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1 PURPOSE
1.1 TASKDEsCR PTiON

When calculating consequences from design basis events (DBE) using the alternative source term,
removal of iodine and particulate aerosol species by natural processes and by the containment spray
may be credited using the guidance of Regulatoiy Guide 1.183 (Reference 6.4e). Previous NRC
guidance allowed removal of iodine species only.

This calculation determines appropriate time-dependent removal rates inside the containment that can
be used as inputs to the LocaDose (Reference 6.6a) computer program.

Two types of removal rates are calculated: removal by natural processes, and removal by containment
sprays. Removal of ioWines and aerosols by natural processes are calculated using the models
presented in SRP Section 6.5.2 (Reference 6Af) and NUREG/CR-6189, "A Simplified Model of
Aerosol Removal by Natural Processes in Reactor Containments" (Reference 6.4j). Removal of
iodines and aerosols by containment sprays are calculated using the models presented in SRP Section
6.5.2 and NUREG/CIF-5966 "A Simplified Model of Aerosol Removal by Containment Sprays"
(Reference 6.4i).

This calculation provides closure for AR Assignment 020400823-28.

1.2 CRITERIA, CODESAXVD STANDARDS

Paragraph 3.2 of Appendix A of Regulatory Guide 1.183 (Reference 6.4e) states in part:

Reduction in airborne radioactivity in tie containment by natural deposition within the
containment may be credited. Acceptable models for removal of iodine and aerosols are
described in chapter 6.5.2 "Containment Spray as a Fission Product Cleanup System, " of the
Standard Review Plan (SRP), NUREG-9800 (Ref A-I) and in NUREGICR-6189, "A
Simplified Mc-del of Aerosol Removal by Natural Processes in Reactor Containments, " (Ref:
A-2).

Paragraph 3.3 of Appcndix A of Regulatory Guide 1.183 (Reference 6.4e) states in part:

Reduction in airborne radioactivity in the containment by containment spray systems that
have been derigned and are maintained in accordance with Chapter 6.5.2 of the SRP (Ref. A-
J) may be credited. Acceptable models for the removal of iodine and aerosols are described in
Chapter 6.5.2 of the SRP and NUREG/CR-5966, "A Simplified Model of Aerosol Removal by
Containment Sprays" (Ref: A-4).

SCE26426 REV. 2 (REFERENCE: S0123-XXIV-7.151 N-6030-001 Rev 0.doc
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:2 RESULTS/CONCLUSIONS AND RECOMMENDATIONS

.2.1 RESULTSCONCLUSION

As shown in Section 8.4, removal rates are determined for three different percentile levels: 90&
percentile for the reasonable upper bound value, 50& percentile for the median value, and 10 b
percentile for the cons -rvative lower bound valu $. To calculate doses using the guidance of Regulatory
Guide 1.183 the removal rates associated with the 1 Oh percentile level should be used. The appropriate
removal rates from Table 8-31 for the sprayed containment region and from Table 8-32 for the
unsprayed containment region are summarized below on Table 2-I and Table 2-2, respectively.

Table 2-1 - Containment Sprayed Region Removal Rates (hr ') for Compliance with
Regulatory Guide 1.183 (per Table 8-31)

Elemental Iodine

Rite DF

Particulate

Iodine

Alkali

Metals

Other

ParticulatesLocaDose Time-Steps

0.0000E+00 -- 8.33332-03
8.3333E-03
1.6667E-02
8.3333E-02
3.3333E-01
5.0000E- I
5.0833E-01

0.694
I

1.8
2.000

3.8
4
8

13.8
22.2

24
48
96

-- 1.6667E-02
-- 8.3333E-02
-- 3.3333E-01
-- 5.0000E-01

-- 5.08332-01
-- 6.93721-01
-- I
-- 1.8

-- 2
-- 3.8
-- 4
-- 8
-- 13.8

-- 22.2

-- 24

-- 48

-- 96
-- 720

hr
hr
hr
hr
hr
hr
hr
hr
hr
hr
hr
hr
hr
hr
hr
hr
hr
hr
hr

(I
4.26

5:28
5 28
5.28
5.28
528

2426
24.26
24.26
24.26
24.26
23.12
2027
17.26
17.26
14,35
12.10
8.04

N/A
110
110
110
110
110
110
170
170
170
160
160
140
110
84
84
64
48
25

_ _

0
2.94E-02

5.18
5.18
5.18
5.19
5.19
5.19
5.19
3.88
1.41
0.91
0.73
0.63
0.59
0.50
0.50
0.50
0.50

0
2.94E.02

5.18
5.18
5.18
5.19
5.19
5.19
5.19
3.88
1.41
0.91
0.73
0.63
0.59
0.50
0.50
0.50
0.50

0
0

5.15
5.15
5.15
5.18
5.18
5.18
5.18
3.88
1.41
0.91
0.73
0.63
0.59
0.50
0.50
0.50
0.50

I--
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Table 2-2 - Containment Unsprayed Region Removal Rates (hrb) for Compliance
with Regulatory Guide 1.183 (per Table 8-32)

Elemental Iodine Particulate Alkali Other
LocaDose rime-Steps Rate DF Iodine Metals Particulates

O.OOOOE+00 - 8.3333E-03 hr 0 N/A 0 0 0
8.3333E-03 - 1.6667E-02 hr 4.26 110 2.94E-02 2.94E-02 0
1.6667E-02 - 8.3333E-02 hr 4.26 110 2.94E-02 2.94E02 0
8.3333E-02 - 3.3333E-01 hr 4.26 110 2.94E-02 2.94E-02 0
3.3333E-01 - 5.0000E-01 hr 4.26 110 2.94E-02 2.94E-02 0
5.0000E-01 - 5.0833E-01 hr 4.26 110 3.95E-02 4.17E-02 3.12E-02
5.0833E-01 - 6.9372E-01 hr 4.26 110 3.95E-02 4.17E-02 3.12E-02

0.694 - I hr 4.26 170 3.95E-02 4.17E-02 3.12E-02
1 - 1.8 hr 4.26 170 3.95E-02 4.17E-02 3.12E-02

1.8 - 2 hr 4.26 170 8.93E-02 8.93E-02 8.93E-02
2.000 - 3.8 hr 4.26 160 8.93E-02 8.93E-02 8.93E-02

3.8 - 4 hr 4.26 160 1.16E-01 1.16E-01 1.16E-01
4 - 8 hr 426 140 A.16E-01 1.16E-01 1.16E-01
8 - 13.8 hr 4.26 110 1.16E-01 1.16E-01 1.16E-01

13.8 - 22.2 hr 4.26 84 8.60E-02 8.60E-02 8.60E-02
22.2 - 24 hr 4.2f6 84 0 0 0

24 - 48 Hr 4.26 64 0 0 0
48- 96 Hr 4.26 48 0 0 0
96 - 720 Hr 4.2( 25 0 0 0

2.2 RECOMMENDATIONS

The removal rates presented on Table 2-1 and Table 2-2 are suitable for use to calculate consequences
from DBEs using the alternative source term when containment spray operation is considered. For
DBEs where no containment spray operation is considered, the values presented on Table 2-2 can be
used for all containmert regions.

For calculation ofreali ;tic dose consequences, the 50" percentile removal rates presented on Table 8-29
and Table 8-30 may be used.

.2.3 COMPApjSONTOPPRE Vwous REsuLTS

The resultant removal rates presented in Table 2-1. and Table 2-2 are compared to the results in the
Analysis of Record (A1)R), WCAP-10974 (Refernmce 6.1g) on Table 2-3. WCAP-10974 determined
removal rates for elemental iodine and particulate iodine only. Removal rates for other particulates were
not considered. As can be seen, the AOR removal rates are constant, while the removal rates
determined in this calculation are time-dependent. This comparison illustrates the difference between
the methodology used to generate the removal rates in this calculation and the current AOR.

SGE 26-426 REV. 2 (HEI�HEN�� bU12ZI.XXIV.7.Thj N-5030-OO1 Rev O.doc
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Table 2-3 - Comparison of Removal Rates

Remval Rate (hrl) This Calculation WCAP-10974

Elemental Iodine*- Sprayed Region 4.26 -24.26 6.65

Elemental Iodine*- Unsprayed Region 4.26 11.3

Particulate Iodine - Sprayed Region 0.0294 - 5.19 2.505

Particulate Iodine - Unsprayed Region 0.0294 - 0.116 0.0

Alkali Metals - Sprayed Region 0.0294 - 5.19 N/A

Alkali Metals - Unsprayed Region 0.0294 - 0.116 N/A

Other Particulates - Sprayed Region 0.50-5.18 N/A

Other Particulates - Unsprayed Region 0.0312- 0.116 NIA
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3 MODELING ASSUMPTIONS

3.1 CONFIGURA TioNSYIMmETRYBETWEEN UNITs 2 AND 3

This analysis and its conclusions are applicable to both Units 2 and 3. References are provided to show
that assumptions and design input data that have unit applicability are representative of both units.

3.2 CONTAINMENTSURi ACEAREA USED FOR DiPosIToN

For the purposes of th'.s calculation, the surface Area used for natural deposition is assumed to be the
same as the surface area used to determine the passive heat sinks in containment. As discussed in
NUREG/CR-0009 (Reference 6.4h), the natural deposition model for elemental iodine assumes that the
bulk gas in the containment atmosphere is well-raixed by natural convection, by steam flows, and by
spray operations, therefore, all surfaces within the containment are available for elemental iodine and
particulate aerosol deposition.

3.3 NUMBER OF CONTAJNMENTSPAA YSYSTEM (CSS) HEADERS IN OPERA TON

For the purposes of this calculation it is assumed that only one CSS header is in operation. One spray
header in operation in:;tead of both headers lowe rs the containment spray flow rate and the spray flux,
thereby minimizing activity removal by the sprays and maximizing the airborne radionuclide
concentrations.

3.4 CONTAINMENTSPRA YS~KSTEMFLOWRA TE

The CSS has two phac es of operation, an injection phase and a recirculation phase. During the injection
phase the CSS draws water from the RWST until this source is exhausted. Following this phase the CSS
enters the recirculation phase, where water is drawn from the containment sump and recirculated
through the CSS. Per Design Input 4.10, the recirculation phase flow rate is greater than the injection
phase flow rate. For the purposes of this calculation the lower injection phase flow rate is modeled
throughout the CSS operation. The lower flow rate and resultant spray flux minimizes the activity
removal by the sprays and maximizes the airborne radionuclide concentrations.

3.5 DENSiTyOFSPRA Y SOLUTION

For the purposes of this calculation, the density of the spray solution is assumed to be equivalent to
water at standard conditions. A value of I g/cm3 is used.

3.6 APPLICABILITYOFL'OCUMENTSO23-954-M4

Document S023-954-M4 Revision 0 (Reference 6.6d) is considered "for information only." This
document contains information on spray nozzle 1713A used in SONGS Units 2 & 3. This document
contains data and information regarding this spray nozzle not found on other documents; therefore, it is
assumed to be valid for use in this calculation.

-;CE26.426 REV. 2 [REFERENCE: S0123-XXIV-7.1., N-6030-001 Rev 0.doc
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3.7 SPBAY COVERAGE FOR "TYPED" NOZZLES

Reference 6.2f shows Four different orientations for the SPRACO 1713A nozzles used in the spray
system. These are designated as follows:

Type A
Type B
Type C
Type D

Flow oriented vertically down
Flow oriented at an angle of 450 downward
Flow oriented horizontally
Flow oriented at an angle of 100 downward

The Spray Engineering Company in Reference 6.6d provides coverage information for orientations of
types A through C, bu: not for D. Since type D i! 100 from vertical, the coverage information for type A
orientation is used in this calculation. This results in over estimating the coverage area for the spray
rings using this orientation, which results in a lower spray flux rate and consequently in a lower aerosol
spray removal coefficient.

3.8 CONTAINmvETSUMj VOLUME

This calculation assumes that the containment sump liquid volume is 348,946 gallons (about 46,647
ft3). This volume is determined in Calculation A-92-NF-002 (Reference 6.1 a, sheet 20), and represents
the minimum containment emergency sump volume available at the start of the post-LOCA CSS and
SIS recirculation mods, of operation. This volume is equal to:

+ useable Refueling Water Storage Tank volume
+ four Safety Injection Tank discharge volumes
+ Reactor Coolant System depressurized volume
- volume of water trapped in the reactor cavity and ducts
- volume of water needed to refill the reactor pressure vessel to the hot leg nozzle

3.9 SPRAYDROPLET TEmPERA TURE

The calculation of elemental iodine spray removal rate performed requires as an input the spray droplet
temperature. Given the post LOCA containment conditions and the small size of each individual
droplet, it is assumed that the spray droplets reach an equilibrium temperature with the bulk
containment atmosphere temperature.

I-
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4 DESIGN INPUTS
4.1 THERMAL POWER LEvEL

The maximum allowed core power level by the SONGS Unit 2 and Unit 3 license is 3,438 MWt
(Reference 6.4a, Sectin 2.C.(1), and Reference 6.4b, Section 2.C.(1)).

4.2 PWR COREINVEN TORYFRACTIONRELEASED INO CONTAINMENT

The core inventory release fractions, by radionuclide groups, for the gap release and early in-vessel
damage phases for DE;A LOCAs are listed on Table 4-1. These release fractions are obtained from
Regulatory Guide 1.183 (Reference 6.4e, Table 2).

Table 4-1 - PVYR Core Release Fractions

Gap Release Early In-vessel
Group Phase Phase Total

Noble Gases 0.05 0.95 1.0
Halogens 0.05 035 0.4
Alkali Metals 0.05 0.25 0.3

Tellurium Metals 0.00 0.05 0.05

Ba, Sr 0.00 0.02 0.02
Noble Metals 0.00 0.0025 0.0025

Cerium Group 0.00 0.0005 0.0005

Lanthaiides 0.00 0.0002 0.0002

4.3 TIMING OFRELEASI'AzXSES

The timing of the release phases is obtained from Regulatory Guide 1.183 (Reference 6Ae, Table 4).
Table 4-2 presents the onset and duration of each sequential release phase for DBA LOCAs for PWRs.
The specified onset is the time following initiation of the accident (i.e., time = 0). The early in-vessel
phase immediately fol lows the gap release phase.

Table 4-2 - PVR LOCA Release Phases

Phase Onset Duration

Gap Release 30 sec 0.5 hr

Early In-Vessel 0.5 hr 1.3 hr

I--
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4.4 CHEAMICAL FORM

Per Regulatory Guide 1.1 83 (Reference 6.4e, Section 3.5), of the radioiodine released from the reactor
coolant system (RCS) to the containment in a postulated accident, 95 percent of the iodine released
should be assumed to be cesium iodide (Csl), 4.35 percent elemental iodine, and 0.15 percent organic
iodide. This includes releases from the gap and the fuel pellets. With the exception of elemental and
organic iodine and noble gases, fission products should be assumed to be in particulate form.

4.5 MASS TRANSFER CoEFFICIENT FOR ELEMENTAL IODINE WALL DEPOSITION

Standard Review Plan (SRP) 6.5.2 (Reference 6.4f, Section lIIA.c.(1)) suggests that the mass transfer
coefficient used for wall deposition should conservatively envelop all available experimental data.
SRP 6.5.2 cites NUR7G/CR-0009 (Reference 6.4h) as the source of the bounding mass transfer
coefficient. NUREG'R-0009 states on page 17:

"As is described in section 6.1.9, the value of kg should not exceed 0.137 cm/sec.
This maximun value is based on CSE [(Containment Systems Experiment] tests,
and its use assures that the predicted deposition rates remain within the range
where the Knudsen-Hilliard model applies."

The value of 0.137 cri/sec is consistent with the value of 4.9 rn/hr recommended by SRP 6.5.2
(Section Ul.4c.(1)) and will be used in this calculation.

4.6 PRIMARYCONTAINMfENTNETFREEAiR VowuME

The containment is modeled with a sprayed volume of 1,907,000 cubic feet and an unsprayed volume
of 459,000 cubic feet,. of which 82,000 cubic feet are assumed to be eventually flooded. The sprayed,
unsprayed, and flooded volumes are consistent with WCAP-10974 (Reference 6.1g, page 4-4).

The total primary containment net free air volume is then 1,907,000 + 459,000 - 82,000 = 2,284,000
cubic feet.

4.7 CONTAINMENT OPERATING FLOOR ELEVATION

The containment operating floor is at plant elevation 63' - 6" (see References 6.2a, 6.2c, and 6.2d).

4.8 CoNTA1NMENTINNA-R DIAMETER

From drawing 23000 (Reference 6.2b), the containment inner diameter is 150' - 0".

.__ __.. -
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4.9 PRIMARYCONrAJNM1ENrSvRFACEAREA

Per Modeling Assumption 3.2. the wetted sutface area used for natural deposition is assumed to be the
same surface area used for the passive heat sinks in the containment pressurettemperature (PMI)
analysis for LOCA. T.fe containment PiT analysis for LOCA, calculation N-4080-026 (Reference
6.1d, Design Input 41) states that the passive heat sinks are identical to those developed and'used in
the containment PVT response calculation for the design basis main steam line break (MSLB) event
documented in calculation N-4080-027 (Reference 6.1e). From Section 8.2 of calculation N-4080-027,
there are 21 heat sinks.. These heat sinks and their exposed surface areas are shown on Table 4-3.

Table 4-3 - Containment Surface Area

Heat Exposed
Sink Surface Area

Number Passive Heat Sink (fe)
I Containment building dome 33,017
2 Containment building cylinder (above grade) 34,067
3 Containment building cylinder (below grade) 5,535
4 Reactor building basemat (exiuding reactor cavity basemat) 12,773
5 Reactor cavity basemat and steam generator pedestals 1,644
6 Reactor cavity walls below containment floor 1,546
7 Reactor cavity walls above containment floor 1,311
8 Lined refueling canal walls and floor 9,192
9 Unlined exterior faces ofreftieling canal walls 11,050
10 Steam generator compartment walls and missile shields 43,085
11 Steam generator compartmer.t walls with embeds 6,914
12 Elevated floor slabs (top half-thickness) 17,474
13 Elevated floor slabs (lower h ilf-thickness with CS decking) 23,240
14 Lifting devices (carbon steel) 59,265
15 Miscellaneous carbon steel (thickness>? 2.5 inch) 2,248
16 Miscellaneous carbon steel (it inch <thickness <= 2.5 inch) 9,230
17 Miscellaneous carbon steel.(0.5 inch <thickness <= 1.0 inch) 8,718
]8 Miscellaneous carbon steel (thickness <= 0.5 inch) 158,855
19 Electrical equipment and othlr galvanized steel 131,698
20 Miscellaneous stainless steel :26,893
21 Reactor building stiffened se -tions 3,764

Total exposed Surface Area 601,519

4.10 SPRAYSYSTEMFLOWRATE

Per Modeling Assumption 3.3 only one spray header of the containment spray system is assumed to be
in operation. The minimum flow rate per spray header during the injection phase is 1,606 gpm from

SCE 26426 REV. 2 IREFERENCE.: S0123.XXIV.7.15) N-6030-001 Rev O.doc
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Calculation M-0014-D)9 (Reference 6.1b, page A6). The minimum flow rate per spray header during
the recirculation phase is 1,991 gpm from Calculation M-0014-009 (Reference 6.lb, page A6).

Per Modeling Assumption 3.4 the injection phase. flow rate is used. For the purposes of this calculation
this value is rounded down to 1,600 gpm.

4.11 CONTAINMENTSPRA YSYSTEM PIPING

The containment spray system consists of two independent spray headers (Reference 6.2e). Each spray
header consists of three concentric rings of spray nozzles (Reference 6.2f). Each concentric ring is
furnished with SPRACO 1713A nozzles (Reference 6.2f). Each containment spray header is capable
of covering the containment with spray water. Parameters used in this calculation are shown in below:

Table 4-4 - Spray System Parameters

Parameter Value Reference

Spray Heaider 1
Ring 052-2½"-C-KEO

Number of nozzles 20 6.2e

Type A (vertical) 10 6.2f

Type B (45) 10 6.2f

Spray ring radius 25' - 6" 6.2f

Spray ring plant elevaticn 180'- 11 3/16" 6.2f
Ring 051-4"-C-KEO

Number of nozzles 40 6.2e

Type A (vertical) 20 6.2f

Type C (horizontal) 20 6.2f

Spray ring radius 43' - 0" 6.2f

Spray ring plant elevaticin 171' -7 5/16" 6.2f

Ring 049-4"-C-KEO

Number of nozzles 56 6.2e

Type B (450) 28 6.2f

Type D (10°) 28 6.2f

Spray ring radius 66' - 6" 6.2f

Spray ring plant elevation 143' - 3 11/16" 6.2f

:3CE26-4Z5 RFV.2 LJEFEKFNC.: UUW-XXIV-7.1b] N-6030-001 Rev 0.doc
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Table 4-4 - Spray System Parameters

Parameter Value Reference

Spray Header 2
Ring 046-2/'-C-KEO

Number of nozzles 20 6.2e

Type A (vertical) 10 6.2f

Type B (45) 10 6.2f

Spray ring radius 22' - 6" 6.2f
Spray ring plant elevation 181' - 11 11/16" 6.2f

Ring 045-4"-C-KEO

Number of nozzles 40 6.2e

Type A (vertical) 20 6.2f

Type C (horizontal) 20 6.2f

Spray ring radius 46' - 0" 6.2f

Spray ring plant elevation 169' -3 15/16" 6.2f

Ric g 043-4"-C-KEO

Number of nozzles 56 6.2e

Type B (45°) 28 6.2f
Type D (10°) 28 6.2f

Spray ring radius 63' - 6" 6.2f

Spray ring plant elevation 149' - 0 3/16" 6.2f

4.12 SPRA CO 1 713A N)ZZLESPRAmYORrFICEDIAMETER AND INIjTAL DISPERSION

The SPRACO 1713A nozzle orifice diameter is 3/8" (Reference 6.2g).

Page 17 of the Spray Engineering Company 171 3A information booklet (Reference 6.6d) states that
"in a nozzle of this type, the liquid is given rotational motion in a swirl chamber and then leaves the
nozzle through an or4ice. The center of the orifice is occupied by an air core, which normally fills 60
to 80%o of the orifice diameter. The liquid flows through the annulus outside the air core andforms a
conical sheet that bre 2ks into drops a short distance from the nozzle. "

Given that a smaller znnular region for a given spray flow rate produces a higher exit velocity, and that
with a higher exit velocity the spray drops spend less time airborne, the upper end of the air core
fraction (80%o) will be used in this calculation.

SCE 26-426 REV. 2 [REFERENCE.: S0123-XXIV7.15J N-6030-001 Rev O.doc
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Per Modeling Assumption 3.6, this data is assumed to be applicable to the SONGS design.

4.13 SPRACO 1713A N02ZLESPRAYCOVERAGE

The spray coverage from a single SPRACO 1713A nozzle is dependent on the orientation of the
nozzle. The Spray Engi:2eering Company (Reference 6.6d) provides information for the coverage areas
for three different configurations, horizontal, vertical, and 45° downward. These coverage areas are
shown on Figure 4-1 through Figure 4-3 (Reference 6.6d, page 8). For the purposes of this calculation
the coverage areas and offsets from the nozzle at a drop height of 100 feet are used Offsets are
assumed from the pipe centerline. These parameters are summarized below:

Table 4-5 - SPRACO )1713A Nozzle Spray Coverage

Orinntation Coverage Diameter Offset from Centerline

Vertical (Types A & D) 19 feet N/A
Horizontal (Type C) 24 feet 7 feet

450 Downwrard (Type B) 21 feet 4 feet

Per Modeling Assumption 3.6, this data is assumed to be applicable to the SONGS design.

----- --
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Figure 4-1 - Nozzle 171:3A Spraying Vertically Downward
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Figure 4-2 - 1713A Nozzle Spraying Horizontally
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Figure 4-3 - 1713A Ncozzle Spraying Downward on 450

I 4.14 SUMPPHLEvEL

Calculation N-0220-013 (Reference 6.1c, page A-9) determines the maximum pH of the containment
sump ECCS fluid during the post LOCA recirculation phase. This calculation states that "results of
this calculation support the existing pH range of 7.0 to 8.0 as stated in the UFSAR and environmental
documentation. The existing Technical Specification Limiting Condition for Operation 3.6.2.2 and
Surveillance Requirements 4.6.2.2 remain accep able."

For the purposes of this calculation the minimum pH level of 7.0 is used for the recirculation phase of
spray operation and fCr the calculation of partition coefficients.
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.4.15 ELEMENTAL IODINE EQUILIBPJUM CONSTANTSK iAND K3

The elemental iodine equilibrium constants KI and K3 used to calculate the iodine partition
coefficients are obtainz d from Tables I and 2 of DRNL-TM-2412 Part IV (Reference 6.6e). These
values are shown below on Table 4-6.

Table 4-6 - Equilibrium Constants K, and K3

Temperature (°C) K, Temperature ("C) K3

0 315 0 4.1E-14
10 173 10 1.2E-13
20 102 20 3.4E-13
25 74.6 25 5.4E-13
30 61 30 8.4E-13
40 39 40 2.1E-12
50 26.2 50 4.8E-12
60 19 60 1.OE-I 1
70 15.4 70 2.2E-1 1
80 13 80 4.3E-I1
90 10.5 90 8.4E-11
100 9 100 1.5E-10
106 8.4 105 2.1E-10
110 8.36 110 2.7E-10

112.3 8.3,: 120 4.8E-10
120 7.14 130 7.8E-10
130 6.37 140 1.2E-09
140 5.95 150 2.OE-09
150 5.52.

I-
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1 4.16 IODINE CORZEIN VEITORY

The reactor core inventory of iodine isotopes is as shown in Table 4-7. The full core iodine mass is
obtained from calculation N-6097-001 (Reference 6.If, Table 8-4). This iodine mass inventory is valid
for any San Onofre Units 2 and 3 cycle which meets the following requirements:

1.

2.

3.

4.

5.

3.8 w/o < Core Average Enrichment < 4.8 w/o

Core Averag- Burnup 5 40.0 GWDI1

Core Uranium Loading S 95.5 MTU

Core Thermal Power

Number of Fiel Rods

< 3,507 MW-t (Including Uncertainty)

> 51,132 Rods

Table 4-7 -Iodine Core Inventory

Isotope Full Core Inventory (g)
1-127 4.64E+03
1-128 1.87E-02
1-129 2.05E+04
1-130 1.28E+00
1-130M 8.27E-03
1-131 7.55E+02
1-132 1.3 1E+01
1-133 1.75E+02
1-133M 1.58E-03
1-134 8.42E+00
I-134M 5.14E-02
1-135 5.27E+01
1-136 9.24E-02
1-136M 2.43E-02
1-137 2.82E-02
1-138 3.75E-03
I-139 7.62E-04
1-140 6.68E-05

4.17 RWST TEMPERA TI7RERANGE

Per surveillance requirement (SR) 3.5.4.1 of LCIO 3.5.4 (References 6.4c and 6.4d), the Refueling
Water Storage Tank (RWST) borated water temperature is verified every 24 hours to be > 40 0F and
< 100 F.
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4.18 POsTLOCA CONTAINMENTAND SUMP TEMPERAUTREPROFILE

Calculation N-4080-026 (Reference 6.1d) determines the containment and sump water temperature
profile for 9 different LOCA cases. As discussed in Section 2.2.1 of calculation N-4080-026 Rev. 1,
cases 1, 4, and 7 with diesel generator failure are the bounding LOCA cases. The temperature profiles
for the containment atmosphere and sump water for these cases are used in this calculation and are
obtained from Tables 9-lA, 9-4A, and 9-7A of calculation N-4080-026 Rev. I for cases 1, 4, and 7,
respectively. The tem perature profiles are shown below on Table 4-8:

Table 4-8 - Containment Atmosphere and Water Sump Temperature
Profile

Time Vapor Temperature CF) I Sump Temperature (CF)
Case 1 Case 4 Case 7 I Case I Case 4 Case 7(s C4 ) (br)

I- a
0.0D
0.1

0.;!0.';
0.61

O."I
0.t:
0.g
I
2
3
4
5
6
7
8
9

11

l.

16
I'll
19.II;

lt~

2(
2:'
24
26i

30
32
3:'

2.778E-14
2.778E405
5.556E-05
8.333E-05
1.II1E-04
1.389E-04
1.667E-04
1.944E-04
2.222E-04
2.S001E04
2.778E-04
5.556E-04
8.333E-04
1.111E03
1.389E-03
1.667E-03
1.944E-03
2.222E-03
2.500E-03
2.778E-03
3.056E-03
3.333E-03
3.61 IE-03
3.889E .03
4.167E-03
4.444E-03
4.722E-03
5.OOOE-03
5.278E-03
5.556E-03
6.IIIE'03
6.667Ef03
7.222E-03
7.778E-03
9333E-03
8.889E-03
9.444E-03

120 120 120
90.5 89.9 111.8
112.5 105 133.1
127.4 116.7 146.1
139.3 126.3 156
148.8 135.3 163.9
156.1 142.6 170.5
162.6 148.1 176.2
167.6 153.7 181.1
172.8 158.1 185.4

178 162.1 189.1
206.9 193 214.7
221.9 210.2 230.5
231.9 220.5 241.3
239.8 228 249.3
245.5 234.1 255.2
250.4 239.2 260.1
254.3 243.5 263.3
257.3 247.2 265.1
258.9 250.5 265.9
260.3 253.3 266.7
260.8 255.4 267.4
260.7 257 266.8
260.3 258 266.2
259.8 258.6 265.7
259.3 258.7 265.4
258.8 258.9 265.1
258.6 258.6 264.8
258.6 258.2 264.7
258.9 257.8 264.6
259 257.8 264.6

258.8 258.6 264.5
258.9 258.8 264.4
259.1 259.1 264.3
259.3 259.5 264.2
259.7 260 264
260.1 260.5 263.9

120 120 120
197.8 206.4 216.1
206.9 210.9 219.3

211 213.9 217.7
213.8 216.4 218.1
215 218.3 218.2

216.4 219.9 218.8
217.6 220 218.6
217.4 220.3 218.1
217.4 220.9 218.9
218.4 220.6 218.9
219.2 222.4 223.7
222.5 225.3 230.9
225.2 228 236.7
227.3 231.1 241.4
229.2 234.1 245.3
230.5 236.6 246.9
230.9 238.9 247.6
230.5 241 248
229.7 242.5 248.3
229.4 243.5 248.6
229.8 244.4 248.7
230.4 245.1 248.9
230.7 245.9 249
230 246.6 249.1

229.1 247.1 249.2
228.2 247.5 249.3
227.3 247.8 249.4
226.5 247.9 249.5
225.7 248 249.5
221.4 248 249.7
217.1 242.7 249.8
213.4 236.7 249.9
210.2 231.7 250
207.3 227.5 250.1
205.8 223.9 250.1
204.5 220.8 250.2
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Table 4-8 - Containment Atmo sphere and Water Sump Temperature
Profile

Time Vapor Temperature CF) Sump Temperature (°F)
Case Case 4 Case 7 Case I Case 4 Case 7(sec I (hr)

E .

36 I.OOOE-02
38 1.056E-02
40 1.IIE-02
42 1.167E-02
44 1.222E-02
46 1.278E-02
48 1.333E-02
50 1.389E-02
52 1.444E.02
54 1.SOOE-02
56 1.556E-02
58 1.611E-02
60 1.667E-02
62 1.722E-02
64 1.778E-02
66 I.833E-02
68 1.889E-02
70 1.944E-02
72 2.000E-02
74 2.056E-02
76 2.11IE-02
78 2.167E-02
80
82
84
86
98
9C
92
94
9(
9E
10)
105
11)
'15
12)
125
13D
135
140
145
150
155
160
165
t10

2.222E-02
2.278E-02
2.333E-02
2.389E-02
2.444E-02
2.500E-02
2.556E-02
2.61 IE-02
2.667E-02
2.722E-02
2.778E-02
2.917E-02
3.056E-02
3.194E-02
3.333E.02
3.472E-02
3.61 IE-02
3.750E.02
3.889E-02
4.028E-02
4.167E-02
4.306E-02
4.444E-02
4.583E-02
4.722E-02

260.3 261 263.7
260.5 261.3 263.6
260.5 261.4 263.4
260.3 261.4 263.3
259.7 261 263.5
258.9 260.3 263.3
258 259.5 263.1

256.9 258.6 262.9
255.8 257.7 262.8
255.8 256.6 262.6
255.7 256.1 262.5
255.7 256.1 262.3
255.7 256.1 262.1
255.6 256.1 261.9
255.5 256 261.7
255.5 256.1 261.6
255.5 256 261.4
255.5 256.1 261.2
255.4 256.1 261
255.4 256.1 260.9
255.3 256.2 260.7
255.4 256.1 260.6
255.7 256.2 260.4
255.9 256.2 260.3
256.1 256.2 260.1
256.3 256 260
256.4 256 259.8
256.8 256 259.7
256.9 256.4 259.6
257.1 256.6 259.4
257.3 257 259.3
257.5 257.1 259.2
257.7 257.3 259.1
258.2 257.8 258.8
258.6 258.2 258.5
259 258.5 258.3

259.5 258.8 258
259.8 258.9 257.8
260.2 259 257.6
260.6 259.1 257.4
260.9 259.2 257.2
261.3 259.2 257
261.6' 259.2 256.8
262 259.2 256.5

262.3 259.2 256.2
262.6 259.2 255.9
263 259.1 255.6

203.3 218.1 2503
202.2 215.7 250.3
201.2 213.6 250.4
200.3 211.7 250.4
199.4 210 250.5
198.6 208.4 250.5
197.9 207.1 250.6
197.2 205.8 250.6
196.6 204.7 250.7

196 203.6 250.7
195.5 202.6 250.8
195 201.8 250.8

194.5 201 250.9
194.1 200.3 250.9
193.7 199.7 251
193.4 199.1 251.2
193 198.5 251.4

192.7 198 251.6
192.5 197.6 251.8
192.4 197.2 252
192.4 196.8 252.1
192.5 196.5 252.3
192.6 196.1 252.5
192.7 195.9 252.6
192.8 195.6 252.8
192.9 195.4 253

193 195.3 253.1
193.1 195.2 253.3
193.1 195.2 253.4
193.2 195.4 253.6
193.3 195.6 253.7
193.4 195.7 253.9
193.5 195.9 254
193.7 196.2 254.3
193.9 196.6 254.7
194.1 197 255
194.3 197.4 255.3
194.5 197.7 25S.5
194.7 198.1 255.8
194.9 198.5 256.1
195.1 198.9 256.3
195.3 199.3 256.6
195.5 199.7 256.8
195.7 200.1 257
195.9 200.4 257.3
196.1 200.8 257.5
196.3 201.2 257.7

I-
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Table 4-8 - Containment Atmosphere and Water Sump Temperature
Profile

Time Vapor Temperature (F) Sump Temperature (F)
(Sec (hr) I Case I Case 4 Case 7 I Case I Case 4 Case 7

-� .4 .4
175
180
185
190
195
200
205
210
215
220
225
230
235
240
245
250
255
260
265
270
275
280
285
290
295
300
310
320
330
340
350
360
370
380
390
400
420
440
460
480
500
520
540
560
580
600
650

4.861 E-02
5.OOOE-02
5.139E-02
5.278E-02
5.417E-02
5.556E.02
5.694E-02
5.833E-02
5.972E-02
6.11 IE-02
6.250E-02
6.389E 02
6.528E-02
6.667E-02
6.806E-02
6.944E-02
7.083E-02
7.222E-02
7.3618-02
7.500E-02
7.639E-02
7.778E-02
7.917E-02
8.056E-02
8.194E-02
8.333E-02
8.611E-02
8.889E-02
9.167E-02
9A44E-02
9.722E-02
1.00O-01
1.028E-01
1.056E-01
1.083E-01
1.11I E-01
1.167E-0O
1.222E-01
1.278E-01
1.333E-01
1.389E-01
1.444E-01
l.500S-01
1.556E-01
1.61 1E-01
1.667E-01
1.806E-01

263.4 259.1 255.3
263.6 259 255
264 258.9 254.8

264.2 258.8 254.6
264.4 258.7 254.2
264.7 258.6 253.8
264.9 258.5 253.5
265 258.4 253.2

265.2 258.3 252.8
265.3 258.2 252.5
265.4 258.1 252.1
265.5 258 251.8
265.6 257.9 251.4
265.6 257.8 251.1
265.7 257.7 250.8
265.8 257.6 250.5
265.8 257.5 250.2
265.9 257.3 249.9
265.9 257 249.6
265.9 256.8 249.3
265.9 256.6 249
265.8 256.4 248.7
265.8 256.3 248.4
265.7 256.1 248.1
265s6 255.9 247.8
265.5 255.7 247.6
265.3 255.4 247.1
264.9 255 246.5
264.5 255.1 246
264.1 254.5 245.5
263.8 254.2 245.2
263.4 253.9 244.7
263.2 253.6 244.2
262.9 253.2 243.7
262.5 252.9 243.3
262.2 252.7 242.8
261.6 252.1 241.9
260.9 251.5 241
260.3 251 240.2
259.8 250.5 239.3
259.2 249.8 238.5
258.6 249 237.7
258 248.1 236.9

257.2 247.4 236.2
256.4 246.6 235.4
255.7 245.8 234.6
253.9 244.1 233

196.4 201.6 257.9
196.6 202 258.1
196.8 202.5 258.3
197 202.9 258.5

197.2 203.4 258.7
197.4 204 258.9
197.7 204.5 259.1

198 205 259.2
198.3 205.5 259.4
198.6 206. 259.5
198.9 206.5 259.6
199.3 207 259.7
199.7 207.5 259.8
200.1 208 259.9
200.6 208.5 260
201 209 260

201.A 210.3 260.1
201.9 211 260.1
202.4 211.4 260.2
202.8 211.9 260.2
203.3 212.3 260.2
203.8 212.8 260.3
204.2 213.2 260.3
204.7 213.6 260.3
205.2 214 260.3
205.6 214.5 260.3
206.6 215.3 260.3
206.4 216 260.2
207.4 216.8 260.1
208.3 217.5 260
209.2 218.2 259.9
210 218.9 259.8

210.8 219.5 259.7
211.6 220.2 259.5
212.4 220.8 259.4
213.1 221.4 259.2
214.6 222.6 258.8
215.9 223.7 258.3
217.2 224.7 257.9
218.4 225.7 257.4
219.5 226.6 256.8
220.6 227.4 256.3
221.7 228.1 255.7
222.7 228.7 255.1
223.6 229.3 254.6
224.5 229.7 254
226.2 230.5 252.4
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Table 1-8 - Containment Atm Dsphere and Water Sump Temperature
Profile

Time Vapor Temperature CEF) I Sump Temperature CD)
(sec) (hr) Case I Case 4 Case 7 LCaseI Case 4 Case 7
700
750
800
850
900
950
100C
1O5c

10(C
115us
120(
1220
1240
1260
128(
130(1
132('
1340
1360
1380
140(0
1451
150!
155(1
1601
165(0
1704)
175')
1801)
1851)
1900)
195')
200')
2051)
210')
215)
220)
225)
230)
235)
240)
242)
244)
246)
248D
250)
260)

1.9442-01
2.0832-01
2.2222E-01
2.361E-01
2.500E-01
2.639E-01
2.778E-01
2.917E-01
3.056E-01
3.194&01
3.333E-01
3.389B-01
3.444E-01
3.500E-01
3.556E-01
3.611 E-01
3.667E-01
3.722E-01
3.778E-01
3.833E-01
3.889E-01
4.028E-01
4.167E-01
4.306E-01
4.444E-01
4.583E-01
4.722E-01
4.861E-01
5.000E-01
5.139E-01
5.2782-01
5.417E-01
5.556E-01
5.694E-01
5.833E-01
5.9722-01
6.1112-01
6.250201
6.3892-01
6.528E-01
6.667E-01
6.722E-01
6.778E-01
6.833E-01
6.889E-01
6.944E-01
7.222E-01

252 242.3 231.2
250.2 240.6 229.4
248.4 239 227.7
246.7 237.3 226.1
245.5 235.8 224.5
243.7 234.2 223
242.1 232.9 221.4
240.6 231.4 220.1
239.1 230 218.7
237.6 228.5 217.3
236.2 227.2 215.9
235.6 226.6 215.3
235 226.1 214.7

234.5 225.5 214.2
234.2 225 213.7
233.5 224.5 213.1
233 224 212.6

232.4 223.4 212
231.9 222.9 211.5
231.4 222.4 211
230.8 221.9 210.5
229.5 220.7 209.2
228.2 219.6 207.9
226.9 218.4 206.8
225.6 217.2 205.6
224.4 216 204.4
223.1 214.8 203.2
221.9 213.6 202
220.7 212.5 200.8
219.7 211.4 199.7
218.5 210.3 198.6
217.4 209.2 197.5
216.2 208.1 196.5
215.1 207.2 195.4
214 206.1 194.3

212.8 205.1 193.3
211.8 204.1 192.3
210.7 203 191.3
209.6 202 190.3
208.6 201.1 189.3
207.5 200.1 188.3
207.2 199.7 188
206.8 199.3 188.3
206.5 199 187.6
206.1 198.7 187.2
205.8 198.4 186.9
204 196.9 185.5

227.4 230.9 250.9
228.2 231.1 249.4
228.7 231.1 247.8
229 230.9 246.3
229 230.5 244.8

228.9 230.1 243.3
228.6 229.6 241.8
228.2 229 240.3
227.8 228.3 238.9
227.3 227.6 237.5
226.7 226.9 236.1
226.5 226.6 235.6
226.2 226.3 235.1
226 226 234.6

225.7 225.7 234
225.5 225.5 233.5
225.3 225.2 233
225 224.9 232.5

224.7 224.6 232
224.5 224.3 231.6
224.2 224 231.1
223.6 223.2 229.9
222.9 222.5 228.8
222.3 221.8 227.7
221.6 221.1 226.6
221 220.4 225.6

220.4 219.7 224.6
219.7 219 223.6
219.1 218.3 222.6
218.5 217.6 221.7
217.9 217 220.8
217.2 216.3 219.9
216.6 215.7 219
216 215.1 218.2

215.4 214.4 217.4
214.9 213.8 216.6
214.3 213.2 215.8
213.7 212.6 215
213.2 212 214.3
212.6 211.5 213.6
212 210.9 212.9

211.8 210.7 212.8
211.7 210.5 212.7
211.6 210.4 212.6
211.6 210.3 212.5
211.5 210.3 212.4
211.3 210.1 212.1
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Table 4-8 - Containment Atmosphere and Water Sump Temperature
Profile

Time Vapor Tempersture (F) Sump Temperature (')
(Stec) lhr) I Case I Case 4 Case 7 Case I Case 4 Case 7. _ 'I- 4
270)
280)
290)
300)
310)
320)
330)
340)
350)
360)
370)
380)
390)
4002
4502
500)
5502
600)
6502
7002
750)
800)
8502
900D
950D
100(10
125(10
150(0
175(t
200(10
225(10
25000
27500
300(10
350(10
400(10
450(00
500(0
55000
600(10
650(10
700(10
75000
800(0
85000
9000
950(0

7.500E-01
7.778E-01
8.056E-01
8.333E-0O
8.611E-01
8.889E-01
9.167E-0O
9.444E-01
9.722E-0I
1.OOOE+00
1.028E1+00
E.056E3+00
1.083E+00
1.l1 lE+00
1.250E+00
1.389E+00
1.528E+00
1.667E+00
1.806E+00
1.944E+00
2.083E+00
2.222E+0O
2.361E+00
2.500E+00
2.639E+00
2.778E+00
3.472E+00
4.167E+00
4.861 E+00
5.556E+00
6.250E+00
6.944E+00
7.639E+00
8.333E+00
9.722E+00
1.111 E+0I
1.250E+01
1.389E+01
1.528E+01
1.667E+01
1.806E+01
1.944E+O I
2.083E+0I
2.222E+01
2.361E+01
2.500E+01
2.639E+01

203.4
205.7
207.8
209.1
210.5
211.6
212.7
213.6
214.4
215.1
215.7
216.3
216.8
217.3
219.3
220.4
221.1
221.6
221.7
221.5
221.1
220.7
220.5
220.1
219.8
219.4
217.7
215.7
213.2
210.8
208.9
207.1
205.2
203.2
199.1
195.4
192.2
189.4
186.4
183.9
181.7
179.7
177.8
1762
174.6
173.2
171.9

196.5
199

201.3
203.2
204.8
206.2
207.4
208.4
209.3
210.1
210.8
211.5
212.1
212.7
215

216.6
217.6
218.1
218.4
218.4
218.2
218.1
217.9
217.8
217.6
217.4
216.2
214.5
212.2
210

208.2
206.5
204.6
202.7
198.6
194.9
191.7
188.7
185.6
183

180.8
178.7
176.7
175

173.3
171.8
170.5

187.9
191

193.5
195.7
197.6
199.1
200.4
201.6
202.6
203.6
204.4
205.2
205.9
206.5
209

210.8
211.8
212.4
212.8
212.9
213.3
213.9
214.4
214.7
215

215.2
215.3
214.3
212.5
210.6
209

207.5
205.9
204.1
200.4

197
194.2
191.6
189.1
187
185

183.1
181.4

180
178.7
177.6
176.6

211.3 . 210
211.1 209.9
211 209.7

210.9 209.7
210.8 209.6
210.8 209.5
210.7 209.5
210.7 209.5
210.6 209.4
210.6 209.4
210.6 209.4
210.5 209.4
210.5 209.4
210.5 209.4
210.6 209.6
210.7 209.8
210.9 210.2
211.1 210.5
211.3 210.9
211.5 211.2
211.8 211.6
212.1 211.9
212.4 212.2
212.6 212.4
212.9 212.7
213.1 212.9
213.7 213.8
213.8 214.1
213.5 214
212.8 213.6
211.9 212.8
210.8 211.9
209.7 210.9
208.5 209.8
205.9 207.4
203.2 204.8
200.6 202.3
198.3 200
196.1 197.7

194 195.7
192.1 193.8
190.5 192.1

189 190.6
187.6 189.3
186.4 188
185.3 186.9
184.2 185.9

211.9
211.6
211.4
211.2
211.1
210.9
210.8
210.6
210.5
210.4
210.3
210.3
210.2
210.1
209.9
209.9
209.9
210

210.1
210.3
210.1
209.7
209.3
209.1
208.8
208.6
207.7
207

206.2
205.3
204.3
203.2
202.1
200.9
198.5
195.9
193.S
1912
189.1
187.1
185.4
183.8
182.3
181

179.8
178.8
177.8
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Table 4-8 - Containment Atmosphere and Water Sump Temperature
Profile

Time Vapor Temperature (F) Sump Temperature rF)
(sec) (hr) I Case I Case 4 Case 7 1 Case I Cae 4 Case 7

100000
125000
150000
17S000
200000
225000
250000
275000
300000
400000
500000
600C00
700C00
800C00
90OCOO

10001)00
1250)00
1500)000
1750)00
2000)00
2500)00
3000)00
3500)00
4000300
5000)00
6000300
7000)00
8000000
9000)50
10000050

2.778E+01
3.472E+O1
4.167E+01
4.861E+01
5.556E+01
6.250E+01
6.944E+01
7.639E+01
8.3331+01
1.1111E+02
1.389E+02
1.667E+02
1.944E+02
2.222E+02
2.500Ei02
2.778E+02
3.472E+02
4.167E+02
4.861E+02
5.556E+02
6.944E+02
8.333E+02
9.722E+02
1.11 IE+03
1.389E+03
1.667E+03
1.944E+03
2.222E+03
2.500E+03
2.778E+03

170.8 169.3
166.2 164.7
162 160.4
158 156.1

154.7 152.7
151.7 149.8
149 146.8

146.5 144.1
144.4 141.9
136.5 133.7
130.5 127.6
126 122.8

121.6 120
119.9 118.3
118.2 114.8
117 114
113 115.7

112.3 112.2
114.4 114.4
113.8 113.8
111.5 113
110.8 112.5
112.2 112.2
111.8 111.8
111 111

110.3 110.2
109.9 109.9
109.6 109.6
109.3 109.3
109 109

175.7
171.7
168.1
164.5
161.6
159.1
156.5
154.2
152.4
145.6
140.4
136.6
132.6
130.5
128.4
126.2
123

120.7
118.3
115.9
113.2
112.6
109.3
108.9
108.1
11D.3

109.9
109.6
109.3
109

183.3 184.9
179.8 181.5
177.1 178.7
174.6 176.1
172.3 173.9
170.5 172.1
168.8 170.4
167.3 168.8
166 167.5

161.4 162.9
157.8 159.4
155.3 156.7
152.8 154.6
151.6 152.5
150.2 150.2
148.3 148.1
145.2 145.1
142.9 142.9
140.7 140.7
138.7 138.7
134.6 134.6
132.5 132.5
131.1 131.1
129.6 129.6
126.7 126.7
123.7 123.7
122.5 122.5
121.4 121.4
120.3 120.3
119.2 119.2

177
173.9
171.3
168.8
166.7
164.9
163.2
161.6
160.3
155.9
152.4

150
147.6
146.1
144.8
143.5
141.5
140

138.6
137.1
134.7
132.6

131.1
129.6
126.7
123.7
122.5
121.4
120.3
119.2
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5 METHODOLOGY

5.1 NA WRAL DEPOSITImN

5.1.1 Aerosols
Natural deposition includes many phenomena (e.g., gravitational settling, thermophoresis,
diffusiophoresis). Thi; removal mechanism is considered valid only for aerosols; organic iodine and
noble gases are non-reactive and therefore are not likely to be affected by these mechanisms.

