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1.0 PURPOSE
1.1 Task Description

This calculation determines the offsite and Control Roon: dose consea juences should a
common mode software defect cause an undetected faiture of the Containment urge Isolation
Signal (CPIS), Control Room Isolation S Signal (CRIS), 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 gamma and beta-skin immersion do::s due to released
materials (but not direct shine doses) are calculated

This analysis supports Design Change Package DCP 2&3 6926.015) and its associated PCN,
which changes the radiation monitors used in E-n;."ecrev Safety Features Actuation Systems
(ESFAS) from a totally analog system to a predominately dignal design. The software 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 xup,‘o" of the PCN process,
this analysis is considered as being beyond the design basis of Units 2 & 3. Realistic or best
esumate values will therefore be u..t:d for selected parameters and times. As a result of the
PCN process, licensing commitments may be necessary based on the results of this calculation

Thus calculation will evaluate thie UFSAR Chapter 15 accidents to ensure that the offsite and

“r
Control Room doses are acccp:ab‘“ should a common mode software failure cause the
simuitaneous, undetected, failure of CPIS, CRIS, and/ or FHIS. Currertly. Controi

ertly, Controi Room
doses are only evaluated for the most severe limiting faults. Because the delay in Control
Room 1solation may increase the operator doses, ad \ditional accidents that release significant

U9
amounts of radioactive material (such as the CEA ejection accident) mayv have their associated

Control Room doses evaluated
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Criteria, Codes and Standards

The Coatrol Ru M Operator dose criteria are defined in the General Design Criteria of
Appendix A to 10 CFR 50 (Reference 6 4a). Gen esign Criterion 19 states that
the Control R(\cm personnel must be able to occupy the Control Room dunng accident
conditions without receiving radiation exposures in excess of 5 Rem whole body, or its
equivalent to any part of the body, for the duration of the accident

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 auration dose) Whole body gamma dose of 5§ Rem
Thyroid dose of 30 Rem
Seta-skin dose of 30 Rem

Per the exposure guidelines of 10 CFR 100, Section 100.11(a)(1) (Reference 6 4b), the
dose at the exclusion area bou‘.u ary is for the two hours immediately following onset of
the postulated accident. Therefore, the E AB dose should not exceed

EAB (2 hour dose Whole body
Thyroid dose

Per the exposure guidelines of 10 CFR 100. Section 100

1(a)(2), the dose at the outer
boundary of the low population zone is for the entire poniod of the postulated accident

Therefore, the LPZ dose should not exceed

1
i

LPZ (accident duration dose) Whole body gamma dose of 25 Ren

Thyroid dose of 300 Rem
For the Feedwater System Pipe Break acc cident, Standard Review Plan section 152 &
Section II (Reference 6 4x) states that do ses should be *

a small t?.u"m“[ (which i
defined as 10%) of the

cified in paragraphs 1.2 2 and 1.2 3
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12,5 For the CEA Ejection accident, the NUREG 75/087 Standard Review Plan

Section 15.4.8 Appendix A Section IT (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 I
(Reference 6 4p-ii), which is not the SONGS 2&3 licensing basis, reduced the dose
criteria to “well within™ (which is defined as 75 Rem for the thyroid and 6 Rem for the
whole body) the 10 CFR 100 limits specified in paragraphs 122 and 1.2.3

For the FHA, SFP Gate Drop, and SFP Boiling accidents, Standard Review Plan
section 15.7.4 Section IT (Reference 6.4s) states that doses should be “well within” the
10 CFR 100 limits specified in paragraphs 1 22 and ] 23

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” the

10 CFR 100 limits specified in paragraphs 1.2.2 and 1.2.3.

For the small break Loss of Coolant Accident, Standard Review Plan Section 156 5
Appendix A (Reference 6.4r) states that the doses should not exceed the 10 CFR 100
limits specified in paragraphs 1.2.2 and 1 2.3

For the Inadvertent Opening of a Steam Generator Atmospheric Dump Valve with
Single Active Failure event, the offsite dose limit is 0.5 Rem for the whole body based

on the guidance of Regulatory Guide 1.26 (Reference 6 4v) and Regulatory Guide 1.29
(Reference 6. 4w)
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2.0

2.1

3l

RESULTS/”ZUNCLUSIONS AND RECOMMENDATIONS

Results/Coaclusions

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 01SJ digital radiation

monitor system are as follows. The doses meet the limits of General Design
Criterion 19
Control Room Doses in Rem
Accident
! Thyroid J_ “eta-Skin | Whole Body
==n|

Criteria (Section 1.2) 30 8 §
CEA Ejection (Appendix A) 238 0.7 0.1
Feedwater System Pipe Break

. . 7.9 <0.1 <0.]
(Appendix B)
Small Break Loss-of-Coolant -
Accident (Appendix C)* 49 %l -l
FHA in FHB (Appendix D)’ 204 04 <0.1
SFP Gate Drop (Appendix E)’ 29.2 08 0.1
Increased Main Steam Flow with a 51 37 07
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 19.4 Not Evaluated 03
(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 Contra! Room HVAC system into
the high radiation isolation mode, per Assumption 3 |
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RE DATE

2.1.2 The beyond design basis offsite doses for the an ayzed acciderts coincident with a
single commen mode failure of the DCP 2&3 6926.018) 4 digrtal radiation monitor
system ace as follows

EARB Doses in Rem “ LPZ Doses in Rem

Accident |

Beta- ‘Who!e; ) Beta- | Whole
Skin | Body |14 cin Body

(10% of Section 1.2 Criteria)

Feedwater System Pipe Break

“Small Fracuon” Critena [ l
(Appendix B)" }

“Well within” Criteria
(25% of Section 1.2 Criteria)

|
I
[
|
1
|
|
:

FHA in FHB (Appendix D)’

SFP Gate Drop (Appendix E)*

SFP Boiling (Appendix H)

Increased Main St team Flow with
SAF (Appendix F)’

Other Critenia

CEA Ejection (Appendix A)
Full 10CFR100 Cniteria

SBLOCA (Appendix C) ™
Regulatory Guides 5/1.29

IOSGADV/SAF (Appendi

-l h Wl

i
v
¥
!
|

T ———

*  The doses for these accidents assume manual Operator actions to isolate the
containment muni-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 conseguences




EC&FS DEPARTMENT

CALCULATION SHEET PRELIM, CCN NG PAGE __

v

Project or DCP/MMP _DCP 283 8928 018 Cale. No._N-0720014___ | ccN conversion
CCN NO. CCN -~

Subject_Control Room and Ottsite Doses Should CPIS. CRIS, and FHIS Fa . Sheet 13 of 252

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR InE DATE
0 IMark Drucker B8/15/97 |T. Remick 8/18/197

Recommendations

Some of the ac.: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 i1s recommended that

Calculation J-SPA-289 address the impact of these changes as they relate to Design Change
Package DCP Z&3 6926 .018)
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3.0 ASSUMPTIONS

NOTE For those accidents analyzed in an appendix to this calculation, any accident
specific assumptions are listed in the appendix

Lo i

31 The overall initial conditions for the analyses perforined *n this calculation are

a the plant is at steady state prior to the accident

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

c the reactor coolant non-iodine ac 1vity is at the Technical Specification
3.4.16 limit of 100/E uCi/gm

d the secondary coolant activity profile is based on the iodine acti- ity
being at the Technical Specification 3.7.19 limit of 0 1 x«Cigm Dose
Equivalent I-131

e primary to secondary leakage is at the Technical Specification 3.4.13
limit of 1 gallon per minute

f 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 Specification
3.4.16 limit of 60 uCi/gm Dose Equivalent I-131 is also assumed
Manual operator actions to isolate the containment mini-purge system, and/or to nlace
the Control Room HVAC system into the high radiation isolation mode, are assumed to
occur at the following times in this analysis

a FHA Inside Containment - Control Room isolation at 3 minutes
(Section8 1.3.1.7)

Feedwater System Pipe Break Mini-pur
(Appendix B)

c Small Break LOCA - Control Room and mini-p

purge tsolation at

ge isolation at 30 minutes

-~

J munutes (Appendix C
d FHA in FHB - Control Room isola

munutes (Appendix D)

e SFP Gate Drop - Control Roo blation at 20 minutes (Appendix E)
f Increased Main Steam Flow with Single Active Failure - Control Room

(soiation at 30 minutes (Appendix F
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Except as follows, design basis assumptions are used in this calculation:

a atmospheric dispersion factors are based on $0 % meteorology, as
feported in UFSAR Table 15B4

b. dunng a fuel handling accident inside the containment, manual operator
ac'ion is credited for isolating the control room within 3 1ninutes.

c. 9 lays of decay occur prior to the start of the SFP gate drop accident.

When the Contr.l Room is isolated. an unfiltered Control Room inleakage of 11 cfin is

assumed to acc sunt for door opening, per Standard Review Plan 6 4 Section I3 .d
(Reference 6 411)

The effects of daughter products are considered in this analysis. The daughter products
eenerated by the radioactive decay of the lodine isotopes are noble gas isotopes. The
da ghter 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
LOCADC SE isotope group 5, and Strontium and Barium are in LOCADOSE group 7.
Per Table 2-17 "Particulate Release Rates from Gaseov's Effluents”, of NUREG-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
partictates. Therefor for this analysis, LOCADOSE Groups S to 9 are considered to

consist of particulates and will be subject to Hi gh Efficiency Particulate Air (HEPA)
filtration

The breathing rates from Regulatory Guide 1.4 Section C.2 ¢ (Reference 6 4c), which
addresses the breathing rat s ot individuals present at offsite locations during a LOCA,
will be used for all analyrzs. 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:
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i 1 -
ime Interval CR EAB LPZ
(m’/sec) (m/sec) (m’/sec)
0to2 ho=s 347x 10 347x10* 347x10*
2t 8 hours 347 %10 Not Applicable 3.47%10°
8§ 0 24 howrs 3.47 ¥ 10% Not Applicable 1.75x 10¢
L 1 to 3C days 347x 10 Not applicable 232 » 12

3.5  For consistency with current methodology (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.

36  Ths calculation is based on the Unit 2 Cycle 9 configuration. Due to the symmetry
between units, the results are expected to apply to Unit 3 also

3.7 Shine doses from sources external to the Control Room will not be explicitly
considered in this analysis. Per the Calculation N-4060-020 LOCA analysis
(Reference 6.1i), 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
half is due to shine from sources external to the Auxiliary Building, and half is 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 calculatinn)

38 Unless otherwise justified, operator action to manually place the Control Room HVAC
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 interval is addressed in
Standard Review Plan Section 6.4, paragraph [I1.3 d(3) on page 6 4-10

(Reference 6 4n). The high radiation isolation mode of operation can be easily initiated
from the Control Room by manual action

39  The released secondary steam is assumed to be free of non-indine particulates per
Calculation N-4097-015 section I1.2 1 (Reference 6.1v)




EC&FS DEPARTMENT

CALCULATION SHEET PRELIM. CON NO. PAGE _

_Ol'__

Project or DCP/MMP ~RCP 283 6926.018) Calc. No._N-Q720.014 CCN CONVERSION:

Slen D L0t Daten Shasdl A, £ ot e

LeeN No. CCN -

Sheet 17 of 282

DATE AT R A IRE DATE
0 [Mark Drucker B/13/97 |T. Remick 8/18/97

A I

3.10

3.11

313

314

C<<mXx

i

Since the steam released from the secondary side does not contain particulsies (per

Assumption 3 9), particulates which do not decay to iodines or notle gases will not be
modeled in the Secondary Side

The steam density in the secondary side is assumed to be 1.95 b/, which
corresponds to saturated steam at approximately 850 psig. As shown in Section § 4.6,
the value used is not significant to the calculated results

The iodine snecies fractions will be taken as 91% elemental, 4% organic, and 5%
particulate. This is consistent with Regulatory Guide 1 4 (Reference 6 4¢)

The reactor coolant system density chosen will be based on the hot leg couditions As
shown in Section 5.4 5, the RCS density should be minimized to maximize the
calculated doses. The minimum RCS density (other than the pressurizer, which is not
an area of concern) is found at the core exithot leg

For the fuei handling accident inside Containment, operator action to inanually place
the Control Room HVAC system in the high radiation isolation mode within 3 ninutes
is assumed. This duration is reasonable, given the Licenses Controlled Specification
(LCS) 3.9.102 (References 6 4j and 6 4k) .equirement for continuous communications
with the Control Room during fuel handling activities inside containment. The NRC
concurred with this approach in the April 1996 meeting on the radiation monitor
replacement project
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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 2I). For
conservatisi, the high radiation isolation mode outside air intake flow rate was
increased to the upper tolerance (per procedure SO23-1-2 44, Reference 6 5d), and *he
recirculation flowrate decreased to the lower tolerance (per procedure S023-1-2 44).
The SO23-1-2 44 tolerances are consistent with calculation M-0073-043

(Reference 6.1w) page 9 of 24 (150 cfin for filtered intake) and page 20 of 24 (£1u%
for filtered recirculation). For the first 8 hours of the accident, two trains of

emergency HVAC are in operation (consistent with UFSAR Appendix 15B,
Reference 6 .41).

Parameter CR Normal Operation
Reference
= r:
Filtered Intake 40096 2050 + 150 = 2200 cfm 40096 (Ref 6.2¢)
(Ref. 6.2¢) 40098 (Ref 6.21)
§023-1-2.44 (6.5d)
Unfiltered 5820 ¢fm 40056 0 cfm + 10 cfm per 40096 (Ref 6.2¢)
Intake (Ref 6.2¢) Assumption 3.2 40098 (Ref 6.20)
Filtered 0 cfm 40096 (35,705-10%)-2200 = 40096 (Ref 6.2¢)
Rectreulation (Ref 6.2¢) 29,9345 cfm* 40098 Ref 6.2)
23-1-2 44 (6.5d)
Unfiltered 29,885 ¢cfin 40096 0 ckn 40096 (Ref. 6 2¢)
Recireulation (Ref. 6.2¢) 40098 (Ref. 6.21)

conservatively rounded down to 29,934 ¢fin for s

wngle tram operation

Per drawings 40096 (Reference 6.
entering the Control Room passes
However, per UFSAR Appendix
charcoal filter. The recirculation

2e) and 40098 (Reference 6.2f), the makeup air
through both the EVS and EAC filter trains.

13B (Reference 6 41), credit is only taken for the EAC
air passes only through the EAC filter train. The

EAC iodine filter efficiency is based on the charcoal filter depth of 2 inches (Reference

6 1k) and the corresponding charcoal filter efficiency value
Guide 1 52 Table 2 (Reference 6 4f)

s given in Regulatory
The EAC particulate efficiency is based on the
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HEPA efficiencies given in Regulatory Guide 1.52 section C S ¢. Regulatory

Guide 1.52 efficiencies are applicable since Technical Specification §.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
1odine removal efficiencies for the LOCADOSE intake and recirculation filters.

Yom Bai EVS Removal EAC Filter LOCADOSE LOCADOSE
L l‘ Efficiency Efficiency Intake Removal | Recirculation Removal
: (A206/A207) (E418/E419) Efficiency Efficiency
e Tt “
El~mental lodine 0% 95% 95% 95%
Organic [odide 0% 95% 95% 95%
Paruculates % 994 99% 99%
—'* b — T

Some >f the analyses presented in this calculation mode! a Control Room net free
volume of 244,398 R’ based on Calculation M-0073-041 page 7 (Reference 6.1¢)
Since first cited, Calculation M-0073-041 was revised in CCN-S 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

266,920 ft* in Calculation M-0073.095 (Reference 6.1y, CCN-3). Calculation
N-4060-027 (Reference 6.12) assessed the impzct of that revised . 1me on CR doses
due to design basis accidents and concluded that the revised volume produces

insignificant impacts on CR doses. Any subsequent revision to this calculation should
use the revised volume 266,920 &°
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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 why.: is exposed for the entire

interval of interest (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 hours

0.6 for 24 hours to 56 hours
0.4 for 96 hours to 720 hours

The 50% meteorology atmospheric dispersion factors (X/Q) for releases from the
Containment to the locations of interest are as follows per Calculations N-4010-001
page 40 (Reference 6.1g) and N-4010-002 Revision 1 page 3 (Reference 6.1h).
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 miven in UFSAR Table 15B-4)

50 Percentile /0 (sec/m’)
0-2 Hours | 2-8 Hours | 8-24 Hours | 24.96 Hours | 96-720 Hours

Control Room | 7.9x10*® | 70x10@ | 46x10*° 2.5x10** 6.25x10°*

Exclusion Area 3.6x10% NA NA NA NA
Boundary

Low Population | 924x107 | 924x107 | 603x10” 3 65x107 3 28x107 I
Zone
e e e e

7.9x10™ from N-4010-001 + oecupaacy factor of 1.0 from Design Input 4.4 = 7.9x10™
4.6x10™ from N4010-001 + occupancy factor of 1.0 from Design input 4.4 = 4 6x10*
1.5x10™ from N-4010-001 + occupancy factor of 0.6 &rom Desiga Input 4.4 = 2.5x10%
2.5x10” from N-4010-001 + occupancy factor of 0.4 from Design Input 4.4 = 6.25x10"

w 4 l@
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4.6 The core exithot leg conditions are 611 °F and 2250 psia per drawings 40111A
(Reference 6.2g) and 40111AS03 (Reference 6.2h) Per the ASME steam tables, the
specific volume at these conditions is 0 02371 ft*/lbm, with an equivalent density of
42176 bbm/ft*. Per Assumption 3.!3, these values wil' be used when converting RCS
mass release rates to volumetric celease rates

i

47  The containment free voluine is 2,305,000 ft’ per Calculation C-257-1.06.01
(Reference 6.1, page 7).

48 The default dose conversion factors in the Bechtel LOCADOSE computer program
(Reference 6 6a) will be used in this calculation. These dose conversion factors are
shown in the LOCADOSE library files included in each analysis.

49  Per Calculation N-4097-015 (Reference 6 1v), the reactor coolant and cecondary side
activity concentrations are given in the following table, based on a burnup of
60 GWD/t. The reactor coolant activity is based on 1.0 «Cvgm Dose Equivalent
1131, and 100/E for non-iodine isotopes

The secondary side liquid activities are based on 0 1 «ClV/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 Bas activity concentrations based on the normal primary to
secondary leakage of 1440 Ibr /day

Per Assumptions 3.9 and 3 10 particulates are not required to be modeled unless
calculation N-1140-024 (Reference 6 1f) determined that the particulate decaysto a
nobie gas or iodine, 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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- I'he Containment leak rate is 0 1% by volume per day for the first 24 hours of the

accrdent per Technical Specification SR 3.6 1 | (Reference 6.4h and 6.4i). Per

Regulatory Guides | 4 (Reference 6 4¢) 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)

: " 0.00 a
Containment Leak Rate « (2.308E +06 f1%) « 2. LI d -

1.6 ¢/m
¢ day 14 % 60 min

Containment Leak Rate « (L3085 406 ft?) x =2 4')-'» 0.8 ¢fm
dt’ll :‘ * 60 min

hnical Specification 2 4 13 (Reference ¢

" 1l 4 4 - . 2 - mwAi .
41 1 & 4h and ©.41) Umuts primary 10 secondary

leakage to 0.5 gpm per steam generator, w'th an overall limit of | ¥pm to both steam

generators. This analysis will be based on the overall limit of | gpm

Per procedure
SO123-111-2.22.23 step 6 4.) € (Reference 6 5b) leakage is evaluated after the sample
has been cooled to a density of 8 34 Ibm/gallon  Therefore, 2 primary to secondary
leakage of | gpm is equivalent to 8.34 Ibm/min. Per As sumption 3.13, this

§.34 Ibm/min leakage will be converted to an equivalent flow rate at the Design

X Input 4.6 hot leg conditions

b B b |
8.3 bm _ 002271 fr 0.198 ofm
min ibm

L) 4 -~ - - - 4 -
3.' 4 14 Per Calculation N-0220-030 (Reference 6 1e sheets 14 and 24) the reactor coolant

system (RCS) cold nominal volume (without the pressunzer) is

10,103 cubic feet
Appiying the RCS expansion factor of | 4 percent from CE Letter $-91.031

(Reference 6 31) vields the reactor

coolant system hot nomunal volume (not including
the pressunzer liquid volume) Per Calculation N-0220-03¢ sheets 14 and 23), the
pressunzer water volume at the nomunal operating point is 819 cubic feet Based on
these velumes, the reactor co ' torm b

lant 8y as a uquid v ime oOf
kes © (Vacs we pze * Expansion Factor) + )
Vees = (10,103 £i° x 1.014) « 819 f
11,063 fr-
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be dropping as the by mup increases, and consequently the

acuvities would be less than those at a 40 ( rWD/t burnur

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-0654 average fuel rod inventory) in all §1,212 available locations
(1.e, 217 assemblies » 236 potential location:

per assembly)

T —
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£0 METHODOLOGY

S.1 General Methodo! -«

As discussed in Section 1.1 seie & idents will be evaluated for the bevond design basis

case where a single common raoda failure Causes an undetected, concurrent failure of all the
IgILA radiation monitors

dig liation monitor

Depending on the accident sequence, a tormal analysis may ne
discussion will be provided If a formal analysis is performed
LOCADOSE computer code (Reference 6 6a)
Section 5 2

ot be required.  For these cases )
, it will be done using the
This computer code is described in

5.2 LOCADOSE Computer Code Description

he doses due to the accident activity release mechanisms wil
Bechtel Standard Computer Pre gram NE-319, LOCADOSF

(Reference 6.6a) The
LOCADOSE Code consists of three modules: an activity transport program, a dose calculation

program, and a filter loading program

i be evaluated through use

The first two modules will be used in this calculation

“d

T'he activaty transport module calculates activitie integrated actvities and releases over & time

penod using a multi-region model that can accommodate up to nine regions and fifty time
steps. Daughrer isotope activities spray removal and LOCA during purge option can be
performed by this program  Activities integrated acti

tvities 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 fi € 1o calculate dose rates and doses. Doses and
dose rates can be obtained for all the regions used by the activity transport program and for up
to twenty offsite locations

(

I'he LOCADOSE code is executed on the Nuclear Fuel Management IBM-RISC 6

workstation Use of the LOX( ADOSE code on the IBM-RISC 6000 workstation has been

ventied and vahdated as detailed in the Softw ire Installation Report (R eference 6 6h)
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EAB, LPZ and Control Room Immersion and Inhalation Doses

Ceneral Methodology

This calculation determines the immersion and inhalation doses 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 assur puions and design inputs from both the main
calculation and the associated Appendix for each analyzed accident T he model used for a

particular accident is detailed in the Appendix for that accident

Accidents Not Resulting in Fuel Failure

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

Accidents Resulting in Fuel Failure

For those accidents which result in fuel failure, the radioactive material released to the arious

locations consists of

he radioactive material originally present in t ry coolant, secondary coolant, or
secondary steam (per Section §.3 2)

T'he radioactive material released from the failed fuel that is transported to the
environment

The matenal released from the failed fuel into the reacto: coolant system is based upor
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
meiting occurs), and that all of the material in the gap of all of the failed fuel is relcased
to the RCS. For a given failed fuel percentage

pnmary coolant is thu

the amount of matenal released to the

Release to RCS = Core Inventory (Ci) * Failed Fuel Fraction

< Gap Activity Fraction » Peaking Factor

and then it

able leak rate
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£.4 Mass Release to Volumetric Release ( onversion

T'he LOCADOSE code is based on volumetric flow rates (cfin), while most of the accident
release information from ABB/CE is gven on a mass basis. The LOCADOSE code is also
based on providing a node volume, and an activity inventory (in curies) tor that node. This
section addresses the methodology of the conversion of mass releases to volur etric releases
For clarity, some unit conversions (such as «Ci to Ci) are not shown in the following sections

54.1 Pnmary to Secondary Leakage Without Fuel Failure

The activity release rate due to primary 1o secondary leakage (not including the impact of
failed fuel) is
~ 3
- ( 1 . ﬁ
Apg(——) ; p.g (E==)
mun fi’ mun

activity release 1ate due to primarv to secondary leakage
activity present in RCS in Curies
RCS volume in cubic feet

primary to secondary volumetric flow rate in cfir

; 18 calculated in Design Inputs 4.13 and 4 14 from the Design Input 4 9 concentrations
) as follows

A pes (CT) - ) X Vs (1) x Densiny acw ( 5’"“, ) x Jodine Spiking Factor
y by

1s calculated | esign Input 4.11 from the mass release rate (M...) as follows

M, gm

min

Density .,

mun ( em

fr?
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Substituting Agcs and Q, , into the original equation yields
B (i‘;g) % Vps (%) % Density ‘%’ x lodineSpiking Factor

) »
r-& min me’)
y ...
{ Af,_‘("dn)
D’"“O’m(ﬁ';—)

As can be seen, V., and Density, drop out of the above equation. This means that for a
given Gy, lodine Spiking Factor, and M,.5, any V. and Density, ., may be used without
affecting the calculated primary to secondary activity release rate

542 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 § 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 Vies and Density, . may be used without affecting the
calculated primary to containment activity release rate

543 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:

Ci Ci

A \ :
ATO“L ( min) = A, :(-7) " Ar-s,rr('—.;)
Ay.s is as described in section § 4 1 Aps ry is

P-SFF min l",,m(ﬂ’)

3
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Where

l'\, s ; ACtuvity release rate from failed fuel due to primary to secondary leakage
Agy acuvity present in RCS from failed fuel in Curies

Vacs RCS volume in cubic feet

Qps  primary to secondary volumetric flow rate in cfm

Qp.s I8 calculated in Design Input 4 11 from the mass release rate (M,;4) as follows

om
p. MG
Qry (L) o N
n . gm
Density o .o (2- ~

Substituting Q, ¢ into the original equation yields
) O M, (&%)
A G,_ Al min

g l=) & —— ' e
P8 FF\e ; PY : —
res UT7) Density , 15--!. )
4

As can be seen, neither V. nor Density,.. drops out of the above equation. In order to
maximize the actvity release rate, V., and Density, . should be minimized (a smaller \ R
and Density, ., results in a larger Aps wr)

>44 Pnmary Coolant Releases With Fuel Failure

r

Primary coolant is released to the containment atmc sphere during the CEA ejection and

SBLOCA events. The volumetric flow rate for this path follows the equations given in
section 54,1 and Section §43

The P-S parameter would change to P-C for the primary to

containment releases. V., and Density, . should be minimized 10 maximize the activity
reicase rale

. Should be minimized to
s shown in Sections § 4

{ affect the calculated
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ndary Steam Releases

[he acuwity release rate from the secondary side (due to MSSV and ADV operatio

Aere o0 (C1)

£

Where

activity release rate due to MSSV/ADV secondar team releases (at TS limits)
activity present in seconaary side steam at Tech Spec limits in Curies
secondary side steam volume in cubic feet

secondary side MSSV/ADV volumetric steam flow release rate (n ¢fm

alculated in Design Input 4.15 from the Design Input 4 9 concentrations (Cgge +y) a8

. wli . rn
Asre re () = Corc pe (F—) * Ve ()  Density .. (4 )

gm Jt ’

can be calculated from mass release rate

A gm

spe (=)

run

’m
(£2)

fr’

Density .,

) X Ve, (/1%) x Density ., |l‘""| M, L"")

R ECY i

'm
.lv' )

Density ¢, - (
St

As can be seen, Vg, and Density.,

and Mge, any Vg and Densityg . may be used with
steam activity reiease rate. Because the LOCADOS]

primary to secondary leakage directly to the environment th appropnate filtration to model

4

steam generator p 1t

the presence of
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SCE Calcalations

Units 2&3 Calculation C-257-01 06 01 Revision 1, Conmtainment Shell Analvysis -

Containment Passive Heat Sink

Units 2&3 Calculation C.259.01 ¢ 1.11, Revision 2 (CCN-)] to CCN-5)

Evaluatic a of
Spent Fuel Pool for Westinghouse High Density Racks

Units 2&3 Calculaton M-0073-041. Revision 7 (CCN-1 to CCN-7), Auxiliary Building
- Control Area EI-30' Control Room ( mplex
Spec # SO23-410.1

- Heat Load Calculation
Units 2&3 Calculation M-0076-001, Revision 3 (CCN-1 to ( CN-4), Fuel Handling
Bunlding - Norma! Cooling System - Heat Load Caleulation Spec# §023-410.¢

Units 2&3 Calculation N-0220-030. Revision (CCN-1), SONGS Units 2 and 3
Transient Analysis Mode! (TAM)' Reactor Co lant System (RCS) Volumes

Units 2&3 Calculatinn N-1140+ 24, Revision 0, Post-LOCA EOQ Doses - ESF Pump
Seal Failure Leakage with Temporarily Breached SEB Barriers

Units 2&3 Calculation N-401 I, Revision 4 (CCN-1), Contrcl Room ¥/Q Values

, EAB and LPZ xw/O Values

Units 2&3 Caleulation N-4960-02 vision 2 (CON-2 and CCN-3), Control Room
EAB, and LPZ Post-LOCA Doses

Units 2&3 Calculation N-4071-001 Levision 3 (CCN

1), Gaseous Radwaste System
Offsite Doses

Units 2&3 Calculatior )

Accident Inside the Fuel Handling Buildis

Units 2&3 Calculation N-4

Inside Containment
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6.1m Units 2&3 Calculation N-4072.007, Revision 3 (CCN-1), Doses Due to Spent Fuel
Pool Boiling

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

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

61p  Units 2&3 Calculation N-4075-004, Revision 2, Doses For Revised Steam Generator
Tube Rupture Event.

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

6.1r  Units 2&3 Calculation N-4077-001, Revision 7 (CCN-1), Letdown Line Break -
Offsite and Control Room Doses

61s  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

6.1u  Units 2&3 Calculation N-4097.013, Revision 0 (CCN-1), Spent Fuel Pool Rerack
Acti aes and Source Strength Spectrums

6 1v  Units 2&3 Calculation N-4097.015, Revision 0, Primary and Secondary Side Activity
Concentrations at Tech Spec Limits

6.1w  Units 2&3 Calculation M-0073-043, Revision 3 (CCN-1, CCN-4 10 CCN-6), Auxiliary

Building - Control Area El 30' Control Room Complex - Emergency Equipment Sizing
Calculations.

6.1x  Unit 2 Calculation N-5000-002, Revision 0, $2C9 Inadvertent Opening of a Steam
Generator ADV.

6.1y  Units 2&3 Calculation M-0073-09% Revision 3 (CCN-1 to -3), Infiltration into the
Control Room Envelope from Surrounding Areas
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Drawings

Units 2&3 Drawing 716031, Revision |

Fue! Handling Building Cask Handling Crane
Travel Path Requirements Plar

Units 2&3 Drawing 716032, Revision | Fuel Handlir

1g Building Cask Crane Hook
Height Requirements

Units 2&3 Drawing 4,090, Revision 5 (FCN F11497M and F11514M), Fuel Handling
Building HV & AC Air Flow Diagram

Units 2&3 Drawing 40092, Revision 7. ( ntainment HV & A(
s

Alr Flow Diagram
Normal System

Units 2&3 Drawing 40096, Revision 14, Air Flow Diagram ['rain B Control Building -

Units 2&3 Drawing 40098, Revision

¥, Air Flow Diagram, Train A Control Building -
El 30.0

Unit 2 Drawing 40111A , Revision 33 P&] Diagram, Reactor Coolant Systen
System 1201

Unit 3 Drawing 40111AS03, Revision 31 (DCN-38)

P&] Diagram, Reactor Coolant

1
A
-

Svstem - System |

it 2 “'i:\\i'lt 40117A, Revisi

U
.‘\\' :J\Cv

P&I Diagram Sump and Drain Systems - System

AL

Unit 3 Drawing 40117AS03, Revision 7, P&] Diagram Sump and Drain Svstems
System No. 2426

Units 2 & 3 Drawing 40173 A, Revision 17 P& Diagram, (

ontrol Room Complex
HVAC (Narma. A C) - System N

Units 2&3 Drawing 40173C. Revisi X1 Diagram, Control Room omplex
HVAC (Emergency V' 8§ and A.C Units) - ystem No. 151

’ |
s i
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Units 2&3 Drawing 41358, Revision 12 (DCN 48 1 DCN 54, and FON F13531M)
Area CASHV & AC Plan El 50' ¢

Units 2&3 Drawing 41366, Revision 11 (DON 40 10 DCN 42). Area ( AlO HV & A(
Plan El. 50'to 30

Drawing $023.207

1-78, Revision 3 (DCN 6). Fuel Handling Buildin
Pool Liner Bulkhead

g Spent Fuel
Lrate sheet 3 (PX Engineering ( ompany drawing 498A)

Drawing $023-990.164, Revision 0 Fuel B
E-FSG-E000-A07, Revision 01)

Bundle Assembly (ABRB Supplier Drawing

Drawing SO23-410-1-1, Revision 13 (DCN <), Control Room Emergency HV Unit
(Amenican Air Filter drawing R107D-160325.K)

Unit 2 Drawing 40171 A, Revision 2

4, P&I Diagram - Containment HVAC Svstem
(Normal) - Svstem 15¢

Unit 3 Drawing 40171AS03, Revision 31 P&1 Diagram - Containment HVA( System
(Normal) - System 1§

i Drawing 31394, Revision |

iry Diagram - HVAC Plant Control
olation System Train A

.
Unit 2 Drawing 31395, Revision 16§ ementary Diagram - HVAC Plant Control
Room Isolation System Channe! B

| - -
Unit 2 Drawing 4016

sion 2 aram - Auxiliary Feedwater Svstem -
L
y |

3 Drawing 40]¢ P&I Diagram - Auxiliary Feedwater System
tem N |
yysiem INO
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6.3 Vendor Documents

ietter 5-CE-2666, FSAR Accider

March 18, 1976 (CDM# C760318G

¥

CI
i

CE Letter S-CE-3034, San Gnofre 2 and 3 FSAR « Chapter 15 First Drafts (Partial)

dated Julv 8 197¢ (CDM# C760708G-80.141.-6)

CE Letter S-CE-3056, San Onofre 2 and 3 FSAR - Section 15 First and Revised First
Drafts, dated September 7. 1976 (CDM# C76 1007G.5$8-307.4)

CE letter S-CE-3058, San Onofre 2 and 3 FSAR - Revised Steam Line Break Source

Terms, dated July 15, 1976 (CDM# C760715G-26.7.3

- &)

CE letter S-CE-3068, San Onofre 2 and 3 FSAR - Sections 7
July 19, 1976 (CDM # C760710G.47

CE Letter S-CE-3124, San Onofre 2 and 3 FS AR - Reactor Coolant Pump Sheared

Shaft and Inadvertent Opening of a Safety

Valve Analyses Accident, dated August J
1976 (CDM# C760802G-9.8-1)

CE Letter S-CE-3379, San Onofre Units 2 and 3 FSAR . Input for Dose Calculations
tor Chapter 15 Infrequent Incidents, dated October 27. 1976 (CDM#
\ y" :

CE Letter S-CE-4517, San Onofre Un 1$ 2 &
with Automatic Control Svstems ( pe '
C780123G-384)

Analysis of Letdown Line Breaks
dated January 23, 1978 (CDM #

CE Letter S-CE-3036, San Onofre 2 and 3 FS

AR - Section 11.]1 Revised First Draft

45«4 and C760708G-125-43-8)

dated July 8, 1976 (CDM# (7607 R-46-4¢

CE Letter S-CE-569¢ FSAR Change Package 159 - CEA ection Reanalysis
september 5, 1979 (CDM # C790905G-16- 5¢

|

\id[ '\i

Modified MSSV Flow Characteristics
CDM # C9106258.1266-22)
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63m ABB Letter $T-96-456, SONGS 243 SBLOCA Data for Madiation Monitor
Replacement Project, dated September 10, 1996
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Standard Review Plan (SRP) Section 6 4

NUREG 75/087. Revis dated Decem?
NUREG-0ORO0O Revision 2. dated Julv 1981

Standard Review Pian (SRP) section 6 2 4 Branch Technical Position CSB 64

“Containment P.lr‘,w:(, D iring Normal Plant Operations'

NUREG 75/087. Revision 1, dated May 1978
NUREG-0800, Revision 2. dated July 1981
Standard Review Plan (SRP) Section 14 4 ‘

1548 Appendix A, “Radiological Consequences
of Control Rod Ejection Accident (PWR)

NUREG-75/087, Revision 0. dated 11
NUREG-0800, Revision 2 dated July

Standard Review Plan (SRP) Section 15 ¢

2, "Radiological Consequences of the
Failure of Small Lines ( arrving Primary (
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NUREG 75/087. Revision | dated July 1978
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6.4t Standard Review Plan (SRP) Section 15.7.5, “Spent Fuel Cask Drop Accidents”

i NUREG 75/087, Revision |, dated December 1978
i NUREG-0800, Revision 2, dated July 1981,

6.4u  NRC Safety Evaluation by the Office 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 of Nuclear Power
Plants,” dated February 1976

64w Regulatory Guide 1 29, Revision 3, “Seismic Design Classification,” dated September
1978

64x  Standard Review Plan ( SRP) $+.iion 15.2 8, “Feedwater System Pipe Breaks Inside
and Outside Containment (PWR)"

i NMUREG 75/087, Revision 0, dated 11/24/75
il NUREG-0800, Revision 1, dated July 1981
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Frocedures

Maintenance Procedure S023.1

n 6 (TCN 6-4), Crane - Cask Handling

Crane Checkout and Operati

Chemistry Procedure SO123 111.2.22.2 Levision 10, Units 2/3 Steam Generator Leak
Rate Determinatior

Site Technical Services Procedure

7.2, Revision 3, Nuclear Fuel Movement
for Refueling Cycles

Maintenance Procedure S0)3 3.]-2 44 Revision 6 (TCN 6-2), CREACLUS - Control

Room Emergency Air Clean 1 'p System Operation and Operability Test Surveillance
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Other Documents

LOCADOSE Code Bechtel Standard C mputer Program NE-319. Release 3

Software Installation Report, LOCADOSE (NE-319) Version 3.0, RISC 6000
: ‘er dystem - Device ID D0O2674 Uperating System AIX Version 3 2.6

) £

DBD-5023-360, Revision 4 (DCN 29 and 30), Reactor Coolant System Design Basis

Document

Memorandum from Allen Evinay, “Pre and Post Trip SLB SIAS Timing”, dated
September 10, 1996 (included as Attachment 1)

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

Interoffice Correspondence SG2-FE-0073 Revision 02, SONGS-2 Cycle 9 Reload
Analysis Ground Rules ( SCE Document RGR.1

" et 0O 1
August 29, 199¢

2-C9), authored by U. Decher. dated

Memorandum for File “San Onofre Nuclear Generating Static n, Basis for UFSAR
16614¢

Section 15.6.3.4.5 - Inadvertent Openir g of a Fressunzer Safety Valve Dose
Consequences”, authored by Tom Remick, dated May 2. 1997
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6.7 ABB/CE Calculations
I'he following ABB/CE calculations w ere used for thus calculation. These documents are not
available through CD!M. and are therefore not listed on the Calculation Cross Index
67a Unit 2 Calculation A-SG2.FE.00¢ Revisior SONGS-2 Cycle 9 Design
Parameters, F.. Versus Power
6.7b Units 2&3 Calculation A-SG-FE-0064, Revision O , SONGS Units 2 and 3
Non-LOCA Source Term
6.7¢  Unit 2 Calculation A-SG2-FE-0081, Revision 00. St INGS-2 Cycle 9 Excess Load with
LOA(
6.7d Unit 2 Calculation A-SG2.FE.-0( 88, Revision SONGS 2 Cycle 9 CEA Ejection

Analysis

6. 7¢ Unit 2 Calculation A-SG2-Ft D089, Revision |
steam Line Break Analvsis
K T¢

f Unit 2 Calculation A-SG2-FE.0
Line Break Analvsis

678 Unit 2 Calculation A-SG2.FE.0093 Rewis
Shaft/Seized Rotor Fuel Failure Ana V$i$

6.7h  Unit 2 Calculat.on A-SG2 FE-O1 Rewvisi
Assessment

6.7 Units 2/3 Caleulation 1370« PE-009/147
Decreased Auxiliary Feedwater Analvs

6.7 Unit 2 Calculation 1370-DT-003 Re 1
| oad Ana Y518

7k Unit 2 Caleulation 1370-DT. Re r

Analvsis

ni\

Cp

|

\\

outhern California Ediseon

SONGS

Revision 00, SONGS-2 (

SONGS.

SONGS.-

105, Revision 00

ire FSAR Steam |

Unit 2

Cycle 9 Post- I'rip

-~

inp Steam

ycle 9 Pre

Lycle § Sheared

Cycle 9 RAR Dose

SONGS 2 and 3

l' XCess
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Units 2&3 Calculation 1370-DT-010, Revision 3, SCE SONGS 2&3 FSAR Loss of
Load Analysis

Unit 2 Calculation 1370-DT-011, Revision 0, Excess Heat Removal Due to Fesdwater
System Malfunction for SCE

Unit 2 Calculation 1370-DT-013, Revision 0, SCE FSAR Total Loss of Flow Analysis
Unit 2 Calculation 1370-DT-018, Revision 1, SCE Loss of Feedwuter Flow.

Unit 2 Calculation 1370-DT-037, Revision 0, Reanalysis of Feedwater Line Break for
SCE and Responses to NRC Round Two Questions

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

Units 23 Calculation 1370-TS-109/1470-T$-051, Revision 0, SONGS Units 2&3
Steam Generator Tube Rupture Analysis for Extended Blowdown of Steam Generator
Safety Valves

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

Unit 2 Calculation 1370-PSAE-057/9270-PSAE-034, Revision 0, Waterford/ SONGS
CEA Ejection Peak Pressure Reanalysis

Unit 2 Calculation A-SG2-FE-01 14, Revision 0, SONGS-2 Cycle 9 Feedwater System
Pipe Break
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DATE

.

