319 Doses Within Regfona suunary

Loses in REM for region 4 Cont Room

Time Interval (hr) Thyrold Lung Bone Beta Skin Wole Body
From to

0.0000E+00 .5000 3.768E+00 8.506E-02 1.196E-02 2.820E-01 2.569E 02.5000 - 2.000 1.023E+00 9.731E-02 3.440E-03 1.108E+00 1.018E-012.000 - 5.210 3.218E 01 1.726E-01 1.296E 02 1.882E+C0 1.693E-015.21C - 8.000 1.8495 02 3.712E 02 4.493E-03 3.820E 01 3.015E-028.000 - 24.00 1.299E-03 3.026E-03 4.58')E-b 2.873E 02 1.747E-0324.00 - 96.00 1.324E-0; 1.840E-07 4.667E-08 1. G E-06 5.034E 0896.00 - 720.0 9.553E-25 1.181E-24 3.36aE 25 6.444E-3 1.5'2E 25Total 5.133E+00 3.9;1E 01 3.332E 02 3.682E+00 3.287E-01

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

-,,.-ma-- . - - . . - - - - sa-.
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EC&FS DEPARTMENT

: CALCULATION SHEET ?REufscN No.
'"

e40E _ of _
I Project or DCP/MMP QCP 2&3 8926.01SJ Calc. No.. N-0720-014 CCN CONVERSION:

CCN No. CCN -
Subject Control Room and Offaite Damme Should CPfS. CRIS. and FHIS Fall

Sheet.235_Of 252
'

REV OmolNATOR DATE IRE DATE REV cafc=ATOR DATE IRE DATE R
O Mark Drucker 8/15/97 T. Remick 8/18/97 E

y

4

bchtel Startlard Casputer Program LOCADOSE, NE319 Version 3.0
(c) 1989 SCE AIK Version. 2 feb 1995 Este No. N 720 013 Rev No. 0Originator Tom Remick Date 11 Sep 1996
Project SONGS (JNITS 2&3 Job No. Insf.dl Sheet No. 12
Stbject Inc Main steam Flow w/SAF, CR ! sot a 30 rin, I-spike, 25% FF

i

!

; NE319 offsite cose senary

Doses in REM for distanco 1

Tfmo Interval (hr) Thyroid Lme tone Sete Skin Whole Bodyfrom to

0.0000E+00 .5C00 6.025E-02 1.195E-03 1.751E 04 3.613E 03 6.959E-03.5000 2.000 1.768E 01 3.198E-03 5.014E 04 6.003E 03 1.148E-022.000 - 5.210 0.000E+00 0.000C+00 0.000E+00 0.000E+00 0.000E+005.210 - 8.000 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+008.000 - 2*.00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+004 24.00 96.00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0096.00 720.0 0.000E+00 0.000E+00 0.000E* 00 0.000E+00 0.000E+00#

Total 2.370E-01 4.39'IE-03 6.765E 04 9.617E 03 1,844E 02

Bechtel Stenderd Computer Program LOCADOSE, NE319 Vers Nn 3.0
(c) 1989 SCE A!x version. 2 Feb 1995 Cate do. N-7;0-013 Rev No. 0
Originator Tom penick Date 11 Sep 1996
Project SONGF LulTS 2&3 Job No. lasf.dl Sheet No. 14
Subject inc Main Steam flow w/SAF, CR Isol a 30 min. |-spike, 25% f f

NE319 Of fs'te Dose SJunery

Doses in REM for distance 2

Time Interval (hr) Thyroid Lung Sone Seta Skin Whole Body
from to

0.0000E+00 .5000 1.546E 02 3.066E 04 4.494E-05 9.2T4E-04 1.786E 03.5000 ?.000 4.537E 02 8.208E 04 1.287F 04 1.541E-03 2.948E-03
2.000 5.210 9.319E-02 1.648E 03 2.747E 04 2.121E 03 3.933c 035.210 - 8.000 0.000E+0C 0.00CE+00 0.000E+00 0.000E+00 0.000E+00
8.000 - 24.00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0024.00 96.00 0.000E+00 0.000E+00 0.000a M 0.000E+00 0.000E+00%.00 - 720.0 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Total 1.540E-01 2.776E 03 4.483E-04 4.589E 03 8.6 7E 03

.