A simplified natural deposition model for aerosols was developed by Powers et. al. (Reference 6.4j).
This model accounts for effects due to turbulence and to the multiple aerosol releases specified in
NtJREG-1465 (Refenwnce 6Ag). To account for the uncertainties, a large number of calculations were
performed with the modified mechanistic model, with specific values for the type of reactor
containment, reactor power, and the source term release phase, while varying the values of the
uncertain parameters. Typical uncertain parameters were the containment pressure during the various
release phases, the ficor and wall surface areas, the zirconium inventory, the ratio for containment
volume to thermal power, and the properties of the concrete. These calculations resulted in a highly
simplified model for aerosol decontamination using a first order removal rate coefficient (X&,).

The first order removal rate coefficient was solved over the various release time intervals and for the
different types of reactors and various operating power levels (P in MWt) using a Monte Carlo
uncertainty analysis. 'he results of these analyses for PWR design basis accidents are summarized in
Table 5-1.

Table 5-1 - Correlation of PWR Effective Natural Deposition Decontamination Coefficients with
Reactor Thermal Power (Table 36 of Reference 6.4j)

Released Material Time Interval (s) Correlation (hre)

Gap 0- 1,800 XA,(90) = 0.0365 + 3.580 x 10-6 P
(0 - 0.5 hr) Xft(50) = 0.0268 + 3.475 x 106 P

Xdep(10) = 0.0182 + 3.260 x 10-6 P
gap 1,800 - 6,480 Xdep(90) = 0.1036 [ I - e -2.239 PAW0q

(0.5 - 1.8 hr) Xdp(50) = 0.0820 [ 1 - e -1 59 P/10°0

4ep(l0) = 0.0645 [ 1 - e -0.93SPI1000j
early in-vessel 1,800 - 6,480 Xdp(9 Q) = 0.0522 [ I - e -2A58P/10001

(0.5 - 1.8 hr) 2,cp(50) = 0.0417 [ I - e - l 28 P11000]

l &.(10) = 0.0326 [ I-e -0.9e 0 P110001
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Table 5-1 - Correlation of PWR Effective Natural Deposition Decontamination Coefficients with
Reactor Thermal Power (Table 36 of Reference 6.4j)

Released Material Time Interval (s) Correlation (hr')

gap + early in-vessel 6,480- 13,680 4,,(90) = 0.421 [ 1 - e
(1.8 - 3.8 hr) 4,p(50) = 0.196 [ I - e -c 0 0]

4kp(10) = 0.094 [ 1-e -0869 F/1000]

gap + early in-vessel 13,680 - 49,680 A490) = 0.1920- 1.35 x 10.6 p

(3.8- 13.8 hr) 4kp(50) = 0.1382 + 6.85 x 10.6P

4~p(10) = 0.0811 + 10.15 x 106 p

gap + early in-vessel 49,680 - 80,000 4p(90) = 0.1010

(13.8 - 22.22 hr) ).p(50) = 0.0912
A4pgl) = 0.0860 [ I - 2e38 4P1 10]

Per Regulatory Guide 1.183 (Reference 6.4e, Table 2) only the halogens and alkali metals have a gap
release phase. All isotope groups have an early in-vessel release phase. During the 1,800 - 6,480
second time period, both the gap and early in-ves;sel release phase aerosols for the halogens and alkali
metals are present; the refore the removal rate coefficient is a combination of the individual release
rates weighted by the release rate for each phase per NUREG/CR-6604 (Reference 6.4k, page 200) as
follows:

Alf
Agye X "VP + A&V X rot

tso p OF r
r+ ri,

Equation 5-1

Where:

.Aeff

)6,Vrgop,Ail,
r,f,,,
riy

is the effective natural deposition rate (hf' )
is the gap phase natural deposition rate for the 1,800 - 6,480 s time period
is the early in-vessel phase natu:ral deposition rate for the '1,800 - 6,480 s time period
is the release rate (fraction of ccre per hour) during the gap phase
is the release rate (fraction of ccre per hour) during the early in-vessel phase

5.1.2 Elemental Iodine I
Removal of elemental iodine by wall deposition may be estimated using the methodology of SRP
6.5.2 (Reference 6.4f,. From SRP 6.5.2 Section 11.4.c.(1), the removal rate is given by:

,,,=K. A
Equation 5-2

.- Jz D a - r - . -1 - _ - M I IS Ad .. ---- - I
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L= =JJ
Where:

A,", is the first-order removal coefficient by wall deposition
A is the wetted surface area
V is the containment building net free volume
K,, is a mass-transfer coefficient

5.2 SPRAYREMOVALR RrEs

5.2.1 Aerosol
Aerosol removal by sprays is determined using the Powers model from NUREG/CR-5966 (Reference
6.4i). The extent to which sprays will decontaminate an aerosol-laden atmosphere depends on the
number of spray droplets falling through the atmosphere and the distance they fall. The water flux into
the containment atmosphere is time dependent and the fall distance is dependent upon the containment
design. The Powers model is a mechanistic model of aerosol removal by sprays based upon how a
single falling droplet would scavenge particles. Powers suggested that many of the properties and
phenomena affecting the process are not accurately predictable. To account for these uncertainties, a
large number of calculations were performed with the mechanistic model (with specific values for the
height and water flux) and varying the uncertain parameters. Typical uncertain parameters were the
containment pressure, aerosol particle size, the water droplet distribution, the dynamic shape factors,
and the properties of the water. In all, 20 parameters that were related to the phenomena were varied.
An uncertainty analysis was performed using a M~onte Carlo method to sample all of the calculations.

The results of the uncertainty analysis were used to construct simplified expressions for spray removal
coefficients. The model input parameters are the spray water flux. Q (cm3 H20/ cm2-s) and the fall
height of the spray droplets H (cm). Since the model was developed from an uncertainty study, three
percentile levels are suggested by Powers. The best estimate value is associated with the 50P
percentile, or median values; the lower bound is associated with the 10eh percentile; and the reasonable
upper bound, or largeat decontamination factor, with the 90th percentile.

The model was develiped using values for the spray water flux ranging from 0.001 to 0.25 cm3 H20/
crn2-s and fall heights ranging from 500 to 5,000' cm. The model should not be used for spray water
fluxes and fall heights outside of these ranges.

The aerosol removal coefficient is dependent on the fraction of the aerosol suspended in the
atmosphere, nO, which is defined as the aerosol mass in the atmosphere at a given time, t, divided by
the total aerosol mass released into the compartment atmosphere until this time. This aerosol removal
coefficient can be use I in a simple differential equation to calculate decontamination (NUREG/CR-
5966 [Reference 6.4i] page 149):

dmf= -A= Q,H,,mnlm Equation 5-3
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Where A(Q, H. mi) is the aerosol removal coefficient for a given water flux Q (cmd H20/ cm2-s), fall
height H (cm), and aerosol mass fraction min. Powers developed correlations for A(Q, H, my= 0.9) and
the ratio A(m) 1)/)(m1 (.9). The aerosol removal coefficient is then:

A(QH, m)=A(Q, Hm = 0.9)4/) Equation 5-4

The correlation for A42, H, mf = 0.9) is given by (NUREG/CR-5966 [Reference 6.4iJ page 153 and
NUREG/CR-6604 [Re.ference 6.4k] equation 6, page 197):

A(=,Hm, -0.9)= exptA+ BlnQ+CH+L)Q2 H+EQH2 +FQ+GQ2H2] Equation 5-5

The correlation for Anm/A(mj=O.9) is given by (NtREG/CR-5966 [Reference 6.4iJ page 154):

4(m_) -[a + blog,0 Q - -) (L -]+
4m, =O.9J- 1 ~.9)J0`9)

Equation 5-6

The constants A, B, C', D, E, F, G. a, b, and c are defined below in Table 5-2.

The above model was originally developed for a puff release of aerosol into a system. In those cases
where there is a conthuous release, the size distribution will continually be renewed by the injected
aerosols. The model has been extended for this case by setting the mass fraction mf = 1 until the
release stops.

Table I-2 - Values for Constants Used in Equation 5-5 and Equation 5-6

Constant 1Oh Percentile 5 0fh Percentile 9Ou" Percentile

A 5.5750 6.83707 7.10927

B 0.94362 1.0074 0.92549

C 0.0 -2.4045 x 10's 0.0
D -6.9821 x 10-3 -4.1731 x 103 -8.0868 x 104

E -7.327 x 10-7 9.006 x 108 0.0

F 0.0 -1.2478 0.0

G 3.555 x 104  0.0 0.0

a 0.1108 0.1815 0.3751

b -0.00201 -0.01153 0.00648

c 0.8945 0.5843 0.2786
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As discussed above, XZQ, H, my= 0.9) is dependent on the spray flux and the drop height. Individual
2(Q. H, m,= 0.9) are calculated for each spray header and spray header iing. The overall A(Q, H, my=
0.9) is then the sum ofthe individual spray header ring aerosol removal rates.

5.2.1.1 Time Dep endent Aerosol Removal Rates

The expression for the aerosol removal rate constant as shown in Equation 5-4 is dependent on the
mass fraction, m,,. Therefore, Equation 5-4 in conjunction with Equation 5-6 will be calculated as a
function of my. The tire to reach the mass fraction is then calculated assuming that the removal rate is
constant over a small i:ime period At and for an initial mass release at t=O. The basic equation is:

mf ((2 )= mf I(ti )e~- Equation 5-7

Equation 5-7 is then s Dived for t2, noting that Ar = t2 - t1,

In Ynf 02 ))

t2 = tJ -- (

Equation 5-8

5.2.1.2 Average Aerosol Removal Rate

The program LocaDose, NE319 (Reference 6.6a) treats the removal rates as constants for any given

time period; therefore, to model the time dependency, average removal rates are calculated for

specified LocaDose time periods. The determination of an average removal for a specific time period

begins by assuming that over that time period the removal rate X behaves as an exponential of the
form:

Aft) =Equation 5-9

Therefore, at time 12, Ihe removal rate is given by:

A2 =Aea('1'") Equation 5-10

The constant a for the ti to t2 time interval can be calculated from the above equation to be:

~~~N~. -k -UU1 r ~^- V u%1aoc
'ICE 2b4Ai MEV.Z K trKCI:A QI A-AIV-f.10 N-t030-00l Kevu.aoc
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(t2 -{I)

Equation 5-11

Integrating Equation 5-9 between times t: to r2 yields:

foltY= ?f ea('t1)dt
91

cr t

fotpyt =_ -eIa( -1) 2

(a

Equation 5-12

Equation 5-13

Equation 5-14

Inserting Equation 5-l 0 and Equation 5-1 1 into Equation 5-14 yields the following time integrated
removal rate for the t, to t2 time interval:

,U(At) = A(tpit = 2 X" (t2 -t,)

ln(Y2;j
Equation 5-15

Equation 5-15 is calculated for small time increments between times T, and T2, the LocaDose time
interval. The results are then summed together and divided by this time interval to develop the average
removal rate:

ZUJ(Ati)

A~~T (E< 2)-
Equation 5-16

5.2.2 Elemental Iodine

5.2.2.1 Spray Removal Rates
Elemental iodine removal rates by sprays are cal.ulated using the Bechtel Standard Computer
Program REMOVE, NE305 (Reference 6.6b). RIMOVE is a computer program used to calculate spray
removal rate constant; for elemental, particulate, and organic iodines. A spectrum of drop sizes
produced by the SPRACO 1713A nozzle is used in the model to determine a spray removal rate
constant.

I -
ZiCE Zti 4Zb KMV Z tREtt-.tN~t:: bVIZO-AAIV-f.-10J N-30UU 001 Rev 0.doc

N-6030-0 01



E&TS DEPARTMENT

CALCULATION SHEET
Project or DCPIFCNIECP N/A I

Subject Containment Aerosol and Iodine Removal Rates

ICCN NO.
PRELIM. CON NO. PAGE OF _

ICCN CONVERSION:
::alc No. N-6030-001 CCN NO. CCN

__ Sheet 36 of 281
-

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE Y

0 J. Schulz 8115003 D. T. Dexheimer 815/2003 2 s
_= =_. 6

_ _

Characteristics of each drop size such as diameter, terminal velocity, fall time, Reynolds number,
Sherwood number, saturation fraction and removal rate constant are calculated and printed. The total
spray removal rate constant for removal of iodine is the sum of the individual removal rates for each
drop size.

REMOVE incorporates the models of SRP 6.5.2 (Reference 6.40 and NUREG/CR-0009 (Reference
6.4h) to determine the iodine spray removal coefficients.

For this calculation, the REMOVE code was executed on a Dell Latitude D400 personal computer
(Bechtel ID No. BSII 2.9279). Use of the REMOVE code on this computer has been verified and
validated as required by SONGS Procedures S0123-XXIV-7.15 (Reference 6.5a) and S0123-XXIV-
5.1 (Reference 6.5b). The validation cases provided with the code package were run and compared to
the results provided an : shown to be identical.

For the purposes of thi i calculation the elemental iodine removal rates calculated by REMOVE are
used. Although REMOVE calculates particulate and organic iodine removal rates, these values are not
used or reported in this calculation. Particulate iodine removal rates are calculated using the
methodology presented in Section 5.2.1, and the organic iodine removal rates are conservatively
neglected in this analy:;is.

Spray removal rates art calculated for each spray header and each ring individually, and then added
together to determine an overall elemental iodine spray removal rate.

5.2.2.2 Partition (coefficients and DF Values
The partition coefficients are calculated using the Bechtel Standard Computer Program JCONC,
NE316 (Reference 6.6c). ICONC calculates the partition coefficient of iodine between water and air
using the methodology developed by L. P. Parsly in ORNL-TM-2412 Part IV (Reference 6.6e). The
input parameters needed to execute ICONC are as follows:

* Water temperature in 'F
* Water pH value
* Volume of gaseous phase in cubic feet
* Volume of liquid phase in cubic feet
* Initial iodine inventory in water in moles
* Equilibrium constants K, and K3

For this calculation, the ICONC code was executed on a Dell Latitude D400 personal computer
(Bechtel ID No. BSII '29279). Use of the ICONC code on this computer has been verified and
validated as required ty SONGS Procedures SOQ123-XXIV-7.15 (Reference 6.5a) and S0123-XXIV-
5.1 (Reference 6.5b). Trhe validation cases provided with the code package were run and compared to
the results provided ard shown to be identical.
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5.2.2.2.1 Initial Elrmental Iodine Inventory

Using the iodine mass presented in Design Input 4.16, the number of moles, n, is determined as
follows:

n. =
2xMW,

Equation 5-17

Where:

n, is the number of moles for iodine isotope i
Ml is the mnass of iodine isotope i (g)
MWi is the molecular weight of iodine isotope i (g/mole)

The factor of 2 in the denominator accounts for thae fact that elemental iodine is a diatomic molecule
(i.e., 12).

5.2.2.2.2 Equilibrium Constants K1 and K3

The equilibrium constants K, and K3 are given as a function of temperature in Design Input 4.15.
These values obey an approximate exponential relationship with respect to temperature; therefore, to
calculate equilibrium constants at intermediate temperatures, an exponential interpolation is used as
follows:

f T, -T I

K (T = K(T1' K (, ))L F-r.J Equation 5-18

.1. -
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6.2f Containment Spray Water Piping Plan &c Details
a) Unit : Drawing 40494 Revision 6
b) Unit 3 Drawing 41994 Revision 6

6.2g Drawing S023-954-2-0, Outline of Mod. 1713A Ramp Nozzle, (Spray Engineering Co,
Burlington, Mass., drawing EXKN16532, December 1969).

6.3 CORRESPONDENCE

None

6.4 REGULATORYDOCvMENTS

6.4a San Onofre Unit 2 Facility Operating License NPF-10, Amendment 189

6.4b San Onofre Unit 3 Facility Operating License NPF-15, Amendment 180

6.4c San Onofre Unit 2 Technical Specificati.ons,

i) LCO 3.5.4 page 3.5-9 [Amendment 127]

6.4d San Onofre Unit 3 Technical Specifications,

i) LCO 3.5.4 page 3.5-9 [Amendment 1161

6.4e Regulatory Guide 1.183, Revision 0, Alternative Radiological Source Terms for Evaluating
Design Basis Accidents at Nuclear Power Reactors, USNRC, July 2000.

6.4f NUREG-080), Standard Review Plan .6.5.2, Revision 2, Containment Spray as a Fission
Product Cleanup System, USNRC, Dec mber 1988.

6.4g NUREG-1465, Accident Source Terms for Light-Water Nuclear Power Plants, USNRC,
February 1995.

6.4h NUREG/CR-0009, Technological Bases for Models of Spray Washout of Airborne
Contaminants in Containment Vessels.

6.4i NUREG/CR-5966, A Simplified Model ofAerosol Removal by Containment Sprays, USNRC,
June 1993.

6.4j NUREG/CR- 6189, A Simplified Model of Aerosol Removal by Natural Processes in Reactor
Containmentc, USNRC, July 1996.

6.4k NUREGICR- 6604, RAADTRAD: A Simpplified Modelfor MADionuclide Transport and Removal
And Dose Estimation
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6.5 PROCEDURES

6.5a SO123-XXV-7.15 Revision 3 (including TCN3-2), Preparation and Verification of Design
Calculations.

6.5b SO123-XXIV-5.1 Revision 4, Engineering and Technical Services Software Qualitiy
Assurance.

6.6 OTHER DOCUMEnTS

6.6a LocaDose Co nputer Program, Bechtel Standard Computer Program NE319, Version 6.01,
September 20^2.

6.6b Remove Computer Program, Bechtel Stardard Computer Program NE305, Version 4.0,
December 1991.

6.6c Iconc Computer Program, Bechtel Standard Computer Program NE316, Version 3.0, April
1990.

6.6d Document SC023-954-M4 Revision 0, SPRACO's 1713A Nozzle for Nuclear Containment
Vessels, Spray Engineering Company, Burlington, Massachusetts, 01803.

6.6e L. F. Parsly, Design Considerations of Reactor Containment Spray Systems - Part IV.
Calculation q Flodine- Water Partition Coefficients, ORNL-TM-2412 Part IV, Oak Ridge
National Laboratory, January 1970.
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7 NOMENCLATURE
7.1 ACRONYMS

AR
AOR
CCN
CE
CFR
CSS
DBA
DBE
DCN
DCP
ECN
ICCN
LCO
LCS
LOCA
NRC
RCS
RG
RWST
SRP
UxCyy
UFSAR

7.2 UNiTS

cm3

cfm
ft
GWD/T
hr
in
m
min
MTU
MWt
psig
s or sec
OC

OF

Action Request
Analysis of Record
Calculation Change Notice
Combustion Engineering
Code of Federal Regulations
Containment Spray System
Design Basis Accident
Design Basis Event
Document Change Notice
Design Change Package
Engineering Change Nolice
Interim Calculation Change Notice
Technical Specification Limiting Condition for Operation
Licensee Controlled Specification
Loss of Coolant Accident
Nuclear Regulatory Commission
Reactor Coolant System
Regulatory Guide
Refueling Water Storage Tank
Standard Review Plan 0(UJREG-75/087 or NUREG-0800)
Unit x Cycle yy
Updated Final Safety Analysis Report

cubic centimeters
cubic feet per minute
feet
Gigawatt-days per metric tonne of uranium
hours
inches
meters
minutes
Metric tons of uranium
Megawatt-thermal
pounds of force per square inch, gauge
seconds
degrees Centigrade
degrees Fahrenheit

I-
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83 COMPUTATIONS

J.1 TIMEPERIODS

The natural deposition -and spray removal rates ar. time dependent. These removal rates will be used
to determine releases and subsequent doses from the facility using the Bechtel Standard Computer
Program LocaDose, NEi319 (Reference 6.6a). LocaDose, NB319 treats the removal rates as constants
for any given time peri 3d; therefore, to model the time dependency, average removal rates are
calculated for specified LocaDose time periods. The specified time periods are presented in below:

Table 8-1 - Time Periods Used in the Removal Rate Calculation

Time Description LocaDose Time-Steps
30sec Gap release onset 0.OOOOE+00-8.3333E-03 hr

1 minContainment spray system (CSS) actuation 8.3333E-03-1.6667E-02 hr
Smin Alternate containment spray system actuation time 1.6667E-02-8.3333E-02 hr

20minReciculation phase begins for two CSS trains operating 8.3333E-02-3.3333E-ol hr
30min Potential ESF recirculation phase start time 3.3333E-01-5.OOOOE-01 hr

30.5min Gap release termination, early in-vessel release begins 5.OOOOE-01-5.0833E-01 hr
,497.4sec Spray injection phase ends, recirculation phase begins 5.0833E-01-6.9372E.01 hr

I hr nteimediate time-step 0.694-I hr
6,480.Osec End of early in-vessel release 1-1.8 hr

2hr XIQ change - CSS system secured manually (optional) 1.8-2 hr
13,680sec Aerosol deposition rate change 2.000-3.8 hr

4hr CSS system secured manually (optional) 3.8 4 hr
8hr /Q change - CSS system secured manually (optional) 4-8 hr

49,680sec crosol deposition rate change 8-13.8 hr
80,000sec Aerosol deposition rate change 13.8-22.2 hr

24hr X/Q change - CSS system secured manually (optional) 22.2-24 hr
48hr CSS system secured manually (optional) 24-48 hr
96hr /Q change - CSS system secured manually (optional) 48-96 hr

720hr End of analysis 96-720 hr

-

-- -- -- - -
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8.2 NATURAL DEPOSITInowRATES

8.2.1 Aerosols
Using the methodology described in Section 5.1 .1, the natural deposition correlations shown on Table
5-1, and the core therraal power level of Design Input 4.1, the natural deposition aerosol removal rates
for the gap release and the early in-vessel release phases for the different time periods are calculated
and presented on Table 8-2.

Table 8-2 - Natural Deposition Rates (hr')

Gap Release Early in-vessel
Time Period (s) 90%ile Mean 10%ile 90%ile Mean 10%ile

0 - 1,8,00 4.88E-02 3.871-02 2.94E1-02
1,800- 6,480 1.04E-01 8.05},-02 6.19E-02 5.22E-02 4.1 IE-02 3.12E-02
6,480- 13,680 4.21E-01 1.9113-01 8.93E-02

13,680- 49,680 1.87E-01 1.6213-01 1.16E-01
49,680- 80,000 1.01E-01 9.1213-02 8.608-02

The following examples show how Table 8-2 was constructed.

1. The lO%ile natural deposition rate for the gap release phase for 0- 1,800 s is calculated
explicitly using the correlation of Table 5-1 and a core power level of 3,438 MWt:

dp(O0) = 0.0182 + 3.260 x 1' P = 0.0182 + 3.260 x 0e x 3,438 = 0.0294

2. 'The 10oile n.atural deposition rate for tbe gap release phase for 1,800- 8,640 s is calculated
explicitly using the correlation of Table 5-1 and a core power level of 3,438 MWt:

Xd2p(l0) = 0.0645 [1 - e -0.938 P/100° = 0.0645 [ I -e -. ~8x 34en1000] = 0.0619

3. The 10%ile natural deposition rate for the early in-vessel release phase for 1,800-8,640s is
calculated explicitly using the correlation of Table 5-1 and a core power level of 3,438 MWt:

4p(lO) = 0.0326 [ 1 - e -. 9.10PJ1O] = = 0.0326 ( I - e -0.910x 3438100] = 0.0312

The natural deposition rate for time periods less than 1,800 seconds and for time periods greater than
6,480 seconds for all aerosol groups is taken from the gap release columns of Table 8-2. For the 1,800
to 6,480 second time period, the effective natural deposition rate is calculated using Equation 5-1. The
deposition rates for halogens, alkali metals, and other particulates are shown on Table 8-3 through
Table 8-5.

For example, for halogens the 10%ile natural deposition rate is determined as follows:

From Design Input 4.2, the release fraction of halogens is 0.05 for the gap phase and 0.35 for
the early in-vessel phase.

BCE 26-426 REV. 2 [REFERENCI� S0123-XXIV.7.15J N-6030001 Rev 0.doc
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From Design Input 4.3, the gap release phase duration is 0.5 hours, and the early in-vessel
release phase is 1.3 hours.

The release rate during the gap phase is then 0.05/0.5 hr = 0.1 fraction/hour

The release rate during the early in-vessel phase is then 0.35/1.3 = 0.269 fraction/hour

Using Equation 5-1, the halogen removal rate is then:

Ag,,,, x r + xr,, 0.0619 x 0.1 + 0.03 12 x 0.2 69 _ nzazto-

rg,"p Tr, 0.1+0.269

A second example, for alkali metals, the 101oile natural deposition rate is determined as follows:

From Design Input 4.2, the release fraction of alkali metals is 0.05 for the gap phase and 0.25
for the early in-vessel phase.

From Design Input 4.3, the gap release phase duration is 0.5 hours, and the early in-vessel
release phase is 1.3 hours.

The release rate during the gap phase is then 0.0510.5 hr = 0.1 fraction/hour

The release rate during the early in-vessel phase is then 0.25/1.3 = 0.192 fraction/hour

Using Equation 5-1, the alkali metal removal rate is then:

A = ' r2,,ap ±,, x r,, 0.06 19 x 0.1 + 0.0312 x 0.192 = 0.0417hr'
eff - A-AIAI0

Igcp '' It, V.t A V. 17d

Table 8-3 - Halogen Natural Deposition
Rates (he')

Time Period (s) 90%ile Mean 10%ile
0- 1,800 4.88E-02 3.87E-02 2.94E-02

1,800- 6,480 6.61E-02 5.18E-02 3.95E-02
6,480- 13,680 4.21E-01 I.91E-01 8.93E-02

13,680-49,680 1.87E-01 1.62E-01 1.16E-0 I
49,680-80,000 1.OIE.01 9.12E-02 8.60E-02

1.�����
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Table 8-4 - Alkali Metals Natural Deposition
Rates (hei:)

Time Period (s) 190%ile Mean 10%ile
0- 1,800 4.88E-02 3.87E-02 2.94E-02

1,800- 6,480 6.908E02 5.46E-02 4.17E-02
6,480-13,680 4.21E-01 1.91E-01 8.93E-02

13,680-49,680 11.l7E-01 1.62E-01 1.16E-0 1
49,680- 80,000 1.O1E-01 9.12E-02 8.60E-02

Table 8-5 - Other Particulates Natural
Deposition Rates (hi:')

Time Period (s) 9D%ile Mean 10%ile
0-1,800 N/A NIA N/A

1,800-6,480 5.22E.-02 4.11 E-02 3.12E-02
6,480-13,680 4.21E-01 1.91E-01 8.93E-02

13,680-49,680 1.37E-01 1.62E-01 1.16E-01
49,680-80,000 1.1IE-01 9.12E-02 8.60E-02

8.2.2 Elemental Iodine
Natural deposition of elemental iodine is calculated using Equation 5-2. From Design Input 4.5, the
mass transfer coefficient, K,,, is 0.137 cmu/sec. From Design Input 4.6, the primary containment free
air volume, V, is 2,284,000 ft3. From Design Input 4.9, the wetted surface area, A, is 601,519 ft2. The
natural deposition rate for elemental iodine is then:

KW= ~ A 0.137cm/secx3,600sec/hr
V

601,519)ft x? = 4.26hr'
2,284,000ft x 30.48cm/ft

8.3 SPRAYREMOJ'AL RXTES

8.3.1 Aerosol Removal Fates

8.3.1.1 Applicability of the Powers Aerosol Removal Rate Model
As discussed in Section 5.2.1, the Powers model of aerosol removal is valid for total water flux
between 0.001 to 0.25 cm3 H20/ cm.-s and a fall height between 500 to 5,000 cm. In the following
subsections, the total spray flux and the range of fall heights for the SONGS spray system are-
calculated to determine if they fall within the range of applicability of the Powers model.

----
..
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8.3.1.1.1 Total Spr-sy Flux
As discussed in Section 5.2.1, the Powers model of aerosol removal is valid for total water flux
between 0.001 to 0.25 =m3 H20/ cm2-s. The total flux is defined as the spray system volumetric flow
rate divided by the floor coverage area.

From Design Input 4.1 D, the minimum spray syste-m flow rate for one header is 1,600 gpm. This
translates to:

F = 1,600gprn x 3.786241/gal x l,OOOcm3 /l/60slmin =1.010x1 5 cm3 Is

The floor coverage area is taken to be the area of a circle given by the inner diameter of the
containment. The inner diameter of the containment, from Design Input 4.8 is 150 ft. Therefore, the
floor area is:

A =iX(15Jix3o.48cm/ ft)2 =1.6'12x0Icm2

The total flux is then:

F 1.0iOxl 5 Cm 3 /s 0 1 H 2

A 1. 642x 107 cm2

This flux is within the range of applicability for the Powers model.

8.3.1.1.2 Maximum and Minimum Fall Heil,7hIs
From Design Input 4.1 1, the minimum spray ring plant elevation is 143' - 3 11/16", and the maximum
spray ring elevation is 181' - 11 11116". From Design Input 4.7, the operating floor plant elevation is
63' - 6".

The minimum fall height is then:

Hili = (143 +(3 +i¶ 16)ft-63.5fi)x30.48cm/ft =2,433cm

The maximum fall height is then:

H.u,, =(181 +(11+1 1116Jft-63.5IJ x30.48cm1J?=3,611cm

I-..--.
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These fall heights are within the range of applicability of the Powers model.

83.1.2 Individual Spray Ring Aerosol Removal Rate Calculation
Since each spray ring i:s located at a different height, and will have different coverage areas, individual
aerosol removal rates vill be determined. For each spray ring, the fall height, H, and spray flux, Q, is
determined, then the A(Q, H, mf= 0.9) is calculated using Equation 5-5. The aerosol removal rates for
each ring in a spray header are summed together, and the lowest header value is used to determine the
time dependent aerosol removal rate.

Per Design Input 4.11 ihere are 116 nozzles per spray header (20+40+56). Per Design Input 4.10 the
minimum flow rate per header is 1,600 gpm, therefore the minimum average flow per nozzle is 13.79
gpm.

8.3.1.2.1 Spray Header 1 Removal Rate Calculation
Spray header 1 consist; of three concentric rings designed to provide full spray coverage. The
calculation of the sprawy fall height, spray flux, and resultant aerosol removal rates is shown on Table
8-6 through Table 8-8. Representative sample calculations are provided.

Fall height for ring 052-2 ½h"-C-KEO:

From Design Input 4.11, the centerline plant elevation of this ring is 180' -11 3/16" (180.93 ft). From
Design Input 4.7, the operating floor plant elevation is 63' - 6", therefore the fall height is:

H = (I 80.93ft?- 63.5ftX30.48cm.fi) = 1 17.43)? x 30.48cm/ft 3,579cm

This value is in excellent agreement with the value shown on Table 8-6.

Spray flow for ring 05 -2 M2"-C-KEO:

From Design Input 4.11, the number of nozzles for this ring is 20. As calculated above, the flow per
nozzle is 13.79 gpm. The total spray flow for this ring is then 275.86 gpm.

F = 275.86gpm x 3.786241/galx l,000cm3 /160s/min = 1.741 x 104 cm 3 3s

This value is in excellbnt agreement with the value shown on Table 8-6.

Coverage area for ring 052-2 /"-C-KEO:

This ring has nozzles oriented vertically downward and nozzles oriented at a 450 angle downward. The
coverage area forms an annular region. The inner and outer radii of this annulus are determined as
follows:

CE 26-426 REV. 2 [REFERENCE: S0123s-XXIV-7.15] N-6030001 Rev O.do
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From Referen-e 6.2f, the spray nozzles are oriented towards the center of the containment
building; therefore, the outer radius is defined by the vertically oriented nozzles, and the inner
radius is defined by the 45° downward oriented nozzles.

From Design Input 4.13, the vertical nozzles have a coverage area of 19 feet centered on the
nozzle centerline. Therefore, the outer radius of the coverage annulus is offset from the ring
radius by 9.5 feet. From Design Input 4.11, the radius of this ring is 25.5 feet. The outer radius
is then 25.5 + 9.5 = 35 feet, or 1,066.8 cm.

From Design Input 4.13, the 450 downward oriented nozzles have a coverage area of 21 feet
offset by 4 fec;t from the nozzle centerline. The inner radius is then 25.5 - 21 - 4 = 0.5 feet, or
15.2 cm.

The coverage area is then:

A=r(r2 _ - r2, )= ,r(1,066.:32-15.22)= 3.575 xl 1O cm2

This value is in excellent agreement with the value shown on Table 8-6.

Spray flux for ring 052-2 /2"-C-KEO:

The spray flux is the total flow rate divided by the coverage area:

Q:
F 1.741x10 4 cm3 /sec 4 Ocm1 H201cm2 -sec

=-=- 6 _2 ==4.870)>10-c 01mse= _ .-
A J..)/OxID U cm-

This value is in excellent agreement with the value shown on Table 8-6.

Aerosol Removal Rats Coefficient. A(O. H. no_ 0-.9! for ring 052-2 1/2"-C-KEO:

The aerosol removal iate coefficient is calculated using Equation 5-5, the parameters determined
above, and the constaats provided in Table 5-2. As an example, the removal rate coefficient for the
Iob percentile level is calculated:

I-.
�3C� 26.426 REV.2 IRE REN�I; �V1IV-1.1�I N-6030.UO1 Rev O.doc
WIE 26-426 REV. 2 [RE-FRNC1.: bVIZ23-AAIV-I.1sl N-6030-001 Rev OA=o

?kT c A "I n , An I



E&TS DEPARTMENT

CALCULATION SHEET
Project or DCPIFCNIECP N/A ,
Subject Containment Aerosol and Iodine Removal Rates

ICCN NOJ
PRELIM. CCN NO. I PAGE OF_

CCN CONVERSION:
CON NO. CCNCalc No. N-6030-001

Sheet 49 of 281
-

-

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE o

0 I. Schulz 8115n203 D.T.Dexheimer 8115003 t = Z
I I 14-

I(QHmmf= 0.9)= exp[A+ BlnQ+CH+DQ2H + EQH2 +FQ+GQ2H2]

F5.5750 + 0.943621n(4.870 x 10- )- 6.9821x 10-3 x (4.870 x 10-3 ) x3,579

= exp -7.327x10-7 x4.870x10-3 x(3,579 3 j
L+3.555xl0-x(4.870x10-3 x(3,579)2

= exp[0.5053] = 1.66hr-1

This value is in excellent agreement with the value shown on Table 8-6.

SCE 26-426 REV. 2 fREFERENCEE: S0123-XXIV-7.151 N-6030-OD1 Rev O.doc
SCE 26 426 REV. 2 [REFERENCE.: 50123-XXIV-7.15] N-6030-001 Re v O0doc

_. _ . ._-



E&TS DEPARTMENT

CALCULATION SHEET
Project or DCP/FCNIECP Ni/A Calc
Subject Containment AerosDi and Iodine Removal Rates Sheet 50 of 281

REV ORIGINATOR DATI IRE DATE REV ORIGINATOR DATE IRE DATE

0 J. Schulz 8/1201)3 D. T. Dexheimer 8115/2003 ii k= -=

Table 8-6 - Containment Spray Header 1 Ring 052-2 V2'A-C-KEO

Number of nozzles 20 Design Input 4.1 1
Type A (Vertical) 10 Design Input 4.11
Type B (450) 10 Design Input 4.11

Flow rate per nozzle 13.79 gpm Calculated
Sprayringradius 25.5 feet Design Input 4.11
SprayHeaderElevation 180.9 feet Design Input 4.11

Fall height Calculation
Operating Deck Elevation 63.5 feet Design Input 4.7
Fall height 117.43 feet Calculated

3,579 cm Calculated

Spray IUng Flow Calculation
Total Flow 275.9 gpm Calculated

17.41 1 sec' Calculated

1.741E+04cm3 sect Calculated

Coverage Area Calculation
No;zle Type A

Coverage Diameter 19 feet Design Input 4.13
Offset from centerline 0 feet Design Input 4.13

Nozzle Type B
Coverage Diameter 21 feet Design Input 4.13
Offset from centerline 4 feet Design Input 4.13

Outer Coverage Radius 35.0 feet Calculated
1066.8 cm Calculated

Inner Coverage Radius 0.5 feet Calculated
15.2 cm Calculated

Coverage Area 3.57SE+06cm2  Calculated

Resultant Spray Flux 4.870E-03cm 3/cm2-s Calculated

Resultant 4.(m,=0.9)
Median 4.00 hr' Calculated

90%ile 8.86 hre Calculated

10%ile 1.66 hr' Calculated
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Table 8-7 - Containment Spray Header 1 Ring 051-4"-C-KEO

Number of nozzles 40 Design Input 4.11
Type A (Vertical) 20 Design Input 4.11
Type C (Horizontal) 20 Design Input 4.11

Flow rate per nozzle 13.79 gpm Calculated
Sprey ring radius 43 feet Design Input 4.11
Spr2y Header Elevation 171.6 feet Design Input 4.11

Fall beight Calculation
Operating Deck Elevation 63.5 feet Design Input 4.7
Fall height 108.11 feet Calculated

3,295 cm Calculated

pray Rilg Flow Calculation
Totul Flow' 551.7 gpm Calculated

34.82 1 sec' Calculated
3.482E+04cm 3 sect  Calculated

Coverage Area Calculation
Nozzle Type A

Coverage Diameter 19 feet Design Input 4.13
Offset from centerline 0 feet Design Input 4.13

Nozzle Type C
Coverage Diameter 24 feet Design Input 4.13
Offset from centerline 7 feet Design Input 4.13

Outer Coverage Radius 52.5 feet Calculated
1600.2 cm Calculated

Inntr Coverage Radius 12 feet Calculated
365.8 cm Calculated

Coverage Area 7.624E+06cm2  Calculated

Resultan Spray Flux 4.567E-03cm3/cm2-s Calculated

Resultan'l ' (mn,0.9)

Median 3.77 hr'' Calculated

90%ile 8.35 hr' Calculated

10%ile 1.57 hf' Calculated

SCE26-426 REV.2 [REFERENCE: S0123-XXIV-7.15] N-6030-001 Rev 0.doc
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Table 8-8 - Containment Spray Header 1 Ring 049-4"-C-KEO

Number of nozzles 56 Design Input 4.11
Type D (10°) 28 Design Input 4.11

Type B (450) 28 Design Input 4.11
Flow rate per nozzle 13.79 gpm Calculated
Spra:, ring radius 66.5 feet Design Input 4.11
Spray Header Elevation 143.3 feet Design Input 4.11

Fall height Calculation
Operating Deck Elevation 63.5 feet Design Input 4.7
Fall height 79.81 feet Calculated

2,433 cm Calculated

pray Ring Flow Calculation
Total Flow - 772.4 gpm Calculated

48.74 1 see' Calculated
4.874Ef+04cm 3 secdl Calculated

Coverage Area Calculation
No.:-e Type D

Coverage Diameter 19 feet Design Input 4.13
Offset from centerline 0 feet Design Input 4.13

Noz:le Type B
Coverage Diameter 21 feet Design Input 4.13
Offset from centerline 4 feet Design Input 4.13

Outer Coverage Radius 75.0 feet Calculated
2286.8 cm Calculated

Inner Coverage Radius 41.5 feet Calculated
1264.9 cm Calculated

Coverage Area 1.139E+07cm2  Calculated

Resultant Spray Flux 4.279E-03cm 3Icm2-s Calculated

Resultant X(mnf0.9)
Median 3.60 hr' Calculated
90%ile 7.86 hr' Calculated

IOile 1.51 hr" Calculated
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8.3.1.2.2 Spray Herder 2 Removal Rate Calculation
Spray header 2 consist; of three concentric rings designed to provide full spray coverage. The
calculation of the spray fall height, spray flux, and resultant aerosol removal rates is shown on Table
8-9 through Table 8-11. Representative sample calculations are provided.

Fall height for ring 04 ;-4"-C-KEO:

From Design Input 4.11, the centerline plant elevation of this ring is 149' - 0 3/16" (149.0 ft). From
Design Input 4.7, the operating floor plant elevation is 63' - 6", therefore the fall height is:

H = (149.Oft - 63.5ftX30.48 cm/l t) = 85.52 ft x 30.48 cm/ft = 2,607 cm

This value is in excellent agreement with the value shown on Table 8-11.

Spray flow for ring 04 3-4"-C-KEO:

From Design Input 4.1 l,'the number of nozzles for this ring is 56. As calculated above, the flow per
nozzle is 13.79 gpm. The total spray flow for thi; ring is then 772.41 gpm.

F = 772.41 gomx 3.786241/ gal x ,OOOcm3 /1160s /min = 4.874x 1 04 cm3 
Is

This value is in excellent agreement with the value shown on Table 8-11.

Coverage area for rin2 043-4"-C-KEO:

This ring has nozzles oriented 100 downward and nozzles oriented at a 450 angle downward. The
coverage area forms an annular region. The inner and outer radii of this annulus are determined as
follows:

From Referen :e 6.2f, the spray nozzles are oriented towards the center of the containment
building; therefore, the outer radius is defined by the 10° downward oriented nozzles, and the
inner radius is defined by the 45° downward oriented nozzles.

From Modeling Assumption 3.7, the nozzles oriented 10° downward are assumed to have the
same coverage parameters as the vertical nozzles. From Design Input 4.13, the vertical nozzles
have a covera:Be area of 19 feet centered on the nozzle centerline. Therefore, the outer radius
of the coverag e annulus is offset from the ring radius by 9.5 feet. From Design Input 4.1 1, the
radius of this ring is 63.5 feet. The outer radius is then 63.5 + 9.5 = 73 feet, or 2,225.0 cm.

From Design Input 4.13, the 45° downward oriented nozzles have a coverage area of 21 feet
offset by 4 feet from the nozzle centerline. The inner radius is then 63.5 - 21 - 4 = 38.5 feet,
or 1,173.5 cm.

bSt Z6-4,d6 Rtv.Z LREFERKNMA: bU1ZJ-AAIV-7.10J N-M*030-0.1 Rev 0.Ioc
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The coverage area is then:

A = Z e - ri )= r(2,225.02 -1,173.52 )= 1.123 xl 07 cm2

This value is in excellent agreement with the value shown on Table 8-11.

Sprav flux for ring 04 -4"-C-KEO:

The spray flux is the t Dtal flow rate divided by the coverage area:

F _4.874x104 cm Isec =4 340xl0 3 cm3 H 2 /cm 2 -sec

A 1.123x107 cm2

This value is in excellent agreement with the value shown on Table 8-11.

Aerosol Removal Ratl, Coefficient, A(O. H. mf_ 0.9) for ing 043-4"-C-KEO:

The aerosol removal late coefficient is calculated using Equation 5-5 and the parameters determined
above and the constarts provided in Table 5-2. As an example, the removal rate coefficient for the 10e
percentile level is calculated:

2(Q,H,m, = 0.9)= exp[A + BInQ+ CH +LIQ2H + EQH2 +FQ+GQ2Hf2]

5.5750 + 0.943621r,(4.340 x 10-3)- 6.9821 x 10-3 x (4.340 x o-3 )2 x2,607

=exp - 7.327 xl 0- x 4.340x 10-3 x (2,607)2

+3.555x10-6 x (4.340x10-3)2 x(2,607) 2

= exp[0.4206]=1.52hr'

This value is in excellent agreement with the value shown on Table 8-11.
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Table 8-9 - Containment Spray Header 2 Ring 046-2 %"2-C-KEO

NuITber of nozzles 20 Design Input 4.11
Type A (Vertical) 10 Design Input 4.11
Type B (450) 10 Design Input 4.11

Flow rate per nozzle 13.79 gpm Calculated
Spray ring radius 22.5 feet Design Input 4.11
Spray Header Elevation 182.0 feet Design Input 4.11

Fall height Calculation
Ope-ating Deck Elevation 63.5 feet Design Input 4.7
Fall height 1 18.47 feet Calculated

3,611 cm Calculated

Spray Ring Flow Calculation
Tote.l Flow 275.9 gpm Calculated

17.41 1 sece Calculated
1.741E+04cm 3 sec' Calculated

Coverage Area Calculation
Nozzle Type A

Coverage Diameter 19 feet Design Input 4.13
Offset from centerline 0 feet Design Input 4.13

Nozzle Type B
'overage Diameter 21 feet Design Input 4.13
Offset from centerline 4 feet Design Input 4.13

Outer Coverage Radius 32.0 feet Calculated
975.4 cm Calculated

Inner Coverage Radius 0.0 feet Calculated
0.0 cm Calculated

Coverage Area 2.989E+06cm 2  Calculated

Resultant Spray Flux 5.825E-03cm3 /cm2-s Calculated

Resultant X(mr=O.9)
NMedian 4.79 hrW' Calculated
10%ile 10.45 hW' Calculated

10%ile 1.94 he' Calculated

I
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Tat le 8-10 - Containment Spray Header 2 Ring 045-4'1-C-KEO

Number of nozzles 40 Design Input 4.11
Type A (Vertical) 20 Design Input 4.11
Type C (Horizontal) 20 Design Input 4.11

Flow rate per nozzle 13.79 gpm Calculated
Spry ring radius 46 feet Design Input 4.11
Sprny Header Elevation 169.3 feet Design Input 4.11

FaUl height Calculation
Operating Deck Elevation 63.5 feet Design Input 4;7
Fall height 105.83 feet Calculated

3,226 cm Calculated

Spray Ri ag Flow Calculation
Total Flow 551.7 gpm Calculated

34.82 1 sec' Calculated

3.482E+04cm 3 sece' Calculated

Coverage Area Calculation
No2zle Type A

Coverage Diameter 19 feet Design Input 4.13
Offset from centerline 0 feet Design Input 4.13

Nozzle Type C
Coverage Diameter 24 feet Design Input 4.13
Offset from centerline 7 feet Design Input 4.13

Outr Coverage Radius 55.5 feet Calculated
1691.6 cm Calculated

Inner Coverage Radius I5 feet Calculated
457.2 cm Calculated

Coverage Area 8.333E+06cm 2  Calculated

esultan t Spray Flux 4.178E-03 cm3 /cm2-s Calculated

Resultant X(m,-0.9)

Median 3A5 hrW' Calculated
90%ile 7.69 hr' Calculated

10%ile 1.45 hr' Calculated
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Tab le 8-11 -Containment Spray Header 2 Ring 043-4 tt-C-KEO

Number of nozzles 56 Design Input 4.11
Type D (10°) 28 Design Input 4.11
'type B (454) 28 Design Input 4.1 1

Flow rate per nozzle 13.79 gpm Calculated
Spra ring radius 63.5 feet Design Input 4.11
Spran Header Elevation 149.0 feet Design Input 4.1 1

Fall helg'Mt Calculation
Opezating Deck Elevation 63.5 feet Design Input 4.7
Fall !.eight 85.60 feet Calculated

2,607 cm Calculated

Spray Ring Flow Calculation
Total Flow 772.4 gpm Calculated

48.74 1 sec l Calculated
4.874E+04 cm2 sec-' Calculated

Coverage Area Calculation
Nozzle Type D

Coverage Diameter 19 feet Design Input 4.13
Offset from centerline 0 feet Design Input 4.13

Nozzle Type B
Coverage Diameter 21 feet Design Input 4.13
Offset from centerline 4 feet Design Input 4.13

Out r Coverage Radius 73.0 feet Calculated
2225.0 cm Calculated

Inner Coverage Radius 38.5 feet Calculated
1173.5 cm Calculated

Coverage Area ] .123E+07cm2  Calculated

Resultant Spray Flux 4.341E-03cm3Icm2-s Calculated

Resultant X(m=0.9)
Median 3.64 hf' Calculated
90%ile 7.96 hi' Calculated

10%ile 1.52 hf' Calculated

8.3.1.2.3 TotalAerosol Removal Rate
In the previous subsections (8.3.1.2.1 and 8.3.1.2.2), the individual spray ring aerosol removal rate
constants were determined. In this subsection these removal rates for each spray ring are added
together for each of the spray headers to calculate a total aerosol spray removal rate. The lowest value

I-
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is then used for determining the time dependent aerosol removal rate. This calculation showing that
CSS Header I results i.n the lowest total aerosol removal rate is shown on Table 8-12.

Table 8-12 - Overall Aerosol Spray Removal Rate

Resultant Aerosol Spray %(mn=0.9) for Header 1
Median 11.37 br'
90%ile 25.06 hr'

10%ile 4.73 hr'

Resultant Aerosol Spray q(mr=0.9) for Header 2
Median 11.88 he,
90%ile 26.10 hr'

10Oile 4.92 hr'

Minimum Resultant Aerciol Spray X(mem0.9)
Median 11.37 hr-'

90% ile 25.06 hre

10%ile 4.73 hr-'

As an example, the median aerosol spray removal rate for spray header I is calculated:

Spray Ring Source Removal Rate (h1')
052-2 1/2-C-KEO Table 8-6 4.00
05l-4"-C-KEO Table 8-7 3.77

049-4"-C-KEO Table 8-8 3.60

Total: 11.37

The aerosol spray removal rate of 11.37 hf 1 for spray header I calculated above is in excellent
agreement with the vflue presented in Table 8-12.

8.3.1.3 Time-Dependent Aerosol Removal Rate
The time-dependent aerosol removal rates for an initial mass release rate at t = 0 are determined by
first calculating the removal rates as a function of mn using Equation 5-4 and Equation 5-6. The
calculation term X(Q, H, m_= 0.9) for the three percentile levels is presented in Section 8.3.1.2. Using
the removal rates as a function of mf thus calculated, the removal rates as a function of time are
calculated using Equation 5-8. The results of these calculations are shown on Table 8-13.

SCE 26-426 REV. 2 [REFEI�ENC�: �WZ3-XXIV-1.1bJ N�6O3O-OO1 Rev O.doc
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The spray flux Q in Bluation 5-6 is the total flux as calculated in Section 8.3.1.1.1 instead of the
sunmnation of the individual spray ring spray fluxes calculated in Section 8.3.1.2.1 for spray header 1
and in Section 8.3.1.2 2 for spray header 2. This is conservative since the total spray flux calculated in
Section 8.3.1.1.1, 6.15 x 10- cm3 H2 0/cm 2-s, is less than the sum of the individual spray fluxes:

Spray header 1: 4.870 x 10'3 + 4.567 x 1 3 + 4.279 x 10 = 1.37 x 10.2 Cm 3 1 20/cm2 -s
Spray header 2: 5.825 x 1O03 + 4.178 x 10D 3 + 4.341 x 10 3 = 1.43 x 10.2 cM3 H20/cm2 -s

Sample calculations are presented below:

Aerosol removal rate For the 10' percentile and mass fraction of 0.98

Using Equation 5-6 and my= 0.98 and the parameters for the 10h percentile of Table 5-2:

=m = [9 (1a+-log,0 Q -( ] (0 9

=[0.11 i8-0.00201 xloglo(6.15 xlo-i )]-([ .98) ]+O(S 098 9

L 0 0.9

= 1.07

Therefore, the removal rate for my = 0.98 is 4.73 x 1.07 = 5.06,which is.in good agreement with the
results shown on Tab'e 8-13.

gm 0.tc8 for the 10' percentile level

Using Equation 5-8, ). = 5.07, mr(ti) = 0.99, and to= 1.97 x 1]03 hrfrom Table 8-13:

This value is in good agreement with the results shown on Table 8-13.

~CE284Z RV.2 RE~lNC: O1.S-AI.71~ N600.O1Re Odo
'iCE2642B REV. 2 LREFE-RENCE: 501ZJ-xXXV-7.15J N-6030-001 Rev OA=c



E&TS DEPARTMENT

CALCULATION SHEET
ICCN NO.1
PRELIM. CCN NO. PAGE _ OF

CCN CONVERSION:
CCN NO. CCNProject or DCPIFCNIECP WIA Calc No. N-6030-001

S ubject Containment Aerosol and Iodine Removal Rates Sheet 60 of 281

REV ORIGINATOR DATE! IRE DATE REV ORIGINATOR DATE IRE DATE o

0 J. Schulz 811520C3 D.T.Dexheimer 8115f2003 I 1

_==.=

Table 8-13 - Time depende:nt Aerosol Removal Rate Calculation

Ma is Aerosol Removal Rate (hrf)
90%ile Median 10%ile

Time to Reach Mass Fraction
(hrs)

90%ile Median 10%ileFraclion- - -.

0.99)9
9.99E-01
9.90E-01
9.80E-0 I
9.70E -01
9.60Er01
9.50E-01
9.40EI01
9.30E;-01
9.20E.-01
9.10E41
9.00E201
8.80Er01
8.60B-01
8.401E-01
8.20E-01
8.00E4-O
7.80E!-01
7.60E1-01
7,40E-01
7.20E,-01
7.001t-01
6.8011-01
6.6011-01
6.401}-01
6.2011-01
6.001'-01
5.801,-01
5.6013-01
5.401-01
5.201301
5.001.-01
4.8013-01
4.6013-01
4.401-01
4201-01
4.001-01
3.801-01

25.54
25.53
25.49
25.45
25.40
25.35
25.30
25.26
25.21
25.16
25.11
25.06
24.96
24.86
24.76
24.65
24.54
24.44
24.32
24.21
24.10
23.98
23.86
23.74
23.61
23.48
23.35
23.22
23.08
22.94
22.79
22.64
22.49
22.33
22.17
22.00
21.82
21.64

11.98
11.97
11.92
11.86
11.80
11.74
11.68
11.62
11.56
11.A9
11.43
11.37
11.25
11.12
10.99
10.86
10.73
10.60
10.47
10.33
10.20
10.06
9.92
9.78
9.64
9.49
9.35
9.20
9.05
8.89
8.74
8.58
8.42
8.26
8.09
7.92
7.75
7.57

5.15
5.15
5.11
5.07
5.03
4.99
4.94
4.90
4.86
4.82
4.78
4.73
4.65
4.57
4.48
4.40
4.31
4.23
4.14
4.05
3.97
3.88
3.80
3.71
3.62
3.53
3.45
3.36
3.27
3.18
3.09
3.00
2.91
2.82
2.73
2.64
2.55
2.46

3.92E-06 8.35E-06 1.942-05
3.92E-05 8.36E-05 1.942-04
3.94E-04 8.43E-04 1.97E-03
7.93E-04 1.70E-03 3.97E-03
120E-03 2.57E-03 6.01E-03
1.61E-03 3.45E-03 8.09E-03
2.02E-03 4.35E-03 1.02E-02
2.44E-03 5.26E-03 1.24E-02
2.86E-03 6.18E-03 1.46E-02
3.29E-03 7.12E-03 1.68E-02
3.73E-03 8.08E-03 1.91E-02
4.17E-03 9.05E-03 2.14E-02
5.07E-03 1.1I E-02 2.63E-02
5.992-03 1.31E-02 3.13E-02
6.94E-03 1.53E-02 3.65E-02
7.92E-03 1.75E-02 4.20E-02
8.93E-03 1.98E-02 4.78E-02
9.96E-03 2.22E-02 5.37E-02
1.IOE-02 2.46E-02 6.00E-02
1.21E-02 2.722-02 6.66E-02
1.33E-02 2.99E-02 7.35E-02
1.44E-02 3.27E-02 8.08E-02
1.57E-02 3.56E-02 8.84E-02
1.69E-02 3.87E-02 9.64E-02
1.82E-02 4.19E-02 1.05E-01
1.96E-02 4.52E-02 1.14E-O1
2.10E-02 4.87E-02 1.23E-01
2.241E-02 5.24E-02 1.342-01
2.40E-02 5.63E-02 1.44E-01
2.55E-02 6.04E-02 1.56E-01
2.722-02 6.47E-02 1.68E-01
2.89E-02 6.93E-02 1.81E-01
3.07E-02 7.41E-02 1.95-01I
327E-02 7.93E-02 2.t1OE-0
3.47E-02 8.48E-02 2.26E-01
3.68E-02 9.06E-02 2.44E-0O
3.90E-02 9.69E-02 2.63E-01
4.14E-02 1.04201 2.84E-01
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Table 8-13 - Time dependent Aerosol Removal Rate Calculation

Maws I Aerosol Removal Rale (he')
Fraction 90%ile Median 10%ile

Time to Reach Mass Fraction
(hrs)

90%ile Median 10%ile
--. 9. -1*

3.60E-01
3.40E-01
3.20E-01
3.OOE-01
2.80E-01I
2.60E-01I
2.40E-01
2.201E-01
2.OOE-01
1 .80E-01
1 .60E-01
1 .40E-01
I.20E-01
1 .OO-0 1
8.OOE-02
6.001E-02
4.OOE-02
2.OOE-02
I .OOE -02
9.90E.03
9.80E-03
9.70E-03

9.60E-003
9.AOE-03

9.30E-03
9.20E,03

IO0E-0
9.001E-03O
8.80E.-03
8.60E;-3
8.40E:-03
8.201-03
8.001:-03
7.801-"03
7.601I,-03
7.A0E-03
7.20B-03

21.45
21.26
21.05
20.84
20.61
20.38
20.13
19.86
19.58
19.27
18.94
18.58
18.18
17.73
17.20
16.58
15.77
14.59
13.61
13.60
13.59
13.58
13.56
13.55
13.54
13.52
13.51
13.50
13.48
13.45
13.3
13.40
13.37
13.34
13.31
13.28
13.25
13.21

* 7.39
7.21
7.02
6.82
6.62
6.42
6.21
5.99
5.76
5.52
5.27
5.01
4.73
4.43
4.11
3.75
3.33
2.81
2.47
2.46
2A6
2A5
2.45
2.45
2.44
2.44
2.43
2A3
2.42
2.42
2A1
2.40
2.39
2.38
2.37
2.36
2.35
2.35

2.37
2.27
2.18
2.09
1.99
1.90
1.80
1.70
1.60
1.51
1.40
1.30
1.20
1.10
0.99
0.88
0.76
0.64
0.58
0.s8
0.58
0.58
0.58
0.58
0.57
0.57
0.57
0.57
0.57
0.57
0.57
0.57
0.57
0.57
0.56
0.56
0.56
0.56

4.39E-02 1.IIE-O1 3.07E-0o
4.66E-02 1.19E-01 3.32E-01
4.95E-02 1.28E-01 3.60E-01
5.26E-02 1.37E-01 3.91E-01
5.59E-02 1.47E-01 4.25E-01
5.95E-02 1.59E-01 4.64E-01
6.35E-02 1.72E-01 5.09E-01
6.79E-02 1.86E-01 5.60E-01
7.28E-02 2.03E-01 6.19E-01
7.82E-02 2.22E-01 6.89E-01
8.45E-02 2A44E-01 7.73E-01
9.16E-02 2.71E-01 8.76E-01
1.OOE-01 3.04E-01 1.OOE+00
1.IOE-01 3.45E-01 1.17E+00
1.23E-01 3.99E-01 IAOE+00
1.41E-01 4.76E-01 1.72E+00
1.66E-01 5.98E-01 2.25E+00
2.14E-01 8.44E-01 3.33E+00
2.65E-01 1.13E+00 4.53E+00
2.66E-01 1.13E+00 4.55E+oo
2.66E-01 1.13E+00 4.56E+00
2.67E-01 1.14E+00 4.58E+00
2.68E-01 1.14E+00 4.60E+00
2.69E-01 1.1 SE+00 4.62E+00
2.69E-01 1.15E+00 4.64E+00
2.70E-01 I.ISE+00 4.66E+00
2.71E-01 1.16E+00 4.67E+00
2.72E-01 1.16E+00 4.69E+00
2.73E-01 1.17E+00 4.71E+00
2.74E-01 1.18E+00 4.75E+00
2.76E-01 1.19E+00 4.79E+00
2.78E-01 1.20E+00 4.83E+O0
2.80E-01 1.21E+00 4.88E+00
2.811E-01 1.22E+00 4.92E+00
2.83E-01 1.23E+00 4.96E+00
2.85E-01 124E+00 5.01E+00
2.87E-01 125E+00 5.06E+00
2.89E-01 126E+00 5.l lE+00
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Table 8-13 -Time dependeut Aerosol Removal Rate Calculation

Time to Reach Mass Fraction
Mass

Fraction
Aerosol Removal Rale (hr')
9D%ile Median 10%ile

(hrs)
90%ile Median 10%ile

_ .

7.00E.-03
6,802.03
6.60E2 03
6.40E403
6.20E.03
6.00E2.03
5.80E203
5.60E.03
5.40E .03
5.20E-03
5.OOE.03
4.80E.03
4.60E -03
4.40E 03
4.20E-03
4.00E-03
3.80E-03
3.60E-03
3.40E-03
3.20E-03
3.00E-03
2.80E-03
2.60E-03
2.40E-03
2.20E -03
2.00E-03
1.80E-03
1.60E-03
IAOE-03
1.20E-03
I.OOE-03
8.00E-04
6.OOE-04
4.00E-04
2.00E-04
1.00E-04

9.00OE,05
8.00E-05

13.18
13.15
13.11
13.08
13.04
13.01
12.97
12.93
12.89
12.85
12.81
12.77
12.73
12.68
12.63
12.58
12.53
12.48
12.43
12.37
12.31
12.25
12.18
12.11
12.04
11.96
11.88
11.79
11.69
11.57
11.45
11.30
11.13
10.91
10.58
10.31
10.27
1023

2.34
2.33
2.32
2.31
2.30
2.29
2.28
2.27
2.26
2.25
2.24
2.22
2.21
2.20
2.19
2.18
2.17
2.15
2.14
2.13
2.12
2.10
2.09
2.07
2.06
2.04
2.03
2.01
1.99
1.97
1.95
1.93
1.91
1.88
1.84
1.82
1.82
1.82

0.56
0.56
0.56
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.54
0.54
0.54
0.54
0.54
0.54
0.54
0.53
0.53
0.53
0.53
0.53
0.53
0.52
0.52
0.52
0.52
0.52
0.52
0.51
0.51
0.51
0.51
0.51
0.51
0.50

0.50
0.50

2.92E-01
2.94E-01
2.96E-01
2.98E-01
3.01E-01
3.03E-01
3.06E-01
3.09E-01
3.11E-01
3.14E-01
3.17E-01
3.21E-01
3.24E-01
3.28E-01
3.31E-0l
3.35E-0I
3.39E-01
3.43E-01
3.48E-01
3.53E-01
3.58E-01
3.64E-01
3.70E-01
3.77E-01
3.84E-0
3.92E-01
4.01E-01
4. 12E-0I
4.22E-01
4.35E-01
4.5 IE-01
4.7 1E-0I
4.97E-0I
5.34E-01
6.00E-01
6.67E-01
6.77E-01
6.89E-01

1.27E+00
1.29E+00
1.30E+00
1.3tE+00
1.33E+00
1.34E+00
1.36E+00
1.37E+00
1.39E+00
1.40E+00
1.42E+O0
1.44E+00
1.46E+00
1.48E+00
1.SOE+00
1.52E+00
1.55E+00
1.57E+00
1.60E+00
1.63E+00
1.66E+00
1.69E+00
1.73E+00
1.76E+00
1.81E+00
1.85E+00
1.91E+00
1.96E+O0
2.03E+00
2.1 1E+00
2.20E+00
2.32E+00
2.47E+00
2.68E+00
3.06E+00
3.44E+00
3.50s+00
3.56E+00

5.16E+00
5.21E+00
526E+00
5.32E+00
5.38E+00
5.44E+00
5.50E+00
5.56E+00
5.63E+00
5.70E+00
5.77E+O0
5.84E+00
5.92E+00
6.012+00
6.09E+00
6.18E+00
6.28E+00
6.38E+00
6.49E+00
6.60E+00
6.72E+00
6.851+00
7.00E+00
7.15E+00
7.31E+00
7.50E+00

7.70E+00
7.93E+00
8.19E+00
8.48E+00
8.84E+00
9.28E+00
9.84E+00
1.06E+01
1.20E+01
1.34E+01
1.36E+01
1.38E+01
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Table 8-13 - Time dependent Aerosol Removal Rate Calculation

Time to Reach Mass Fraction
Ma,;

Fractimn
Aerosol Removal Rate (hr') (hrs)

90%ile Median90%ile Median 10%ile 10%ile
-- 4 -*

7.00E-D5
6.00E-D5
5.00E-D5
4.00E-O5
3.OOE-05
2.00E-05
1.00E -05
I1.OOE-06
l .OOE-07
1.0013-08
I.OOE-08

1.00E-10

1.00E-12
1.00E2-13
I.OOE 14
1.00- 15
1.0013 16
I.OOE 17
.ooE- 18

1.OOE. 19
1.00E20
1.00-21
1.OOE.22
1.00E23
1.OOE124
1.OOE.25
I.OOE..26
1t.O0E27
1.OOE-28
I .OOE-29
I .00.30
1.00E-31
1.OOE.32
l.OOE-33
I.00E34
1.00E-35
1.00-36

10.19
10.14
10.09
10.02
9.95
9.85
9.71
9.39
9.23
9.14
9.09
9.07
9.06
9.05
9.05
9.04
9.04
9.04
9.04
9.04

9.04
9.04
9.04
9.04
9.04
9.04
9.04
9.04
9.04
9.04
9.04
9.04
9.04
9.04
9.04
9.04
9.04
9.04

1.81
1.81
1.81
1.80
1.80
1.79
1.79
1.78
1.77
1.77
1.77
1.77
1.77
1.77
1.77
1.77
1.77
1.77
1.77
1.77
1.77
1.77
1.77
1.77
].77
1.77
1.77
1.77
1.77
1.77
1.77
1.77
1.77
1.77
1.77
1.77
1.77
1.77

0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50

0.50
0.50
0.50
0.50
0.50
0.50,
0.50

7.02E-01
7.17E-01
7.35E-01
7.57E-01
7.86E-0I
827E-DI
8.992-01
1.14E+00
1.39E+00
1.65+400
I.90E+00
2.15E+00
2AlE+00
2.66E+00
2.92E+00
3.17E+00
3A2E+00
3.68E+00
3.93E+00
4.19E+00
4.44E+00
4.702400
4.952+00
5.21E+00
5.46+400
5.72E+00
S.97E+00
6.23+400
6.48E+00
6.74E+00
6.99E+00
7.24E+00
7.50E+00
7.75E+00
8.01E400
8.26E+00
8.52E+00
8.77E400

3.64E+00
3.72E+00
3.82E+00
3.95E+00
4.1 1E+00
4.33E+00
4.72E+00
6.02E+00
7.31E+00
8.61E+00
9.912+00
1.12E+OI
1.25E+01
1.3 8E+0I
1.5I E+1I
1.64E+01
1.77E+01
1.90+01I
2.03E+01
2.16E+01
2.29E+01
2.42E+01
2.55E+01
2.68E+01
2.81E+01
2.94E+01
3.07E+OI
3.202+01
3.33E+O I
3.46E+01
3.59E+01
3.72E+01
3.85E+01
3.98E+01
4.11 E+01
4.24E+01
4.37E+01
4.50E+01

1.41E+01
lA44E+0 I
I .48E+01
1.52E+01
1.58E+01
1.66E+01
1.80E+01
2.25E+01
2.71E+01
3.17E+01
3.62E+01
4.08E+01
4.54E+O1
5.00E+01
5.45E+01
5.912+01
6.37E+O1
6.82E+01
7.28E+01
7.74E+01
8.20E+Ol
8.6SE+0I
9.1 1E+01
9.57E+01
1.00+02
1.05E+02
1.09E+02
1.14E+02
1.19E+02
1.23E+02
1.28E+02
1.32E+02
1.37E+02
1.41E+02
1.46E+02
1.51E+02
1.55E+02
1.60E+02
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Ta~le 8-13 - Time dependent Aerosol Removal Rate Calculation

Mass
Fraction

Aerosol Removal Rate (hr')
90%1/ile Median 10%ileI

Time to Reach Mass Fraction
(hrs)

90%ile Median 10%ife
1.OOE.37 9.04 1.77 0.50 9.03E+00 4.6313+01 1.64E+02

.0138 9.04 1.77 0.50 9.28E+00 4.76E+01 1.69E+02
1.OOE.39 9.04 1.77 0.50 9.54E400 4.89E+01 1.73E+02
l.OOE3-40 9.04 1.77 0.50 9.79E+00 5.011E+01 1.78E+02

The aerosol removal rates as a function of time for an initial mass release at t = 0 are plotted on Figure
8-1. As can be seen on this figure and on Table 8-13, the removal rates reach an asymptotic value for
each percentile curve. For example, the 9O& percentile aerosol removal rate reaches a value of 9.04
approximately 3 hour.; after the release, and the 10e percentile aerosol removal rate reaches a value of
0.50 approximately 1 3 hours after the release.

Zr
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i1w

30.00 r--T -- r-71-I- a-rrrr, 7--rr -rr

oil 6I I I I I11 1 III 11I I I III1I1I6I I I111 I 16I6