NOMENCLATURE

ABB Asea Brown Boveri

AD\ Atmospheric Dump Valve

AFW Auxihary Feedwater

CI Combustion Engineering

CEA Control Element Assembiy

CEA-¢ Control Element Assembly Ejection

CPIS Containrment Purge Isolation Signal

CR Control Room

CREACUS Control Room 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 Fusd tlandling Accident

FHA-FHB Fuael ‘dling Accident Inside Fuel Handling Building
FHA-IC Fuel Handiing 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
[FWF Increase in Feedwater Flow

IMSF Increased Main Steam Flow

I0SGADY Inadvertent Opening of a Steam Generator Atmuspheric Dump Valve
LCO Technical Specification Limiting Condition for Operation
LCS Licensee Controlled Specifications

LLB Letdown Line Break

LNFW} Loss of Normal Feedwater Flow

LOAC( Loss of Normal AC Power

LLOCA Loss of Coolant Accident

LOCYV Loss of Condenser Vacuum

LPZ Low Population Zone

MSSY Main Steam Safety Valve

PAl FrAB Post Accident Cleanup Filter Unit

PS\ Pressurizer Safety Valve
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RCS Reactor Coolant System

SAJ Single Active Failure

SBLOCA omall Break Loss of Coolant Acc
SFPB Spent Fuel Pool Boiling

SG Steam Generator

SGTR Steam Generator Tube Runture

SLB Steam Line Break

SLB-I( Steam Line Break Inside Containment

SLB-O( Steam Line Break Outside Containment

SRP Standard Review Plan (NUREG 75/087 and NUREG-0800)
SFp Spent Fuel Pool

TS Technical Specifications

UFSAR Updated Final Safety Analysis Report

X/Q Atmospheric Dispersion Fact
mucroCune (1 Cj =
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8.0 COMPUTATIONS
8.1 Determination of Accidents to be Evaluated

This \aug;nmr' evaluates the UFSAR Chapter 15 events that credit CPIS. FHIS, or CRIS to
f hat the offsite and control room doses are acceptable. In this sec.ion the various
accident events detailed in UFSAR ( hapter L\ are individually reviewed to determine if the
events credit these isolation signals, and consequents if reanalysis is warranted. Section 8.1
presencs the review of moderate frequency incident: Section 8 1.2 presents the review of

infrequent incidents. Section 8.1 3 presents the review of limiting faults

A Safety Injection Actuation Signal (SIAS) is capable of initiat ng contamnment minipurge
valve closure (per drawings 40171A and 40171AS03 Fw:':rcr s t» <rand 6 2s) A SIAS also

generates a Control Room Isolation Signal (CRIS) per drawings 3 e 6.2t) and

31395 (Reference 6 2u), which cau es contrcl room normal HVA olation and essential
HVAC operation

§.1.1 Determination of Moderate | requency Incidents to be Evaluated

Moderate frequency incidents are those events which mav occur during a calendar vear for a

ncidents may release radioactivity to the
environment. Table 8 1.1 summarizes the moderate fre juency

!'FSA.R

particular plant. The moderate frequency

incidents addressed in the

Table 8 1-1 notes the airborne ac stivity releace locations for each mo

derate frequency incident
The determination of event release locat)

ns was made with engineering jud gement b.i.‘-“, on
the UFSAR event descriptions and a review of t} e reload transient analyses. lrrespective of

Cuaty could be dispersed via the atmosphere to the
control room and offsite locations ( urrently, control room doses are not evaluated for any
moderate frequency incident

the release location, any release of radioa

.t

Table 8.1-1 notes that none of the moderate fre juenc idents generates a SIAS, alth ugh
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 &
whether an event generates a SIAS was made ' engineenng judgement based on the
UFSAR event descriptions and

id areview of the reload transient s alySes
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y incident
Table 8 notes these occu
that in the absence of CP1S, FHIS and CRIS the
frequency incide

Many of the mederate frequenc
more severe event

nts are les
Steam Generator Atmospheric Du mp Valve with a
Therefore, there is no need for this calculation tc
frequency incident

i severe than the infre

A;\

y'eld cons

equences t"\ax are
The fo

enveloped by another
Wing subsections determine
adiological c.m»cq uences of the moderate

rrences
uent incident of an [nadvertent Opening of
a Single Active Failure (I0SGADV/SAF)

evaluate dose consequences fo' any moderate

FABLE 8.1-1 SUMMARY OF MOD

ERATE FREQUENCY INCIDENTS
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8111 Airborne Activity Releases Inside Containment

Table 8.1.1 identifies five events that could potentially release activity into the containment
building. Per Combustion Engineering Letters S-CE-3056 (Reference 6 3¢. Sections 15.2.1.1

through 1521 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 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 olow down 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

stem Design Basis Document
DBD-S023-360 (Reference 6 6¢. Section 4.7.1), the Quench Tank volume 1s 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 am moderste frequency incident

(L1414

Alrborne Activity Releases Inside Fuel Handling Building

derate frequency incident that could potentally release activity
the fuel handling building Consequently, the failure of the FHIS will not affect the

: ,
1oiogical consequences of any moderate fr

le 8.1-1 identifies no mo

CQuUENCY incident

8113 Airtborne Activity Releases Directly to the Outside Environment

Since there are no inside containment or fuel handl ng building activity releases, the sin
event that bounds the radiol gical consequences of all moderate frequency incidents

which releases the maximum airborne activity directly to the outside environment

Table 8 1-1 identifies numerous events that could potentially release activity ¢

outside environment. One event, the Inadvertent Opening of a Steam Generator
Dump Valve (IOSGADV) event, releases activity

via an atmospheric dump ve
inadvertently opens. The opened ADV alic ntaminated s

Ui S (S =L I,

to the outside environment until Operator at ume 30 minutes
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release path. Once the opened ADV is closed. *he main condenser is used to facilitate entry
into the shutdown cooling mode

Other moderate frequency incidents increase the steam 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 o

i¢ outside environment until the valves
either reseat 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 t to cool the plant and to fa
shutdown cooling mode. In these cases the actvity releases to the ou
time 30 minutes with the Operator Action to close the
However

cilitate entry into th

ide environment end at
MSSVs by operation of the ADVs

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 tc
open one or more ADV's at time 30 minutes to facilitate entrv into the shutdown cooling mode
Based on these release scenarios. the moderate frequency u\.dcr' with the most severe
radiological consequences is either the [OSGADV (with its pre-30 muinute ADV release). or
the LOC or LOAC event (with their MSSV and pos'-w minute ADV releases) In
companson, the infrequent incident of an IOSGADV with a Single Active Failure
(IOSGADV/SAF) is essentially an IOSGADYV concurrent with a LOCV and a LOAC in which
IT 1S necessary to cool down the reactor coolant system using the ADV from the unaffected
steam generator. Consequent! he absence of CPIS, FHIS and CRIS, the I0SGADV/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 calcul: ation to evaluate dos

onsequences for any moderate
frequency incident
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8.1.2 Determination of Infrequent 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

nvironment. Table 8 1-2 summarizes
the infrequent incidents addressed in the UFSAR

Table 8.1-2 notes the airbomne activity ~elease locations for each infre quent incident. The
determination of event release locations was made with engineenng judgement based on the
UFSAR event descriptions and a review of the reload transient an alyses. Irrespective of the
release location, any release of radioactivity could be dispersed via the atmosphere to the

control room and offsite locations ("urren control room doses are not evaluated for anv
infrequent incident

Table 8.1-2 notes that none of the infrequent inc :'s.'t'.s generates a SIAS. The determination as
'o whether an event generates a SIAS Was made with engineering judgement based on the
UFSAR event descriptions and a review of the rel. oad transient analyses

Many of the infrequent incidents yield consequences that are envel oped by another more severe
event. Table 8 1-2 notes these occurrences T'\c foliowing subsections determine that in the
absence of CPIS, FHIS and CRIS. the Increased Main S::am Flow with a Single Active Failure
(IMSF/SAF) is the most severe in equent incident. The IMSF \A.F event is also the only
infrequent incident characterized by fuel failure. In the absence of fu | failure (and in the
absence of CPIS, FHIS, and CRIS). the Inad vertent Opening of a S.um Generator
Atmospheric Dump Valve with a Si ingle Active Failure (I0OSGADV/SAF) i 1s the most severe
infrequent incident. As concluded in the following subsections. the radiological consequences
of the rem namning infrequent incidents are less severe than the IOSGADV/SAF event

The following subsections also determine that since the IMSF/SAF and IOSGADV/SAF

events do not initiate a SIAS, the control room doses due to an IMSF/SAF or [OSGADV 'SAF
will not be mitigated by a CRIS C ‘onsequently, it is necessary for this calculation to evaluate
dose consequences of both the IMSF/S SAF and IOSGADV/SAF infr
radological consequences of the r\'\f SAF and IOSGADV/SAF b
infrequent incidents, there is no need for this calculation t
other infrequent incident

equent incidents. Since the
ound those of all other
evaluate dose consequences for any
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TABLE 8.1-2 SUMMARY OF INFRE QUENT INCIDENTS

i ~\-\PI Infrequent Incident Descrir puon l Alr A \ [

Airborne Activity Release Location SIAS Other Event
Section S that Bounds
Dose
Consequences
wil o
o |30 s SDC ! CPIS-FHIS-CRIS
e — .
)(‘Lrt.l.! in Feedwater ‘ N N | N { ! no dose
,em;*«nur: Wil a Single Active | j consequences
‘ Failure | | |

Increase i Feedwater Flow with a
Single Actuve Failure TFWF/SAF

(ncreased Main Steam Flow with a | ] N
Single Active Failure (IMSF/SAF ! THIS E\I'\T I
| [referred to by ABB/CE as an | MUSTBE |
[Excess Load with & Single Active \ { | EVALUATED [
1'1 lure event ; | |

l'.nm:xen ent Opening of a Steam No

| Generator Aumospheric Dump THIS EVENT
| Valve with o bmg ¢ Active Failure | Note 6) | MUST BE

' 1IOSGADV/SAF EVALUATED

-
Loss of External Load with & { 1 1 ) N 1 1 IOSGADV/SAF |l
Smgle Active Failure | (Se

| Jare

| Turbine Trip with 2 Single Active ‘ N | ‘ (&3 | ]

e I
<8 omgl

{ 1 ! ! ! ! IOSGADV/SAS
{ Fatlure ‘ { ‘

e
t Condenser Vacuum with a SAF
stive Failure

S

|
i
|
i




EC&FS DEPARTMENT

CALCULATION SHEET RELM.

ELIM, CCN NO PAGE

OF

Project or DCP/MMP _DCP 283 6 7. Calc. No._NN-,.720-014 CCN CONVERSION

. |cen No. CON -

Subject__Control Room and Offsite Doses Shoyld CPIS, CRIS. and FHIS Eail

L Sheet §7 of 252

DATE REV ORIGINATOR DATE IRE
Mark Drucker 8/15/97 |T. Remick 8/18/37

4/

ORIGINA T OR DATE IRE DATE

T.-\BL[ 8.1-2 SUMMARY OF INFREQUENT INCIDENTS
Infrequent Inc dc’)t Desenption | Airborne Activity Release | u Si Other Event
that Bounds
Dose
Consequences
min with no
n {to SDC | CPIS-FHIS-CRIS

Chemucal and Volume Control

Systemn Malfunction with a Single
Active Failurc

'

no dose
consequences

Il an event does not release rach sacuwIty 1nto the containment b
e radiciogical dose consequences of

! an event does not release ~

affect the radiological dos

uilding, then the failure of the CPIS will not affect)

no b

18 burlding, then the failure of the FHIS will not
UFSAR Chapter 15 dose analyses tvp i0 steam salety valve steam releases continue unt:]
the vaives cither reseat on decre: Sing secor

or unill Operator Action is taken at time
30 munutes o ciose the MSSVs by operation of

{11y P

JUrp valve steam releases are utated by

UFSAR Chapter 15 dose analyses typically ass e that atmospheric

Operator Action 30 munutes into the event snd i
when shutdown cooling mode is injtiated
This event releases p'u‘:&r\ coalant activity via the pre

SVe

5 15 dirscted into the Pressurizer Relisf Quench) Tank, wt

T ...c.lx.-n i.e., end of the accident scenario

The radicactivity flowing past the

is designed to prevent normal discharges from |

the PSVs from being relcased to the containment atmosphere

The IOSGADV/SAF event is characterized in an A al has madvertently opened at tume zero. It is assumed
that Operator Action at tume 30 munutes isolates the affected main steam line oop ADV steam releases, and
initiates intact main steam line loop ADV stecim releases ¢

N bt . i
sled ases o 3§ 1#ve shiutdown cooling

Airborne Activity Releases Inside Containment

thai could potentially release acti ity into the containment
ering Letter S-CE-3056 (Refersnce 6 3¢, Sections 1522 1

coolant system pressure
entually lift the Pressurizer Safety \ alves When k P.'\‘\ s lift there is an 3;:.'»*.&, rele

1) ¢

these three events increase the reactor

the Pressurizer Relief (Quench) Tank via the PSV Scharge piping. A rupture disc venting to
the containment atmosphere is provided fi \ "pressure protection L'l‘)ﬂ\:{

Section 5.4.11.1 (Reference 6 41) indicates that the Jue Tank and associated blowdown
systems are designed to receive and condense the nor al ¢ ».“"..1r‘_;:_~ from the PSVs and tc

prevent the discharge from being released t ntainm

“oolant Svystem
1 Basis Document .r)!'il)»\";"f.:—'*? ), the Quench Tank
the rupture disk, the

2 15 s1zed to m re than accommouduate

hWacharpose
GISCHOAIRe




EC&FS DEPARTMENT

CALCULATION SHEET -y ..o

Project or DCP/MMP _DCP 28,3 920018 ____ Calc. No. N-O 720-014 CCN CONVERSION
CCN NO. CCN ~

SubxeCL-QanuaL.‘immnmm:;.m_QQsﬁiSm: CPIS, CRIS, and FHIS Fail
REY ORIGINA TOR DATE iRE DATE

~—ww.  Sheet 58 of 2852
Revl owamarton | pare IRE

DATE
O JMark Drucker 8/15/97 |T. Remick 8/18/97

urequent incidents will release radioactivity
into the containment building. C onsequently, the failure of the CPIS will not affect the

radiolo,.al consequences of any infrequent incident

Based on the preceding discussion, none of the infrea

8122 Airborne Activity Releases Inside Fue! Handling Building

Table 8.1-2 identifies no infrequent incidents that
handling building. Consequently, the failure of th
consequences of any infrequent incident

could potentially release activity into the fuel
e FHIS will not affect the radiological

Arrborne Activity Releases Directly te

W

Since there are no inside containment or fuel handling building activity releases, the event that
bounds the radiological consequences of all infrequent incidents is that which releases the
maximum airborne activity directly to the outside environment

Table 8.1-2 identifies numerous events that could potentially release activity directlv to the

outside environment. One event, the Inadvertent Opening of a Steam Generator At 1wspheric
Dump Valve with Single Active Failure (IOSGADV/SAF) event, re!sases acuwvity via an 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 release path. With the affected main steam line loop ADV closed, Operator Action is taken
at ime 30 minutes 10 open one or more intact main 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
Sysiem pressures and eventually lift the main steam safety valves As Table 8 1-2 indicates, the
opened MSSVs allow a release of contaminated seconcary side steam to the outsid
environment until the valves either reseat on decreasing secondary side pressure, or until
Operator Action is taken at time 30 minutes 1o isolate the release path. The majority of these
infrequent incidents that lift the MSSVs have the condenser available to cool the plant and tc
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 1. facilitate entry into the shutdown cooling
mode. These events include the Increase in Feedwater

o
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 of Normal
AC Power with a Single Active Failure (LOAC/SAF), and the Loss of Normal Feedwater Flow
(LNFWF). The radiological consequences of these latter events (with their MSSV and post-30
mmute 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
minute 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
severe event

the determination of the most

TABL.L  ..-2: COMPARISON OF INFREQUENT INCIDENT
ACTIVITY RELEASE CHARACTERISTICS

SAF

Parameter [FWF/SAF TL‘v{SF SAF |I0SGADV/ [LOCV/SAF ]L ODAC/SAF
|
L ‘ |
ke

Failure (percent of the core

rumary to Secondary Mass Release
Rate (gallon/minute

Pecondary Side Steam Mass Releases

0 te 30 munutes (Tom < 249 040

30 minutes to end of event (1bm) < 668.00¢

Total Event Duration (1bm) < 917.040

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 expenences fuel failure was made with

engineenng judgement based on the UFSAR event descriptions and a review of the reload
ransient analyses, including a review of the Unit 2 Cycle 9 Reload Analysis Report dose
ssessment by ABB/CE design analysis A-SG2-FE-0100 (Reference 6.7h)

Table 8 1-3 shows that eact infrequent incident is characterized by a | 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 re

“iew of the reload transient
analyses, including a review of ABB/CE des

1gn analysis A-SG2-FE-0100
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¢ 8 1.3 shows mass release to atmosphere data per the following references

The [FWF/SAF mass release data are descnbed in CE Calculation 1370-DT-011
(Reference 6.7m, page $) as having “smaller cooldown rates” than that of the excess
load event (i e, the increased main steam flow event)

3
A-SG2-FE-0100 (pages E-6 and E-7)

3

The IMSF/SAF mass release data are documented in ABB/CE design analysis

, "vhich utilizes data determined in CE Calculation
0-DT-003 (Reference 6 7), pages 66 and 70)

The IOSGADV/SAF mass release data are documented in Calculation N-4076-00)

(Reference 6 1q, pages 22 and 37), which utilizes data determined in CE Calculation
1370-DT-003 (Reference 6.7 pages 67 and 69)

The LOCV/SAF mass release data are determined in CE Calculation 1370-DT-010
(Reference 6.7, page 17)

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

.~ "
CE Calculation with equivalent mass release data k

The LNFWT mass release data are documented in UFSAR Section 152254 3 No

¢en 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 reieased during the IOSGADV/SAF. and since the steam release of each event is
charactenzed 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/SAF event

Per Tables 8 1-2 and 8.1-3, the IOSGADV/SAF and IMSF/SAF events are similar in that both
teature a | gpm primary to secondary leakage rate, both feature
and neither event intiates a SIAS. However per Table 8.1-3, although the IOSGADV/SAF
mass release bounds the IMSF/SAF mass release. the IMSF SAF event has fuel failure. Based
on this comparison, the true indicator as to whict of ¢l vents s radiologically bounding
rests upon a comparison of their offsite dose consequences. Per Calculation N-4076-001
(page 41), the IOSGADV/SAF cvent results in EAB thyroid and whole bodv gamma
immersion doses of 1. 91 Rem and 1.71e-3 Rem respectively. Per ABB/CE design analysis
A-SC2-FE-0100 ( ' ), the IMSF/SA

only secondary side releases

1
nave and LS BN rac
pages 11 ang k- € e

vent results in EAB thyroid and whole
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body gamma immersion duees of 17.0 rem and 2.6 rem, respectively. Therefore, the
radiological consequences of the IMSF/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 IMSF. SAF and IOSGADV 'SAF events do not initiate a SIAS, the control room
doses due to an IMSF/SAF or IOSGADV/S AF will not be mitigated by a CRIS. Since the
IMSF/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 radiclogical consequences has occurred and, hence, the control room HVAC
system may not be manually placed into the high radiation mode. Consequently, it is nec

for this calculation to evaluate dose consequences of both the IMSF/SAF ano IOSGADV/SAF
infrequent incidents. Since the radiological consequences of an IMSF/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 other
infrequent incident
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8.1.3 Determination of Limiting Faults to be Evaiuated

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
radioactivs 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
summarizes the limiting faults addressed in the UFSAR.

Table 8.1-4 notes the airborne actvity release locations for each limiting fault. 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. Lrrespective 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 that 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 faults are among the most severe events:

Feedwater System Pipe Breaks (FWSPB)

Control Element Assembly Ejection (CEA-e))

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 of Increased
Main Steam Flow with a Single Active Failure (IMSF/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,
FHIS and CRIS Section 8.1 2 identifies the IMSF/SAF and I0SGADV/SAF as events that
needs to be evaluated in this calculation




EC&FS DEPARTMENT
CALCULAT'ON SHEET ICCN NO./

PRELIM. CCN NO PAGE __ OF

Project or DCPMMP _DCP 283 8326 0 18 Cale, No._N-0720-014 | con conversion
CCNV . CCN -

Subject__Cantrol Room and cm;s_cunmg*;miamfm&_m =

REV ORIGINA TOR DATE IRE DATE

S Sheet §3 of 252

REY ORIG'NATOR DATE IRE DATE

0 fMark Drucker 8/15/97 |T. Remick 8/18/97

The following subsections also determine that since the FWSPB, CEA-ei, 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 mutigated 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 of CPIS. FHIS and
CRIS, there is no need for this cale

O evaluate dose consequences for any other limiting
fault

TABLE 8.1-4 SUMMARY OF LIMITING FAULTS

pr—sl—p s

! —
(S NO ! ut et | tha

i E;‘('l;"ld-"
Dose
Consequences
with no
PIS-FHIS-CRIS l

UFSAR Laniung Fault Description | Arrborne Activitv ™ 'ease Location SIAS Other Event
% Section ¢

Pre-Trip Steam Line Break,

No
{ Outside Contaiment

(See Note 7

Pre-Trip Steam Line Break.

No
Inside Containment

(See Note

~

No
(See Note 7
el
Feedwater System Pipe Breaks Yes Yes s | N N

NG

THIS EVENT
| , MUST BE
i ' | | EVALUATED

| '™ ™ ’ | ] |
LO8s of Normal Feedwater Flow N N : ves ! Yes I

Post-Tnip SLB
1M'J‘. an Active Failure in the

| Turbine Steam Bypas

Single Reactor Coolant Pump Swngle RCF
Shaft Seizure ! | w Sheared Shaft
-
| Single Reactor Coolant Py ‘

odeared Shaf

[nfrequent
Incident -
IMSF/SAF
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Lumung Fault Dcscnpuon Aurborne Actiwity Release Location Orher Event
(SEENOTES 1,2,3.9) initiated that Bounds
Dose
Inside | Inside | MSSV | ADV | Other Coasequences
Cont | Fusl |prior to | 30 mig with no
2. |30 min |t SDC CPIS-FHIS-CRIS
_ . e |
Inadvertent Loading of a Fuel N N N no dose
Assumbly into the [mproper consequences
Positen
15432 |Countrol Element Assembly Yes N Yes Yes N Not No
Ejection (CEA-¢)) credited | THIS EVENT
MUST BE
EVALUATED
15631 |Primary Sample or (nstrument N N N Yes Yes N No
Line Break (See Note 9)
[referred 10 as a Letdown Line
Break (LLB)]
15632 |Steam Generator Tube Rupture N N Yes Yes N Yes No
(See Note 7)
15633 |Small Break Loss of Coolant Yos N Yes Yes N !Yesand Ne
Accident (SBLOCA) No THIS EVENT
(See MUST BE
Note 6) | EVALUATED
Large Break Loss of Coolant Yes N Yes Yes Yes Yes Ne
Accident (See Note 7)
15634 |Inadverent Opening of a Yes N Yes | Yes N Yes SBLOCA
Pressurizer Safety Valve (See
(JOPSV) Note 5)
15731 [Radioactve Waste Gas System N N Yes Yes N N Single RCP
- Leak or Failure Sheared Shaft
15732 [Radiosctive Waste System Leak | N N Yes | Yes N N Single RCP
or Failure (Release to Sheared Shaft
Atmosphere)
15733 |Postulated Radicactive Releases | N N N N N N no dose
due to Liquid Tank Failures consequences
15734  |Design Basis Fue! Handling N Yes N N N N No
Accident Inside Fue! Buildir.g THIS EVENT
(FHA-FHB) MUST BE
EVALUATED

e<=<mz




EC&FS DEPARTMENT
CALCULATION SHEET PREUM. CCN NG

Project or DCP/MMP _DCP 283 8928.01S) Cale. No._N-C720.014 CCN CONVERSION

—y LA FOT A e S,
CCN NO CCN -

. Sheet §5 of 252

REV ORIGINATOR DATE |RE DATE

PAGE ___ OF

Subject_Control Room and QOffsite Doses Should CPIS. CRIS. and FHIS Fail

i

REV ORIGINATOR DATE IRE DATE

-y

0 JMark Drucker 8/15/97 T. Remick 8/18/97

A
<o

=<mzn

| TABLE 8.1-4 SUMMARY OF LIMITING FAULTS |

| UFSAR Limutung Fault Description Aurbome Acuwity Release Location SIAS | Other Event |
| Sectior TES 1,2,34 nitiated | that Bouads ‘
{ t Dose |
inside nside } MSSV ADV Orther L“msel"mw
| Ctmt Fuel | prior to i 30 mun | wilh no
Blde |30 min |1 a0 | CPIS-FHIS-CRIS
e N, R Whrdied -3 ._J_.;i“_‘i:_i.[_'_‘;_i._.__.-_a.. E— . ....J
: 1
157351 |Spent Fuel Cask Drop int N | N N N | N | N | no dose
Spent Fuel Poal ' | (See | | ; consequences
—— : - J ) | |
157.3.52 |Spent Fuel Cask Drop to Fla N | N N N | N | N | no dose
i’ Surface See | { | consequences
; vote 8
- 1 _—
i | 3.6 | Spent Fuel Pool Gate D P | N | X ‘ N N N ; N No [
f | Accident (GDA | ; THIS EVENT |
t .
| | f | MUST BE |
i : [ g f | EVALUATED |
- - ‘ : ;
3.73 Test Equipment Drop N Yes N | N | N | N o dose |
| | ’ ‘ | usequences |
| 15738 pent Fuel Pool Bouing N Yes | N | N N N Ne |
1 IR b 3
Accidem . THIS EVENT |
! |

| MUST BE
| EVALUATED

” ) :T{:_—v‘ =

| |
- oA 1 - . - 'R " - - - . |
Uesign Basis Fuel Handling Yes ! | D | N N N ING |
| Accident Inside Contawnment | | l (See Note 7 |
L 4 |
{1 } | Spent Fuel Assembly Droponto | N N | N ‘ N | N no dose b
| ‘
| Reconstitution Station { ee | | consequences
| Note 8
|
TERTY . = ! - !
1573.10.2 |Spent Fuel Assembly Urop onto N N | N N | N | N | 0o dose
- 1
A Beanng - See | cousequences
i ! a \ |
| Assetnblies Note 8) | | !
I+ - - - _—y 4
I‘ { Use of Miscellaneous { N 2 | ! | N ‘ N ‘ 20 Cose
. e a | | |
| | Equpment Under 2000 Ibs See | | consequences |
: | | i
3 » N |
| _ - ! ”
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- )
Bt
Other Event
')“‘ .“3 -r‘1

| Dose
{ Consequences
‘ with no
. Bide ‘ | CPIS-FHIS-CRIS
R S Sy e e
' If an event does not release radicactivity into the ¢ wmianme. building, then the failure of the CPIS will not affect
L.: radi A.U al dose consequences of that event
{ an eveu! does not release radicactivity into the fuel handlis g building, then the failure of the FHIS will not

|
|
|
|

aﬁc;‘ = radiological dose consequences of that event

UFSAR Chapter 15 dose analyses typically assume that mawn steam safety valve steam releases continue anti]
the valves c'ther resea. on de Creasing secondary side pressure, or until Operator Action is takeu at time

2 o - s

utes to close the MSSVs by operation of the Al

SAR Chapter 15 dose analyses typically assume that atr Sphenc dump valve steamn releases are mutated by
perator Action 30 munutes tato the event, and that the AD" are 1solated (1.¢,, end of the accident scenanc
when shutdown cooling mode is mitated

This event releases primary coolant activity via the pressurizer safety valves The racdicactivity flowing past the

the PSVs from being released 1o the containment atm phere. [n the IOPSV event, the magnitude of the PSV

PSVs 1s directed into the Pressurizer Relief Juench) Tank, which s designed to prevent normal discharges from

mass release causes a breach of the Quench Tank fupture Qisk and a subsequent release 1o the containmen

atmosphere

The small break LOCA event represents

ther event, for

Tect the

radioiogucal dose consequences of this even!
Although this event oceurs 1o the Fuel Hand ing Building, for reasons discussed in Section 3.2, the failure of
the FHIS and/or CRIS will not affect the radiolog $E consequences :‘ this event

b

the radiological consequences mded by the consequences of anv other event, as

\

seclion § |2 3, an evaluation which d I «TeCil conUrol room isolaton and the mf\ewu::‘

Aas been pertormed in the apalysis of record  The evaluation determuned that even

tpoel

coatrel room
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8131 Airborne Activity Releases Inside Containment

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

Pre-Trip Steam Line Break Inside Containment (SLB-1C)
Feedwater System Pipe Break (FWSPB)

Control Element Assembly Ejection (CEA-e)

Small Break Loss of Coolant Accident (SBLOCA)

Large Break Loss of Coolant Accident (LBLOCA)

Inadvertent Opening of a Pressurizer Safety Valve (10PSV)

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

vy 99 95 " w9

The following subsctions determine that many of the limiting faults that could potentially
release activity into th* containment building have radiological consequences that are not
impacted by the absenc ¢ of CPIS and CRIS. Of the remaining limiting faults, the CEA-¢j and
SBLOCA limiting faut s and the infrequent incident of an Increased Main Steam Flow with a
Single Active Failure ((MSF/SAF) bound the radiological consequences of other limiting faults
that could potentially r-Jease activity into the containment building and be affected by the
absence of CPIS and CRIS. Section 8.1.2 identifies 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-¢j and SBLOCA events
do not always initiate a SIAS, the control room and/or offsite doses due to these events will
not always be mitigatsd 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/SAF infrequent incident bound those of all other limiting
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.

81311 UFSAR §151.3.1A - Pre-Trip Steam Line Break Inside Containment

UFSAR Section 15.1.3 1A 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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ng fault were recently evaluated in the Unit 2 2 Cycle 9 Reload Analysis Report dose
assessment by ABB/CE design analysis A-SG2- H-.. 0 (Reference 6.7h, Appendix B)

In ABB/CE design analysis A-SG2-FE-01 HV('\.";‘.mr B37
containment building as a result of the pre tnp SLB-IC was modeled as being gradually

released to the outside environment at a2 0.1 volume percent ;w day containment leak age rate
The containment minipurge was implicitly assumed tc

consequently, there was no model ing of a CPIS

the activity introduced into the
be out of service duri ing the event

A Safety Injection Actuation Si gnal is capable of initiating containment minupurge valve
closure, control room normal HVAC 1solation, and control room essential HVAC operacdon
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

Vil

generated How:‘ er, per Reference 6 6d engineerin

onfirmation that a SIAS has been
g judgement prodicts 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 expener

nce a common mode software
failure

UFSAR §15.23.1 -- Feedwater System Pipe Breaks

UFSAR Section 15.2.3.1 presents the evaluation of a Feedwater em Pipe Break (FWSPB),
however, no radiological dose consequences are presented fc tf event. A FWSPB releases
radioactivity into the containment buildin
blowdown via the inside containment break locati
MSSV and ADV steam releases

Ng as a consequence of steam generator liquid
on, and to the outside environment via

An FWSPB event may not provide indication in the control room that an accident with
radiological ccnscqaence% has occurred and, hence, the ol room may not be isolated by
Operator action.  For this reason, it is necessary for this u.lum:.u“ to evaluate the limiting
fault of a FWSPB event

oly Ejection (CEA-¢))

Element Assembly Ejection

occur, and for primary reactor
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radiological dose conseque

nces of this limiting fault are evaluated in Calculation N-4073-001
(Reference 6.1n)

Per Calculation N-4073.001 (Appendix A page AS), the failed fuel activity released dunng a

CEA-¢j 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 mirupurge was implicitly assumed to be out of
service during the event: consequently, (nere was no modeling of a CPIS

No Safety Injection Actuation Signal was assumed to be generated during the CEA-¢j event
As such, the offsite and control room dose consequences of the CEA-¢j event cannot be

assumed to be mitigated by SIAS initiated containment munipurge valve closure, control room
normal HVAC isolation, and contr

ol room essential HVAC operation. For this reason, it is
necessary for this calculation to evaluate the limiting fault of a CEA-¢j event

Ll

81314 3 - Small Break Loss of Coolant Accident

UFSAR Section 15.6.3.3 presents the evaluation for a spectru

ctrum 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 1t 1s possible for fuel damage to occur, and
for pnimary reactor coolant carrying failed fuel activity to be released into the containment
butiding

A Safety Injection Actuation Signal can be generated by suficiently low pressurizer pressure
or high containment pressure  However. sev eral 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 mutigated 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 SBLOCA

UFSAR §15633 —1 arge Break Loss of Coolant Accident

UFSAR Section 15.6.3.3 presents arge Break Loss of Coolant Accident
(LBLOCA). Ina LBLOCA event fuel damage Ould occur, and prunary reactor coolant

! e fe containment building. In addition
LOCA other outside containment release paths are postulated, including

carrying faded fuel activity would be released Into the

dunng a |
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Engineered Safety Feature (ESF) and Post Ac
radiological dose consequences of this limitin
N-4060-020 (Reference 6 1)

cident Sampling System leakage The
8 fault are summarized in Calculation

A Safety Injection Actuation Signal is capable of lutiauing containment minipurge valve
closure, control room normal HVAC isolation. and control room essential HVAC operation
Per Teclinical 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 |t Supplement A page A-45) - the Cont inment
Pressure. Temperature analysis for the design basis LOCA -- the containment pressure rises to
6 .68 psig within one second of a LBLOCA Consequently, a STAS will he generated for a
LBLOCA event within one second of the event start ume Engineering judgement dictates that
this time to SIAS is sufficiently thort such that the S1 AS will provide an adequate backup if the
digatal radiation monitors experience a common mode software failure

1.6 UFSAR §15.6.3.4 - Inadvertem Opening of a Pressurizer Safety Valve

UFSAR Section 15.6.3 4 presents the evaluation o f 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 1563

states that the radiological consequences of th

4.5 currently
he IOPSV e ent are less severe than those of the

Inadvertent Opening of a Steam Generator Atm

ospheric Dump Valve with a Single Active
Failure (IOSGADV/SAF)

By definition, the IOPSV event is characterized by the failure of a pressurizer safety valve
resulting in the discharge of large 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 ov erpressure protection. Per CE Letter S-CE-3124

(Reference 6 3f). the rupture disk on the Quench Tank would fail after 1300 Ibm of steam is
discharged Per engineenng judgement, during an I0PSV event the rupture disk will fail

resuiting in a release of radioact’ ity into the containment bullding. Therefore, the IOPSV is

actually a small break LOCA

A May 2, 1997 memorandum for file (Reference & -ompares the IOPSV and SBLOCA
event dose consequences. The memorandum concludes that the 0.025 ft* SBLOCA releases to
containment and through the MSSV's are larger than the similar IOPSYV releases, and that the

ADV cooldown doses are the same for both events The memorandum concludes that the
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0.025 ft* SBLOCA dose consequences bound the IOPSV dose consequences. UFSAR change
request SAR 23-544 has been originated 1o 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.

81317 UFSAR §15.73.9 -- 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
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 6.1).

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
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 6 4¢, Position C.1 ). Since this exhaust flow rate is in excess of the of
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 of initiating containment minipurge valve closure, control room
normal HVAC isolation, and control room essential HVAC operation. Per Licensee
Controlled Specification 3.9 102 (References €.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 aliows for promp: 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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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 acuvity into the fuel handling building

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

Spent Fuel Cask Drop into Spent Fuel Poo!

Spent Fuel Cask Drop to Flat Surface

Spent Fuel Pool Gate Drop Accident (GDA)

Test Equipment Drop

Spent Fuel Pool Boiling Accident

Spent Fuel Assembly Drop onto Reconstitution Station

Spent Fuel Assembly Drop onto CEA Bearing Spent Fuel Assemblies

Use of Miscellaneous Equipment Under 2000 Ibs
The following subsections determine that manv of the limiting faults that could potentially
release activity into the fuel handling building have radiological consequences that are not
impacted by the absence of FHIS and CRIS Of the remaming limiting faults, the FHA-FHB
and GDA limiting faults bound the radiological consequences of other limiting fauls 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 Acy ation Signal, the control room doses due to these events will not be
mitigated by a CRIS. Consequently, it is necessary for this calculation 1o 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
dose consequences for any other ltmiting fault
fuel handling building

there 1s no need for this calculation to evaluate
that could potentially release activity into the

3.4 -- Design Basis Fuel Handling Accident Inside Fuel Handlin

aiing

UFSAR Section 15.7.3 4 presents the evaluation for a [ esign Basis Fuel Handling Accident
Inside the Fuel Handling Building (FHA-FHB) In R

Al

[ ll ) > A
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
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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, the activity introduced into the fuel handling building as a result
of the FHA-FHE 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 6.4¢, 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 fallure of FHIS would not affect
the doses calculated in the current analysis of record.

No Safety uyection Actuation Signal is generated during the FHA-FHB event. As such, the
control room dose consequences of the FHA-FHR 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.

81322 UFSAR §15.7.3.5.1 — 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
the Speut Fuel Pool As noted in the UFSAR, the cask handling crane is prohibited from
traveling over the spent fuel pool or any unprotected safety-related equipment The fuel
handling building layout and desigu a:e 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 &; iue basic layout of the spent fuel
storage pool, fuel transfer system, ana 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

81323 UFSAR §15.7.3.5.2 -- Spent Fuel Cask Drop to Fiat Surface

NUREG-0800 Standard Review Plan 15.7.5 (Reference 6 4t, Section [I) states that the plant
design with regard to spent fuel cask drop accidents is acceptable without calculation of

radiologic-! consequences if potential cask drop distances are less than 30 feet and appropriate
impact limiting devices are employed during cask movements
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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 $O123-1.3 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 spemt 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 SO123-1-3 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

81324 UFSAR §15.7.3.6 — 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
oceur, and for gaseous isotopes in the spent fuel rod 8ap 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 2 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 1). This exhaust flow rate is equivalent to the normal
operation FHB HVAC intake flow rate shown by Drawing 40090 (Reference 6.2¢)

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 nutigated 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 fau't of a GDA.

j

=<
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UFSAR §15.7.3 7 - Test Equinment Drop
3 =iy i

UFSAR Section 15.7.3 7 addresses the scenario of a Test Equipment Skid Drop Inside the
Fuel Handling Fuilding A.s noted in the UFSAR, administrative controls will be i implemented
to ensure that the radiological consequences for a test equipment drop will be ':\ur..icd by the
radiological consequences for a spent fuel pool gate dr id

e drop accident. The administrative
controls histed in the UFSAR, and the procedure steps that implement these controls, are as
follows

“The height above the pool floor that the skid may be carried over rack cells which
contain Unit 1 fue! assemblies shall be limited to 47 feet (elevation 64 feet €

6 inches).’
-- Implemented by Procedure $023-X-7.2 Step 4.18.2 (Reference 6.5¢)

“When it [the skid] is lowered, it shall hc lowered over empty racks or rack cells
contamning Unit 1 fuel assemblies only

- Implemented by Procedure SO23-1.3 3 2, Precaution 4.16 (Reference 6 52a)
P 3

“The maximum 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 S023-X.72. Step 4.18.2

“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 fuel storage racks.”
-- Implemented by Procedure $023-X-7.2 Step 4.18 1

i .4

“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 'Ack 5.