W - u-
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EC&FS DEPARTMENT

CALCULATION SHEET ' '" " $Cu NO.AEu eA0E o,

Project or DCP/MMP DCP 2&3 6926.01SJ Calc. No. N-0720 014 CCN CONVERSION:
CCN No. CCN -

Subject Control Floom and stinite Donas Should CPIS. CRts. and FHis Fail
Sheet 238 of .252 '

,REV ORIGMATOR DATE GRE DATI REV C92-29_^ TOR DATE IfE DATE R_

0 Mark Drucker 8/15/97 T. Remick 8/18/97 h
| 4,

Sechtet Starderd Compu*er Program LOCADOSE Nf319 version 3.0
(c) 1989 SCE Aix Version. 4 Feb 1995 cate Wo. W-720-013 Rev Wo. 0Originator fem Bemick Date 11 Sep 1996
Project SchGS UNITS 2&3 Job ko. lasf.dl Sheet Wc 15
SWject Inc Main Steam flow w/SAF, ca Isot a 30 min,1 spike. 25% FF
..... ....... ....s....... ..... ... w i====.. . ..... ....

uf319 of f alte Dose Suwnery

Cuwtative doses in REM for distanc- 2

ilme Thyroid Lws Bone Beta Skin Whole Fody(hr)

5.000E-01 1.546E-02 3.066E-04 4.494E 05 9.274E 04 1.786E-032.000E+00 6.084E 02 1.127E-03 1.736E 04 2.468E 03 4.734E-035.210E+0c 1.540E 01 2.776E 03 4.483E 04 4.589E-03 8.667E-038.000E*00 1.540E-01 2.776E 03 4.4832-04 4.589E-03 8.667E-03
2.400E+01 1.540E-01 2.776E 03 4.483E-04 4.589E-03 8.667E-03
9.600E+01 1.540E-01 2.776E-03 4.483E 04 4.589E 03 8.6 0'-03
7.200E+02 1.540E-01 2.776E 03 4.483t-04 4.589E 03 8.6ofE 03

1

.

'
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Psoject or DCP/MMP _ DCP 2&3 8928.01SJ Calc No._ N 0720-014 CCN CoNVERSloN:

CCN No. CCN -
Subject Control Room and Offahe Doses Should CPIS. CRIS. and FHIS Fall

Sheet .222.of .252.
REV ORIGINATom DATE tRE DATE REV OfuCINATom DATE Utf D A*1 R
0 Mark Drucker 8/15/97 T. Remick 8/18/97 (,

4

APPENDIX G INADVERTENT OPENING of a SG ADV w/SAF

Gl.0 IOSGADV/SAF PURPOSE

The steam generator atmospheric dump valve (ADV) may be inadvertently opened by either a
valve failure or operator error. Concurrent with the opening of the ADV, the single active
failure (SAF) considered limiting for this accident is the loss ofnormal AC power. This SAF
renders the condenser unavailable and leaves the ADV of the unaffect:d steam generator as the
only means of heat removal by the secondary synem, thereby releasing additional steam into
the atmosphere.

Per Calculation N-4076-001 (Reference 6.1q, CCN-1, Section A5), the only radioactisity
available for release to the environment during the IOSGADV/SAF event is the activity initially
present in the steam generator mass, and the activity introduced into the secondary side by
primary-to-secondary leakage occurring during the event. All of the activity initially present in
the intact and affected steam generators is assumed to be released at time zero. The
primary-to-secondary leakage is assumed to occur at I gpm for the duration of the

IOSGADV/SAF event The IOSGADV/SAF event is assumed to continue until the Shutdown
,

Cooling System is initiated at 12 hours, thereby terminating the accident.

The objective of this appendix is to calculate the doses from the IOSGADV/SAF at the
<

Exclusion Area Boundary (EAB) and the Low Population Zone (LPZ) as well as inside the
Control Room assuming CRIS failure.

1

._
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- _ _ - ___-_- _

.