Mdan aJ- ma " 111 I 1611114IIaImammI , II aall I11
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a111 6111 I 116 I 111 -111

a smm a lma. a I 1161r6 13116 ammm

I 116 ul llI I 1611 1111 I a611

2.ODE-04 1.00H-00 3.OOE.O2 2.0DE-Cl

Timae (tar)

I.D0E400 I.00E401 1.00Et02

Figure 8-1 - Aerosol Removal Rates

It is more convenient for further processing to provide the aerosol removal rates for each of the three
percentile levels for common times. Therefore, the values presented on Table 8-13 are interpolated

1��
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using a semi-log interpolation to construct the following table. The semi-log interpolation is of the
form:

i(t)= 2Q(1)+ NlO n (01) Equation 8-1

For example, from Table 8-13, the 10h percentile aerosol removal rate at 0.464 hours is 1.90 hr', and
the removal rate at 0.509 hours is 1.80 hfl'. The aerosol removal rate at 0.5 hours is then:

(0.5) = 1.90 + [1.80 -1.90 n(.4 =64 182 h
Ien 0.50 ea64)

This value is in excell'mt agreement with the value shown on Table 8-14.

Table 8-14 - Aerosol Removal Rate (hr,)

Time (hrs) 90%ile Median 10%ile
0 25.54 11.98 5.15

1.OOE-04 25.52 11.97 5.15
I.OOE-03 25.42 11.91 5.12
2.OOE-03 25.31 11.84 5.11
3.OOE-03 25.19 11.77 5.09
4.OOE-03 25.08 11.70 5.07
5.00E-03 24.97 11.63 5.05
6.OOE-03 24.86 11.57 5.03
7.OOE-03 24.75 11.50 5.01
8.OOE-03 24.64 11A4 4.99
9.OOE-03 24.54 11.37 4.97
l.OOE-02 24.43 11.31 4.95
2.OOE-02 23.44 10.72 4.76
3.OOE-02 22.55 10.19 4.59
4.OOE-02 21.74 9.72 4.43
5.00E-02 21.01 9.29 4.28
6.00E-02 20.35 8.91 4.14
7.00E-02 19.74 8.56 4.01
8.00E-02 19.18 8.24 3.89
9.OOE-02 18.66 7.94 3.78
1.OOE-01 18.19 7.67 3.67

__ _4 --_L _
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Table 8-14 - Aerosol Removal Rate (hri)

Time (hrs) 90%ile Median 10%fle
7.18E+02 9.04 1.77 0.50
8.001+02 9.04 1.77 0.50
9.00E+02 9.04 1.77 0.50
l.OOE+03 9.04 1.77 0.50

8.3.1A Average Aerosol Removal Rates for Specific Time Periods
'The methodology presented in Section 5.2.1.2 is used to determine the average aerosol removal rates
for the LocaDose time periods presented in Table 8-1. First, the integrated removal rate using
Equation 5-15 is calculated for the times used in Table 8-14. These are shown on Table 8-15.

As an example, a calculation for the 0.2 to 0.3 10th percentile level is performed. From Table 8-14, the
removal rate at 0.2 hours is 2.88 hi', and at 0.3 hours is 2.39 hrb'. Therefore, the integrated removal
rate for this time period is:

MA('= ( A (t2 -_t)= 2%2.8 ( 30.2)= 0.263

This value is in excellent agreement with the result provided on Table 8-15.

Table 8-15 - Interval Integrated Aerosol Removal Rates (he' * hr)

Time Interval (hrs) 90%ile Median 10%ile
0 - l.OOE-04

1.OOE-04 - l.OOE-03
1,.O1E-03 - 2.00OE-03
2.00OE-03 - 3.OOE-03
3.001E-03 - 4.00OE-03
4.00OE-03 - 5.OOE-03
5.OOE.03 - 6.0OE-03
6. OOE-03 - 7.00OE-03
7 OOE-03 - 8.OOE-03
8 OOE-03 - 9.OOE-03
9.00OE-03 - 1 .00E02
1 .OOE-02 - 2.00E-02

2,.OOE-02 - 3.OOE-02
3 .OOE-02 - 4.0013-02

2.55E-03
2.29E2-02
2.54E-02
2.52E-02
2.51E-02
2.50E-02
2.49E-02
2.481E-02
2.47E3-02
2,46E-02
2.45E3-02
2.39E3-01
2.3013-0 I
2.211E-01

1 .20E-03
1 .07E3-02
1 .19E-02
l.1E-02
1.1I 7E-02
1.17E-02
1. I 6E-02
I.151E-02
]AS1E-D2
1 .1413-02
l.13E3-02
l.IOE-0l
I .05E-01I
9.95E-02

5.1 5E.04
4.62E3-03
5.1 2E-03
S. 1OE-03
5.08E3-03
S.061E-03

5.041E-03
5.02E-03
S.OOE3-03
4.98E3-03
4.961E-03
4.8511-02
4.6713-02
4.51 E-02
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Table 8-15 - Interval Integrated Aerosol Removal Rates (hrbX' hr)

Time Interval (hrs) 90%ile Median 10%ile
_ - ,

4.IOOE-02 -

5.1)OE-02 -
6.0)OE-02 -

7.0OE-02 -

8.0OE-02 -

9.0OE-02 -

1.I)OE-0l -

2.I)OE-01 -

3.O)OE-01 -

4.OOE-01 -

5.0OE-01 -

6.0OE-01 -
7.0OE-01 -

8.0OE-O1 -

9.OOE-01 -

I.C IE+00 -
1.50E+00 -

21 OE+00 -

2.2 ODE+00 -
3.C OE+OD -

4.C OE+00O-
5.C OE400 -

6.1)OE+00 -

6.2 OE+00 -
7. OE+00 -

8.0 OE+00 -
9.0 OE+00 -
1.20O+O1 -

2.COE+01 -

2.22E+01 -

3.COE+01 -

4.COE+01 -

4.(2E+01 -

5.C'OE+01 -

6.C OE+01I -

7.COE+01 -

8.('OE+0I -

9.OOE+0J -

9.4.2E+01 -

1 .0OE+02 -

5.00E-02
6.OOE-02
7.OOE-02
8.00E-02
9.OOE-02
1.OOE-OlI
2.0OE-01
3.OOE-01
4.OOE-01
5.OOE-01
6.OOE-O0I
7.OOE-01
8.00OE-01
9.00OE-01
I .00E400
I .50E+00
2.001E-40O
2.20E+00
3.OOE+00
4.OOE+00
5.00E400
6.OOE+00
6.20E+00
7.00E+O00
8.OOE+O0
9.OOE+00
1 .20E-i01
2.00E401
2.22E+01
3.OOE+01
4.OOEF,40
4.62E+01
5.OOE401
6.OOE+01
7.001E+01
8.01E+0 I
9.001E+01
9.42E+O01
1.OOE+02
2.OOE+02

2.14E-O1
2.07E-0]
2.OOE-01
I .95B-01
1.89E-01
1.84E-O1
I1.65E+00
I1.40E+00
I1.25E,+00
1.l51E+00
I .08E.+00
1.04E+00
1.0 IE+00
9.8 lE-Ol
9.64E-O01
4.69E+DD
4.57E+00
i.81E-fOO
7.24E+00
9.04E+OO
9.04E+00
9.04E+00
1.8 113i-OO
7.23E,+00
9.04E+00
9.04E+O00
2.71E-f0I
7.23 E+01I
1 .99E3+0 I
7.05E+0 I
9.04E+O I
5.611E+01
3.44E+01
.9.04E+O1
9.04E4-O1
9.0413+01
9.04E+01
3.8DE+01
5.24E3+0I
9.0413+02

9.51IE-02
9.IOE-02
8.73E-02
8.39E-02
8.09E-02
7.80E-02
6.691E-O1
5.26E-01
4.42E.O0I
3.87E-01
3.4913O01
3.21E-01
2.99E-01
2.8IE-01
2.67E-0 I
1.20E+00
1 .05E+00
3.96E-0 I
1 .521E+00
I .82E400
1 .79E+00
I1.78E,+00
3.55E-01
I1.42E+00
1 .77E+00
1.7713-OO
5.32E+00
1.42E+01
3 .90E+00
I.38E+01
1.17E+01
1. IOE+O I
6.74E+OO
1.77E+01
1.77E+0I
1.771E+Ol
1.77E+O I
7.45E+O00
1.03E+O1I
1.77E+02

4.35E-02
4.211E-02
4.08E-02
3.95E-02
3.83E-02
3.72E-02
3.26E-O0I
2.63E-01
2.22E-O0I
1 .94E-01
I .72E-01
I .56E-01
lA.3E,-OI
I1.33E-03
1 .24E-01
5.36E-01
4.4 13-.0 I
1 .59E-01
5.79E-01
6A40E-OJ
5.84E-01
5.5 1E-O1
1.08E-01
4.25E-O1
5.22E-01
5.I5E-Ol
1.53E-'00
4.04E+00
1.1 IE+00
3.93E+O00
S.04E+00
3.32E400
1.9 1E+00
5.04E-+00
5.04E+00
5.04E-+O0
5.OOE1'-OO
2. 12E+O0
2.92E+00
5.041E+01
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Table 8-15 -Interval Integrated Aerosol Removal Rates (hre4 hr)

Time Interval (hrs) 90%I1e Median 10%Ile
2.01)2+02 - 3.OOE+02 9.04E+02 1.772+02 5.04E+01
3.O1OE+02 - 4.00E+02 9.04E+02 1.77E+02 5.04E+01
4.00E+02 - 5.00E+02 9.04E+02 1.77E+02 5.04E+01
5.1)0E+02 - 6.OOE+02 9.04E+02 1.77E+02 5.04E+01
6.00E+02 - 7.00E+02 9.04E+02 1.77E+02 5.04E+01
7.0OE+02 - 7.183E+02 1.65E+02 3.232+01 9.17E+00
7.18E+02 - 8.OOE+02 7.40E+02 1.45E+02 4.12E+01
8.(OE+02 - 9.00E402 9.04E+02 1.772+02 5.04E+01
9.00E+02 - 1.00E+03 9.04E+02 1.77E+02 5.042+01

Using the values presented above, the average removal rates for the LocaDose time periods are
determined using Equation 5-16.

As discussed in Secticn 5.2.1, the model was originally developed for a puff release of aerosol into a
system. In those cases where there is a continuous release, the size distribution will continually be
renewed by the injected aerosols. The model has been extended for this case by setting the mass
fraction ny = I until the release stops. The release continues until 1.8 hours after the onset of the
LOCA per Design Input 43, therefore the aerosol removal rates for this period are held constant to the
value at t = 0 from Ta le 8-14.

Since the aerosol removal rates are held constant for the first 1.8 hours, the time dependency shown on
Table 8-14 and Table 8-15 is offset by 1.8 hours. For example, the LocaDose time period of 1.8 to 2
hrs is equivalent to the 0 to 0.2 time period of Table 8-15. Table 8-16 is constructed using Equation
5-16 and the information presented on Table 8-15.

Table 8-16 - Average Aerosol Removal Rates (hr')

Time Period (Wrs) 90%ile Median 10%ile
0- 1.8 25.54 11.98 5.15

1.8 -2 18.89 8.08 3.79
2- 3.8 10.07 2.84 1.32

3.8 -4 9.07 1.98 0.79
4 -8 9.04 1.82 0.62
8 - 13.8 9.04 1.77 0.52

13.8 -24 9.04 1.77 0.50
24 - 48 9.04 1.77 0.50
48 - 96 9.04 1.77 0.50
96 -720 9.04 1.77 0.50

.; C E 2 6 -4 2 6 R E V . 2 [ R E F E R E NbI: : A U 1f( . .e J PO R e 0_. . A .d- -
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As an example, calculate the average aerosol removal rate for the LocaDose time period of 2 to 3.8
hours for the lote percentile level. This time period corresponds to the 0.2 to 2.0 hour time period of
Table 8-15. The interval integrated aerosol removal rates for this period are:

10tb Percentile Interval
Integrated Removal Rate

Time Period (hrsj (hre hr)
2.OOE-01-3.00:E-01 2.63E-01
3.OOE-01-4.00:E-01 222E-01
4.OOE-01- 5.00E-01 1.94E-0l
5.00E-01-6.00E-01 1.72E-01
6.00E-01-7.008-01 1.56E-0I
7.00E-01- 8.00 B-01 1.43E-01
8.00E-01-9.008-01 1.33E-0l
9.00E-01-1.00]3+00 1.24E-01
1.OOE+00-1.50E+00 5.36E-01
l.50E+00-2.00E+00 4.41E-0I
Total 0.2 - 2.0 2.38

The average removal rate is then (2.38 hrb' hr)/(3.8-2.0 hr) = 1.32 hr', in excellent agreement with the
result shown on Table 8-16.

8.3.2 Elemental Iodine Removal Rates

8.3.2.1 Calculation of Elemental Iodine Mass Released to Containment
The number of moles of iodine in the containment is calculated using the methodology described in
Section 5.2.2.2.1. Using the iodine core inventory presented in Design Input 4.16, the total iodine
released during the gap and the early in-vessel phases from Design Input 4.2 (5% and 35%,
respectively), and the elemental iodine fraction from Design Input 4.4 (4.85%o), the number of moles
released is calculated using Equation 5-17. The results are presented in Table 8-17.

As an example, the number of moles of I-131 that are released to the containment are calculated.

M 755n=-=2.88
2xMWY 2x131

The number of moles released to the containment is then 2.88 x 0.40 x 0.0485 = 0.0559.

The values above are in good agreement with the values in Table 8-17.

'SCE26.426 REV. 2 [REFERENCE1: S0123-XXIV-7.15] N-6030-001 Rev O.dc
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Table 8-17 - Elemental Iodine Mass Release

Molecular Core Mass Number Released
Isotope Weight (g) of Moles Moles
1--127 127 4.64E+03 1.83E+01 3.54E-01
.1-128 128 1.87E-02 7.30E-05 1.421E-06
1--129 129 2.05E+04 7.95E+01 1.54E+00
1--130 130 1.28E+00 4.92E-03 9.55&05
1-130M 130 827E-03 3.18E-05 6.17E-07
1-131 131 7.55E+02 2.88E+00 5.59E-02
1-132 132 1.31E+01 4.96E-02 9.63E-04
1-133 133 1.75E+02 6.58E-01 1.28E-02

I-133M 133 1.58E-03 5.94E-06 1.15E-07
1-134 134 8.42E+00 3.14E-02 6.1 E-04

I-134M 134 5.14E-02 1.92E-04 3.72E-06
I-135 135 5.27E+01 1.95E-01 3.79E-03
1-136 136 924E-02 3.40E-04 6.59E-06
1-136M 136 2A3E-02 8.93E-05 1.73E-06
1--137 137 2.82E-02 1.03E-04 2.00E-06
I--13S 138 3.75E-03 1.36E-05 2.64E-07
1--139 139 7.62E-04 2.74E-06 5.32E-08
1--140 140 6.68E-05 2.39E-07 4.63E-09

_ Total 2.6]E+04 1.02E +02 1.97E+00

The total number of moles used in the ICONC runs (see Section 9.1) is 2.03 (based on a preliminary
prediction of the core iodine inventory). This is greater than the 1.97 value shown in Table 8-17 by
3%. Since the partitio n coefficients decrease with increasing iodine available in the containment, the
value of 2.03 is conse::vative and will be used in this calculation.

8.3.2.2 Calculation of Partition Coefficients
As discussed inSection 5.2.2.2, the partition coefficients are calculated using the program ICONC.
ICONC requires the following parameters:

* Water temperature in °F

During the injection phase, when RWVST borated water is used, the minimum sump
temperature is 40 °F (Design Input 4.17). The maximum temperature is determined from
the post-IOCA sump temperature profiles (Design Input 4.18). The maximum
temperature is 260.3 °F for case 7. To encompass all temperatures, a range from 40 IF to
280 0F is used in ICONC.

,CE 26-426 REV. 2 (REFERENCE.: S0123-XXIV-7.15] N-6030-O1 Rev O.doc
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* Water pH value

Per Design Input 4.14, the sump is maintained at a minimum pH level of 7. The partition
coefficients increase with increased jpH; therefore, it is conservative to use the minimum
pH level in this calculation

* Volume of gaseous phase in cubic feet

The volume of the gaseous phase is taken to be the free air volume of the containrnent.
From Design Input 4.6, the net free air volume is 2,284,000 ft3.

* Volume cf liquid phase in cubic feet

The volume of the liquid phase is taken to be the minimum sump volume. Per Modeling
Assumption 3.8, the minimum sump volume is 46,647 1. The minimum sump volume is
appropriate for this calculation since larger volumes will retain more iodine thus
increasing the partition coefficient.

* Initial iodine inventory in water in moles

The initial iodine inventory is assumed to be the elemental iodine available for release,
calculated to be 2.03 moles in Section 8.3.2.1.

* Equilibrium constants K, and K3

The equilibrium constants K, and K3 are provided on Table 4-6 (Design Input 4.15). The
temperature values presented on Table 4-6 are in TC and do not match the values used as
shown on Table 8-18. Therefore, Equation 5-18 is used to interpolate the constants K, and
K3 at the Table 8-1 8 temperature values.

For example equilibrium constants K, and K3 are calculated at 100 "F (37.78 "C). From
Table 4-6:

Temperature ('C) K, I Temperature (IC) K,
I -

30
40

61
39

30
40

A.4E-13
2.1E-12

K, is there:

rK 7(-T]
r63O-37. 1 30

=i-(69 )I 30-4 =43.08

-I 

--
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K2 is then:

JK2 (T) = K2(I2 (T2 )) 2] =8.4x10-1 '(

r3o-37.781
2.1x10-'2 1j 30-40 J

8.4x1 0-3)
= 1.71x10-'2

These values are in excellent agreement with the values shown on Table 8-18.

These values were then used to develop the ICONC input file shown on Section 9.1.1. The ICONC
output is shown on Section 9.1.2. The partition coefficients and the decontamination factors from
ICONC are presented on Table 8-18. The partition coefficients as a function of temperature are also
shown on Figure 8-2. As shown on this figure, the partition coefficient increases with increasing
temperature beginning from 60 'F.

I -
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Table 8-18 -Elemenial Iodine Partition Coefficients

Sump
Temperature

(OF)
Partition

K _ K3 Coefficient DF
. . .

40
so
60
70
80
90
OD

110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280

241.34
173.00
129.00
95.15
69.76
55.23
43.08
34.16
27.38
22.71
19.00
16.91
15.11
13.76
12A0
11.01
9.97
9.16
8.55
8.36
7.80
7.05
6.62
6.27
6.04

6.61E-14
1 .20E-13
2.14E-13
3.77E-13
6.26E-13
1.03E-12
1.71E-12
2.77E-12
4.38E-12
6.65E-12
1.001-1 I
1.55 1
2.37E-1 I
3A4E-1 I
4.99E-1 I
7.24E-1 1
1 .02E-10
1.41E3-10
2.02E-1 0
2.70E-10
3.72E-10
5.07E-1 0
6.63E-10
8.58E-10
I.09E-09

475.3
427.2
419.8
430.2
445.1
511.A
603.0
726.0
880.2
1,076
1,324
1,791

2,415
3,165
4,111
5,273
6,705
8,496
11,338
14,797
19,002
23,391
28,707
35,172
43,029

10.71
9.73
9.57
9.79
10.09
14IA5
13.32
15.83
18.98
22.97
28.03
37.58
50.32
65.63
84.97
108.7
137.9
174.5
232.6
3032
389.1
478.7
587.3
719.3
879.8
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Figure 8-2 - Elemental Iodine Partition Coefficient as a Function otSump Temperature

83.2.3 Elemental Iodine Spray Removal Rates

As discussed in SectiDn 5.2.2.1, the elemental iodine spray removal rates are calculated using the
program REMOVE. The input parameters used by REMOVE are described in the following sections.
Removal rates are calculated as a function of time for two phases, the injection phase and the
recirculation phase. Parameters that are common to both are described in Section 8.3.2.3.1, parameters
that apply to the injection phase are described in Section 8.3.2.3.2, and parameters that apply to the
recirculation phase are described in Section 8.3.2.3.3.

Removal rates are calculated for each spray header and each individual ring within the spray header.
The resultant spray rtmoval rates are then summed together for each spray header. The lowest total
spray removal rate is then selected to represent the elemental spray removal rate capability of the spray
system.

.-- -- I.-
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8.3.2.3.1 Common Parameters
Per Design Input 4.11, the SONGS containment spray system is designed with SPRACO 1713A
nozzles, therefore the drop size distribution for this nozzle, which is built into the REMOVE program,
will be used (Table I cvf the REMOVE Theoretical Manual [Reference 6.6b)). This distribution
contains 69 different s ize groups, of which the smallest drop size diameter is 0.00375 cm.

The sprayed volume is the containment sprayed region. From Design Input 4.6, the containment
sprayed region volumc. is 1,907,000 fti.

The plate out area is u: ed by REMOVE to determine the elemental iodine deposition rates. Although
the deposition rates calculated by REMOVE are not used in this calculation, the wall surface area from
Design Input 4.9 of 6C 1,519 ft2 is entered.

The spray system parameters used by REMOYE are shown on Table 8-19. The number of nozzles and
the initial spray angle are obtained from Design Input 4.11. The fall height was calculated in previous
sections and presented in the listed tables.

Table 8-19 - Spray System Parameters used by REMOVE

Initial Number Fall Height
Spray Ring Angle of Nozzles Fall Height (ft) Source

0494"_-C-KEO 10 28 79.81 Table 8-8

049-4"-C-KEO 45 28 79.81 Table 8-8
04394"-C-Kf 'O 10 28 85.60 Table 8-11

043-4"-C-KEO 45 28 85.60 Table 8-11
045-4"-C-KJi.0 0 20 105.83 Table 8-10

045-4"-C-KEO 90 20 105.83 Table 8-10

051-4"-C-KIEO 0 20 108.11 Table 8-7

051-4"-C-KEIO 90 20 108.11 Table 8-7

052-2 W'-C-KEO 0 10 117.43 Table 8-6

052-2 Va"-C-KEO 45 10 117.43 Table 8-6

046-2 '/Y'-C-KEO 0 10 118.47 Table 8-9

046-2 ½/Y'-C-KEO 45 10 118A7 Table 8-9

The flow rate per nozzle, as calculated in Section 8.3.1.2, is 13.79 gpm.

The initial spray velocity is calculated using the information from Design Input 4.12. From Design
Input 4.12, the nozzle orifice is 0.375" in diame,:er and is 809o air filled (0.3" air fill diameter). The
annular area is then:

I.-
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A =;IT 2 r 0.257cm

The flow per nozzle, fiom above, is 13.79 gpm = 52.22 Ipm = 870.4 cm3lsec. Therefore, the initial
velocity is 870.4 cm3Isec *. 0.257 cm2 = 3,393 cm/sec.

Snrav Removal Rates ts a Function of Air-Steam Temperature

The removal rates are dependent on the temperature of the air-steam mixture in the containment;
therefore, a parametric study is performed to determine the appropriate temperatures that will result in
conservative removal rate estimates. This parametric is arbitrarily performed on the 10' nozzles of ring
049-4"-C-KEO. The temperature range encompasses the range in temperature as provided in Design
Input 4.18. From Table 4-8, the mninimum containment air temperature is 89.9 'F (32.2 0C), and the
maximum containment air temperature is 267.4 'F (130.8 C). The input files for the parametric study
are shown in Section 9.2.1.1. The results of this parametric study are presented on Table 8-20 and on
Figure 8-3.

Table 8-20 - Eleeinatal Iodine Spray Removal
Rate Parametrics

Containment
Temperature (OC) Spray Removal Rate (hr')

__

30
40
50
60
70
75
80
85
90
95
100
105
110
120
130

4.5685
4.7679
4.9357
5.0724
5.1780
5.2192
5.2527
5.2787
5.2974
5.3091
5.3141
5.3129
5.3058
5.2755
5.2279
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Figure 8-3 - Elemertal Iodine Spray Removal Rate as a Function of Containment Air Temperature

As shown above, the removal rate increases with temperature until about 100 'C, and then decreases

with increasing temperature. Within the temperature range of interest, the maximum removal rate is
5.314 hf l, and the minimum removal rate is 4.569 hrl, for a ratio of 1.2 between these extremes. Since
the removal rates determined in this calculation are dependent on a post LOCA environment that may
be revised due to changes in the reactor power, reactor system or steam generator characteristics, the

resultant removal rate:; will be conservatively reduced by a factor of 1.2.
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8.3.2.3.2 Injection Phase Parameters
The injection phase begins with initiation of spray and lasts from a minimum of approximately 20
minutes (with two trai is in operation) to a maximum of approximately 40 minutes (with one train in
operation).

Partition Coefficient

During the injection phase, borated water from the RWST is used in the spray system. Per
NUREG/CR-0009 (Reference 6.4h page 61) a pwrition coefficient of 200 for boric acid solutions is
used.

Air-Steam Mixture Temperature

From Design Input 4.18, the temperature range in the 30 sec to 40 min time period is 188.3 to 265.9
'F. (86.8 to 129.9 0C). From Table 8-20 it can be seen that the removal rate at 130 0C is lower than the
removal rate at 85 0C or even 90 0C, therefore the upper temperature of this time period (129.9 °C) will
be used to calculate the spray removal rates for the injection phase.

8.3.2.3.3 Recirculaltion Phase Parameters
To determine the partition coefficients and the air-steam mixture temperature, the temperature profile
of Design Input 4.18 rneeds to be expanded to include the LocaDose time-steps. In particular,
containment and sump temperatures at 2, 4, 8, 13.8, 24, 48, 96, and 720 hours are needed. The
temperatures for these times are linearly interpolated from adjacent temperatures from Table 4-8. The
temperature history results are presented on Table 8-21 with the added time steps highlighted.

For example, the vapcr temperature for case I at 4 hours (14,400 sec) is calculated:

T(Q4,400) = 217.7 -F + (2 15 .7 OF - 217.7 TF)14,400 12 500 = 216.2 "F
1I 5,000 -12,500

This value is in excellent agreement with the value shown on Table 8-21.

ECE 2642� REV. 2 IR�FEREN�.: �U123.)�AIV-I.1�J N-6030-0O1 Rev O.doc
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Table 8-21 - ContainmentAtmosphere and Water Sump Temperature
. Profile with Added Time-steps

Time Vapor Temperature (F) Sump Temperature (F)
Case 1 Case 4 Case 7 Case 1 Case 4 Case 7(see) (hr)

5 , \ , .

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

2.
3
4

6
f;

101:

St

I D
lII

0.0001+00
2.778E-05
5.556E-05
8.333E-05
1.1IIE-04
1.389E-04
1.6672-04
1.944E-04
2.222E-04
2.500E-04
2.778E-04
5.556E-04
8.333E-04
I.1IIE-03
1.389E-03
1.667E-03
1.944E-03
2.222E-03
2.500E-03
2.778E-03
3.056E-03

120
90.5
112.5
127A
139.3
148.8
156.1
162.6
167.6
172.8
178

206.9
221.9
231.9
239.8
245.5
250.4
254.3
257.3
258.9
260.3
260.8
260.7
260.3
259.8
259.3
258.8
258.6
258.6
258.9
259

258.8
258.9
259.1
259.3
259.7
260.1

120
89.9
105

116.7
126.3
135.3
142.6
148.1
153.7
158.1
162.1
193

210.2
220.5
228

234.1
239.2
243.5
247.2
250.5
253.3
255.4
257
258

258.6
258.7
258.9
258.6
258.2
257.8
257.8
258.6
258.8
259.1
259.5
260

260.5

120
111.8
133.1
146.1
156

163.9
170.5
176.2
181.1
185.4
189.1
214.7
230.5
241.3
249.3
255.2
260.1
263.3
265.1
265.9
266.7
267.4
266.8
266.2
265.7
265.4
265.1
264.8
264.7
264.6
264.6
264.5
264.4
264.3
264.2
264

263.9

120 120
197.8 206.4
206.9 210.9
211 213.9

213.8 216A
215 218.3

216.4 219.9
217.6 220
217.4 220.3
217.4 220.9
218.4 220.6
219.2 222.4
222.5 225.3
225.2 228
227.3 231.1
229.2 234.1
230.5 236.6
230.9 238.9
230.5 241
229.7 242.5
229.4 243.5
229.8 244.4
230A 245.1
230.7 245.9
230 246.6

229.1 247.1
228.2 247.5
227.3 247.8
226.5 247.9
225.7 248
221A 248
217.1 242.7
213.4 236.7
210.2 231.7
207.3 227.5
205.8 223.9
204.5 220.8

120
216.1
219.3
217.7
218.1
218.2
218.8
218.6
218.1
218.9
218.9
223.7
230.9
236.7
241.4
245.3
246.9
247.6
248

248.3
248.6
248.7
248.9
249

249.1
249.2
249.3
249.4
249.5
249.5
249.7
249.8
249.9
250

250.1
250.1
250.2

12 3.333E-03
13 3.61 tE-03
14 3.889E-03
1 5 4.167E-03
16 4.444E-03
17 4.722E-03
18 5.000E-03
19 5.278E-03
20 5.556E-03
22 6.11 IE-03
24 6.667E-03
26 7.222Ei03
28 7.778E-03
30 8.333E-03
32 8.889E-03
34 9.444E-03
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Table 3-21 -Containment Atmosphere and Water Sump Temperature
Profile withl Added Time-steps

Time Vapor Temperature (1F) Sump Temperature (OF)
Case 1 Case 4 Case 7 Case I Case 4 Case 7(sei') (b r)

-. ,, _ , _ __.I.I_

36 .OOOE-02
38 1.056E-02
4C 1.11 IE-02
42 1.167E-02
44 1.222E-02
4E 1.27BE-02
4E 1.333E-02
5C 1.389E-02
52 1.444E-02
54 1.500E-02
5f 1.556E-02
5E 1.611E-02
6(C 1.667E-02
6,, 1.722E-02
64 1.778E-02
66; 1.833E-02
68: 1.889E-02
7(1 1.944E-02
72 2.000E-02
7- 2.056E-2
7f; 2.1 1E-2

71: 2.167E-02
80 2.222E-02
82 2.278E-02
84 2.333E-02
86 2.389E-02
88 2.444E-02
90 2.500E-02
9.! 2.556E-02
94 2.61 IE-02
96 2.667E-02
98 2.722E-02
100 2.778E-02
105 2.917E-02
110 3.056E-02
115 3.194E.02
120 3.333E-02
125 3.472E-02

260.3
260.5
260.5
260.3
259.7
258.9
258

256.9
255.8
255.8
255.7
255.7
255.7
255.6
255.5
255.5
255.5
255.5
255.4
255.4
255.3
255.4
255.7
255.9
256.1
256.3
256.4
256.8
256.9
257.1
257.3
257.5
257.7
258.2
258.6
259

259.5
259.8

261 263.7
261.3 263.6
261.4 263.4
261A 263.3
261 263.5

260.3 263.3
259.5 263.1
258.6 262.9
257.7 262.8
256.6 262.6
256.1 262.5
256.1 262.3
256.1 262.1
256.1 261.9
256 261.7

256.1 261.6
256 261.4

256.1 261.2
256.1 261
256.1 260.9
256.2 260.7
256.1 260.6
256.2 260.4
256.2 260.3
256.2 260.1
256 260
256 259.8
256 259.7

256.4 259.6
256.6 259A
257 259.3

257.1 259.2
257.3 259.1
257.8 258.8
258.2 258.5
258.5 258.3
258.8 258
258.9 257.8

203.3
202.2
201.2
200.3
199.4
198.6
197.9
197.2
196.6
196

195.5
195

194.5

194.1
193.7
193.4
193

192.7
192.5
192.4
192.4
192.5
192.6
192.7
192.8
192.9
193

193.1
193.1
193.2
193.3
193.4
193.5
193.7
193.9
194.1
194.3
194.5

218.1 250.3
215.7 250.3
213.6 250.4
211.7 250.4
210 250.5

208.4 250.5
207.1 250.6
205.8 250.6
204.7 250.7
203.6 250.7
202.6 250.8
201.8 250.8
201 250.9

200.3 250.9
199.7 251
199.1 251.2
198.5 251.4
198 251.6

197.6 251.8
197.2 252
196.8 252.1
196.5 252.3
196.1 252.5
195.9 252.6
195.6 252.8
195.4 253
195.3 253.1
195.2 253.3
195.2 253.4
195A 253.6
195.6 253.7
195.7 253.9
195.9 254
196.2 254.3
196.6 254.7
197 255

197.4 255.3
197.7 255.5
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Table 8-21 - Containment Atmosphere and Water Sump Temperature
Profile with Added Time-steps

Time Vapor Temperature (IF) Sumip Temperature (F)
(sece (hr) ICase 1 Case 4 Cas 71Case 1 Case 4 Case 7
130
135
140
145
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
235
240
245
25C
255
26C
26'
27C
27f
28Ct
28'
29(
29'
30(0
310
320
330

3.61 IE-02
3.750E-02
3.889E-02
4.028E-02
4.167E-02
4.306E-02
4.444E-02
4.583E-02
4.722E-02
4.861E-02
5.00E-02
5.139E-02
5.278E-02
5.4177E-02
5.556E-02
5.694E-02
5.833E-02
5.972E-02
6.11 IE-02
6.250E-02
6.389E.02
6.528E-02
6.667E-02
6.806E-02
6.944E-02
7.083E-02
7.222E-02
7.36 1E-02
7.500E-02
7.639E-02
7.778E-02
7.917E-02
8.056E-02
8.194E-02
8.333E-02
8.61 IE-02
8.889E-02
9.167E-02

260.2 259 257.6
260.6 259.1 257.4
260.9 259.2 257.2
261.3 259.2 257
261.6 259.2 256,8
262 259.2 256.5

262.3 259.2 256.2
262.6 259.2 255.9
263 259.1 255.6

263.4 259.1 255.3
263.6 259 255
264 258.9 254.8

264.2 258.8 254.6
264.4 258.7 254.2
264.7 258.6 253.8
264.9 258.5 253.5
265 258.4 253.2

265.2 258.3 252.8
265.3 258.2 252.5
265.4 258.1 252.1
265.5 258 251.8
265.6 257.9 251.4
265.6 257.8 251.1
265.7 257.7 250.8
265.8 257.6 250.5
265.8 257.5 2502
265.9 257.3 249.9
265.9 257 249.6
265.9 256.8 249.3
265.9 256.6 249
265.8 256.4 248.7
265.8 256.3 248.4
265.7 256.1 248.1
265.6 255.9 247.8
265.5 255.7 247.6
265.3 255.4 247.1
264.9 255 246.5
264.5 255.1 246

194.7 198.1 255.8.
194.9 198.5 256.1
195.1 198.9 256.3
195.3 199.3 256.6
195.5 199.7 256.8
195.7 200.1 257
195.9 200.4 257.3
196.1 200.8 257.5
196.3 201.2 257.7
196.4 201.6 257.9
196.6 202 258.1
196.8 202.5 258.3
197 202.9 258.5

197.2 203.4 258.7
197.4 204 258.9
197.7 204.5 259.1
198 205 259.2

198.3 205.5 259.4
198.6 206 259.5
198.9 206.5 259.6
199.3 207 259.7
199.7 207.5 259.8
200.1 208 259.9
200.6 208.5 260
201 209 260

201.A 210.3 260.1
201.9 211 260.1
202.4 211.4 260.2
202.8 211.9 260.2
203.3 212.3 260.2
203.8 212.8 260.3
204.2 213.2 260.3
204.7 213.6 260.3
205.2 214 260.3
205.6 214.5 260.3
206.6 215.3 260.3
206.4 216 260.2
207.4 216.8 260.1

I.-
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Table 8.21 - Containment Atmosphere and Water Sump Temperature
Profile with Added Time-steps

Time Vapor Temperature (0F) Sump Temperature (F)
(sec) (hr) ICase I Case 4 Case 7 Case 1 Case 4 Case 7
340
350
360
370
380
390
400
420
440
460
480
SOO
520
540
560
580
600
650
700
750
800
850
900
950

1,000
1,050
1,100

9.444E-02
9.7221-02
I.OOOE-0O
1.028E-01
1.056E-01
1.083E-01
1.111E-01
1.167E-01
1.222E-01
1.278E-01
1.333E-01
1.389E-01
1.444E-01
1.500E-01
1.556E-01
1.61 1E-01
1:.667E-0 1
1.80E-01
1.944E-01
2.083E-01
2.222E-01
2.361E-01
2.500E-01
2.639E-01
2.778E-01
2.917E-01
3.056E-OI
3.194E-01
3.333E-01
3.389E-01
3.444E-01
3,500E-01
3.556E-01
3.6111E-01
3.667E-01
3.722E-01
3.778E-01
3.833E-01

264.1
263.8
263.4
263.2
262.9
262.5
262.2
261.6
260.9
260.3
259.8
259.2
258.6
258

257.2
256.4
255.7
253.9
252

250.2
248.4
246.7
245.5
243.7
242.1
240.6
239.1
237.6
236.2
235.6
235

234.5
234.2
233.5
233

232.4
231.9
231.4

254.5
254.2
253.9
253.6
253.2
252.9
252.7
252.1
251.5
251

250.5
249.8
249

248.1
247.4
246.6
245.8
244.1
242.3
240.6
239

237.3
235.8
234.2
232.9
231.4
230

228.5
227.2
226.6
226.1
225.5
225

224.5
224

223.4
222.9
222.4

245.5
245.2
244.7
244.2
243.7
243.3
242.8
241.9
241

240.2
239.3
238.5
237.7
236.9
236.2
235.4
234.6
233

231.2
229.4
227.7
226.1
224.5
223

221.4
220.1
218.7
217.3
215.9
215.3
214.7
214.2
213.7
213.1
212.6
212

211.5
211

208.3 217.5
209.2 218.2
210 218.9

210.8 219.5
211.6 220.2
212.4 220.8
213.1 221.4
214.6 222.6
215.9 223.7
217.2 224.7
218.4 225.7
219.5 226.6
220.6 227A
221.7 228.1
222.7 228.7
223.6 229.3
224.5 229.7
226.2 230.5
227.4 230.9
2282 231.1
228.7 231.1
229 230.9
229 230.5

228.9 230.1
228.6 229.6
228.2 229
227.8 228.3
227.3 227.6
226.7 226.9
226.5 226.6
226.2 226.3
226 226

225.7 225.7
225.5 225.5
225.3 225.2
225 224.9

224.7 224.6
224.5 224.3

260
259.9
259.8
259.7
259.5
259.4
259.2
258.8
258.3
257.9
257.4
256.8
256.3
255.7
255.1
254.6
254

252.4
250.9
249.4
247.8
246.3
244.8
243.3
241.8
240.3
238.9
237.5
236.1
235.6
235.1
234.6
234

1,150
1,200
},220
1,240
1,260
1,280
1,3C0
1,320
1,340
1,3f 0
1,3E0

233.5
233

232.5
232

231.6

1-..l_
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Table &-21 - Containment Atmosphere and Water Sump Temperature
Profile witb Added Time-steps

Time Vapor Temperature eF)
Case 1 Case 4 Case 7

Sump Temperature CF)
(see I (hr) Case I Case 4 Case 7
1,40D 3.889E-01
1,450 4.028E-01
1,50D 4.167E-01
1,550 4.306E-01
1,600 4.444E-O1
1,650 4.583E-01
1,700 4.722E-0O
1,750 4.861E-O1
1,800 5.OOOE-0 1
1,850 5.139E-0I
1,900 5.278E-01
1,950 5.417E-01
2,000 5.556E-01
2,050 5.694E-01
2,1(0 5.8332-01
2,1'0 5.972E-01
2,2C0 6.11IE-01
2,2'0 6.250E-O I
2,3( 0 6.389E-0O
2,35 0 6.5282-01
2,4(0 6.667E-O 1
2,4,0 6.722E-0 l
2,4z.0 6.778E-01
2,460 6.833E-01
2,48,0 6.889E-OI
2,500 6.944E-01
2,6(00 7.222E-01
2,700 7.500E-01
2,800 7.778E-01
2,900 8.056E-01
3,000 8.333E-01
3,100 8.611E-01
3,200 8.889E-01
3,300 9.167E-01
3,400 9.444E-01
3,500 9.722E-01
3,600 1.0002+00
3,71)0 1.028E+00

230.8 221.9
229.5 220.7
2282 219.6
226.9 218.4
225.6 217.2
224A * 216
223.1
221.9
220.7
219.7
218.5
217.4
2162
215.1
214

212.8
211.8
210.7
209.6
208.6
207.5
207.2
206.8
206.5
206.1
205.8
204

203.4
205.7
207.8
209.1
210.5
211.6
212.7
213.6;
214.4.
215.1
215.7

214.8
213.6
212.5
211.4
210.3
209.2
208.1
207.2
206.1
205.1
204.1
203
202

201.1
200.1
199.7
1993

199
198.7
198.4
196.9
196.5
199

201.3
203.2
204.8
206.2
207.4
208A
209.3
210.1
210.8

210.5
209.2
207.9
206.8
205.6
204.4
203.2
202

200.8
199.7
198.6
197.5
196.5
195.4
194.3
193.3
192.3
191.3
190.3
189.3
188.3
188

188.3
187.6
187.2
186.9
185.5
187.9
191

193.5
195.7
197.6
199.1
200.4
201.6
202.6
203.6
204.4

224.2 224
223.6 223.2
222.9 222.5
222.3 221.8
221.6 221.1
221 220.4

220.4 219.7
219.7 219
219.1 218.3
218.5 217.6
217.9 217
2172 216.3
216.6 215.7
216 215.1

215.4 214.4
214.9 213.8
214.3 213.2
213.7 212.6
213.2 212
212.6 211.5
212 210.9

211.8 210.7
211.7 210.5
211.6 210.4
211.6 210.3
211.5 210.3
211.3 210.1
211.3 210
211.1 209.9

211 209.7
210.9 209.7
210.8 209.6
210.8 209.5
210.7 209.5
210.7 209.5
210.6 209.4
210.6 209.4
210.6 209.4

231.1
229.9
228.8
227.7
226.6
225.6
224.6
223.6
222.6
221.7
220.8
219.9
219

218.2
217.4
216.6
215.8
215

214.3
213.6
212.9
212.8
212.7
212.6
212.5
212.4
212.1
211.9
211.6
211.4
211.2
211.1

210.9
210.8
210.6
210.5
210.4

210.3

I

I-
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Table 8-21 - Containment Atmosphere and Water Sump Temperature
Profile with Added Time-steps

Time Vapor Temperature (F) |Sump Temperature (°F)
(secO (hr) Case I Case 4 Case 7 | Case I Case 4 Case 7

- 4-

3,8C0
3,9C0
4,OC0
4,5(0
5,0(0
5,5(0
6,000
6,5(0
7.000

I.056E+00
1.083Et00
l.lllE+00
1.250E+00
l.389E+00
l.528E+00
1.667E+OO
1.806E+00
1.944E+00

216.3
216.8
217.3
219.3
220.4
221.1
221.6
221.7
221.5

211.5 205.2
212.1 205.9
212.7 206.5
215 209

216.6 210.8
217.6 211.8
218.1 212.4
218.4 212.8
218.4 212.9

210.5 209.4 210.3
210.5 209.4 210.2
210.5 209.4 210.1
210.6 209.6 209.9
210.7 209.8 209.9
210.9 210.2 209.9
211.1 210.5 210
211.3 210.9 210.1
211.5 211.2 210.3

~_____ I~111111MBJ
7,5(10
8,0(10
8,5(0
9,0(10
9,500
10,000
12,500

2.083E+00
2.222E+00
2.361E+00
2.500E+00
2.639E+00
2.778E+00
3.472E+00

221.1
220.7
220.5
220.1
219.8
219.4
217.7

218.2 213.3
218.1 213.9
217.9 214.4
217.8 214.7
217.6 215
217.4 215.2
216.2 215.3

211.8 211.6 210.1
212.1 211.9 209.7
212.4 212.2 209.3
212.6 212.4 209.1
212.9 212.7 208.8
213.1 212.9 208.6
213.7 213.8 207.7

15,000 4.167E+00 215.7 214.5 214.3 213.8 214.1 207
17,500 4.861E+00 2132 212.2 212.5 213.5 214 206.2
20,000 5.556E+00 210.8 210 210.6 212.8 213.6 205.3
22,500 6.250E+00 208.9 208.2 209 211.9 212.8 204.3
25,000 6.944E+00 207.1 206.5 207.5 210.8 211.9 203.2
27,500 7.639E+00 205.2 204.6 205.9 209.7 210.9 202.1

30,C00 8.333E+00 203.2 202.7 204.1 208.5 209.8 200.9
35,C00 9.722E+00 199.1 198.6 200.4 205.9 207.4 198.5
40,COO 1.1IE+01 195.4 194.9 197 203.2 204.8 195.9
45,C(00 1.2SOE+01 192.2 191.7 194.2 200.6 202.3 193.5

IMINUMAM
50,('00
55,(I00
60,('00
65,000
70,(100
75,000
80,(00
85,(00

1.389E+01
1.528E+0I
1.667E+01
1.806E+01
1.944E+01
2.083E+OI
2.222E+01
2.361E401

189.4
186.4
183.9
181.7
179.7
177.8
176.2
.174.6

188.7
185.6
183

180.8
178.7
176.7
175

173.3

191.6
189.1

187
185

183.1
181.4
180

178.7

198.3
196.1
194

192.1
190.5

189
187.6
186.4

200
197.7
195.7
193.8
192.1
190.6
189.3
188

191.2
189.1
187.1
185.4
183.8
182.3
181

179.8
I -
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Table 8-21 - Containment Atmosphere and Water Sump Temperature

Profile with Added Time-steps

Time Vapor 'remperature (F)
Case 1 Case 4 Case 7

Sump Temperature (F)
Case 1 Case 4 Case 7(se<:) (hr)

90,0)0 2.500E+01 173.2 171.8 177.6 185.3 186.9 178.8
95,0)0 2.639E+01 171.9 170.5 176.6 184.2 185.9 177.8
100,000 2.778E+0l 170.8 169.3 175.7 183.3 184.9 177
125,000 3.472E+01 166.2 164.7 171.7 179.8 181.5 173.9
150,(100 4.167E+01 162 160.4 168.1 177.1 178.7 171.3

175,000 4.861E+01 158 156.1 164.5 174.6 176.1 168.8
200,000 5.556E+01 154.7 152.7 161.6 172.3 173.9 166.7
225,(100 6.250E+01 151.7 149.8 159.1 170.5 172.1 164.9
250,(100 6.944E+01 149 146.8 156.5 168.8 170.4 163.2
275,(000 7.639E+01 146.5 144.1 154.2 167.3 168.8 161.6
300,0(00 8.333E+01 144.4 141.9 152.4 166 167.5 160.3

400,000 1.1IIE+02 136.5 133.7 145.6 161.4 162.9 155.9
500,000 1.389E+02 130.5 127.6 140.4 157.8 159.4 152.4
600,1)00 1.667E+02 126 122.8 136.6 155.3 156.7 150
700,000 1.944E+02 121.6 120 132.6 152.8 154.6 147.6
800,1)00 2.222E+02 119.9 118.3 130.5 151.6 152.5 146.1
900,000 2.500E+02 118.2 114.8 128.4 150.2 150.2 144.8

1,000,000 2.778E+02 117 114 126.2 148.3 148.1 143.5
1,250,000 3.472E+02 113 115.7 123 145.2 145.1 141.5
1,500,000 4.167E+02 112.3 112.2 120.7 142.9 142.9 140
1,750,000 4.861E+02 114.4 114.4 118.3 140.7 140.7 138.6
2,000,000 5.556E+02 113.8 113.8 115.9 138.7 138.7 137.1
2,500,000 6.944E+02 111.5 113 113.2 134.6 134.6 134.7

3,000,000 8.333E+02 110.8 112.5 112.6 132.5 132.5 132.6
3,500,000 9.722E+02 112.2 112.2 109.3 131.1 131.1 131.1
4,000,000 1. I IE+03 111.8 111.8 108.9 129.6 129.6 129.6
5,000,000 1.389E+03 111 III 108.1 126.7 126.7 126.7
6,00W,000 1.667E+03 110.3 110.2 110.3 123.7 123.7 123.7
7,OOC,000 1.944E+03 109.9 109.9 109.9 122.5 122.5 122.5
8,OOC,000 2.222E+03 109.6 109.6 109.6 121.4 121.4 121.4
9,00C,050 2.500E+03 109.3 109.3 109.3 120.3 120.3 120.3

10,00)1,050 2.778E+03 109 109 109 119.2 119.2 119.2

I -
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Using Table 8-21 and the LocaDose time periods defined on Table 8-1, the maximum and minimum
temperatures are determined for each of the LbocaDose time periods. The maximum temperatures are
shown on Table 8-22. The minimum temperature; are shown on Table 8-23.

Table 8-22 - Maximum Temperatures

Vapor Temperature (0F) Sump Temperature (F)
Tirie Period Case 1 Case 4 Case 7 Case I Case 4 Case 7

Omin-2hr 221.7 218.4 213.1 218.5 217.6 221.7
2hr-4 hr 221.1 218.2 215.3 213.8 214.0 210.1
4hr-f-hr 215.7 214.5 214.3 213.8 214.1 207.0
8 hr- 13.8 hr 203.2 202.7 204.1 208.5 209.8 200.9
13.8 hi -24 hr 189.4 181.7 191.6 198.3 200.0 191.2
4 hr - 48 hr 173.2 171.8 177.6 185.3 186.9 178.8

48hr - 96 hr 158.0 156.1 164.5 174.6 176.1 168.8
96 br- 720 hr 136.5 133.7 145.6 161.4 162.9 155.9

Vapor Temperature C) Sump Temperature (9C)
Tihee Period Case 1 Case 4 Case 7 Case I Case 4 Case 7

30 min-2 hr 105.4 103.6 100.6 103.6 103.1 105.4
2hr-4hr 105.1 103.4 101.8 101.0 101.1 98.9

hr- I hr 102.1 101.4 101.3 101.0 101.2 97.2
8fhr-13.8 hr 95.1 94.8 95.6 98.1 98.8 93.8
13.8 hi, -24 hr 87.4 87.1 88.7 92.4 93.3 88.4
4 hr- 48 hr 78.4 77.7 80.9 85.2 86.1 81.6

48 hr- 96 hr 70.0 68.9 73.6 79.2 80.1 76.0
6 hr- 720 hr 58.1 56.5 63.1 71.9 72.7 68.8

.- A--. .
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Table 8-23 -Minimum Temperatures

Vapor Temperature (CF) Sump Temperature (F)
Time Period Case I Case 4 Case 7 Case 1 Case 4 Case 7

0 min -2 hr 203.4 196.5 185.5 210.5 209.4 209.9
2 hr- 4 hr216.2 214.9 213.3 211.8 211.6 207.2
4 hr- 8 br 204.2 20'1.6 205.0 209.1 210.3 201.5
8 hr- 13.8 hr 189.6 180.9 191.8 198.4 200.1 191.3
13.8 hr -24 hr 174.2 172.9 178.4 186.1 187.7 179.5
24 hr- 48 hr 158.4 156.5 164.8 174.8 176.3 169.0
48 hr -96 hr 140.8 133.2 149.3 163.9 165.4 158.3
96hr-720hr 111.4 112.2 113.1 134.2 134.2 134.3

Vapor Temp erature (vC) Sump Temperature (CC)

Tiaie Period Case I Case 4 Case 7 Case 1 Case 4 Case 7
30 min -2 hr 95.2 91.4 85.3 99.2 98.6 98.8
2hr-4 hr 102.3 101.6 100.7 99.9 99.8 97.3
4hr-f;hr 95.6 95.3 96.1 98A 99.1 94.2
8 hr - 13.8 hr 87.5 87.2 88.8 92.5 93A 88.5
13.8 hi -24 hr 79.0 7E.3 81.3 85.6 86.5 82.0
24 hr-48 hr 70.2 69.2 73.8 79.3 80.2 76.1
48 hr- 96 hr 60.4 59.0 652 73.3 74.1 702
96 hr- 720 hr 44.1 44.6 4S.0 56.8 56.8 56.8

Air-Steam Mixture Tempnerature

The maximum and minimum temperatures encompassing each of the three cases presented above are
summarized on Table 8-24. The air steam mixture temperature for use by REMOVE is determined
using the information from Table 8-20 is also presented on this table based on the lowest removal rate
consideration.

a-
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Table 8-24 - Air-Steam Temperature Range

All Cases (OC) Used in
Minimum Maximum IREMOVETime Period

30 min -2 hr 85.3 105.4 85.3
hr-4 hr 100.7 105.1 100.7

thr-8 hr 95.3 102.1 95.3
hr- 13.8 hr 87.2 95.6 87.2

13.8 hr- 24 hr 78.3 88.7 78.3
Z4 hr- 48 hr 69.2 80.9 69.2
48 hr-96 hr 59.0 73.6 59.0
)6 Ir - 720 hr 44.1 63.1 44.1

As an example of the methodology used to determine the air-steam mixture temperature, the
methodology used to determine the appropriate temperature for the 4 - 8 hour time period is
described. Reviewing the values presented on Table 8-20 shows that the lower temperature (95.3 IC)
has a lower removal rate than the upper temperature (102.1 0C), therefore the lower value is used in
the REMOVE runs.

Partition Coefficients

As shown on Figure 8-2, partition coefficients increase with increasing sump temperature after about
60 IF. As shown on Table 8-22 and Table 8-23, the sump temperatures are always above 60 IF post
LOCA. Therefore, the minimum temperatures are used to determine the appropriate partition
coefficients for use by REMOVE. The partition coefficients and the DFs are calculated using a linear
interpolation between the values presented on Table 8-18. These values are then truncated to two
significant digits. The results are presented on Table 8-25.

Table 8-25-- Elemental Iodine Partition Coefficients and Decontamination Factors

Minimum Sump Partition
Temperature (F) I Coefficient

Truncated
Partition

CoefficientTime Period DF Truncated DF
30 min -2 hr 209.4 8,389 172.30 8,300 170
2 hr-4 hr 207.2 7,989 164.13 7,900 160
4 hr-8hr 201.5 6,969 143.30 6,900 140
8 hr- 13.8 hr 191.3 5,466 112.63 5,400 110
13.8 hr -24 hi 179.5 4,066 84.04 4,000 84
24 hr- 48 hr 169.0 3,092 64.13 3,000 64
48hr-96hr 158.3 2,309 48.15 2,300 48
96 hr - 720 hr 134.2 1,180 25.10 1,100 25

I--SCE 26-426 REV. 2 [REFERENCE: S0123.XXIV.7.153 N.6030-OO1 Rev O.doc
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As an example, the partition coefficient for the 4 - 8 hour time period is calculated:

From Table 8-18, the partition coefficient at 200 "F is 6,705, and the partition coefficient at
210 "F is 8,49 5. The partition coefficient at 201.5 'F is then:

PF(201.5) = 6,705 + (8,496 - 6,705) 21 -200 = 6,974

This value is in good agreement with the result shown on Table 8-25. The difference (less than
0.1 %) is due to the accuracy used by Excel to calculate the values and the accuracy of the
hand calculation shown above.

As a second example, the DF for the 24 - 48 hour period is calculated:

From Table 8-18, the DF at 160 "F is 50.32, and the DF at 170 0F is 65.63. The DF at 169.0 'F
is then:

DF( 69.0) 50.32 + (65.63- 50.32)690-160 =64.10
(6563 0.3)-170-160

This value is in good agreement with the result shown on Table 8-25. The difference (less than
0.1%) is due to the accuracy used by Excel to calculate the values and the accuracy of the
hand calculation shown above.

8.3.2.3.4 REMOPFE Results
The parameters determined in Sections 8.3.2.3.1 through 8.3.2.3.3 were entered into REMOVE input.
files shown on Section 9.2.1. The resultant elemental spray removal rates are summarized on Table
8-26. The result for each spray header are summed together and the results also shown on Table 8-26.
The minimum removal rate of the two headers is selected. This removal rate is reduced by a factor of
1.2 as discussed in Section 8.3.2.3.1 and the adjusted spray removal rate is shown on the last row of
Table 8-26.

SCE 26-426 REV. 2 [REFERENCIE: SO12�-XXIV-7.15l N.6030.OO1 Rev O.doc
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Table 8-26 - Elemental Iodine Spray Removal Rates (hr')

Recirculation Phase
Nozzle

Header Anle Injection 30 min - 2hr 2 - 4 hr 4-8hr 8 - 13.8 hr 13.8 - 24 hr 24 - 48 hr 48-96hr 96 - 720 hr
049-4"-C-.KEO 1 10 0.2853 5.2509 5.1578 4.7970 4.1359 3.3524 2.6564 2.0745 1.0122

.494. 1-C -REC? i SS 0.2°65 I.- 5.25 49.!05 4_ 2nq 3.4494 2.f9S5 2.1091 1.0270
043-4"-C-KEO 2 10 0.2885 5.3945 5.3378 5.0145 4.2624 3.4322 2.7186 2.1218 1.0310
043-4"-C-KEO 2 45 0.2906 5.5567 5A826 5.0483 4.3825 3.5138 2.7913 2.1770 1.0553
045-4"-C-}KEO 2 0 0.2140 4.4990 4.4490 4.0605 3.4988 2.7736 2.1810 1.6891 0.8099
045-4"-C-KEO 2 90 0.2174 4.8015 4.7077 4.3762 3.7124 2.9840 2.3075 1.7805 0.8513
051-4"-C-KEO 1 0 0.2145 4.4441 4.4033 4.1072 3.4661 2.8056 2.1611 1.6736 0.8019
051-4"-C-KEO 1 90 0.2179 4.8255 4.7341 4.4252 3.7304 3.0140 2.3155 1.7894 0.8530
052-2.5"-C-KEO 1 0 0.1088 2.3503 2.3273 2.1722 1.8212 1.4712 1.1260 0.86955 0.41473
052-2.5"-C-KEO 1 45 0.1092 2.4032 2.3730 2.2163 1.8577 1.5002 1.1473 0.88558 0.42180
046-2.5"-C-KEO 2 0 0.1089 2.3607 2.3377 2.1838 1.8285 1.4783 1.1296 0.87213 0.41577
046-2.5"-C-KEO 2 45 0.1093 2.4147 2.3844 2.2280 1.8656 1.5072 1.1513 0.88838 0.42295
Spray Header I Total 1.2221 24.5923 24.2310 22.6334 19.2162 15.5928 12.1048 9.4017 4.5306
Spray Header 2 Total 1.2288 25.0271 24.6992 22.9113 19.5502 15.6891 12.2793 9.5289 4.5862
Minimum Spray Removal Rate (be'): 1.22 24.59 24.23 22.63 19.22 15.59 12.10 9.40 4.53

Adjusted Spray Removal Rate (hf 1): 1.02 20.49 20.19 18.86 16.01 12.99 10.09 7.83 3.78
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8.4 TOTAL REMOVAL RATES

In the previous sections the natural deposition removal rates and the spray removal rates were
calculated. In this sect on the individual removal rates will be combined into total containment
removal rates for use i n dose assessment calculations using the program LocaDose. Individual removal
rates as a function of time for four groups are determined: elemental iodines, particulate iodines
including other halogens, alkali metals, and all other particulates.

The natural deposition rates and spray removal rates for aerosols are provided for three different
percentile levels; 90 tb percentile, the reasonable rpper bound value; 50'h percentile, the median value,
and 10W percentile, the: lower bound value. For elemental iodine removal, only one value was
determined. This valueo is used for all three percentile levels.

The total removal rate is calculated by combining the individual removal rates from the following
sources:

1. The aerosol natural deposition rates from Table 8-3 through Table 8-5

2. The elemental iodine natural deposition rate calculated in section 8.2.2

3. The aerosol spray removal rates from Table 8-16

4. The elemental iodine spray removal rate; from Table 8-26

Table 8-26 shows that the elemental iodine spray removal rates for the 30 min to 2 hr and the 2 hr to 4
hr time periods are over 20 hr'. Standard Review Plan 6.5.2 (Reference 6.4f, Section H1A.c.(1))
indicates that the elerrental spray removal rate be limited to a maximum of 20 hre ; therefore, 20 hr' is
used for the 30 min to 2 hr and the 2 hr to 4 hr time periods.

Removal rates are determined for the sprayed and the unsprayed containment regions. In the sprayed
containment region the total removal rate consists of a combination of natural deposition and spray
removal. In the unsprayed containment region the total removal rate consists only of the natural
deposition rated. The :resultant total containment removal rates are shown on Table 8-27 and Table
8-28 for the 90th percentile level, on Table 8-29 and Table 8-30 for the 50 percentile level, and on
Table 8-31 and Table 8-32 for the 10Ih percentile level.
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Table 8-27 - Sprayed Containment Region 9 0 '5 Percentile Removal Rates (hrf)

Elemental Iodine Particulate Iodine Alkali Metals Other Particulates
Wall Wall Wall Wall

LocaDose Time-Steps Spray Deposition Total DF Spray Deposition Total Spray Deposition Total Spray Deposition Total

0.OOOOE+00 - 83333E-03 hr O O O N/A O 0 0 0 0 0 0 0 0

8.3333E-03 - 1.6667E-02 hr 0 4.26 416 110 0 4.S8E-02 4.88E-02 a 4.88S-02 4.88E-02 0 0 o