- implemented by Procedure $S023-X-7.2. Ste

;vl'.\}

“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 \p acers

-- Implemented by Procedure S023-X-7.2. Step 4 18 4

Having these cont Ul ensure that the fuel assemblies are not 4;:‘.3;:':’ since the
17’?1"- of F‘L‘“C“d!r:‘: will not impact the racks at the level where the Unit 1 or Units 2 and 3
fuel assemblies are located. | gh the UFSAR ¢ states that radioiogical
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consequences of this accident are bounded E} 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 dose criteria c-f(JI)C 19

8132 UFSAR §157.3 8 - Spent Fuel Pool Bo hing 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 p >8sible
for gaseous isotopes in the spent fuel rod gap space to br released into the fuel handlin

building air space. The radiolo gical dose consequences of this imiti ng fault are evaluat ej n
Calculation N-4072-007 (Reference 6 1m)

In Calculation N-4072-007 { Assumption 5 and Section 8
for the FHIS as the activity released into the fuel handling |

e

4), no credit was taken
“ ng as a result of the SFP
d to the outside environment
Calculation N-4072-007 predicts EAB whole body and thyroid doses of less than 0 05 rem,

which is bounded by the doses for a d design basis fuel handlinp accident in the fuel handling

building (FHA-FHB). However, the SFP boilis ing amld:‘r’ 1s still evalua e;*; { ipp“}dt\ H)
because, unlike the FHA-FHB. it may not provide indicatior. in the contro! room that a
N

e

boiling accident was modeled as being instantaneous sly release

Gl

accident with radiol ogical consequences h occurred and, hence, the contro

room mav not be
1solated by operator action

UFSAR §15.73.10.1 -- 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 Handli r; dmlu.r\g As noted in the UsSAR, two
adminustrative controls have beer mrl emented to |

il

‘event the occurrence of this type of
accident. The administrative controls listed in the UFSAR. and the procedure steps that
implement these controls, are as follows

A “No spent fuel assembly shall be moved over am spent fuel assembly in the
reconstitution station or over adjacent st rage locations when spent fuel assemblies are

In the reconstitution station on the .ack spacers.’
- Implemented by Procedure S023-X-7.2 (Reference & 5¢), Step

4
-
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“No CEA bearing spent fiel assemblies shall be placed atop rack spacers in the
reconstitution station.”
~ Implemented by Procedure $023-X.7 2

These admunistrative cont rols ensure that an accident

with radiological consequences resulting
from a spent fuel assembly drop onto a reconstitutic

n station is not credible

81328 UFSAR §15.73.10.2

-- Spent Fuel Assembly Drop onto CEA Bearing Spent
Fuel Assemblies

UFSAR Section 15.7.3.10.2 addresses the sc enano of a Spent Fusl Assembly Drop onto a
CEA Bearing Spent Fuel As;cﬂ‘n’\ Inside the Fuel Handling Building. As tin the
UFSAR, this type of accident wil' r.ot damage ei ‘He' the dropped assembly or the target CEA
bearing spent fue! assembly in the high dens Ity spent fuel storage racks 4.5 such there are no

rautological consequences for & spent fuel assa"\H dm;‘ onto a CEA bearing spant fuel
assembly

- Use of Miscellaneous Equipment Under 2000 Ibs

JFSAR Section 157311 addresses the scenario of miscel laneous equipment weighing under

,000 pounds dropping onto the hi 1gh density spent fuel szoraec racks during refueling and
normal spent fuel pool maintenance Procedure $023-X-7.2 (Re erence 6.5¢) 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 \je.'r.:zg-: fuel
impacted by the dropped €quipment. As such there are n o radiological consequences for
miscellaneous equipment weighing under 2,000 pounds drcppml onto the high density spent
fuel storage racks during refueling and normal spent fuel pool maintenance
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8133 Airborne Activity Releases Directly to the Outside Environment

Table 8 1-4 identifies the following twelve events that could potentially release activity solely

to the outside environment Events that could als0 release acuvity into the containment or fuel
handling buildings are addressed in Secti

ons 8.13.1 and 8.1.3.2, respectively

Pre-Trip Steam Line Break Outside Containment

Post-Trip Return-to-Power Steam Line Break

Loss of Normal 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 of Forced Reactor Coolant Flow with a Single Active Failure
Inadvertent Loading of a Fuel Assembly into the Improper Location
Primary Sample or Insirument Line Break (LLB)

Steam Generator Tube Rupture

Radioactive Waste Gas System Leak or Failure

Redioactive Waste System Leak or Failure (Release to Atmosphere)
Postulated Radioactive Releases due to Liquid Tank Failures

G

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 ot CRIS. Of the remaining limuting fauits, the LLB limiting fault and
the infrequent incident of an Increased Main Steam Flow with a Single Active Failure
(IMSF/SAF) bound the radiological consequences of cther limiting faults that could potenually
release activity solelv to the outside environment and be affected by the absence of CRIS
Section 8.1.2 identifies the IMSF/SAF infrequent incident as an event that need be evaluated in
thus calculation

The following subsections determine that since the LLB event does not initiate a Safety
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 IMSF/SAF
infrequent incident bound those of all other miting faults that could potentially release activity
solely to the outside environment and be aitected by the absence of CRIS, there is no need for
thss calculation to evaluate dose consequences for any other himiting fault that could potentially
activity solely to the outside envircament

ANIUE ©
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UFSAR §15232. f)

vormal Feedwater )
th

w with an Active Failure in
the Turbine §.eam Bypass Svstem

UFSAR Section 15232 presents the evaluation of a loss of normal feedwater flow with an
active failure in the turbine steam bypass systen

this Single Active Failure (LNFWF/SAF) relmases radioactivity 1o the outside unvironment via
ADV steam releases. No radi logrcal dose consequences are presented in the U

The Loss of Normal Feedwater Flow with

\R for this
event

he LNFWF/SAF transient analysis was re ently evaluated in ABB/CE design analysis
1370.CPE-009/1470-CPE-00% (Reference 6 7 Per ABB/CE design analysis

370-CPE-009/1470.CPE-005 (Hand ( aiculation #8b, page 53), the LNFWF/SAF event
results in low pressurizer pressure that generates a Sl
all feedwater flow (o the steam generators. Engineering judgement dictates that this ume to
SIAS s sufficiently short such that the SIAS will

radiation moninors expern

AS 72 85 seconds after the term.nation of

provide an adequate backup if the d gital
€nce a common mode software failure

Per ABB/CE design analysis 137 CPE-009/1470-CPE-005 (Lection I11 page 10), the
radiclogical consequences of the LNFWF/SAF event are less severe than other limiting faults
Fhis conclusion is consistent with UFSAR Sectica 152325 whict states that the

¢
radiciogical consequences of the 1 NFWF/SAF event are
the Post-trip Return-t

€58 severe than the consequences of
-Power Steam Line Break Lutside Conmtainment (post trip RTP
SLB-OC). This conclusion is alsa supported by a companison of the LNFWF/SAF and

posi<trip RTP SLB-OC event Characteristics as presented in Table 8 ].¢
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fuel fallure is predicted for either the LNFWF/S AF or the post-tnp KTP SLB-O(
determunation as to whether an event expenences fuel

fue
judgement based on the UFSAR event descriptions and &

ng a review of the reload transient
analvses

‘ fatlure was made with engineering

Each event is characterized by a | galion/minute primg
elermunation of this leakage rate was

ATy to secondary leakage rate. The
engineertr

)
mace w

review of the re

AemMmer
event descriptions and a Oad transient analyses

['he steam mass reiease ua

e dUnng

1370-DT-018 (Reference 6 7¢ page Iquid and steam mass releases to atmosphere
during a post-tnp RTP SLB-OC are documented in Caleu ation N-4074-00] (Reference ¢
pages 12 and 13), which cites CE Let : °8 (Reference 6 3d). CE Letter S-CE-304
Is partially based on mass release rate ar ent duratior a determuned in CE Calc
1370-DT.00¢ erer 7K, Revis

p RTP SLB-OC ma
ip RTP SLB-OC. an

g judgement based on the UFSAR
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le Reactor Coolant Purnr p Shaft Seizure

UFSAR Section 1533 | presents the evaluation of a Single Reactor Coolant Pump Shaft

Seizure (also known as a Seized Rotor event (RCP

SR]). No radiological dose conseguences
1 & : 1

are presented for this event, UFSAR Section 15.3 3.1 currently | that the radiclogical

connequences of the RCP/SR are less severe than those of the Singie Reactor - slant Pumg
Shew.ed Shaft (RCP/ES)

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

Cycle 9 design analysis A-SG2-FE-0093 (Reference 6 78). Per ABB/CE design analysis

A-SG2-FE-0093 (Section 7.3.3.2). the o nsequences of the RCP/SS event are more limitin

than the RCP/SR event because of the delav in generating the RCP/SS trip (relative 1o the
RCP/SR trip), and the consequential increase in RCP/SS fue! fail
fuel tailure)

@

ure (relative to the RCP/SR

‘a

Engineering judgement dictates that the mas reiease 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 secondar side activity plus failed fuel induced
primary siGe activity introduced by primary-to

secondary leakage. Since the RCP/SS event has
greater fuel fallure than the RCP/SR even®. t}

he radiological consequences of the RCP/SR are
bounded by the radiological consequences of the RCP/SS

UFSAR §15332 -

single Reactor Coolant Pump Sheared Shaft

UFSAR Section 15339 presents the evaluat

on of a Single Reactor Coolant Pump Sheared
shaft (RCP/SS). The RCP/SS transient ana

YSis was recently evaluated in ABB/CE Unit 2
Cycle 9 design analysis A-SG2-FE-0093 (Reference ¢

A=-SG2-FE-0093 (Section IV), the RCP/SS event is characterized by a fuel failure of

8 05 percent. The RCP/SS releases radioactivity to the outside environment via MSSV and
Ggical dose Veq s Of this hmiting fault were recently

7g). Per ABB/CE design analysis

ADV steam releases. The radio

evaluated in the Unit 2 Cycle 9 Reload Analvsis Report dose assessment by ABB/CE desigr
analysis A-5G2-FE.0100 (Reference 6 7 Apt ]

|

Stmuar to the hmitng fault, the infrequent i

with a Single Acti itlure (IMSF/SAF) is also

ChAara
cam releases. Per ABB/CE design analvsis

nal) the IMSF/SAF event is character
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As with the RCP/SS
infrequent

the EAI
ncident were recently evaluated
assessment by ABB/CE design analysis A

A

imiting fault gical dose consequences of

"
i

! it 2 Cycle 9 Reload Analy

0 (Appendix E). Prin
the difference in fuel failure, ABB/CE de: gn analysis A-SG2-Fi
IMSF/SAF infrequent incident has radiol
of the RCP/SS limiting fault As noted in

infrequent incident of an IMSF/S 4}

SG2-FE

section 8 1.2, this calculation will es

1

»

' 1

UFSAR §1¢
Active Faillure

Total Loss of Forced Reactor ( oo'ant Fli

UFSAR Section 15333 presents the evaluat
Flow with a Single Active Failure (TLOF/SAF)
outside environment via MSSV stean releases
presented for this event; UFSAR Section 15
consequences of the TLOF/SAF are |
Sheared Shaft (RCP/SS) This
and RCP/SS event characteristics as

8 |

nof a W

{ Forced Re

The TLOF/SAF releases radi

B
&l LOSS ¢

3.3 currently states that the rad
ess severe than those of the Reactor Coc

presented in Table 8 1.7

CIRSITE AT e S ST B

a
1100 shows that the
gical consequences that are more severe than those

the IMSF/SAJ
818 Report dose

rily because of

aluate the

w with a Single

actor Coolant

oactivity to the

No radiological dose consequences are

I(‘!Ug_]u}l]
\ant Pump

conciusion 1s aiso suppurted by a comparison of the TLOF/SAFS

e —

e =

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

e TIPE S LAY G S 8
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Mass Release Rate
P —— ————————
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Per ABB/CE design analysis A-SG2-FE-0093 (Reference € /8, Section IV), the RCP/SS event
s characterized by a fuel failure of 8 0* percent. The steam and liquid mass release data
during & RCP/SS are documented in ABB/CE des gn analysis /. SG2-FE-010(
(Reference 6. 7h, Appendix D pages D6 and D7), based on data determined in CE Calculation
. 1370-T§-004 (Reference 6 7q, Revision 0 pages 12 and 13)
\ Each event is characterized by a 1 0 gallorvminute primary to secondary leakage rate. The

determination of this leakage rate was made with engineering jucgement based on the UFSAR

event descriptions and a review of the reload transient analyses

Per Table 8.1-7, the TLOF/SAF fuel failure and mass release are both bounded by the RCP/SS

Therefore, the radiological e« nsequences of the TLOF/SAF are bounded bv the radiological

consejuences of the RCP/SS

81337 UFSAR §154.3.1 - Inadvertent 1

oading of a Fuel Assembly into the Improper
P\‘.‘-l'. on

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 misloading of fuel pellets or
fuel pins of different enrichment in a fuel assembly. and (2) the incorrect placement or

nentation of fuel assemblies

As noted in the UFSAR, 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

Liuring the fahe
f LR N 4

abncation process as well as the strict procedural

control used dunng core loading  However, even if the core were to have incorrectly placed

fuel rods or assemblies, these would either be detectable from the results of the startup or

would lead to a minimal number of rods with excessive power during full power operation

'hese precautions and administrative procedural controls ensure that an accident with
radiological consequences resulting from an ir idvertent loading of a fuel assembly into the
improper position is not credible

nple or Instrument Line Break

UFSAR Section 156 3 1 presents the evaluation of a Primary San

¥

eS¢ - fal Ay iple or Instrument
(1., Letdown) Line Break (LLB) In the LLB pnmary reactor coolant i1s released into the
wiahary building air space, from which it is dispersed to the utside environment
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conditions of Case B-N are consistent with, or conservative to, thu. e of this analysis.

CRIS failure.

81339 UFSAR §156 3.2 - Steam Generator Tube Runture

ejectors, MSSV and ADV steam releases. The radiological dose consequences of this
fault were recently evaluated in Calculation N-4075-004 Revision 2 (Reference 6 1p).

event results in low pressurizer pressure that generates a SLAS 1010.2 seconds (about

HVAC isolation and control room essential HVAC operation

Part 50 Appendix A General Design Criterion 19

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-4077.00] (Reference 6.1r).

No Safety Injection Actuation Signal is generated during the limiting LLB event (where the
non-safety pressunizer control systems remain in operution). 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 of 10 CFR Part 50 Appendix A General Doeign Criterion 19. The initial

Therefore, Case B-N is applicable to this calculation and its assumed high radiation induced

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

limiting

The SGTR transient analysis was evaluated in CE Calculation 1370-T8-109/1470-T§-05]
(Reference 6.7r). Per CE Calculation 1370-TS-1 09/1470.TS-051 (Table I11.D.1), the SGTR

16 & minutes) after the tube rupture. The SIAS is capable of initiating control room normal

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 until 30 minutes after thy 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 criteria of 10 CFR

=<m»
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813310 UFSAR §1573 1 - Rad active Waste Gas System Leak or Fai ure

UFSAR Section 15.7.3 .1 presents the evaluation of a radioactive waste gas system leak or
faillure. The evaluation specifically addresses a fallure of a gaseous radwaste system (GRS)
decay tank and the release of contaminants int

) the auxiliary building a'; space and eventually
to the outside environment within two h i ig

A

1071001 (Reference ¢
fatdure. Pear Calculation }

1)) 15 the analysis of record for the GRS decav tank
N-4071-001, the activity released 1o the outside environment consists
One reactor coolant system volume, with consideration

given for an iodine partition factor of 0 001 The resuitant activity profile for the isotopes
released to the environment is as shown ir UFSAR Table 15.7-2. This activity release profile
15 less severe than that determined in other imiting faults, including the activity release profile
determuned for the Reactor Coolant Pump Sheared Shaft (RCP/SS) event. The activity profile
for the RCP/SS event is documented in the Unit 3 Cs cie 9 Reload Analysis Report dose
assessment by ABB/CE design analvsis A-SG2-FE-01¢

page D-22) Therefore, the radiological ¢

of the iodine and noble gas present in

0 (Reference 6 7h, Appendix D
nsequences of the GRS decay tank failure are
bounded by the radiological consequences of the RCP/SS

UFSAR §15.7.3.2 - Rad

ioactive Waste System Leak or Failur

UFSAR Section 15,7
The evaluation specifically ad
S5€(

).2 presents the evaluation of a radicactive w aste system leak or failure
dresses a failure of a liquid radwaste system (LRS) primary o1
ndary tank, and the release of contaminants Into the awaliary building air space and

eventually to the outside environment within tw hours

Calculation N-4078-.001 (Reference 6.15) is the analysis of record

secondary tank failures ¥

or the LRS primary and
Per Calculation N-4078-0

1, the activity released to the outside
sts of the iodine and noble Bas present in a tank volume, with consideration

I, The resultant activity profile for the 1sotopes
v in UFSAR Table 15 7-4

ie | -4 This activity release ;‘r.\t".;;'

environment cons
given for an iodine partition factor of 0 00
released to the environment IS as sh
18 less severe than that determis ed in other
determined for the React
for the RCP/SS event is ¢

dox umented in the Un

WTd

[irutis , including the activity release profile
r Coolant Pump Sheared ¢ /38) event. The activity profile

load ,\.’23‘\\;_\ RC‘I‘UYT dose
7h, Appendix D

gical consequences of the LRS nrimary or secondary tank

assessment by ABB/CE design analysis A-SG?

N

page D-22) Therefore the radiol
]

ire are bounded by the radiol 1.8 nse f the RCP/SS
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UFSAR 815713 13.

Postulated Radioactive Releases due to | iquid Tank
Failures

i

UFSAR Section 15.7.3 3 presents the evaluation of a postulated radioactive release due to a

wauid 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
} b

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 airborne release path, there is no radiological nsequences
either offsite or in the control room that would be mutigated by a CPIS, FHIS or CRIS

Therefore, it is not necessary for this calculation to evaluate this event

Control Element Assembly Ejection

I'he analysis of the Control Element Assembly (CEA) Ejection limiting fault is provided in

Appendix A. The calculated doses are listed in the appendix, and meet the criteria of
secuon | .2

83 Feedwater System Pipe Bresk

The analysis of the Feedwater System Pipe Break (FWSPB
Appendix B. The calculated doses are liste
Section 1.2

) inirequent incident is provided in
*d In the appendix, and meet the criteria of

8.4 Small Break LOCA

I'he analysis of the Small Brea'. LOCA limitine tault 1§ provid

calculated doses are usted in the appendix, and meet the cnteris
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8.5 Fuel Handling Accident in the Fuel Handling Building

I'he analysis of the Fuel Handling Accident (FHA) 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

l 8.6 Spent Fuel Pool Gate Drop Accident

The analysis of the Spent Fuel Pool (SFP) Cate Drop the Fuel Handling Building (FHB)
luruting fault is provided in Appendix E. The calculated do

ses are listed in the appendix, and
meet the criteria of Section 1.2 Per Design Input F4 4, no

rmal 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
k only lifted to perform maintenance activit es 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
18 provided in Appendix F. The calculated

‘eC coses are listed in the appendix. and meet the
cntena of Section 1.2

8.8 Inadvertent Opening of a SG ADV w/ SAF

The analysis of the Inadvertent Opening of a Steam Gen
ADV) with a Single Active Failure (SAF) infrequent incident is rovided in Appendix G The
calculated doses are listed in the appendix, and meet the crit f 2

3 g ~ ' ]
nena of Hection -

erator Atmosphenc Dump Valve (SG

8.9 Spent Fuel Pool Boiling

The analysis of the Spent Fuel Pool Bolling infrequent incident is provided in Appendix H
The calculated doses are listed in the appendix, and meet the criteria of Section 1 2

[ G
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9.0 COMPUTER FILES

I'he following computer files were Created for this caloulation. Copies of the LOCADOSE

brary, input, and dose output files for each analysis are included in the associated appendix
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The Appendix C parametric evaluation files are

P 1 remickts nt010 6687 Sep 6 11132 sloca.lip

N A ST 1 remickta n*010 B42 Sep 11 13:0% slocal. di
“Pweresrss | remickta nf0Y0 3396 Sep 11 13403 slocet.do
“Pusfoccas ) remickts nf010 3649 Sep 11 13:01 slocat.ti
Peereerss Y remickta nf010 73572 Sep 11 13:03 slocs),to
Pwereares 1 remickta nf010 62686 Sep 11 13:03 slocet.trn
e Preees 1 remickta nt010 Beb Sep 11 1301 sloce 02,91
“Pweresrss 1 remickia nf010 23396 sep 11 13:02 sloce_02.de
“rwsrsccss | remickts nf010 3643 Sep 11 13:07 slocs_02.¢i
rWereerec 1 remickta ny010 73572 Sep 11 13:02 sloce _02.to
Fweresres 1 remickta nf010 62686 Sep 11 13:02 sloca 02, trn
“rucresccs | remickta nf010 845 Sep 11 13:00 sloce 05,41
SPweresres Y remickts nf010 2339 sep 11 13:02 sloca 05.do
“fepreces 1 remickts nf010 5643 Sap 11 1301 slocs 05, ¢
“Pwerecres 1 remickts nf010 73572 Sep 11 13:02 sloca_05.to
Fwsrssr== 1 remickta nf010 62686 Sep 11 13:02 sloca 05, trn
S AL 1 remickta nf010 B4 Sep 11 1300 sloce_07.di
rweresres 1 ramickts nfO10 23394 Sep 11 13:08 sloce 07.do
s ol SRR 1 remickta nf01n 3646 Sep 11 13:09 slocs 07,19
Fwereeres | pemickta nfDI0 73572 sep 11 13:08 slocas 07,10
Fwerespes | remickta nf010 62686 Sep 11 13038 sloce 07, trn
WP 1 remickta nf010 843 Sep 11 134y sloce 1.9
Pwepeer 1 remickta nt010 23394 Sep 11 13108 sloca_1.do
PN e 1 rewickta nf010 5645 Sep 11 13:00 sloca 1.t
Bl 1 remickta nfd10 T3ST2 sep 11 1313 sloce 1.te
fereerss | remickts nf010 62686 Sep 11 13:03 sloca_1.trn
PM e 1 remickta nf010 845 Sep 11 13:01 slocapdi.df
rweresres Y remickta nf010 23394 Sep 11 13:04 slecapdt.do
P Peeeas 1 remickta nf010 3645 Sep 11 13:01 slocepdl.ti
rwere fos | remickts nf010 73572 Sep 11 13:04 sloceplt, te

“rwers s remickte nf010 62686 Sep 11 3.04 slocapdl.trn
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APPENDIX A CEA EJECTION

ALD CEA EJECTION METHODOI OGY

Following a Control Element Assembly (CEA) Ejection there are three main radioactive

i

wnaterial release mechanisms  First as the CEA ejection is based on a breach of the reactor
coolant pressure boundary (at the failed ( EA drive vessel penet

ration) the reactor coolant
released to Containment leaks 1¢ the environment at the ( ontainment leak rate or at the

miru-purge flow rate. Second. the process of cooling down the reactor results in the release of

secondary side activity 10 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
I gpm, resulting in the reactor coolant leakage being released from the secondar side to the
atmosphere with the flow through the ADV/MSSVs. The released racioactive material is
dispersed into the atmosphere, and from there 10 the Control Room, EAB and LPZ

e b
Hus S

I'he immersion and inhalation doses are the sirhorne cloud at the EAB and LPZ and the
cloud inside the Control Room. The LOCAD« SE dose calculation program will be rus, using
e appropnate assumptions and design inputs from Sections 3 and 4 to calculate the
immersion and inhalation doses in the CR and at the EAR and LPZ. Figures A-] and A-2
show the LOCADOSE models used

Figure A-] represents the init \

Lial configuration, with containment muni-purge in

rigure A-2 represents the cc nfiguration once the CR HV A( system has been placed

the hugh radiation isolation mode. and 1+ ¢ containment mini-purge svstem has been
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A20 CEA EJECTION LOXK ADOSE MODE]
Figure A-1
CEA Ejection LOCADOSE Model

CR HVAC In Normal Mode
Containment Mini-purge in Operation

NODE 7 o b e —

- . G | Primary Secondary
OMa inment Systam System Steam
L. 3085E+08 0 1 000 & 1 DE+08
Fiow rate o
VInes with
time
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Figure A-2

CEA Ejection LOCADOSE Model
CRHVAC In High Radiation Iso'stion Mode
Containment Mini-pa v Isolated

[

| FLTER
3%
NODE 2 0% Pan NODE &
- 0% NG |
Contalnmaent - System Sieam

Flow rate varias
with ime (10 24 tv)

2.3058+06 #'

1.0E+08 &

0 ctm (»24 )
FLTER | TFLTER |
| ot | endRERIY
0% 1 | 1) ( * )
wgaby | B | e
. r
PR R ’ 0 ctm (»3.28 hr)
- T
1.6 aim (10 24 W)
0.8 cfm (»24 hr) 0.180 cfm (1o 3.28 hr)
0cim (>3.28 hv)
LG EAS YQ EAB V0 EAB
QP2 vQ LP2 1Q LPZ
CFLTER
F—— 95% | i —
g:: 'P:'h || 58888 oim (b B hr)
' 0% NG 29934 cfm (8-720 hv)
10 otm
Y R A
YO CR ~— == "" TH_:EE**”___ Comyol Room — ——-——>
4400 cfm (1o 8 hr) - 244 ) 4410 cfm (to 8 hr)
2200 cim (8- 720 ) | Soug | o i 2210 efm (8-720 he)
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A30  CEA LJECTION ASSUMPTIONS

Ad.1  Per CE Letter S-CE-5696 (Reference 6.3)), 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 SLAS would have been generated had the break been
considered. Per S-CE-5696, the CEA Ejection has a lireak size of 0. 041ft*. ABB
Letter ST-96-456 (Reference 6 3m) provides a listing of the SIAS time for the various
SBLOCA sizes This data is plotted in the followlug chart Based on the chart, this
analysis will assume that for the 0.04] ft* CEA Ejection a SIAS will be generated by
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

.__ALX =
e 1 o
g L N
[ f | | 1
B 0.1 4= DAL Lot
go.os : S ———==at
EREL
S . ] \T\{T\-
10 100 500 1,000

Time of SIAS (seconds)

SBLOCASIAS Time 0041 2 (10 sec divisions)

— e [ —

A3.2  The RCS mass release to Containment information from the 0.05 ft* SBLOCA will be
assumed to apply to the CEA ejection Since the CEA ejection break size is 0 041 f*,
this is reasonable  Per ABB Letter ST-96-456. the 0 05 f* SBLOCA break flow rate
data is.
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DATE REY ORIGINAYOR e DATE
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- * A
LI SBLOCA
«2.25 min (0. h 121,000 Ibm (e
¢5 « 30 mir 16,880 lbr

D (equivaient to 271 ¢fm)
£

) min (end 75,770 Ibm (equivalent t¢ Y0 ¢fm)

€ volumetnc flow rate for each of the time intervals has been calculated as follows
g the Design Input 4.6 RCS specific vo ume

, 0.0237 !
Flow rate (cfm) Interval release (Ibm) . 0.02371 fr
Interval duration (min) Ibm

For the first time interval, a sample calculatior

1 1§

121,000 lhm L0 02371 fr
2.25 min bm

The tlow 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 cf (as the RCS is
assumed to be depressurized st pping the leak

It will be assumed that 1% of the jodine present in that portion of the RCS leakage that

me. The value of 1% is consistent with the iodine
partuion coefhicient used for the steam generators

does not flash will alsc become airt

Bex ause Uus evaluation 1s P‘d.\{'-‘. On having the ¢ mainment

service at the start of the accident

Oy

Min-purge system in
4 pre-existing react

r coolant 10dine spike of

131 will be assumed. This is per Standard Review Plan
section 6.2 4 Branch Technical Position 6-4 item B 5 a (Reference 6 40)

KCugm Dose Equivalent |

Because this analysis assumes that onh dine present in the leaking reactor coolant
that flashes to steam becomes airborne redit will be taken for
1odine removal by containment spray

Lnce the SIAS is initiated, it is assume AC system dampers
nd

ds 1o shift to the hig! 3 UMe 1§ conservative

rence 6 1k)

seconds used it
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Once the SIAS is initiated, it is assumed that the Containment mini-purge system takes
10 seconds 10 isolate. This time is conservative 10 the Licensee Controlled

Specification 3.6.101 Table 3 6.101-1B (References 6 4j and 6 4k) stroke time limit of
5 seconds

CEA EJECTION DESIGN INPUTS

Per CE Latter S-CE-5696 Table 15.4-30 (Reference 6.3)) as verified by calculation

1370-PSAE-057 (Reference 6 7t), the sequence of events for a CEA Ejection is as
follows

5 seconds: steam generator safety valves (MSSV) open

288 seconds emergency feedwater initiated

803 seconds steam generator safety valves closed

1800 seconds: operator opens atmospheric dump valves (ADV) to
inftiate cooldown

11801 seconds shutdown cooling is initiated, ADV and AFW secured

Per CE Letter S-CE-5696 (Reference 6.3)) as verified by calculation 1370-PSAE-057
(Reference 6.7t), the following mass releases occur

steam released through MSSVs: 103,500 Ibm
steam released from steam driven AFW pump (288 - 1800 sec): 17,000 Ibm
steam released through ADVs and AFW pump (1800 - 11801 sec): 645,500 Ibm

Per CE Letter $2-CE-R-44] (Reference 6 3k), an additional MSSV mass release of
40,000 Ibm occurs due to the change in the MSSV blowdown parameters.

Per A-SG2-FE-0088 Sections V11 and XI1.7.4 6 4 (SONGS 2 Cycle ¢ 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

Per Regulatory Guide 1 77 Appendix B item | b (Reference 6 4g), 100% of the

Baseous 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 | ¢ (Reference ¢ 48), the activity present
in the fuel rod gap is 10% of the core iodines and 10% of the core noble gases
.
-
A
e
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AS.0  CEA EJECTION COMPI TFATIONS
AS1  Primary System Activity Inventory
I'he activity present in the prmary system has two sources. The first source is the norma

reactor coolant acts
Assumption A3
Input A4 4)

vity 4;:0 Design Inputs 4 13
4), and the second is the activity r
Per \cmn n5.3.3, the failed fuel act

Release to RCS = ¢ ore Inventory

'd 4.14) with an iodine spike (per
cleased from the failed fuel (Design
ivity release to the RCS is

(CY) » f:up Activity Fraction

* Failed Fuel Fraction * Peaking Factor
[ v e ey ey - TRE e =1 - T m*um-‘lxwmmn‘]
CEAEN 1ION R ACTIVITY
r‘" R T -, .m;.mxu. 2= &2 ST ‘
A } | [ D [E=AxBxCxD | } O=kE+F |
S SISO AL, TG I o =~*z‘!¢u:r;—.’xw“ ":"v'xqm'wgm..,— = e i
! Actwity
i J'I-‘.".un‘,, ; DI A4 Dleis | — DI4)34.14 | Toml RCS
Isotope LI AdE '-u; ) | From Fuiled :
| | lovenion Poaking | , Norma! RCS Activty
Fractior | Fue
| Faotlor I h l/’\.;!.\'ﬂx Ci) (L
| |
— s -————— e e e —— e ————— <
| T 1| 647406 | 10,10
| [ ————— f e ——
| 2 “lr"" 1840
e e t————
3 3!" O 12 500
| ——-»——,._‘(—q
‘\ 5.1 ‘Ip‘quﬁ
| |
| 3
!
|
|
]
|
3
| »
|
& S3 2 < — TR =
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ample calculation for 14131 §

(952407 x 0.1 x 0.1 % 1.73) + 10.100 1.687¢+06

AS.2  Reactor Coolant lodine Flashing

The reactor coolant being released is initially at the ho
(per Design ]y‘; u46) Per Assun ption A3 §
reactor coolant that flashes to

mass and er "‘a‘p\ }

tleg conditions of 611 °F and 225 psia

the lodine present in the portion of the leaking
steam will become airborne. To find the flashing fraction, the
ance squations will be solved simultaneoush

lerminology (all enthalpies are from the ASME Steam Tables)

m, mass of coolant released to containment
n released coolant mass that remains a | juid in containment
m, released coolant mass that flashes to 4 gas In containment
h coolant enthalpy (compressed liquid at 611 °F and 2250 psia,
0253 BTU/Mbm)
! hiquid enthalpy (satuvated lquid at 147 psia, 180 17 BTU/bm)
hy gas enthalpy (saturated vapor at 14.7 psa, 11505 BTU/Abm)
m h mhk, + mh
{ ! | S |
m m m
« |
Substituting m, = m, - m_ viel
mh lml m ]h ¢ m'h.
mh m h mh m‘_h‘

" h h
" h h
' |
m 6293 180.17
. g G- — J(J‘.‘n\'
m 11508 180.1
A ption A3 3 an additiona e !"(1‘”g\n the 53 7% of the
11 loes not flash) is al ssumed 10 be release Lhe total flashing p na ning
L
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AS3  Secondary Side MSSV Releases

Per Design Input A4 1, the MSSV mass re
Per Desigr Inputs A4.2 and A4 3 the mass

Using a steam densitv of 1 94 Ibm/f !

”. W rate

MSSV flow raze -
. (803

.( seco

AS.4

Per
K

'n Input A4

conds

the AFW mass rele
se

Per Design Input A4 2 the steam release fi

17 000 Ibn

SiNg 4 steam density of |

LiIOw rate for the

17.000 (hm

143,500 [bm

Secondary Side AFW Releases Priar to

P
"

Wil be conservatively modeled as 47% in this

n LOCADOSE by assuming a §3°
r coolant from the RCS to the o

f. N L !
r particulates

o efficient iodine
ntainment

he RCS 1o

DI gase

leaking from

ease starts at 5 seconds, and ends at 803 seconds

release through the MSSVs is
) ibry

X
¥

ssumption 3.11, this results in the Howing MSS

fl"!

60 seconds
1 98 4'} m

- 8533 ofm
ndx) )

30 Minutes

" n
A NS

ase stans at 288 seconds

and 1s stil

my th

o0 seconds

min
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ASS  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 relesse from the ADVs and AFW turbine (from
1800 seconds to the end of the accident) is 645,500 Ibm.

Using a steam density of 1 95 Ibm/ft’ per

Assumption 3.11, this results in the following
ADV/AFW flow rate after 30 minutes

645,500 (hm 60 seconds . St}
ADVIAFW flow . x = 1986 ¢fm
el ande (11801 - 1800 seconds) ) min 1.95 lbm

AS.6  Total Secondary System Releases

The total release rate from the secondary side is the total of the release rates fros the MSSV,
the AFW turbine, and the ADVs The ‘otals, per time interval, are:

0 see 5 sec 288 sec 803 sec 1800 sec 1180) see
0 1.39E03 008 br 0223 Iv 05hr 328 b
MSSV £533 ¢fm
AFW 346 cfm
ADV/AFW 1986 ¢fm
e SR TRt
Total 0 efm 5533 ofm 5879 efm 346 ofin 1986 cfm

AST  Primary to Secondary Leakage

Per Design Input 4.11, the primary to secondary leakage is 0.198 cfm. 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 (ie, MSSV or ADV open). A filter (99% effective for indine,

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 )
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AS8  Containment Releases to Atmosphere

Prior 1o the SIAS, the flow rate out of containment is the 2200 cfm from the mini-purge

equal to the Design lnpi.. 4.10 containment leak rate

system (per Design Input 4 17) plus 1.6 cfm of containment leakage (per Design Input 4.10)
Once the isolation of the muni-purge system initiated by the SIAS is completed (10 seconds
after the generation of the SIAS per Assumption A3 7), the flow rate out of containment is
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AS9  CEA Ejection LOCADOSE Code Time Steps

I'he time steps entered into the LOCADOSE ( ode were chosen to model the times at which
parameters important to the analysis are changed (e 8., HVAC changes, secondary system
release changes). The analysis will be done for a duration of 30 days

{ ™ Lo A m?tw'mmx.mr-a? e
v
liume St

f £}

| (hours after

| star of ev

' 0 hrs Beginning of CEA ejecon limuting fault

-
| 000139 he MESY open
(5 seconds

00195 %

A Change w break flow rate
(2.25 minutes

165 seconds SIAS generated per A3 |

049 Control Room HVAC transferred high radiation isolation mode (10 seconds afrer
75 seconds “!;\.Spﬂ Al 6)

Containment mini-purge svstem 1solated (| secands after SIAS per A3.7)

0.080 hy AFXW in service, releasing secondary steam from the AFW turbine exhaust
(288 seconds

MSSV closed

ADV oper

Change in break flow rate

End of EAB dose analvsis

Shutdown cooling in service, ADV closed and AFW se ured (stopping the release path

.s‘.}«‘w.'..‘ the prumary o sec MAGArY eakage o reach the atnmosphere

Control Room HVAC placed in single train peration

Y

CR X changes
L

PZ X/Q changes

LPZ breathing rate char gos

Lhange in break flow rate
hange in conlauynent ICaKkage my
R occupancy factor changes
KX changes

LPZ x/Q changes

B v ) . .- > \ » .
LI'Z breathung rate change
&

CX occupancy factor char

§ i - ~
R XAQ changes

LPZ X4 change

&nd of ana

A T I T e
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AS.10 CEA Ejection Dose Results

i$ accident are as follows

T I 2 N T i~ C RN

ton - Mini-purge in Operation, SIAS at 165 Seconds
- . e o e e e o et -+ et et . s
Dose (Rem)

Location

CR

Thyroid
Beta Skin
Whaole Body

P ————————————

EAB
Thyroid
Beta Skin
Whole Body

e e e
| LPZ
Thyroid
| Beta Skin
| Whole Bady

e i SR S
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A6.0 CEA EJECTION COMPUTER FILES

S —

A6.1  CEA Ejection LOCADOSE Library File (cea-mini.lib)

Vetlion 1.0  Thyroid Lung

Bone
102131 2.0 238404 9.976¢ 07 1.6908+06 2,073

121 00 0 0 0

Bets Skin Whole Body
E+D4 3,1506+03 3.1708-02 8.7206-02 1

1.100€-02 0.0006+00 0,000¢+00 0. D00€+00 0.000€+00 ©.000F+00

1++131 2.5086+04 9. 976€-07 1.490E«06 2.0736+04 3,

121 0 0 0 0 0

1.100€-02 0.000E+00 0,000€+00 0. 000€+00
1+-131 2.5088404 9.9766-07 1.4908+06 2.
0

121 0 0 0 0

OT38+04 3,

1 1.817E-01 3. 709801
150€+03 3.1706-02 8.7206-02 2

0.000€+00 0,0006+00 2 1,877¢-01 3780801
1508+03 3.1706-C2 8.7206-02 3

1.100€ <02 0.0008+00 0, 000¢+00 0.0008+00 0.0008+00 00008400 3 1.8176-01 3,789 -01
132 3.806E+04 8.4256-05 1.430€+04 807902 1. 4506402 1.3206-)1 5, 1308-01 1

'-
¢ 00 000O

0.000E+00 0,000€+00 0,000€+00 0.000£+00 0.0006+00 0,
1132 3.8066+04 8,4256<05 1,4306+04 8.8796+02 1.4508

00000 OO

U.D00E+00 0.000£+00 0.000€+00 9.000§+00 0.
1--132 3.8066+04 8,4256-05 1,4306+04 LR 2]

0
0.000€+00 0.000€+00 0,000€+00 0.000€+00 0.

000£+00 34 4.B24E-01 3,.5808400
+02 1,3206-01 5,130¢-01 2

000F+00 0.700E+00 35 4.824-01 3.559¢+00
+02 1.450E+02 1,3206-01 §,1306-01 3

O00E+00 0.000E+00 36 &.B24E-01 3 559400

1+<133 §.6226+04 9.211¢-06 2.690E+05 5.0648+03 1,0808403 7.350€-02 1.5506-91 1
2B22 00 00

¥.T10€-01 2,9006-02 0.0006+00 0 Q00E+00 0.0006+00 0,0008+00 & 4.067TE-01 6.047¢-0
1--153 §.6228+04 9.211¢-06 2.6906+05 5.064E+03 1,080£+03 7 350€-02 1.5506-01 2
22822 0000

9.710€-01 2.900¢-02 0.0006+00 0.000€+00 0,000€400 0.0006+00 $ &.06TE-N1 6.0478-01
1++133 $.6228+04 9.2116-06 2.6908+05 §.064E+03 1, 0808403 7.3506-0% 1,5508-01 1

4 2 00 00

9. 710801 2.900€-02 0. 0008400 0.000€+00 0.0006+00 0,0008+00 & 4.067E-01 6.0478-01
1134 6. 575E«04 2.2008 04 3.730€+03 3.627+02 8.0506+01 9.230€-02 5.3206-01 1
00 0nno0 o0 o0

0.000E+00 0., 000E+00 0, 0008 +00 0,0006+00 0.0006+00 0,000€+00 7 6.0526-01 2.6208+00
194154 6.575E+04 2,2008-04 3,7306+03 3.6276+02 £.0506+01 9,230¢-02 5.3208-01 2
000 o0oOO

0.000E+00 0,0008+00 0.,000¢+00 0.000E+00 0.000E+00 0.0008+00 & 6.0526-01 2.6208+00
1+o134 6.5T56404 2,200 -04 +T306+03 3.6276+02 8.0508+01 9.230£-02 $.3206-01 3

€ 00000OC

0.000E+00 0.000§+00 0,000¢+00 0.000E+00 0.0006+00 00006400 ¢ 6.0S2E-01 2.620€+00
1--135 5.903E+04 2.9126-05 5.400€+04 1.9718<03 3.3506-02 1.290¢-01 4.2106-01 1
2B2 000 0

8.4506-01 1,550°-01 0.000£+00 0.000E+00 0,0006+00 0,000E+00 10 5.6916-01 1,6176+00
1--135 5.1036+04 2.9126-05 5.6006404 1.5716+03 3.3506+02 1,290¢-01 6210601 ¢
2282 00 0 0

8.450€-01 1,550¢-91 0,0008+00 0.0COE+00 0,0008+00 0,0006+00 11 3.691E-01 1,617%+00
14<135 51036404 2.9126-05 5. 8006+04 1.971E4C3 3.3508402 1,290¢-01 6.210e-01 3
2252 0 0 0 0

8.450€-01 1,5506-01 0.0008+00 0.000E+00 0.000€+00 0,0008+00 12 3.6016-01 1,6178400
KR-B3M 4.1526403 1,0526-04 0.0006+00 §. “01 0.000E+00 0,0006+00 2,3968-06 &
80000 OO

0.000€+C0 0.000£+00 0.0008+00 0.000E+00 0.0006+00 0,0008+00 13 0.000E+00 &.6108-04
KR-BSM 1. 207E404 4.2976-05 0.0008+00 2. +00 0.000E+00 4.626E-02 3,7088-02 &
118 0 0 00 ¢

2.100€-01 0.0006+00 0.0006+00 ©.0008+00 0.000¢ +00 ©.000€+00 14 2.902€-01 1.6108-01

KR--85 4.1026+02 2.0546-09 0.000€+00 2.4108+07 0, 000800

000000

L Q66F <02 5.102¢-04 ¢

0.000E+00 0.0008+00 0.000E+00 0,0008+00 0.000€+0C 0.0008+00 15 2.50%2-01 2.236¢-03
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—

06 1.514E-04 0.0008+00 OE+01 0.0 0 3 01 1,876

0 0 O
0.0006+00 0.0006+00 0,00 £+00 0.0008+0 324E+00 803280
KR--b8 3.200F 04 6.73%-05 0.0008+00 3.130E+91 0.C00F+00 7.51¢ f & 658E-0Y &

31 0 ¢ 0 0

1. 0008 +00 DOOE+00 0,000£+00 0.0006+00 ¢ QOOE+00 0.0008+00 17 3.587¢
KEI3IN 2.5958+02 6.01%:-07 0 D00E+00 11,4008+ V.000E«00 1. 508E-02 2.09%¢

O 0 00D O @
9.000E+00 0.0006+00 0,0006+00 0.000E+00 0
KETSSM 1. 3840403 3.6636-06 0.0008+00 1
183 0 0 0 0 ¢

1.0008+00 U.000E+00 0,0008+00 ¢ QOOE+00 0.0008+00 0.000E ). T08+«00 2.332
KE-153 6§ 6226404 1,.5286-06 0.,0006400 1 STOE+00 0.0008+00 9.4697%-0% V316603 &

b 9 0 00 O

0.0006+00 0.0008+00 0,0008+00 B QODE+00 G, 000¢+0¢
KETISHM 1. 557804 7.380¢ 04 0. 000800
122 00 0 0 o

1. DOOE + 00 O00E+00 0,000E+00 0.0006+00 0, 000E«0X 0.000€+00
KE-135 5 . 3636«04 2.11%¢
15 000 0 0
1.000£+00 0.0008+00 0.000€+00 0, 000§+00 0.000€+00 0,000 +00 DZ8E -0 2.4660
KE-138 4. 77SE+04 B.151¢ 04 0. 000800 2.4408401 ¢ QOCE+00 1.309¢ ¢ . £-01 &
183 ¢ 0 00 0

1.0008+00 0.0008+00 0.0008+00 0.,0008+00 0 Q00E+00 0. 000F «(X
" 3 1 B40E~0Y 1, 780609 1 SBOE02 ¢ SBOE+02 5.5708+01
0 0 C 0 00 ¢
0.0006+00 0.0006+00 0.0008+00 0 00Ok +00

0 0

QOOE+00 0,007 _-00 18 0.0008+¢
BP0E+00 0,M00E«00 3.1506-02 7.9548

C,0008+00 20 1.004E<01 2.997%
2.2208+00 0.000E+00 2.253-02 ¢ B87¢-0

Al
Vg

P -

21 3.0008-01 ¢, 2668-01
05 0.0006+00 &, 05GE+00 0.0006+00 5. 8946-02 5.736E-02 &

0

23 6.160E-01 1.2418+00
0.C00E+00 0.000E+00 1¢

). 000E+00 0,0006+00 24 §.685€-03 0.000¢ ~0¢
BR--84 5. 394603 3.6326-04 0 DO0E+00 &.67SE+02 0.0008+C ¢.700E-0Y 4.480E-01 1
C 00 00 0 0@
0.000E+00 0,0008+00 0.0008+0C 0.000E+00 0.0006+00 0.0008+00 s Z
TE-'29 B.72Th+03 1.6628-04 & 8$70¢-03
533 3 00 0
¥. 100601 & .000E-02 $.000¢ 02 0,.000E+00 0.000F+00 ¢ 000E+00 26 5

TE-132 3. BAVE+04 2462606 2.3708+01 3.600E+04 3.2508+01 3.000E-03 %.280¢
& 56 000

100€-01 4.000§-02 S.000¢ 02 0.000€+00 0.0008+00 0
*88 0. 0006+00 &.496E-04 0 000E+00 2.908¢«02
© 0 00O O

000E+00 0.000E+0C ©.0008+00 © Q00E «0O(

U

JOE«00 1.7798+00
24208402 6.2206-03 1.0108-01 1 2806-C2 &

«224E-0"

OOCE«00 27 5,
O00E«00 4. 7908

DD0E+00 0,000 +0L
135 0.0008+00 7.44%%-15 7 ABOE«03 1.570E+03 1.460804 .

\ 0 . ( \

OCOE+O0 0,0006+00 0,000 «00 0.000€+00 0.0008+00 ¢ 000¢
138 0.0006+00 3,.587%-04 0.0008+00 6.0706+00 & V408 «0

C 0000 O

O00E+00 C.000€+00 D.000E+00 0 C00E+00 ¢
129 0.0008+0C 1.4008 15 § S40E+08 9.0
0 00 00 0

DO0E+00 0. 000k+00 0

\
o DO0E - 00

O00E+O0 0, D00E+00
SE«DL 2.680E+03 3. 711

QONE «0OC

L00E

o

QE+00 0.0006+00 0.0008+00
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A6.2 CEA Ejection LOCADOSE Activity Transport Input File (cea-mini.ti)

CEA Clection (10X Fafled Fue 1Minipurge & CR s
Tom Rem' _k
SONGS UNITS 232
cen-mini  t
N-T20-013 0©
%
3 12 3 1 1 [
0 0 0.000008+0( 0. 00000 «00
CFM  CUFY CURTES
! 1 1 1 1 11
0.91 0.04 0.0%
cm'A:w!ru:‘s S(;_S'EA-
0.00000€+00 0.00139¢+00 1
1 0 1
1.65TE«086 720 -1
1.6578+06 720 5]
1L.L3TE«06 720 |
ATTE-06 136
IT«06 136
STTE+06 134
SATES06 84T
3LTES06 B47
SATE06 847
S85E+06 3.2
O95E+06 39,
956406
A20E+08 335
206406 335
(20E+06 135
3206+0% ©
+IT3E0S T72.5
2.206E+04 317
L16E+06 3.0
AITE06 110
B99E+04 7
038E«05
S19€+06
SO2E0S
D01E+08
BTTE+CS
678
1.0

3
L

\

oooCcon
3 "

JOoO00O0DODCOODO O
L TR T R T P P

X~

o

(=]

o0
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7. 900000€¢ - 04

29885 5820

0 7.900000¢-04
0.0375E+00 0.0496+00 1
0 0 {
3 2 M ¢

53

190 100

7 .900C00¢ - 04

10 59869 4410
99 99 99 9 W w 9
9 9 9 W 9 9 o

¥ . 900000€ - 04
1 1 1 1

( 7. 900000 - 04
0.50000€+00 2.000008+00 1

8 B
3 0 1
£, <

7.500000¢
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1 & . 6000008

264398 2200 10 2998

95 95 99 0 9% 99 o9

S % 9 0D ™ 9% w

2.400008+01 9 60000€ «( | 1
00 0

1 0.8 0

0 00 0

3 2

100

O

299
LAl

100 100 100
109 ¢
100 100

100

100 10¢

0 4
9.60000E+01
0 00
V'(}‘

5C000€ -

7.20C00E+02

vy
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REV

ORIGINA TOR

DATE

ME

DATE

REV ORIGINATOR DATE (3

0

Mark Drucker

8/15/9

!