EC&FS DEPARTMENT
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Project or DCP/MMP DCP 2&3 6928.01SJ Calc, No, N-0720-014 CCN CCNVERSION:

ccN No. CCN -
Subject Cnntrol Room and Offaite Doans Should CPIS. CRIS. and FMIS Fail

Shetet.222.of 252.
REV ORIGINATOR DATE IRE DATE REV ORiotNATOR DATE IRE DATE R
0 Mark Drucker 8/15/97 T. Remick 8/18/97

h
&

G2.0 IOSGADV/SAF RESULTS

The resulting doses are as follows:

DOSE (Rem)
Thyroid Beta Skin Whole Body

Exclusion Area Boundary <0.1 <0.1 <0.1
Low Population Zone <0.1 <0.1 <0.1

Control Room 14.1 <0.1 <0.1

All doses meet the acceptance criteria of Sections 1.2.1 and 1.2.9.

.

_ _ _ _ _ _ _ . _ _ _ _ _ _ . _ _ _ _ . _ _ _ . _ _ _ _
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eCN No. CCN -

Subject Control Room and Offsite Qgses Shauld CPIS. CRIS. and FHIS Fail Sheet 239 of _2Q, '

REV ORIGINATOR DATE IRE DATV REV oM!? " ToA DATE IRE DATE R
0 Mark Drucker 8/15/97 T. Remick 8/18/97

4
i

G3.0 IOSGADV/SAFASSUMPTIONS,

\*

G3.1 Operator Action is assumed within 30 minutes of the initiation of the event to terminate<

*

steam releases via the inadvertently opened stmospheric dump valve.:

G3.2 Operator Action is assumed at 30 minutes to provide auxiliary feedwater flow to the
intact steam generator and to open the atmospheric dump valve of the. atact steam

'

generator to facilitate heat removal, as the condenser is unavailable.

i G3.3 It is conservatively assumed that 100% of the iodines either introduced via
primary-to-secondary leakage or initially present in the secondary side liquid of the'

intact steam generator will be transported to the secondary side steam, i.e. an iodine
partition factor of1.0,

G3.4 It is conservatively assumed that 100% of the noble gases and tritium present in the |
intact steam generator liquid will be transported to the secondary side steam, i.e. a
partition factur of1.0 for each.

G3.5 It is conservatively assumed that all iodines, noble gases, and tritium present in the
affected steam generator liquid will be transported to the secondary side steam and
released via the inadvertently opened atmospheric dump valve (i.e., a partition factor ca
1.0 for each).

G3.6 Based on er.gineeringjudgemer.t, it is assumed that none of the particulate isotopes
present in the liquid of both steam generators (affected and intact) will be transported
to the secondary side stes n, i.e. a partition factor of 0. T his judgement is supported by
NUREG-0017 (Reference 6.4ra, Section 2.2.15.2), which notes that releases of
radioactive particulates from the turbine building are negligible.

G3.7 Per P& ids 40160A and 40160ASO3 (Refere:a:e 6.2v and 6.2w), the auxiliary
feedwater pumps, which supply feedwater to the intact steam generator, draw water
from the Condensat Storage Tanks. It is assumed that the water in these tanks is free
ofradioactive contamination. Hence, the only radioactivity available for release to the
environment is that initially present in the steam generator secondary side and that
introduced into the secondary side via primary-to-secondary leakage during the
accident.

G3.8 it is conservatively assumed that the total activity expected to be released over the
duration of the accident is released at time zero, i.e. no credit is taken for decay.

.
-
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.

! O Mark Drucker 8/15/97 T. Remick 8/18/97

I
__ _

__
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'

G4.0 lOSGADV/SAF DESIGN INPUTS |

; G4.1 Per Calculation N-5000-002 (Reference 6.1x, page 5), it is anticipated that the reactor
coolant temperature will have decreased to 350 F and the Shutdown Cooling System
will be initiated within twelve (12) hours of the start of the accident, thereby
terminatin,7 the accident.,

1

G4.2 Per Calculation N-5000-002 (Reference 6. tx, page 5), the maximum mass of water and
steam in each steam generator is 350,000 lbm.