1.6667E-02 - S.3333E-02 hr 1.02 426 5.2S 110 25.54 4.88E42 25.59 25.54 4.88E-02 25.59 25.54 0 25.54
8.33333E-0? - 3-333E-0! hr :A- A4i6 52° 110 25(A 54 4.§-A 25.59 25.24 4.02-0 tc 25.54 0 5

333333E-01 - 5.0000E-01 hr 1.02 4.26 528 110 25.54 4.88E-02 25.59 25.54 4.383-02 25.59 25.54 0 25.54

5.00002-01 - 5.0833E-01 hr 1.02 4.26 5.28 110 25.54 6.61E-02 25.60 25.54 6.98E-02 25.61 25.54 5.22E-02 25.59

5.0833E-01 - 6.9372E-01 hr 1.02 4.26 5.2S 110 25.54 6.614-02 25.60 25.54 6.9SE-02 25.61 25.54 5.224-02 25.59

0.694 - I hr 20.00 4.26 24.26 170 25.54 6.61E-02 25.60 25.54 6.9SE-02 25.61 25.54 5.22E-02 25.59

I - 1.8 hr 20.00 4.26 24.26 170 25.54 6.614-02 25.60 25.54 6.98E-02 25.61 25.54 5.22E-02 25.59

1.8 - 2 hr 20.00 426 . 24.26 170 18.89 4.21E-01 19.31 18.89 4.21E-01 19.31 18.S9 4.21:-01 19.31

2.000 - 3.8 hr 20.00 426 24.26 160 10.07 4.21E.01 10.49 10.07 4.21E-01 10.49 10.07 4.21E-01 10.49

3.8 4 hr 20.00 4.26 24.26 160 9.07 1.87E-01 9.26 9.07 1.87E-01 9.26 9.07 1.87E-01 9.26

4 - S hr 18.86 4.26 . 23.12 140 9.04 1.87E-01 9.23 9.04 1.872-01 9.23 9.04 1.S7E-01 9.23

8 - 13.8 hr 16.01 4.26 20.27 110 9.04 1.87E-01 9.23 9.04 1.87E-01 923 9.04 1.87E-01 9.23

13.8 - 22.2 hr 12.99 4.26 17.26 84 9.04 1.011-01 9.14 9.04 1.01-01 9.14 9.04 1.01-01 9.14

22.2 - 24 hr 12.99 4.26 17.26 84 9.04 0 9.04 9.04 0 9.04 9.04 0 9.04

24 - 48 hr 10.09 4.26 1435 64 9.04 0 9.04 9.04 0 9.04 9.04 0 9.04

48 - 96 hr 7.83 4.26 12.10 48 9.04 0 9.04 9.04 0 9.04 9.04 0 9.04

96 - 720 hr 3.78 4.26 8.04 25 9.04 0 9.04 9.04 0 9.04 9.04 0 9.04

SCE 26-42� HEy. 2 [REFERENCE: S0123-XXIV.7.15] N-0030-001 Rev 0.doc
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Table 8-28 - Unsprayed Containment Region 9 0go Percentile Removal Rates (hr ')
Elemental Iodine Particulate Iodine Alkali Metals Otber Particulates

Wall Wall Wa1l Wall
LocaDose Time-Steps Spray Deposition Total DF Spray Deposition Total Spray Deposlton Total Spray Depositi;n Tobal

0.OOOOED00 - 83333E-03 hr O 0 0 N/A 0 0 0 0 0 0 0 0 O
8.333313-03 - 1.6667E102 hr 0 4.26 4.26 110 0 4.8813-02 4.8813-02 0 4.88E-02 4.88E302 0 0 0
1.6667E-02 - S.3333EV02 hr 0 4.26 426 110 0 4.88E-02 4.8813-02 0 4.8813-02 4.88E-02 0 0 0
8.3333E-02 - 3.3333;E-01 nr 4.26 42S ii . 0 4.S-E 4. 8E1-02 O 4..t- . 4.°°E-02 0 O O
3.33313-01 - 5.OOOOE-00 hr 0 4.26 426 110 0 4.881E-02 4.8813-02 0 4.8813-02 4.8813-02 0 0 0
5.OOOOE-01 - 5.083313-01 hr 0 4.26 426 110 0 6.611E-02 6.611E-02 0 6.9813-02 6.9813-02 0 5.22E-02 52213-02
5.083313-01 - 6.9372E-0 hr 0 4.26 4.26 110 0 6.6113-02 6.6113-02 0 6.9813-02 6.98E.02 0 5.2213-02 5.2213-02

0.694 - I hr 0 4.26 4.26 170 0 6.61E102 6.6113-02 0 6.98E-02 6.98"E02 0 5.2213-02 5.22E-02
I - 1.8 hr 0 4.26 4.26 170 0 6.6113-02 6.6113E02 0 6.9813-02 6.9813-02 0 5.22E-02 5.2213-02

1.8 - 2 hr 0 4.26 426 170 0 4.2113E01 4.211E-01 0 4.21E-01 4.21Et-01 0 4.21E-01 4.21E-0I
2.000 - 3.8 hr 0 4.26 4.26 160 0 4.21E-01 4.2113-01 0 421E 01 4.2113-01 0 4 21E-01 .4.21E-0I

3.8 4 hr 0 4.26 4.26 160 0 1.8713-01 1.87E-01 0 1.87E-01 1.8713-01 0 1.8713-01 1.8713E01

4 - 8 hr 0 4.26 4.26 140 0 1.8713-01 1.8713-01 0 1.8713-01 1.871-01 0 1.8713-01 1.87E.0-I
8 - 13.8 hr 0 426 4.26 110 0 1.8713-01 1.8713-01 0 1.8713-01 1.87E-01 0 1.8713-01 1.S713-01

13.8 - 22.2 hr 0 4.26 4.26 84 0 1.0113-01 l.OIE-0I 0 1.0113-01 1.0113-01 0 1.OIE-0I 1.0113-01
22.2 - 24 hr 0 4.26 4.26 S4 0 0 0 0 0 0 0 0 0

24 - 48 hr 0 4.26 4.26 64 0 0 0 0 0 0 0 0 0
48 - 96 hr 0 4.26 4.26 48 0 0 0 0 0 0 0 0 0
96 - 720 hr 0 4.26 4.26 25 0 0 0 0 0 0 0 a 0
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Table 8-29 - Sprayed Containment Region 50ob Percentile Removal Rates (hr')

Elemental Iodine Particulate Iodine Alkali Metals Other Particulates
Wa" Wnll WAR wall

LocaDose Time-Steps Spray Deposition Total DF Spray Deposition Total Spray Deposition Total Spray Deposition Total

0.000014-00 -83333E-03 hr 0 0 0 N/A 0 0 0 0 0 0 0 0 0

8.3333E,03 - 1.666713-02 hr 0 4.26 426 110 0 3.87E-02 3.8713-02 0 3.871E-02 3.8713-02 0 0 0

1.6667B-02 - 8.3333E-02 hr 1.02 4.26 5.28 ItO 11.98 3.87E-02 12.02 11.98 3.8713-02 12.02 11.98 0 11.98

8.3333E-02 - 3.3333E-01 hr 1.02 4.26 5.2S 110 11.98 3.87E-02 12.02 11.98 3.8713-02 12.02 11.98 0 11.98

3.333313E01 - 5.0000E-01 hr 1.02 426 5.28 110 11.98 3.87E.02 12.02 11.98 3.8713-02 12.02 11.98 . 0 11.98

5.000EIS - 5.0833E-01 hr 1.02 4.26 5.28 110 11.98 5.181E-02 12.03 11.98 5.46EI2 12.03 11.98 4.11E-02 12.02

5.0833E-01 - 6.937213-01 hr 1.02 4.26 5.28 110 11.98 5.183E-02 12.03 11.98 5.46E-02 12.03 11.98 4.11 E-02 12.02

0.694 - I hr 20.00 4.26 24.26 170 11.9B 5.18E-02 12.03 11.98 SA613-02 12.03 11.98 4.111E-02 12.02

- 1.8 hr 20.00 4.26 24.26 170 11.98 5.1813-02 12.03 11.98 5.46E-02 12.03 11.98 4.111:-02 12.02

1.8 - 2 hr 20.00 4.26 24.26 170 8.08 1.9113-01 8.27 8.08 1.91E-01 8.27 8.08 1.911E-01 8.27

2.000 - 3.8 hr 20.00 4.26 24.26 160 2.84 1.911E-01 3.03 2.&4 1.913-01 3.03 2.84 1.910l 3.03

3.8 4 hr 20.00 4.26 24.26 160 1.98 1.62E-01 2.14 1.98 1.6213-01 2.14 1.98 1.62E-01 2.14

4 - 8 hr 18.86 4.26 23.12 140 1.82 1.6213-01 1.98 1.82 1.62E-01 1.98 1.82 1.621E-01 1.98

8 - 13.8 hr 16.01 4.26 20.27 110 1.77 1.62E-01 1.94 1.77 1.62E-01 1.94 1.77 1.6213-01 1.94

13.8 - 22.2 hr 12.99 4.26 17.26 84 1.77 9.12E-02 1.87 1.77 9.12E-02 1.87 1.77 9.1213-02 1.87

22.2 - 24 hr 12.99 4.26 17.26 84 1.77 0 1.77 1.77 0 1.77 1.77 0 1.77

24 - 48 hr 10.09 4.26 14.35 64 1.77 0 1.77 1.77 0 1.77 1.77 0 1.77

48 - 96 hr 7.83 4.26 12.10 48 1.77 0 1.77 1.77 0 1.77 1.77 0 1.77

96 - 720 hr 3.78 4.26 8.04 25 1.77 0 1.77 1.77 0 1.77 1.77 0 1.77
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Table 8-30 - Unsprayed Containment Region 50b Percentile Removal Rates (hr')

Elemental Iodine Particulate Iodine Alkali Metals Other Particulates
War Wall WaU Wan

LocaDose Time-Steps Spray Deposltion Total DF Spray Dcposition Total S y Dposidon Total Spray Deposidon Total

0.0OOOE400 - 833313-03 hr O 0 a NtA 0 0 0 0 0 0 0 0 0

8.333313-03 - 1.666713-02 hr 0 4.26 4.26 110 0 3.87E-02 3.8713-02 0 3.87E-02 3.8713-02 0 0 0

1.666713-02 - 8.3333E-02 hr 0 4.26 4.26 110 0 3.N7E-02 3.872-02 0 3.87E-02 3.8713-02 0 0 0

8.3333E102 - 3.333313-01 hr 0 4.26 4.26 110 0 3.97E102 3.87E-02 0 3.8713-02 3.87B-02 0 0 .0

3.333313-01 - 5.000013-01 hr 0 4.26 4.26 110 0 3.S713-02 3.8713-02 0 3.87E-02 3.8713.02 0 0 0

5.000013-01 - 5.0833E-01 hr 0 4.26 4.26 110 0 5.1SE-802 5.18E-02 0 5.4613-02 5.46E302 0 4.11E3,02 4.1113-02

5.083313-01 - 6.937213-01 hir 0 4.26 4.26 110 0 5.18"02 S.1SE-02 0 5.4613-02 5A613-02 0 4.11E-02 4.111E-02

0.694 - I hr 0 4.26 4.26 170 0 5.182-02 5.1813-02 0 5.46102 5.46E-02 0 4.1 1I3-02 4.11E-02

I - 1.8 hr 0 4.26 4.26 170 0 5.1SE-02 5.1813-02 0 5.4613-02 5A61302 0 4.111E-02 4.111E-02

1.8 - 2 hr 0 4.26 4.26 170 0 1.9113-01 I1.9113-01 0 1.911301 1.91E-01 0 1.9113-01 1.91E-Ol

2.000 - 3.8 hr 0 4.26 4.26 160 0 1.9113-01 1.9113-01 0 1.911E-01 1.91E-01 0 1.9113-01 1.91E-OI

3.8 4 hr 0 4.26 4.26 160 0 1.62E-01 1.6213-01 0 1.6213-01 1.622-01 0 1.62E-01 1.62E-01

4 - 8 hr 0 4.26 4.26 140 0 1.62E-01 1.6213-01 0 1.626-01 1.62E-01 0 1.622-01 1.621E-01

8 - 13.8 hr 0 4.26 4.26 110 0 1.62E-01 1.6213-0I .0 1.621-01 1.6213-01 0 1.62E-01 1.6213-01

13.8 - 22.2 hr 0. 4.26 4.26 84 0 9.12E-02 9.1213-02 0 9.1213.02 9.1213-02 0 9.12E-02 9.12E.02

22.2 - 24 hr 0 4.26 4.26 84 0 0 0 0 0 0 0 0 0

24 - 48 hr 0 4.26 4.26 64 0 0 0 0 0 0 0 0 0

48 - 96 hr 0 4.26 4.26 48 0 0 0 0 0 0 0 0 0

96 - 720 hr 0 4.26 4.26 25 0 0 0 0 0 0 0 0 0
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Table 831 - Sprayed Containment Region 1Ofh Percentile Removal Rates (br1 )

Elemental Iodine Particulate Iodine Alkali Metals Other Particulates
Wa. . Wall Wall wal

LocaDose Time-Steps Spray Deposition Total DF Spray Deposition Total Spray Deposdiou Total Spray Deposltiou Total

O.OOOOE+00 - 8.3333E-03 hr 0 0 0 N/A 0 0 0 0 0 0 0 0 0

8.3333E-03 - 1.6667E-02 hr 0 4.26 4.26 110 0 2.94E-02 2.94E-02 0 2.944-02 2.94E-02 0 0 0

1.6667B-02 - 8.3333E-02 br 1.02 4.26 5.28 110 5.15 2.94E-02 5.18 5.15 2.94E-02 5.18 5.15 0 5.15

8.3333E-02 - 3.33336-01 hr 1.02 4.26 5.28 110 5.15 2.94E-02 5.18 5.15 2.94E-02 5.18 5.15 0 5.15

3.3333E-01 - 5.00001-01 hr 1.02 4.26 5.28 110 5.15 2.94E-02 5.18 5.15 2.94E-02 SAS ;. i ..5 :

5.0000E-01 - 5.0833"-01 hr 1.02 4.26 5.28 110 5.15 3.95E-02 5.19 5.15 4.17E-02 5.19 5.15 3.12E-02 5.18

5.0833E-01 - 6.9372E-01 hr 1.02 4.26 S.2S 110 5.15 3.95E-02 5.19 5.15 4.17E.02 5.19 5.15 3.12E-02 5.18

0.694 - I hr 20.00 4.26 24,26 170 5.15 3.95E-02 5.19 5.15 4.17E402 5.19 5.15 3.12E-02 5.18

I - 1.8 hr 20.00 4.26 24.26 170 5.15 3.95"02 5.19 5.15 4.17E-02 5.19 5.15 3.122-02 5.18

1.8 - 2 hr 20.00 4.26 . 24.26 170 3.79 8.936-02 3.85 3.79 8.936-02 3.88 3.79 8.934-02 3.88

2.000 - 3.8 hr 20.00 4.26 24.26 160 1.32 8.936-02 1.41 1.32 8.936-02 1.41 1.32 8.936-02 IAI

3.8. 4 hr 20.00 426 24.26 160 0.79 1.16E-01 0.91 0.79 1.161-01 0.91 0.79 1.16E41 0.91

4 - 8 hr 18.86 4.26 23.12 140 0.62 1.16E-01 0.73 0.62 1.16E-01 0.73 0.62 1.161-01 0.73

8 - 13.8 hr 16.01 426 20.27 110 0.52 1.16-01 0.63 0.52 1.164-01 0.63 0.52 1.16E-01 0.63

13.8 - 22.2 hr 12.99 4.26 17.26 84 0.50 8.60&02 0.59 0.50 8.60E-02 0.59 0.50 8.60E-02 0.59

22.2 - 24 hr 12.99 4.26 17.26 84 0.50 0 0.50 0.50 0 0.50 0.50 0 , 0.50

24 - 48 hr 10.09 4.26 14.35 64 0.50 0 0.50 0.50 0 0.50 0.50 0 0.50

48 - 96 hr 7.83 4.26 12.10 48 0.50 0 0.50 0.50 0 0.50 0.50 0 0.50

96 - 720 hr 3.78 4.26 8.04 25 030 0 0.50 0.50 0 0.50 0.50 0 0.50

25-4Z� REV. � 1X� I�Nt�r± �V1Z3-X)�IV-L15j N-�030-O01 Rev O.doc
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Table 8-32 - Unsprayed Containment Region 10tb Percentile Removal Rates (br 1 )

Elemental Iodine Particulate Iodine Alkali Metals Other Particulates
Wall Wall Wall wan

. LocaDose Time-teps Spray Deposition Total DF S Spray Deposition Total Spray Deposition Total
0.0000E+00 - 833335-03 hr O 0 0 N/A 0 0 0 0 0 0 0 0 0
8.3333E-03 - 1.6667F,02 hr 0 4.26 426 110 0 2.94E-02 2.944-02 0 2.944-02 2.94i'-02 0 0 0
1.6667E-02 - 8.3333E-02 hr 0 4.26 4.26 110 0 2.94C-02 2.94E-02 0 2.94P-02 2.94E-02 0 0 0
83333E-02 - 3.3333E-01 hr 0 4.26 426 110 0 2.94E-02 2.94i-02 0 2.944-02 2.94E-02 0 0 .0
3.3333E-01 - 5.0000E-01 hr o 4.26 4.26 110 0 2.94E-02 2.94E-02 0 2.94E-02 2.944-02 0 0 0
5.OOOOE-01 - 5.0833E-01 hr 0 4.26 4.26 110 0 3.95E-02 3.955-02 0 4.17E-02 4.17F,02 0 3.12E-02 - 3.12E-02
5.0833E-01 - 6.9372F-01 hr 0 4.26 4.26 110 0 3S95E-02 3.95E-02 0 4.175,02 4.175-02 0 3.122-02 3.125-02

0.694 - I hr 0 4.26 426 170 0 3.95E-02 3.95E-02 0 4.17i:-02 4.174-02 0 3.125-02 3.12E-02
I - 1.8 hr 0 4.26 4.26 170 0 3.95E-02 3.951-02 0 4.17E-02 4.17E-02 0 3.124-02 3.12E-02

1.8 - 2 hr 0 4.26 4.26 170 0 8.934-02 8.93E-02 0 8.93E-02 8.93E402 0 8.934-02 8.934-02
2.000 - 3.8 hr 0 4.26 4.26 160 0 8.93E42 8.93E-02 0 8.93E-02 8.93E42 0 8.93E-02 8.935-02

3.8 4 hr 0 4.26 4.26 160 0 1.16E- 01 1.16E-01 0 1.164-01 1.16E41 0 1.16E-01 1.16E-01
4 - 8 Kr 0 4.26 4.26 140 0 1.16E-01 1.165-01 0 1.165-1 1.16E-01 0 1.161-01 1.16E401
8 - 13.8 hr 0 4.26 4.26 110 0 1.16E-01 1.16E10 0 1.164-01 1.16E-01 0 1.16E-01 1.16F,01

13.8 - 22.2 hr 0 4.26 4.26 84 0 8.60E-02 8.605-02 0 8.605-02 8.60E-02 0 8.604-02 8.60E02
22.2 - 24 hr 0 4.26 4.26 84 0 0 0 0 0 0 0 0 0

24 -48 hr 0 4.26 4.26 64 0 0 0 0 0 0 0 0 0
48- 96 hr 0 4.26 4.26 48 0 0 0 0 0 0 0 0 0
96 -720 hr 0 4.26 426 25 0 0 0 0 0 0 0 0

r
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8
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SONGS Iodine Partition Faztors
Jorge Schulz
SONGS
16575-167
N-6030-001
0
1
9
40
7
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6.61e-14
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1
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7
173.0
1.20e-13
2.03
2284000
46647
1
60
7
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1
70
7
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1
80
7
69.76
6.26e-13
2.03
2284000
46647
1
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CALCULATION SHEET

Project or DCPIFCNIECP _

Subject Containment Aerosol and Iodine Removal Rates

ICON NO.1
PRELIM. CCN NO. PAGE OF

CCN CONVERSION:
CON NO. CCNCcilc No. N-6030-001

Sheet 100 of 281

RIEV ORIGINATOR DATE IRE DATE REV .ORIGINATOR DATE IRE DATE

0 J. Schulz 81152003 D.T.Iexbeimer 8 0_ = = .

90
7
55.23
1.03e-12
2.03
2284000
46647
1
100
7
43.08
1.71e-12
2.03
2284000
46647
1
110
7
34.16
2.77e-12
2.03
2284000
46647
1
120
7
27.38
4.38e-12
2.03
2284000
46647
1
130
7
22.71
6.65e-12
2.03
2284000
46647
1
140
7
19.00
1.OOe-lI
2.03
2284000
46647
1
150
7
16.91
1.5Se-11
2.03
2284000
46647
1
160
7
15.11
2.37e-11
2.03

I- -- - - -- - - .1 -
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E&TS DEPARTMENT

CALCULATION SHEET

PrDject or DCPIFCNIECP 4
Svbject Containment Aerosol and lodine Removal Rates

ICCN NO.J P
PRELIM. CCN NO. PAGE OF

Calc No. N-6030-001
CCN CONVERSION:
CCN NO. CCN

Sheet 101 of 281

RIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE _

_ . J. Schulz 8n105/003 D.T.Dexheimer 8115/2003 = =I Ix I
2284000
46647
1
170
7
13.76
3.44e-11
2.03
2284000
46647
1
180
7
12.40
4.99e-11
2.03
2284000
46647
1
190
7
11.01
7.24e-11
2.03
2284000
46647
1
200
7
9.97
1.02e-10
2.03
2284000
46647
1
210
7
9.16
1.4le-10
2.03
2284000
46647
1
220
7
8.55
2 .02e-10
2.03
2284000
46647
.

230
7
8.36
2.70e-10
2.03
2284000
46647
1
240
7
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E&TS DEPA.RTMENT

CALCULATION SHEET
Project or DCPJFCNIECP t

Subject Containment Aerosol .nd lodine Removal Rates

I ICCN NOJ
PRELIM. CCN NO. PAGE OF

CCN CONVERSION:
CCN Nb. CCNCalc No. N-6030-001

.

Sheet 102 of 281.

FEV ORIGINATOR DATE I IRE DATE REV .ORIGINATOR DATE IRE DATE 9

O J. Schulz 1815/2003 D.T.Dexheim 2003
__ . 1

7.80
3.72e-10
2.03
2284000
46647

250
7
7.05
5.07e-10
2.03
2284000
46647
1
260
7
6.62
6.63e-10
2.03
2264000
46647
1
270
7
6.27
8.SBe-10
2.03
2284000
46647
1
280
7
6.04
1.09e-9
2.03
2284000
46647
2
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E&TS DEPARTMENT

CALCULATION SHEET
ICCN NO.J
PRELIM. CCN NO. IPAGE OF

I

Project or DCPIFCNIECP Calc No. N-6030-Oo1
%,tCN CO1..NVrSv%¶INVr:
CCN NO. CCN

Subject Containment Aerosol and Iodine Removal Rates Sheet 103 of 281

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE cc
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9.1.2 ICONC Output File

Bechtel Standard Compute: Program
(C) 1990
Originator Jorge Schulz Date 14
Project SONGS
Subject SONGS Iodine Partition Factors

ICONC , NE316 Version 3.0
Calc No. N-6030-00 Rev No. 0

Jun 2003 Checked Date
Job No. 16575-167
Sheet No. 1

…..…........... S.. ===-==.....= ............... == ====....…

I
I
I
I
I
I

Standard Computer Program
NE316 ICONC version 3.0

for the IBM PC/XT/IA

I

Abstract:

The ICONC.program calculates the partition
coefficient of iodine between water and air
in any ccntainment given the following: water
temperature, water pH, volume of water, volume
of air, and the initial iodine concentration in
water.

output in file icorc.out was created on 14 Jun 2003 at 10:54: 7

Bechtel Standard Computer Program
(c) 1990
Originator Jorge Schulz Date 14
Project SONGS
Subject SONGS Iodine Partition Factors

ICONC , NE316 version 3.0
Calc No. N-6030-00 Rev No. 0

Jun 2003
Job NO. 16575-167
Sheet No. 2

A -…..... ====.==.....….. . .=f.=_..___..….======-=ms======= =_ - ====

Results of iodine - Water partition coefficient calculations

Temperature- 40.00 Des F
Water pH value- 7.00
Equilibrium constant K.= 241.3
Equilibrium constant Kgo 1290.
Equilibrium constant K1I-6.6100E-14
Equilibrium constant !Vl-4.6000E-12
Initial Iodine inventory in water- 2.030 moles
volume of gaseous phase-2.2840E+06 ft**3
Volume of liquid phase--4.6647E+04 ft**3

dumber of iterations- 4

-Ct .-- --.. - --. - - - 1 - - -1 ---- --- -
rOt r Z"Zo KV.2 K CAJ IZO-AAdV-1. JUJ N-eUJU4l HRev U.OOc
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E&TS DEFARTMENT

CALCULATION SHEET

Project or DCPiFCN1ECP C

Subject Containment Aerosol and Iodine Removal Rates

ICCN NO.P
IPRELIM. CCN NO. PAE OF-

I

CCN CONVERSION:
CCN Nd. CCN;;alc No. N-6030-001

-

Sheet 104 of 281

REV ORIGINATOR DATE . IRE __ REV ORIGINATOR DATE IRE DATE _

0 . Schulz 815/2003 D. T. Dexheimer 8/15n003_ . _C1

Concentration of
Concentration of
Concentration of
Concentration of

12 liquid-7.0740E-07 moles/liter
H10-6.8511E-07 moles/liter
H20I-4.7540E-12 moles/liter
I-=6.8449E-07 moles/liter

Concentration of 13--6.2442E-10 moles/liter
Concentration of total aqueous iodine-1.3931E-05 moles/liter
Partition coefficient- 475.3
Total iodine inventory in containment- 2.030 moles
The iodine decontamination factor DF- 10.71
Iodine concentration in gas phase-2.9311E-09 moles/liter

Bechtel Standard computer Program
IC) 1990
Originator Jorge Schulz Date 14
Project SONGS
Subject SONGS Iodine Partition Factors

ICONC , NE316 Version 3.0
Calc No. N-6030-00 Rev No. 0

Jun 2003
Job No. 16575-167
Sheet No. 3

D===--..====.=s= =i. n .. . ...==a.=…____. . . .:.-.--====.=.== .-..A._.._._

Results of iodine - Water partition coefficient calculations

Temperature- 50.00 Deg F
Water pH value= 7.00
Equilibrium constant K1- 173.0
Equilibrium constant K2- 1099.
Equilibrium constant K3-1.2000E-13
Equilibrium constant K4-6.6000E-12
Initial iodine inventory in water- 2.030 moles
Volume of gaseous phase=2.2840E+06 ft**3
Volume of liquid phase-4.6647E+04 ft**3

Number of iterations- 4
Concentration of 12 liquid-5.5825E-07 moles/liter
Concentration of RIO-8.1991E-07 moles/liter
Concentration of H20I-4.4964E-12 moles/liter
Concentration of I--8.1941E-07 moles/liter

Concentration of 13--5.0269E-10 moles/liter
Concentration of total aqueous iodine-1.3787E-06 moles/liter
Partition coefficient- 427.2
Total iodine inventory in containment= 2.030 moles
The iodine decontamination factor DF- 9.726
Iodine concentration in gas phase-3.2269E-09 moles/liter

Bechtel Standard Computer Program
(c) 1990
Originator Jorge Schulz Date 14
Project SONGS
Subject SONGS Iodine Partition Factors

ICONC , NE316 Version 3.0
Calc No. N-6030-00 Rev No. 0

Jun 2003
Job No. 16575-167
Sheet No. 4

RD~~wttw~~wD ~ ~ ----- - -----=== _ = === w ._ s S== ..... ==

Results of iodine - Water partition coefficient calculations

Temperature- 60.00 Deg F
Water pH value- 7.00
Equilibrium constant K1- 129.0
Equilibrium constant K2- 948.2

. -- N603W001 RevambkrZZ re4J~rC~-

_1 .^ _ _ _



E&TS DEPARTMENT

CALCULATION SHEET

Project or DCPIFCNIECP __I
SuLbject Contaimnent Aerosol and Iodine Removal Rates

ICCN NOJ
PRELIM. CCN NO. PAGEOF

Catc No. N-6030-001
CCN CONVERSION:
CCN NO. CCN

Sheet 105 of 281

REV ORIGINATOR DATE ATE I REV ORIGINATOR DATE IRE DATE |

| J hu fO D.T.Dexheimer D1ATE03 I i

Equilibrium constant K3-2.1400E-13
Equilibrium constant K4-8.60DOE-12
Initial iodine inventory in water- 2.030
Volume of gaseous phase-2.2840E+06 ft**3
Volume of liquid phase-4.6647E+04 ft**3

moles

Number of iterations- 4
Concentration of 12 liquid-4.2289E-07 moles/liter
Concentration of HIO-9.5288E-07 moles/liter
Concentration of 9201-3.8182E-12 moles/liter
Concentration of 1--9.5250E-07 moles/liter

Concentration of 13--3.8196E-10 moles/liter
Concentration of total aqueous iodine-1.3762E-06 moles/liter
Partition coefficient- 419.8
Total iodine inventory in containment- 2.030 moles
The iodine decontamination factor DF- 9.573
Iodine concentration ir gas phase=3.27B2E-09 moles/liter

Bechtel Standard Computer Program
(c) 1990
Originator Jorge Schulz Date 24
Project SONGS
Subject SONGS Iodine Pzrtition Factors

ICONC , NE316 Version 3.0
Cale No. N-6030-00 Rev No. 0

Jun 2003
Job No. 16575-167
Sheet No. 5

..... . . ......... .... . ~ 3S . . ... =................. _=D==........ .. _ =Y= .

Results of iodine - Water partition coefficient calculations

Temperature- 70.00 Desr F
Water pH value- 7.00
Equilibrium constant KR.- 95.15
Equilibrium constant IX:- 827.8
Equilibrium constant w1-3.7700E-13
Equilibrium constant KiL-1.0600E-12
Initial iodine inventory in water- 2.030 moles
Volume of gaseous phase-2.2840E+06 ft**3
Volume of liquid phase"4.6647E+04 ft**3

Number of iterations- 4
Concentration of 12 liquid-3.0513E-07 moles/liter
Concentration of ID-I.. 0742E-06 moles/liter
Concentration of H201I3.0116E-12 moles/liter
Concentration of I-1.740EO-06 moles/liter

Concentration of 13--2.7127E-10 moles/liter
Concentration of total aqueous iodine-1.3796E-06 moles/liter
Partition-coefficient- 430.2
Total iodine inventory in containment- 2.030 moles
The iodine decontamina:ion factor DF- 9.786
Iodine concentration in gas phase-3.2069E-09 moles/liter

Bechtel Standard Computer Program
(c) 1990
Originator Jorge Schulz Date 14
Project SONGS
Subject SONGS Iodine Pirtition Factors

ICONC , NE316 Version 3.0
Cale No. N-6030-00 Rev NO. 0

Jun 200s
Job No. 16575-167
Sheet No. 6

MM. .. ... .. ... .. .. .. .. .. .. .' ~ ~ ~ ~ ~ -'= 's=Z=- ~ ~ ~ '--- ------------ - -f .. .. . .. ..
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E&TS DEPARTMENT

CALCULATION SHEET

Project or DCP/FCNIECP _ODICai
Subject Containment Aerosol and Iodine Removal Rates Shoot 106 of 281

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE __ DATE

__ J. Schulz 8115lo203 D. T. Dexheimer 8/5s03- =R i'

Results of iodine - Water partition coefficient calculations

Temperature- 80.00 Deg F
Water pH value- 7.00
Equilibrium constant K1= 69.76
EquiLibrium constant K2- 730.6
Equilibrium constant K'1-6.2600E-13
Equilibrium constant X4=1.2600E-l1
Initial iodine inventory in water- 2.030 moles
Volume of gaseous phasf2.2840E+06 ft**3
Volume of liquid phase-4.6647E+04 ft**3

Number of iterations= 4
Concentration of r2 liquid-2.1697E-07 moles/liter
Concentration of 1110=1.1672E-06 moles/liter
Concentration of H201-2.3425E-12 moles/liter
Concentration of I--l1.670E-06 moles/2iter

Concentration of 13--l.8499E-10 moles/liter
Concentration of total aqueous iodine-1.3844E-015 moles/liter
Partition coefficient- 445.1
Total iodine inventory in containment- 2.030 moles
The iodine decontamination factor DF- 10.09
Iodine concentration Irn gas phase-3.1102E-09 moles/liter

Bechtel Standard Computer Program ICONC , NE316 Version 3.0
(c) 1990 Calc No. N-6030-00 Rev No. 0
originator Jorge Schulz Date 14 Jun 2003
Project SONGS Job No. 16575-167
Subject SONGS Iodine Partition Factors Sheet No. 7
.__.=_==o=... ....... ===...a....==..===….......

Results of iodine - Wat:er partition coefficient calculations

Temperature- 90.00 Deq F
Water pH value- 7.00
Equilibrium constant i'- 55.23
Equilibrium constant K:!- 651.4
Equilibrium constant K3-1.0300E-12
Equilibrium constant K-l=1.4600E-11
Initial iodine inventory in water- 2.030 moles
Volume of gaseous phasii-2.2840E+06 ft**3
Volume of liquid phase'-4.6647E+04 ft**3

Number of iterations- 4
Concentration of I2 liquid-1.5145E-07 moles/liter
Concentration of HIO-1.2508E-06 moles/liter
Concentration of H201-L.7679E-12 moles/liter
Concentration of I--1.2507E-06 moles/liter

Concentration of 13--l.2338E-10 moles/liter
Concentration of total aqueous iodine-1.4024E-06 moles/liter
Partition coefficient- 511.4
Total iodine inventory in containment- 2.030 moles
The iodine decontamination factor DF- 11.45
Iodine concentration ia gas phase-2.7421E-09 moles/liter

CE26.426 REV.2 [REFERENCE: S0123.XXIV-7.151 N46030-001 Reva.doc
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E&TS DEPARTMENT

CALCULATriON SHEET
| ICCN NO.J

PRELIM. CCN NO. I PAGE OFF

CCN CONVERSION:
CCN NC. CCNProject or DCP)FCNIECP Calc No. N-6030-001

Subject Containment Aerosol and Iodine Removal Rates Sheet 107 of 281

J. Schulz Is/120003 I D.T.Dexheimer

Bechtel Standard Computer Program
(c) 1990
Originator Jorge Schulz Date 14
Project SONGS
Subject SONGS Iodine Partition Factors

ICONC , NE316 Version 3.0
Calc No. N-6030-00 Rev No. 0

Jun 2003
Job No. 16575-167
Sheet No. 8

----. ==_ .. .S= =n a........=....=.n...._._ ... . a=e-e-_-----------

Results of iodine - Water partition coefficient calculations

Temperature- 100.00 Deg F
Water pH value= 7.00
Equilibrium constant K1" 43.08
Equilibrium constant K2- 586.3
Equilibrium constant K3-1.7100E-12
Equilibrium constant K4-1.6600-11
Initial iodine inventory in water- 2.030
Volume of gaseous phase-2.2840E+06 ft**3
Volume of liquid phase-4.6647E+04 ft^*3

moles

Number of iterations- 4
Concentration of I2 liqxld-1.0154E-07 moles/liter
Concentration of HIO-1. .196E-06 moles/liter
Concentration of H201-1.2773E-12 moles/liter
Concentration of I--1.3396E-06 moles/liter

Concentration of 13--7.(:55SE-11 moles/liter
Concentration of total aqueous iodine-1.4213E-06 moles/liter
Partition coefficient- 603.0
Total iodine inventory in containment- 2.030 moles
The iodine decontamination factor DF- 23.32
Iodine concentration in gas phase-2.3570E-09 moles/liter

Bechtel Standard compute:: Program
(C) 1990
Originator Jorge Schulz Date 14
Project SONGS
Subject SONGS Iodine Pa::tition Factors

XCONC , NE316 Version 3.0
Calc No. N-6030-O0 Rev No. 0

Jun 2003
Job No. 16575-167
Sheet No. 9

.a.. . ....a.... =.s... . .. =an ----------- _-…-_ ----- - --

Results of iodine - Weter partition coefficient calculations

Temperature- 110.00 Deg F
Water pH value- 7.00
Equilibrium constant Kla 34.16
Equilibrium constant 12- 532.5
Equilibrium constant K3-2.7700E-12
Equilibrium constant K4-1.86005-11
Initial iodine inventory in water- 2.030
Volume of gaseous phase-2.2840E+06 ft**3
Volume of liquid phase=4.6647E+04 ft**3

moles

Number of iterations- 4
Concentration of Z2 liquid-6.7736E-08 moles/liter
Concentration of RIO-1.3718E-06 moles/liter
Concentration of R201-9.1846E-13 moles/liter
Concentration of 1--1.3717E-06 moles/liter

Concentration of I3--4.9475E-11 moles/liter

I-SOE 26-426 REV. 2 (REFERENCE: S0123-XXIV-7.15j N4030001 Rev O.doc
SAGEF 26S 26 REV. 2 [REFERENCE: S0123-XXIV 7.151 N-603D-001 Rev 0.doc



E&TS DEPARTMENT

CALCULATION SHEET
ICCN NOJ
PRELIM. CCN NO. PAGE OF

I - IPAGE -- OF.

Project or DCP/FCNIECP Calc No. N-6030-001

CCN CONVERSION:
CCN NO. CCN

Subject Containment Aerosol and Iodine Removal Rates Sheet 108 of 281

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

0 J. Schulz 8115,2003 T.Dexheimer 811 003 sA J
_ _ _

Concentration of total aqueous iodine-1.4396E-06 moles/liter
Partition coefficient= 726.0
Total iodine inventory in containment- 2.030 moles
The iodine decontamination factor DF=25.83
Iodine concentration in gas phase-1.9829E-09 moles/liter

Bechtel Standard Computer Program
(c) 1990
Originator Jorge Schulz Date 14
Project SONGS
Subject SONGS Iodine Partition Factors

ICONC , NE316 Version 3.0
Calc No. W-6030-00 Rev No. 0

Jun 2003
Job No. 16575-167
Sheet No. 10

.. ____ -- ---- C- .. .. .. .. .=-= . e. . .. .. .. ==; . t__= . . ~ X_ . . . .. ==

Results of iodine - Water partition coefficient calculations

Temperature- 120.00 Deg F
Water pH value- 7.00
Equilibrium constant Kl-. 27.38
Equilibrium constant K2- 487.7
Equilibrium constant K31.4.3800E-12
Equilibrium constant X4-*2.0600E-l1
initial iodine inventor', in water- 2.030
Volume of gaseous phase:-2.2840E406 ft*#3
Volume of liquid phase-.i.6647E+04 ftt*3

moles

Number of iterations- 3
Concentration of 12 liquid-4.5281E-08 moles/liter
Concentration of RIO-1.1104E-06 moles/liter
Concentration of H20I-6.614DE-13 moles/liter
Concentration of 1--1.4103E-06 moles/liter

Concentration of 13--3.1143E-11 moles/liter
concentration of total aqueous iodine-1.4557E-Of moles/liter
Partition coefficient- 380.2
Total iodine inventory Ln containment- 2.030 moles
The iodine decontamination factor Dr- 18.98
Iodine concentration in gas phase-1.653BE-09 moles/liter

Bechtel Standard Computer Program
{c) 1990
Originator Jorge Schulz Date 14
Project SONGS
Subject SONGS Iodine Partition Factors

ICONC , NE316 Version 3.0
Calc No. N-6030-00 Rev No. 0

Jun 2003
Job No. 16575-167
Sheet No. 11

. .. ===- =a.." . . ..- __s.- … ._ . . . .... ====-s _ .. .. ==....… . .l… . =h.--

Results of iodine - Water partition coefficient calculations

Temperature- 230.00 Deg F
Water pH value- 7.00
Equilibrium constant Ri- 22.71
Equilibrium constant K2= 450.2
Equilibrium constant 3(36.6500E-12
Equilibrium constant K4-2.2600E-ll
Initial iodine inventoxy in water- 2.030 moles
Volume of gaseous phase-2.2840E+06 ft**3
Volume of liquid phase,4.6647E+04 ft**3

A -R DC\ o f t -- CI\ - . a -R a. .__
:U C -XZvD rZCv. Z IKEFEREMNUCE 0V1-AA1V-.-1UJ d-OUSU-UU1 KeV U.ooc
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CALCULATION SHEET

Project or DCP1FCNIECP _I_

Subject Containment Aerosol and Iodine Removal Rates

ICCN NOON
PRELIM. CCN NO. PAGE __OF

CCN CONVERSION:
I CCN NO. CCNGalc No. N-6030-001

Sheet 109 of 281
-

F'EV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE |

0 J. Schulz 8/15f2003 D.T.Dexheimer 8/15/2003 §_= .C)
_ _ _ _

Number of iterations- 3
Concentration of 12 liqizid-3.1035E-08 Moles/litor
Concentration of NIO-1..1387E-06 moles/liter
Concentration of H201-4.8752E-13 moles/liter
Concentration of I--1.4387E-06 moles/liter

Concentration of 13--2.I)099E-l1 moles/liter
Concentration of total aqueous iodine-1.4697E-0O5 moles/liter
Partition coefficient- 1076.
Total iodine inventory In containment- 2.030 moles
The iodine decontamination factor DF= 22.97
Iodine concentration in gas phase=1.3666E-09 moles/liter

Bechtel Standard Compute: Program
(c) 1990
Originator Jorge Schulz Date 14
Project SONGS
Subject SONGS Iodine Partition Factors

ICONC , NE316 Version 3.0
Cale No. N-6030-00 Rev No. 0

Jun 2003
Job No. 16575-167
Sheet No. 12

---- -- ai- ----------------- - -------- a-=== . ..... :...... ._...... ......... ==-f n

Results of iodine - Water partition coefficient calculations

Temperature= 140.00 Deg F
water pH value- 7.00
Equilibrium constant K1- 19.00
Equilibrium constant K2- 418.6
Equilibrium constant K3-1.OODOE-ll
Equilibrium constant K4=2.4600E-ll
Initial iodine inventory in water- 2.030
Volume of gaseous phase-2.2840E+06 ft*13
Volume of liquid phase=4.6647E404 ft**3

moles

Number of iterations- 3
Concentration of I2 liqaid-2.1270E-08 moles/liter
Concentration of HIO-1.4606E-06 moles/liter
Concentration of H20I-3.5826E-13 moles/liter
Concentration of X-1.4606E-06 moles/liter

Concentration of 13--l.3005E-ll toles/liter
Concentration of total aqueous iodine-1.4818E-06 moles/liter
Partition coefficient- 1324.
Total iodine inventory in containment- 2.030 moles
The iodine decontamination factor DF= 26.03
Iodine concentration in gas phase-1.1195E-D9 moles/liter

Bechtel Standard Computer Program
(c) 1990
Originator Jorge Schulz Date 14
Project SONGS
Subject SONGS Iodine Partition Factors

ICONC NE316 version 3.0
Calc No. N-6030-00 Rev No. 0

Jun 2003
Job No. 16575-167
Sheet No. 13

.. l m - a - … fm . .. =-- ---- -.= . . . . _

Results of iodine - Water partition coefficient calculations

Temperature- 150.00 Deg F
Water pH value- 7.00
Equilibrium constant K2m 16.91

---- --- - e. .
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E&TS DEPARTMENT

CALCULATION SHEET
ICCN NOJ
PRELIM. CON NO. PAGE OF

Project or DCPIFCNIECP CaIC No. N-6030-O01
CCN CONVERSION:
CON NO. CCN

Subject Containment Aerosol and Iodine Removal Rates Sheet 110 of 281

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

_ J L Schutz 8/1512003 D. T. Dexheimer 811512003 = =~:v. OR ] I I ~ * DATE

Equilibrium constant r2,. 392.0
Equilibrium constant X31=1.5500E-l1
Equilibrium constant K4-2.6600E-ll
Initial iodine inventory in water- 2.030
Volume of gaseous phase:-2.2840E+06 ft**3
Volume of liquid phase=3.6647E+04 ft**3

mol es

Number of iterations- 3
Concentration of 12 liqlid-1.4122E-08 moles/liter
Concentration of H1O=1.1816E-06 moles/liter
Concentration of H201-2.5353E-13 moles/liter
Concentration of I--l.4316E-06 moles/liter

Concentration of I3--B.2023E-12 moles/liter
Concentration of total aqueous iodine=1.4958E-06 moles/liter
Partition coefficient- 1791.
Total iodine inventory in containment- 2.030 moles
The iodine decontamination factor DF= 37.58
Iodine concentration in gas phase=8.3512E-10 moles/liter

Bechtel Standard Computer Program
(c) 1990
Originator Jorge Schulz Date 14
Project SONGS
Subject SONGS Iodine Partition Factors

ICONC , NE316 Version 3.0
Cale No. N-6030-00 Rev No. 0

Jun 2003
Job No. 16575-167
Sheet No. 14

= . . . = - … = ==- -----...- ...= .-. …. ............ =

Results of iodine - water partition coefficient calculations

Temperature= 160.00 Deg F
Water pH value- 7.00
Equilibrium constant !1t 15.11
Equilibrium constant K2- 369.5
Equilibrium constant K3-2.3700E-21
Equilibrium constant K4-2.8600E-11
Initial iodine inventory in water- 2.030
Volume of gaseous phasE-2.2840E+06 ft**3
Volume of liquid phase*4.6647E+04 ft**3

moles

Number of iterations- 3
Concentration of 12 liquid-9.4244E-09 moles/liter
Concentration of HIO-1.4967E-06 moles/liter
Concentration of H201-1..8009E-13 moles/liter
Concentration of I--1.,967E-06 moles/liter

Concentration of 13-=5.2120E-12 moles/liter
Concentration of total aqueous iodine-1.5061E-06 moles/liter
Partition coefficient- 2415.
Total iodine inventory in containment- 2.030 moles
The iodine decontamination factor DF= 50.32
Iodine concentration in gas phase-6.2372E-10 moles/liter

Bechtel Standard Computer Program
(c) 1990
Originator Jorge Schulz Date 14
Project SONWS
Subject SONGS Iodine Partition Factors

ICONC , NE316 Version 3.0
Calc No. N-6030-00 Rev No. 0

Jun 2003
Job No. 16575-167
Sheet No. 15
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Results of iodine - Water partition coefficient calculations

Temperature- 170.00 Deg F
Hater pH value- 7.00
Equilibrium constant X1-- 13.76
Equilibrium constant K2'* 350.4
Equilibrium constant K3,-3.440OE-l1
Equilibrium constant X4-3.0600E-1l
Initial iodine inventory in water- 2.030
Volume of gaseous phase'-2.2840E+D6 rt**3
Volume of liquid phase-1.6647E+04 ft**3

moles

Number of iterations- 3
Concentration of 12 liq)id-6.5798E-09 moles/liter
Concentration of RIO-1. 067E-06 Moles/liter
Concentration of H201-l.3363E-13 moles/liter
Concentration of I--1.5)67E-06 moles/liter

Concentration of 13-=3.1742E-12 moles/liter
Concentration of total aqueous iodine=1.5133E-O6 moles/liter
Partition coefficient- 3165. .
Total iodine inventory Ln containment= 2.030 moles
The iodine decontamination factor DF= 65.63
Iodine concentration in gas phase=4.7616E-10 moles/liter

Bechtel Standard Computer Program
(c) 1990
Originator Jorge Schulz Date 14
Project SONGS
Subject SONGS Iodine Partition Factors

ICONC , NE316 Version 3.0
Calc No. N-6030-00 Rev No. 0

Jun 2003
Job No. 16575-167
Sheet No. 16

… .-....===...-=- .............

Results of iodine - Water partition coefficient calculations

TeMorature- 180.00 Deg F
Water pH value- 7.00
Equilibrium constant xIl- 12.40
Equilibrium constant K2= 334.3
Equilibrium constant K3-4.9900E-11
Equilibrium constant K4-3.2600E-l1
initial iodine inventory in water- 2.030
Volume of gaseous phase-2.2840E406 ft**3
Volume of liquid phase-4.6647E+04 ft**3

moles

Number of iterations- 3
Concentration of 12 liquid-4.5802E-09 moles/liter
Concentration of HIO-1.5140E-06 moles/liter
Concentration of H201-S.8624E-14 moles/liter
Concentration of I--1. 1405-06 moles/liter

Concentration of 13-=2.3182E-12 moles/liter
Concentration of total aqueous iodine-1.5186E-01 moles/liter
Partition coefficient- 4111.
Total iodine inventory in containment- 2.030 moles
The iodine decontamination factor DF= 84.97
Iodine concentration ir, gas phase-3.6937E-10 moles/liter
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Results of iodine - Wattr partition coefficient calculations

Temperature- 190.00 Deg F
Water pH value- 7.00
Equilibrium constant M1m 11.01
Equilibrium constant K2= 320.7
Equilibrium constant K3-7.2400E-l1
Equilibrium constant K4w3.4600E-ll
Initial iodine inventory in water- 2.030
Volume of gaseous phase-2.2840E406 ft *3
Volume of liquid phase-4.6647E+04 ft**3

moJes

Number of iterations= 3
Concentration of 12 liquid=3.1792E-09 moles/liter
Concentration of HIO-1.5193E-06 moles/liter
Concentration of H20X-7.2399E-14 moles/liter
Concentration of I--1.5193E-06 moles/liter

Concentration of 13--l.5488E-12 moles/liter
Concentration of total aqueous iodine-1.5225E-01 moles/liter
Partition coefficient- 5273.
Total iodine inventory in containment- 2.030 moles
The iodine decontamination factor DF- 108.7
Iodine concentration ir, gas phase=2.8875E-10 mo:Les/liter

Bechtel Standard Computer Program ..
(c) 1990
Originator Jorge Schulz Date 14
Project SONGS
Subject SONGS Iodine Partition Factors

ICONC , NE316 version 3.0
Calc No. N-6030-00 Rev No. 0

Jun 2003
Job No. 16575-167
Sheet No. 18
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Results of iodine - Water partition coefficient calculations

Temperature- 200.00 Deyr F
Water pH value- 7.00
Equilibrium constant K:.- 9.970
Equilibrium constant r:!- 309.2
Equilibrium constant K:1-1.0200E-l0
Equilibrium constant K-1-3.6600E-l1
Initial iodine invento::y in water- 2.030
Volume of gaseous phasit-2.2840E+06 ft**3
Volume of liquid phase'.4.6647E+04 ft**3

i

11

II

I

i,

moles

Number of iterations- 3
Concentration of 12 liquid-2.2682E-09 moles/liter
Concentration of HIO-1.5233E-06 moles/liter
Concentration of E20I=5.4500E-14 moles/liter
Concentration of 1--1.3233E-06 molbs/liter

I-
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Concentration of 13--1.3682E-12 moles/liter
Concentration of total aqueous iodine=1.5255E-06 moles/liter
Partition coefficient- 6705.
Total iodine inventory Ln containment- 2.030 moles
The iodine decontamination factor DF- 137.9
Iodine concentration in gas phase-2.2750E-l0 moles/liter

Bechtel Standard Computer Program

(c) 1990
Originator Jorge Schulz Date 14
Project SONGS
Subject SONGS Iodine Partition Factors

ICONC , NE316 Version 3.0
Calc No. N-6030-00 Rev No. 0

Jun 2003
Job No. 16S75-167
Sheet No. 19
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Results of iodine - Water partition coefficient calculations

Temperature- 210.00 Deg F
Water pH value- 7.00
Equilibrium constant X1- 9.160
Equilibrium constant X2- 299.5
Equilibrium constant K3-1.4100E-10
Equilibrium constant K4-3.8600E-11
Initial iodine inventory in water- 2.030
volume of gaseous phasen2.2840E+06 ft'13
Volume of liquid phase=4.6647E+04 ft**3

moles

Number of iterations- 3
Concentration of 12 licuid-1.6472E-09 moles/liter
Concentration of HIO-1.5262E-06 moles/liter
Concentration of H201=4.1660E-14 moles/liter
Concentration of I-*1.!262E-06 moles/liter

Concentration of 13--7.5302E-13 moles/liter
Concentration of total aqueous iodine=1.5279E-06 moles/liter
Partition coefficient- 8496.
Total iodine inventory in containment= 2.030 moles
The iodine decontamination factor DF= 174.5
Iodine concentration in gas phase-1.7983E-10 moles/liter

Bechtel Standard Computer Program
(c) 1990
Originator Jorge Schulz Date 14
Project SONGS
Subject SONGS Iodine Partition Factors

ICONC , lE316 Version 3.0
Cale No. N-6030-00 Rev No. 0

Jun 2003
Job No. 16575-167
Sheet No. 20
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Results of iodine - Wa:er partition coefficient calculations

Temperature- 220.00 Deck F
Water pH value- 7.00
Equilibrium constant KI- 8.550
Equilibrium constant K2= 291.5
Equilibrium constant K3-2.0200E-10
Equilibrium constant K4=4.0600E-11
Initial iodine inventory in water= 2.030 moles
Volume of gaseous phasa-2.2840E+06 ft**3
Volume of liquid phase-4.6647E+04 ft**3
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Number of iterations- 3
Concentration of 12 liquid-1.1538E-09 moles/liter
Concentration of HIO-1.5289E-06 moles/liter
Concentration of H20I-3.0640E-14 moles/liter
Concentration of I--l.5289E-06 moles/liter

Concentration of 13--5.1431E-13 moles/liter
Concentration of total aqueous iodine-l.5301E-OQ moles/liter
Partition coefficient-1.1338E404
Total iodine inventory In containment- 2.030 moles
The iodine decontamination factor DF- 232.6
Iodine concentration in gas phase-1.3495E-10 moles/liter

Bechtel Standard Computex Program
(c) 1990
Originator Jorge Schulz Date 14
Project SONGS
Subject SONGS Iodine Partition Factors

ICONC NE316 Version 3.0
Calc.No. N-6030-00 Rev No. 0

Jun 2003
Job No. 16575-167
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Results of iodine - Wato'r partition coefficient calculations

Temperature= 230.00 Deg F
Water pH value= 7.00
Equilibrium constant K1I. 8.360
Equilibrium constant K2-. 285.0
Equilibrium constant X3..2.7000E-10.
Equilibrium constant K4-.4.260DE-ll
Initial iodine inventory in water- 2.030
Volume of gaseous phase..2.2840X+06 ft**3
Volume of liquid phase-I.6647E+04 ft**3

mo.les

Number of iterations- 2
Concentration of I2 liqlid-8.6530E-10 moles/litir
Concentration of HIO-1.3307E-06 moles/liter
Concentration of H201-2.4081E-14 moles/liter
Concentration of I--l.5307E-06 moles/liter

Concentration of 13--3.7750E-13 noles/liter
Concentration of total aqUeous iodine-1.5316E-06 moles/liter
Partition coefficient-1.4797E+04
Total iodine inventory in containment- 2.030 moles
The iodine decontamination factor DFa 303.2
Iodine concentration in gas phase-l.0350E-10 moles/liter

Bechtel Standard Computer Program
(c) 1990
Originator Jorge Schulz Date 14
Project SONGS
Subject SONGS Iodine fartition Factors

ICONC , NE316 Version 3.0
Calc No. N-6030-00 Rev No. 0

Jun 2003
Job No. 16575-167
Sheet No. 22
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Results of iodine - Water partition coefficient calculations

Temperature- 240.00 Deg F
Water pH value= 7.00
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Equilibrium constant Kl- 7.800
Equilibrium constant K2- 279.8
Equilibrium constant K3-3.7200E-10
Equilibrium constant K4-4.46DOE-11
Initial iodine Inventory in water- 2.030
Volume of gaseous phase-2.2940E*06 ft**3
Volume of liquid phase-4.6647E+04 ft**3

mo.es

Number of iterations- 2
Concentration of 12 liquid-6.2916E-10 moles/liter
Concentration of H10-1.5321E-06 moles/liter
Concentration of H20!1-.8315E-14 moles/liter
Concentration of I--l.5321E-06 moles/liter

Concentration of 13--2.6967E-13 moles/liter
Concentration of total aqueous iodine-1.5327E-05 moles/liter
Partition coefficient-1.9002E+04
Total iodine inventory in containment- 2.030 moles
The iodine decontamination factor DF- 389.1
Iodine concentration ir. gas phase-8.0661E-ll moles/liter

Bechtel Standard Computer Program
(c) 1990
Originator Jorge Schulz Date 14
Project SONGS
Subject SONGS Iodine Partition Factors

ICONC , E316 Version 3.0
Calc No. N-6030-00 Rev No. 0
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Results of iodine - Water partition coefficient calculations

Temperature- 250.00 Deli F
Water pH value- 7.00
Equilibrium constant K.- 7.050
Equilibrium constant X:- 275.7
Equilibrium constant K'1-S.0700E-10
Equilibrium constant K'i-4.6600E-ll
Initial iodine invento3.y in water- 2.030
Volume of gaseous phasc!-2.2840E+06 ft**3
Volume of liquid phase--4.6647E+04 ft**3

mcles

Number of iterations- 2
Concentration of 12 liquid-4.6218E-10 moles/liter
Concentration of HIO-1.5330E-06 moles/liter
Concentration of H201-l.4049E-14 moles/liter
Concentration of I--1.;330E-06 moles/liter

Concentration of I3-1.9533E-13 moles/liter
Concentration of total aqueous iodine-1.5335E-06 moles/liter
Partition coefficient-2.3391E+04
Total iodine inventory in containment- 2.030 moles
The iodine decontamination factor DF- 478.7
Iodine concentration ira gas phase-6.5557E-ll moles/liter

Bechtel Standard Computer Program
(c) 1990
Originator Jorge Schulz Date 14
Project SONGS
Subject SONGS Iodine Partition Factors

ICONC r1 NE316 Version 3.0
Calc No. N-6030-00 Rev No. 0

Jun 2003
Job No. 16575-167
Sheet No. 24
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Results of iodine - water partition coefficient calculations

Temperature- 260.00 Deg F
Water pH value= 7.00
Equilibrium constant Ri- 6.620
Equilibrium constant K2- 272.7
Equilibrium constant K3-6.6300E-10
Equilibrium constant K4-4.8600E-ll
Initial iodine inventory in water- 2.030
Volume of gaseous phase-2.2840E+06 ft**3
Volume of liquid phase-4.6647E+04 ft**3

moles

Number of iterations- 2
Concentration of 12-liquid-3.5375E-10 moles/liter
Concentration of HIO-1.5337E-06 moles/liter
Concentration of H201-1.1210E-14 moles/liter
Concentration of I--1.5337E-06 moles/liter

Concentration of 13--l.4794E-13 moles/liter
Concentration of total aqueous iodine-1.5340E-06 moles/liter
Partition coefficient-2.8707E+04
Total iodine inventory in containment- 2.030 moles
The iodine deconta.ination factor DF= 587.3
Iodine concentration in gas phase-5.3437E-ll moles/liter

Bechtel Standard Computer Program
(c) 1990
Originator Jorge Schulz Date 14
Project SONGS
Subject SONGS Iodine Partition Factors

ICONC , NE316 Version 3.0
Calc No. N-6030-00 Rev No. 0
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Sheet No. 25
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Results of iodine - Water partition coefficient calculations

Temperature- 270.00 Deg F
Water pH value- 7.00
Equilibrium constant K1- 6.270
Equilibrium constant K2= 270.6
Equilibrium constant KJ-8.5800E-1O
Equilibrium constant K4-5.0600E-1l
Initial iodine inventory in water- 2.030
Volume of gaseous phase-2.2840E+06 ft*3
Volume of liquid phase-4.6647E+04 ft**3

moles

Number of iterations= 2
Concentration of I2 liCyid-2.7356E-10 moles/liter
Concentration of HIO-1.5343E-06 moles/liter
Concentration of H201-SI.0219E-15 moles/liter
Concentration of I-1.343E-06 moles/liter

Concentration of 13-=1.1359E-13 moles/liter
Concentration of total aqueous iodine-1.5345E-05 moles/liter
Partition coefficient-:1.5172E+04
Total iodine inventory in containment- 2.030 moles
The iodine decontamination factor DF- 719.3
Iodine concentration in gas phase=4,3629E-ll moles/liter

r- ns: A DCRer-cD-l=e.xYv_ c. s . -nx -1 . -_
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Results of iodine - water partition coefficient calculations.

Temperature- 280.00 Deg F
Water pH value" 7.00
Equilibrium constant Ri. 6.040
Equilibrium constant K2= 269.5
Equilibrium constant R3-1.0900E-09
Equilibrium constant K4=5.2600E-11
Initial iodine inventory in water= 2.030
Volume of gaseous phase-2.2640E+06 ft**3
Volume of liquid phase=4.6647Z+04 ft**3

moles

Number of iterations= 2
Concentration of I2 liqvid-2.1546E-10 moles/liter
Concentration of HIO-1.!347E-06 moles/liter
Concentration of H201-7.3845E-15 moles/liter
Concentration of I--l.5.47E-06 moles/liter

Concentration of I3--8.9113E-l4 moles/liter
Concentration of total aIqueous iodine=1.5349E-06 moles/liter
Partition coefficient- .3029E+04
Total iodine inventory '.n containment- 2.030 moles
The iodine decontamination factor DF- 879.0
Iodine concentration in gas phase=3.5672E-11 moles/liter