T. Remick

B8/18

97

NATE

A63 CEA Ejection

CEA Ejection (10X Failed Fue 1*Minipurgs & CR Isol 8 17%

Tom Remick
SONGS UNITS 283
cea~mini g\
N720-33 ©

DORDOF
2 ) “
REM  HEM/HR
3.6000¢ -06
3 4700F-04
$.2600€8-07
3.4700€ - 04
2.0000& «00
2. 0000 +00
1.0000¢ +00
1.0000€+00
34700604
1.0000€«00
I ATV0E-04
1. DOOOE+00
1, &700E - 04
Q000E~00
&TO0E - 04
+&DDOE +¢ 1
7.2000€ +02
0ODDE+00

A6.4 CEA Ejection LOCADOSE Activity Transport Output File

As

QUOVE+0

. D00OE +C0
L2600F <07

& 700K - 04

.0000¢ +00
.0000€ +00
.0000€+00
. 0000E +00

0000E+00

. D000E+00
.S000E«00

.6000€ +01

DOCOE+D0

LOCADOSE Dose Calculation Input File (cea-mini.di)

0000E«00
0D0DE+Q0
. 0300¢ -07
| . 75006 -04
LO00E+01
&O00E+01
0CO0E+C0
0Q00E+00
. D000€ 00
0.4000€+00

7.2000E+0?

1.0 1.0

O000E +00

. DODDE +00
.6500¢ -07

32008 - 04

3 .2800¢

6000E+0Y 7,20

7. 2000E«02

this is not a design basis calculation. no output file

sec

YO0E +Q1

nY
U

0E+02

{cea-mini.to)

(s included
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A6.5  CEA Ejection LOCADOSE Dose Calculation Output File (cea-mini.do)

Bechtel Standard Camputer Program LOCADOSE, NEJ19 version 3.0

(€) 1989 SCE AIX version. 2 reb 1995 Cale No. NT20-13 Rev No
Originator Tom Remick Date 10 Sep 1996

Project SONGS UNITS 283 Job No, cea-mini.di Sheet No. 12
Subject CEA Ejection (10% Failed Fuel)Minipurge & C2 Isel @ 175 sec

NSNS AV ARSI ST E REAL R T S T S N U S S ST E TSR S e RS

i s T T p—"
NES1P Doses Within Regions Suene ~,
Doses in REM for region § Cont Room

Time Interva (hr) Thyroid
From to
0000E+00-1,3900¢ - 03 3228 -04 2 .3 106 - 06 874k

1.3900E-03-3. 7S00F - 03 2. 151§+00 02 6. 30%¢

TS00€ - 02 -4, 9000€ - 02 ADVE00 02 Wa'a'
SON0E 8.0000§ - 02 S98E+00 . 0 LART
. 000CE - 220 . TETE+D0 0
2231 . 5000 . 2T0E«00 0
5000

?.000

3.280

8.000

24.00

v6.00

Bore Beta Skin  Whole Body

JA24E 06
&10g-0
.032¢-03
NGSE-02
ATEE-02
LO33E-01
354

. BL8E

. 648E
.O90F -
JE54E-C
.395¢
5536-01

TS O

1 2.8728-0;
879 -

625

~e50g-

689 -

. 380

TIE-04

04 1E -
C934E

. OBLE-01 2.09 02
SE3E-02 8 3503
867¢-01 8. -03
A87E-01 9 03

“

2

.

2B88

3

e L Rl

’

R TR
oS

986E-01 -03
1. 3888-01 -03
2.376E+01 )

J 3

® O

o =~

- N
- o0
oo
o MO
OB NANE N -

Bechtel Standard Computer Progrem LOCADOSE, NEJ19 version 3.0
(#) 1989 SCE AIX Version. 2 Feb 199* Calec No. KN720-13
Originator Yom Remick Date 10 Sep 1994
ect SONGS UNITS 283 . Cea mini.d Sheet No.
t CEA Ejection (10% yMinipurge & CR lsol @ 175 sec
‘1:-’_--:L..D.-:.‘: """

TR suwwgan SRTesEERIzIITRATITITTT TR T RSRS

NE319 Offsite Dose Summa -y

Doses in REM for di

a

me Interval (hr Thyroid Lung 0 1 ole Bogy
From te

.CO00E +00- 1, 39008 - 03 .T63E- D 19€-08

3P00€-03-3. 75008 -02 428E-C 254E-03

9000¢ 2TBE-D S80€-03

0 838g-03 » . 052E-0%

96%€ -03 1.925¢-04

B93E-02  3.3828-04

JI29E-01 1.990€-03

), 000E-00 ). 000E «C0

000E+00 000E«00

.000E+0¢ U.000&+00

0.000€+00 0.000€+00

000 +00 000E +Q0

014E+00 1.761E-02

S04E - 05
087E-03
<. 360E-03
S93E-04
940E 04
7.309€ - 04
J668E-03
C.000E+00
00CE+00
. 000t +00
0.000€+0C0
0.000€+00

¥.814E-03

w

|
O 0DHo D
A D

O W

8
. OO
S L
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AEv ] omiGNe roRr

DATE

RE

REV

ORIGINATOR

DATE

el 3

O IMark Drucker

an

16/97

T. Remick

DATE

()
Originator

=mmsa

voses

Fr o
0. 0000€
3900¢
. TSO0E
$000¢
3. 0000¢
2237
.S00C
2,000

>
“

000

el T RN

in REM for ¢

+00

nt
3

:
02-

02

02-

NE3S19 Offsite Dose Summery

Time Inteival (hr)

to
1.3900¢ - 03
3,75008-02
&.9000¢ - 02
8.0000¢-02
amn
. 5000
e.0
3.28(0
8.000
24,00
96, 0

720.0

Tota

¢ Feb

Bechtel Standard Camputer Program
1987 SCE ALX Version
Tom Remick

Project SONGS UNITS 213
Subject CEA Ejection (10% Failed Fuel

1995

Date 10
Jab Ne

stance £

Thyre

249€

AL12%

208¢
S82E

R L LT T

. 280€
3.2248

ceomini . oh
)*Winipurge & CR Isol @ 175 sec

e et L3 2 I T TR I I I I

!

ab: B
O2E - (

.859¢ -

299
S68E -

LOCADOSE, NEZTD
Calc No

Sep 1996

393E-0

9.2526-01

heet

TR wma

Version 3.0
NT20-13

ko 16

Beta Skin

1.85%
N2TE
24N E
O33E-
S67E

M MW

. 980€ -

~Ni -0

292E-
W‘mt

1M
LIy

L

Rev ko,

168E-0

6070

091808
+I4SE -

Whoie Body

JPECS
049€-02
.058E - 04
& . 089 -05
S27e-04
B76E 04
2TSE-04
1. TS0E- 04
JB26E - 04
B21E-04
345€-05
O78E-04
. 188¢-03
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APPENDIX B FEEDWATER SYSTEM PIPE BREAK

B1.0O FWSPRB PURPOSE

A feedwater system pipe break (FWSPB) is postulated

1o oceur as a result of a pipe failure in
the main feedwater system:. This mas produce a total |

0ss of normal feedwater and a very
rapid blowdown of one steam generator (SG). If normal plant electrical power 1s lost, this
supenmposes a loss of primary coolant flow. turbine load, pressurizer pressure and control,

and steam bypass comtrol This would cause a rapid decrease in the heat transfer capability of
both steam generators and eventual el

munation of one steam generator’s heat transfer

capability. The reeult would be an RCS heatup and pressurization

The FWSPB is postulated to release activit

ty via the following pathways

Primary coolant leakage to the secondary
environment

system and eventually to the outside

Secondary system liquid releases throu

gh the break to the containment and eventually
to the outside environment

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 Population Zone (LPZ) as well as inside the Control Room
assuming CRIS failure
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B2.0 FWSPB RESULTS

The resulting doses are as follow

5, based on Table B.22

—

DOSE (Rem)
i Beta Skin
1

Exclusion Area Boundary

— — e
Low Population Zone
ik

Control Room

[ Whole Body/

01

All doses meet the acceptance criteria of Sectio
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FWSPB ASSUMPTIONS

The break is assumed to occur between the steam generator and the feedwater line

valve ineffective at terminating the blowdown of the
affected steam generator, per Calculation 1370-DT-037 (Reference 6.7p, Sheet 72)

check valve, rendering the check

It is assumed that main feedwater flow to be oth steam generators is terminated
instantaneously following the break, per Calculation 1370-DT-037
Sheet 45). The absence of subcooled feedwater flow to the generators results in a
gradual heatup of the primary and secondary svstems

7 (Reference 6.7p,

The most limiting single failure is assumed to be the failure of one of the electric driven
auxiliary feedwater pumps, per Calculation 1370-DT-037 7 (Reference 6.7p, Sheet 44)
Thus failure leads to larger %mol-»mm releases through the steam generator safety
valves due to the relatively higher ste m generator pressure which results with only
one-half the auxiliary feedwaier flow available

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 hugher
airborne activity concentration inside the containment

It is assumed that after 30 minutes the operator isolates the containment mini-purge
system and begins a controlled cooldown via the at mosphenc dump valves until the

shutdown cooling system can be initiated_ thereby ter munating the accident. No credit
18 taken for automatic or manual CRIS actuation

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
(1.2, an 10dine partition factor of 1.0)

All fluid releases into the containment are conservatively assumed to be ha' ¢ an iodine
partition factor of 1 0, thereby maximuzing the amount of 1odine released to the
environment
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FWSPB DESIGN INPUTS

The FWSPB event incisases the reactor coolant system p'esurc and eventually lifts the
pressurizer safety valves 1.2 pressurizer safety valves release 2325 Ib steam to the
quench tank (Reference 6.7p, Sheet 46), which is then released to !he containment
following the actuation of the quench tank rupture disk

Secondary side liquid mass release from the affected steam generator into the
containment 1s 151,033 lbm, per Calculation 1370-DT-037 (Reference 6 7p, Sheet 46)

Main feedwater flowing towards the affected steam generator is released through the

break at a maximum flow rate of 21 9E6 |bm/hr (pe' Cycle 9 reload ground rules,

Reference 6.6¢, 6.6f Item V 003) until 1solated following a main steam isoiation signal

(MSIS). MSIS is init*~*ed at 265.4 sec per Calculation A-SG2-FE-0114

(Reference 6.7u, Page ., case of degraded secondary and 1000 SG tubes plugged)
while the main feedwater isolation valve response tume is 10.9 sec, per LCS 3.3.100

1 able 3.3.100-2.5 (Reference 6.4j, 6 4k). An isolation time of 300 sec will

conservatively be used for the feedwater valves

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 (1bm)
0 - 30 min 74,800

30min-37h 934,000

| Total 1,008,800

shutdown cooling system is initiated at 13.300 sec (or 222 min or 3.7 hr), thereby
ng the accident, per Calculation 1370-DT-037 (Reference 6 7p, Sheet 49)
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BE.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 biquid, secondary liquid, secondary steam), the
following equation is used to calculate the nhalation dose due to a given 1sotope

r

D,y = (ARXONBRXI CF, NOF)

AR 1s the integrated activity released (Ci)

X/Q is the atmospheric dispersion factor (sec m*)

BR is the breathing rate (m*/sec)

DCFy,, is the inhalation dose conversion factor (Rem, Ci)
OF is the occupancy factor (unitless)

1~

T'he immersion dose is calculated as follows

D = (ARYXO)DCF,_ )OF)

where DCF,, is the immersion dose conversion factor (Rem-m*/Ci-sec) and the other
parameters are as defined above

Control room doses are calculated at the CR HVAC intake louvers. No credit 1s taken for
dilution within the CR HVAC eny elope, nor for CREACUS filtration

B52 Primary System Liquid

Once the SG has boiied dry due 1o lack of feedw ater, the primary to secondary leakage will be
released to containment with no iodine parutioning  Since the SG boils dry in under 40 sec

(per Calculation 1370-DT-037, Reference 6 7p, Sheet 48), the entire 0.5 gpm of primary tc

LR

secondary leakage into the affected main steam line loan (per Design Input 4 11) will be
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assumed to be released to containment with no pa titioning. Over the 222 min duration of the

accident (per Design Input B4.5), the primary to secondary leakage into the affected SG is

[ 0.5 gal\( 834 Ibm

)"\‘s‘\

[ 454 om)
| 1(222 min) —=£T| = 420E+5 gm
\ mn ) gal ) \ n

Per Design Input B4 1, 2325 Ibm or 1. 056E+6 gm of primary coolant is released via the
pressurizer quench tank rupture disk. “he total release of primary system fluid into the
containment is

Mypn-cane = (4. 20E+5 gm) + (1 0S6E+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 A*/min)}30 min) = 6 60E+4 &

Once the mini-purge system is secured. the following amount of containment air leaks {(per
Design Input 4.10) to the environment for the remainin

ng duration of the 222 min accident (per
Design Input B4 5)

"

(1.6 f*/min)(222 min - 30 min) = 3 07E+2 &

Assurming the primary coolant to be mixed in half of ¢

I the containment volume
(Assumption B3 4), the following release fraction is obtained (per Design Input 4.7)

Hence, the mass of primary coolant released to na the containment is

280 \ 8
b J o

\ =[] ATAF +f om ¥ S
Megni-ene = (1. 476E+6 gm){(
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Like the 0.5 gpm primary to secondary leakage into the affecied SG, per Design Input 4 11
there is also 0.5 gpm primary 1o secc ndary leakage into the intact SG. As with the affected
SG, this leakage also totals 4 20E+$ gm over the 222-minute accident duration. Ho owever, 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 "w outside environment. The total effective
mass of primary coolant containing iodine that is released to the outside environment is

obtained by adding this direct release from the intact stcam generator to the release diluted by
the containment

Mo = (4. 20E+5 gm)(( (’])‘ISJQE*J;’_"E; 8 91E+4 gm

The total mass of primary coolant containing ".nble 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

Maottse = (4. 20E+5 gm) + (8 49E+4 gm) = 5.05E+S gm

Design Input 4.9 lists the primary coolant activity concentrations by isotope. Multiplying the
concentration (uCv/gm) by the mass released (8m) yields the activity released. The equatioas
from Section BS.1 can then be used to calculate the doses. This is done in Tables B-1 to B-7
with the results summarized in Table B-22 Sample calculations are shown below

The EAB whole body dose from Xe-133 due to ir nmersion is calculated as follows

B 3 T
1 1£-6 ~E-— = 1.74E+2 Ci

uCi

Using a pre-exasting spiking factor of 60, the following EAB thyroid dose due to inhalation is
calculated for 1-131
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429 m“ ) 6E-6 22€ ( 3 476-4 M_|[ 149646 Rem(1 0) - g0z
‘ m' $eC l Ci |
B5.3 Secondary System Liquid

Per Design Input B4 3, the feedwater entenng the containment towards the affected steam
generator 1s released through the break as follows

[ 21 9K+6 Ihm){ 454 gm

]300 sec) = 829L+8 gm

Per Design Input B4 2, the total release from the affected steam generator to the containment
1s 151,033 lbm or 6 86E+7 gm_ The total release of secondary system hiquid 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 BS 2

(B.9BE+8 gm)(5 7SE-2) = 5. 16E+7 gm

Doses are calculated based on this mass release using the equauons from Section BS 1, as is

i

done in Section BS 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 sec ondary system is

| DOBBE+6 lbm or 4 S8E+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 BS.1, with the results summarized in Table B-22
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Sheet 121 of 282

et e el s e

o

F=ble B-] Primary Coolant Activities Released to Qutside Environment

"

MASS ACTIVITY
RELEASE - —
ISOTOPE (gm) (uCig) ()

1131 891e+04 | 482e+01 | 4.29¢+00
— e e ——
1132

8§91et04 1 35e+01 1. 20e+00

|

[-133 8 9le+04 S 94e+01 5 29¢+00

o

1-134 891et+04 5.91e+00 5.27¢-01

.~

1135 8 9let04 2.62e+01 2 33e+00

Kr-85m 5.05e¢+05 247et00 | 125e+00

—

Kr-8% 5.05et0S8 1.0Ret+01 5.45e+00

Kr-87 5 05e+08 1. 16e+00 5 86e-01

Kr-88 5.05e+05 3 74e+00 | 1.89¢+00

Xe-131m 5.05¢+08 251et00 ! | 27e+0

Xe-133 5.05e+05 3 44e+02 1.74e+02

Xe-135m 5.05e+0S 1.16e+00 S 86e-01

S —

Xe-135 5 05e+(0S5 1.07e+01

S 40e+00

Xe-138 5 05e+05 5 87e-01 2.96e-01

H3 | 505e+05 | 322e+00 | 1 63e+00

Note 1: Ci values obtained by multiplying uCvgm values by gm value and i E-6 C/uCi
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 BS 2

Note 2. This table was prepared using a spreadsheet software with internal calculations
performed using more digits than shown. hence. hand calculations may vield slightly differ

en:
results due to roundoff
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Table B-2. EAB Thyroid Dose due to Primary System Releases

ACTIVITY DCF DOSE
ISOTOPE (C1) (Rem/Ci) (Rem)
I-13] 4 29e+00 | 49¢+06 8 0e-03

1-132 1.20e+00 1 43¢+04 ]

[-133 §.29¢+00 2 69e+05

5 2'.'@.{)] 3 7}-6'03

2.33e+00 S 60e+04

1.63¢+00 1.58e+02

Total

Note 1. Dose calculated using D, equation from Section BS 1 with a ¥/Q of 3 6E«6 sec/m’
(per Design Input 4.5), a breathing rate of 3 47E-4 m"/sec (per Assumption 3 4), inhaiation
DCFs per Design Ieput 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

ACTIVITY| DCF (Rem-m'/Ci-sec) DOSE (Rem)
ISOTOPE (€) B Skin | W Body| B Skin | W Body
1131 4 29e+00 3.17e-02 8.72¢-02 4 9e-07 1.3¢-06

1-132 1.20e+00 1.32¢-0] 5.13e-01 5 7e-07 2 2e-06

—— ——— ——— —

e
1-133 §.29¢+00 7.35¢-02 1.55e-01 ] 4e-06 3 Oe-06

——

i-134 5 27e-01 923e-02| 5.32e-01 1 7e-07 1. 0e-06

R —

I-135 2.33e+00 1.29¢-01 ! 42le-01 3 Se-06

' Rr-85m 1.25e+00 463e-02| 3.71e-02 7 1.7e-07

Kr-85 5 45¢+00 425¢-02 | 510e-04 8 3e-07 1.0e-08

Kr-87 5.86e-01 | 308e-01| 188e-01| 65607 | 40007

———— ey

Kr-88 1 89¢+00 7.51e-02 | 4.66e-01 5.1e-07 3 2e-06

e ——

Xe-131m 1.27e+00 151e-02 | 2.90e-03 6.9e-08 | 3e-08

Xe-133 T4e+02 9.70e-03 | 9.32e-03 6.1e-06 S 8e-06

b —

Xe-135m § 86e-01 2.25¢-02 | 9.89e-02 4 Be-08

t
| Xe-135 S 40e+00 5 8%e-02 5 74e-02 1 1e-06 1. 1e<06

-+ .
Xe-138 2 96e-01 131e-01 | 280e-01 1 4e-07 3.0e-07

e

H-3 1 63e+G0 0.00e+00! 0.00e4+00! 0 0e+00 0.0e+00

Total 1 3e-08 2.2e¢-05

Note 1. Dose calculated using D, equation from Section BS 1 with a X/'Q 3 .6E-6 sec¢/m’
(per Design Input 4 5), immersion DCFs per Design Input 4.8, and an occupaucy 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 roundoft
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Table P-4 ! ®Z Thyroid Dose due to Primary System Releascs

ACTIVITY DCF DOSE |
ISOTOPE (Ci) (Renmv/C)) (Rem)
1-131 429e+00 | 1.49¢+06 | 2 le-03

I-13; 1.20e+00 | 43e+04 5.5¢-06
! -

1-133 5.29¢+00 2.69e+05 4 6e-04
I-134 5.27e-01 3. 73e+03 6.3e-07

1135 2.33¢+00 S.60e+04 4.2e-05

e
H-3 1 63e+00 1.58e+02 B 2¢-08

Total 2 6e-03

Note 1. Dose calculated using D, equation from Section BS.1 with a X/Q of 9.24E-7 sec/m’
(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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T'able B-5. LPZ Immersion Doses due to Primary System Releases

ACTIvVITY | PCF (Rem-m"/Ci-sec) DOSE (Rem)
ISOTOPE |  (Ci) B Skin | W Body| B Skin | W Body
1«13} 4 29e+00 317e-02| 8.72e-02 1.3e-07 3 5¢-07

1-132 | 20e+00 1.32e-01 | S.13e-01 1.5¢-07 5 Te-07

[-133 5§ 29e+00 7.35¢-02| 1.55¢-01 3 .6e-07 7 6e-07
r.-—-———-- - B
1-134 5.27e-01 023e-02| 5.32e-0] 4 S¢-08 2 6e-07

po——e e

1-135 2.33e+00 1.29¢-01| 421e-01 2.8e-07 9 le-07

Kr-85m | 25e+00 4 63e-02 71e-02 5 3e-08 4 3e-08

Kr-85§ 5 45¢+00 42502 | 5.10e-04| 21¢-07 2.6¢-09
Kr-87 S 86e-01 3 08e-01 | 1 88e-01 1.7e-07 1.0e-07

p—e e

L_Ex'is‘ii 1.89¢+00 7.51e-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 | 74402 9.70e-03 | 9 32e-03 1 6e-06 1.5e-06

Xe-135m 5 B6e-01 2.25¢-02 | 9 8%e-02 1.2¢-08 5 4¢-08
Xe-135§ 5 40e+00 5.89¢-02 5. 74e-02 2 9e-07 2 9e-07

Xe-138 2.96¢-01 1.31e01 | 2 80e-01 3 6e-08 7.7e-08

H-3 1 63e+00 0.00e+00| 0.00e+00| 0.0e+00 0 0e+00

1otal 3 4e-06 § Te-0€

Note 1' Dose calculated using D, . equation from Section BS 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 occunancy 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
resilts due to roundoff
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Table B-6. Control Room Thyroid Dose due to Primary System Releases

o
ACTIVITY DCF DOSE

ISOTOPE (Ch) (Rem/Ci) (Rem)
I-131 4.29¢+00 1 49¢+06 1 8¢+00

-

1-132 1.20e+00 | 43e+04 4 7e-03

[-133 $.29¢+00 2.69¢+05 3 9e-01

1-134 $527e-01 3 73e+03 S 4e-04

1-138 2 33e+00 5 60e+04 3 6e-02

O —

H-3 1 63e+00 | .58e+02 7.0e-05

Total 2 2¢+00

Note 1. Dose calculated using D, equation from Section BS 1 with a X/Q of 7. YE-4 sec/m’

(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 mav yield slightly different
results due to roundoff
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fable B-7. Control Room Immersion Doses due to Primary System Releases

=

ACTIVITY | PCF (Rem-m"/Ci-sec) DOSE (Rem)
ISOTOPE (C1) B Skin | W Body| B Skin | W. Body
-131 29e+00 317e-02| 87202 1.1e-04 5.9e-04

1-132 20e+00 1.32e-01| 5.13e-01 1.3e-04 G 7e-04

29¢+00 7.35¢-02| 1.55e-01 3 le-04 1.3e-03

27e-01 0.23e-02 | 5.32e-01 3.8e-05 4 4e-04

2.33¢+00 1.29¢-01 | 42)e-0) 2 4e-04 1.6e-03

——— ~--d

125¢+00 | 463e-02| 371e-02| 46605 7.3e-05 |

S 45e+00 4 25e-02| 5.10e-04 i Be-04 4 4e-06
-

5 86e-01 3 08e-01| 1.88e-01l 14e-04 | 1 7e-04

| 89e+00 7.51e-02| 4 66e-0] | le-04 | 4e-03

Xe-131m | 1.27¢+00 1.51e-02 | 2.90e-03 1.5¢-05 5 8Be-06
Xe-133 1. 74e+02 9.70e-03 | 9.32e-03 1 3e-03 2.6e-03

b — -t
Xe-135m | 5.86e-01 2.25¢-02 | 9.89e-02 1.0e-05 9.2e-0§

b

—

Xe-135 S 40e+00 58902 | 5.74e-02 2.5e-04 4 9e-04

Xe-138 2 9te-01 131e-01 | 2.80e-01 3. le-05 1 3e-04

H-3 1 63e+00 0.00e+00| 0.00e+00! 0C 0e+00 0. 0e+00

Total 2 9e-03 0 Re-03

Note 1. Dose calculated using D, equation from Section BS 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. Thus table was prepared using a spreadsheet software with internal caiculations
performed using more digits than shown, hence, hand calculations may vield slightly different
results due to roundoff
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[able B-8 Secondary System Liquid Activities

ACTIVITY
ISOTOPE | (uCig) (Ci)
I-131 R 13E-02 | 4 20E+00
1-132 1.54E-02 | 7.95E-0]

-

1-133 9 57E-02 | 494E+00
1-134 4 43E-03 | 229E-01
1-135 3 78E-02 | 1. 9SE+00
H-3 | 49E+03 | 7.69E+04
Total | 21E+0]

-

b

Note: Ci values obtained by multiplying uCi/g values by § 16E+7 gm (per Section B5.3) and

1E-6 CvuCi. Concentrations are from Design Input 4 9

Precision Note: This table was prepared using a spreadsheet software with internal
calculations performed using more digits than shown, hence, hand calculations may yield
shghtly different results due to roundoff
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Table B-9 EAB Thyroid Dose due to Secondary Liquid Releases

ISOTOPE

ACTIVITY
(Cy)

DCF
(Rem/C1)

DOSE
(Rem)

1-131

4 20E+00

1 49E+06

7.8E-03

1-132

7 9SE-0]

| 43JE+04

| 4E05

[-133

4. 94E+00

2 69E+05

1.7E-03

[-134

2.29E-01

3 73E+03

| ll‘,-oo—

1-135

1 9SE+00

5 60E+04

1 4E-04

H-3

7 69E+04

1. S8E+Q02

1.SE-02

Total

2.5E-02

Note 1. Dose calculated using D, equation from Section BS.1 with a X/Q of 3. 6E-6 sec/m’

(per Design Input 4.5), a breatl..ng 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 irternal 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 | PCF chm-m’/Cl-sg_-c) DOSE (Rem) ]
1SOTOPE | (Ci) B Skin | W Body | B Skin | W. Body

1131 420E+00 | 3.17E-02 | 8.72E-02 | 48E-07 | 13E-06

132 79SE-01 | 1.32E-01 | S.13E-01 | 38E-07 | 1 SE-06
1133 | 494E+00 | 7.35E-02 | 185E-01 | 13E06 | 2 8E-06
I-134 229E-01 | 9.23E-02 | 5.32E-01 | 7.6E-08 | 44E-07
1135 1 9SE+00 | 1.29E-01 | 421E-01 | S .1E-07 | 3 OE-06
H-3 7.69E+04 | 0.00E+00 | 0.00E+00 | 0.0E+00 | 0.0E+00

Total 3.1E-06 8 OE-06

Note 1. Dose calculated using D, equation from Section BS.1 with a x/Q of 3 6E-6 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)

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 1o roundoft
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ACTIVITY|

ISOTOPE (C1)

DCF
(Rem/Ci)

DOSE
(Rem)

I-131

- —

4 20E+00

1 49E+06

2 0E-03

1-132 7.95E-01]

1 43E+04

3 6E-06

-133 4 94E+00

2 69E+05

43E-04

-134 2.29E-01

3.73E+03

2.7E-07

I-135 1.9SE+00

5 60E+04

3. 5E-0S

H-3 7.69E+04

1. S8E+02

3 9E-03

l'otal

6 4E-03

results due to roundoff

Table B-11. LPZ Thyroid Dose due to Secondary Liquid Releases

Note 1. Dose calculated using D, equation from Section BS 1 with a X/Q of 9. 24E-7 sec/m’
(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 shghtly different
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Table B-12. LPZ Immersion Doses due to Secondary Liquid Releases

aActivity | PCF (Rem-m’/Ci-sec) DOSE (Rem)
ISOTOPE (Ch) B Skin W Body B. Skin W Body
1131 420E+00 | 317E-02 | 8 72E-02 | 12E-07 | 3 4E.07
79SE-01 | 132E-01 | 5.13B-01 | 97E-08 | 3 8E-07
13 494E+00 | 735E-02 | 1 SSE-01 | 34E-07 | 71E-07
1-134 229E-01 | 923E-02 | 5.32E-01 | 19E-08 | 1 1E-07
1-135 | 9SE+00 | 1.29E-01 | 421E-01 | 23E-07 | 76E-07
H-3 769E+04 | 0.00E+00 | 0.00E+00 | 0.0E+00 | 0 O0E+00

Total 8 1E-07 2.3E-06

Note 1: Dose calculated using D, equation from Section BS 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 Design Input 4 4)

Note 2. Ths 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

i ACTIVITY DCF DOSE
ISOTOPE (Ci) (Rem/Ci) (Rem)

4 20E4+00 | 1 49E+06 1. 7TE+00
7.95E-01 1 43E+04 3.1E-03
4 94E+00 | 2.69E+0S 3 6E-0)
2 29E-01 3 73E+03 2.3E-04
1 95E+00 | 5 60E+04 3.0E-02
7.69E+04 | 1.58E+02 | 3.3E+00
S 4E+00

Note 1: Dose calculated using D, equation from Section BS | with a x/Q of 7.9E-4 sec/m’
(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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l'able B-i4. Control Room Immersion Doses due to Secondary Liquid Releases

ACTIVITY DCF (Rem-m’/Ci-sec) DOSE (Rem) |
ISOTOPE (Ch) B Skin W. Body B Skin W. Body
1-131 420E+00 | 3.17E-02 | 8.72E-02 | 1.1E-04 | 58E-04
132 | 795E-01 | 1.32E-01 | 5.13E-01 | 83E-.05 | 64E-04
' 494E+00 | 7.35E-02 | 1 SSE-01 | 29E-04 | 12E-03
229E-01 | 923E-02 | $32E-01 | 17E-05 | 19E-04
1135 1 95E+00 | 129E-01 | 421E-01 | 20E-04 | 13E-03
H-3 7.69E+04 | 0.00E+00 | 0.00E+00 | 0 OE+00 | 0.0OE+00
Total 6 9E-04 | 3 9E-03

]
L

Note I: Dose calculated using D, equation from Section BS 1 with a X/Q of 7 9E-4 se¢/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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\ Fable B-15 Secondary System Steam Activities
4 ACTIVITY
FllS()'l()l‘l (;.(lg)T (Ci) !
1131 8 13E-04 | 3 72E.0] ;
l 1-132 | S4F.04 7.05: U:’.
1.133 ¢ STE-04 JL 4 3b-01
I-134 4 43E.05 2 03E-02
o e P — e ——— e e e
“ I-135 3 78E.04 | 73E-01
Kr-85m 8 19E-0§ 3 75E-02
b e —
‘ Kr-85 } SRE-04 1 64E-0)
Kr-87 3 B4E-05 1. 76E-02
et v———————— b - — 4
Kr-R8 | 24E-04 S o8E-02
——— ————————————
Xe-131m 8 32E.08 ) 81E-02
e e
Xe-133 1. 14E-02 | S 22E+00
it I Wbl
Xe-135m 3 B4E-05 1. 76E-02
--—.-_‘...r.,,.__qr..“_..._‘ S—— ———— S SE——
4 Xe-135 3 4SE-04 | 63E.01
e w——— . v—————————
Xe-138 1 9SE-05 8 O3E-03
- e — e
" H-3 2 O8E+00 | 136E+03

Note 1 Ci values obtained by multiplying uCi/gm values by 4 SBE+8 gm (per Section BS 4)
and 1E-6 CVuCi

Note 2° This table was prepared using a spreadsheet software with internal calculations

performed using more digits than shown, hence, hand calculations may vield shghtly different
results due 1o roundoft
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Table B-16. EAB Thyroid Dose due to Secondary Steam Releases

ACTIVITY| DCF | DOSI
ISOTOPE (Ch) (Rem/Ci) (Rem)
1-131 372E-01 | 1.49E+06 | 6 9E-04

|eismasen
1-132 7T05E-02 | 1 43E+04 1 3E-06
- i

[-133 4 38E-0 2 69E+05 1. SE-04

e e —

1.134 2 3R 3 73E+03 0 SE.08

[-13§ | 73E-0] § 60F404 1 2E.08
H-3 1. 36E+03 | 1 S8E+02 2 TE-04

—

Total ‘ | 1E-03

ey ISR —————

Note | Dose calculated using D, equation from Section BS | with a x/Q of 3 6E-6 sec/m’
(per Design Input 4 5), a breathing rate of 3 4714 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. Ths table was prepared using a spreadsheet software with internal calculations

performed using more digits than shown, hence, hand caloulations may vield slightly different
results due to roundoff
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lable B-17. EAB Immarsion Doses due to Secondary Steam Releases

ACTIVITY DCF (Rem-m'/Ci-sec) DOSE (Rem)

ISOTOPE () B \L..‘T W Body| B Skin | W Body
1131 3 72E-01 02| 872E.02] 4 2608

- |

e — e ——

]-13 "n([‘- (;3 ‘ | 1 4F.08

S—

1-133 4 ‘8! (JI L ! ‘ 1. 2E-07

————— .,__.0_.- -

1-134 pd U.H ( Z' 23E-02 | 532E-01| 6.7E-09

e —

'.
I | 73E-01 .01 | 421E<01] 8.0E-08
h\. 8$5m 3 7SE-02 \ 3 71E- 6 2E-09

Kr-85 | 64E-0] 8 10F [,4 9 \v}: 08 i
s ) NN + 4

Lk' R" 3 | 76E-02 4(»}(( \,1 } gs| |

: (‘[ 08 2E-0R8

1
Kr-88 «m -02 751E-02 | 466E-01] 1SE-08 | 9 SE-08)
—— - __*__

Xe Hlm H(II l‘ll-l'l 2 90E-03 2.1E-09 4 OE-10

— S S———— SEE———

. —
Xe-133 § 22E+00 'm 03 | 932E.03 IR[' MJ lﬂl 07

——ay e

\( 1385m | 76F n: , 02 0 ROE-02 | 4E.09 6 z| (m

S —— —— e - — - -+ ————— e —— e

\t l\“ I(Jl ('l \ 14102 ) 4F (_184 i1 4E -UB

—— 1

\e I\)\ “N} lll . ‘ "S;u[- 0 4 2E.00 ‘)\" 09

| 36E+03 IH+00 uwl[ +001 O OF ’sun\r (H\} +00

| Total § TE-07 | 1E-06

Note I' Dose calculated using D equation from Section BS. | with a X/Q of 3 6E-6 sec/m’

(per Design Input 4 5), immersion DCFs per Design Input 4 & and an occupancy factor of 1
(per Design Input 4 4)

Note 2° This table was prepared using a spreadsheet software with internal calculations

performed using m ore digits than shown, hence, hand calculations may vield sl ightly different
results due to rourdof!
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Table B-18 LPZ Thyroid Dose due ‘o Secondary Steam Releases

ACTIVITY | DCF DOS!
ISOTOPI (C1) (Rem/C1) (Rem)

1-131 1 12E-01 | 1 49E+06 | RE-04

1-132 7 0SE-02 | 430404 3.2E.07
e —*» — ————— L e——
1-133 4.38E-01 | 269E+05 | 3 8E-08
1-134 2.03E-02 | 3 73E+03 JY 2 4E-08

;A.._..A{ e ——
1.73E-01 5 60E+04

4

3 1E06
4 L e

1 36E+c" | 1 S8E+02 | 6.9E-0$

Total 2 9E.04

Note 1. Dose calculated using D, equation from Section BS. | with a x/Q of 9 24E-7 see/m’
(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

pertormed using more digite 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

Sheet 130 of 282

ACTW]TY DCF (RGIHH‘ /Ci-uc) DOSE (M)

ISOTOPE]  (Ci) | B.Skin | W Body | B Skin | W Body
I-131 372E-01 | 3.17E-02 | 8 72E-02 [ 1 1E-08 | 3 OE-08
1132 708E-02 | . 32E-01 | § 13E-01 | 8 6E-09 | 33E-08 |
1133 438E-0' | 735E-02 | 1 $5E-01 | 3.0E-08 | 6 3E-08
1-134 203E-02 | 9.23E-02 | 5.32E-01 | 1.7E-09 | 1 0E-08
I-135 1. 73E-01 | 1.29E-01 | 421E-01 | 2 1E-08 | 6.7E-08
Kr-85m | 3.75E-02 | 463E-02 | 3.71E-02 | 16E-09 | 13E-09

{ Kr-85 1.64E-01 | 425E-02 | 5.10E-04 | 6 4E-09 | 77E-1
Kr-87 | 176E-02 | 3.08E-01 | 1 88E-01 | 5.0E-09 | 3.0E-09
Kr88 | 568E-02 | 751E-02 | 466E-01 | 39E-09 | 2 4E-08
Xe-131m | 381E-02 | 1 S1E-02 | 2.90E-03 | $3E-10 | 10E-10
Xe-133 | 5.22E+00 | 9.70E-03 | 9.32E-03 | 4 7E-08 | 4 se-of]
Xe-135m | 1.76E-02 | 2.25E-02 | 9 89E-02 | 3 7E-10 | 1 6E-09
Xe-135 | 1.63E-01 | §89E-02 | 5.74E-02 | 8.9E-09 | 8 6E-09
Xe-138 | 8.93E-03 | 1.31E-01 | 2.80E-01 | 11E-09 | 2 3E-09
H-3 1 36E+03 | 0.00E+00 | 0.00E+00 | 0.0E+00 | 0.0E+00

iToul 1.SE-07

Note 1. Dose calculated using D, equation from Section BS | 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 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 vyield slightly different
results due to roundoff
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A Table B-20. Control Room Thyroid Dose due to Secondary Steam Relecases
’ ACTIVITY|  LCI DOSE
2 1SOTOPY (Ci) (Rem/Ci) (Rem)
1-131 3. 72E-01 | 1 49E+06 | SE-01
s e————————————
\ 1132 705E-02 | 1.43E+04 | 2 8E-04
e — % ¥ —— e — o ——————————
1-133 4 IRE-0) JL 2 69F 4058 § 2E-02 W
A 1-134 2 03E-02 | 3 73E+03 2. 1E-08§
P m———— e— e —
I-13§ 1 T3E-0] | S 60E+04 2.7E-03
)_,,, —— D e NCI—— — ———a
H-3 | 36E+03 | 1 S8E+02 5 9E-02
‘ Total 2.5E-01

Note 1° Dose calculated using Dy, equation from Section BS | with a X/Q of 7 9E-4 sec/m’
(p.7 Design Input 4.5), a breathing rate of 3 47E-4 m"/sec (per Assumption 3 4), inhalation
DCFs per Design luput 4 8, and an occupancy fector of 1.0 (per Design Input 4 4)

Note 2. This table was prepared using a spreadsheet software with tnternal calculations

performea . «ing more digits than shown hence hand caloulations may yield slightly different
results due to roundoff
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Table B-21 Control Room Immersion Doses due to Secondary Steam Releases

Al ]l\ill\T l)( ’ (RB”\ ﬂl ) seC) [)()\‘ (R(")

- R -~

sotore| (i) B Skin | W Body| B Skin | W Body
1131 ).72E-01 | 3.17E-02| 872E-02] 93E-06 | § IE-05

T S— S— P —

1-132 7 0SE-02 II*I 01] S 13E-01 74[ .06 }

SIS NG—

1«133 4 I8E.0] 7 1SF (u 1 §5E-0] 2 SE-0S§ II‘ M
h————————————— RSN T———

1-134 2 (Rl 02 9 "1[ U" § 32E.0) | SE-06 7l~d$
R

— —— 4

1125 173E-01 | 1.29E- m 4211 01| 1 8E-0 2E-04
: L 4 wed
Kr-85m 1 T5E-02 4 (ﬂl 3711 -0: ] 4! ()(' 2 2E-06
Kr-8§ | Ml 01 "\l (" S 1UE-04 5 SE-06 H
- - — - - * e ———— - —
Kr-87 ] 7(»} 02 1 O8F m | 88E.01 4 3E-06 s “l (m
P e - 4 — e e A e e e el e s el |
Kr-B8 R 6RE-02 7 'sll (r‘ 4 66F .n| 1 4E.06 4 2E-05

e e, ——— e el i

2" GRS T —

)\(' 13lm ] 3 RH'»()? | ‘\l[‘-(".‘ 2 90E -vU‘ 4 SE-07 | 71:-”’J

\c 133 5 22E+00 9 J0E-031 932E.0% 4 |’ (»« 7 TE.08

Bty 4 £ 8

\c 11*n l T6E-02 2.25E T 9 89E-02 1 Il .;7 2.7TE-06
i - e B e e, T

\c H* lml 01 HM U T

—e e e oy e

"tl 06 | SE-05
-—'~—<r-

8(”['\3 | }][ Ul 2 B0} ‘)‘[ 1 OE.06

T —

. N———— e EEEE S —
l" } | .lh}"lﬂ U()\)l +(N) {‘Hlb} +00 |U' +00 (l(l[ +00

I otal _ 1 3IE-04 5§ OF-04

Note | Dose calculated using D, equation from Section BS | 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 44).  Whole body doses have been doubled per Assumption 3
Note 2. This table was prepared using a spreadsheet software with internal calculations

performed using more digits than shown, hence, hand calculations may vield slightly different
results due to roundoff
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Table B-22 Dose Summary

DOSI (an)

I “Thyroid | Bets Skin | Whole ia[.dd
l X( hmnv. Area Huunda'\

- — e ————— — .