*

G4.3 Design basis IOSGADV/S AF doses and atmospheric dispersion factors (x/Qs) are as
follows per Calculation N-4076-001 (Reference 6.lg, CCN-1 Table A2 2 on Page 76):

'
EAB LPZ

| X/Q (sec/rn'_) 2.72E-4 7.72E-6
_

DOSE (P.em)

Thyroid 4.55E+9 1.38E-1
4

,

-

Beta Skin 2.16E-3 1.5BE-4

Whole Rodv 5.00E-3 _ 2.60E-4

G4.4 Per Calculation N-4076-001 (Reference 6.lg, CCN-1 Assumption A3.17), although the
;

IOSGADV/SAF ever,t is terminated at 12 hours, subsequent to the LPZ X/Q term
being reduced, the 0 to 8 hour LPZ WQ term of 7.72E-6 sec/m is conservatively
applied to the 0 to 12 hour activity release duration. This same conservative
assumption is employed in this Appendix G.

t
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G5.0 IOSGADV/SAF METHODOLOGY & COMPUTATIONS

G5.1 Methodology

Design basis IOSGADV/SAF doses have been previously calculated in Calculation
N-4076-OG1 (Reference 6.1x) based on the assumptiens and design inputs presented in
Sections G3.0 and G4.0 as well as applicable items in Sections 3.0 and 4.0. The only
difference between Calculation N-4076-001 and the present analysis is that the former used
atmospheric dispersion factors (X/Q) based on 5 percentile meteorology while the present
analysis uses 50 percentile meteorology.

50 percentile X/Q doses can be obtained by applying X/Q ratios to the 5 percentile doses, The
following equation is utilized:

f (X G)y , '/
D,,,, = D ,,

Y $ es!gnj
u

x D

where " Design" refers to Calculation N-4076-001 (5 percentile X Q) and "New" refers to the/
present analysis (50 percentile X/Q).

In Calculation N 4076-001, LPZ doses were calculated for the duration of the accident

(12 hours). The LPZ X/Qs for 0-8 hours were conservat;vely used for 0-12 hours. In using
the above equation to calculate LPZ and control room doses (see below) for the present
calculation, the control room 0-8 hour 50 percentile X/Qs are also consewatively used for the !

12-hour accident duration. Calculation N-4076-001 used the maximum breathing rate of
3

3.47E-4 m /see for the duration of the accident in calculating LPZ doses. Hence, rio correction
fcr breathing rates is required when utilizing the LPZ doses to determine control room doses.

1

G5.2 Computations

The following table shows the doses obtained by applying X/Q ratios. The formula shown
above is used. For example, the EAB thyroid dose for 50 percentile X/Q is calculated as |
follows, using the data in Sections 4.5 and G4.3:

'
D ,, = (4.55 Rem) 3.60E-6 sec/m''
y = 6.02E-2 Rem

( 2.72E-4 sec/m',

, .__ _ _
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Although no control room doses were previously calculated, they are calculated at the control
'

room air intake for the 50 percentile case by applying the X/Q ratios to the 5 percentile LPZ
doses. This is appropriate since t,oth doses are for 12 hours (duration of accident). It is
conservative to apply the dose at the air intake to personnel within the control room as no
credit is taken for the finite volume of the control room. Also, per Assumption 3.7, the control
room whole body dose is doubled.

X/Q DOSE (Rem)
Wm') Thyroid Beta Skin Whole Body

Cale N-4076-001.

'

EAB 2.72E-04 4.55E+00 2.16E-03 5.00E-03
LPZ 7.72E-06 1.38E-01 1.58E-04 2.60E-04

'

This Calculation

EAB 3.60E-06 6.02E-02 2.86E-05 6.62E-05
LPZ 9.24E-07 1.65E-02 1.89E-05 3.11E-05
Control Room 7.90E-04 1.41E+01 1.62E-0-2 5.32E-02

_
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APPENDIX H SPENT FUEL POOL BOILING I
.

E

Hl.0 SFP BOILING PURPOSE
!
'

Loss of cooling flow to the spent fuel pool (SFP) can result in the boiling of the pool. The
boiling leads to elevated fuel temperatures, thereby increasing the migration of spent fuel
radioisotopes into the SFP water with the gaseous isotopes partitioning into the Fuel Handling
Building (FHB) air space and being transported to the outside environment. SFP boiling also
results in increased SFP water evaporation and a corresponding increase in the release of

,

waterborne radioisotopes to the FHB air space and or environment.

The objective of this apper.3ix is to calculate the doses re.,u a SFP boiling accident at the;

Exclusion Area Boundary (EAB) and the Low Populatian Zone (LPZ) as well as inside the
Control Room assuming CRIS failure.

?

!

!