~~~~~~~&- - -.--I- ~ ~
Zil=ZUb4zu Ktv.z LKEr-?=ENtGt: -3*VX. ir.-0U Uu1 ROev U.Ooc



E&TS DEPARTMENT

CALCULATION SHEET
Project or DCP/FCNIECP t
Subject Containment Aerosol and Iodine Removal Rates

ICCN NOJ
PRELIM. CCN NO. PAGE -OF -

Calc No. N-6030-001

CCN CONVERSION:
CCN NO. CCN

Shoet 118 of 281
-

REV ORIGINATOR DATE I IRE DATEI REV ORIGINATOR DATE IRE DATE

J. Schtlz 8/15003 D. T. Dexheimer 8/15/203__ _E !__ _ _ _ _ _ _ _ _ _ _ _ _ _ _

9.2 REMOVEINPUTAND OUTPUTFILES

9.2.1 Input Files

9.2;1.1 Parametric Study Input Files

9.2.1.1.1 12-30.in
8
12-30.out
I2 Spray Temperature Parametrics
Jorge Schulz
SONGS
16575-167
N-6030-001
O
1
9
2
69 - Number of size groups
0.00375 - Mean drop diameter Icm)
30.0 - Air-steam temperature (degC)
30.0 - Droplet temperature tdegC)
3393 - Initial velocity (cm/sec)
10 - Initial angle
79.81 - Spray fall height (ft) - 0-19-4"-C-XEO
2 - 1-Trajectory, 2-lambda
2 - Psint individual drop parameters
1 - 1-NRC E model, 2- Entered 1, value
8389 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2=no)
13.79 - Flow per nozzle (gpmz)
28 - Nvzmber of nozzles
1 - Temperature difference between air and wall (degC)
601519 - Etfective plateout area
1907000 - Sprayed volume
2 - Arother case? (1-yes, 2-no)

9.2.1.1.2 1240.ln
8
12-40. out
12 Spray Temperature Paraptetrics
Jorge Schulz
SONGS
16575-167
N-6030-001
0
1
9
2
69 - Nurmber of size groups
0.00375 - Mean drop diameter (cm)
40.0 - A:.r-steam temperature (degC)
40.0 - D:roplet temperature (degC)
3393 - Initial velocity (cm/sec)
10 - Initial angle

SC;E264Zff KtV. Z t~rFEKtNCt: lWZ6V-7AV.10J Nr+ui3-0I Rev O.doc
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79.81 - Spray fall height (ft) - 019-4'-C-KEO
2 - lurrajectory, 2-lambda
2 - Print individual drop parasneters
1 - 1-NRC E model, 2= Entered E value
8389 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - Flow per nozzle (gpm)
28 - Number of nozzles
1 - Temperature difference between air and wall (degc)
601519 - Effective plateout area
1907000 - Sprayed volume
2 - Arother case? (1-yes, 2-no)

9.2.1.1.3 12-50.in
8 .
12-50.out
12 Spray Temperature Parametrics
Jorge Schulz
SONGS
16575-167
N-6030-001
0
1
9
2
69 - Nimber of size groups
0.00375 - Nitan drop diameter (cm)
50.0 - A:.r-steam temperature (detC)
50.0 - D::oplet temperature (deqCI
3393 - Initial velocity (cm/sec)
10 - Initial angle
79.81 - Spray fall height (ft) - 049-4"-C-KEO
2 - 1-Trajectory, 2-lambda
2 - P::int individual drop parametera
1 - ls-NRC E model, 2= Entered E value
8389 - ELemental Iodine partition coefficient
2 - Ca^lculate organic iodine removal (1-yesa 2-no)
13.79 - Flow per nozzle (gpm)
28 - Himber of nozzles
1 - Tsnperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
2 - A.iother case? (1-yes, 2-nD)

9.2.1.1.4 12-60in
8
12-60.out
I2 Spray Temperature Parametrics
Jorge Schulz
SONGS
16575-167
N-6030-001
0
1
9
2
69 - tumber of size groups
0.00375 - Viean drop diameter (cm)

a-5(E(Z h. jt-htNL - N4030-1 Rev O.doc
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E&TS DEPARTMENT ICCN NO.I

CALCULATriON SHEET PRELIM.CCN NO. PAGE__OF
CCN CONVERSION:

Project or DCPIFCN/ECP _I Cac No. N-603W001 tCN NO. CCN

Subject Containment Aerosol and Iodine Removal Rates Sheot 120 of 281

RE:V ORIGINATOR DATE I . IRE DATE REV ORIGINATOR DATE IRE DATE

O J. Schulz 8/1512003 ' D. T. Dexheimer 8/15t2003 | I1g
60.0 - Air-steam temperature (degC)
60.0 - Droplet temperature IdegC)
3393 - Initial velocity (cm/sec)
10 - Initial angle
79.81 - Spray fall height (ft) - 0-l9-4"-C-KEO
2 - 1-Trajectory, 2=lambda
2 . - Print individual drop paraneters
1 - 1-NRC E model, 2= Entered 3 value
8389 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2=no)
13.79 - Flow per nozzle Igpm)
28 - Nvmber of nozzles
1 - Temperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
2 - Arother case? (1-yes, 2-no)

9;2.1.1.5 .12-70.in
8
12-70.out
I2 Spray Temperature Pararietrics
Jorge Schulz
SONGS
16575-167
N-6030-001
0

9
2
69 - Nnimber of size groups
0.00375 - Maan drop diameter (cm)
70.0 - Air-steam temperature (deqC)
70.0 - Droplet temperature (degC.
3393 - Initial velocity (cm/sec)
10 - Initial angle
79.81 - Spray fall height (ft) - )49-41-C-REO
2 - 1-Trajectory, 2-1ambda
2 - Print individual drop parameters
1 - 1wNRC E model, 2= Entered E value
8389 - Elemental Iodine partitio:n coefficient
2 - Calculate organic iodine removal (l-yes, 2-no)
13.79 - flow per nozzle (gpm)
28 - Number of nozzles
1 - 51emperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Eprayed volume
2 - inother case? (1-yes, 2-no)

9.2.1.1.6 12-75.in
0
I2-75.out
12 Spray Temperature Parimetrics
Jorge Schulz
SONGS
16575-167
N-6030-001
0
1
9

bS&EZ"ZU KtV.Z JltZFEt:NCE: ZU1ZJ-AAV-.10I . N'-WXSU-UUI Rev U.doC
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E&TS DEPARTMENT

CALCULATION SHEET
ICCN NOJ.
PRELIM. CCN NO. PAGE OF

Project or DCPIFCN/ECP
CCN CONVERSION:
CCN NO. CCNCalc No. N-6030-001

Subject Containment Aerosol and Iodine Removal Rates Sheet 121 of 281

REV ORIGINATOR DATE IRE. DATE REV ORIGINATOR DATE IRE DATE _5

0 J. Schulz j 03tD003 T.Dexheiner 8/15f2003 H I
_ . _Io

2
69
0.00375
75.0
75.0
3393
10
79.81
2
2
1
8369
2
13.79
28
1
601519
1907000
2

- Namber of size groups
- M3an drop diameter (cm)
- Air-steam temperature (degC)
- Droplet temperature (degC)
- Ilitial velocity (cm/eec)
- Iitial angle
- Spray fall height (ft) - 049-4"-C-KEO
- 1.Trajectory, 2-lambda
- Print individual drop parameters
- 1-NRC E model, 2- Entered E value
- Elemental Iodine partition coefficient
- Calculate organic iodine removal (1-yes, 2-no)
- Flow per nozzle (gpm)
- Nomber of nozzles
- Temperature difference between air and wall (degC)
- Effective plateout area
- Sprayed volume
- Another case? (1-yes, 2-no)

9.2.1.1.7 12-80.in
8
12-80.out
12 Spray Temperature Parametrics
Jorge Schulz
SONGS
16575-167
N-6030-001
0
1
9
2
69 - Zumber of size groups
0.00375 - tean drop diameter (cm)
80.0 - 21r-steam temperature (deqC)
80.0 - Croplet temperature (degCl
3393 - Initial velocity (cm/sec)
10 - Initial angle
79.81 - spray fall height (ft) - 049-4"-C-XEO
2 - ]-Trajectory, 2-lambda
2 - Irint individual drop parimeters
I - I-NRC E model, 2= Entered E value
8389 - Elemental Iodine partition coefficient
2 - Calculate organic iodine =emoval (1-yes, 2-no)
13.79 - Elow per nozzle (gpm)
28 - F'umber of nozzles
1 - Temperature difference be:ween air and wall (degC)
601519 - I:ffective plateout area
1907000 - tprayed volume
2 - )mother case? (1-yes, 2-no)

9.R.IL.8 12-85.in
8
I2-B5.out
I2 Spray Temperature Parmetrics
Jorge Schulz
SONGS
16575-167
N-6030-001

I -
ZK;b 2W246 REV,.Z IREFERE:KNLC: bU1Z6-A1V-1.10J .N-Ue3UW1 Rev O.doc



E&TS DEFPARTMENT

CALCULATION SHEET
ICCN NOJ
PRELIM. CCN NO. PAGE OF

Project or DCPIFCNIECP Ca.c No. N-6030-001

CCN CONVERSION:
CCN NO. CCN

Subject Containment Aerosol and Iodine Removal Rates Sheet 122 of 281

REV ORIGINATOR DAT EIE|ATE REV ORIGINATOR DATE IRE DATE _

| J. Schulz 8/15/2003 D.T.Dexheimer 8115/2003 - j=I
0
1
9
2
69
0.00375
85.0
85.0
3393
10
79.81
2
2
1
8389
2
13.79
28
1
601519
1907000
2

- Nxnber of size groups
- mHan drop diameter (cm)
- AMr-steam temperature (degC)
- Droplet temperature (degC)
- IX:itial velocity (cm/sec)
- Initial angle
- S:pray fall height (ft) - 049-4"-C-Xmo
- 1-Trajectory, 2-lambda
- Pcint individual drop parameters
- 1-NRC E model, 2- Entered E value
- ELemental Iodine partition coefficient
- C.alculate organic iodine removal (1-yes, 2-no)
- FLow per nozzle (qpm)
- Nmxber of nozzles
- T,:mperature difference between air and wall (degC)
- E:lfective plateout area
- Sprayed volume
- Another case? (1=yes, 2-no)

9.2.1.1.9 12-90.in
8
12-90.out
12 Spray Temperature Paranetrics
Jorge Schulz
SONGS
16575-167
?-6030-001
0
1
9
2
69 - Nuwaber of size groups
0.00375 - Mean drop diameter (cm)
90.0 - Al.r-steam temperature (degul)
90.0 - Droplet temperature (degC)
3393 - Initial velocity (cm/sec)
10 - Initial angle
79.81 - Spray fall height (ft) - 0.19-4"-C-KEO
2 - 1- Trajectory, 2-1ambda
2 - Print individual drop parameters
1 - 1-NRC E model, 2- Entered 1£ value
8389 - Elemental Iodine partition coefficient
2 - Cc.lculate organic iodine removal (1=yes, 2-no)
13.79 - Flow per nozzle (gpm)
28 - Wkmber of nozzles
1 - Temperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
2 - Another case? (1-yes, 2-no-

9.2.1.1.10 12-95.in
8
12-95 out
12 Spray Temperature Paran.etrics
Jorge Schulz

-
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E&TS DEPARTMENT

CALCULATION SHEET

Project or DCPIFCNIECP C

Suibject Containment Aerosol and Iodine Removal Rates

ICCN NOJ
PRELIM. CCN NO. PAGE OF

CCN CONVERSION:

,24c No. N-6030-001 CCNNb. CCN

Sheet 123 Of 281
-

F.EV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE |

__ J. Schulz 811512003 D. T. Dexheimer 8115/2003 = =
__ ,z

SONGS
16575-167
N-6030-001
0
1*

2
69 - Number of size groups
0.00375 - Mean drop diameter (cm)
95.0 - Air-steam temperature (deg.)
95.0 - Droplet temperature (degC)
3393 - rsitial velocity (cm/sec)
10 - Initial angle
79.81 - Spray fall height Ift) - 049-4"-C-KEO
2 - 1.Trajectory, 2-lambda
2 - Print individual drop paraneters
1 - 1-'NRC E model, 2- Entered E value
8389 - Elemental Iodine partition coefficient
2 - Ci.Lculate organic iodine removal (lyes, 2-no)
13.79 - Flow per nozzle (gpm)
28 - Number of nozzles
I - T4irrperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
2 - Another case? (1-yes, 2-no)

9.2.1.1.11 12-100.in
8
12-100.out
12 Spray Temperature Paraiietrics.
Jorge Schulz
SONGS
16575-167
N-6030-001
0

9
2
69 - Number of size groups
0.00375 - Mt-an drop diameter (cm)
100.0 - A:.r-steam temperature (degC)
100.0 - D::oplet temperature (degC)
3393 - Initial velocity (cm/sec)
10 - Ittitial angle
79.81 - Spray fall height (ft) - C49-4'-C-KEO
2 - 1-Trajectory, 2-lambda
2 - P::int individual drop parameters
I - 1.QNRC E model, 2- Entered E value
8385 - Elemental Iodine partition coefficient
2 - Callculate organic iodine removal (1-yes, 2-no)
13.79 - FLow per nozzle (gpm)
28 - Nimber of nozzles
1 - Temperature difference between air and wall (degC)
601519 - E:Efective plateout area
1907000 - Sprayed volume
2 - kiother case? (1-yes, 2-nc)

9.Z1..12 12 - In
8

'E26-426 REV.2 [REFERENCE: S0123-X)OV-7.151 N.6030-001 Rev0.doc
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E&TS DEPARTMENT

CALCULATION SHEET
Project or DCPIFCNIECP _

StubJect Containment Aerosol and Iodine Removal Rates

ICCN NO.J.
IPRELIM. CCN NO. IPAGE OF.-F

I

CCN CONVERSION:
CCN N6. CCN:alc No. N-6030-001 .

Sheet 124 of 281

12-105.out
12 Spray Temperature Paranetrics
Jorge Schulz
SONGS
16575-167
N-6030-001
0
1
9
2
69 - N mber of size groups
0.00375 - Mean drop diameter (cm)
105.0 - ALr-steam temperature cde'3C)
105.0 - Droplet temperature (degCl
3393 - I:ntial velocity (cm/sec)
10 - Initial angle
79.81 - S:,ray fall height (ft) - 149-4"-C-KEO
2 - IsTrajectory, 21lambda
2 - Print individual drop par-meters
1 - 1 -NRC E model, 2- Entered E value
8389 - Elemental Iodine partition coefficient
2 - C3lculate organic iodine removal (lyes, 2=no)
13.79 - Flow per nozzle (gpmn)
28 - Nimber of nozzles
1 - T!mperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - S.rayed volume
2 - Mlother case? (1-yes, 2-no)

9,.2.1.13 12-110.in
8
I2-110.out
12 Spray Temperature Parametrics
Jorge Schulz
SONGS
16575-167
1N-6030-001
0
1
9
2
69 - Nimber of size groups
0.00375 - NMan drop diameter (cm)
110.0 - ALr-steam temperature (de-7C)
110.0 - Droplet temperature IdegC)
3393 - Ilitial velocity (cm/sec)
10 - Ilitial angle
79.81 - Spray fall height (ft) - D49-4-C-KEO
2 - 1-Trajectory, 2-lambda
2 - Print individual drop parameters
1 - 1INRC E model, 2- Entered E value
8389 - Elemental Iodine partition coefficient
2 - Cilculate organic iodine removal (1=yes, 2-no)
13.79 - Flow per nozzle (gpm)
28 - Nnmber of nozzles
1 - Tamperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - S:rayed volume
2 - Aiother case?' (1-yes, 2=nD)

0t~t ZDAZ KrV. Z JlrtrtKNUt: bDUlZ4IAAV-1.l>0J *'N-eu30-001 Rev 0.doc .

N-6030-001



_E&TS DEPARTMENT

CALCULATrION SHEET

Project or DCPtFCWECP _

Subject Containment Aerosol and Iodine Removal Rates

IICCN NO.1
PRELIM. CCN NO. PAGE OF

.

CCN CONVERSION:
CCN NO. CCN ICalc No. N-6030-001

Sheet 125 of 281

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE g
- .Schz VIso -. T.Dexheimer- . -__=
3. Schulz 91815/003 ID T.Dexheimer 8/520 jWAE~

9.2.1.1.14 I2-120.in
8
12-120.out
12 Spray Temperature Parametrics
Jorge Schulz
SONGS
16575-167
N-6030-001
0
1
9
2
69 - Number of size groups
0.00375 - Mean drop diameter (cm)
120.0 - Air-steam. temperature (deg')
120.0 - Droplet temperature (degC)
3393 - Initial velocity (cm/sec)
10 - Initial angle
79.81 - SFray fall height (ft) - 049-4--C-KEO
2 - 1-Trajectory, 2-1ambda
2 - Pxint individual drop parameters
1 - 1-NRC E model, 2- Entered E value
8389 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (I-yes, 2-no)
13.79 - F]ow per nozzle (gpm)
28 - Nt.mber of nozzles
1 - Temperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
2 - ATiother case? (1-yes, 2-nc,)

9.2.LI1.S 12-130.in
8
12-130.out
I2 Spray Temperature Paranetrics
Jorge Schulz
SONGS
16575-167
N-6030-001
0
1
9
2
69 - Nimber of size groups
0.00375 - )san drop diameter (cm)
130.0 - ALr-steam temperature (de;C)
130.0 - Dcoplet temperature (degCl
3393 - lTitial velocity (cm/sec)
10 - Imitial angle
79.81 - Spray fall height (ft) - D49-49-C-KEO
2 - 1-Trajectory, 2-lambda
2 - Print individual drop paremeters
1 - 1-NRC E model, 2- Entered E value
8389 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (2-yes, 2-no)
13.79 - Flow per nozzle (gpm)
28 - Number of nozzles
1 - Temperature difference between air and wall (degC)
601519 - Effective plateout area

-� L
SC;E 20-420 M�V. 2 jtI�N�� s�i�s-�xiv-i.i�j f'l-CO�D-UU1 KSV usoc
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E&TS DE DARTMENT

CALCULATION SHEET

Project or DCPIFCNIECP 4
Subject Containment Aeroscl and Iodine Removal Rates

ICCN NO.1[ PRELIM. CCN NO. PAGE _OF_

CCN CONVERSION:
CCN NO. CCN:Calc No. N-6030-001

Sheet 126 Of 281

REV ORIGINATOR . DATE IRE DATE REV .ORIGINATOR DATE IRE DATE

_ J. Schulz 8/15n203 D.T.Dexheimer 8/1512003 = = W.-2
1907000
2

- Sprayed volume
- knother case? (1-yes, 2-no)

9.2.1.2 Injection Phase Input File (i2-boric.in)
8
12-boric.out
12 Spray Removal - Injection
Jorge Schulz
SONGS
16575-167
N-6030-001
0
2
9
2
69 - 'Number of size groups
0.00375 - 'Sean drop diameter (cm)
129.9 - kir-steam temperature (degC)
129.9 - Droplet temperature (degc)
3393 - Initial velocity (cm/nec)
10 - Initial angle
79.81 - Spray fall height (ft) - 049-4"-C-KEO
2 - 1-Trajectory, 2=lambda
2 - Print individual drop parameters
1 - 1-NRC E model, 2= Entered E value
200 - Elemental Iodine partition coefficient
2 - :alculate organic iodine removal (1-yes, 2=no)
13.79 - Flow per nozzle Cgpm)
28 - Number of nozzles
1 - remperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - another case? (1-yes, 2-no)
2
69 - Number of size groups
0.00375 - Sean drop diameter (cm)
129.9 - kir-steam temperature (degC)
129.9 - Droplet temperature (degC)
3393 - Initial velocity (cm/sec)
45 - Initial angle
79.81 - Spray fall height (ft) - 049-49-C-KEO
2 - I-Trajectory, 2-lambda
2 - Print individual drop parameters
1 - 1-NRC E model, 2- Entered. E value
200 - Elemental Iodine partition coefficient
2 - .alculate organic iodine removal (1-yes, 2-no)
13.79 - Flow per nozzle (gpm)
28 - 'Number of nozzles
1 - Temperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Another case? (l-yes, 2-ro)
2
69 - Number of size groups
0.00375 - dean drop diameter (cm)
129.9 - hir-steam temperature (digC)
129.9 - Droplet temperature (degC)
3393 - Initial velocity (cm/sec)
10 - Initial angle
85.60 - Spray fall height (ft) - 043-41-C-KEO

a-SOE 26.426 REV. 2 [REFERENCE: S0123-XXIV-7.151 N4e03G001 Rev OASoe

N-6030-001



E&TS DEPARTMENT

CALCULATION SHEET

Project or DCPIFCNIECP __I
Subject Containment Aeroso! and Iodine Removal Rates

| ICCN NO./ 1
PRELIM. CCN NO. PAGE __OF

I I
CCN CONVERSION:

Ialc No. N-6030O1 tCN NO. CCN

___ Sheet 127 Of 281

REY| ORIGINATOR DATE IRE DATE IREV ORIGINATOR DATE IRE DATE

0 J. Schulz 8/1 52003 D. T. Dexheimer OR1IGIT D
_= =_. -

2 - 3-Trajectory, 2-lambda
2 - Erint individual drop parameters
1 - 2-NRC E model, 2= Entered E value
200 - Elemental Iodine partition coefficient
2 - Calculate organic iodine r.emoval (lyes, 2=no)
13.79 - flow per nozzle (gpm)
28 . - t umber of nozzles
1 - lemperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - ;nother case? (l-yes, 2-no)
2
69 - fumber of size groups
0.00375 - t:ean drop diameter (cm)
129.9 . - Y.ir-steam temperature (de(IC)
129.9 - troplet temperature (degC)
3393 - Initial velocity (cm/sec)
45 - 3nitial angle
85.60 - Spray fall height (ft) - 043-4"-C-REO
2 - 1-Trajectory, 2-1ambda
2 - Erint individual drop parameters
1 - I=NRC E model, 2- Entered E value
200 - Elemental Iodine partition coefficient
2 - C-alculate organic iodine removal (1-yes, 2-no)
13.79 - Elow per nozzle (gprn)
28 - humber of nozzles
1 - 'emperature difference between air and wall (degC)
601519 - E;ffective plateout area
1907000 - Sprayed volume
I - tnother case? (1-yes, 2-no)
2
69 - )lumber of size groups
0.00375 - tEean drop diameter (cm)
129.9 - tir-steam temperature (degC)
129.9 - Droplet temperature (degCj
3393 - Initial velocity (cm/sec)
0 - 3nitial angle
105.83 - Spray fall height (ft) - 045-4"-C-KEO
2 - ]-Trajectory, 2-lambda
2 - Print individual drop parameters
1 - 3-NRC E model, 2- Entered E value
200 - E:lemental Iodine partition coefficient
2 - t:alculate organic iodine removal (1-yes, 2-no)
13.79 - 'low per nozzle (gpm)
20 - tiumber of nozzles
1 - Temperature difference between air and wall (degCl
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Jnother case? (1-yes, 2-no)
2
69 - lusber of size groups
0.00375 - tlean drop diameter (cm)
129.9 - Jhir-steam temperature (deqC)
129.9 - Vroplet temperature (degC)
3393 - xnitial velocity (cm/sec)
89 - I:nitial angle
105.83 - !;pray fall height Ift) - 045-4"-C-KEo
2 - L.-Trajectory, 2-1ambda
2 - Print individual drop parameters
1 - L.-NRC E model, 2- Entered E value
200 - Ilemental Iodine partition coefficient

SCE26-426 REV.2 (REFERENCE. S0123-XXIV-7.151 N6030-001 Rev 'Od

N-6030-C)01



E&TS DEPARTMENT

CALCULATION SHEET

Project or DCPIFCNIECP ___

Stubject Containment Aerosol and Iodine Removal Rates

I ICCN NO.J l
PRELIM. CCN NO. IPAGE -OF I

CCN CONVERSION:
_c No. N-6030_00_ _ I CCN Ne. CCN1

Sheet 128 of 281
-

FREV ORIGINATOR DATE IDATE REV ORIGINATOR DATE IRE

__ 0 J. Schulz 8/11Sf27003 T DexeiIner 5203
0.

*2 - C.lculate organic iodine removal (1-yes, 2=no)
13.79 - Flow per nozzle (gpm)
20 - Ntmber of nozzles
1 - trmperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Another case? (1-yes, 2-no)
2
69 - 14mber of size groups
0.00375 - Mean drop diameter (cm)
129.9 - A'.r-steam temperature (deg.)
129.9 - D.,oplet temperature (degC)
3393 - Initial velocity (cm/sec)
0 - Initial angle
108.11 - Spray fall height (ft) - 051-4"-C-KEO
2 - l-Trajectory, 2=lambda
2 - P::int individual drop parameters
1 - le.NRC E model, 2- Entered E value
200 - E:Lemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - F.Low per nozzle (gpm)
20 - Number of nozzles
1 - Terperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
I - Another case? (1-yes, 2-no)
2
69 - Namber of size groups
0.00375 - Mean drop diameter (cm)
129.9 - ALr-steam temperature (deg;C)
129.9 - Droplet temperature (degC)
3393 - Imitial velocity (cm/sec)
89 - Ilitial angle
108.11 - Spray fall height (ft) - (151-4"-C-KEO
2 - 1-Trajectory, 2=lambda
2 - Print individual drop parameters
1 - 1-NRC E model, 2- Entered E value
200 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - Flow per nozzle (gpm)
20 - number of nozzles
1 - Temperature difference bel:ween air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
I - Another case? (1-yes, 2-no)
2
69 - Number of size groups
0.00375 - Yean drop diameter (cm)
129.9 - Air-steam temperature (deoC)
129.9 - croplet temperature (degC
3393 - initial velocity (cm/sec)
0 - Initial angle
117.43 - Spray fall height (ft) - 052-2.5 -C-KEO
2 - I-Trajectory, 2-lambda
2 - Irint individual drop parameters
1 - 3=NRC E model, 2- Entered E value
200 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2=no)
13.79 - Flow per nozzle (gpm)
10 - blubter of nozzle3
I - Temperature difference between air and wall (degC)

SCE26-426 REV.2 [REFERENCE: S0123-XXIV-7.151 N-6030001 ReatOdoc

a. trn-% nn-1



E&TS DEPARTMENT ICCN NOPE

CALCULATION SHEET PRELIM. CCN NO. PAGE OF
I CN CONVERSION:

Pioject or DCPIFCNIECP Calc No. N-6030001 C N
Subject Containment Aerosol and Iodine Removal Rates Sheet 129 of 281

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

0 @ J. Schulz /15/2003 D. T. Dexheimer 8/1512003 .i 0
_ TV = _ , _

601519 - EEfective plateout area
1907000 - Sprayed volume
1 - Aiother case? (1-yes, 2-no)
2
69 - Nimber of size groups
0.00375 - M!an drop diameter (cm)
129.9 - Air-steam temperature (de(C)
129.9 - Droplet temperature (degCi
3393 - I~itial velocity icm/sec)
45 - Iaitial angle
117.43 - Spray fall height (ft) - 052-2.5"-C-KEO
2 - 1-Trajectory, 2-lambda
2 - Print individual drop parameters
1 - 1-NRC E model, 2= Entered E value
200 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - Flow per nozzle (gpm)
10 - Number of nozzles
I - temperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Another case? (1=yes, 2-no)
2
69 - Number of size groups
0.00375 - Mean drop diameter (cm)
129.9 - Air-steam temperature (degC)
129.9 - Droplet temperature (degC)
3393 - Initial velocity (cm//ec)
0 - Initial angle
118.47 - Spray fall height (ft) - 046-2.5"-C-KEO
2 - -Trajectory, 2-lambda
2 - Print individual drop parameters
1 - 1-NRC E model, 2= Entered E value
200 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.?9 - Elow per nozzle (gpm)
10 - Number of nozzles
1 - temperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Another case? (1-yes, 2-no)
2
69 - Number of size groups
0.00375 - Nean drop diameter (cm)
129.9 - Air-steam temperature (degC)
129.9 - Croplet temperature (degC)
3393 - Initial velocity (cm/sec)
45 - Initial angle
118.47 - Spray fall height (ft) - 046-2.5'-C-KEO
2 - I-Trajectory, 2-lambda
2 - Erint individual drop parameters
1 - 3-NRC E model, 2- Entered E value
200 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - Ilow per nozzle (gpm)
10 - lumber of nozzles
1 - Temperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Eprayed volume
2 - another case? (1-yes, 2-no)
2

YE 2.6426 REV.2 [REFERENCE: S0123-XXIV.7.1¶5 N4030-001 Rev doc
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E&TS DEPARTMENT

CALCULATION SHEET

Project or DCPIFCNIECP ___

Subject Containment Aeroso. and Iodine Removal Rates

I ICCN NO.1
I PRELIM. CCN NO. I PAGE OF

;alc No. N-6030-001
CON CONVERSION:

I CN NO. CCN

Sheet 130 Of 281
-

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

0 J. Schulz 8115t2003D. T. Dexheimer 8115/2003 2; i=_~~ = -=a

9.2.1.3 30 min to 2; hr Input File (i2-maxOl.in)
8
I2-maxOl.out
I2 Spray Max
Jorge Schulz
SONGS
16575-167
N-6030-001
0
2
9
2
69
0.00375
85.3
85.3
3393
10
79.91
2
2
1
8300
2
13.79
28
1
601519
1907000
1
2
69
0.00375
85.3
85.3
3393
45
79.81
2
2
1
8300
2
13.79
28
1
601519
1907000
1
2
69
0.00375
85.3
85.3
3393
10
95.60
2

Temp 30 min - 2 hr

- Number of size groups
- Vean drop diameter (cm)
- Air-steam temperature (degC)
- rroplet temperature (degC)
- Initial velocity (cm/sec)
- Initial angle
- Spray fall height (ftM - 049-4"-C-YEO
- 1-Trajectory, 2-lambda
- Print individual drop parameters
- 1-NRC E model, 2- Entered E value
- Elemental Iodine partition coefficient
- Calculate organic iodine removal (1-yes, 2-no)
- flow per nozzle (gpm)
- Number of nozzles
- Temperature difference between air and wall (degC)
- Effective plateout area
- Sprayed volume
- Another case? (1-yes, 2=no)

- Number of size groups
- vean drop diameter (cm)
- Air-steam temperature (degC)
- Droplet temperature (degC)
- Initial velocity (cm/sec)
- Initial angle
- Spray fall height (ftM - 049-40-C-KEO
- l-zrajectory, 2=lambda
- Print individual drop parameters
- 1-NRC E model, 2- Entered E value
- Elemental Iodine partition coefficient
- Calculate organic iodine removal (1-yes, 2-no)
- Flow per nozzle (gpm)
- Number of nozzles
- Temperature difference between air and wall (degC)
- Effective plateout area
- Sprayed volume
- Another case? (1-yes, 2-no)