RPN SIS U S N—

l‘nmm\ Liquid . | 3E- 08

r e

—

Secondary Liquid 502 | 31E-06 | 89E-06

e e SESEE————

Secondary Steam 0! S TE-07 l 1E-06
——
Total 3 6E 1 TEL0S "’l 08

Low Population Zone

Prmur\ Liquid 2 6E-03 $ 4E-06 § TE-06

et —————— SEER—— ————— em

Suundan | 1qund 6 4E-03 g 1[ 07 23E-06

S —

_—

et —— S CEE—

Sc&ondun Steam 2.9E- l ﬂl (i 2 Vl -('7

o C— ——

Total 9 3E.03 4 4806 \1 .n(\

i omml Room

i ———— ————————————— e —————————— ve——————

e g
anlh l:qmd 2.2E+00 2 9E-03 9 8E-03

\ewndar\ | .‘,und S 4E+00 6 9E-04 3 w[ 03

Secondary Steam 2 SE-01] l H 04 | S U} (i-o

—

—— e e e 4 e e e A ——————

Total 7 SE+00 Htl 03 Tl 1 4F.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 different
results due to roundoff
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APPENDIX C SMALL BREAK LOCA
C1.0 SBLOCA METHODOLOGY

Following a Small Break Loss-of-Coolant Accident (SBLOCA) there may be four main
radioactive material release mechanisms First, as the SBLOCA is a breach of the reactos
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 SBLOCA events Main Steam Safety Valvas (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 1o be at the design basis value of | 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 1o the Control Room, EAB and LPZ

I'he immersion and inhalation doses are due to the airborne cloud at the EAB and LPZ and the
cloud inside the Control Roomn. The LOCADOSE dose calculation program will be run using
the appropriate assumptions and design inputs from Sections 3 and 4 1o 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

I igure C«| represents the initial («vnllg\zlatl\vt; with containment miri-purge system in
operation

Figure C-2 represents the configuration unce the CR HVAC svstem has been laced
Y £

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
diffening SBLOCA break sizes, a parametric evaluation will first be performed to datermine

which SBLOCA is limiting. The limiting SBLOCA will then be evaluated for the offsite and
Control Room doses
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Figure (-1

SULOCA LOCADOSE Model

CR HVAC In Normal Mode, Containment Mini-Purge in Operation
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Figure C-2
SBLOCA LOCADOSE Model
CR HVAC In High Radiation Isolation Mode, Containment Mini-Purge Secured
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C3.0 SBLOCA ASSUMPTIONS

Ci1

Ci2

C33

C3

C3$

Cieé

C37

No specific 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 (I0SGADV/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 Ibm (from $-CE-3379, Reference 6 g,
with the data from pages 67 and 69 of calculation 1370-DT-003, Reference 6 7)) For

conservatism, the secondary system mass release will be rounded up to 1,300,000 Ibm
for this analysis

Because this evaluation is based on having the containment mini-purge system in
service at the start of the accident, & pre-existing iodine spike will be assumed  This is
per Standard Review Plan 6.2 4 Branch Technical Position 6-4 (Reference 6 40)

This analysis assumes that the iodine present in the leaking reactor coolant that flashes
1o steam will become airborne in containment  Therefore, no additional credit will be
taken for iodine removal by containment spray or plate out

It will be assumed that 1% of the iodine 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 coefficient used for the stesm generators

Per ABB Letter ST-96-456 (Reference 6.3m) no fuel failure results from small break
LOCASs at the beginning . f 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)

It 1s assumed that the leakage from the RCS to containment continues until 24 hours
after the start of the accident, when the RCS is 1ssumed to be depressurized (stopring
the leak)

Since the ABB/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 (o apply from the end of the ABB/CE analysis to 24 hours




EC&FS DEPARTMENT

CALCULATION SHEET PRELIM. CCN NO

PAGE

Project or DCP/MMP _DCP 283 8926.018J . Cale. No._N0720014 CCN C ONZE‘;:I(W
CON NO -
Subject_Cor.r.0l Room and Otfsite Doses Should CPIS, CRIS, and FHIS Fall Sheet 147 of 262

aev] comaros | pare 8 m_.n{.&xm__un e L pary
O [Mark Drucker 8/15/87 |T. Remick 81807

C38  Tobound SBLOCAs smaller than 0.01 ft*, the 0.01 f* SBLOCA evaluation will not
credit the SIAS (per Design Input C4.1). This is because smaller SBLOCAs mav not
generate a SIAS prior to 30 minutes, due to makeup from the CVCS Instead,
Operator action to manually isolate the containment mini-purge 8y .cem 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 manua! action interval permitt xd 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 Monitoring System computer, or by
observation of the increase in containment sump level on 2(3)-L1-5853-1 or
2(3)-L.0-5853-2 (References 6.2i and 6 2i)

Secondary side mass release time information is not available The parametric analysis
will assume that of the 1,300,000 Ibm secondary rclease (per Assumption C3 1),
400,000 Ibm 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 Ibm of the assumed secondary release is through the

MSSVs, ADVs, and/or the steam drivan Auxiliary Feedwater pump during the
remainder of the event

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 1k)

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 (Refc ences 6 4) and 6 .4Kk) stroke time limit of
S seconds

I'he entire Design Input C4.3 MSSV release for the 0.01 fi* SBLOCA will be assumed
1o occur in the first 30 minutes. Per ABB Letter ST-96-456 (Reference 6 3m). the
MSSVs for the broken loop actually close &: 1936 secunds (32 3 nmunutes), and the
MSSVs for the intact loop close at 2040 seconds (34 minutss) 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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SBLOCA DESIGN INPUTS

Per ABB Letter ST-96-456 (Reference 6 3m) the SIAS and MSSV actuations occur at

the following times for the given break size.  An entry of N/A indicates that the event
did not occur

Break Size ()  SIAS (sec) MSSVs Open(sec)  Last MSSVs Cle sed (sec)
oo 620 150 2040
0025 260 110 5440
0.05 135 140 2500
0075 4] 92 440
010 70 70 ild

1.0 105 N/A MNA

Per ST-96-456 the mass releases for the various sized SBLOX

CAs are as follows

0.01 £° SELOCA
0« 1032 min (620 sec or 0. 172 hr) 116,960 Ibm (equivalent to 2¢8 cfm)
1033 - 30 min

102,590 Ibm (equivalent to 124 cfm)
30 « 60 min

156,320 Ibm (equivalent to 124 cfm)
60 « 83 3 min (end) 40,030 Ibin (equivalent to 41 ¢fim)
total (O to 83 .3 min) 415,900 Ibm

QOS It SBLOCA
0 =433 min (260 sec or 0.072 hn)

119,090 Ibm (equivalent to 652 cfm)
43«30 min

219 830 Ibm (equivalent to 222 cfim)
30 « 60 min 114,110 Ibm (equivalent to 90 ¢fm)
60 - 100 min (end) 123,250 Ibm (equivalent to 73 cfm)
total (0 to 100 min) 596,280 lbm

0.05 i’ SBLOCA
0«225 min (135 sec or 0038 hr)

121,000 Ibm (equivalent to 1275 ¢fm)
225 30 min

116,880 Ibm (equivalent to 271 cfm)
30 - 50 min (end) 75,770 Ibm (equivalent to 90 cfm)
total (0 to 50 min) 513,650 Ibn
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Q075 ft' SBLOCA
0« 1.47 min (88 sec or 0 024 hr) 117,350 Ibm (equivalent to 1893 cfin)
1.47 « 30 min 354,560 Ibm (equivalent to 295 cfm)
30« 33.3 min (end) 14,690 Ibm (equivalent to 106 ofm)
total (0 to 33.3 min): 486,600 Ibm
0.1 A SBLOCA
0« 1.17 min (70 sec or 0.019 hr): 121,710 Ibm (equivalent to 2466 cfm)
1.17 - 16.7 min (end): 300,750 Ibm (equivalent to 459 cfm)
total (0 to 16.7 min): 422,460 Ibm
LOfY SBLOCA
0-0.175 mun (10.5 sec or 0.003 hr): 157,220 Ibm (equivalent to 21300 cfm)
0.175 - 1.1 min (end): 251,940 Ibm (equivalent to 6458 cfin)
total (0 to 1.1 min) 409,160 Ibm

The volumetric flow rate for each of the time intervals has been calculated as follows,
using the Design Input 4.6 RCS specific volume
)
Flow rate (cfim) = Interval release (Ibm) 002371 ft°

Interval duration (min) {bm

For the 0.05 ft* first time interval, a sample caloulation is

121,000 bm . 002371 87 278
2.25 min (b it

C43  Per ST-96-456 the MSSV releases for the various sized breaks are as follows

0.01 fi” SBLOCA

150 - 620 seconds: 95,373 Ibm (broken loop, prior to SIAS)
150 - 620 seconds: 94,238 Ibm (intact loop, prior to SIAS)
020 - 1936 seconds. 49,347 Ibm (broken loop, after SIAS)
620 - 2040 seconds: 74,442 Ibm (intact loop, after SIAS)
total 313,400 Ibm (both loops)
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0023 1" SBLOCA

110 - 260 seconds 11,043 Ibm (broken loop, prior to SIAS)
110 - 260 seconds 10,520 Ibm (intact loop, prior to SIAS)
260 - 5440 seconds 135,057 Ibm (broken loop, after SIAS)
260 - 5440 yeconds 105,950 Ibm (intact loop, after SIAS)
total 262,570 Ibm (both loops)

Q.05 f° SBLOCA

140 - 2500 seconds: 68,008 Ibm (broken loop, all after SIAS)
140 - 920 seconds 48,264 Ibm (intact loop, all after SIAS)
total 116,272 Ibm (both loops)

0.075 fi° SBLOCA

92 - 440 seconds 39,209 Ibm (broken loop, all afier SIAS)
92 - 435 seconds 36,392 Ibm (intact loop, all after SIAS)
total 75,601 Ibm (both loops)

1" SBLOCA

70 - 314 seconds 30,894 Ibm (broken loop, all after SIAS)
70 - 314 seconds <8 834 |bm (intact .oop, all after SIAS)
total 59,728 Ibm (both loops)

L0 ft* SBLOCA
no MSSV actuation
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CS5.0 SBLOCA COMPUTATIONS
CS1  Primary System Activity Int sntory

I'he primary system contains the normal reactor coslant activity (per Design Inputs 4 13 and
4.14) with an iodine spike (per Assumption 3 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 lodine Flashing

Per Assumption C3 3, the iodin  present in the portion of the leaking reactor coolant that
flashes to steam will become ».borme  To find the flashing fraciion, the mass and enthalpy
balance equations will be woived simultaneously The break location is not specified, so the
temperature and pressure of the released fluid is not known To maximize the amount of hiquid

that flashes, this analysis will be done for the hot leg conditions of 611°F and 2250 psia (per
Design Input 4 6)

Terminology (all enthalpies are from the ASME Steam Tabies)

m, mass of coolant released to containment

m, released coolant mass that remains a liquid in containment

m, released coolant mass that flashes to a gas in containment

h, coolant enthulpy (compressed liquid at 611°F and 2250 psia,
629.3 BTU/Ibm)
liquid enthalpy (saturated liquid at 14.7 psia, 180.17 BTU/Ibm)
gas enthalpy (saturated vapor at 14.7 psia, 1150 5 BTU/bm)

Substituting m, = m,_ - m, yields

mh_= (m m')h,

ml'h(‘ mrhl m‘h[

mih_ - h,) = m(h

I ¥
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629.3 - 180.17
1150.5 - 180.17

Per Assumption C3 4, an additional 0 $37% (1% of the lodine ent in the 53 7% of the
liquid that does not flash) is also assumed 1o be released The total flashing percentage of

46 B37% (46.3% + 0 537%) will be conservatively modeled as 47% in this caloulation 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 from the RCS to the containment
volume

(53 SBLOCA Primary to Secondary Leakage

Per Design Input 4.11, the primary to secondary leakage is 0 198 cfm The radioactive
matenal 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 coefficient of 0 0} (per Assumption 3 5)

0

CS5.4 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 Ibm

For the purposes of the parametric evaluation, this release will be
modeled as starting at 0 seconds Using a steam density of 1. 95 Ibnvft? per Assumption 3 11
this results in the following MSSV mass flow rate

A

MSSVflowrate « 30200 1m , A" | cu3g ofim

30 min 1.95 lbm
Use of this value for all size SBLOCAs will tend to over predict the Control Room doses for
the larger SBLOCAs As shown in Design Input C4 1, the SIAS has already been generated
(and thus the Control Room isolation initiated) for the 0075 8%, 0.1 f*, and 1.0 f* SBLOCAs
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before the MSSVs open. This over conservatism does not affect the conc lusions of the
parametric evaluation, since as shown in Section CS 8 the doses actually decrease with
Increasing break size (due to the smaller duration for the mini-purge release path)

(5.8 SBLOCA Secondary Side Cooldown Releases for Parametric Es aluation

Per Assumption C3 9 the steam release from the secondary side during the ccoldown is
900,000 Ibm, and the duration is 283 minutes. Using a steam density of 1 95 Ibm/At? per
Assumption 3 11, this results in the following cooldown mass flow rate

90000 Ibm  fi? -

Cooldown flow rate —— .
183 min 1.95 lbm

= 1631 ¢/m

(5.6 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 c¢fin 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 Assumption A3 7), the flow rate out of containment is
equal to the Design Input 4 10 containment leak rate

(5.7 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, HVAC changes, secondary system
release changes) The analysis will be done for a duration of 30 days. To simplify the
modeling, the break flow rate for the 0 to SIAS tiime interval will be modeled as continuing for

the additional 10 seconds necessary for the Control Room and muni-purge isolations to occut
(per Assumption C3.10)
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une Step
boure after

Signuficance of the Time Steg
start of event)

hes Lontmnment mni-parge system in peration
3k‘y,uu.u¢ of SBLOCA limstng fault

vanable (per C4 ) SIAS ponernted
Change i tweak flow for 0.01 (¥ SRLOCA

variahle + 10 seconds | Contatument mini-purge and Control Room isolated (except for 0.01 fi? SBLOCA
pet C4 | and C3.10 per Assumption C3 8

Change in break flow (exsopt for 0.01 1 SBLOCA)

).5 houry Start of plant cooldown
Change 10 break fow
Loutainment mun-purge and Control Room solated for 001 17 SHLOCA per C3 K

Change in break flow

End of EAB dose analysis

(471 hr cooldown + 0.5 hr start time = 5 21 ht) Shutdown cooling in service, ADV
closed and AFW secured (also stopping the release path for t

e primary W secondary
leakage)

Control Room HVAC placed in single train operation
CR x/Q changes

LFZ XAQ changes

LPZ breathing mie changes

Leakage from RCS to Contuinment assumed (o be
CR ocoupancy factor changes

CR xAQ changes

LPZ X/Q changes

1solated

LPZ breathing rate changes

CR oceupancy factor changes
CR XQ changes
LPZ xAQ changes

End of analysis
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C&8 SBLOCA Dose Results for Parametric  aluation

'he Control Room and EAB thyroid doses for the various sized SBI OCAs are as follows,
based on the Section C6.2 and C6 5 input files

Break Size CR Thyroid Dose (Rem) EAB Thyroid Dose (Rem)

001 & 0076

0.025 f? 0 0007 ‘

005 ft* (

0 00§

0075 ft? 0 004

0 l f‘t) . o T g -

0 003

1.0 ft? A X 0.003 ol

Based on the parametric evaluation, the 0 01 f? SRLOCA is the most limiting. The following
sections will detail the 0.01 ft’ accident specific LOCADOSE input parameters (which differ
slightly from the generic values used in the parametric evaluation)

C59 0.01 1 SCLOCA 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 Ibm, which will be rounded up to

§14,000 1bm for this analysis Per Assumption C* 12 this entire release will be assumed to
occur during the first 30 minutes of the accident Using a steam density of 1 95 [bm/ft’ per
Assumption 3,11, this results in the following MSSV mass flow rate

)
MSSYV flow rate = — 314,000 ibm__ " L 8345 cfm
30 min - 2.8 min 195 [bm
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C5.10 0.01 ft" SBLOCA Secondary Side Cooldown Releases

Per Assumption C3 9 the steam release from the secondary side during the cooldown s
900,000 Ibm, and the duration is 283 minutes Using a steam density of 1.95 Ibm/ft* per
Assumption 3 11, this results in the following cooldown mass flow rate

200,00 lbm , _p1°

Cooldown flow rate ,
283 min 1.95 Ibm

= 1631 ¢fm
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CS11 0.01 i SBLOCA LOCADOSE Code Time Steps

The time steps entered into the LOCADOSE Code were chosen to model the times at which
parameters important 10 the analysis are changed (e g, HVAC changes, secondary system
release changes) Per Assumption C3 8, no credit will be taker for the SIAS initiating the
isolation of the Control Room or the Containment mini-purge system, in order to bound
smaller SBLOCAs (where the SIAS may not occur prior to 30 minutes) The analysis will be
done for a duration of 30 days

lime Step |
(hours after

Significance of the Time Step
start of event)

‘ O hrs Contarument mini-purge systemn in operation
Heginning of SBLOCA luniting fault

Containment leakage begins at 0 | volume percent per day

0.042 hr MSEVs oper
| 5O seoonds)

172 lu SIAS generated (but not credited, per Assumption C3 §)
(620 sevonds) Change in break flow

0.5 hows Contaiment muni -purge isolated (per Assumption C3 8
Control Room isolated (per Assumiption C3 8)

Str-t of plant cooldown

MSESVs closed (per Assumption C3 12)

hr End of EAB dose analysis

(4.71 hr cooldown + 0.5 by start time = 5.21 br) Shutdown cooling in service, ADV

closed and AFW secured (also stopping the release path for the primary to secondary
leakage)

8 hr Cantrol Roomn HVAC placed in i~ aration
CR xAQ changes

LPZ x/AQ changes

LPZ treathing rate changes

| 24 Wy l.eakage from RCS to Contminment assumed to be isolated
Containment leakage “educed 10 0. 0% volume percent per day
CR occupancy facta  anges

CR x/Q changes

LPZ x/Q changes

LPZ breathing rate changes

96 hr CR ocoupancy factor changes
CR xQ changss

LPZ xAQ changes

+J 1 End of analysis
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C5.12 0,01 i SBLOCA Deose Results

Per Section C4.2, the 0.01 ft* break size is charactenized by an average 30 minute leak rate of
approximately 1300 gpm

LR (0.01 &%) = [116,920 Ibm + 102,590 Ibm) / [(30 min)42 176 Ibm/min}0 13368 f’ gal))
LR (0.01 ft*) = 1300 gpm

Per Section 6. the dose consequences of this 0.01 ft* break size SBLOCA are as follows
he Control Room whole body doses are doubled per Assumption 3 7

Table C5,12-1
0.01 ft' SBLOCA, Mini-Purge and CR Isolated at 30 Minutes

e ————

Location Dose (Rem)

———— e e e

Control Room \
Thyroid Inhalation 49
Beta Skin Immersion

Whole Body Gamma Immersion
EAB

Thyroid Inhalation

Beta Skin Immersion

Whole Body Gamma Immersion

LPZ

Thyroid Inhalation

Beta Skin Immersion

{ Whole Body Gamma Immersion

S N
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C5.13 40 gpm RCS Leak Dose Results

l'his section evaluates a small RCS leak which is at the capacity of a single charging pump
(e, 40 gallons/minute per Technical Specification LCO 3 § 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 HVAC 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 Ibm/ft’ corresponding to the
core exithot leg conditions of 611°F and 2250 psia (per Design Input 4.6) Use of this density
ensures consistency between the leak rate and the primary reactor coolant activity
concentrations modeled in the LOCADOSE code runs (per Design Inputs 4. 13 and 4.14)
Based on a 013368 ft'/gallon volumetric conversion factor and a reactor coolant density of
42.176 Ibm/ft’, the 40 gpm volumetric leak rate is equivalent to a mass leak rate of

LR = (40 gallons/minute)(0 13368 ft*/gallon)(42 176 Ibnvt*) = 225§ Ibm/minute

-~

The LOCADOSE code run for the 40 gpm RCS leak is presented in Section C6 8. The
significant characteristics of this run are

Per Assumptior 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 lodine-131

This 1odine spike is assumed to decay (at the halflives of the various 1sotopes) from
time zero

The RCS leak continues unabated during the 30 day RC'S leak event duration This
model conservatively omits consideration of any Operator Action that would be taken
1o mitigate .he release into the containment air space

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 Inj. "1t 4.17) at the start of the event

MSSV and ADV cooldown stearn releases are not considered in this evaluation
Engineenng judgement dictates that should the MSSVs lift. then Operator Action
would be taken to identify the cause and initiate a cooldown to shutdown cooling
wiich would terminate these activity releases within a matter of hours As such
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Engineering judgement dictates that the secondary side stean activity release will be
minimal in comparison to the primary coolant (with pre-existing iodine spike) activity
released to the environment

Simultaneou. manual Operalyr Actions o« Cur to 1solate the containment mun-purge
System, piace the Control Rooin HVAC sy stem into the high radiation isolation mode
and start a single train of the control room essential HVAC system

I'he LOCADOSE input files for the 40 EPMm case utilize the activity release rates determined in
lable CS5 13-1. These acuvity release rates were calculated by scaling the Design Input 4 ¢
RCS activity profile with the Design Input 4.6 RCS density and the assumed RCS 10 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- footnotes “b” and “¢”

The containment arborne activity release mechanism and the control room model are depicted
) ]

in Figures C-3 and C-4 Table C'$ 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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PACE

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

Simultaneous manual Operator Actions occur to isolate the containment mini purge
system, place the Control Room HVAC system into the high radiation isolation mode
and start a single train of the control room essential HVAC system

The LOCADOSE input files for the 40 gpm case utilize the activity release rates determined in
lable C5.13-1. These activity release rates were caiculated 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 RUS 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 C5.13-1 footnotes “b” and “¢”

I'he containment airbome 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 C5,13-]

CTIVITY RELEASE RATES INTO CONTAINMENT FOR A 40 GPM RCS LEAK

1sotope ] RUS T RCS 1 RCS Frachion RCS 1 Corversion Activity

A

Density

Livaty Lo
|

Flashing

Leak Rate

|  Spiking
rFacln
(D)4 14)

S R T T

(D1 4 6]

(1ban/gf)

into Cumt

| Sect. CS :’}
'4;1('&*‘-

| &ssUIned |

60

42 17¢

N 47

40

1)

Faotor

LOLC &)

kt‘:(‘h'\
Kate

into Ctmt

see note b)

(Cihe)

3 638e0)

| 35e4)2

42176

- —

147

40

1638 13

1 ESe40]

42 176

-

Ty

16381

1.71e+02

42 17¢

047

6iRe03

v

1. 70e+0)

42 17¢

63Re-07 |

71.55¢40]

42 17¢

63Re-?

" A .
| OOe+00

C: 176

42176

| 164K

42

—

63Ke 403

T §2e+0]

663640 ]

1638403

1 7400

42

7 1 2e+X

63%e03

" A
<. 30e+0)

2.5]e+ 0

Ihm——
Xe-131m
e

42

63Ke)3

| 54e0]

Xe-133m 0 00e+0

42

T W——
Xe-133 1 4det(12

42

1.638e-0)3

) 00e+00

658e-03

| 166+

1 1Y 1
LV/e|

42 ¢

638e-0)

£38e-03

6574 3

S R7ed])

3 22e+00

618001

3 60 +(X

638e03

| 98e40)

4 \Re0]

h\hr—("‘-(

2.57e1

- -
5.24ed

H3%e03

- 12% T
ad l

O0e+() ™

—

-—q

638003
1638

—— e
)

4 lde

3630301 ]
« Ot A

l—‘ 1Red)d

0 O0e+(X

3 63Ke3

0. 00e+(N

S0 8e-0d

0 O0e+00

453 5924 grn/Than

sample caloulation for lodine- 131

Relcase Rate -

) 8O3 LCV/gnX60)

13368 clgal)(1e-6 CYLCIN60 minvhr) = 3.638e-3 gm-cl-Croun / thm-gal-uCi-hr

42.176 Iben/ef)(0 4740 gal/min)(3 638e I gm-cf<Ci-mu

“‘l'.“,.ll (PLN | hf

Kelease Rate

= |1

¢y Cvtyr

sample caloulation for Krypton-85n

Release Rate = (2 47 uCrgm)(42 17¢

< 176 [hm/ef )y 4(

Ralmit 163

Se-3 gm-cf-Cianun / lbm-gal

Ci+hr) =
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Figure C-3
40 gpm SBLOCA LOCADOSE Model
CR HVAC in Nvimal Mode, Containment Mini-Purge in Operstion

Node 2
Containment
2 306E+06 ft’

Containment Purge + Leakage Flow = 2201 6 cfm

+
X/Q Atmospheric Dispersion to Control Room

Unfiltered Inflow = §820 cfm

+

“
N‘Jde 3

Control Room
266 920 f’

- .

Exhaust Flow = 5820 cfm Recirc. Flow= 20885 c¢fm

. .

0% 1 elemental
0% 1 organic
0% Particulates
0% Noble Gases
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Figure C-4
40 gpm SBLOCA LOCADOSE Model
CR HVAC in Emergency Mode, Containment Mini-Purge Isolated

Node 2
Containment
2 306E+06 fi’

Leakage Flow = 1.6 cfm (prior to 24 hours)
Leakage Flow = 0 8 cfm (after 24 hours)

X/Q Atmospheric Dispersion to Control ®oom

Unfiltered Inflow = 10 cfm
Filtered Inflow = 2200 cfm (95% 1 elem, 95% 1 org . 99% partic . 0% noble ases)
v p 3

Node 3

Control Room
266.920 f°

Exhaust Flow = .210 ¢fm Recirc. Flow= 29934 cfm

Recirculation Filter
95% 1 elemental
95% I organic
99% Particulates
0% Noble Gases

LR
|

—
i
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TABLE C5.13-2
40 GPM RCS LEAKAGE SEQUENCE OF EVENTS

P e —————————

lime Step

hours afte Significance of the Time * op
. start of event)
-

Contamment muni-purge system 1n operation
Beginning of 4( gpm RCS leakage
Contamment loakage begins at 0.1 velume percent per day

hrs

B et ———

1.5 hours Containment mini-purge 1solated

Control Room solated with ( ontral Room HV A( placed in
L___-.-....__._<..___~__.._ —

2 hr Eod of EAB dose analysis

S T ——————
8 hr CR x/Q changes
LPZ xQ changes
LPZ breuthung rate changes

Single ramn operation

Contamment leakage reduced to 0 05 volume percent per day
CR oceupancy factor changes

CR X/Q changes

LPZ x/Q changes

LPZ breathing rate clnges

| CR oceupancy factor changey
i CR x/Q changes
| LPZ xAQ changes

End of analysis
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TABLE CS.13-2
40 GPM RCS LEAKAGE SEQUENCE OF EVENTS

I'me Step
(bours after

Siguificance of the Time Step
start of event

0 hre Contamment muni-purge system in operation
Begunning of 40 gpm RCS leakage
Contamment leakage begins at 0.1 volume percent per day

S hours Containment mini-purge isolated

Control Room 1solated, with Control Room HVAC placed in single tram operation

2l Eod of EAB dose analysis
8 hr CR x/Q changss

LPZ x/Q changes

LPZ breattung rate changes

Containment leakage reduced to 0 05 volume percent per day
CR occupancy factor changes

CR x/AQ changes

LPZ xAQ changes

LPZ breathing rawe changes

CR occupancy factor changes
CR x/Q changes
| LPZ x/Q changes

End of analysis
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FABLE C5.13-3
40 GPM RCS LEAKAGE,
MINI-PURGE AND CR ISOLATED AT 30 MINUTES
Location Dose (Rem)
Control Room
Thyroid Inhalation 02
Beta Skin Immersion <0.1
Whale Body Gamma Immersion <0.1
EAR
Thyroid Inhalation <0.1
Beta Skin Immersion <01
Whole Body Gamma Immersion <0.1
TR
LPZ
Thyroid Inhalation <0.1
Beta Skin Immersion <0 1
i Whole Body Gamma Immersion <0.1

LY e
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C5.14 Offsite Doses without Manual Isolation of Containment

This section determines the offsite 2-hour EAB and 3 O-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 of the containment mini-purge system. The LOCADOSE ende run for the | gpm
RCS leak rate case is presented in Section C6 9 The significant characteristics of this run are
| 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 lodine-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 norma! reactor coolant activity is
insignificant compared to the dose contribution from the high initial 10dine

concentration and the conservatism inherent in not taking credit for CVCS cleanup of
the RCS

The RCS leak continues unzbated during the 30 day RCS leak event duration. This
model conservatively omits consideration of any Operator Action that would be taken
to mutigate the release into the containment air space

Per Design Input 4.10, the containment leak rate is 0 1% by volume per day (1.6 ¢fm)
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 of the event

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 woulc terminate these activity releases within a matter of hours. As such,
Engineering judgement dictates that the secondary side steam activity telease will be
minimal in comparison to the primary coolant fwith pre-existing iodine spike) activity
released to the environment

No manual Operator Actions oceur to isolate the containment mini-purge system
purge s)

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
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RCS activity profile with the Design Input 4 6 RCS density and the assumed RCS leak rate
T'he 10dine 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 contuinment 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 | 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
Sectidn 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 750e~4 rem/1 .0 gpm) = 342 857 gpm
LR (EAB, WB gamma immersion) = (25 rem) / (1.141e-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 muni-purge system. This
determunation, documented in Table C5.14-3. was made by dividing the LLPZ 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) = (200 rem) / (1.017e-1 rem/1 0 gpm) = 2950 gpm
LR (LPZ, WB gamma immersion) = (25 rem) / (6 421e-$ rem/1 .0 gpm) = 389 347 gpm

Per Section C4 1, a SIAS is expected for SBLOCA leak 1ates equivalent to those associated
with a 0.01 ft* break size or larger. Per Section C5 12, the 0.01 ft* break size is characterized
by an average 30 minute leak rate of approximately 1300 gpm  Since the need for manual
Operator action to 1solate 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 SBLOC

I A 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
TSOLODE RCS RCS Rl .

Iraction C Conversion Activity
Activity lodne Density Flashing Leak Rate Factor Release
Spiking into Ctmt Rate
Factor uito Ctmt
[D149) (D1 4.14) DI 4.6} [Sect. C5.2] | [assumed] (notes b.o)
(ueygm ) (unitless) :’I*ﬂi’i"{ {unitless (gal/gun) {jec note & G
8 03001 60 42176 047 1 3 638e03 147 tﬁu
2.2540] 60 42.176 047 | 3 63Ke-03 9 74e-01
9. %e0 | 60 42.1/6 047 3 638e-03 4 28e+00
9 BSe2 60 42176 047 3 638e-03 4 26e-0 |
4.36e01 60 42.176 u47 3 638e-03 1 89400
Kr-83m 0.00e+00 | 42.176 | 3.63Re-03 0.00e+00
[Kr85m 247000 | 42.176 1 163803 | 3 79¢01
Kr-8S 1.08e+01 | 42 176 1 3 638e-03 | C6e+00)
l. 1
|

Kr-87 | 16e+00 42176 3 £3Ke-03 1. 78e-01
Kr-8% 3 T4e+0 3 638¢-03 S 74e-01
3 638e-03 3 85¢-01
3.62%e-03 0.00e+00
1 63%-01 S 28e+01
3 63Re)3 | 78e-0)
363803 | 64e+00

42.176 ]
Xe-131m 2 5lev) i 42.176

Xe-133m 0 00e+00
Xe-133 3 440402 «2.176
Xe-135m 1. 16e+00 42176

| 42.176
1
]

Xe-135 1 07401 | 42176
]
|
|

Xe-138 5 87el] 42.176 3 638e-03 90le02
t-3 3 22e+00 42 1k

3 63802 4 9400
Dr-84 4 18e-02 42 176 1 3 618e03 641003
Te-129 $.24e-02 | 42176 3618603 8 0de-03 |
Te-132 675301 ] 42 17¢ 3 63803 1. 0de01
Rb-88 4. 27e+X 42 17%¢ 3 638e-03 6.55¢0)
Cs-135 0.00e+00 42.176 3 638e-03 0. 00e+00

‘e

] o] ] ] ] ] o] ] i ]

Cs-138 0. 0Ue+0) A 42.17¢

'

363803 0.U0e+00

-129 1 _0.00e+00 50 42 176 47 3 638¢-03 | 0.0C +UQ

(8) CF = (4535924 gm/Ibm)(0. 13368 cl/gal)(1e-6 CVuCH(60 minhr) = 3 638e-3 gm~cl-Cr-mun / Ibm-gal-pci-hu
) Sample calculation for [odine-131

Release Rate = (0.803 LCy/gm)(60X42 176 lbm/c)(0.47)(1 gal/min )3 638e-3 gm-<f-Ci-mun / lbm-gal-pci-hr)
Release Rate = 347 Cvhr

Sample calculation for Krypton-85m

Release Rate = (2.47 wCugm)(42. 176 Ibmv/ef)(1 gal/min)(3 638e-3 gm-cf-Ci-min / [bm-gal-pci-hr) = (
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TABLE C5.14-2

1 GPM RCS LEAKAGE SEQUENCE OF EVENTS

Tume Step
(hours afler

start of event)
P e

Significance of the Time Steg

Containment mini-purge system in operation
Beginning of | gpm RCS leakage
Contamment leakage begins at 0 | volume percent per day

End of EAB dose analysis

CR x/Q changes
LPZ xAQ changes
LPZ breathing rate changes

Containment leakage reduced to 0 05 volume percent per day
CR occupency factor changes

CR X/Q changes

LPZ xAQ chang=s

1.PZ breathing rate changes

| CR occupancy factor changes
CR ¥/Q changes
LPZ XAQ changes

End of analysis

Table C5.14-3

Dose Receptor

i Dose Dose per unit of{ Allowable
1 !

Limut RCS leakage
2-hour EAB - Thyrotd Inhalation

RCS leakage

8 750e-4

2-hour EAB - WB Gamma Immersion

1.141e-6 21,910,605
30-day LPZ - Thyroid Inhalation

1.017e-1 2950

30-day LPZ - WB Gamma Immersion s 6.421e-5 389 347 '
S
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C6.0 SBLOCA COMPUTER FILES
C6.1 SBLOCA LOCADOSE Library File (sloca.lib)

Ths library file was used for all of the LOCADOSE evaluations

Version 1.0 Thyroid Lung Bone Beta Skin vhole Body

[--131 2.508F+04 9.976E-07 1.4908+06 2.0736+04 3, 1506+03 3.170€-02 8.7206-02 1

12 0 ¢ 0 0 O

1.100€-02 0.0006+00 0.0006+00 0.DO0E+00 O 000E+00 0.0006+0C 1 1.817€-01 3,789 -01

1--137 2.508E+04 9.976E-07 1.4906+06 2.0736+04 3.1506+03 3 1706-02 8.7206-02 2

12 0 0 0 0 O

1.100E-02 0,000E+00 0.DO0OE+00 0.0006+00 0 000E+00 0.0006+00 2 1.B17E-01 3.7B98~01
131 2.508E+04 9.976E-07 1.4906+06 2.073E+04 3, 1508+03 3.1706-02 8.7206-02 3

127 0 0 0 0 O

1.900€-02 0.000E+00 0.0006+00 ©,0006+00 0.0006+00 0,000E+00 3 1.817-01 3.789-01

[==152 3.806E+04 8.425€-05 1.4306+04 8. B79E+02 1.4506+02 1.3206-01 5.1306-01 1

0 0 00 0 O0TUD

0.000€+00 0.000E+0C 0.000E+00 0.000E+00 0.00N0E+00 0.000E+00C 34 & .B824F-01 3.559€+00

1-=132 5.806E+04 8.425€-05 1.430F+064 8.879F+02 1.4508402 1.3206-01 S.1306-01 2

O 000D O0OODO

0.000E+00 0.000E+00 0.000E+00 0.0006+00 0.000E+00 0.000E+D0 35 4.824E-01 3,559E+00

[+=132 3.806F+04 8. 425605 1.4306+04 B, B79+02 1.4506+02 1,320€-01 5.1306-0* 3

O 0000 0 O

0.000E+00 0.0006+00 0,0006+00 0.0006+00 ©.000E+00 0.000E+00 36 4.824E-01 3.559€+00

1--153 5.6226+04 9.2116-06 2.690E+05 5.064E+03 1.0806+03 7.350€-02 1,550¢-01

eed322 0 0 0 ¢

9.7108-01 2.900E-02 0.0008+00 0.0006+00 0.000E+00 0.0008+00 & 4.067F-01 &.0476-01
133 5.6226+04 $.211E-06 2.690%+05 5.064E+03 1. 080F+03 7.3506-02 1.5506-01 2

22322 0 0 0 ©

9.710.-01 2.900€-02 0.0006+00 0.C00E+00 0.000€+00 U.000E+00 S &.067E-01 &.047€-01

1+~133 5.622E+04 9.211E-06 2.690C+05 5,064E+03 1.0806+03 7.3506-02 1.5506-01 3

22822 0 0 0 O

9.710€-01 2.9006-02 0.0006+00 0.000E+00 0.000€+00 0 000E+00 6 4.06TE-01 6.047¢-00

1==134 6.57SE+04 2.2006-04 3. 7306+03 3.627E+02 B.0S0E+01 9.2306-02 5.3206-01 1

0 0 000 0O

0.000E+00 0.000E+00 0.0006+00 0.000E+00 0.000E+0C0 0.000€+00 7 6.052¢-01

[--134 6.575E+04 2.200E-04 3,730E+03 3.627E+02 B.0506+01 9.2306-02 5.3206-0" 2
00 C 00O

2.620€+00

(0.000€+00 0.000E+00 0.000E+00 0.000E+CO 0.000E+00 © 000E+00 8 &.052E-01 2.620E«00
122134 6.575€+04 2.2008-04 3.7306+03 3.6276+02 & US0E+01 9.2306-02 5.3206-C1 3

0 00 0 0 0 O

U.000%+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.090E+00 9 &6.052E-01 2.620F+00
=135 5,1036+04 2.9126-05 5,6002+0¢ 1.971E+03 3.350€+02 1.2906-01 4.2106-0 1
eHW 0 0 0 0

8.450E-01 1.5506-01 0.000E+00 0.000E+00 0.00CE+00 0.000€+00 10

3.691E-01 1.617E+00
135 5.71038+04 2.9126-05 5.6008+04 1.9716+03 3 3506402 1.290€6-01 &,

106-01 2
122 0 0 0

8.450€-01 1.550€-01 0.000€+00 0.0006+00 0.000E+00 C.0006400 11 3.691E-01 1.6176+00
1++135 5.1036+04 2.9126-05 5.6006404 1.971E+03 3.3506402 1.2906-01 4.2106-01 3
2252 0 0 0 0
450E-01 1.550€-01 0.000€+00 0.0006+00 0.000€+00 0.000E+0C 12 3.691E-01 1.617E+00
B3N 4.1526+03 1.0526-04 0.000E+00 5.190€-01 0.0006+00 0.0005+00 2.3966-06 &
0" 0000
00CE+00 0.000€+00 0.000€+00 C.000€+00 0.000E+00 0.000E+00 13 0 4 .610E-04
85M 1.297E+04 4.297¢-05 0.000E+00 2.910€+00 0.CO0E+00 4.626€-02 ¥ 7088 02 4
0 000G
C 0COE+00 0.000E+00 0.000E+00 0.000€+00 0.000E+00 14 2.902E-01 1.610€-0
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85 4. 1026402 2.054E-09 0.000E+00 2.4V0E+00 O,0006+00 & .2446F
0O 0 v o o0 O
0.000€+00 ©.000E+00 0.000E+00 0,0006+00 0,000€+00 0.000E+00 15
KR--B7 2.3356+04 1.514F-04 0.0006+00 1.5306+01 0.0008+00 3.083¢
C 00 0O OO
0.000£+00 0.000E+00 0.000£+00 0.0006+00 0.D00E*00 ©.000E+00 16
KR--BE 3.2008+04 6.731E-05 O.0006+00 3.1306+01 0.0006+00 7.510¢
1% 0 00 00O
1.000E+00 0.000E+00 0.000E+00 0,000€+00 0,000E+00 0.0006400 17
XKE13M 2.5956+02 6.8156-07 0.000E+00 1.400€+00 0.000€+00 1.508¢
000D O OO O
0.000E+0C 0.000E+20 0.000E+00 0.000F+00 0,000E+00 0.000E+00 18

XE1S3M 1 384E+03 3.663E-06 0.0006+00 1. B906+00 0,0006+00 3.150€-

122 0 C 00 o0
1.000E+00 ©0.000E+00 0.000E+00 0.0C0F+00 0,000E+00 0.0008+00 19
XE-133 5.6226+04 1.5286-06 0.0006+00 1.5706+00 0 000E+00 §.607%
0000 OCDOOUO
0.0D0E+00 0.000€+00 0.0006+00 0.000E+00 O,000E+00 0.000E+00 20
XETI5M 1.557E«D4 7.380E-04 0.000€+00 2,2206+00 0.000F+00 2.253¢
125 00 0 0O
1.000€+00 0.000E+00 0.0006+00 0.DOOE+00 0,0006+00 0.000E+00 21
XE-135 5.363F404 2.1156-05 0.000€+00 4.0506+00 0,0006+00 §.BO4E
13 00 000
!.000€+00 0.000€+00 0.000€+00 0,0006+00 0,000E+00 0.000€+00 22
KE-138 4. 7756404 B,.151E-04 0.000E+00 2.4406+01 0.0006+00 1.309¢
13 00 00O
1.000E+00 0.000€+00 0.000€+00 0,0006+00 0.000E+00 0,000E+00 23

Heese3 1.B48E+01 1.780E-09 1.580E+02 1.580E+02 5.570£+01 0.000€+00 0.000€+00 10

e 00 0CCO O
0.000E+00 ©.000E+00 0,000€+00 0.000€ 00 0. COOE+00 0.000E+00 24
BR- -84 5.304E+03 3.6326-04 0.0006+00 4.6756+02 0.000E+00 2, 700€
00 00OO0ODO
0.000€+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000£+00 2%

TE-129 B.727E+03 1,562E-04 & . B70E-03 2.4206+02 6.2206-03 1.010¢-

334353% 0 0 ©

9.1008-01 4.000£-02 5.000E-02 0.0008+00 0.000E+00 0.000€+00 26
132 3.B41E+04 2.462E-06 2.3705+01 3.800E+04 3 2508+01 3. 060¢
& 5 6 000

-100€-01 4.000€-02 5.000E-02 0.000€+00 0.000E+00 0,000E+00 27 §.