I

!
t
t

!

i

!

i

i

!

;

,

i
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!

I12.0 SFP BOELNG RESULTS
. .
; The resulting doses are as follows:

!

} | DOSE (Rem)
i Thyroid Whole Body
! Exclusion Area Boundary <0.1 <0.1)

,

Low Population Zone <0.1 <0.1
-

Control Room 19.4 0.3

All doses meet the acceptance criteria of Sections 1.2.1 and 1.2.6.

.

1
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H3.0 SFP BOILING ASSUMPTIONS

H3.1 A normal fuel ofiload is assumed. A full core offload is not considered since the
Shutdown Cooling System would then be available as backup to the SFP Cooling
System, rendering a boiling accident unlikely. This assumption is consistent with
Calculation N-4072-007 (Reference 6.lm, Sheet 8).

H3.2 The SFP heat load is based on 150 hours of decay between reactor shutdown and loss
of SFP cooling. This assumption is consistent with Calculation N-4072-007
(Reference 6.lm, Sheet 8).

H3.3 The normal fuel building ventilation system is assumed to be in operation during the
accident, transporting all activity released from the pool directly to the environment.
This assumption is consistent with Calculation N-4072-007 (Reference 6.lm, Sheet 9).

H3.4 A spiking factor of 100 is assumed for iodine and noble gases released from the fuel
during the heatup from nonnal temperature to bulk boiling. This assumption is
consistent with Calculation N-4072-007 (Reference 6.1m, Sheet 9).

113.5 The failed fuel fraction is assumed to be 1%. This assumption is consistent witn
Calculation N-4072-007 (Reference 6.1m, Sheet 10).

H3.6 All the activity contained within the gaps of damaged fuel rods is assumed to be
released. The gaps contain 10% of the iodine,10% of the noble gases except Kr-85,
and 30% ofKr-85 within the fuel rods (Reference 6.4e). This assumption is consistent
with Calculat;on N-4072-007 (Reference 6.lm, Sheet 10).

H3.7 The pool decontamination factors for noble gases and iodines are assumed to be 1 and
10, respectively. This assumption is consistent with Calculation N-4072-007
(Reference 6.im, Sheets 10,11).

10.8 In this calculation, the offsite whole body and thyroid doses determined in Calculation
N 4072-007 are scaled to determine control room whole body and th>Toid doses.
Calculation N-4072-007 did not need to consider offsite beta skin dose consequences
to document compliance with the 10 CFR 100 dose criteria. Therefore, this Appendix
cannot use scaling to determine the control room beta skin dose. Although calculation
of a beta skin dose to control room operators is desirable, it is not required. Per
10 CFR 50 Appendix A General Design Criterion 19, control room radiation protection
is deemed adequate if 'ontrol room personnel are not exposed to a radiation dose in

. . ___.

i
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excess of 5 rem whole body, or its equivalent to any part ofthe body. Section 115
determines the control room whole body and thyroid inhalation doses. Since these
doses meet the applicable contrel room whole body and thyroid inhaledon dose criteria
of Section 1.2.1, it is reasonable to assume that the control room be.:.1 she dose
critenon of Section 1.2.1 will also be met.,

.

; 11 4.0 SFP BOILING DESIGN INPUTS

H4.1 Fission product escape rate coefficients for iodines and noble gases are 1.3E-8 and
6.5E-8 sec'8, respectively, per CE Letter S-CE-3036 (Reference 6.3i).

H4.2 Design basis SFP boiling atmospheric dispersion factors are as follows per Calculation
N-4072-007 (Reference 6.lm, Sheet 13):

X/Q (sec/m')
TIME (hour) EAB LPZ
0-2 2.72E-4

0-8 7.72E-6

8-24 4.74E-6

24 - 96 3.67E-6

96 -720 2.67E-6

H4.3 Design basis SFP boiling EAB doses are 1.01E-2 and 4.53E-4 Rem to the whole body
and thyroid, respectively, per Calculation N-4072-007 (Reference 6.1m, Sheets 34,42).
These doses are based on an occupancy factor of 1.0 and a breathing rate of

S3.47E4 m /sec.

.
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H4.4 Design basis SFP boiling whole body LPZ doses are as follows, per Calculation
N-4072-007 (Reference 6.im, Sheet 40). These doses are based on an occupancy
factor of 1.0 and a breathing rate of 3.47E-4 m%ec.