- Number of size groups
- Mean drop diameter (cm)
- Air-steam temperature (degC)
- Oroplet temperature (degC)
- Initial velocity (cm/secd
- Initial angle
- Spray fall height (ft) - 043-4'-C-REO
- 1-Trajectory, 2-lambda

a-SC;E26426 REV. 2 [REFERENCE: 80123-XXIV-7.15j N-6030-001 Rev Odoc

N-6030-001



E&TS DEPARTMENT

CALCULATION SHEET
. Project or DCPIFCNtECP __C

Subject Containment Aerosol and Iodine Removal Rates

| ICCN NO.! I
PREUM. CCN NO. I PAGE __OF

CCN CONVERSION:
Calc No. N-030001 CCN NO. CCN

ShIet O31 of 281
-

REV ORIGINATOR DATE IRE |DATE REV |ORIGINATOR |DATE IRE |DATE | ,

- . Schutz 8n15e200: D.T.Dexheimer 8/15/2003 j IR I q

0

2 - I'rint individual drop parameters
1 - :.-NRC E model, 2- Entered E value
8300 - Elemental Iodine partitio:i coefficient
2 - C:alculate organic iodine removal (layes, 2-no)
13.79 - Vlow per nozzle (gpm)
28 - Ilumber of nozzles
1 - l'emperature difference between air and wall (degC)
601519 - lUffective plateout area
1907000 - 3prayed volume
1 - Mnother case? (1-yes, 2-no)
2
69 - llumber of size groups
0.00375 - Hean drop diameter (cm)
85.3 - hir-steam temperature (degC)
85.3 - I)roplet temperature (degC)
3393 - ::nitial velocity (ca/sec)
45 - ::nitial angle
85.60 - :pray fall height (ft) - 043-4"-C-KEo
2 - :L-Trajectory, 2-lambda
2 - I?rint individual drop parameters
1 - :l-NRC E model, 2= Entered E value
8300 - E~lemental Iodine partition coefficient
2 - s;alculate organic iodine removal (1-yes, 2=no)
13.79 - l-low per nozzle (gpn)
28 - Number of nozzles
1 - Temperature difference between air and wall (degCl
601519 - ]2ffective plateout area
19070D0 - :;prayed volume
I - Another case? Li-yes, 2-no)
2
69 - nlumber of size groups
0.00375 - Mlean drop diameter (cm)
85.3 - Air-steam temperature (degC)
85.3 - I)roplet temperature (degC)
3393 - Initial velocity (cm/sec)
0 - .Initial angle
105.83 - Spray fall height (ft) - 045-4"-C-EEO
2 - I-Trajectory, 2-lambda
2 - Print individual drop parameters
1 - I-NRC E model, 2- Entered E value
8300 - :lemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2=no)
13.79 - Flow per nozzle (gpm)
20 - Number of nozzles
1 - remperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Another case? (1-yes, 2-no)
2
69 - lumber of size groups
0.00375 - :1ean drop diameter (cm)
85.3 - Air-steam temperature (degC)
85.3 - Droplet temperature (degC)
3393 - knitial velocity (cm/see)
89 - rnitial angle
105.83 - spray fall height (ft) - 045-4"-C-KEO
2 - I-rajectory, 2-lambda
2 - Print individual drop parameters
1 - k-NRC E model, 2= Entered. E value
8300 - Elemental Iodine partiticn coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)

SCE26426 REV.2 (REFERENCE: S0123-XXIV-7.151 N4030O01RevO.doc
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E&TS DEPARTMENT ICCN NO

CALCULATION SHEET I PRELIM.CCN NO. I PAGE OF_
CCN CONVERSION:

Project or DCPIFCNIECP CaIc No. N-6030-001 N

Subject Containment Aerosol and Iodine Removal Rates ' Shoet 132 of 281

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE W

0 I J. Schutz 18115/2003 D.T.Dexheimer 85nf2003 q =

4....
13.79 - Flow per nozzle (gpm)
20 - Number of nozzles
1 - Temperature difference bet:ween air and wall (degc)
601519 - Effective plateout area
1907000 - Sprayed volume
I - Another case? (1-yes, 2-no)
2
69 - Vumber of size groups
0.00375 - Fean drop diameter lcm)
85.3 - Fir-steam temperature (deqC)
85.3 - troplet temperature (degC)
3393 - Initial velocity (cm/sec)
0 - Initial angle
108.11 - Spray fall height (ftl - 051-4"-C-KEO
2 - ]-Trajectory, 2-lambda
2 - Irint individual drop parameters
1 - I-NRC E model, 2- Entered E value
8300 - elemental Iodine partition coefficient
2 - (:alculate organic iodine removal (1-yes, 2-no)
13.79 - Flow per nozzle (gpm)
20 - Yumber of nozzles
1 - Temperature difference between air and wall (degCl
601519 - Iuffective plateout area
1907000 - S;prayed volume
1 - hnother case? (1.yes, 2-no)
2
69 - ltumber of size groups
0.00375 - Hlean drop diameter (cm)
85.3 - )Ur-steam temperature (degC)
85.3 - Droplet temperature (degC)
3393 - ::nitial velocity (cm/sec)
89 - ::nitial angle
108.11 - :;pray fall height (ft) - 051-4'-C-KEO
2 - 'I-Trajectory, 2-lambda
2 - Print individual drop parameters
1 - :L-NRC E model, 2- Entered E value
8300 - .lemental iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - Tlow per nozzle (gpm)
20 - Number of nozzles
1 - Temperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - sprayed volume
1 - Another case? (1-yes, 2-no)
2
69 - NJumber of size groups
0.00375 - :Aean drop diameter Icm)
85.3 - kir-steam temperature (degC)
85.3 - Droplet temperature (degC)
3393 - Initial velocity (cm/sec)
0 - Initial angle
117.43 - Spray fall height (ft) - 052-2.5"-C-KEO
2 - 1-Trajectory, 2-lambda
2 - Print individual drop paiameters
1 - I-NRC E model, 2- Entered E value
8300 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - Flow per nozzle (gpm)
10 - Number of nozzles
1 - Temperature difference between air and wall (degC)
601519 - Effective plateout area

3CE26426 REV.2 IREFERENCE: S0123-XXUV-7.15J N-603D0O01 Rev 0.doc
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E&TS DEPARTMENT

CALCULATION SHEET

Project or DCPiFCNIECP ___

S ubject Containment Aerosol and Iodine Removal Rates

I ICCN NO.J
PRELIM. CCN NO. . PAGE OF

CCN CONVERSION:
L CCN N. CCNCalc No. N-6030-001

Sheet 133 of 281

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE | IRE DATE |

0 1. Schulz 8/15/2003 D. T. Dexheimer 8/15/2003 1 .ex
__ ' _ I1 1

1907000
1
2
69
0.00375
85.3
85.3
3393
45
117.43
2
2
1
8300
2
13.79
10
1
601519
1907000
1
2
69
0.00375
85.3
85.3
3393
0
116.47
2
2
1
8300
2
13.79
10
1
601519
1907000
1
2
69
0.00375
85.3
85.3
3393
45
118.47
2
2
1
8300
2
13.79
10
1
601519
1907000
2
2

- Sprayed volume
- Another case? (1-yes, 2-nc)

- Number of size groups
- Mean drop diameter (cm)
- A:.r-steam temperature (degC)
- D:;oplet temperature (degC)
- Initial velocity (cm/sec)
- Initial angle
- Spray fall height (ft) - 052-2.5"-C-XEO
- l.Trajectory, 2-lambda
- P::int individual drop parameters
- 1-NRC E model, 2- Entered E value
- E:.emental Iodine partition coefficient
- Calculate organic iodine removal (l-yes, 2-no)
- F:.ow per nozzle (gpm)
- Nimber of nozzles
- Temperature difference between air and wall (degC)
- E:Vfective plateout area
- Sprayed volume
- Another case? (1-yes, 2=no)

- Number of size groups
- Moan drop diameter (cm)
- A:.r-steam temperature (decC)
- Dr:oplet temperature (degC)
- Initial velocity (cm/sec)
- Initial angle
- Spray fall height (ft) - 046-2.5"-C-KEO
- 1--Trajectory, 2-lambda
- P::int individual drop parameters
- 1--NRC E model, 2- Entered E value
- ELemental Iodine partitior coefficient
- Cailculate organic iodine removal (1-yes, 2-no)
- F.Low per nozzle (gpm)
- Nnumber of nozzles
- Temperature difference between air and wall (degC)
- E:lfective plateout area
-Sprayed volume
-Another case? (1-yes, 2-nc,)

- Number of size groups
- Mean drop diameter (cm)
- A:.r-steam temperature (de;cC)
- D::oplet temperature (degC)
- Ixitial velocity (cm/sec)
- Initial angle
- Spray fall height (ft) - C'46-2.5'-C-KEO
- l'Trajectory, 2-lambda
- P::int individual drop parameters
- 1-NRC E model, 2- Entered E value
- E:lemental Iodine partition coefficient
- Calculate organic iodine removal (1-yes, 2-no)
- F:Low per nozzle (gpm)
- NKmber of nozzles
- Temperature difference between air and wall (degC)
- EMfective plateout area
- sprayed volume
- Another case? (1-yes, 2=nc)

q

I
i
i

i
i
i

I'. - - - - - -. -- - - - - - - - a -
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E&TS DEPARTMENT ICCN NOJ

CALCULATION SHEET PRELIM. CCN NO. PAGE OF_
CON CONVERSION:

Project or DCPIFCNIECP _CC Cai No. N-030^0O1 . CN NO. CCN
Sublect Containment Aerosol and Iodine Removal Rates Sheet 134 of 281

WV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE | DATE i

O_ J. Scul 951003 D. T. Dxheim r81IM203 _ = . = jO

9.2.1A 2 to 4 hr Inpiit FHe (i2-max2.in)
B
12-max02.out
12 Spray Max Temp 2 - 4 hr
Jorge Schulz
SONGS
16575-167
N-6030-001
0
1
9
2
69 - Nurber of size groups
0.00375 - Mean drop dianeter (cm)
100.7 - Aix-steam temperature (degCl
100.7 - Drcplet temperature (degC)
3393 - Initial velocity (cn/sec)
10 - Initial angle
79.81 - Spray fall height (ft) - 049-4"-C-KEO
2 - 1-Irajectory, 2-lambda
2 - Print individual drop parameters
1 - 1=tRC E model, 2- Entered E value
7900 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - Fl'w per nozzle (gpm)
28 - Nurber of nozzles
1 - Terperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Another case? (1-yea, 2-no)
2
69 - Numiber of size groups
0.00375 - Meam drop diameter (c=)
100.7 - Ai:.-steam temperature (degC:)
100.7 - Droplet temperature (degC)
3393 - In:Ltial velocity (cm/sec)
45 - InLtial angle
79.81 - Sp :ay fall height (ft) - 0419-4"-C-FEO
2 -- lTrajectory, 2-lambda
2 - PrLnt individual drop parameters
I - 1-ARC E model, 2= Entered 1: value
7900 - Zlemental Iodine partition coefficient
2 - CaLculate organic iodine removal (l=yes, 2-no)
13.79 - Flsw per nozzle (gpm)
28 - Nurber of nozzles
1 - Texperature difference between air and wall (degC
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Another case? (1-yes, 2-no)
2
69 - Number of size groups
0.00375 - Mean drop diameter (cm)
100.7 - Air-steam temperature (deg:)
100.7 - Droplet temperature (degC)
3393 - Itial velocity (cm/sec)
10 - Iritial angle
85.60 - SFray fall height (ft) - 043-4"-C-7EO
2 - lTsrajectory, 2-lambda
2 - Pxint individual drop parameters
1 - l"NRC E model, 2= Entered E value

=- __ - -I - - --- - -- __I - __e~ ,D4~ _~v A Ar rr'1t; u13A A~v. P-v.lAJ _IO U.OO
NV- Z",90 Kt~V. Z 1M~rttCtNtC DUlZd0-A7V.1U] N3W"UW1 Kev u.aoc



E&TS DEPARTMENT ICCN NO.|

CALCULATION SHEET I PRELIM. CCN NO. I PAGEOF_
CCN COWERSION:

Project or DCPIFCNIECP __ ac No. N-6030-001 CCN N. CCN
Subject Containmcnt Aerosol md Iodine Removal Rates Sheet 135 Of 281

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE | IRE | DATE |

O J. Schulz 8115/2003 D. T. Dexheimer 811S'003 - j I
__ = . =

7900 - Elemental Iodine partition. coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - Flow per nozzle (gpm)
28 - Number of nozzles
1 - Temperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Another case? ({-yes, 2-no)
2
69 - Vtumber of size groups
0.00375 - MoHan drop diameter (cm)
100.7 - A..r-steam temperature (del(C)
100.7 - Droplet temperature (degC)
3393 - Initial velocity (cm/sec)
45 - Initial angle
85.60 - Spray fall height (ft) - 043-4"-C-AEO
2 - I-Trajectory, 2=lasMbda
2 - P::int individual drop parameters
1 - 1--NRC E model, 2- Entered E value
7900 - E:Lemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - Flow per nozzle (gpm)
26 - Ninber of nozzles
1 - Temperature difference between air and wall IdegC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - AMother case? (1-yes, 2-no)
2
69 - mlnber of size groups
0.00375 - MKan drop diameter (cm)
100.7 - ALr-steam temperature (degC)
100.7 - Droplet temperature (degCI
3393 - Ilitial velocity (c=/sec)
0 - Isitial angle
105.83 - Spray fall height (ft) - 045-41-C-KEo
2 - 1-Trajectory, 2-larmbda
2 - Print individual drop parameters
1 - 1-NRC E model, 2= Entered E value
7900 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - Flow per nozzle (gpm)
20 - Number of nozzles
1 - Temperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Another case? (1-yes, 2-no)
2
69 - Number of size groups
0.00375 - Mean drop diameter (cm)
100.7 - Air-steam temperature (degC)
100.7 - Droplet temperature (degC)
3393 - Initial velocity (om/sec)
89 - Initial angle
105.83 - Spray fall height (ft) - 045-4'-C-KEO
2 - 1-Trajectory, 2-lambda
2 - Frint individual drop parameters
1 - 1-NRC E model, 2- Entered E value
7900 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (l-yes, 2-no)
13.79 - low per nozzle (gpm)
20 - rumber of nozzles

SGE 26-426 REV. 2 [REFERENCE: S0123-XXIV-7.15j N603D.001 R v.doc

N-6030-001.



E&TS DEFARTMENT

CALCULATION SHEET

Project or DCPIFCNIECP _

Subject Containment Aerosol and Iodine Removal Rates

ICCN NOJt
PRELIM. CCN NO. PAGE OF

CCN CO NVERSION:

Calc No. N-6030-001 CCN CN R CC8
Sheot 136 of 281

REV ORIGINATOR DATE IRE DATE REV .ORIGINATOR DAT * IRE DATE _

O J. Schulz 8/l5/2003 D. T. DexOeimer 8R1AT3 E IR
_ ._ Z

1 - Iemperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Another case? (1-yes, 2-no)
2
69 - Number of size groups
0.00375 - hean drop diameter (cm)
100.7 - Air-steam temperature (de!1C)
100.7 - rroplet temperature (degC:
3393 - Initial velocity (cm/sec)
0 - Initial angle
108.11 - Spray fall height (ft) - 051-4"-C-nEO
2 - I-Trajectory, 2-lambda
2 - Irint individual drop parameters
1 - 3-NRC E model, 2= Entered E value
7900 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (i-yes, 2-no)
13.79 - Elow per nozzle (gpm)
20 - tunber of nozzles
1 - Vemperature difference between air and wall (degC)
601519 - E:ffective plateout area
1907000 - !:prayed volume
1 - ZLnother case? (1-yes, 2-no)

.2
69 - Elumber of size groups
0.00375 - tlean drop diameter (cm)
100.7 - hir-steam temperature WdegC)
100.7 - Iroplet temperature (degC)
3393 - 3!nitial velocity {cm/sec)
89 - Initial angle
108.11 - Spray fall height (ft) - 051-4"-C-KEO
2 - 1-Trajectory, 2-lambda
2 - Print individual drop parameters
1 - .-NRC E model, 2- Entered E value
7900 - Ielemental lodine partition coefficient
2 - C:alculate organic iodine removal (1-yes, 2-no)
13.79 - IVlow per nozzle (gpm)
20 - lumber of nozzles
1 - !emperature difference between air and wall (degC)
601519 - Iffective plateout area
1907000 - :;prayed volume
1 - Minother case? (1-yes, 2=no)
2
69 - Ilumber of size groups
0.00375 .- Ilean drop diameter (cm)
100.7 - nir-steam temperature (degc)
100.7 - Droplet temperature (degC)
3393 - :nitial velocity (cm/sec)
0 - Initial angle
117.43 - :ipray fall height (ft) - 052-2.5"-C-XEO
2 - :L-Trajectory, 2-lambda
2 - :?rint individual drop parameters
1 - L-NRC E model, 2- Entered E value
7900 - :lemental Iodine partiticn coefficient
2 - Calculate organic iodine removal (I=yes, 2-no)
13.79 - Tlow per nozzle (gpm)
10 - :umber of nozzles
1 - remperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - .knother case? (2-yes, 2-ro)

SCE 26-426 REV.2 (REFERENCE: S0123-XXIV-7.151 N603o0401 RevOTdoX
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E&TS DEPARTMENT |CCN NOJ

CALCULATION SHEET PREUM. CCN NO. |_PAGE _OF

CN CONVE RIN

Project or DCPIFCNIECP Calc No. N-6030-001 CCN
Subject Containment Aerosol and Iodine Removal Rates ' Sheet 137 of 281

7FEV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE _

O J. Schulz W15M2003 D. T. Dexheimer 8115003
__ ==

2
69 - unmber of size groups
0.00375 - Mean drop diameter (cm)
100.7 - Air-steam temperature (degC)
100.7 - Dioplet temperature (degC)
3393 - Iritial velocity (cm/sec)
45 - Iritial angle
117.43 - SIray fall height (ft) - 0'i2-2.5"-C-KE0
2 - I-Trajectory, 2-lambda
2 - Print individual drop parameters
1 - 1-NRC E model, 2- Entered E: value
7900 - Elemental Iodine partition coefficient
2 - Ciiculate organic iodine removal (1-yes, 2=no)
13.79 - Flow per nozzle (gpm)
10 - Nixter of nozzles
1 - Temperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Another case? (1-yes, 2-no:
2
69 - Number of size groups
0.00375 - Mean drop diameter (cm)
100.7 - Air-stean temperature (degC)
100.7 - Droplet temperature (degC)
3393 - Initial velocity (crt/sec)
0 - Initial angle
118.47 - Spray fall height (ft) - 046-2.5"-C-KEO
2 - 1"errajectory, 2-lambda
2 - Print individual drop paraleeters
1 - 1.NRC E model, 2- Entered E value
7900 - El.emental Iodine partition coefficient
2 - Calculate organic iodine removal (lyes, 2-no)
13.79 - F:.ow per nozzle (gpm)
10 - Number of nozzles
1 - Temperature difference between air and wall (degc)
601519 - E:!fective plateout area
1907000 - Sprayed volume
1 - Another case? Cl-yes, 2-no)
2
69 - Number of size groups
0.00375 - Mean drop diameter (cm)
100.7 - X.r-steam temperature (degc)
100.7 - D::oplet temperature (degC)
3393 - Initial velocity (cm/sec)
45 - Initial angle
118.47 - Spray fall height (ft) - 016-2.5"-C-KEO
2 - le-Trajectory, 2-lambda
2 - Print individual drop parameters
1 - 1-NRC E model, 2= Entered E value
7900 - ELemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2=no)
13.79 - FLow per nozzle Igpm)
10 - Nimber of nozzles
1 - T'3mperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Srayed volume
2 - AMother case? (1-yes, 2=no)
2

SME 26426 REV. 2 (REFERENCE: S0123.XXIV-7.15] N-6030001 Rev doc
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E&TS DEP.ARTMENT ICCN NO.I

CALCULATION SHEET PRELIM. CCN NO. PAGE OF
CON CONVERSION:

Project or DCPIFCNIECP Calc No. N-6030-001 CN
Subject Contaimment Aerosol and Iodine Removal Rates Sheet 138 of 281

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE | IRE DATE i

-- J. Schulz 8115/2003 Dedeimer 8/15/2003 -

_ __ .

9.2.1.5 4 to 8 hr In put File (i2-max03.in)
6
12-max03. out
12 Spray Max Temp 4 - 8 h:
Jorge Schulz
SONGS
16575-167
N-6030-001
0
1 '*
9
2
69 - NRber of size groups
0.00375 - M~an drop diameter (cma)
95.3 - Alr-steam. temperature (degC)
95.3 - Deoplet temperature (degC)
3393 - Initial velocity (cm/sec)
10 - Initial angle
79.81 - S;?ray fall height (ft) - C49-41-C-EEO
2 - 1-Trajectory, 2-lambda
2 - Print individual drop parameters
1 - 1-NRC E model, 2- Entered E value
6900 - ELemental Iodine partitior. coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - FLow per nozzle (gpm)
28 - Nimber of nozzles
1 - Tnmperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - S.rayed volume
1 - Aaother case? (l-yes, 2-no)
2
69 - Nzmber of size groups
0.00375 - Maan drop diameter (cml
9S.3 - ALr-steam temperature (degC)
95.3 - Proplet temperature (degC)
3393 - Initial velocity (cm/sec)
45 - Initial angle
79.91 - Spray fall height tft) - (149-4"-C-CEO0
2 - 1-Trajectory, 2-lambda
2 - Print individual drop pareameters
1 - 1-NRC E model, 2= Entered E value
6900 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - Flow per nozzle (gpm)
28 - Number of nozzles
1 - Temperature difference bet:ween air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Another case? (1-yes, 2-no)
2
69 - Number of size groups
0.00375 - Mean drop diameter (cm)
95.3 - Air-steam temperature (dec;C)
95.3 - Droplet temperature (degCl
3393 - initial velocity (cm/sec)
10 - initial angle
85.60 - Spray fall height (ft) - 0143-4"-C-XEO
2 - 1-Trajectory, 2-lambda
2 - Print Individual drop parizmeters
1 - 1-NRC E model, 2- Entered E value

S':E26-426 REV.2 [REFERENCE: S0123-OV-7.15] * N-O-001 Rev v.do
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E&TS DEPARTMENT I ICCN NOJ

CALCULATION SHEET IPREIM. CCN NO. PAGE _OF
CCN CONVERSION:

Project or DCPIFCNIECP ._Calc No. N-6030-001 CN NO. CCN
Subject Containment Aerosol und Iodine Removal Rates Sheet 139 Of 281

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE W
- J-----

_0 J. Schulz U5/203 D. T. Dexbeimer 8/sn03 _
_ _

6900 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - Flow per nozzle (gpm)
28 - NHmber of nozzles
1 - 2imperature difference between air and wall (degC)
601519 - E1fective plateout area
1907000. - Sp~rayed volume
1 - Another case? (1-yes, 2-no)
2
69 - Nxmber of size groups
0.00375 - Mean drop diameter (cm)
95.3 - A:.r-steam temperature (degC)
95.3 - Diaoplet temperature (degC)
3393 - Initial velocity (cm/sec)
45 - Initial angle
85.60 - Spray fall height (ft) - C043-4"-C-KEO
2 - 1--Trajectory, 2-lambda
2 - P.:int individual drop parameters
1 - 1--NRC E model, 2- Entered E value
6900 - E:Lemental Iodine partition coefficient
2 - C.alculate organic iodine removal (1-yes, 2=no)
13.79 - F.Low per nozzle (gpm)
28 - Nimber of nozzles
1 - Timperature difference bet:ween air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - A.iother case? (i-yes, 2=no)
2
69 - Nxmber of size groups
0.00375 - Maan drop diameter (cm)
95.3 - Air-steam temperature (de;C)
95.3 - Droplet temperature (degC:.
3393 - Initial velocity (cm/sec)
0 - Initial angle
105.83 - Spray fall height (ft) - 045-4"-C-KEO
2 - I-Trajectory, 2-lambda
2 - Print individual drop parameters
1 - .1NRC E model, 2- Entered E value
6900 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1=yea, 2-no)
13.79 - Flow per nozzle (gpm)
20 - Number of nozzles
1 - 5emperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Another case? (lyes, 2-no)
2
69 - Fumber of size groups
0.00375 - Vean drop diameter (cm)
95.3 - ;.ir-ateam temperature (degC)
95.3 - Vroplet temperature (degC)
3393 - 3nitial velocity (cm/sec)
89 - Initial angle
105.83 - Spray fall height (ft) - 045-41-C-KEO
2 - ]-Trajectory, 2-lambda
2 - Print individual drop parameters
1 - 2.-NRC E model, 2= Entered E value
6900 - Ilemental Iodine partiticn coefficient
2 - calculate organic iodine removal (l-yes, 2-no)
13.79 - Ilow per nozzle (gpm)
20 - lumber of nozzles

CE 26426 REV.2 [REFERENCE $0123-XXlIV-7.151 N-6030-00i Rev d
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E&TS DEPARTMENT

CALCULATION SHEET

Project or DCPiFCNIECP C

Subject Containoent Aerosol and Iodine Removal Rats

ICCN NOJ |
PRELIM. CCN NO. |PAGE OF

CCN CONVERSION:

Calc No. N-6030h001 eCN N 4 CC
Shoot 140 of 281

REV ORIGINATOR DATE IRE DATE I REV ORIGNATOR DATE IRE DATE I

o J3. Schulz 8112003 D. T. Dexheimer 811512003 t =
1- Temperature difference between air and wall (degC)
601519 - Elfective plateout area
1907000 - Sprayed volume
1 - Another case? (1=yes, 2-no)
2
69 - Ntmber of size groups
0.00375 - Mwan drop diameter (cm)
95.3 - Air-steam temperature (deSIC)
95.3 - Droplet temperature (degC)
3393 - Irnitial velocity (cm/sec)
0 - Initial angle
108.11 - Spray fall height (ft) - 051-4"-C-KEO
2 - laTrajectory, 2-lambda
2 - Print individual drop parameters
1 - 1.NRC E model, 2= Entered E value
6900 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - Flow per nozzle (gpm)
20 - Ntumber of nozzles
I - Temperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volune
I - Another case? (1-yes, 2=no)
2
69 - Number of size groups
0.00375 - M!an drop diameter (cm)
95.3 - Ai.r-steam temperature (dec;C)
95.3 - Droplet temperature (degc)
3393 - Initial velocity (cm/sec)
89 - Initial angle
108.11 - Spray fall height (ft) - 051-4"-C-KEO
2 - 1%Trajectory, 2-lambda
2 - Print individual drop parameters
1 - IsNRC E model, 2- Entered E value
6900 - Elemental Iodine partition.coefficient
2 - Culculate organic iodine removal (1-yes, 2-no)
13.79 - Flow per nozzle (gpm)
20 -. Number of nozzles
I - Temperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Another case? (1-yes, 2=no)
2
69 - Number of size groups
0.00375 - Mean drop diameter (cm)
95.3 - Ai.r-steam temperature (degC)
95.3 - Droplet temperature (degC]
3393 - Initial velocity (cm/sec)
O - Initial angle
117.43 - Spray fall height (ft) - 052-2.5"-C-KEO
2 - 1:Trajectory, 2-lambda
2 - Print individual drop parameters
1 - l2NRC E model, 2- Entered E value
6900 - ELemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - FLow per nozzle (gpmn)
10 - Number of nozzles
1 - Temperature difference between air and wall (degC)
601519 - E:!fective plateout area
1907000 - Sprayed volume
1 - Another case? Cl-yes, 2=no)
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E&TS DEPARTMENT ICCN NO]

CALCULATION SHEET PRELIM. CCN NO. | PAGE OF
PCN CONVERSION:

Project or DCPIFCNIECP Calc No. N-6030-001 PCC It
Subject Containment Aerosol and Iodine Removal Rates Sheet 141 Of 281

REV ORIGINATOR DATE . IRE DATE REV ORIGINATOR DATE IRE DATE |

o J. Schutz 8151003 D.T.Dexheimer 8/1512003 i I
__ ' _ ._. = 5

2
69 - Nimber of size groups
0.00375 - Haan drop diameter (cm)
95.3 - Air-steam temperature (degC)
95.3 - Droplet temperature (degC)
3393 - Initial velocity (cm/sec)
45 - Initial angle
117.43 - Spvray fall height (ft) - 052-2.5'-C-KEO
2 - l-Trajectory, 2-lambda
2 - Print individual drop parameters
1 - l-NRC E model, 2- Entered E value
6900 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (i-yes, 2-no)
13.79 - Flow per nozzle (gpm)
10 - Naber of nozzles
1 - Temperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Another case? (1-yes, 2-nc)
2
69 - Number of size groups
0.00375 - Mean drop diameter (cm)
95.3 - Air-3team temperature (dectC)
95.3 - Droplet temperature (degC)
3393 - Initial velocity (cm/sec)
0 - Initial angle
118.47 - Spray fall height (ft) - (046-2.5"-C-KEO
2 - 1-Trajectory, 2-lambda
2 - Print individual drop parameters
I - 1-NRC E model, 2- Entered E value
6900 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - Flow per nozzle (gpm)
10 - Number of nozzles
1 - Temperature difference between air and wall (degC)
6D1519 - Effective plateout area
1907000 - Sprayed volume
1 - Another case? (1-yes, 2-no)
2
69 - Numter of size groups.
0.00375 - Mean drop diameter (cm)
95.3 - Air-steam temperature (degC)
95.3 - Droplet temperature {degCI
3393 - Initial velocity (cm/aec)
45 - Initial angle
118.47 - Spray fall height (ft) - 046-2.5"-C-KEO
2 - 1-Trajectory, 2=lambda
2 - Print individual drop parameters
1 - 1-NRC E model, 2- Entered E value
6900 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - flow per nozzle (gpm)
10 - Number of nozzles
1 - Temperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - sprayed volume
2 - Pnother case? (1-yes, 2-no)
2
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E&TS DEPARTMENT

CALCULATION SHEET
Project or DCPIFCNIECP I
Subject Containment Aeroso'. and Iodine Removal Rates

ICCN NOJ
PRELIM. CCN NO. PAGE __OF_

Calc No. N-6030001
CCN CONVERSION:
CCN NO. CCN

Sheet 142 of 281

REV ORIGINATOR DATE IRE DATE ! REV ORIGINATOR DATE IRE DATE _

0 J. Schulz 8/15/2003 D.eT.Dxheimer 8115/2003 j -

9.2.1.6 8 to 13.8 hr Input File (i2-max04.in)

12-maxO4.out
12 Spray Max Temp 8 - 13.8 hr
Jorge Schulz
SONGS .
16575-167
N-6030-001
0
1
9
2
69 - Zumber of size groups
0.00375 - Fean drop diameter (cm)
87.2 - ;ir-steam temperature (decrC)
87.2 - Droplet temperature (degC)
3393 - Initial velocity (cm/3ec)
10 - initial angle
79.81 - Spray fall height (ft) - 049-4"-C-EEO
2 - 3-Trajectory, 2-1ambda
2 - lrint individual drop parameters
1 - 2-NRC E model, 2- Entered E value
5400 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - Elow per nozzle (gpm)
28 - lumber of nozzles
1 - lemperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - prayed volume
1 - nother case? (1-yes, 2-no)
2
69
0.00375
87.2
87.2
3393
45
79.81
2
2
1
5400
2
13.79
28
1
601519
1907000
1
2
69
0.00375
87.2
87.2
3393
10
85.60
2
2
1

- Fumber of size groups
- Mrean drop diameter (cm)
- Zir-steam temperature (des;C)
- Iroplet temperature (degC1
- Initial velocity (cm/sec)
- Initial angle
- !pray fall height (ft) - 049-4"-C-KEO
- I-Trajectory, 2=lambda
- Erint individual drop parameters
- I-NRC E model, 2- Entered E value
- Elemental Iodine partition coefficient
- Calculate organic iodine removal 1l-yes, 2-no)
- EIlow per nozzle (gpm)
- I'umber of noz2zles
- Temperature difference bet:ween air and wall (degC)
- Lftective plateout area
- sprayed volume
- Lnother case? {1-yes, 2=no)

- Ifumber-of size groups
- flean drop diameter (cm)
- Mr-steam temperature (de(IC)
- Droplet temperature (degcI
- Initial velocity Ccm/sec)
- 2nitial angle
- f:pray fall height (ft) - 043-4"-C-KEO
- 1.Trajectory, 2-lambda
- Print individual drop parLameters
- I-NRC E model, 2= Entered E value

& -
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E&TS DEPARTMENT

CALCULATION SHEET

Project or DCPiFCNlECP _tI
SuLbject Containment Aerosol .md Iodine Removal Rates

ICCN NO.J
PRELIM. CCN NO. PAGE OF

CCN CONVERSION:

Csilc No. N-6030-001 CON NO. CCN
ShOOt 143 Of 281

PEV ORIGINATOR DATE IRE DATEI REV ORIGINATOR DATE IRE DATE

Schulz _i12003 D. T. Dexheimer 8/1512003 = =OP ________
5400 - Elemental Iodine partition coefficient
2 - Celculate organic iodine removal (1-yes, 2-no)
13.79 - Flow per nozzle (gpM)
28 - Nuober of nozzles
1 - Temperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Another case? (1-yes, 2-nor
2
69 - Nmtmber of size groups
0.00375 - Hean drop diameter (cm)
87.2 - Air-steam temperature (deg1:)
87.2 - Droplet temperature (degC)
3393 - Initial velocity (cm/sec)
45 - Initial angle
85.60 - Spray fall height (ft) - 043-4"-C-KEO
2 - l--Trajectory, 2-lambda
2 - Print individual drop paraneters
1 - 1-NRC E model, 2- Entered 5 value
5400 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal Cl-yes, 2-no)
13.79 - Flow per nozzle (gpm)
28 - Ntmber of nozzles
1 - Tcmperature difference between air and wall (degC)
601519 - E 'fective plateout area
1907000 - Sprayed volume
1 - Another case? (1-yes, 2-no)
2
69 - Number of size groups
0.00375 - Mean drop diameter (cm)
87.2 - A:.r-steam temperature (deg')
87.2 - Droplet temperature (degC)
3393 - Initial velocity (cm/sec)
0 - Initial angle
105.83 - Spray fall height (ft) - 045-4"-C-KEO
2 - 1--Trajectory, 2-lambda
2 - P:int individual drop parameters
1 - 1-NRC E model, 2- Entered E value
5400 - E.emental Iodine partition coefficient
2 - Qklculate organic iodine removal (1-yes, 2-no)
13.79 - FLow per nozzle (gpm)
20 - Number of nozzles
1 - Tamperature difference between air and wall (degC)
601519 - E:fective plateout area
1907000 - Sprayed volume
2 - Another case? (1-yes, 2=no)
2
69 - Niumber of size groups
0.00375 - Hean drop diameter (cm)
87.2 - A.Lr-steam temperature (degC)
87.2 - D.:oplet temperature (degC)
3393 - Litial velocity (c=/sec)
89 - I:2itial angle
105.83 - S:)ray fall height (ft) - 045-4"-C-KEO
2 - 1;Trajectory, 2-lambda
2 - P.:int individual drop parameters
1- 1-"NRC E model, 2- Entered E value
5400 - ELemental Iodine partition coefficient
2 - Cileulate organic iodine removal (1-yes, 2-no)
13.79 - rLow per nozzle (gpm)
20 - Nimber of nozzles

SOE 26-426 REV. 2 [REFERENCE: S0123-XXIV-7.15] N-6030-001 Rev OA=
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E&TS DEPIRTMENT ICCN NO.I

CALCULATION SHEET PRELIM. CCN NO. PAGE _OF

ICCN CONVERSION:

Project or DCP/FCN/ECP CIIC No. N-6030-00 - N
Subject ContainmentAerosolindlodineRemova3Rates Sh9Ot 144 Of 281

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE _ DATE |

0- J. Schulz 8/15 2003 D. T. Dexheimer &8/2003 _ I |

1 - Temperature difference between air and wall (degCI
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Arother case? (I-yes, 2-no)
2
69 - Ntuber of size groups
0.00375. - Mean drop diameter (cm)
87.2 - Air-steam temperature (degC)
87.2 - Droplet temperature (degC)
3393 - Initial velocity (cm/sec)
0 - Initial angle
108.11 - Spray fall height (ft) - 051-4"-C-KEO
2 - 1-Trajectory, 2=lambda
2 - Print individual drop parameters
1 - 1--NRC E model, 2- Entered E value
5400 - E:.emental Iodine partition coefficient
2 - Calculate organic iodine removal (lyes, 2-no)
13.79 - F:.ow per nozzle (gpm)
20 - Number of nozzles
1 - Temperature difference between air and wall (degC)
601519 - EMfective plateout area
1907000 - Sprayed volume
1 - Another case? (I-yes, 2-nco)
2
69 - Nimber of size groups
0.00375 - Mman drop diameter (cm)
87.2 - ALr-steam temperature (deSrC)
87.2 - Dcoplet temperature (degC)
3393 - laitial velocity (cm/sec)
89 - isitial angle
208.11 - Spray fall height (ft) - 051-4"-C-KEO
2 - 1&Trajectory, 2-lambda
2 - Print individual drop paramieters
1 - 1-NRC E model, 2- Entered E value
5400 - Elemental Xodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - Flow per nozzle (gpm)
20 - Namber of nozzles
1 - Temperature difference be:ween air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Another case? (1-yes, 2-no)
2
69 - Number of size groups
0.00375 - Fean drop diameter (6m)
87.2 - Air-steam temperature (de;C)
87.2 - Croplet temperature (degC)
3393 - Initial velocity (cm/sec)
0 - Initial angle
117.43 - Spray fall height (ft) - D52-2.5'-C-KEO
2 - ]-Trajectory, 2-lambda
2 - Erint individual drop parameters
1 - 1J-RC E model, 2- Entered E value
5400 - Elemental Iodine partition coefficient
2 - calculate organic iodine removal (1-yes, 2-no)
13.79 -IElow per nozzle (gpm)
10 - lumber of nozzles
1 - Temperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - prayed volume
1 - lanother case? (1-yes, 2=no)

SCE 26426 REV.2 (REFERENCE: S0123-XXIV.7.153 N-6030-001 Re 0doc
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E&TS DEPARTMENT

CALCULATION SHEET

Project or DCPIFCNIECP t

Subject Containment Aerosol and Iodine Removal Rates

ICCN NOJ I
PRELIM. CCN NO. IPAGE OF

CCN CONVERSION:

Ca1c No. N6030OI CCN NO. CCN
______No. _N_6030 __01.. . f

Shect ' 145" Of 281

REV ORIGINATOR DATE IRE FDATE I REV ORIGINATOR DATE IRE DATE |

- J. Sch1z I5/2003 D.T.Dexheimer 8/15f2003 l _
__ , = =E = a

2
69 - Nunber of size groups
0.00375 - Mean drop diameter (cm)
87.2 - Air-steam temperature (de qC)
87.2 - Droplet-temperature (degC:
3393 - Initial velocity Icm/sec)
45 - initial angle
117.43 - Spray fall height 4ft) - 052-2.5"-C-KE0
2 - l.Trajectory, 2-lambda
2 - Print individual drop paralmeters
1 - 1-NRC E model, 2= Entered E value
5400 - El.emental Iodine partition coefficient
2 - Calculate organic iodine xemoval (1-yes, 2-no)
13.79 - F:.ow per nozzle (gpm)
10 - Number of nozzles
1 - Tomperature difference between air and wall (degC)
601519 - E:!fective plateout area
1907000 - Sprayed volume
1 - Another case? (1-yes, 2-no)
2
69 - Number of size groups
0.00375 - Mean drop diameter lcm)
87.2 - Air-steam temperature (de;C)
87.2 - D:-oplet temperature (degC)
3393 - Initial velocity (cm/sec)
0 - Initial angle
118.47 - Spray fall height (ft) - 046-2.5"-C-KEO
2 - I-.Trajectory, 2-lambda
2 - P::int individual drop parameters
1 - 1-NRC E model, 2= Entered E value
5400 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2=no)
13.79 - FLow per nozzle (gpm)
10 - Nimber of nozzles
1 - Tamperature difference between air and wall (degC)
6D1519 - Effective plateout area
1907000 - Sprayed volume
1 - Aother case? (1-yes, 2-no)
2
69 - Namber-of size groups
0.00375 - Mean drop diameter (cm)
87.2 - Air-steam temperature (degC)
87.2 - Droplet temperature (degC)
3393 - Initial velocity (cm/sec)
45 - Initial angle
118.47 - Spray fall height (ft) - 046-2.5"-C-KEO
2 - 1-Trajectory, 2-lambda
2 - Print individual drop parameters
1 - 1-NRC E model, 2- EntereC. E value
5400 - Elemental Iodine partiticn coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - Flow per nozzle (gpr)
10 - Number of nozzles
1 - Temperature difference between air and wall (degc)
601519 - Effective plateout area
1907000 - Sprayed volume
2 - Pnother case? (1-yes, 2-no)
2
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E&TS DEFPARTMENT

CALCULATION SHEET
ICCN NOJ NO

IPRELIM. CCN IO PAGE O__F

Project or DCPIFCNIECP Calc No.
CCN CONVERSION:

I CCN NO. CCNN-6030-001
Sutblect Containment Aerosol and Iodine Removal Rates Sheet 146 Of 281

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE _

_ J. Schulz 8/152K D.T.Dexheimer 815003 = = =

9.2.1.7 13.8 to 24 hr Input File (Q2-maxOS.in)
8
12-maxO5.out
12 Spray Max
Jorge Schulz
SONGS
16575-167
N-6030-001
0
1

9
2
69
0.00375
78.3
78.3
3393
10
79.81
2
2
1
4000
2
13.79
28
1
601519
1907000
1
2
69
0.00375
78.3
78.3
3393
45
79.81
2
2
1
4000
2
13.79
28
1
601519
1907000
1
2
69
0.00375
78.3
X8.3
3393
10
85.60
2
2
1

Temp 13.8 - 24 hr

- Number of size groups
- HIean drop diameter (cm)
- Air-steam temperature (degC)
- Droplet temperature (degC)
- Initial velocity (cm/sec)
- Initial angle
- spray fall height (ft) - 049-4"-C-REO
- L-Trajectory, 2-lambda
- Print individual drop parameters
- I-NRC E model, 2- Entered E value
- :rlemental Iodine partition coefficient
- Calculate organic iodine removal (1-yes, 2-no)
- Flow per nozzle (gpm)
- Aumber of nozzles
- Lemperature difference between air and wall (degC)
- Effective plateout area
- Sprayed volume
- Another case? (1-yes, 2-no)

- Number of size groups
- Sean drop diameter (cm)
- hir-steam temperature (degC)
- Droplet temperature (degC)
- Initial velocity (cm/sec)
- Initial angle
- Spray fall height (ft) - 049-4"-C-KEQ
- 1-Trajectory, 2-lambda
- Print individual drop parameters
- 1-NRC E model, 2= Entered E value
- Elemental Iodine partition coefficient
- Calculate organic iodine removal (1-yes, 2-no)
- Flow per nozzle (gpm)
- Number of nozzles
- Temperature difference between air and wall (degC)
- Effective plateout area
- Sprayed volume
- Another case? (1-yes, 2-rio)

- Number of size groups
- Mean drop diameter (cm)
- Air-steam temperature (degC)
- Droplet temperature (degC)
- Initial velocity (cm/sec]
- Initial angle
- Spray fall height (ft) - 043-4"-C-KEo
- 1-Trajectory, 2=lambda
- Print individual drop parameters
- 1-NRC E model, 2- Entered Z value

SCE 26-426 REV.2 {REFERENCE.: S0123-XXIV.7.15] N 3U-uUU1 Rev 0.doc
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E&TS DEF'ARTMENT ICCN NOJ

CALCULATION SHEETPRELIM.CCN NO. I _

CCN CONVERSION:

Project or DCP/FCNIECP __Calc No. N-6030-001 I

Subject Contaimnent Aerosol and Iodine Removal Rates Sheet 147 of 281

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE _

_ _ J. Schulz 8/1/2003 D.T.Dexheimer 8/15,2003 = =
IF.