88 0.000E+Q0 6.476E-04 0.000£+00 2.9086+02 0.0006+00 4. 7908
C 000D OOD

.CO0E+00 0.000E+00 0.000E+00 C.000E+00 0.000E+00 ©.000E+00 28

§-135 0.0006+0" 7.449€ 15 7.4806+03 1.5706403 1.4406+04 2.730¢
0 00 0COQOD

CO0E+00 0.000€+00 0.0006+00 0.000£+00 O.00UE+00 ©.000E+00 29
138 0.0006+00 3.587E-04 0,0006+00 &, O70E+00 &.140E+01 2.8%0¢
0 000 OQO

0.000E+00 0.000€+00 0.000E+00 0.000E+00 0,000E+00 0.0006+00 30

129 0.000€+00 1.400E-15 5.5406+06 9.0156+04 & GBOE+C3 3.708-

¢ 0 OO OO
J.000E+00 0.000€+00 0.0CCE+00 0.000+00 0.000£+00 0 O00E+00 31
129 0.000E+00 1.400€-15 5.5408+06 9.0156+04 2. 480E+03 3.710¢

¢ 000 OO
0.000£+00 0.000€+00 0.000€+00 0.000E+00 G.000E+00 0 000E+00 32
1--129 0.000E+00 1,.400€-15 5.5408+06 9.0156+04 2.4808+03 3.710¢

0 0C O0OO0OOW
0.000E+00 0.CO0E+00 0.000E+00 0.0COE+00 0.000E+00 0.000€+00 33

02 5.7026-04 &

2.505€-07 2.236E-03
01 1.8766-01 &

1.326F+00 8,032¢-01
02 &4.658E-01 &

3. 587E-01 1.98'6+00
02 2.899€-03 &

C.000€+00 3,116€-03
02 7.9546-03 &

0.000E+00 2.332¢-02
‘03 9.3166-03 &

1.004E-01 2.997%-02
02 9.887%-02 4

3.000€-01 4. 266¢-01
02 5.7366-02 4

3.02BE-01 2.466E-01
01 2.7986-01 &

6.1460£-01 1.241E+00
5.685€-03 0.0006+00
‘01 4.480E-01 11

1.2308+00 1,7796+00

2.0726+00 &.3456-0"
03 0.000e+00 S

S.630E-02 0,0006+00
01 5.530¢6-01 §

218E+00 2.330€+00
3.0246-0% 1

1
ne
04

4.090€-02 2.820€ -
04 S.0246-03 2

4.0908 -02 2.820¢
04 3.024E-03 3

4.090-02 2.8208-0
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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 Ol ft* SBLOCA (per Assumption C3 8), the sli ghtly different input file

given in section C6.2.2 was used for that parametric evaluation. The file names for the vanous
break sizes are

4,01 f* SBLOCA slocap01 .ti
0.025 ft* SBLOCA  sloca 02.ti
0.05 ft* SBLOCA  sloca 05 ti
0.075 fi* SBLOCA  sloca 07 ti
0.1 i SBLOCA sloca 1t
1.0 fi* SBLOCA slocal ti

C6.2.1 Parametric Evaluation of SBLOCAs Other Than 0.01

. Y12 SBLOCA, Winipurge in Operation, I-spike
Tom Rewmick
SONGS UNITS 243
sloce 01.ti
N-720-013 ¢
L ]

3 9 3% 1 1 0
0 C 0.00000E+00 0.000006+00 2 0 0
CFM  CUFY CURIES
1 1 1 ’ ! 1 b ] 1 1 ‘
V.91 0.04 0.05

CONTHMT RCS SEC STEAM
0.000006+00 VALUE A 1 1 1
$BLOCA 0.025 ft' | 0.05 f¢' {0.075 [ 0.1 ¢ | 1 ¢ |
. —_—
VALUE A (hr) | 0.078 0.040 | 0.027 0.022 0.006 |
0 1
0 10100 720 <1-131
0 10100 720 <]-1%1
0 10100 720 <1-131
0 2840 136 <1-132
0 2840 136 <1-132
0 2840 136 <1-132
0 12500 8s7 <1-133
0 12500 B47 <1-133
0 12500 847 <(-133
) 1250  39.2 <1-134
250  39.2 <1-134
C 1250 39.2 <1-134
0 5510 335 <1-13%
0 5510 338 <1-135
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ORIQINATOR
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DATE

8/15/97
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T. Remick

DATE LREY. ORIGINATOR DATE RE DATE
8/18/97

<|-13%
<«r-83m

a-
<«r
<«&r
<xr
“Xe-
Xe-
Xe-
Xe-
Xe-
“Xe

+T )
8
57
88
13'm
133,
133
135m
135
138

- R-T-F-F-E-E-E-%

cCooO

o

\

.305€+06

NVOOOC

11000

<N-3
<Br-84
<Te-129
<Te-1%2
<Rb- B8
<«Cs+13%
<Cs-138
<1129
<1129
«1-129
1.0E+09

¢ 1 22006 ©

0 0 0 0 100
$ Y 0.198 0O

w9 9 9 0 100 00 100 100
5 2 VALUE R ©

100 100 100 100

S$BLOCA 0.025 f¢* 0.075 #t'

VALUE B (cfm) | 652

1893

$3 53 53 0 o o
4 1 o838 0
¢ ¢ 0 0 100 100
1,0,0,0
1,0,0,0
1 7.9000€ - 04
244398 0 5820 29885
c 0 0

820

C 0

0
VALUE_A 0,500008+00

0

5
0 0O 0
C 0 0
{9

[.\ee eariier VALUE A tab

SBLOCA

0.025 ft

'
|
-mn‘[

VALUE_C (¢

99
L)

‘e

53 S3
1,0,0,0
1,0,8,0

)

244398

4400 10

53 ©

J

1 7.900000¢ - 04

59849

6410
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ORIGINA T

Mark Drucker

RATE

DATE

8/15/87

T. Remick

8/18/97

v

[ QNIGINATOR

DATE

.11

LI

0 0 O

% 9 W 0
% 95 W
0.56+00 1.0000€+00

9% ¥
0 99

3 2 VALUED O

SBLOCA

0.025 #t'

0.08 f¢! |

VALUE D (ctm)

90

S0

0 00

0

100

100

0 0 0

100

7. 900000€ - 04

1.06+00 2.00006+00 1 1

5 2VALUEE ©

1

0

SBLOCA

0,025 fr?

VALUE E (cfm) 73

1631

53 §3 S3

0

7.900000€ - 04
S100CE+00 1 1

7.900000€ - 04
S.210006+00 8.000006+00 1 1 1 O
0 0 O
5 4
100

1.08
100

09 0
100
09 0

100 100 100

100 00 100 100

100 100

7.900C00¢ - 04
. 2.600008+0*' 1 1 1

% .600000¢ - 04
244398 2200 10 29934 221¢C
95 95 99 0 99 99
95 95 90 0 99 99
2.40000€+01 9.60000£+01 1
0 0
c.8
0
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9.60000E+01 7.200006+02 1
r‘ r

I
0,0,
1,0,0

1

(6.2.2 Parametric Evalustion of 0.01 ft* SRLOCA (slecap01.ti)

0.01 ft2 SBLOCA, Minipurge in Operation, 1-spike

Tom Remick

SONGS UKITS
slocap0t. ti
N-T20-013 O

4

3 9 3

0 0 0.00000€+00
CUFT CURIES

CFm
1 ’ 1

283

.

1

6.250000€-05

0

0.91 0.04 0.05

CONTNMT RCS

SEC

0.00000€+00 0.172 1
1

10
10100
10100
10100
2840
2840
2840
12500
12500
12500
1250
1250
1250
$510
551¢
5510
0
520
270
244
788
529
C
72400
2hb
2250
124
678
8.8

14

c o

o000

oo

P OO OCOOO0

142

720
720
720
136
13¢
136
847
84T
847
39.2
39.2
39.2
335
335
335

0.00C00E+CC 2 0 ¢

L1
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2.305e+06 11000 1.0g+09

1,0,0,
1.0,0,
1 7.9000€ - 04
264398 0 5820 29885 5820
¢ 0 0 0 0 o0 0O
0o 0 0 © 0 o O
0.172 0.500006+00 1 1 1
0 0 O

7.90C000E - 04
00E<00 1 1 1

7.900000€ - 04
264398 4400 10 S98E% 441C
95 95 99 0 99 9 W
S B % 9 99 o9
0E+00 2.00008+0 .Y §9
0 00O
3 241 O
53 S3 83 o
& 1 %31 0

7 .90000CE - 04
21000€+00 1

7 .90G000E - 04
.21000E+00 8.000006+00 1 1 1 ¢
0 00
09 0
) 100 100 100 100
09 0
100 100 100 100

7.900000€ - 04
2.40000€+07 1 1
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“1,0,0,0
*1,0,0,0
1 4.6000008-04
244398 2200 10 29934 2210
9% 95 99 0 99 99 9 W 99
% 95 99 0 9 99 9 9 W
2.40000E+01 9.600006+01 1 1

0
1 . 0
0
¢
L |

2.500000¢ - 04
01 7.20000€+02 1

6. 250000¢ - 05
C6.3 SBLOCA LOCADOSE Dese Calculation Input File for Parametric Evaluation

The Dose Calculation input file given in Section C6.5, with the title modified for each break

size, was uscd for the parametric evaluation of Control Room and EAB thyroid doses. The file
names for the various break sizes are

001 f* SBLOCA  slocap0l di
0025 f* SBLOCA  sloca 02.di
0.05 ft* SBLOCA sloca 05 di
0075 ft* SBLOCA  sloca 07 di
0.1 f* SBLOCA sloca 1 .di
1.0 fi* SBLOCA slocal di

C6.4 SBLOCA LOCADOSE Activity Transport Input File (sloca 01.ti)

0.01 #t2 SBLOCA, Minipurge in Operation, ]-spike
Tom Remick
SONGS UNITS 243
sioca_01,¢t1
N-T205013 0
{

3 10 3¢ 1 1 ¢
00 0.00000+00 0.000008400 2 0
CFM CUFT CURIES

1 1 1 1 1 1

0.91 0.04 0.05
CONTNMT RCS SEC_STEAM
0.00CC0E+00 0,042 1 1 1 1

) C 1
0 10100 720 <|-1N
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720
720
136
136
136
BAT
u’
847
9.2
9.2
9.2
335 <135
335 135
335 <1-13%
0 <Kr-83m
72.5 <Kr-85m
317 <Kr-8%
34.0 <Kr-87
110 <«r-88
3.7 <xe-131m
0 <«Xe-133m
10100 <Xe-1%3
<Xe-135n
<xe-13%
<Xe-138
<H-3
<Br-84
«<Te-129
«Te 132
<Rb-88
<Cs 135
<«Cs-138
<1-129
<[-129
<]1+-129
OE+09

)4
131
132
132
132
133
133
133
154
154
34

oo

oo o

o

oo o
A A A AAAAAAAAMARARA

o

ocoo
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¢
0
0
0
0
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—~ OO0 ONIN
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~
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100 100 100

100

—

u
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Do Ww 3

7.9000€ - 04
29885 5820
Y 0 0 O

~N

>

S
oog

0 7.900C00¢ - 04
0.500006+0C ' 1 1
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Subject_Control Aoom and Oftsite Doses Should CPIS, CRIS, and FHIS Fail

CCN CONVERS!ION
CCN NO. CCN .-

Sheet 179 of 262

ev] onomaron | oats 5
0 fMark Drucker 815/87 |1. Remick

DATE
8/18/97

e INATOR e RATE o RE

DATE

7.900000¢
.O000E+00 1 1

1 7.900000€ - D4
2eL398 4400 10 59869 4410
95 95 99 0 9% 99 99 99 99
95 95 ™ 0 99 9 99 99 9

1.06400 2.0000€+00 1 1 1
0 0 ¢

7.90C000E - 04
+00 5.210006+00 1

7. 90000GE - 04
21000€+00 B.U0000E+00 1 1 1 ©
U
1 1.06-09 2
100 100 100 100 100
1.06-09 ©
100 100 100 100 100 100
0
.0
0  7.900000€-04
.00000E+00 2.400006401 1 1 1
0 0 0
1,0,0,0
*1,0,0,0
& . 800000€ - 04
244398 2200 10 29934 2210
95 95 9 0 W 99 W 9 W
9% 95 % 0 W %W 9 99 99
2.40000E+01 ©.60000E+01 1 1 (

100 100

100 100 100

0 2.500000€¢ - 04
9.60000E+01 7.20000€+02 1 1

v
1.0¢
1,0
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PAGE

Subject__Control Room and Offsite Doses Should CPIS, CRIS. and FHIS Fail

—

%
£
v
! ‘l

C6.5 SBLOCA LOCADOSE Dose Calcutation Input File (sloca_01.di)

0.01 #t2 SBLOCA, Minipurge in Operaticn, 1-spike
Tom Rewick
SONGS UNITYS 283
sloce_01.di
N-O720-13 O
DORDOF

2 5 ¢ 3 0
REM  REM/HR
. 6000E - 06
ATOOE - 04
2400€ -07
ATO0E - 04
. Q000E +00
.Q000E+00
0000 +00
. 0000€ +00
4700€ - 04
.O000E+00C 1.0000E+00 1.0000€+00
.4 T00E - 04
.0000E+00 .Q000E+20 . D000F +00
.&TO0E- 04
O000E+0C ©.6000€+00 LGO0UIE+D0
& 700€ - 04
.4O00E+CY 6000€+01 .2000E+02
.2000€+02
.0000€+00 .0000E+00 1.0 1.0

.0000€+00 .0000€+ 0 0000€+00 0.0000E+00
.0000E +00 .000QE+.C - DOO0E +00

«2400E-07 6.0300€-07 3.65006-07 3.2800¢-07
AT00E - Né JTS00E 04 . 3200¢ - 04

.0000C+00 4000E+01 .6000E+01 7.20006+02
.0000€ +00 -4D00E +01 +2000€ +02

-0000E «00

.JOOOE+00 . 0000E +00

et R Rl R R
-eamBWYLY OO

g PN s -
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Subject__Control Room and Qffsite Doses Should CPIS. CRIS. and FHIS Fail

LA
0

20GAToS L oaTe L e L oate Lnev] omomaron | parg | e | pare |

Mark Drucker 8/15/97 |7. Remick B8/18/87

e <m>®

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 reicased to containment for the
0 to 2.5 minute interval is included

Bechtel Standard Computer Program LOCADCSE, NEX19 Vversion 3.0

(c) 1989 SCE AIX Version. 2 Feb 1998 Calec Mo, N-720-013 Rev No. 0
Orfginator /om Remick Date 11 Sep 996

Project SONGS UNITS 243 Job No. sloca_01.ti Sheet No. 7

Subject 0.07 ft2 SBLOCA, Minipurge in Operation, [-spike

e e P EEISITNGRSTOSNRANCITUSE S

*et*Results for Activity Computation et the end of & 2000E -02 hours

Distribution of Instantaneous Activity in CURIES
CONTNMT RCs SEC_STEAN Cont Room

1151 2.823E+02 9.497E+03 7.1990+402 7.396E-04
1--132 7.BASE+01 2.639E+03 1,3696+02 2.055E-04
1--133 3.6B9E+02 1.174E+04 8 4588402 9. 143804
1--134 3.3806+01 1,137€+03 3.792E+01 8.856F-05
1+-135 1.5336+02 5.1506+03 3.3356+02 4.0186-04
“R-B3M 0.0008+00 0,0006+00 O.000E+00 0.000E+00
KR -85m 3.073E+401 &.858E+02 7.2036+01 1.273k-04
Kk--85 1.3506402 2.1356+03 3,1706+02 5.5956-04
KR--87 1418801 2.2438+02 3.3235+01 5.8786-05
KR--88 4.639E+01 7,3856+02 1.0898+02 1,9236-04
XE131M 5. 1468401 4 9746402 7.369€+01 1,304E-04
XE'133m 8.734E-03 1.888E-01 1.359% 02 2.964E-08
XE-133 4.3058+03 6.B07E+04 1.010e+04 1,78B4E-02
XE1¥5M 1.687E+01 2.898E+02 3.588E+01 6.685€-05
15-135 1.34 16402 2.1246+03 3.140€+02 5,5526-04
XE-138 6.520E+00 1.031E+02 1.529€+01 2, 702¢-08
He==-3 4.0326+0" 6.376E+02 2.64DE+06 2.2008+33
BR--84 4.954E-01 7.833E+00 2.584E+00 0.000£+00
TE-129 6.380€-01 1.0096+01 6.5826+00 0.000£+00
TE-132 8.4426+00 1.3356+02 2.109€+02 0.000£+00
RB--88 6 3586400 6.897E+01 1,024E+01 7,259 -06
Cs-135 1.509€-10 2.3886-09 3.536E-10 2.4488-14
cs-138 3.657€-07 5.7896+00 8.588E-01 5, 898F-07
{+-129 Y.007E-13 2.162E-12 1.413E-12 1.7916-19
Total 5.672E+03 1.057605 2.653E+06 2.192€-02
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Project or DCPMMP _DCP 283 6026018 Cale No. N-0720-014 | CCN CONVERSION
CCN NO. CCN --
Subject__Control Room and Offsite Doses Should CPIS. CRIS. and FHISFail . Sheet 182 of 282
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b

6.7 SBLOCA LOCADOSE Dose Calculation Output File (sloca_01.do)

Bechtel Standard Computer Program LOCADOSE, NE319 version 3.0

(c) 1989 SCE AlX Versicn. 2 Feb 199% Calc No. N-0720-13 Rev No, 0
Originator T.m Rem'ck Date 11 Sep 1996

Preject SONUS UNITS 283 Job No. sloca 01.di Sheet Mo 12

Subject 0.01 12 SBLOCA, Minipurge in Uperation, | spike

R b U ———

NE319 Doses Within Regions Sumery

Doses in REM for region 5 Cont Room

Time Interval (hr) Thyreoid Lung Bone Beta Skin  whole Boay
From te
0.0000E+0C-4.20008-02 3.5316-03 S.4036-05 8.068E-06 3.7606-06 3.798E-07
4.2000€-02- 1720 2.151€-01  3.287%-C 5.459%-04 1.761E-04 1,9428-05
Jrnre + 5000 S.ABIE«00 5.3126-02 8.8165-03 2.697E-03  2.954F- 06
.5000 1.000 11956400  1.8346-02 3.022E-03  3.184E-03 2.377%-04
1.000 2.000 1.051E-03  1.636E-04 2.6576-06 2.649%-03 1.567¢-04
2.000 - 5,210 1.3816-03  1.2796-04 3.421E-06 2.0026-03 1.126E-04
5.2'0 - 8.000 8.2686-04 2.501E-05 2.0216-06 2.677%-0D4  1.403:-05
8.000 - 24,00 2.9746-03 S.7S4L-05 7.032E-06 2.8656-04 1.398E-05
24.00 « 96,00 1.750E-03 3.2316-05 3.8576-06 1.5206-04 6.963F-06
96.00 720.0 B.S67E-04  1,449:-05 1.776-06  7.1186-05 2.164E-06
Total 4. 904E+00 7.5226-02 1.241E-02 1.149€-02 B.5938-04

Bechtel Standard Computer Program LOCADOSE, NE3'® Version 3.0

(c) 1989 SCE AIX Version. 2 Feb 1995 Calec No, N-0720-13 Rev No. O

Originator Tom Rewmick Date 11 Sep 1996

Project SONGS UMITS 283 Job No. sloca_01.di Sheet No. 14

Subject 0.01 ft2 SBLOCA, Ninipurge in Operstion, [-spike

IR ARSI ST RRIESS

NEZ19 Oftsite Dose Sumary

Doses in REN for distance 1

Time Interval (hr) Thyrold Lung Bone Beta Skin whole Body
fFrom to

0.0000E+00-4 ., 2000€ - 02 8.0715-04 1.234€-05 2.050€-06 7.694E-07 1.4386-06
4.2000E-02- 1720 1,182€-02 1.8066-04 3.0018-05 9.135-06 1.844E-05
1720 ~ 5000 6.1888-02 9. .4408-04 1.568€-04 6&.551E-05 P.199€-05
.5000 1.000 2.521€-04 3.884E-08 6.34%-07 1.263€-06 1.593E-06
1.000 2.000 S.268E-04 8.054E-06 1.320€-06 1.956E-06 ? . 406E-06
2.000 - 5.210 0.0C0E+00 0.0COE+00 0.0COE+00 0.0008+00 0.000&E+00
5.210 « 8.000 0.000€+00 0.000e+00 0.000E+00 0.000e+00 0©,000E+00
8.000 24.00 0.000€+00 0.0008+00 0.000E+00 0.000E+00 0.000E+00
24.00 - 96.00 C.000E+00 O©.0008+00 0©.000E+00 0.000€+00 .000E+00
$6.00 « 720.0 0.000E+00 0.000€+00 0.000£+00 0.0006+00 0,000E+00

Total 7.529%-02 1.149€-03 1.9086-04 S.8836-05 1.15%€-04
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Bechtel Standard Computer Program LOCADOSE, NE3'7 Vveision 3.0

(c) 1989 SCE AIX Version. 2 Feb 1995 Calc Mo. N-0720-13 Revy Ne
Originator Tom Remick Date 11 Sep 1996

Project SONGS UNITS 243 Job Mo. sloce 01.di Sheet No, 16
Subject 0.0 ft2 SRLOCA, Minipurge in Operstion, | spike

LA B 2 i e e I T T T

BRI NSTSSIANANNERNASNNY

NEXIG Offsite Dose Suwmary
Doses in REM for cistance 2

Time Interval (hr) Thyroid Beta Skin
from to
0.0000€+00-4 . 2000€ - 02 LOTE-04
4.2000€-02- 1720 035€-03
AT20 - 5000 JS88E-02
- 1.000 AT26-05
2.000 1.352€-04
- 5.210 AB2E-04
- 8.000 2.653E-04
« 24,00 JAS2E-04
- 96.00 L509€ - 04
- 720.0 JPL4E - 03
Total S25€-02

whole Body

S75E-07
345K -06
68E-05
243807
.020€-07
.O86E - 06
S24E-07
J189€-07
552€-07
102€-06
.836E-05

691E-07
JT326-06
361E-05
.O89E-07
329€-07
347E-06
S23E-07
L640E-07
T128-07
.007€-0¢
ST0€-05

8|\,L‘\FY\)A-

S . ST
08"*:85§
oo
o v W a N ee

g
-~

5.
?

L
1.
3.
1.
6.
1

"
4,
s.

P g I T I A A R R
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C6.8 RCS Leak LOCADOSE Fil. (40 gpm w/ CR & Containment isolation at 30 min)

C6.8.1 RCS Leak LOCADOSE Activity Transport Input File (sb40_30m.ti)

40.0 gp SBLOCA w/ | spike, CR & minipurge isolated 9 30 min
MARK DRUCKER
SONGS UNITS 243
sbé0 30m.ti
N-0720-14 0
1
1 8% 1 1 0
0 0 0.000006+00 0.00000E+00 2
M CUFT CURIES
1 1 ] 1 1 1 1
0.91 C.04 0,08
CONTNNT
0.000CCE+Q0 0.500008+00 1 1 1
' 1 L |

C

«|-1) initial contairment inventory
«1-13 initial contairment inventory
<1-1:1 initisl containment inventory
<[-132 initisl contaimment inventory
<[-1%2 inttial contairmment inverntory
«[-132 initial contairment inventory
<[-133 nitisl contalirment inventory
«|-1%3 initial contairment inventory
«1-133 initial contairment inventory
<|-17% initial contai-went {nventory
<l 34 initial conta‘rment inventory
«l-134 initial containment inventory
«i-13% initial containment inventory
<]-13% nitial contairment inventory
<[-135 initial contairment inventory
«r-83m initisl containment inventory
<Kr-85n initial containment inventory
<«r-85 initial containment inventory
<xr-87 initial contairment inventory
<kr-88 initial containment nventory
Xe-131a initial containment \nventory
<Xe-133a initial contairnment inventory
Xe-133 (nitial contairment inventory
<Xe-135m initial contaimment inventory
<Xe-135 initial containment inventory
Xe-138 initiel contairment i{nventory
<H-3 initial contairment inventory
<gr-84 initial contairment inventory
<Te-129 initial contairment inventory
<Te-132 initial containment nventory
<Rb-RE initial containment ‘nventory
<Cy-135 initial. containment inventory
<«Ces-138 initial containment inventory
«|-129 initial contairnment inventory
<|-129 initial contairment inventory
<[+129 initial contairment rventory

15§ ci/hour leaked into contairment

131 Ci/hour (eaked Into contalrment
131 ci/hour leaked into contairment
132 ci/hour leaked into contsinment
132 ci/hour leaked into contairment




EC&FS DEPARTMENT
CALCULATION SHEET

Project or DCPMMP _DCP 283 6926.018J

Subject_Coouol Room and Qffsite Doses Should CPIS, CRIS. and FHIS Fail

ICCN NO./

PRELIM. CCN NO PAGE

CCN CONVERSION
CCN NO. CCN --

Calc. No. _N:0720-014 _

Sheet 185 of 282

aev] omomaron | __paTE mE RAIE _inev] omowaron | pay me__L_pate |
0 fMark Drucker | 8/15/97 |1 Remick 8'18/97 -
4
38.9 <1132  ci/hour leaked into containment
mn. <1133 ci/hour leaked into conts!nment
. <1-15%  ci/hour \eaked into contalrment
n. <1-133  ci/hour leoked into containment
17.0 <1-134 ci/hour lesked into contsinment
17.0 €1-134  ci/hour leaked into contairment
17.0 «1-134 ci/hour leaked into containment
5.5 <1-13% ci/hour leaked into contairment
7.5 «1-13% ci/hour leaked into contaiment
5.5 <(-138 ci/hour isaked into containment
0 <kr-83m ci/hour lesked into conta!nment
15.2 <Kr-85m ci/hour lesked Into contairment
66.3 <Kr-85 ci/hour lesked into contairment
T.12 <kr-87 ci/hour leaked into containment
2%3.0 <Kr-88 ci/hour (eaked into contairment
15.4 Xe-13'm ci/hour leaked into containment
0 Xe-133m ci/hour leaked into containment
2110 <Xe-133 ci/hour lesked into containment
7.12  <Xe-135m ci/hour leaked into contairment
65.7 <Xe-135 ci/hour leaked into contairment
.60 Xe- 138 ci/hour leaked into contairment
19.8 <h-3 ci/hour leaked into contairment
0.257 <Br-B4 ci/hour leaked into contairment
0.322 «Te-129 ci/hour leaked inte contairment
6.6 «<Te-132 ci/hour leaked into conteinment
26.2 <Rb-B8 ci/hour leaked into contairment
0 <Cs-135 ci/hour leasked into contairment
0 <Cs-138 ci/hour leaked into containment
0 <1-129  ¢i/hour leaked into containment
0 <1-129 ci/hour (eaked into containment
0 <1129 ci/hour leaked into containment
2 .3056+06
2 1 220046 0
0 0 1] 0 100 100 100 100 100 0 (¥
1,0,0,0
1,0,0.0
1 7. 900000€ - 04
266920 © SA20 29885 5820
0 0 0 0 0 0 0 0 C 0 0
e 06 0 ¢ 0 0 0 ©0 © ©0 O
0.50000£+00 1.000006+00 ' 1 1 1
0 0 O
e 1 ;.e 0
C 0 0 0O 100 100 100 100 00 0 ¢
1,0,0,0
1,0,0,0
1 7 .5900000¢ - 04
266920 2200 10 29934 2210
9% 95 W D 98 90 99 99 99 0 0
95 95 99 0 99 9% 99 99 99 o O
', 00000€+00 2.000006+00 1 1 1 1
S 0 0
.,0,0
0 7 .900000¢ - 04
2.00000€+00 4.000006+00 1 1 1 13
0 0 O
1,0,0,0
0,0,0
0 7.900000¢ - 04
4. 00000E+00 8.000008+00 1 1
. - ,




EC&FS DEPARTMENT
CALCULATION SHEET

Project or DCPMMP _DCP 2&3 6826018

ICCN NO

PRELIM. CCN NO PAGE OF _

Cale. No._N-Q720-014 ] CCN CONVERSION

CCN NO. CCN --
Sheet 186 of 252

Summ_ﬁnnunmnmnmnuﬁmﬂamﬁmmums.m&m}ms.m__

L
0

_omgmaron |

Mark Drucker

&

- -

8/15/97

T. Remicx

DATE I BEX

8/18/97

ORIGINATOR

DATE

L

DATE

L]

3

v
%L

i . 900000¢ - 04
0000E+00 2.400006+01

p

0 4. 600000F - 04
E+01 9.60000+01

2.500000¢ - 04
.60000€+0"1 7.200006+02 1

6.250000€ - 05

C6.8.2 RCS Leak LOCADOSE Dose lnput File (sb40 30m.di)

40.0 gom SBLOCA w/ 1 spike, CR & minipurge isolated 8 30 min

MARK DRUCKER

SONGS UNITS 283

sb4C 30m. di
N-0720-14 O

DORDOFDRRORO
2 5 b

I REM/KR
6Q00¢ - 06
.4 TO0E - 04
9.2600€-07
ATOO0E - 04
0000E +00
00008 +00
DO00E +00
1.0000€«00
4700€-04
1.0000€+00
47T00F - 0s
.&000E+01
.2000€+02
.0000€+00

1 0
. CCDOE+OC
.0000€+00
24008 -07
&TO0E - 0%
0000+ 00
.0000€+00

1.0C00¢+00
.0000E+00

0.6000€+0C
§.800CE+("

1.0000€+00

NN - OO

.0000E+00

0000E+00

.0300€-07
. TS00€ - 04
A000E+01

4A000E+01

0000E+00

C.4000E+00

.2000€+02

Q000E+00

), 0GV0E+00

-6500€ 07
3200€ - 04
6000E+01
.2000€+02

O000E+GO

.2B00E-07

7.2000E+02
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REV] _ORIQINATOR DATE JRE DATE Ijﬁl_pmomnoa JRE DAYE
0 [Mark Drucker 8/15/97 |T. Remick 8/18/97

C6.8.. RCS Leak LOCADOSE Dose Qutput Input File (sb40_30m.do)

Sechtel Standerd Computer Progrem LOCADOSE, NEZ19 version 3.0

(c) 1989 SCE AIX Version, 2 Feb 1995 Calc No. N-0720-14 Rev No
Originator MARK DRUCKER Date 7 Aug 1997

Project SONGS UNITS 243 dob No. sbA0_30m.d Sheet No 7
Subject 40.0 gpm SBLOCA w/ | spike, CR & minipurge isoleted @ 30 min
SZasTEnmmzT

~:=2=x:!2&3::.“...‘!2!!2:38::!!l.!‘l‘a-s»L“"'!lﬁ::tl.;:::722’!!:!8:‘1:

NE3'19 Dose Rate Within Regions Suimary
Dose rates in REM/HR for region 3 Cont Roam

Tioe Thyroid Lung Bone Beta Skin  whole Body
(hr)

. DOOE +00
.000€E -1
.000€+00
.CO0E+00
. 000€ +00
000€ +00
.400E+01
.600E+01
.200E+02

.000E+00
303k
OTLE-
. D86E -
L2188
.O89¢ - 05
. Q63E - 04
839F -
820E - 08

.000E+C0
.085€-03
.G83E - 04
J923E-06
.BBSE - 06
038k - 06
. TAEE - 06
. 266E - 06
0é

. 000€ +00
342803
392€-05
. 1B4E - 06
.304E - 07
262E-07
.532€-07
9T3E-07
.108e-07

.000E+00
889 - 04
S579E <04
.B04E -05
S126-05
951E-
.305¢-
AA3E-
A51E

. 000 +00
403 -05
013€-05
122e-06
. TB9E - 06
SA1E-07
S37E-07
367€-07
.B25€-08

0
5
1
P
I3
8
2
9
7

NO AP WD
“-NNNWeN®O
P U UM - -D
OO0 8 D
FEET S T g




EC&FS DEPARTMENT

CALCULATION SHEET PRELIM. CCN NO

Project or DCP/MMP _DCP 283 69268.018) . Cale. No._N-0720-014 __ | CCN 5‘“"""53‘0’\
CCN NO. C .

Subject_ -Cantrol Reom and Offsite Doses Should CPIS, CRIS, and FHIS Fail —  Sheet 188 of 262

eVl _OmiaiNATOR DATE B RATE Imev] omcwarom | pave Be DATE
0 [Mark Drucker 8/15/87 |T. Remick 8/18/97

Bechte! Standard Computer Program LLCADOSE, NE3'9 version 3.0

(c) Y989 SCE AIX Version, 2 Feb 1998 Celc No. N-0720-14 Rev No
Originator MARK DRUCKER Date 7 Aug 1997

Project SONGS UNITS 243 Job No. sbé0_30m.df Sheet No 10
Subject 40.0 gpm SBLOCA w/ | spike, CR & minipurge isclated @ 30 min

LA L T I.lt!l"‘lt"l‘ia.'!\!,t“k!llll",!!tlxll??".‘!,ﬂ'::?!X::X::lll:“’....l.:!!

NEZ1S Doses Within Regions Summary
Doses in REM fo, region 3 Cont Room

Time Interval (hr) Thyroid
From to
0.0000E+00- ,5000
5000 1.000
.000 2.000
. 000 - 4.000
.000 8.000
.000 - 24.00
24.00 - 96.00
96.00 - 720.0

Total

Bone Beta Skin  Whole Body

JI31E-02
A29E-02
A3TE-03
.T53E-08
&S0 - 04
L&06E-03
.926€-03
BBLE-03
LGE-U

-B43E-
.BBSE - 1380
S26€ APk -
S56TE- 1. 092E - 04
493k - bblE

111E-

B85 -08
T31E-06
O64E - C6
225E-
LLLBE
SI17E-
.061C-
&55E
498E

-~

148§ -
. 399€ -
. 160€ -

A2ON NN NO

NN WY - -

e I ]
O AR YO N

Bechtel Standard Computer Program LOCADOSE, NE319 Version 3.0

(c) 1989 SCE AIX Version. 2 Feb 1995 Calc No, N-0720-14 Rev No
Originator MARK DRUCKER Date 7 Aug 1997

Project SONGS UNITS 243 Job No. Sbdl_30m.di Sheet Mo, 11
Subject 40.0 gpm SBLOCA w/ | spike, CR & minipurge 1solated @ 30 min

e e LT T T e e ——— I R SR TP IS I ERNATETTTNER

NEZ19 Doses Within Regions Sumwary

Cumilative doses in REM for region 3 Cont Room

Time Thyroid Lung Bone Bets Skin  Whole Body
(hr)

.00CE-01 S351E-02
.000& +00 O76E-0"
000€ +00 1.700€-01
O0uE +00 TO1E-01
- 000E+00 TOLE -0
400E+01 718&-01
.G00E+01 1747801
200€+02 B14E-0

S343E-0 §.8435-08 7.818E-06
L2490 1. 822¢- 1. 785€-0%
324E - 04 OURE - A61E

L3306 - 090E - D3LE < (
.354¢ T34E-0 AJE-

05E - 04 5 .B45E -0 L9B2€ - (
.520E A3 L0438 -0
. 160 - 1.644F-03 L4588 -0

PO N BN -
reaNN NN
R O R




EC&FS DEPARTMENT

ICCN NO
PRELIM

CALCULATION SHEET

Project or DCP/MMP _DCP 283 6926.015. Calc. No

NQ2720014

subject_Lonuol Aeom and Qffsite Doses Should CPIS. CRIS. and FHIS Fail

N CONVERSION

CON NC

LCCN

Sheet 188 of 282

DATE

ey ] ongmaron

oL

il onges1on

SOE L Date

Mark Drucker B/B/07 Remick 8/18/97

Bechtel Staviard Computer Progree

(e) 989 SCE AlX Version, 2 feb 1995
Originator MARK DRUCKER Date 7 Aug YWYV

Froject SONGS UNITS 243 Job Mo, aba0D 30w d Shest Ne¢ 12
fubject 40.0 gpm SBLOCA w/ | spike, CR & minipurge 1solated @ 30 min

REEERRRETES Jue LERABERER DENERR A

LOCADOSE, W39

Cale N0

Version 3.0
N-0720-14 Rev W

LR ] L L R N T YT T R Ll LT T T L

NESTO Dffsite Dose Rate Summary

Pose rates in REM/MR for distance

Time
(hr)

Thyroid Lurg borw Bets Skir whole Rody

0. 000¢ +0C
000 - 01
000 +00
2.000E+00
000" +Of
1 JE+00
400 «01
600¢ 01
200€ «02

DOOE+00
052¢-03
318808
GITE-05
000E «00
0. DDOE +00
) . DOOE +00
). DOOE +00
), DOOE +00

>

), DDOE «00
18008 - 04
O04E-07
SN 07
000§+ 00
000F «00
000F + 20
.000g+00
000E+0D

0. 0008 +DO
292805
3256-08
S60f - 08
. QUOE +00
. D0UE+00

0.000€ «00
. DOOE +00
. DOOE «+00

1, DDOE +0C
L06E - 06
DORE - W
695E - 08

. 000F «00
OO0k «00

.CO0E «00
000€ «
000k + 00

000L + OC
295605
TT7E-08
207¢-08
000K +00
. GOOE « 0(
). DOOE +30
DOOE «00
) . DDOE + 00

OO0 2O

fechtel Standerd Compyuter Proaram
(c) Y989 SCE AIX Version. 2 Feb 1995
Originator NARKE DRUCKER Date 7 Aug 1997

Project SONGS UNITS 203 Job No. sbd0 30w, di Sheet o 15
Subject 40.0 gpm SBLOCA w/ | splke, CR & minipurge ‘solated @ 30 min

e L A ————— LY TN

LOCADOSE , WFX1®

Calc

version 3.0
No, N-0720-14 Rev No

NES'S Ofisite Dose Rate Summary
Dose rates n REM/WR for

Time
(hr)

Thyrold

000% «00
DO0g - 01
1. 000¢ +00
000€ +00
QOOE « O
O00€+0C
2,400 -0
V. 600801
200€+02

0., 0008400
323¢-03
3836 - 06
718k - 06
319¢ 08

2.545%E-08
230¢- 05
$386 -08
S33E-05

V. D00E+ L0
BRLE - D6
B.355L-09
JHBLE - 08
249L - 08

3 192E-08
5. 1688 08
5.4T6E-08
) . &BOE - 08

). O00E+ 00
HhAL 06
$126-09
150¢€ -09

7. 905¢6-0%

1USB4AE 08

¢.00TE-08

AILE-08
060€ - 08




EC&FS DEPARTMENT
CALCULATION SHEET

Project or DCPMMP _DCP 283 €028.018) Cealc, No

NQ72

Subject_Cortral Bogmm and Oftaite Doses Should CPIS. CRIS. and FHIS Fail

ICCN NO

PRELIM. (X

N NC PAGE

Q014

CON CUNVERSION
COCN NO. CCN

Sheet 187 of 282

o] _onamaron | pare - nevl_om

0 IMark Drucker 8/15/97 I. Remick

DATE
B/18/97

AT

———

U -

- -

Hechtel Sterdierd Computer Progrem
) 1989 BCE AlX Version, 2 feb 1995 Caie
ginntor MARK DRUCKER Date 7 Aug 1997

Project SONGS UNITS 243 Job Mo, sbAD_30m. df Sheet o

Subject 40.0 g SHLOCA &/ | spike, CR & minipurge isvlated 8 30 min

PESESS S i 2 T e T

LOCADOSE, NEBYS Version 3.0

Ne

s
KES'Y Offsite Dose Summary

Poses \n REN for distwxe
i Intervel
fFrom
0. 0D00E
5000
1.000
2.000 .
4,000
4,00
24,00
6. 00

(hr)
to
S00C
1.000
2.000
000
£.000
26.00
« 96.00
720.0C
Tote

Thyroid Lung bore Ber

«00 276803
P41E-06
65 - 05
O00F + 00
000E + 00
Q00 + 00
. DODE+ 0O
0DOE +00
S0E-0

472608
521108
o85¢ 07
000 +00
. D00 +00
000¢ +00
). DOOF +00
DOOE +00
S09¢ - 0"

768 - 06
245¢ Of
94708
000 « 00
OO0E «00
OO0F +00
000F «00
D00 +00
829 - D6

NODO DD =M

Bechtel Stendard Computer Progrem
(€) 1989 SCE AlX Version. 2 Feb 1995
Originetor MARK DRUCKER Date 7 Aug 1997

Froject SONGS UNITS 243 Job No. %0 _30m. di Sheet Vo
Subject 40.0 gpm SBLOCA W/ | spike, CR ¢ minipurge 1solated @ 30 min

NN TR AU T IR SN AV EAARL VRN USSR T YRGS .