TIME (hour) WHOLE BODY DOSE (Rem)
0-2 2.88E-4
2-8 8.79E-4
8 - 24 1.41E-5

| 24 - % 4.93E-5

_96 - 720 3.11E-4

In Calculation N-4072-007 (Sheet 40), the break between the second and third time
'

steps occurs at 8.1 hours rather than 8 hours. Assuming the break occurs at 8 hours
has a negligible impact on the results of this analysis.

H4.5
Design basis SFP boiling thyroid LPZ doses based on a co stant breathing rate of
2.32E-4 m%ec and an occupancy factor of 1.0 are as follows, per Calculation
N-4072-007 (Reference 6.lm, Sheet 32,33). It should be noted that these doses are
adjusted in Calculation N-4072-007 for the varying breathing rates at the LPZ. but the
unadjusted values shown are utilized in this analysis.

TIME (houT) THYROID DOSE (Rem)
0-2 8.59E-6
2-4 2.55E-5
4-6 4.34E-5
6-8. 8.17E-3

8 - 24 5.08E-2

24 - 96 1.20E-1

96 - 720 2.48E 1

.

.
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US.0 SFP BOILING METHODOLOGY & COMPUTATIONS

H5.1 General M..thodology

Design basis SFP boiling accident doses have been previously calculated in Calculation
N4072-007 (Reference 6.im) based on the assumptions and design inputs presented in
Sections H3.0 i d H4.0 as well as applicable items in Sections 3.0 and 4.0. The only
difference between Calculation N-4072-007 and the present analysis is that the former used
atmospheric dispersion factors (X/Q) based on 5 percentile meteorology while the present
analysis uses 50 percentile meteorology.

H5.2 Whole Body Dose Methodology

Whole body doses due to immersion for 50 percentile X/Q can be obtained by applying X/Q and
occupancy factor ratios to the doses based on 5 percentile X'Q. The following equation is
utilized:

D"" = D""*", (X/G)%.,,OF%, ,
"" "

where " Design" refers to Calculation N-4072 007 (5 percentile X/Q), "New" refers to the
present analysis (50 percentile X/Q), and OF is the occupancy factor.

Although Calculation N-4072-007 does not evaluate control room doses, the above equation
can be used to estimate the 50 percentile X/Q contro! room whole body dose at the control
room air intake by ratioing LPZ design values from Calculation N-4072-007. Thisis
appropriate since both doses are for 30 days (duration of accident). Such a ratio will 3ield the
dose at the control room air intake. It is conservative to apply the dose at the air intake to
personnel within the control room as no credit is taken for the finite volume of the control
room. Per Assumption 3.7, the control room whole body dose will be doubled to address
gamma radiation shine from sources near the control room.

i

,
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H5.3 Thyroid Dose Methodology

Thyroid doses due to inhalation for 50 percentile X/Q can also be obtained by applying X/Q
ratios to the doses based on 5 percentile X/Q. For this case, however, breathing rates also need
to be ratioed, as follows:

i

"" "" ""D"" = Di *r
(xiQ)m,,,, BR ,,,, OF ,,,,,,a u

where " Design" refers to Calculation N-4072 007, "New" refers to the present analysis, BR is
the breathing rate, and OF is the occupancy factor. As with the immersion dose evaluation,
control room inhalation doses can be estimated by ratioing the LPZ design values from
Calculation N-4072-007.

H5.4 EAB Doses

EAB doses are calculated for a single time interval (2 hours) during which X/Q, breatidng rate,
and occupancy factor do not change. The EAB whole body dose due to immersion is
calculated as follows, based on data in Design Inputs 4.4,4.5, H4.2, and H4.3:

3.60E-6 sdmE M = 1.34E-4 RemDm% = (1.01E-2 Rem)
22.72E-4 sec/m , , L0 s1

The EAB thyroid dose due to inhalation is calculated as follows, based on the data in
Assumption 3.4 and Design inputs 4.4,4.5, H4.2, and H4.3:

w = (4.53E-4 Rem) 3 60E-6 sec/m ' ' 3.47E-4 m /sec' 'g
= 6.00E-6 Rem

3 3D
3 3( 2.72E-4 sec/m ,1 3.47E-4 m /sec, ,1.0,

. .
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H5.5 LPZ Doses

As LPZ X/Qs vary over time (Design input H4.2), the dose equations must be applied for each
time interval with the parameters being ratioed changing. The following table shows LPZ
whole body doses, based on data in Design inputs 4.4,4.5,114.2, and H4.4.