LOCADOSE , NEZY®

Cale Ne

Version 3.0
N-OTR0-4

EESTERTNIIEN IR I DANPAEEANSNERTY
NEX'S Dffsite Dose Sumary

Camuiat ive doses in

REM for distexe

Thyroid g Beta Skin

o0 Fag

1. 000E +00 2B
2. 0008 «00 30
"O0E«0( 301
QO0E+00 301t

2 400E+0" . 301
S00E +01 301
CO0E«02 501¢

03
o3
03
03
03
03
03
03

R R R e el .
EERRERER

6208 - 06
L2iE-09

. 3008 -08
000E «00
000€ + 00

. DODE+ 00
000§ «0OC
0.000F+D!(
1. £56F - 06

N-0720-14 Rev M

14
“

EESEERESENNERED

» Skir

ev No.
L]

EENNERERS

Wwhole Body

288
295k -
208
3206
3208
320¢
320¢
3201

who e Body

8108
AO0E - 08

.000€ + 00
. 000E« 00

5
]
2
0
0.
0
0
0
5

288§ - 06

09
000¢ + 00

000 + 00
000¢ + 00

$208 - 06




EC&FS DEPARTMENT

CALCULATION SHEET

ICCN NO
PRELIM

CONN

PAGE

AMP DCP 283 8826.0158) Cale. No. _N0220014 v CONVERSION
CN NO. CCN
Subject_ Loaual Foom and Oftsite Doses Should CPIS. CRIS, and FHIS Fail Sheet 181 of 252
rnu__mmm DALE " RALL L igmaton | pars Jae 1l opars In
§
0 Mark Drucker 8/1%/87 |T. Remick 8/18/97 v
% —
I )
Bechtel Stondard Computer Program LOCADOSE, W38 Version 3.1
(e) TV89 SCE ALY Version, 2 Teb 1998 Cale No, K-0T20-14 Rev Mo 0
Origiretor MARE DRUCKER Date 7 Aug Y997
Froject SORGS LNITS 243 Job No. sbhD 30m. dy Sheet No, g/
Sub ect 40.0 pon SBLOCA o/ | spike, CR & minipurge ‘soleted & 30 min
[ 2 3 ""r—l""".-""'."'.llY"‘Vl.llkLI.-'.'......D-.-IY"‘"'rl‘ﬂh:‘-i, TEREENeAts
NESYD Offsite Dose Summry
Doses in REN for distarce 2
Time intervel (hr) Thyreid Lury Bore Beta Skin Whole Body
fFrom to
0.0000E+00- ,S00( S.BAE-04 8. 9IVE-08 1. 4B0E - 06 &ASBE-OY  B.A3-07
$000 1.000 1. 268F - 06 1.9506-08 3.2060-09 8,780 10 .74 09
1.00¢ 2.000 5.0538-06 TGOVE-08 Y. 2706-08 3. 35BE-0V 6 G156 09
2. 00¢ &.000 1.99%¢-05 3.002¢-07 &, 9608 - 08 1.829c 08 . 234608
&.00( 8.000 F.TOVE-05 T V54E - D¢ 1.0968-07 &.35T0-08 7. S04E - 0B
8.000 26.00 2.4T0F - 04 J.6046-06 S5 .BVIF-DT  2.3%88.-07 5.400¢ 07
26,00 9. 00 2568 0 VTPSE-05  2.749¢-06  7.2938-07 L.ST6E-O7
96 .00 720.0 1. 522¢-02 PR ) 5.265¢-08 $.7T1TE-08 7.259€ - D¢
Total 1.760¢-02 2. 45F 04 S TT% 08 199608 V. GALE 06
Bachtel Stariard Computer Progrens LOC/VOSE, 319 version 3.0
(e} 1989 SCE AIX Version. ? Feb 1998 Cale No, N-0720-14 Rev No. ¢
Originator MARK DRUCKFR Date 7 g 1997
Project SONGS UNITS o4 Job we. sbh0 S0m, o) Sheet No 17
Subject 40.0 gpm SRLOCA w/ | spike, CR & wminipirge isolated @ 30 min
ikt.ul'l...l‘.llllttltlll‘i."'!lll!‘ll'lzk-m’i!tl'l-‘l.'.“......ll'ul'lnllllxx-s

NESI® Offsite Dose Summery

WLt ive doses in REM for distance 2

Time Thyro'd ung Rone Beta Skin  Whole Bodty
(Ar)
5. NO0E - ¢ S BATE-04  B.VV'E-06  1.480C 06 & 15S8E-07  8.4306-07
1 000E+00  S.854F-04 8.9306-06 V.GBAE-D6 4. V6TE-07  B.457%-07
£.000E+00 5.905¢E-0&4 ©.007F-0¢ 1.64066-06 4.2006-07 8.5218-07
4.0006+00 6.1040-04 9. 307¢-0¢ 1548606 4 . 323E-07 B.744E-07
8. 000E + 00 6.878E-04 1. 0466-05 1. 735¢ - 06 6. TSOE-07  9.474k-07
¢.400F+0 V.3APE-06 1406605 2.3V7E-06 7.0966-07 1 287¢ <06
V.600E+01 2.1916-03  3.1816-05 5.0656-06 1.4396-06 2. 18SE 0¢
' 200€+02 176002 2.451E-04 3.772¢-05 T.1168-08 P.444E 06

‘\




Project or DCP/MMP

EC&FS DEPARTMENT

CALCULATION SHEET

DCP 283 0820.015)

No

ICCN NO
PRELIM. CCN NO

NQ720014

CON CONVERSIOf
CCN NO. CCN

subject__Loutrol Room and Offsite Doses Should CPIS. CRIS, and EHIS Fall

Sheet 182 of 252

DATE

el _omamaton | oAty - | RALS

RE DATE

0 IMark Diucker 8/15/97 1. Rerrck B/18/97

C6.9.1 RCS Leak LOCADOSE Activity 1 ransport Input File (sb1 720.ti)

1.0 g SBLOCA w/o isolat'n, Mir purge in Operet ior
MARE DRUCKLR
SONGS UNITS 243
sb_720. 4
N-0%20 14 €
1
1 B 3¢ 1 1 0
0 0 0.000008«00 0,000006+00 2
CPM CUFY CURIES
' 1 1 1 L 1
0.9 0.04 £.08
CONTNMY
D0000E+00 0.500006+00 Y 1 1
T 4

LI )

1

(4 «

(RS ) Initisl contaimnment ‘nvertory
« 13 ‘nitisl conteirment wventory
<« -1 Inttial conteinment 1nventory
152 inftial contairment {nventory
132 nitisl contairment inventary
152 Inttisl contaimwnt {nventory
133 Inttial contairmen: inventory
5% inttial conteinment ,“ventory
133 intial contairment inve tory
156 initial conteainment (nventory
A nitial conteinment inventory
15 initial conteirment inventory
135 inttial contalrment inventory
135 INTtial contaimnment |nventory
135 nitiel contairment (nventory
B3m  ‘nitial contairment inventory
85 initisl conte!rment invents y
4 iFitiel containment inventory
8’ inttisl contairment nventory
1.1.] Initial contairment inventory
13 initial contairment inventory
133m initisl contalrment inventory
133 initiel contairnment inventor Y
135m initial contairment {nvent Wy
135 initisl contairment |nver tory
Nitia contalrment inventory
Aitiel containment (nventory
Inttial conte' rement tnventory
inttisl contairment inventory
mmtis anteimment ventory
Aitiel ou tafrment inventory
Mtial contairment inventory
initial containment inventory
Initiel contairmment inventory
Fitial containment naventory
nitial contairmment inventory

13 ci/hour Leaked into conteairment

134 ci/hour Leaked into contairment

3 ci/hour leaked into contairnment

152 /hour Leaked into conte!rment

152 ¢ /hour lesked inte containment

C6.9 RCS Leak LOCADOSE Files (1 gpm with no CR or Containment Isolation)




ECAFS DEPARTMENT
CALCULATION SHEET PRELIM, CCN NO

Project or DCP/MMP _DCP 283 6926.01S. e AR, | e
CCN NO [ \

Subject__Conuol Ream and Ottaite Doses Should CPIS, CAIS, and FHIS Fail ; Sheet 183 of 252

ALY SRIGINATOR DATE BE DATE wnnon IRE DATE

0 IMark Drucker 8/15/87 |T. Remick 8/18/97

PACE

-

ti/hour lesked into contsirment
I/hour Lleaked into contalrment
/hour Lesked into contalrment
hour Lesked into contairnment
/hour Leaked into conteinment
/fhour leated into conteirment
V/hour leaked into contel rement
/hour Leaked ‘nto conte!rment
I/hour Leaked into conteirment
{/hour Leaked into conteirment
Ci/hour 'esked into contsirment
Ci/hour leaked into contalrment
1/hour lesked Into conte! rment
ci/howr leaked inte contelrment
ci/howr (eaked into conteirment
ci/howr lesked into conte!rment
1/hour leaked into conteirnment
/hour leaked inte contalrnment
fhour lesked Into contaimnment
1/hour leaked into conte!rment
{/hour lesked Into contairment
1/hour lesked into conteirnment
T/hoyr Lesked into contelnment
/hour Leaked inte contslrnment
ci/hour leaked into conteirment
cli/hour leaked into conteirment
ci/hour lesked into contalrment
Ci/hour Leaked into conteirment
Cli/hour leaked into conteirment
Cifhour leaked Into contairment
ci/hour leaked into conteinment

10¢ 100

( 0 0
S0000€+00 1., 0N000E «00

5820
0

0 7.90000
D0000E+00 2., 000008 «0(

¢ 7. $00000€ - 04
JO000E+00 &, 000008 «0C 1 9
n )

3 £
0 7. 9000008 - 04
&.00D00E+00 8.000006+00 '

¢ 7.900000€ - 04
8.00000€+00 2.400006+01 1 9




EC&FS DEPARTMENT
CALCULATION SHEET

Project or DCPMMP _DCF 263 6926 018 - Cale. No._N-Q720.014 I CCN CONVERSION
CCN NO. CCN

CON NC FPAGF

subisct_Contal Aeam and Oftsite Doses Should CPIS. CRIS. and FHIS Eaul - - Sheet 184 of 262
rex]_omgmaron DATE e nee]_omomaron | pare "y DATE

0 IMark Drucker 815/97 1. Remick 81897

0 & . 6000008
7 .')'_)’y"lo"l 9_(.’!"#11"‘[.
0 0
22008 0O
0 ¢
,0,0
0,0
2.500000¢
GODOOE+01 7, 200008 +02
0 ¢
1
1

-
(4]

0
0
(

0,
9.0,
6. 250000¢ - 0%

€6.9.2 RCS Leak LOCADOSE Dose Input File (sb1_720.di)

1.0 gpm SBLOCA w/o isclat'n, Ninipurge in Operstion,
MARE DRUCKIR

SONGS UNITS 283

sbi _720.4
N-O720-%4

I spike

1
DORDOFLKRDRO
2 5 &
REM REM/ MR
GOOOE - 06 . 0000€ +00 D000E +00 O000E«D0  0.0000€ +01
& T00E 04 DO00E «00 DODOE+LY 0. 0000F «00
26008 - 07 RAD0E-O7 &.03006-07 3,.65006-07 3 2800¢ - 07
47008 - 04 &TO0E - D4  TH00F - 04 3200€ - 04
2. 0000¢ «00 OCOUE+0D  2.40008+01 H000E +01 20008+ D¢
CO00F « 00 0CO0E «00 CO00DE+01 7. 20008+0;
0000¢ + 00 0000E + 00
1.00006+00 *.0000€+00 1.0000€+00
& TOOE - Db
O00DE«00  0.6000E+00 0.40008+00
& TO0E - Dé
P &000E+C1 6000E«0Y 7. 2000€+02
7.20008+02
1.00006+00 1,00008+00




EC&FS DEPARTMENT
CALCULATION SHEET PRELIM. CON e

Project or DCP/MMP _DCP 283 0026.018) ; Cale. No._N-C720014 CCN CONVERSION
CON NO. CCN
subject__Lenual Aeom and Offsite Doses Should CPIS, CRIS, and FHIS Fal Sieet 195 of 282

aev]_omomaton | oary m pare Lapvl omomaron | pavg | we | oam

Mark Drucker 8/16/97 T. Remick B/18/97

FAGE ok

ecm®

C6.9.3 KCS Leak LOCADOSI. Dose Output Input File (sb1 720.do)

Bechtel Standard Computer Progrem LOCADOSE, MESYY Versior 3.0
. (e) 1989 SCE ALX Version, 7 feb 199% Cale Mo. N-O720
3 Originator MARK DRUCKER Date 7 Aug 1997

Project SONGS UNITS 243 Job Mo, sb' 720.di Sheet N 4
SWject 1.0 gpm SBLOCA w/o isolet'n, Minipurge in Operation, | spike

rELEERE B i L P ——

% ey Mt (

NES'Y Dose Rete VWithin kegions Sammary

Dose retes in REM/NR for region 3 Cont Room

Time Thyroid Lung Bone Beta Skin Whole Body
(hr)
0.000F+00 O.000F+00 O0.0006+00 O0.0008+00 © 0COE+00 0.000¢+00
$.000% -0 1.5266-02 2.0208-04 5.55%:-0% 9.7T2Tc- 06 1.102¢ - 06
l 1.0006+00 & . 334E-07 6.59% -4 1.0946F 04 5040805 3.429% 06
2.000¢ +00 1.2236-0 1.8528-0% 3. 0658 - 04 B.A29E-05 8.787%-06
4 . D00E+00 Z.855%¢-0 4. .B%-0% T.O736-04 1. 786F - D4 1.769 05
8.000¢+00 5.5266-0 8. 20503 1544803 5.0726- 04 2.8316-08
2.6006+01 6. 2308-01 9.029% -03% 1646808 2. BT 04 2.300¢ - 05
9.6008+01 3.50% -0 &.DGAE-D) 7 64K 04 1. 3408 - 04 9.635¢- 06
T. 2006402 2.9766-02 &.V638-04 6. 858¢-08 .12 08 5.8068-07




EC&FS DEPARTMENT
CALCULATION SHEET PRELIM, GCN NG PAGE

rroject or DCP/MMP _ DCP 283 6028.018) . Calc. No._N-0720-014 CCN CONVERSION
CCN NO. CCN

subject_Conupl Room and Oftsite Doses Should CPIS, CRIS, and FHIS Fail e Sheet 186 ot 262

aed_omomaton | oan 1w et food ongnaron Loam | e [ parg

0 IMark Drucker BNE/97 |T. Remick 8/18/97

Bechiel Stwxierd Computer Program LOCADOSE, NEN'® Version 3.1

(c) Y989 SCF ALX Version. Z feb 1998 Cale No. N-0720-14 Rev Ne
Originator MARK DRUCKER Date 7 Awp w97

Project SONGS UNITS 243 Job No. sb! (20,4 Sheet No, 10
Subject 1.0 gpm SBLOCA w/o isolat'n, Minipurge in Operstion, [-spike

bbbl bl b L E e e — TEEERIBLEES

NEZ'Y Doses Within Reglons Summary
Voses in REN for region 3 Cont Roam

Time Interval (hr) Thyroid

From to
0. 0000 +0OC- 5000 31603
5000 « 1.000 3688 - 02
1.000 2.000 \736-02
2.000 4. 000 099% - 01
000 8.000 TOVE00
8.000 24,00 JA6AE+00
26.00 6. 00 S13E+0
96.00 720.0 PO0E+00
“otel A3BE+01

Beta Bk

laF.
 VB6E
™
679t
. PO4E
vom
. V62E
.O89¢
L2F

A R
AN"\“—'.‘—‘?J?"F
- O NN D -
- ;‘0'\?‘,—4

”

Bechtel Standard Campuier Program LOCADOSE, WE3'® version 3.0

(<) OB SCE ALX Version, 2 Feb 1998 Cale No, N-OT20-14 Rev WMo
Originator NARK DRUCKLR Date 7 Aug 1997

Froject SONGS UNITS 243 Job No. sbl_T720.4% Sheet o, 11
Sabject 1.0 gpm SELOCA w/o isolat'n, Ninipurge in Operation, |-spike

SERLINNEDEBESS IS&-c"lll‘:.'?""!..ll‘lhl"!ItBltt"'...“l-’.}llillllh-s&t’ﬁ!!ﬂll

NES1® Doses Within Reglons Sumary

Cumulative doses In REM for regl 5 Cont Room

Time Thyro'd ‘g Bone Beta Skin  Whole Body
(hr)

$.000€ - 01 S331E-0%
000F + 00 £ 02
. DOOE +00 TTLE- 02
000 + 00 5. 076 -0
Q00K +00 2. 209E+00
¢ &O0E+01 1.0358+01
600E + 01 SCRE+O
F.2006+02 3. .3386+01

$55¢-05 > . DOSE TV2E -0 1.9568-0
A38E-04 D&6F 1.170¢ 301¢
LB4F- 2. 4590 G268 0% 402t
661E-03  1.264€ 3710 438¢ -0
S04E-02 3501 1.5286 3 +2B2E-(
H19%-0 1 .6628 -0 JEO5E- 5968
HE2E -0 T9SE-02 A226-02 P06t
7686 - 01 7. 4LB5E-02 621E-02 1.0498-0

Ll S e i




cC&FS DEPARTM NT

CALCULATION SHEET PRELIM. CCN N

Project or DCP/MMP _DCP 243 6826.018) Calc. No._NQ720-014 CCN CONVERSION
CCN NO. CCN

PAGHE

Subject__Lontrol Room and Oftsite Doses Should CPIS. CRIS. And FHIS Fail

Sheet 187 of 282
el _omamaron | pary 0 oarm L_me | pare |

L [Mark Drucker B/S/97 |T. Remick

Bechiel Standard Computer Progrem LOCADOSE, NESYY version 3.(

(e) 1989 SCE ALx version. 2 feb 1995 Cale Ko, N-0720-14 Rev No
Originator MARK DRUCKER Dete 7 Aug 1997

Project SONGS UNITS 263 Job No. sbl 720 .41 Sheet No 2
Subject 1.0 gom SBLOCA w/0 isolet'n, Minipu ot In Uperstion, | splke

ve B L AR P — EPEEERAN S U EE N

NESTY Offsite Dose Rate Summary

Dose rates in REM/MR for distarce !

Time Thyroig Lung Bone Beta Skin  Whole Body
thr)

. D00E «00 0. DOOE +00 vOOF « 00
5. 000¢ - 01 261E - 04 3. GARE - D6
1. 000€ +00 A34E-04 TASE - Dé
2. DODE +00 5308 - 04 Nl S0
DO0E «00 . D00F +00 ODOE «00
0D0E +00 0. 000 +00 0D0E +00

¢ . &00E «01 0. 000 +00 ) . ODOE + 00
9 .600F+01 ). 000E +00 000€ + 00
. 200E+02 C.000E +00 0.000E+00

000§ +00
T2BE -O7
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AFPPENDIX D FHA in FUB
DO FHA in FHB METHODOLOGY

Following a Fuel Handling Accident (FHA) in the Fuel Handling 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 immersion and inhalation doses are due to the airborae 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

1 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

e=<mm
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D20 FHA in FHB LOCADOSE MODEL
Figure D-1

FHA in FHB LOCADOSE Model
CR HVAC In Normal Mode, FHB HVAC In Normal Mode

NODE 2
FILTER
Fuel Handling
e 0% lotom | 29885 ctm
365,306 1 o’;: :f;%
0% NG

26365 chr

NQODE 3

10 CR $820 ctm Control Room §820 ofm I
v 244 308 1

X'Q FAB

XQ LPZ
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Figure D-2

FHA in FHB LOCADOSE Model
2 Trams of R HVAC In High Radiation Isolation Mode, FHB HVAC In Normal Mode

NODE 2

FILTER
Fuel Handling
Buliding | 95% | otem | 508680 chm

: , 3 traine)
365 306 #° og: 'p:g (total for 2 traing)

0% NG

10 cf
XQ CR o NODE 3

v Q CR . FLTER | Cont ol Room

4400 cim . "
(total for 85% | elan 244 208 1

2traing) | 96% loy
VQ EAB "1 99% Part

0% NG
LQLRZ
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D3.0

D31

FHA in FHB ASSUMPTIONS

In accordance with Regulatory Guide | 25 (Reference 6 4¢), it is assumed that the fuel
has at least 72 hours of decay prior 1o the accident. This time is based on Licensee
Control Specification 3 9 101 (References 6 4j and 6 4k) Regulatory Guide 1 25
Section C.1 a states that the accident will be assumed 10 ocour a: & time after shutdown

identified by the Technical Specifications as the earliest time irradiated fuel handling
operations may begin

In accordance with Regulatory Guide 1 2% Section C 11 all of the radioactive material
¥

in the FHB atmosphere is assumed to be released to the environment over 2 2 hour
interval

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
tnoving 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

Per Regulatory Guide 1 25 position C 1 £ elemental and particulate iodine are
indistinguishable, and treated only as inorganic iodine. 1 reating the particulate iodine

as elemental iodine is conservative. since the CR recirculation filter 1s more efficient at
removing particulate iodine

The atmospheric dispersion factors for Containment releases (given in Design

Input 4 5) are assumed to apply to FHB releases also. The normal FHB HVA(
discharges tc the Continuous Exhaust Plenum, which is the discharge point for
containment leakage into most of the plant buildings. 1Jse of the Containment x/Q 1s
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 stmilar. 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

lhis analysis does not take any credit for FHB Post Accident Cleanup Units
$2(3)-1504-M-E370 or E371
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FHA in FHB DESIGN INPUTS

CE letters S-CE-2666 (Reference 6.3a) and S-CE-3068 (Reference 6 ¢) provide the
gap activity released from one fuel pin during an FHA (with a peaking factor of | 65
and 72 hours of decay after reactor shutdown). To account for operating with fuel
discharge burnup extended from 33 GWD/T to 60 GWD/T, Calculation N-4097.013
(Reference 6.1u) d~termined 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
I was used for Xe-133m (with its 2.19 day half-life). The daughter isotopes of the CE
inventory (as determined by the LOCADOSE Code library file) are listed with a zero
initial activity

[SOTOPK N 4097013 S<CE-3068 Inventory Adjusted

Change Faotor Ci/Peak Rod) Inventary
(Ci/Peak Raod)

| X 2 10e+02 2. 10e+02

5 60401 § 566401

3 4704 ) 47001

| 4240 2 92e+0)

3 S8e + (X 1 S8e+(0
e |

5.12¢402 3 12e+02

1 07e)] 1 07e+0]

6 63040 7‘:“(""

U Ulle*X O 00e+(0)

FeH )
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D42  The FHB HVAC parameters during normal operation are as follows

Parameter FHB Norma! ( doeration

Value Reference

Filtered Intake 0 ¢fm 40090 (Ref 6 2¢

Unfiltered Intake (inoludes 26,365 ofin
wfiltration)

Exheust Rate 26 365 ofm

40090 (Ref 6.2¢)

40090 (Ref 6.2¢)
Filtored Recirculation 0 ofm 40090 (Ref 6 .2¢)

Unfikered Recirculation 0 ofm 40090 (Refl 6.2¢)

D43 The FHB volume served by the normal FHE HVAC system is 365,305 f° per
Calculation M-0076-001 sheet § (Keference 6 1d)
D44 Per Section C.1.h of Regulatory Guide 1 25 (Reference 6 4e), the noble gas activity
released to the Spent Fuel Puol is not subject to clean-up due to pool scrubbing The
retention of noble gases in the pool is negligible (i.¢ , 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.1.fand C.1.g The SFP decontamination factor for elemental/particulate

lodine is 1/133, and 1 for organic iodine. These values are based on having 23 feet of
water above the top of the fue!

['his calculation will model 236 fuel rods in a fuel bundle assembly per drawing
5023-990-164 (Reference 6 2p)

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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DS0  FHA in FHB COMPUTATIONS
DE1  Spent Fuel Pool lodine Removal

As discussed in Design Input D4 .4, the iodine gap activity released to the spent fuel pool water
s subject to clean-up due to pool scrubbing Regulatory Guide 1 25 gives pool
decontarmination factors for situations where there is at least 23 feet of water above the rods
Per Technical Specification LCO 3 7.16 (References 6. 4h and 6.4i). 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 bundie 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 bundie Therefore,
this calculation may take credit for iodine removal by the spent fuel pool

Per Design Input D4 4, the activity profile modeled assumnes that the iodine gap inventory of
Design Input D4 1 is composed of 99 75 percent inorganic species (1.¢, 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 iodine and organic iodide
species are 133 and 1, 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 FHIB

lodine Species imtial Pin Gap Fraction of Decontamination Airborne Activity
Inventory (Ci) Total lodine Faotor for SFP Ci)

A H (

1-131 elemental 21 0 133

1-13 ] organic 210 00025

1-133 elemental 556 9975

1-133 orpanic 55¢ 0.0025

1-115 elemental 347 0.9975

1-135 organic 0347 ) 0025

As a sample calculation, the I-131 elemental airborne activity is

210 Ci % 09978 _ | 75 3
133
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D52 FHB Exhaust Flowrate

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 FHB exhaust flowrate (per
Design Input D4 2), and the FHB volume (per Design Input D4.3) result in removing all but
the following amount of the activity in the 2 hour period of interest

Activity . ,

Activity,

FHB Flowrate 26,365 fi*/min
FHB Volume 365,305 i}

A = 00722 min !
Activity, .

e ® @(AOTH AR R (120 ) . 00002, or 0.02%
Activity, .

Based on engineering judgement, the impact of not removing 0.02% of the FHB 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

D53 FHA in FHB LOCADOSE Code Time Steps

I'he ume 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 27 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 DS 2). This also ensures that the activity entering the
Contrcl Room has had sufficient time to either be exhausted back to the environment, decayed
or be removed by the CR EAC recirculation filters
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Tune ARer
Reactor Shutdown

LOCADOS!
Tune Stey

Significance of the Tune Step

(hours)

N/A Reactor shutdown

1 days 0 hrs
05 hu
2 hrs

8 hry

Beginning of FHA

3 days + 30 mun Control Room HVAC manually wsolated

1 days + 2 hrs End of EAB analysis

1 days + 8 hrs

End of ans lyss

DS.5 FHA in FHB Dose Results

I'he number of fuel pins that fail is per Assumption D4.6. The doses for & single failed pin are
from Section D6.5. The Control Room whole body doses 2re doubled per Assumption 3.7

FHA - CR and FHB HIVAC in Normal Operation at Start of FHA.
CR Isolates at 30 Minutes

Single Pin
Dose (Rem)

CR 1

Total Dose
Location

Pins Failed Dose (Rem)

Thyroid
Beta Skin
Whole Body

3 406E-01
6 SOBE-03
2.798E-04

204
04

EAB
Thyroid
Beta Skin
Whole Body

4 090E-03
2. 562E-05
1. 999E-08

| LPZ
Thyroid
Beta Skin

Whole Body

1.0S0E-03
6.577E-0A
S 133E-06
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D6.0 FHA in FHB COMPUTER FILES

D6.1 FHA in FUP LOCADOSE Libzary File (Mha_fub.lib)

Yersion 1.0 Thyroid Lurg Bore Beta Skin Whol. Body

[+=137 2.5086+04 9. 976E-07 1.4906+06 2,0738+04 3, 1508408 3. 1708 02 8,.7208

' 0 00 0 O

1.1006-02 0.0006+00 0.CO0E+00 0.000+00 0. 0006+00 0.000E+00 1 1.8175-0
131 2.5080404 9.976F-07 1.4005406 2 O736+04 3.1506+03 3. 170802 8. 7208
1M 000 0 0

1.100€ -02 0.0006+00 0.000¢+00 0,0006+00 0.0008+00 0.0006+00 2 1.817¢-0

15131 2.5088+04 9. 976807 1.4906+06 2 O73E+04 3. 1508+03 3.1708-02 8.720¢

1T 000 0O

1.100€-02 0.0006+00 U.000E+00 0.000+00 0.000E+00 0.000E+00 3 1.8178-01

1+=155 ¥ 6228+04 9.2116-06 2.690E+0% S.064E+03 1.0806+03 7.3508 02 1.950¢

21312 0 0 0 0

9.710E-01 2.900E-02 0.000F+00 0.0008+00 0.000E+00 0.0008+00 & &,0578-01

15153 5.622004 9. 211606 2.6908+05 5. 064E+03 1.0808+03 7.350F-02 1.550¢

e'312 0 90 0

§.7106-01 2.900¢ -02 0.0006+00 0.000€+00 0.0006+00 0.0006+00 $ 4.067¢ DY

1+ 133 5.6226+04 9. 211006 2.6906+08 S O64E+03 1. 080E+03 7.3506-02 1.550¢8

21312 0 0 0 0

9. 710601 2.9006-02 0,0006+00 0,000€+00 0.0006+00 0.0006+00 & 4.067E-01

15135 5. 1036404 2.9126-05 5.6006+04 1.9716+403 3 I50E+02 1, 290¢-" rall

2% 15 0 0 0 ¢

.450E-0° 1.5506-01 0.000E+00 0.0006+00 0 DOOE+00 0.000E+00 7 3.691E-01

1--155 S 103504 2. 12805 5.6008+04 VLOTVE+08 3. 5508402 1.2908-09 &.2108

€W 15 0D 00O

B.450€-01 1.5506-01 0,0006+00 0.0008+00 0.000E+00 0.0006+00 & 3.691E-04

1+-135 S, V036404 2.9126-05 5.6006+04 1.971E+03 3.350£+402 1,2906-01 4.210¢

2% Y 00 00

8.450€-01 1 5506-01 0.0008+00 ©.000E+00 0.0006+00 0.0006+00 ¢ 3.6916-01

KR=-85 4. 102E+02 2.054E-09 0.0008+00 2.4106+00 0.000E+00 &, 2486-02 5.102¢

0 C 0 0 O0ODODO

0.000E+00 0.0006+00 0.000€+DD 0.000F+00 0.000C+00 0.0006+00 10 2.505¢-01

KE13IM 2. S95E+02 6.815¢-07 0.0008+00 1.400E+00 ©.0006+00 1,5088-02 2.899¢

0 00 0 C OO

0.000E+00 0.000€+0u 0.0008+00 O.000¢+00 0.000€+00 0.0006+00 11 0,0008+00

KETIIM 1. 3B4E+03 3.663E-06 0.0006+00 1.890F+00 0.900E+00 3.1506-02 7.954¢

13 00 0 0 O

1.000E+00 0.0006+00 0,000E+00 0.000€+00 0.06G0E+00 0.0006+00 12 0.000F+00

KE-133 5.6226+04 1.52B8E-06 0,0006+00 1.5706+00 0.0006+00 ©.697E-03 9.314¢

0O 00O O0OOOD

0.0006+00 0.7006+00 0.000E+00 ©,0006+00 0.000E+00 0.0006+00 13 *.004E-01

KE-135 5. 3636404 2.115€-05 0.0006+00 4 OS06+00 0.0006+00 5.894E-02 5. 736k

1% 0 0 ¢ ¢ O

1 000E+Q0 C,000E+00 0.0006+00 C.000E+00 0 000E+00 0.0006+00 15 ¥.028F-01

XE' 35N 0.000E+00 7.3806-04 0.0006+00 2 220E+00 0.0008+00 2.2538-02 9.887¢

1% 00 00O

1.000E+00 0.000E+00 0.000E+0 0.0008+00 0.000€+00 0.0006+00 14 3.000E-09

CS-135 0.0006+00 7.449€-15 7.4806+03 1 STOE+03 1.4808+04 2, 730E-03 0.000¢

U 0 00 0O

0.0006+00 0.000E+00 0.0006+00 0.000§+00 0.000E«00 0.000E+00 16 S.6308-02

')
&

02

5.789¢-01

5.78%-01

6.047F-0
6.06TE- 01
6.047E-01
01 1

1.6175+00

01 2

1.6176+00
0 3

1.6V 78«00
06 &

2 .236£-0%
03 &

3.1066-03
03 &

2.332-02

03 &

2.W7E-02
02 4

2.46068-01
02 &

&.266E-01
*00 §

0. 000€+0C

%;
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D6.2 FHA in FHB LOCADOSE Activity Transport Input File (Mha_fhb.ti)

FHA In Fuel Blag, CR
o Rem' ck

SONGS UNITS 243

ftha tho. ti
N-720-0'3 O

solated at 30 minutes

5 % i 1 0
00 0.000006+00 0.000006+00 2
CPM CUFT CURIES
1 1 1 1 1 1
' . 0
FUEL BLDE
0.000006+00 ¢
1 01
1.8 1137 elemartsl
525 “137 organic
131 particulate
133 elementsl
133 organic
1-133 particulate
0.002602% <1-135 elemental
0.000867% 135 organic
135 perticulate
9.2 a5
5.58 15e
0.7 153
512 113
7.2% 13
0 “155m
( «Cs- 135

SE«00 Y 1 1 9

0
0
0.417
0.1%¢

365308
0 26345

. 1 ~
C 0

1 7. 900000 - 04
hLIP8 0 5820 29885 S820
) 0 0 0 0 C

0 0 0 0
0.5€+00 2.00000g+00 1
00 0
L | d g ‘}' i\

0,0,0

\ 7.900000¢ - 04
264398 4400 10 SORLP 441D
5 8 W 0 90 99 O 99 ™
9 98 w N 98 9 9 99
¢.00000E+00 8.000008+0¢ I B N

0 ¢
'
1

.0,0,0
0,0,0
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D6.3  FHA in FHB LOCADOSE Dose Caleulation Iuput File (fhe_fb.di)
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FHA In Fuel Bldg, CR Isoleted st 30 minutes
Tow Remick
SONGS UNITS 243
the_fhb.di
N-720-013 O
1
DCRDOF
2 2 1 1 1 0 00
REM  REN/HR
3.6000¢ -06 0.0000¢+00
3.4T00€ - 04
9.2400E 07 9.2400¢ 07
3.4T00€ - 04
2.0000E+00 9.0000€+00
A. 00GOE + 00
. 1.0000E+00

:

jiid
irid

A
HiE
888¢%

1.0000¢ +00

D64 FHA in FHB LOCADOSE Activity Transport Output File (Mha_fhb.to)

As this is not a design basis calculation, no output file is included
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D6.5 FHA in FHR LOCADOSE Dose Calculation Output File (Mha_fMb.do)

Bechiel Sndard Computer Progr am LOCADOSE , NEXYY
€) Y909 SCL ALX Versioe e Fob 1995

Originator Tom Remick Date ¥ Sep 199¢
Pro/eci SONGS UNITS 283 JOb No, The hb.di
Subject FRA In Fuel Bldg, CR lsolated ot 50 mirtes

CECRIENSR RN AR NNRELAERS L AT e

Version 5.0
Cale No. N-720-01% Rev Mo

Sheet N¢ [

pdab b el st L S LR L LD T T T Y T P e Y e—

NESIY Doses Within Reg'ons Sommery

Doses in RFM for region 3 Cont Room

Timm Intervael (hr) Thyrold Luy

from te
0.0000€+00- 5000 2.9268-01 627903 6.6437E -4 ' A326-03 8.076E 0%
5000 2.000 &.799% 02 B.A94F -4 1.056€ 4 3.727-03 1.500% .04
2.000 £.000 8.11%-07 “ 374E-08 1.7826-09  9.408¢ -4 & . 0208-0%
Tote 5.4068 -0 5.112¢-03 F.A93E- 04 6.508F-0% 2. TOBE- D4

Bone Bets Skin whole Body

Bechtel Starvierd Computer Program LOCADOSE, NE3'Y vVersion 3.0
() 1989 SCE AIX Version, 2 feb 1998 Cale No. N-T20-0'3 Re.
Originator Tom Remick Date © Sep 19906
Project SONGS UNITS 243 Job Mo, fhe fhb. di
Subject FRA In Fuel Bldg, CR Isolated at 30 winutes

bl L e T T T L I, "RESSsETmENEY S

Ko
Sheet ko 0

ITERSBAAALTYIESENRAE RN ENNS

NES'® Offsite Dose Summe ry
Doses in REM for distarce 1

Time Interval (he) Thyroid
From to

0.00008+00 5000 3.623k-03 5.2264E-05 7.97%E - 06 2.270F <05 \.772E-05
. 5000 2.000 &.67TSE-D4 6. T40F - 08 1.028€ - D¢ 2.9226-06 2.278 06
2.000 8.000 0 000E+00 0.000€«00 0.000g +00 0. 000€ +0C 0. 000 +«00

Total 6.090E-03 5.898¢-08 0DVE-06  2.5626-05 1990605

Lug Bone Bete Skin Whole Body

Bechtel Standard Computer Program LOCADOSE , NEXYS
(€) 1989 SCE AIX Version, 2 Feb 1995

Originator Tom Remick Date 9 Sep 190¢
Project SONGS UNI'S 283 Job No, tha fhb.d
Subjett FHA In Fuel Bldg, CR lsoloted st 30 m nutes

RTINS L PYREB RSSO E

Version 3.0
Cale Mo, N-720-013 Rev Mo
Sheet N¢ 12

et L e R T T L g T Tvnppp—

NEST® Offsite Dose Sumary
Doses In REM for distance 2

Time Interval (hr) Thyroid
From to

0.0000E+00- ,5000 9.299€ -0 \ E-05 2.066E-06 S

$000 2.000 1.200€ - 04 0 63%-07 7

1

¢

Bore Seta Ski

. B26E
501§
228+

ST

2.000 8.000 1.802€¢- 05 3.956E-10
Tota 1.050€ -03 ' 0 S11F- 08

[N
£
v
L
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APPENDIX E SPENT FUEL POOL GATE DROFP
ELO  SFP GATE DROP METHODOLOGY

Following a Spent Fuel Pool (SFP) gate drop in the Fuel Handling 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

The immersion and inhalation doses are due to the airborne cloud at the EAB and LLPZ 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
immertion 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 ES 2, is
used for this analysis

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

E32  Manual operator 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
lifting 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 notifyirg the Control Room

E33  Atotal of 9 days of decay following reactor shutdown are assumed to occur prior to
the start of the SFP gate drop accident

—<mm
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SEF GATE DROP DESIGN INPUTS

I'he design inputs of Appendix D are uscd in the analysis of the Spent Fuel Pool gate
drop accident

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. 1b)

o model 9 days of decay 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

During routine opening and closing of the SFP Gates, the gates slide on a rail system
that includes horizontal restraints (Drawing $§023-207-1-78, Reference 6 20)
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 lifted
up by a crane

These

SFP GATE DROP COMPUTATIONS

SFP Gate Drop Calculation Method

The analysis for the SFP gate drop uses the same model as the FHA in the FHB (Appendix D)
except that the time steps are modified to include a total of 9 days of decay prior to the start of
the accidem  Refer to Appendix D for the details of the LOCADOSE model
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ES2  SFP Gate Drop LOCADOSE Code Time Steps

I'he 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 1s removed from the FHB (due
l 10 the exponential equation used in determining the FHB exhaust flowrate in Section D$.2)
I'his also *nsures that the activity entering the Control Room has had sufficient time to either
be exhausted back to the environment, decay, or be removed by the CR EAC recircul

\anon
filters
lune After 1".';‘/\:{‘ a . .
l Reactor Shutdown {ume Step Sigmficance of the Tume Step
(bours)
N/A Reaotor shutdown

3 days 0 Start of additional decay bevond the 72 hours used in [ 1M |

9 days 144 h s Beginning of SFP gute drop event
Y davs 4+ 20 mun 144 33 Int Caontrol Room HVAC manually isolated
9 davs + 2 hrs 146 hrs End of EAB anslysis
9 days + 8 hre 152 hrs | End of anulysis
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ES.3  SFP Gate Drop Dose Results

I'he number of fuel pins that fail is per Design Input B4 2. The doses for a single failed pin are
trom Section E6 5. The Control Room whole body doses are doubled per Assumption 3.7

SFP Gate Drop at 9 Days of Decay, CR Isolates at 20 Minutes

iy

Single Pin | l'otal Dose

' “oetion Dose (Rem) [
cse m) Pins Failed Dose (Rem)
- :

CR
Thyroid | 237E-01 29.2
Beta Skin 3 35TE-03 23¢ 08
Whole Body 1 175E-04 36 0.1

EAB
Thyroid 2.330E-03 ) 06
Beta Skin 1.309E-05 <0.01
V'hole Body 8.366E-06 <0.0]
LPZ
Thyroid S 981E-04
Beta Skin 3 359F.06
Whole Body 2 148E-06

01
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E6.0 SFP GATE DROP COMPUTER FILES

E6.1 SFP Gate Drep LOCALOS™ Library File (gated:op.lib)

Version 1.0 Thyroid Lung Sone  Betas Skin whole Bty
131 2.508E+04 9. 976E-07 1.4906+06 2.073E+04 3. 1506403 3,170¢-02 8.7206-02 1

2
111 00 0 0 ¢

1.100€-02 0.000€+00 0.000E+00 0.000€+0C 0.D00E+CS 0.000E+00 VLB\TE-0Y 3789601
[=-131 2.508E+04 9.976¢ 07 1 AOUE+D6 2. 073F+04 3,1506+03 3.170¢ 02 8.7206-02 2
1M 0 0 0 0 0
1.10.5-0¢ 0.0006+00 0.000€+00 0.000E+00 0.007c+00 U.000E+00 2 1.B17E-01 3.78%¢
131 2.5086+04 9.976E-07 1 APUE«06 2.0735+04 3,1506+03 S.1706-02 8.7206-02 3
1" 00 00O
1.107%-02 0.000E+00 0.0C " .+00 0.000E+00 ©.000E+00 0.CN0E+00 3 1.B176-01 3, 789¢-
1-+133 5.622E+04 9.2116-06 2.6008+05 5.064E+03 1.0806+03 7,.3506-02 1.5506-01
21312 0 0 0 0
9.7106-01 2,9006-02 0.000E+00 2.000E+00 0.0006+0) 0.00Cc+00 & 4.0676-01 6.047%
1--133 T .622E+04 9.21/F-06 2.4 +05 5.064E+403 1,U80E+03 7.3508-02 1.5506-01 2
21312 0 0 0 0
9.710E-01 2.9006-02 0.0u0F+00 0.000E+00 0.000E+00 0.000E+00 5 4.067E-01 &.047E-
[+=133 5.622E+04 9.2116-06 2 SP0E+05 5. 0648+0% 1,0806+03 7 550€-02 1.5506-01 3
21312 00 0 O
9.710E-01 2.900£-02 0.0006+00 0.000E+00 ©.000E+00 0.000E+00 & 4. 067E-01 &.0478-(
1+=135 5.1036+04 V12E-05 5.6006+04 1.971E+03 3.3506+02 1.290F-01 £.2'08-01 1
2% 1% 0 0 0 .
8.4506-0% 1.550€-01 © 0O0E+00 0.000E+00 0.0006+00 0 QOOE+0" 7 3.691E-01 1.4178+0C
135 5.103:+04 2.9,26-05 5.600E+04 1.97YE+03 3.3506+02 1.290¢ ™) &.2106-00 2
2W1S ¢ 0 0 ¢
8.4506-01 1.5508-01 0.0008+0¢ 0.000E+C0 O, 0008+00 0.000E+00 8 3.691E-01 1.617E+00
135 5.1036+04 ? 9127-08 5.6UDE+D4 1. 9T1E+03 3.350€402 1,290€-01 4.2106-09 3
24 1. 0 0 0 O
B8.450E-01 1,5508-01 JOOE+00 0.000E+00 7. DOOE+00 C.O00E+0C © 3.691E-01 1.617E+00
KR--85 4.102E+02 2,054E-09 0.000E+00 2.410E+00 0.000F+00 4.244E -0 S.1026-0& &
0 0 0200O0
2 DODE+D0 0.0C0E+00 0.0006+00 0.000E+0C C.0006+00 0.0008+00 0 2.5 0V 2.236E-03
XE1IIM 2 595E+02 6.815¢-07 0.000€+00 9.40C8+D0 © 000E+00 1.5088- . 03
0O 0co oo o0
0.00CE+00 0.000E+00 0.000€+00 0.0008+00 0,0006+0U 0.000E+00 11 0. 3. 116t
XETI3M 1. 384E+03 3.4636-06 0.000E+00 1.890€+00 0.000E+00 3.1506-02 7.9 "
1S 00000O

'.0CJE+00 0.000€+00 0.000¢+00 0.000E+00 0.000E+00 0.000€+00 12 0.0008+00

KE-133 5.622F+04 1.528E-76 0.000E+00 1.5708+00 0.0006+00 9.697€-03 9.316E-0

) 0 0 0 0 0 0

.C00E+00 0.000€+20 L.WLOE+Q0 0,000F+00 0.000E+00 0 D0CE+00 13 1.004E-01 2.997¢-
K=-135 5,.3636+04 2.1156-05 0 COOE+00 4.050€6+00 0.000E+0C & “%E-D2 S T36E-02 &

1% 0 0 0 0 0

1.000€+0C 0.000E+00 0.000E+00 0.000¢+00 0.000£+00 0.000E+00 15 3.028&-01 2. A58
XE135M 0.0008+00 7.380L-04 0,0006+00 2,2206+00 0.000€+00 2,253¢-02 v.87E-02
1% 0 ¢ 0 0 0

1. 000E~00 0.000€+00 0.000£+00 0 JO0E+00 0.000E+00 0.0008+00 14 3.000E-01 4.2608-0
CS-135 0.000£+00 7.4496-1% 7.4B0E+03 1.5706+03 1.460€+04 2, 730603 0.0006+00 S

C 0 0 00 0 0

0.D00E+C0 C.000€+00 0,000E+00 0.000E+00 O D00E+C0 0.000€+0y 16 ¢ <0¢-02 0 0

-

o

“

00E
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E6.2 SFP Gate Drop LOCADOSE Activity Transport Input File (gatedrop.ti)

SFF Gete Drop @ 9 Days, CR 'sol @ 20 minutes
Tom Remick
SONGS UNITS 283
Setedrop.t
N-720-013
1

1 & 16 1 1 0
0 0 0.000006+00 0.00000E+00 »
CAM CUFT CURIES

1 1 1 1 1 1 1

: | : | u

FUEL BLDG
0 144 1

N 1
0

1.57% <1-131 elemental
528 <! 131 organic
0 «1-131 pe~ticulate
0.417 <1-133 elemental
J. 139 <1-135 organic
<1-133 particutate
0.0024025 <1-135 elemental
0 <1+135 organic
«1-135 perticulate
<Xr-85
<Xe-13m
xe-133m
“Xe-133
e-13%
<Xe- 1350
<«Cs-135

7. S00000¢ - 04

7. 900000 - 04
CAA398 4400 10 59869 441N
$ B w C 9% 99 % %
5 % U 9 % %
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E6.3 SFP Gate Drop LOCADOSE Dose ( alculation Input File (gatedrop.di)

SFP Gete Drop @ 9 Days, CR Isol @ 20 minutes
Tom Rami ok
SONGS UNITS 243
getecrop.di
N-T20-013 0O
1
DORDOF
2 2 1 1 1 0
RUM  REM/WR
3.6006-06 © DO00E+0D
‘-mt'oﬁ
9.2400E-07 9.240m -07
3. 4700604
1«6 182
152
1.00006+00 1.0000F+00
0000¢ +00
3.4T00E -04
. DDOOE +00
4 700§ - 04
152
152

1.00006+00 1,00008+00

Ev.4  SFP Gate Drop LOCADOSE Activity Transport Qutput 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)

Sechtel Standard Computer Program LOCADOSE, NE319 version 3.0

(c) 1989 SCE AIX Version. 2 Feb 1995 Calc No, N-T20-013 Rev No.
Originator Tom Remick Date 9 Sep 1996
Froject SONGS UNITS 243 Job Mo, gatedrop.di
Subject SFP Gate Drop @ § Pays, CR Isol @ 20 minutes

bt L e T Y T I T TERNEIsEHrITEa

Sheet No .}
B S L 1 T T ITEBRJETRLY L2 13§

NES'® Doses Within Regions Summary

Dese  in REM for region 3 Cent Room

Time Interval (hr) Th;roid
From to

0.0000E+00- 144 0.006&+20 .000E+00 0.000E 00 0.000€+00 . DODE+00
164.0 144, 9.5426-02 3516-03 2.018E 04 5.360¢-04 JOI5€-08

Lung Bone Bets Skin Who' e Body

1443 146. 2.831-0; 35604 S . 988 -0% 2.3268-03 100F - 0%

146.0 * 18 4.635€E-0 120605 9.80GE-10  4.957€-04 «T16E-05
Tote 1.237%% . B65€-03 2.617E-04 3.357-03 VATSE-04

Becht=l Standard Compwiter Progrem LOCADOSE, %319 version 3.0

(€) 1989 SCE AIX Version., 2 Feb 1995 Calc No. N-T20-013 Rev No

Origine®or Tom Remick Date © Sep 199¢

Project SONGS UNITS 283 Job No. gatedrop.di

Subject SFF Gate Drop & © Days, CR Isol @ 20 minutes

S IEENERINEIIRRIRT INrNRASS TS

Shest ko 10
=Fanam v Rl L LT T EECSESIR RN nas

muxng
NE3'D Offsite Dose Summary

Coses in REM for distance 1

Time Intervel (hr) Thyroid !

From to
0.0000F+00- 144.0 000F +00 000E+00

ng Bone Beta Skin whole Body

Q00E+00  0.0C06+0C  0.000F+00
164.0 144 .3 1. 7T3E-03 .509€-05 S.750E-06 9. 9576-06 &.3668-06
.3 146.0 S3.5TE-04 7.B85¢-06 ATBE-06  3.129¢-06 1.999€-06
166.0 152.0 000€+00 Q00E+QQ -000E+00  0.000€+00  0.000€+00

Total 330€-03 28TE-05 928F - 06 1.30CE - 0% 8.366E-06

Bechtel Standard Cusouter Program LOCADOSE, NE319 version 3.0

(¢) 1989 SCE AIX Version, 2 Feb 1995 Calc No. N-720-013 Rev No.
Originator Tom Remick Date 9 Sep 1996

Project SONGS UNITS 283 Job No. gatedrop.di

Subject SFP Gate Drop 8 9 Days, CR lsol @ 20 minutes

eI TRz ==o

Sheet Mo 12

bt B ER L L 0 T S TR T T P p— IZERRAAMNNSRISET SRS IT YRS

NE319 Offeite vosa Sumemna ry

Ooses in REM for o stance

Time Interval (hr) Thyroid Beta Skin  whole Body
from 1{"

C.COU0E+00- 144 0.000€+00
144 144 .3 4 .550€ -04

00CE+0OC 0.000E+0C
¢
1443 - 146

0

I56E - 06 * 334E-06
430E - 04 ' ( : .031E-07 5.132¢-07
152.0 1.029€-07 TT8E- 10 3.68'E-10
Tota 5.9816-04 5.359€-06 2.1488-0¢

Al
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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 a Single Active Failure (IMSF w/SAF) there
are three main radioactive material release mechanisms. First, the reactor transient resuits 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 acuwity 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 | gpm, resulting in the reactc,
coolant leakage being released from the secondary side to the atmosphere with the flow
through the MSSVs or ADVs. 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 EAR and LPZ and the
cloud inside the Contrel Roum. The LOC ADOSE dose calculation program will be run using
the appropriate assumptions and design inputs from Sections 3 and 4 to calculate the
tmmersion and inhalation doses in the CR and at the EAB and LPZ. Figures F-1 and F-2 show
the LOCADOSE models used

| Figure F-1 represents the initial confiJuration

Figure F-2 represents the configuration once the CR HVAC svstem has been placed
into the high radiation isolation mode
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IMSF w/SAF LOCADOSE ) (ODEL

Figure F-1

IMSF w/SAF LOCADOSE Model
CR HVAC In Normal Mode

NODE 3

Secondary
System Staam

1.08+08 °
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Figure F-2

IMSF w/SAF LOCADOSE Modei
CR HVAC In High Radiation Isolation Mode

NODE 2

NODE 3
Primary
System

Secondary
System Steam
11000 #*
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1

IMEF w/SAF ASSUMPTIONS

No specific cooldown mass release information after 2 hours is provided for an IMSF
w/SAF in calculation 1370-78-004 (Reference 6 7q). The mass rel:ases from an
Inadvertent Opening of & 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 cooidown duration of

16,950 seconds (283 minutes or 4.71 hours) and a total secondary steam mass release
of 1,155,300 Ibm (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. & cooldown
duration of 283 minutes and a cooldown secondary system mass release ¢/

1,200,000 Ibm wil' be used in this analysis

Per Design Input F4 2 the 30 minute to 2 hour ADV cooldown mass release 1S
381,010 Ibm Therefore, the cooldown mass release after 2 hours is

Cooldown Mass Release,, . .. = 1,200,000 lbm - 381,010 lbm - 818,990 Ibm

No s ecific information regarding the amount of stivity present in the fuel rod gap is
ave 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 analysi

For conservatism, a pre-existing reactor coolant iodine spike of 60 Cv/gm Dose
Equivalent 1-131 will be assumed to be present at the start of the accident

Manual cperator acticn to place the Control Room HVAC svstem into the high
radiation isolation mode is assumed to occur at 30 minutes
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IMSFw/SAF DESIGN INPUTS
This calculatior. 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 f. i+ d fuel percentage used in calculation
A-SG2-FE-0100 (Reference 6 7h)

Per Calculation 1370-TS-004 (Reference 6.7q) the secondary side steam releases

0 to 30 minute MSSV release 249 040 Ibm
30 minute o 2 hour ADV release 381,010 Ibm
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FS.0 IMSF w/SAF COMPUTATIONS
FS.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

Release to RCS = Core Inventory (Ci) » Gap Activity Fraction
x Failed Fuel Fraction x Peaking Factor

IMSF w/SAF RCS ACTIVITY

A B » D E=AxBxCxD F G=E+F
DI 4.16 Core| Assumption | D! F4 | Di4lg Activity From |D]14.13/4.14| Total RCS
[sotope | Inventory F3.2 Gap | Failed Fuel | Peaking Failed Fuel [Nomal RCS| Activity
(C1) Fraction Fraction Factor (Cp Activity (C1) (Ci)
I.131 9.520e+)7 4.117e+06 10,100 4.127e406
1-132 1.372¢+08 5.934¢+06 2840 5.937e+06
1-133 -.927e+08 8 334¢+06 12,500 8 347406

—

I-134 2.135¢+08 0 02 3 5.234e+06 1250 9.235¢+06
I-135 | Wk}e*-'!;« 7 185406 5510 7791406
Kr-83m | 134(ev)? 5 BOC+05 N/A 5. 800e+05
Kr-85m | 2.987e+07 292e+06 520

293e+06

Kr-85 I 144e+06 | 484¢+03 2270

2270 | 507e+05
Kr-87 5.874e+07 ] 2.541e+06 144 54 1e+06
Ki-88 8.301e+)7

Xe-131m | | 067e+06 4 615e+04

3.590e+¢ 3.591e+0€
668e+04

Xe-133m | 6 002e+06 025 3 2 596e+05 N/A 2

2. 596e405
-
Xe-133 | 877+08 3.1 1 8e+06 A00 8 1%0e+06

Xe-135m | 3 809e+(7 | 647 e+0¢ 647e+06

-

5.710e+

H63e+0R
N/A 0 678 £7R
N/A ( 02 |73 [ 0 8 80
N/A " : 1

N/A 142

|
2. 470e+(% 50 2.472e+06
-

7 192406 7.192e+06
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FS.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 1odine. 100%

effective for particulates, 0% for noble gases) will be used on this flow path, to mode! the
steam generator iodine partition coefficient of 0.01 (per Assumption 3.5)

¥5.3 Secondary Side MSSV Release

Per Design Input F4.2, the MSSV release for the first 30 minutes is

3
MSSV flow rate 290400m , __ft — = 42587 ¢fm
30 minutes  1.9% lbm

FS.4 Secondary Side ADV Releases

Per Design Input F4 2, the ADV release for 30 minutes to 2 hours is

ADV flow rate * - e S
e (120 minutes - 30 minutes) 1.95 lbm

2171 ¢fm

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 Ibm This is a flow rate of

818,990 lbm S
howrs v end T L P =

ADV flow rate , — . =
r (283 minutzs - 90 minutes) 1.95 lbm

= 2176 cfm
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FS5.5 TIMSF w/SAF LOCADOSE Code Time Steps

T'he time steps entered into the LOCADOSE Code were chosen to model the times a! 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

(ime Step
(hours after Sigmifice

¢ of the Tume Step
start of event)

0 hrs Begintung of IMSF w/SAF
Start of MSSV release

O5hr End of MSSV release
(1800 seconds) Control Room HVAC manually transferred to high rachation 1solation mode
Imtiate plant cooldown, start of ADV and AFW relesses from secon lary sude

2 hr End of EAB dose analysis

521 hr Shutdown cooling m service, ADV closed and AFW secured (slso stopping the release
path for the prmary to secondary leakage) (471 hr + 0.Shr = $5.21 hr)

8 hr Control Room HVAC placed in single train operation
CR ¥/Q changes

LPZ 3/} changes

LI'Z breathing rate changes

CR ocoupancy factor changes
CR Y/ changes

LPZ x/Q chauges

LPZ. breathing rate changes

CR occupancy factor changes
CR /Q vhanges
LPZ x/Q changes

End of analysis
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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

utes

Increase in Main Steam Flow w 'SAF, CR Isolated at 30 Min

Location

e

CR
Thyroid 5.1
Beta Skin

37
Whole Body 0.7

Dose (Rem)

EAR
Thyrod
Beta Skin <01
Whole Body

02

LPZ
Thyroid
Beta Skin
Whole Body
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F5.0 IMSF w/SAF COMPUTER FILES

F6.1 IMSF w/SAF LOCADOSE Library File (imsf.lib)

ersion 1.0 Thyreid Lung Bone Beta Skin Whole Body

131 2.508E+04 9.976E-07 1,4906+06 2.073E+04 3.150€6+03 3,1706-02 8.720¢-
12 ¢ 0 0 0 ©
1.100€-02 0.000€+00 0.000€+00 0.000E+00 0.0006+00 0.000E+00 1 1.8176-01 3.
1--131 2.508+04 9.976E-07 1,4906+06 2.0736+04 3 150€+03 3.1706-02 8,7206-0
121 0 0 0 0 O
1.100€-02 0.000E+00 ©.000£+00 0,D00E+00 0.0006+00 0.0006+00 2 1.817E-01 3.
[--131 2.5086+04 §.976€-07 1.4906+06 2.0736+04 3.1508+03 3.1708-02 B.720&-02
120 0 0 0 © o
1.700€-02 0.C00E+00 0,0008+00 0.000E+00 0.000€+00 0.0006+00 3 1.817E-01%

132 3.BOGE+04 8.4256-05 1.4306+04 8.879E+02 1.4506+02 1.3206-01 5.1306-01 1
v 000 00O
0.000£+00 € 2008+00 0.000E+00 0.000E+00 0.000E+00 0.0005+00 34 4.824E-01 3.559F+00
=132 3.806E+04 8.425E-05 1.4308+04 8.B79E+02 1.4506+02 1.320£-01 5. 130£-01 2

0 00 CO0OOD
0.000€+00 0.000€+00 0.000€+00 0.000E+00 "E+00 0.000E+00 35 4.324E-01 3.559€+00
e 8.425E-05 1.430E+04 B.87%¢ . 1.4508+02 1.3206-C1 5.1306-01 3

0

+00 0.000E+00 0.0006+00 0.000E+00 0.000€+00 36 4.B24E-01 3.559€+00
9 211E-Né 2.6906+05 5.064E+03 1.080€+03 7.350€-02 1.5506-01 1
0

~02 0,000€+00 0.0006+00 0.000E+00 0.000E+00 & 4.067E-01 6.047E-01
9.211E-06 2.6908+05 5.064E+03 1.080€+03 7.350€-02 1.5506-01 2

€-02 C.0006+00 G.000E+00 0.D00E+0C 0.000E+00 5 & 067E-C1 6.0478-01

1+-13% 5.6226+04 9.211E-06 2.8906+405 5,064E+0% 1.080E+03 7.3506-02 1,5506-01 3
2232 0 0 0 0
9.7106-01 2.900€-02

134 &.575€+04 2.200€-04 3.7306+03 3.6276+02 8.050€+01 9.2306-02 5,320¢
¢ 00 00O0O
0.000E+00 0.000E+00 0.000£+00 0.0008+00 C.000E+00 0.000€+00 7 &.052E-01 2.4276+00
1+=134 6.575€+04 2.200€-04 3.730€+03 3.627E+02 8 0S0E+0' 9.230¢-02 5.3208-01 2
0 0 0 0 0 C ¢
0.000€+00 0.000&+
1 =134 6.575E+04 2,
0 00 0D0DOOO
0.000€+00 0,0006+00 0.000£+00 O.0008+00 0.000E+00 0.0006+00 9 6.032E-01 2.620€+00
[+<135 5.103E+04 2,9126-0" 5.800E+04 1.971E 03 3.350€+02 1.2906-01 4.2106-01 1
223524 0 0 0 0
B.450€-01 1.5506-01 0.0008+00 0.000E+00 0.000€+00 0.000E+00 10 3.691E-01 1.617E+00
1--135 5.1038+04 2.9125-05 5.6006+04 1.9716+03 3.350€+02 1.2906-01 &.2106-01 2
22524 0 0 0 O
8.450€-0 +550E-01 0.000E+00 0.000E+00 0.000E+C0 0.000E+00 11 3.651E-01 1.6178+00

> 1 M

1
1-+135 5.1036+04 2.9128-05 5.6006+04 1.971€+03 3.3506+02 1,2906-01 4.2106-01 3
2252, 0 0 0 O

1

0.000E+0C 0.0006+00 0.000E+00 C.000E+00 & &4.067E-71 6.047E-01
01

0
00 0.000£+00 0.000€+0C 0.000E+00 0.CO0E+00 8 6.052F-01 2.6206+00
2000 04 3.7308+03 3.6276+02 B.0506+01 9.2306-02 5.320e-01 3

8.450E-01 1.5506-01 0.000€+0G 0.000€+00 0.000E+00 0.000E+00 12 3.691E-01 1.417E+00
KR-83M &, 152E+03 1.0526-04 0,0006+00 5.190€-01 0.000€+00 0.000€+00 2.396E-06 4
C 00 O0OO0DOCO
J.000€+00 0.000E+00 0.0008+00 0.0008)0 0 OCOE+00 0.000E+00 13 0.000E+00 &.4106-04
B5M 1.297E+04 4 .297E-05 0.00CE+00 2.910€+00 0.0006+00 4.626€-02 3.7086-02 4
8 C 00 0O
.10CE-01 0.000F+00 0.000E+00 0.0006+00 0.000E+00 C.CO0E«00 14 2.902E-01 *.6108-01
-+B5 4.1026+02 2.054E-09 0.000E+00 2.410E+00 0.000E+00 6. 266E-02 5.1028-04 4
¢ 00 0o

JOOE+U0 0.0C0E+00 0.00CE+0C 0.0006+00 0.000£+00 0.000E+00 15 2.505€-01 2.2%&-03
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KR--87 2,335
¢ ¢ 00 0O
0.000E+00 0.0006+00 0.000E+00 0.00CE+00 0.0G00E+00 0.000€+00 16
KR--88 3,200£+404 6,7316-05 0.0006+00 3.1306+01 0.000E+00 7.5108
131 0 0 0 00O

1.000€+00 0,000€+00 0.000E+00 0.0006+00 0.000E+00 0.000€+00 17

+04 1.514E-04 0.0006+00 ,,.S306+01 0.0006+00 3.083
0 0

XE1SIM 2.595€+02 6.815E-07 0.0008+00 1,400¢+00 0.000E+00 1.508¢-

C 00 O0COOO
0.000€+00 0.000E+00 0.000E+00 0.0006+00 0.000E+00 0.000€+00 18

XE133M 1.3846+03 3.643-06 0.000E+00 1,8906+00 0.000§+00 3.150¢
122 0 00 0 0O

1. 000E+00 0.000£+00 0.0006+00 ©,000E+C0 0.000E+00 C.000E+00 19

KE-133 5.0226+04 1.5286-06 0.0006+00 1,5706+00 0,0006+00 9.697¢-

C 000D O0OO

0.000€+00 0.000€+00 0.000€+00 0.0006+00 0.0006+00 0.0C0E+00 20
XE135M 1.557€+04 7.380€-04 0,000E+00 2.2206+00 0.000E+00 2.253€
125 0 0 0 0 O
1.000€+00 0.000€+00 ©.000£+00 0.0006+00 0.0O00E+00 0.000€+00 21
XE-135 5.363E+04 2.1156-05 0.000E+00 4.0S0E+00 O.000E+00 5.894F
132 0 0 0 00
1.000€+00 0,0006+00 0.000E+00 0.000E+00 0.000E+00 0.000+00 22
XE-138 4.775€+04 8.1516-04 0.0006+00 2.4406+01 0.D00E+00 1.309¢
13 00000

1.000€+00 0.000€+0C 0.000€+00 0.000E+00 0.0006+00 0.060C+00 23

=+==3 1.84A8E+01 1,780E-09 1 SBOE+02 1.580E+02 5.570+01 0.000E+00 0.700% *00 10

0 000
+00 0.000E+0C ,0006+00 0.0C0E+0N 0.000E+00 0.000E+ 24
5.394E+03 3.6326-04 0.0006+00 &.675E+02 0.000E+00 . r00E

) C 0
0.000E+00 0.00CE+00 0.0006+00 0,00CE+00 0.0006+00 25
TE+03 1.662F-04 4.8706-03 2.4208+02 6.2208-03 1.010€

] 0 0 0
TVOE-01 4.000€-02 5,0006-02 0.0006+00 0.000E+00 0.0008+00 26

E-132 3.BAVE+04 2.4626-06 2,3708+01 3.600E+06 3 250E+01 3.060¢-

é6 5 6 0 00O

+100€-01 4.0006-02 5.000€-02 0,0006+00 0.000E+00 0.000E+00 27

*-88 0.0006+00 6.496E-04 0.000E+00 2.908E+02 0.000E+00 4.790¢
0 00 O0O0TO

00CE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0008+00 28

135 0.000€+00 7.449E-15 7.480€+03 1.5706+03 1.460E+04 2. 730F
0 00 O

00 0.0006+00 0.0006+00 0.0D00E+00 0.000E+00 0 0CoE+0C 29

.000E+00 3.587E-04 C.000E+00 &6.070E+00 &.1406+01 2 810¢
¢ 00O

0.000E+00C 0,CO0E+U0 0.000E+30 0.0008+00 C.000E+00 30

¢

-

o
mo (=]

o

=

0
00E+00

L

O

QOO -0 0
0 O

0 C 0 0 0

000E+0C 0.000€+00 0.000E+00 0.000E+00 0.000E+00 0.00GE+00 31
129 0,.000E+00 1.400€-15 5,.5406+06 9.0156+04 2.4B0E+03 3,.710¢
C 00O0ODO

0.000E+00 C.000E+00 C.0Q0E+Q0 0.000E+0C 0.000E+00 0.0006+00 32
129 0.000E+00 1,400€-15 5.5406+06 9.0156+04 2 480c+03 3.7108

0 0 0 ¢

Q00E+0C 0.000E+00 O.C00E+00 N.001€+00 0.000E+00 0.000€+00 33

000E+00 1.400€-15 5.540E+06 9.0150+04 2.480E+03 3.710€-

01 1.8768-01 &

1.3246+00 8.0%2E-01
02 4.6588-01 &

3.587€-01 1.981€+00
02 2.899E-03 4

0.000E+00 3.1166-03
02 7.9546-03 4

0.000€+00 2.332€-02
03 9.3166-03 ¢

1.0046-01 2. 997€-0
02 9.8878-02 4

3.000€-01 4,266€-
-02 5 7368-02 4

3.02BE-01 2.466-0
C1 2.79&-01 &

6. V60E-LY 1, 241E+00

5.685€-03 . 000€+00
‘01 4.4806-0 19

1.230E+00 1. 779€+00
01 1.280€-02 &

S.224E-01 S.9816-02
03 5.2806-02 6

5.940€-02 2.1236-01
01 1.5506-01 5
2.072E+00 6.365¢-01
-03 0.000E+00 5

5.630€-02 C.000€+00
01 5.530¢6-01 §

1.2186+00 2.330€+00
04 3.0246-03 1

4.090€-02 2.820¢-03
3 a3 2

% 3.024¢

&.090€-02 2.820¢-03
‘04 3.0246-03 3

4.090£-02 2.820€-03
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F6.2 IMSF w/SAF LOCADOSE Activity Transport Input File (imsf.ti)

inc Main Steam Flow w/SAF, CR Isol & 30 min, 1-spike, 25% FFf
Tam Remick
SONGS UNITS 283
mef.ti
N-T20-013 O
1
2 7 36 1 1 0
0 0 0.00000E+00 0,000006+00 2
CFM  CUFT CURIES
1 1 1 1 1 1 1
0.91 0.04 0.05
RCS SEC_STEAM
C.00000E+00 0.56+00
1 0 1
127e+06 720
27406 720
A2Te4 06 720
937e+06 136
93706 136
937406 136
SATE08 847
ST e 06 847
SiTer 08 B47
.235e+06 39.2
255e+0S 9.2
235e+06 9.2
918400 335
TV 1er0s 335
91e+08 335
.800e+05% 0
293¢+ 06 72.5
5:7,?.% !"
2.541e406 34.0
3.591e+06 110
4. 668e+0s .7
596e+05 0
190e+0¢ 10100
1.647e406 34
2.4T2e+06 314
7.192e+06
6?’8
8.80

"1 n
i v

4
“
-
-
S
S
B
8
8
S
S
$
-
7

T

2
?
8

& »

Y

‘h:\

"coocococmOo N

11000

7.900000E - 04
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by L ONGINATOR

0 [Mark Drucker

Lot
8/15/97

- -

T. Remick

DATE
8/18/87

ORIGINATOR

DATE

-

DATE

7.900000¢ - 04
L4398 4400 10 59869 4410
95 95 o9
95 o 99
2.00000€+00 S,210006+00
0 0 0
3 2176
0
0
0

0 9 99
e w9 o9

99
99
1

4

1

0
0 e 0

0,
0

100 100 100 10

1
«4 5 v
0 7.900000€ - 04
5,210006+00 8.00000E+00 1
0 0 0
1.0€-09
100
1.0€-09

4

11

100
0
100

100 100 100 100

100 100 100

“rn
VJ

¢ 7. 900000€ - 04
+00 2.40000€+01 1

LR

N
1

0

oy
26358 22¢.

& .500000€ - 04
10 29934 2210
% 8 »w 9 8
55 95 99 0 % 9 W
0000E+01 9.60000€+01 1

90 90
9
-
0

@

0

6.250000¢-05
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DATE

F6.3 IMSF w/SAF LOCADOSE Dose Calculation Input File (imsf.di)

inc Main Steam Flow w/SAF, CR Isol @ 30 min, !-spike, 25% FF¢
Tom Remick

SONGS UNITS 243

imgf 3

N-720-013 0

1

DORDOF
2 RoAVE % 0o 0

REM REM/HR

.6000£-06 ©.0000E+00 .0000€+00 0.0000E+00 0.0000£+00

.4TO0E - 04 .0000E+~00 .0000E+00 ©.0000£+0D0

Q400E-07 9§.24006-07 &.03006-07 3.65006-07 3.2800¢-07

4700€ - D& LATO0E - 04 TS00E-04 2.3200€-04

.0000€+00 8,0000E+00 +A000E+01 9.8000€+01 7.20006+02

. DOOOE +00 . 0000€+00 .GDDOE+DY  7.2000E+02

.0000€+00 1.00008+00

.0000E+00 .DO00E+00 .D00CE +0C

A TO0E - 04

. DOCOE +00 .0000€+00 . DODOE +0U

LATO0E - 04

.D000E+CJ .6000E+00 0,40008+00

.4 700€ - 04

4000E+01 .6000€- 01 .2000E+Q2

.2000€+02

1.0000€ +00 .0000& +00 0

A A NN O

3
1
3
2
7

F6.4 IMSF w/SAF LOCADOSE Activicy 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)

Bachtel Standard Computer Pigram LOCADOSE, NE3'§ version 3.0

(c) 1989 SCE AIX Version. 2 Feb 1995 Cale Nu. N-720-013 Rev No. ©
Originator Tom Remick Date 11 Sep 1996
Project SONGS UNITS 283 Job No. ‘mef.di
Subject Inc Main Steam Flow w/SAF, CR Tsol @ 30

IEANARUI T TEReNR LSRN TS

Sheet No. 10
pike, 25% FF

il DL 2 L 2 R R e ETINSCSISESREITTTIT AT T

NEJ19 Doses Within Regions Summery
Loses in REM for region 4 Cont Room

Time Interval (hr) Thyroid
from to
0.0000€+00- .5000 768E+00
.5000 2.00¢ 1.023E+00
2.000 - 5.210 218g-0"
5.21%C 8.000 .BADE-02
8.000 24.00 2996 -03
24.00 - 96.00 324E-0
96.00 720.0 953E-25

Total S . 1338+00

Bets Skin whoie Body

¢ . B20€-01
108E+0"
.BB2E+0C
.B20E-01
B73E-02 1.747¢-03
1.~ T5E-06 034 -08
AGAE-Z 1 5928.25
3.6828+00 287E-01

569 -02
.C18€-01
J&93E-01

015802

Ug

HWEr P
W s e N

e
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0 IMark Deucker | 8/15/97 |1, Remick | 8/18/97 ¢
4
fechtel Stanliird Computer Program LOCADOSE, WE319® Version 3.0
(c) 1989 SCE AIX Yersion. 2 Feb 1995 Calc No. N-720-013 Rev Mo, O
Originator Tom Remick Date 11 Sep 1996
Project SONGS UNITS 243 Job No, imsf.di Sheet No, 12

Subject Inc Main Steam Flow W/SAF, CR Isol @ 30 min, I-spike, 25% FF

NE319 Offsite Dose Summary

Doses in REM for distance 1

Time Interval (hr) Thyroid Lurg Bone Beta Skin  wWho
From to
0.0000€+00- 5000 6.025E-02 1.1956-03 1.7516-04 3.6138-03 6.
.5000 - 2.000 1.7686-01 3.1986-03 S5.0148-04 6.0038-0% 1.
2.000 - 5.210 0.000E+00 0.0CO0E+00 0.0006+00 0.000€+00 O,
5.210 8.000 0.000E+00 0.000E+00 0.0C0E+0C 0.0006+060 O©.
8.000 - 2%.00 0.000E+00 0.000E+00 0.0006+00 0.000€+00 O,
24,00 - 96.00 0.0006+00 0Q.000E+0C 0,.0006+00 0.000F+00 0.
96.00 « 720.0 0.000E+00 0.000F+00 0.000E-00 0.000+00 O.
Total 2.370E-01 4. 39%-03  6.7656-04 9.6176-03 1.
Bachte! Stenderd Computer Program LOCADOSE, NE319 Vvers w 3.0
(¢) 1989 SCE AIX Version. 2 Feb 1995 Calc Wo. N-7.0-013 Rev Ne. ©
Originator Tom Femick Date 1! Sep 1996
Project SONGT UNITS 243 Job No. imsf.di Sheet No. .

Subject Inc Main Steam Flow w/SAF, CR Isol @ 30 min, 1-spike, 25X FF

BEe.

NE319 0ffs’%e Dose Sumary
Doses in REN for distance 2

Time interval (hr) Thyroid

Lung Bone Beta Skin  Whole Body

From to
0.00008+00- .5000 1.546E-02 3.0686-04 4.494E-05 9.2746-04 1.786E-03
.5000 - 2,000 4.537E-02 B.2086-04 1.2877-04 1.5416-03 2.948E-03
2.000 - 5,210 9.319E-02 1.64BE-03 2.747E-04 2.121E-03  3.933:-03
5.210 8.000 0.CO0E+OC  D.000E+00 0.000E+00 0.0006+00  O.000F+00
8.000 - 24.00 0.000€+00 0.D00E+00 ©0.00U£+00 0.000E+00  0.000E+00
24.00 - 96.00 0.000E+00 0.000E+00 0.000.: )0 0.0006+00 0.D00E+00
96.00 - 720.0 0.000E+00 0.000E+00 0.000E+00 0,0006+00  0.0DO0E+00
Total 1.5606-01 2.776E-03 4.483E-04  4.589€-03 8.4 7F-03

Le Body

959€-03
148€-02
000€+00
000E+00
000E+0C
000E+00
000€+00
BAAE-02
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Sechtel Standard Computer Progres LOCADOSE , NE3'9? Version 3.0

(c) 1989 SCF AIX Version. < Feb 1995 Cale No. N-720-C13 Rev No
Originator Tom Remick Date 11 Sep 1996

Project SONGS UNITS 243 Job No. imsf.d Sheet N¢ 15
Subject Inc Main Steam Flow w/SAF, CR Isol & 30 min, [~spike, 25% ¥

LTI REESTONASENTESTINSERS

l:.:gixll--.l..‘_:zl‘.‘iﬁ IZSITERBRES bl £ - B S L T T
NEZ1® Offsite Dose Summary
Cumulative doses in REM for distanc~ 2

Time Thyroid Lung Bone Beta Skin Whole Rody
(hr)

.O00E - 01 .546E-02 .D&SE - LOLE - JETRE- . TBEE -
.000E+00 .084E-02 « T36E - AEBE - . :
2106+0u .S540€-01 g 0 LGB3E - 589 - 6T -
. DO0E+00 JS40E -0 JTT6E - GB3E- .58% HETE-
&00E+0 S40E-D1 TTEE ¢ : S89E - HETE -
600E+01 S4&0€ -0 I . A83E 589 TV -]
200€+02 JS40E-01 LG83E . S89 - Lo E-03
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APPENDIX G INADVERTENT OPENING of & SG ADV w/SAF

G1.0 TOSGADV/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 of normal 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 system, thereby releasing additional steam into
the atmosphere

Per Calculation N-4076-001 (Reference 6 Ig, CCN-1, Section AS), the only radioactivity
available for release to the environment during the IOSGADV/SAF event is the activity instially
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 imtact and affected steam generators is assumed to be released at time zero The
prnimary-to-secondary leakage is assumed to occur at 1 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
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G2.0 TOSGADV/SAF RESULTS

The resulting doses are as follows

DOSE (Rem)
Thyroid | Beta Skin | Whole Body]
E-xclusion Area Boundary <0.1 <0.) <0.1

Low Population Zone <0.1 <0.1 <0.1
IContro! Room 14.1 <0.1 <0.1

All doses meet the acceptance criteria of Sections 1.2.1 and 1 29
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0 §Mark Drucker

8/15/97 8/18/97

es<m»

G3.0

G3.1

G32

G33

G34

G35

G3.6

G37

G38

IOSGADV/SAF ASSUMPTIONS

Operator Action is assumed within 30 minutes of the initiation of the event to terminate
steam releases via the inadvertently opened stmospheric dump valve.

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 _itact steam
generator to facilitate heat removal, as the condenser is unavailable.

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 of 1.0.

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 ¢ a
partition factur of 1.0 for each.

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 aump valve (i.e., a partition factor _,
1.0 for each)

Based on ergineering judgemer.t, it is assumed that none of the particulate 1sotopes
present in the liquid of both steam generators (affected and intact) will be transported
to the secondary side siea™, i.e a partition factor of 0. This Judgement is supported by
NUREG-0017 (Reference 6 4m, Section 2.2 15.2), which notes that releases of
radioactive particulates from the turbine building are negligible

Per P&IDs 40160A and 40160AS03 (Referece 6 2v and 6.2w), the auxiliary
feedwater pumps, which supply feedwater to the intact steam generator, draw water
from the Condensats Storage Tanks. It is assumed that the water in these tanks is free
of radioactive contamination Hence, the only radioactivity available for release to the
environment is that initially present in the stcam generator secondary side and that

introduced into the secondary side via primary-to-secondary leakage during the
accident.

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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G411

G42

G43

u ll

G4.0  10SGADV/SAF DESIGN INPUTS

Per Calculation N-5000-G02 (Reference 6.1x. page S), it is anticipated that the reactor
coolant temperature will have decreased 10 350°F and the Shutdown Cooling System
will be iaitiated within twelve (12) hours of the start of the accident, thereby
termunatir + the accident

Per Calculation N-5000-002 (Reference 6 1x, page S), the maximum mass of water and
steam in each steam generator is 350,000 [bm

Design basis IOSGADV/SAF doses and atmospheric dispersion factors (x/Qs) are as
follows per Calculation N-4076-001 (Reference 6. 1g, CCN-1 Table A2-2 on Page 76)

IR N W R
X/Q (sec/m’) 272E-4 | 7.72E-6
DOSE (R em)

Thyroid 4 55E+9 1.38E-1
Beta Skin 2 16E-3 1. SRE-4
Whole Bod 5 00E-3 2.60E-4

Per Calculation N-4076-001 (Reference 6. 1q, CCN-1 Assumption A3.17), although the
I0SGADV/SAF evert is terminated at 12 hours, subscquent to the LPZ x/Q term
being reduced, the 0 to 8 hour LPZ /Q 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
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GS.0 TOSGADV/SAF METHODOLOGY & COMPUTATIONS
GS5.1  Methodology

Design basis IOSGADV/SAF doses have been previously calculated in Calculation
N-4076-0C1 (Reference 6 1x) based on the assumpticas 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

ifference between Calculation N-4076-001 and the present analysis is that the former used
atmospheric dispersion factors (x/Q) based on $ percentile meteorology while the present
analysis uses SO 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:

Mew [)CJIZ (X/Q)D.JI‘N

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 conservatively used for the
12-hour accident duration. Calculation N-4076-001 used the maximum breathing rate of
3.47E-4 m"/sec for the duration of the accident in calculating LPZ doses  Hence, no correction
fcr breathing rates is required when utilizing the LPZ doses to determine control room doses

G52 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 S0 percentile x/Q is calculated as
follows, using the data in Sections 4.5 and G4 3-

- /pg 3
D,, = (455 Rem{ ERCE N )« 40352 fem
' 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/ ratios to the § percentile LPZ
doses. This is appropriate since toth doses are for 12 hours (duration of accident) It is
conservative 10 apply the dose at the air intake 1o personnel within the contrel 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) 1
(seo/m’) [Trplioid | Beta Skin |Whole Bod
Calc N-4076-001 —1
EAB 2.72E-04 | 45SE+00 | 2 16E-03 | 5 00E-03
Pz 772E-06 | 138E-01 | 158E-04 | 2 60E.04
This Calculation
EAB 3 60E-06 | 602E-02 | 286E-05 | 662E-08
LPZ 9.24E-07 | 16SE-02 | 189E.05 | 31 15051
Control Room | 7.90E-04 | 1 41E+01 | 162E-02 | 532E.02

L
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APPENDIX H SPENT FUEL POOL BOILING

0 IMark Drucker 8/15/97

H1.0 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 o environment

The objective of this appe dix is to calculate the doses 1. ... a SFP boiling accident at the
Exclusion Area Boundary (EAB) and the Low Populatin Zone (LPZ) as well as inside the
Control Room assuming CRIS failure
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H2.0 SFP BOILING RESULTS

The resulting doses are as follows

e

‘L_*

"
£
v
¢

DOSE (Rem)
Thyroid | Whole Body/|
Exclusion Area Boundary <0.1 <0.1
Low Population Zone <01 <0 1
Control Room 194 0.3

All doses meet the acceptance criteria of Sections 1 2 1 and 1.2 6.
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H33

Hi4

H3.§

H36

H3.7

H3 8

*

SFP BOILING ASSUMPTIONS

A normal fuel offload is assumed. A full core offload is not considered since the

Shutdown Cooling Systein would then be available as backup to the SFP Cooling
System, rendering a boiling accident unlikely This assumption is consistent with
Calculation X-4072-007 (Reference 6 1m, Sheet 8)

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 1m, Sheet 8).

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 1m, Sheet 9)

A spiking factor of 100 is .ssumed for iodine and noble gases released from the fuel
during the heatup from norinal temperature to bulk boiling. This assumption is
consistent with Calculation N-4072-007 (Reference 6.1m, Sheet 9)

The failed fuel fraction is assumed to be 1%. This assumption is consistent witn
Caleulation N-4072-007 (Reference 6 Im, Sheet 10)

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% of Kr-85 within the fuel rods (Reference 6.4¢) This assumption is consistent
with Calculat.on N-4072-007 (Reference 6. 1m, Sheet 10).

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 6.1m, Sheets 10, 11)

In this caiculation, the offsite whole body and thyroid doses determined in Calculation
N-4072-007 are scaled to determine control room whole body and thyroid doses
Caiculation 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, contro! room radiation protection
is deemed adequate if ~ontrol room personnel are not exposed to a radiation dose in

Sheet 245 of 262
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excess of S rem whole body, or its equivalent to any part of the body. Section HS
determines the control room whole body and thyroid inhalation doses. Since these
doses meet the applicable control room whole body and thyroid inhaleticn dose criteria
of Section 1.2 1, it is reasonable to assume that the control room be dose |
criterion of Section 1.2 1 will also be met

H4.0 SFP BOILING DESIGN INPUTS

H41  Fission product escape rate coefficients for iodines and noble gases are | 3E-8 and
6 SE-8 sec”, respectively, per CE Letter S-CE-3036 (Reference 6 3i)

H42  Design basis SFP boiling atmospheric dispersion factors are as follows per Calculation
N-4072-007 (Reference 6 1m, Sheet 13)

x/Q (sedm!)
TIME (hour) EAB LPZ
0-2 272E-4
fo-¢ 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 | 01E-2 and 4. S3E-4 Rem t0 the whole body
and thyroid, respectively, per Calculation N-4072-007 (Reference 6. Im, Sheets 34, 42)

These doses are based on an occupancy factor of 1 0 and a breathing rate of
3 47E-4 m'/sec
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H4 4  Design basis SFP boiling whole body L.PZ doses are as fol
N-4072-007 (Reference 6 Im, Sheet 40) These dos
factor of 1.0 and a breathing rate of 3.47E-4 m/sec

lows, per Calculation
es are based on an uecupancy

TIME (hour) | WHOLE BODY DOSE (Rem)
: 2 88E4
8 79E-4
1 41E-§
4 93E-5
96 - 720 3 11E4

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

Design basis SFP boiling thyroid LPZ doses based on & COr stant breathing rate of
2.32E-4 m¥/sec and an occupancy factor of 1.0 are as follows. per Calculation
N-4072-007 (Reference 6. 1m, Sheet 32, 33). Tt should be noted that these duses 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 (hour) THYROID DOSE (Rem)
0-2 8. SOF-6
2-4 2.55B-5

———— e

4 34E-5
8.17E-3
5.08E-2
| 20E-1
2 48E-1
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H5.0 SFP BOILING MFTHODOLOGY & COMPUTATIONS

HS.1 General M thodology

Design basis SFP boiling accident doses have been previously calculated in Calculation
N-4072-007 (Reference 6. 1m) based on the assumptions and design inputs presented in
Sections H3.0 . 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 § percentile meteorology while the present
analysis uses SO percentile meteorology

HS5.2 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 § percentile X'Q. The following equation is
utilized

X yeo [ OF

( New
D = D, s— PR
New w:rzw*\ (X L)) ! (,)}; A ;

Despn ) \ Derign |

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 ev aluate control room doses, the above equation
can be used to estimate the S0 percentile X/Q contro! room whole body dose at the control
room air intake by ratioing LPZ design values from Calculation N-4072-007. This is
appropnate since both doses are for 30 days (duration of accident). Such a ratio will yield 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
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HS.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 F

or this case, however, breathing rates also need
to be ratioed, as foliows

Jl

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

7
|

D |

ey

Oy

&‘"‘\ (-x‘&))f"‘x"‘

BR,.. \

OF ]
BR,.. |

- New
OF

Leugm )

HS5.4 EAB Doses

EAB doses are calculated for a single time interval (2 hours) during which x/Q, breathing 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

/)
“ WholeBoy

(1.01E-2 h‘vmi

3.60E-6 sec/m? J (
i

o W
2.72F

4 sec/m

The EAB thyroid dose due to inhalation is calculated as follows, based
Assumption 3.4 and Design Inputs 44, 4 5. H4 2 and H4 3

4.53E -4 Rem)

\

3.60L-6 sec/m’

2E-4 sec/m’

o~
\ “

on the data in

6 00E -6 Rem
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HS5.5 LPZ Doses

As LPZ x/Qs vary over time (Design Input H4.2), the dose equations must be applied for each

time nterval with the parameters being ratioed changing. The following table shows | PZ
whole body doses, based on data in Design Inputs 44, 4 5, H4 2, and H4 4

OCCUPANCY | WHOLE BODY
TIME X/Q (sec/m’) FACTOR DOSE (Rem)

hour) | Design New [Desi New | Design New
O-8 |772E-6 |924E-7] 10 | 10 | 1.17B-3 | 140E-4 |

.

8-24 4 74E-6 | 6 03E-7 1.0 10 1 41E-5 | 1.79E-6
— .

24-96 | 3.67E-6 | 3.65E.7 1.0 4 93E-5 | 4 90E-6
——

96-720] 2 67E-6 | 3.28F-7 10 1.0 311E-4 | 3 82E-5

Total 1 S4E-3 | | 8SE-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 §

BREATHING RATE CCUPANCY THYROID DOSE
TIME X/Q (sec/m’) (m"/sec) FACTOR (Rem)

| (hour) | Design New Design New IDesign| New Design New
0-8 7.72E-6 | 924E-7 | 232E-4 | 3 47E4 1.0 1.0 | B25E-3 1 48E.;

B

8-24 |474E-6 | 603E-7 | 232E-4 | 175E-4 [ 10 | 1.0 | 508E-2

i

4 87E-3
1.19E-2
96-720| 2.67E-6 | 3.28E.7 32E-4 | 232E4 : 1.0 2 48E-1 3.05E-2
Total

24-96 | 367E-6 | 3 65E-7 | 232E-4 | 2 32F.4 ‘ 1.0 | 120E-]

4 27E-1 4 88E-
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H5.6 Control Room Doses

Control room whole body doses are calculated in the following table, based on the data in
Design Inputs 44, 4 5 H42 and H4 4 Per Assumption 3 7, the new dose values include &
muitiplier of 2 for external shine sources

OCCUPANCY WHOLE BODY
TIME X/Q (sec/m’) FACTOR DOSE (Rem)

(hour) | Design New | Design | New |} Design New
08  |772E-6 |790E-4| 10 [ 1.0 [1.17E3 | 2.39E-1
8-24 4.74E-6 | 4 60E-4 1.0 1.0 | 41E-§ | 2.74E-3

24-96 | 3.67E-6 | 2.50E-4 1.0 06 4 93E-5 | 4.03E-3
96-720 | 2.67E-6 | 6 25E-5 1.0 04 311E-4 | 5%2E-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 44, 45 H4 2, and H4 §

BREATHING OCCUPANCY | THYROID DOSE

TIME X/Q (sec/m’) RATE (m'/sec) FACTOR (Rem)

(hour) § Design New Design New |Design | New Design New
o an e s <

0-8 1.72E-6 | 790E-4 | 232E-4 |347E-4| 10 10 8.25E-3

1.26E+0
8-24 | 4.74E-6 | 460E-4 | 232E4 [347E4| 10 | 10 | 50862 | ~37E+0 1
24-96 |3 67E-6 | 250E-4 | 2.32E4 |347E-4| 10 1 20E-1 | 7 34E+0
96-720 | 2.67E-6 | 6.25E-5 | 23264 | 347E-4 | 10 248E-1 | 3.47E+0
Total

427E-1 | 1 94E+] |
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ATTACHMENT 1

ALLEN BVINAY at Wi
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m.mtﬂu-mﬁo.ﬂntuwm“umh-
B2C? BAR and tisnal high-quality non QA'ed CRENC loulations
performed for tie pre-tyip Inside Containment 818 by saxtending the

POST-TRIP-SLB 8309 - R

EIP-LOM Time-to-SIAS « 17.52 sec page 7-82
BIP-AC Time-to-SIAS « 15.34 sec page 7.§0
HFP-LOMNC  Time-to-SIAS « 22.09 sec page 7.7
NFP-AC Time -t EIAS » 21.34 sec page 774
PRE-TRIP-SLB

PP -IC-SLB Time-to-8IAS « 16 €7 vec

CRSEC OOTPUT file sias.ic.out in the ibe -risc directory
n_)/ntnm/uc’-m/pnolb

BVP-OC 818 Time-ro-STAS = 17.11 ®aC
CESEC CUTPUT file sias.oc.out in the ibm-yrisc directory
/h-)/ﬁﬂum/ncs-m/m

Based on the yesults suswarizsd hars, it is our englosering Judgmant
that the BIAS Actustios during the pre and post ~rip SLB events should
foeur within the first 30 second of these svents .

Vogy

/%;__w.rx Rk
Jon Sorsle RIS $33 R aad Mo