OCCUPANCY WHOLE BODY
TIME X/Q (sec/m') FACTOR DOSE (Rem)
(hour) Design New Design New Design New
0-8 7.72E-6 9.24E-7 1.0 1.0 1.17E-3 1.40E-4
8-24 4.74E-6 6.03E-7 1.0 1.0 1.41E-5 1.79E-6
24-96 3.67E-6 3.65E 7 1.0 1.0 4.93E-5 4.90E-6
96-720 2.67E-6 3.28E-7 1.0 1.0 3. l lE-4 3.82E-5

__ Total 1.54E-3 1.85E-4

LPZ thyroid doses are as calculated in the following table, based on data in Assumption 3.4
and Design inputs 4.5, H4.2, and H4.5.

BREATHING RATE OCCUPANCY THYROlD DOSE
TIME X/Q (sec/m') (m'/sec) FACTOR (Rem)
(hour) Design New Design New Design New Design New
0-8 7.72E-6 9.24E-7 2.32E-4 3.47E-4 1.0 1.0 8.25E-3 1.48E-3
8-24 4.74E-6 6.03E-7 2.32E-4 1.75E-4 1.0 1.0 5.0BE 2 4.87E-3
24-% 3.67E-6 3.65E-7 2.32E-4 2.32E-4 1.0 1.0 1.20E-1 1.19E-2
96-720 2.67E-6 3.28E-7 2.32E-4 2.32E-4 1.0 1.0 2.48E-1 3.05E-2
Total

4.27E-1 4.88E-2

1

i

J



---

EC&FS DEPARTMENT

CALCULATION SHEET 'rs"u" ceu No. eAoc __ o,_.

Project or DCP/MMP _ DCP 2&3 8928.01SJ Calc No._ N-0720414 CCN CoNVERStoN:
-,

y
CCN No. CCN -

i

Subject Control Room and Offalta Dnnam Shnuld CPIS. CRis. and FlilS Fail
Sheet 251 of 252_

REV ofuGINATOR DATE Btf DATE REV c " "^ Tom DaTE WIE DATE R_ _

0 Mark Drucker 8/15/97 T. Remick 8/18/97 h
4

H5.6 Control Room Doses

Control room whole body doses are calculated in the following table, based on the data in
Design Inputs 4.4,4.5, H4.2, and H4.4. Per Assumption 3.7, the new dose values include a

| multiplier of 2 for external shirie sources.

i OCCUPANCY WHOLE BODY'

TBfE X/Q (sec/m') FACTOR DOSE (Rem)
(hour) Design New Design New Design New

I 0-8 7.72E-6 7.90E-4 1.0 - 1.0 1.17E-3 2.39E-1
8-24 4.74E-6 4.60E-4 1.0 1.0 1.41E 5 2.74E-3
24-% 3.67E-6 2.50E-4 1.0 0.6 4.93E 5 4.03E-3
96-720 2.67E-6 6.25E-5 1.0 0.4 3.llE-4 5.92E-3
Total 1.54E-3 2.51E-1

Control room thyroid doses are calculated as follows, based on the data in Assumption 3.4 and
Design inputs 4.4,4.5, H4.2, and H4.5.

BREATHING OCCUPANCY THYROID DOSE
TBIE X/Q (sec/m') RATE (m'/sec) FACTOR (Rem)
(hour) Design New Design New Design New Design New
0-8 7.72E-6 7.90E-4 2.32E-4 3.47E-4 1.0 1.0 8.25E-3 1.26E+0
8-24 4.74E-6 4.60E-4 2.32E-4 3.47E-4 1.0 1.0 5.08E-2 ".37E+0
24-96 3.67E-6 2.50E-4 2.32E-4 3.47E-4 1.0 0.6 1.20E-1 7.34E+0
96-720 2.67E-6 6.25E-5 2.32E-4 3.47E-4 1.0 0.4 2.48E-1 3.47E+0
Total 4.27E-1 1.94E+1

__
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