4000 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - flow per nozzle (gpm)
28 - Number of nozzles
I - Temperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Another case? (1-yes, 2-no)
2
69 - Number of size groups
0.00375 - Mean drop diameter (cm)
78.3 - air-steam temperature (decrC)
78.3 - Droplet temperature (degC)
3393 - Initial velocity (cm/sec)
45 - Initial angle
85.60 - Spray fall height (ft) - 043-4'-C-KEO
2 - 1-Trajectory, 2-lambda
2 - Print individual drop parameters
I - 1-NRC E model, 2- Entered E value
4000 - Elemental Iodine partition coefficient
2 - Calculate organic iodine r:emoval (1-yes, 2-no)
13.79 - Flow per nozzle (gpm)
28 - Number of nozzles
1 - Temperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Another case? (1-yes, 2=no)
2
69 - Number of size groups
0.00375 - Mean drop diameter (cm)
78.3 - Air-steam temperature (decrC)
78.3 - Droplet temperature (degCi
3393 - Initial velocity (cmlsec)
0 - Initial angle
105.63 - spray fall height (ft) - 045-41-C-KEO
2 - 1-Trajectory, 2-lambda
2 - Print individual drop parameters
1 - 1-NRC E model, 2- Entered E value
4000 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - Flow per nozzle (gpt)
20 - Number of nozzles
I - Temperature difference between air and wall (degC)
601519 - Effective plateout arta
1907000 - sprayed volume
1 - Another case? (1-yes, 2-no)
2
69 - Number of size groups
0.00375 - Mean drop diameter (cm)
78.3 - Air-steam temperature deSiC)
78.3 - Droplet temperature (degC)
3393 - Initial velocity (cm/sec)
89 - Initial angle
105.83 - Spray fall height (ft) - (145-4"-C-XEO
2 - 1-Trajectory, 2=lambda
2 - Print individual drop parameters
1 - 1-NRC E model, 2= Entered E value
4000 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal {1-yes, 2-no)
13.79 - Flow per nozzle (gpm)
20 - Number of nozzles

CE 26.426 REV.2 [REFERENCE: S0123-XXIV-7.15J N4030-00 Rev 0.doc
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E&TS DEF'ARTMENT |CCN NOJ

CALCULATION SHEET PICCNNP
CCN CONVERSION:

Project or DCP/FCNIECP __Calc No. N-6030001 C N I

Subject Containment Aerosol and Iodine Removal Rates Sheet 148 Of 281

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

0 J. Schulz I8/5no03 D. T. Dexhoirner si1sn03 =Z=s=

1 - Temperature difference be,:ween air and wall (degC)
6D1519 - Effective plateout area
1907000 - Sprayed volume
1 - Another case? (1-yes, 2-no)
2
69 - Number of size groups
0.00375 - Mean drop diameter (cm)
78.3 - Air-steam temperature (deqC)
78.3 - Croplet temperature (degC
3393 - Initial velocity cm/seec)
0 - Initial angle
l0e.1 - Spray fall height (ft) - 051-4^-C-KEo
2 - 1-Trajectory, 2-lambda
2 - Print individual drop parameters
1 - 1-URC E model, 2= Entered E value
4000 - Elemental Iodine partition coefficient
2 - Calculate organic iodine -removal (1-yes, 2-no)
13.79 - Flow per nozzle (gpn)
20 - Number of nozzles
1 - Temperature difference be':ween air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
I - Another case? (1-yes, 2-no)
2
69 - Number of size groups
0.00375 - Mean drop diameter (cm)
78.3 - Air-steam temperature (degC)
78.3 - Eroplet temperature (degC)
3393 - Initial velocity (cm/sec)
89 - Initial angle
108.11 - Spray fall height (ft) - 051-4 -C-KEO
2 - 1-Trajectory, 2=lambda
2 - Print individual drop parameters
1 - 1-NRC E model, 2= Entered E value
4000 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - Flow per nozzle (gpm)
20 - Number of nozzles
1 - Temperature difference be:ween air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
I - Another case? (1-yes, 2-no)

*2
69 - Number of size groups
0.00375 - Mean drop diameter (cm)
78.3 - Air-steam temperature (degC)
78.3 - Lroplet temperature (degC)
3393 - Initial velocity (cm/sec)
0 - Initial angle
117.43 - Spray fall height (ft) - 052-2.5 -C-KEO
2 - 1-Trajectory, 2-lambda
2 - Print individual drop parameters
1 - 1-NRC E model, 2- Entered E value
4000 - Elemental Iodine partition coefficient
2 - Calculate organic iodine xemoval (1-yes, 2-no)
13.79 - Flow per nozzle (gpm)
10 - Number of nozzles
I - Temperature difference be:ween air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Another case? (1-yes, 2-no)

CE26-426 REV.2 (REFERENCE: S0123-XXIV-7.15i N-030-001 Rev0doc
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E&TS DEPARTMENT ICCN NOJ

CALCULATION SHEET PRELIM.CCNNO. PAGE OF
CCN CONVERSION:

Prwject or DCPJFCNIECP __Calc No. N-6030-001
Subject Containment Aerosol md Iodine Removal Rates Sheet 149 of 281

FEV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

0 . Schulz 8/15/2003 D. T. Dexheimer 8115/O203 -.

2
69 - Number of size groups
0.00375 - Mtan drop diameter (cm)
78.3 - Air-steam temperature (degC)
78.3 - Droplet temperature (degC)
3393 - Initial velocity (cn/sec)
45 - Initial angle
117.43 - Spray fall height (ft) - 052-2.5'-C-KEO
2 . - l-Trajectory, 2-lambda
2 - Print individual drop parameters
1 - 1-*NRC E model, 2- Entered E value
4000 - E:.emental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - F:.ow per nozzle (9pm)
10 - Niunber of nozzles
1- Temperature difference between air and wall (degCl
601519 - E:!fective plateout area
1907000 - Sprayed volume
1 - Another case? (l-yes, 2-nc)
2
69 - Niuber of size groups
0.00375 - Mean drop diameter-(cm)
78.3 - A;ir-stean temperature (degC)
78.3 - Droplet temperature (degC)
3393 - Initial velocity (cm/sec)
0 - Initial angle
118.47 - S:ray fall height (ft) - C46-2.5"-C-REO
2 - l:Trajectory, 2-lambda
2 - Print individual drop parameters
1 - --NRC E model, 2= Entered E value
4000 - ELemental Iodine partition coefficient
2 - Cilculate organic iodine removal (1-yes, 2-no)
13.79 - Flow per nozzle (gpm)
10 - Njmber of nozzles
1 - Temperature difference bet:ween air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Aaother case? (lyes, 2-no)
2
69 - Naiber of size groups
0.00375 - Mean drop diameter (cm)
78.3 - Air-steam temperature (degC)
78.3 - Droplet temperature (degC]
3393 - Initial velocity (cm/see)
45 - Initial angle
118.47 - Spray fall height (ft) - 046-2.51-C-KEO
2 - 1-Trajectory, 2=lambda
2 - Print individual drop parameters
1 - 1-NRC E model, 2= Entered E value
4000 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - Flow per nozzle (gpm)
10 - Number of nozzles
I - Temperature difference be:ween air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
2 - Another case? (1-yes, 2-no)
2
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E&TS DEPARTMENT

CALCULATION SHEET

Projoct or DCPIFCNIECP C
Subject Containment Aerosol and Iodine Removal Rates

ICCN NO./
PRELIM. CCN NO. PAGE_OF_

CCN CONVERSION:

oalc No. N-6030-001 CON NO. CCN

__S Sheet 15o o1 281

REV ORIGINATOR|DATE IRE DATE REV ORIGINATOR DATE .IRE _DATE S

| J. Schulz 8/15f2003 D. T. Dexheiner 81152003 _ORIGNATO DAT REVDATiRE DTE FR

9.2.1.8 24 to 48 hr Input File (i2-max06.in)
tl
52-max06.out
:t2 Spray Max Temp 24 - 48 h,
Jorge Schulz
BONGS
16575-167
1H-6030-001
0
:1
9
2
69 - Number of size groups
0.00375 - Mean drop diameter (cm)
69.2 - Air-steam temperature (degC)
69.2 - Droplet temperature (degC)
3393 - Initial velocity (cM/sec)
10 - Initial angle
79.81 - Spray fall height (ft) - 049-4"-c-KEo
2 - 1-Irajectory, 2-lambda
2 - Print individual drop paranLeters
1 - lt!RC E model, 2- Entered E: value
3000 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - Flow per nozzle (gpn)
28 - Number of nozzles
1 - Temperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Another case? (1-yes, 2=no)
2
69 - Nunber of size groups
0.00375 - Mean drop diameter (cm)
69.2 - Ai::-steaM temperature (degc)
69.2 - Droplet temperature (degC)
3393 - In:.tial velocity Ccm/sec)
45 - In::tial angle
79.81 - Sp::ay fall height (ft) - 049-4w-C-KEO
2 - I-rrajectory, 2-lambda
2 - Pr'Lnt individual drop parameters
1 - 1-:RC E model, 2- Entered E value
3000 - Elimental Iodine partition coefficient
2 - CaLculate organic iodine removal (1-yes, 2-no)
13.79 - Flw per nozzle (gpm)
28 - NRnber of noz2les
1 - Teperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Another case? (1-yes, 2=nc)
2
69 - Number of size groups
0.00375 - Mean drop diameter (cm)
69.2 - Air-steam temperature (decC)
69.2 - Droplet temperature (degc)
3393 - Iritial velocity (cm/sec)
10 - Iritial angle
85.60 - Spray fall height (ft) - 043-4"-C-KEo
2 - l-Trajectory, 2-lambda
2 - Print individual drop parnmeters
I - ltNRC E model, 2- Entered E value

_ _ _ _
-.. R - e- u = cSCE_2842_8 REV.2 - REFERENCE: SO1234X1V-7.1-5) .. N-6W030001 ReOVUaoc



E&TS DEPARTMENT ICCN NOJ
CALCULATION SHEET PRELIM. CON NO. PAGE OF

I CCN CONVERSION:
Project or DCPIFCNIECP Calc No. N-6030-001 CCN NO. CCN
Subject Containment Aerosol and Iodine Removal Rates Shoet 151 Of 281

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

0 J. Schulz 8/15/2003 D. T. Dexheiiner 8/15/2003

3000 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - Flow per nozzle (gpm)
28 - Number of nozzles
1 - Temperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Another case? (1-yes, 2-no)
2
69 - Number of size groups
0.00375 - Mean drop diameter (cm)
69.2 - Air-steam temperature (dec;C)
69.2 - Droplet temperature (degCi
3393 - Initial velocity (cm/sec)
45 - Initial angle
65.60 - Spray fall height (ft) - 043-4"-C-KEO
2 - 1-Trajectory, 2-lambda
2 - Print individual drop parameters
1 - 1-NRC E model, 2- Entered E value
3000 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - flow per nozzle (gpm)
28 - Number of nozzles
1 - Temperature difference between air and wall (degc)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Pnother case? (1=yes, 2-no)
2
69 - lumber of size groups
0.00375 - loean drop diameter (cm)
69.2 - lir-steam temperature (de;C)
69.2 - Vroplet temperature (degC)
3393 - Initial velocity (cm/sec)
0 - nitial angle
105.83 - .pray fall height (ft) - 045-41-C-KEO
2 - 3-Trajectory, 2=lambda
2 - rrint individual drop parameters
1 - 3=NRC E model, 2- Entered E value
3000 - Elemental Iodine partition coefficient
2 - C alculate organic iodine removal (1-yes, 2-no)
13.79 - 1'low per nozzle (gpm)
20 - number of nozzles
1 - Temperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - inother case? (1-yes, 2-no)
2
69 - number of size groups
0.00375 - flean drop diameter (cm)
69.2 - Jdr-steam temperature (degC)
69.2 - Droplet temperature (degC)
3393 - initial velocity (cm/sec)
89 - ::nitial angle
105.83 - ,pray fall height (ft) - 045-4"-C-KEO
2 - :1-Trajectory, 2=lambda
2 - print individual drop parameters
1 - l-NRC E model, 2- Entered E value
3000 - IElemental Iodine partition coefficient
2 - C~alculate organic iodine removal (1-yes, 2-no)
13.79 - !rlow per nozzle (gpm)
20 - INumber of nozzles

S(E 26-426 REV.2 [REFERENCE: S01234XXIV-7.151 N-6030-001 Rev 0
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E&TS DEPARTMENT [CCNNOJ
CALCULATION SHEET I PRELIM. CCN NO. I PAGE OF_

CCN CONVERSION:

Project or DCPIFCNIECP Calc No. N-6030-001 CCN N6. CCN
Subject Containrment Aeroso. and Iodine Removal Rates Sheet 152 of __281

REV ORIGINATOR | DATE IRE DATE REV ORIGINATOR DATE IRE DATE _

_ | J. Schulz 8/115/2003 D.T.Dexheimer 8115/2003 = =

1 - Temperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - sprayed volume
1 - Another case? (1-yes, 2-no)
2
69 - Number of size groups
0.00375 - Vean drop diameter (cm)
69.2 - Air-steam temperature (degC)
69.2 - Croplet temperature (degC)
3393 - Initial velocity (cm/sec)
0 - initial angle
108.11 - Spray fall height (it) - 051-4"-C-KEO
2 - 1-Trajectory, 2-lambda
2 - Print individual drop parameters
1 - 1-NRC E model, 2- Entered E value
3000 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - Elow per nozzle (gpm)
20 - Number of nozzles
1 - Temperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Another case? (1-yes, 2=no)
2
69 - Number of size groups
0.00375 - Mean drop diameter (cm)
69.2 - Air-steam temperature (decrC)
69.2 - Droplet temperature (degCi
3393 - Initial velocity (cmlsec)
89 - Initial angle
108.11 - Spray fall height (ft) - 051-4"-C-KEO
2 - 1-Trajectory,. 2-lambda
2 - Print individual drop parameters
I - 1-NRC E model, 2- Entered E value
3000 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (l-yes, 2-no)
13.79 - Flow per nozzle (gpm)
20 - Number of nozzles
1 - Temperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Another case? (1-yes, 2=no)
2
69 - Number of size groups
0.00375 - Mean drop diameter (cm)
69.2 - Air-steam. temperature (decyC)
69.2 - Droplet temperature (degC)
3393 - Initial velocity (cm/sec)
0 - Initial angle
117.43 - Spray fall height Cft) - (152-2.5"-C-KEO
2 - l1-Trajectory, 2-lambda
2 - Print individual drop parumeters
1 - 1=NRC E model, 2= Entered E'value
3000 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - Flow per nozzle (gpm)
10 - Namber of nozzles
1 - Temperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Another case? (1-yes, 2-nco)

SCE 26-426 REV.2 [REFERENCE: SO123-XXIV-7.15] N4030401 Rev"Oo
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E&TS DEPARTMENT [CCN NO.1

CALCULATION SHEET PRELIM. CCN NO. I PAGE OF
CCN CONVERSION:

Project 6r DCPJFCNIECP __Calic No. N-6030-001 C I

Subject Containment Aerosol and Iodine Removal Rates* Sheet 153 of 281

REV ORIGINATOR DATE DATE REV ORIGINATOR DATE IRE DATE _

0 J. Schulz V/2003 Dexheirner 8/15/2003 = =
_ r

2
69 - Number of size groups
0.00375 - Mian drop diameter (cm)
69.2 - A:.r-steam temperature (degC)
69.2 - D::oplet temperature (degC)
3393 - Initial velocity (cmf/sec)
45 - Initial angle
117.43 - Spray fall height (ft) - 052-2.5"-C-KEO
2 - 1- Trajectory, 2-lambda
2 - P::int individual drop parameters
1 - 1"-NRC E model, 2- Entered E value
3000 - Elemental Iodine partition coefficient
2 - Calculate organic iodine zemoval (1-yes, 2-no)
13.79 - F:Low per nozzle (gpm)
10 - Number of nozzles
I - Temperature difference between air and wall (degC)
601519 - Elfective plateout area
1907000 - Sprayed volume
1 - Another case? (1-yes, 2-no)
2
69 - Number of size groups
0.00375 - Mean drop diameter (cm)
69.2 - Alr-steam temperature (deSC)
69.2 - D::oplet temperature (degC)
3393 - Initial velocity (cm/sec)
0 - Initial angle
118.47 - Spray fall height (ft) - C146-2.5"-C-KE0
2 - l-Trajectory, 2-lambda
2 - Print individual drop parameters
1 - 1-NRC E model, 2- Entered E value
3000 - ELemental Iodine partition coefficient
2 - Calculate organic iodine removal (l-yes, 2-no)
13.79 - FLow per nozzle (gpm)
10 - Number of nozzles
1 - Temperature difference between air and wall (degC)
601519 - zfective plateout area
1907000 - Sprayed volume
1 - Aother case? (1-yes, 2-nci)
2
69 - Ntmber-of size groups
0.00375 - Maan drop diameter (cm)
69.2 - ALr-steam temperature (deSjC)
69.2 - Droplet temperature (deClC
3393 - I:nitial velocity (cm/sec)
45 - Ilitial angle
118.47 - S:tray fall height (ft) - (146-2.5"-C-KEO
2 - 1'Trajectory, 2-lambda
2 - Print individual drop parameters
1 - 1-NRC E model, 2= Entered S value
3000 - ELemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - FLow per nozzle (gpm)
10 - Number of nozzles
1 - Temperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sorayed volume
2 - Mother case? (1-yes, 2-no)
2

:E 26-426 REV. 2 (REFERENCE: S0123-XXIV-7.I5J N;603D0-01 Rev 5do
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E&TS DEPARTMENT

CALCULATION SHEET
Project or DCPIFCN1ECP C
Subject Containment Aerosol and Iodine Removal Rates

ICCN NOJ
PRELIM. CCN NO. IPAGE_OF...

CCN CO- VERSION:

CIc No. N-6030_001 _ICCN NO.N CCN

e Shoet 154 of 281

REV ORIGINATOR DATE IRE REV ORIGINATOR DATE IRE DATE

0 J. Schulz a/15/2003 D.T.Dexeimer 815/2 = =

9.2.1.9 48 to 96 hr Input File (12-maxO7.in)
8
12-maxO7.out
12 Spray Max Temp 48 - 96 hr
Jorge Schulz
SONGS
16575-167
N-6030-001
0
1
29
2
69 - Namber of size groups
0.00375 - Maan drop diameter (cm)
59.0 - Air-steam temperature (desC)
59.0 - Droplet temperature (degC)
3393 - Initial velocity (cm/see)
10 - Initial angle
79.81 - Spray fall height Ift) - (149-4"-C-KEO
2 - l-Trajectory, 2=lambda
2 - Print individual drop parameters
1 - 1-NRC E model, 2= Entered E value
2300 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (lyes, 2-no)
13.79 - Flow per nozzle (gpm)
28 - Number of nozzles
1 - Temperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Another case? (1-yes, 2-no)
2
69 - Vamber of size groups
0.00375 - Mean drop diameter (cm)
59.0 - Air-steam temperature (delIC)
59.0 - Droplet temperature (degC)
3393 - Initial velocity (cm/sec)
45 - Initial angle
79.81 - spray fall height (ft) - 049-4"-C-KEo
2 --- Trajectory, 2-lambda
2 - Print individual drop parameters
1 - 1-NRC E model, 2- Entered E value
2300 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - Flow per nozzle (gpm)
28 - Number of nozzles
I - Temperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Another case? (1-yes, 2-no)
2
69 - Number of size groups
0.00375 - Mean drop diameter (cm)
59.0 - Air-steam temperature (degC)
59.0 - Droplet temperature (degC)
3393 - Initial velocity (cm/sec)
10 - Initial angle
35.60 - Spray fall height (ft) - 043-4"-C-1Eo
2 - 1-Trajectory, 2-lambda
2 - Print individual drop parameters
1 - 1-NRC E model, 2- Entered E value

CZE 26-426 REV. 2 IREFERENCE: S0123-XXIV.7.15J N4030.001 Rev O.doc
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E&TS DEPARTMENT ICCN NO.

CALCULATION SHEET PRELIM.1CCN NO. PAGE___
CCN CONVERSION:

Project or DCPIFCNIECP Cslc No. N-6030-001 CCN NVERSIN
Subject Containment Aerosol and Iodine Removal Rates . Shout 155 Of 281

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE F
3 J. Shulz 81151003 D. T. Dexheimer 8/15/2003

2300 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yea, 2-no)
13.79 - Flcw per nozzle (gpm)
28 - Nunber of nozzles
1 - TsOperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Another case? (1-yes, 2-no)
2
69 - Number of size groups
0.00375 - Mean drop diameter (cm)
59.0 - Air-steam temperature (degC)
59.0 - Droplet temperature (degC)
3393 - In:.tial velocity (cm/sec)
45 - In:.tial angle
85.60 - Sp::ay fall height tft) - 013-4*-C-KEO
2 - l-:rajectory, 2-lambda
2 - Pr:,nt individual drop parameters
1 - l-IMC E model, 2- Entered R. value
2300 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - Flow per nozzle (gpm)
28 - Number of nozzles
1 - Temperature difference between air and wall (degC)
601519 - Effective plateout area
2907000 - Sprayed volume
1 - Anfther case? (1-yes, 2-no)
2
69 - Nunber of size groups
0.00375 - Mean drop diameter (cm)
59.0 - Air-steam temperature (degC)
59.0 - Droplet temperature (degC)
3393 - Initial velocity (cm/sec)
0 - Initial angle
105.83 - Spray fall height (ft) - C45-4"-C-REO
2 - I-Trajectory, 2-lambda
2 - Print individual drop parameters
1 - '-NRC E model, 2- Entered E value
2300 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1=yes, 2-no)
13.79 - Flow per nozzle (gpm)
20 - Nhmber of nozzles
1 - Temperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Srayed volume
1 - Arother case? (1-yes, 2-no)
2
69 - Ntaber of size groups
0.00375 - Mtan drop diameter (cm)
59.0 - Air-steam temperature (deqC)
59.0 - Droplet temperature (degC1
3393 - Initial velocity (cm/sec)
89 - Initial angle
105.32 - Spray fall height (ft) - 045-4"-C-KEO
2 - l-Trajectory, 2-lambda
2 - P;:int individual drop parameters
1 - 1-NRC E model, 2- Entered E value
2300 - ELemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - FLow per nozzle (gpm)
20 - Njmber of nozzles
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E&TS DEF'ARTMENT lCCNNOI

CALCULATION SHEET I PRELIM.CCNNO. I PAGEOF
CCN CONVERSION:

Project or DCPtFCN/ECP Calc No. N-6030001 C I

Subject Contaimnent Aerosol and Iodine Removal Rates ' Sheet 156 Of 281

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE | DATE | 5

0 J. Schulz 8/15/2003 D.T.Dexheimer 8/15/2003 l r
1 - 'emperature difference beuween air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Pnother case? (1-yes, 2-nol
2
69 - lumber of size groups
0.00375. - k'ean drop diameter (cm)
59.0 - Pir-steam temperature (degC)
59.0 - rroplet temperature (degCe
3393 - Initial velocity (cm/sec)
0 - initial angle
108.11 - Spray fall height (ft) - 051-4"-C-KEO
2 - I-Trajectory, 2-1ambda
2 - Erint individual drop par-meters
2 - I-NRC E model, 2- Entered E value
2300 - Elemiental Iodine partition coefficient
2 - Calculate organic iodine removal (1=yes, 2-no)
13.79 - Elow per nozzle (gpm)
20 - ludber of nozzles
1 - Temperature difference between air and wall IdegC)
601519 - uffective plateout area
1907000 - Eprayed volume
1 - ;.nother case? (1-yes, 2-nD)
2
69 - v!umber of size groups
0.00375 - fIean drop diameter I(cm
59.0 - ILir-steam temperature (degC)
59.0 - D~roplet temperature (degC)
3393 - Initial velocity (cm/sec)
89 - 3:nitial angle
108.11 - cpray fall height (It) - 051-4--C-XEO
2 - J.-Trajectory, 2-lambda
2 - Print individual drop parameters
1 - 1.-NRC E model, 2- Entered E value
2300 - E:lemental Iodine partition coefficient
2 - calculate organic iodine removal (l-yes, 2-no)
13.79 - I'low per nozzle (gpm)
20 - number of nozzles
1 - Temperature difference between air and wall (degC)
601519 - Elffective plateout area
1907000 - £:prayed volume
1 - I}nother case? (1-yes, 2-no)
2
69 - tIlumber of size groups
0.00375 - 21ean drop diameter (cm)
59.0 - hir-steam temperature (degC)
59.0 - lroplet temperature (degC)
3393 - Initial velocity (cm/sec)
0 - l:nitial angle
117.43 - ;pray fall height (ft) - 052-2.51-C-KEO
2 - :.-Trajectory, 2-1ambda
2 - Print individual drop parameters
1 - :.-NRC E model, 2- Entered E value
2300 - I;leruental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - Flow per nozzle (gpml
10 - Inumber of nozzles
I - Semperature difference between air and wall (degC)
601519 - IEffective plateout area
1907000 - sprayed volume
1 - another case? (1-yes, 2=no)

CE26426 REV.2 [REFERENCE: S0123-XXIV-7.153 "30-001 RevOA
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E&TS DEPARTMENT

CALCULATION SHEET

Project or DCPIFCNIECP __(

Subject Containment Aerosol and Iodine Removal Rates

ICCN NO.J
PRELIM. CCN NO. PAGE_OF

CCN CONVERSION:

Calc No. N-6030-001 CON NI . CCN

Sheet 157 Of 281
-

REV ORIGINATOR DATE DATE REV ORIGINATOR DATE IRE DATE

0 J. Schutz 8115200: DTDexheimer 81 _5/003 _

2
69 - tlumber of size groups
0.00375 - tlean drop diameter (cm)
59.0 - hr-steam temperature (deg;C)
59.0 - Droplet temperature (degCl
3393 - ::nitial velocity (cm/sec)
45 - ::nitial angle
117.43 - :;pray fall height (ft) - 052-2.5'-C-KEO
2 - .-Trajectory, 2-lambda
2 - Print individual drop parameters
1 - :.-NRC E model, 2- Entered E value
2300 - Ilemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2=no)
13.79 - I'low per nozzle (gpm)
10 - llumber of nozzles
1 - !emperature difference bel:ween air and wall (degC)
601519 - I:ffective plateout area
1907000 . - :prayed volume
1 - linother case? (l=yes, 2-no)
2
69 - llumber of size groups
0.00375 - ?lean drop diameter (cm)
59.0 - hir-steam temperature (deqC)
59.0 - Droplet temperature (degC'
3393 - ::nitial velocity (cm/sec)
0 - ::nitial angle
118.47 - spray fall height (ft) - Q46-2.5"-C-KE0
2 - h-Trajectory, 2=lambda
2 - Print individual drop parameters
1 - :.=NRC E model, 2= Entered E value
2300 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2=no)
13.79 - llow per nozzle (gpm)
10 - lumber of nozzles
1 - *:emperature difference belween air and wall (degC)
601519 - cffective plateout area
1907000 - Sprayed volume
I - Mother case? (1-yes, 2-no)
2
69 - Ilumber-of size groups
0.00375 - ilean drop diameter -(cm)
59.0 - (hir-steam temperature (degC)
59.0 - Droplet temperature (degC)
3393 - Initial velocity lcm/sec)
45 - :Initial angle
118.47 - spray fall height (ft) - 046-2.5"-C-KEO
2 - L-Trajectory, 2-lambda
2 - Print individual drop parameters
1 - L-NRC E model, 2- Entered E value
2300 - lElemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - Zlow per nozzle (gpm)
10 - ]lumber of nozzles
1 - remperature difference between air and wall (degC)
601519 - effective plateout area
1907000 - :prayed volume
2 - Another case? 11-yes, 2-no)
2

CE 26-426 REV. 2 [REFERENCE: S0123-XXIV-7.15- N403001 Rev O.dx
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E&TS DEPARTMENT

CALCULATION SHEET
ICCN NOJ

|PRELIM. CCN NO. I PAGE OF

Project or DCPIFCN/ECP Calc No. N-6030-001

CCN CONVERSION:
CCN NO. CCN

Subject Contaimnent Aerosol and Iodine Removal Rates Sheet 158 of 281

:EV PRIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

0 J. Schulz S/1)2003 D. T. Dexheimer 811stoo3

9.2.1.10 96 to 720 hi Input File (i2-maxO8.in)
a
12-maxO8.out
12 Spray Max
Jorge Schulz
SONGS
16575-167
N-6030-001
0
1
9
2
65
0.00375
44.1
44.1
3393
10
79.61
2
2
1
1100
2
13.79
28
1
601519
1907000
1
2
69
0.00375
44.1
44.1
3393
45
79.81
2
2
1
1100
2
13.79
28
1
601519
1907000
1
2
69
0.00375
44.1
44.1
3393
10
85.60
2
2
1

Temp 96 - 720 hr

- vlmber of size groups
- Mtan drop diameter (cm)
- Air-steam temperature (degC)
- Droplet temperature (degC)
- 1:.itial velocity (cm/sec)
- I:aitial angle

S spray fall height (ft) - 049-4"-C-KEO
- 1:Trajectory, 2-lambda
- Print individual drop parameters
- 1=NRC E model, 2- Entered E value
- Elemental Iodine partition coefficient
- Calculate organic iodine removal (l-yes, 2-no)
- Flow per nozzle (gpm)
- Number of nozzles
- Temperature difference between air and wall (degC)
- Effective plateout area
- Sprayed volume
- Another case? (1-yes, 2-no)

- Number of size groups
- Mean drop diameter (CD)
- Air-steam temperature (degC)
- Croplet temperature (degC)
- Initial velocity (cm/sec)
- Initial angle
- Spray fall height (ft) - 049-4"-C-KEO
- I-Trajectory, 2-lambda
- rrint individual drop parameters
- I-NRC E model, 2- Entered E value
- Elemental Iodine partition coefficient
- Calculate organic iodine removal (1-yes, 2-no)
- Flow per nozzle (gpm)
- Dumber of nozzles
- Temperature difference between air and wall (degC)
- Effective plateout area
- Sprayed volume
- ;nother case? (1-yes, 2-n.>)

- tfumber of size groups
- Hlean drop diameter (c=)
- Iir-steam temperature (degC)
- Droplet temperature (degqc
- Ynitial velocity (cm/sec)
- E:nitial angle
- Ipray fall height (ft) - 043-4"-C-KEO
- :.-Trajectory, 2-1ambda
- Irint individual drop parameters
- :.-NRC E model, 2- Entered E value

&rd-�u�u-uu1 MeY uooo
bSt"Z Kt46 RV. Z IREFE~t:NLt: 0V1ZJ-AA1V-1.10J P4ff0Q3-U1 Rev 0.OD
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E&TS DEPARTMENT

CALCULAirON SHEET

Pr"Joct or DCPIFCNIECP C
Subject Containment Aerosol and Iodine Removal Rates

ICCN NOJ |
PRELIM. CCN NO. I PAGE OF

I - _ __.
CCN CONVERSION:

Calc No. N-6030-001 I CCN NO. CCN

Sheet 1S9 Of 281

RV ORIGINATOR DATE | IRE DATE REV ORIGINATOR DATE IRE DATE _

R J. Schulz t8/I52003 D.T.Dexheimer 8/15fl03 j y
__ .1. .s

1100 - lenmental Iodine partition coefficient
2 - CaLculate organic iodine removal (lyes, 2-no)
13.79 - Flow per nozzle (gpm)
28 - Nuaiber of nozzles
1 - Temperature difference betureen air and wall (degC)
601519 - Efective plateout area
1907000C - Sprayed volume
1 - Anather case? (1-yes, 2-no)
2
69 - Nutber of size groups
0.00375 - Mean drop diameter (cm)
44.1 - Air-steam temperature (deg(:)
44.1 - Droplet temperature (degC)
3393 - Initial velocity (cm/sec)
45 - Initial angle
85.60 - Spray fall height (ft) - 0413-4 -C-KEO
2 - 1-Trajectory, 2=lambda
2 - Print individual drop parameters
1 - 1=NRC E model, 2= Entered 1E value
1100 - Elemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - Flow per nozzle (gpm)
28 - Number of nozzles
1 - Temperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - SFrayed volume
1 - Arother case? (1-yes, 2-no)
2
69 - Ntumber of size groups
0.00375 - MWan drop diameter (cm)
44.1 - Air-steam temperature (degZ)
44.1 - Droplet temperature (degC)
3393 - iritial velocity (cm/sec)
0 - Irritial angle
105.83 - Spray fall height (ft) - 045-4"-C-KEO
2 - l2Trajectory, 2-lamnbda
2 - Print individual drop parameters
1 - 1-NRC E model, 2- Entered E value
1100 - EL.emental Iodine partition coefficient
2 . - Calculate organic iodine removal (1-yes, 2-no)
13.79 - Flow per nozzle (gpm)
20 - Number of nozzles
1 - Temperature difference between air and wall (degC)
601519 - E:!fective plateout area
1907000 - Sprayed volume
1 - Another case? (2-yes, 2-nc)
2
69 - Number of size groups
0.00375 - Mean drop diameter (cm)
44.1 - Adr-steam temperature (dec*C)
44.1 - D::oplet temperature (degC)
3393 - Initial velocity (cm/sec)
89 - Initial angle
105.83 - Spray fall height (ft) - t45-4"-C-KEO
2 - 1-Trajectory, 2-lambda
2 - Print individual drop parameters
1 - I-NRC E model, 2- Entered E value
1100 - Elemental Iodine partition coefficient
2 - Calculate organic iodine 2:emoval (1-yes, 2-no)
13.79 - Flow per nozzle (gpm)
20 - Number of nozzles

CE 268426 REV.2 (REFERENCE: S0123-XXIV-7.15] N-6030-001 R Odoc
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E&TS DEPARTMENT

CALCULATION SHEET

Project or DCPIFCNIECP C
Subject Containment Aerosol and Iodine Removal Rates

| ICCN NOJ l
PRELIM. CCN NO. IPAGE OF

CCN CONVERSION:

Calc No. N-6030-001 CCN NI . CCN
Sheet 160 of 281

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE O_

_ J. Schulz 8/15/2003 D. T. Dexheimer 8/1512003 = = . =

1 - Temperature difference between air and wall (degC)
601519 - E!fective plateout area
1907000 - Sprayed volume
1 - Another case? (1=yes, 2-no)
2
69 - NTamber of size groups
0.00375 - Moan drop diameter (cm)
44.1 - A:lr-steam temperature (deuC)
44.1 - D::oplet temperature (degC)
3393 - Initial velocity (cm/sec)
0 - Initial angle
108.12 - Spray fall height (ft) - 051-4"-C-KEO
2 - 1l-Trajectory, 2-lambda
2 - P::int individual drop parameters
1 - 1:NRC E model, 2= Entered E value
1100 - ELemental Iodine partition coefficient
2 - Calculate organic iodine :removal (1-yes, 2-no)
13.79 - F.Low per nozzle (gpm)
20 - Number of nozzles
1 - Temperature difference between air and wall (degC)
601519 - Eefective plateout area
2907000 - Sprayed volume
1 - Mnother case? (1-yes, 2-no)
2
69 - Rimber of size groups
0.00375 - Man drop diameter (cm)
44.1 - ALr-steam temperature (degC)
44.1 - D:oplet temperature (degC)
3393 - Initial velocity (cm/sec)
89 - Initial angle
108.11 - S:?ray fall height (ft) - 05l-41-C-CEO
2 - 2-Trajectory, 2-lambda
2 - Print individual drop parameters
1 - 1-NRC E model, 2- Entered E value
1100 - ELemental Iodine partition coefficient
2 - CiLlculate organic iodine removal (1-yes, 2-no)
13.79 - FLow per nozzle (gpm)
20 - Nnaber of nozzles
1 - T!mperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Strayed volume
1 - ktother case? (1-yes, 2=nD)
2
69 - Nxmber of size groups
0.00375 - Moan drop diameter (cm)
44.1 - ALr-steam temperature (deic)
44.1 - Droplet temperature (degC)
3393 - I:aitial velocity (cm/sec)
0 - nLitial angle
117.43 - Stray fall height (ft) - 052-2.5"-C-KE
2 - 1 -Trajectory, 2-lambda
2 - Print individual drop parameters
1 - 1-NRC E model, 2- Entered E value
1100 - ELemental Iodine partitioi coefficient
2 - Cilculate organic iodine removal (1-yes, 2-no)
13.79 - Flow per nozzle (gpm)
10 - Nimber of nozzles
1 - Temperature difference between air and wall (degW)
601519 - Effective plateout area
1907000 - Sprayed volume
1 - Mother case? (1-yes, 2=no)

CE 28426 REV. 2 (REFERENCE: S0123-XXIV-7.151 N-603MO-01 Rev O.doc
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E&TS DEPARTMENT

CALCULATION SHEET

ProJect or DCPIFCNIECP ___

Syubject Containment Aerosol and Iodine Removal Rates Sheet 161 0O 281

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE U

0 | J. Schulz 8/152 . T. Dexheimer 11512003 _ _

2
69 - Hunber of size groups
0.00375 - tlean drop diameter 1cm)
44.1 - ldr-steam temperature (degC)
44.1 - vroplet temperature (degC)
3393 - ::nitial velocity (cm/sec)
45 - ::nitial angle
117.43 - Spray fall height (ft) - 052-2.5"-C-KE
2 - :.-Trajectory, 2-lambda
2 - Print individual drop parameters
1 - :.-NRC E model, 2- Entered E value
1100 - IMlemental Iodine partition coefficient
2 - Calculate organic iodine removal (1-yes, 2-no)
13.79 - 1Flow per nozzle (gpm)
10 - number of nozzles
1 - !emperature difference between air and wall (degC)
601519 - lffective plateout area
1907000 - :;prayed volume
1 - Mnother case? (1-yes, 2-no)
2
69 - )lumber of size groups
0.00375 - Ifean drop diameter (cm)
44.1 - Mir-steam temperature (degC)
44.1 - Droplet temperature (degC)
3393 - :initial velocity (cm/sec)
o - :Initial angle
118.47 - :;pray fall height (ft) - 046-2.5"-C-KEO
2 - -LcTrajectory, 2=lambda
2 - :?rint individual drop parameters
1 - :L-NRC E model, 2- Entered. E value
1100 - i:lemental Iodine partiticn coefficient
2 - 'alculate organic iodine removal (1-yes, 2-no)
13.79 - :?low per nozzle (gpm)
10 - Numuber of nozzles
1 - Temperature difference between air and wall (degC)
601S19 - :rffective plateout area
1907000 - 3prayed volume
1 - .Another case? (1-yes, 2-r.o)
2
69 - !qumber of size groups
0.00375 - idean drop diameter (cm)
44.1 - .Air-steam temperature (degC)
44.1 - Droplet temperature (degC:)
3393 - tnitial velocity (cm/sec)
45 - Cnitial angle
116.47 - Spray fall height (ft) - 046-2.5"-C-KEO
2 - I-Trajectory, 2-lambda
2 - Print individual drop parameters
1 - I-NRC E model, 2= Entered E value
1100 - Elemental Iodine partition coefficient
2 - _alculate organic iodine removal (1-yes, 2-no)
13.79 - Flow per nozzle (gpm)
10 - gumber of nozzles
1 - remperature difference between air and wall (degC)
601519 - Effective plateout area
1907000 - Sprayed volume
2 - knother case? (1-yes, 2-no)
2

SE2.426 REV. 2 (REFERENCE: S0123-XXIV-7.15] -0001 e 1o
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E&TS DEPARTMENT

CALCULATION SHEET
Project or DCP/FCNIECP ._C
Subject Containment Aerosol and Iodine Removal Rates

ICCN NOJ
PRELIM. CCN NO. PAGE ___OF__

CCN CONVERSION:
CON NO. CCNOalc No. N-6030-001

Shoot 162 of 281

REV ORIGINATOR DATE IR E .REV ORIGINATOR DATE IRE DATE o

0 J. Schulz 8/15/2003 D. T. Dexheimer 8/15/2003 = -

9.2.2 Output i1les

9.2.2.1 Parametric Study

9.2.2.1.1 12-30.out

Bechtel Standard Computer Program
IC) 1991
Originator Jorge Schulz Date 14
Project SONGS
Subject 12 Spray Temperature Parametric

REMOVE , NE305 Version 4.0
Calc No. W-6030-00 Rev No. 0

Jun 2003 Checked Date_
Job No. 16575-167
Sheet No. 1

. _*.=a -- .=em.=___....._s, __wsa _ _ ......=. ..a.s- --tt..- . .. =...

I Standard Computer Program I
I NE305 REMOVE Version 4.0 1
I for the IBM PC/XT/Ar I
I I

-~

Abstract::

The REMOVE program calculates the Containment
spray renoval rate constants and a mean drop
diameter or drop trajectories

Output in file I2-30.out was created on 14 Jun 2003 at 10:54:59

Bechtel Standard Computer Program REMOVE , NE305 Version 4.0
(c) 1991 Calc No. N-6030-00 Rev No. 0
Originator Jorge Schulz Date 14 Jun 2003 Checked Date_
Project SONGS Job No. 16575-167
Subject 12 Spray Terpe::ature Parametrics Sheet No. 2

. . …......a. . ...... s:== n na....... .............. =====. .s ss. ...s....==Z:

Temperature of air-steaut mixture- 30.000 Degree
Pressure of air-steam mixture- 1.0592 Atm.
Temperature of droplet liquid- 30.000 Degree C
Density of air-steam mixture- 1.21538E-03 G/CC
Viscosity of air-steam mixture- 1.81599E-04 Poise
Density of droplet liquid- .99529 G/CC
Viscosity of droplet lijuid- 8.01072E-03 Poise

Se c

.1
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E&TS DEPARTMENT ICCN NO 1
CALCULATrION SHEET PRELIM. CON NO. I _PAGE OF

* I CON CONVERSION:
Project or DCPIFCN/ECP Calc No. N-6030-001 C I
Subject Containment Aerosol find Iodine Removal Rates Sheet 163 of 281

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE . 9

0 J. Schulz 18/15/2003 D. T. Dexheimer /I 52003 - E

__ I __ =

Diff. coeff. of elemental 12 in air-steam mixture- 8.57445E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture= .11298 sq. cm/sec
Diff. coeff. of elemental I2 in droplet liquid- 3.47833E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- l.SS648E-05 sq. cm/sec
Schmidt number for elemental Iodine- 1.7426
Schmidt number for methyl iodine- 1.3344
Grashof number- 2.59335E+12
Try mean diameter= B.43C32E-02

Drop parameters for elemental
(For mean droi)

I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

34 8.4303E-02 6.224 194.9 12.29 345.4 270.1

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
cM CM/SEC /HR

34 8.4303E-02 4.176 5.0952E-02 .3352 1.153BE-03 4.567

***********SPRAY REMOVAL RATES***'*'t****

Total elemental removal constant- 4.5685 per hour

Particulate Iodine removal constant- .59268 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate due to wall deposition - 4.7211 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- e.4.3032E-02

_ = w = =! -

E28-42$ REV.2 - (REFERENCE: 60123.X)UV-7.I5l N45UiU-UU1 8OV Q.doc
_S<E26-426 REV. 2 - REFERENCE: SOD12S7DV-7.15) r+hBO30O01 Rev Qdoc
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E&TS DEPARTMENT ICCN NOJ

CALCULATION SHEET PRELIM. CCN NO. I PAGE OF_
-

Project or DCPIFCNIECP
CCN CONVERSION:
CCN NO. CCNCalc No. N-6030-001

-

SubJect Containment Aerosol aad lodinc Rcmoval Rates Sheet 164 of 281

=. ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

O J. Schulz 8115noo3 D. T. Dexheimer 8l003 2II__~~~~~9 . _ -- = __ =

9.Z2J.2 12-40.out

Bechtel Standard Computer Program
(c) 1991
originator Jorge Schulz Date 14
Project SONGS
Subject 12 Spray Tempera':ure Parametric

- - - - - -- - - - --- - - - - - - - -

REMOVE , NE305 Version 4.0
Cale No. U-6030-O0 Rev No. 0

Jun 2003 Checked Date . .
Job No. 16575-167

zs Sheet No. 1
-------- - --------

-ec-----_ - ---------- I--- - ----------- -~~ -~~--=------- - ----~s_---- - ---- ft

I I
I Standard Computer Program I
I NE305 REMOVE Version 4.0 1

for the IBK PC/XT/AT I
I I
I I

Abstract:

The REMOVE program calculates the :ontainment
spray removal rate constants and a mean drop
diameter or drop trajectories

Output in file I2-3C.out was created on lt Jun 2003 at 10:54:59

Bechtel Standard Compute% Program REMOVE , nE305 Version 4.0

tc) 1991 Calc No. F-6030-O0 Rev No. 0
Originator Jorge Schulz Date 14 Jun 2003 Checked Date
Project SONGS Job No. 16575-167
Subject 12 Spray Temperiture Parametrics Sheet No. 2

===~ ........ . .. . ........... ..... . .. . ......... =

Temperature of air-steam mixture= 30.000 Degree C
Pressure of air-steam mib:ture= 1.0592 Atm.
Temperature of droplet li.quid- 30.000 Degree C
Density of air-steam mixt:ure- 1.21538E-03 G/CC
Viscosity of air-steam m..xture- 1.81599E-04 Poise
Density of droplet liquid- .99529 G/CC
Viscosity of droplet liquid- 8.01072E-03 Poise
Diff. coeff. of elementa:l 12 in air-steam mixture= B.57445E-02 sq. cm/sec
Diff. coeff. of methyl I' in air-steam mixture- .11198 sq. cm/sec
Diff. coeff. of elementaL 12 in droplet liquid- 1.47833E-05 sq. cm/sec
Diff. coeff. of methyl I2 in droplet liquid- l.f9648E-05 sq. cm/sec
Schmidt number for elemeiital iodine- 1.7426

2rc £O-Q - nv-/ 1 n7CFFr-ft0.C *VF- V t. t.J. I Re _
I
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E&TS DEPARTMENT

CALCULATION SHEET

Project or DCPiFCNIECP C
Subjoct Containment Aerosol and Iodine Removal Rates

ICCN NO.N
PRELIM. CCN NO. PAG;E _OF_

I I

Calic No. N-6030-001
CCN CONVERSION:
CCN N6. CCN

Sheet 165 Of 281

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE _

C J. Schulz f5/2oo3 D. T Dexheimer 8/151.003 -' I_ L ..=_a

Schmidt number for methyl iodine- 1.3344
Grashof number- 2.59335E4-12
Try mean diameter- 8.430Q;2E-02

Drop parameters for elemental
lFor mean drop]

I Diameter Fall Time Reynolds M.T.Coeff G
CM SEC CM/SEC

34 8.4303E-02 6.124 194.9 12.29

I Diameter Sherwood Time Sat. Frac.
CN

S.V.
CM/SEC

345.4

M.T.Coeff L
CM/SEC

1.1538E-03

drop no.

270.1

Removal
/HR

4.56734 8.4303E-02 4.176 5.0952E-02 .3352

**********SPRAY REMOVAL RATES**********

Total elemental removal ctnstant- 4.5685

Particulate iodine removal constant= .59268

Total organic removal constant= .00000 pC

****REMOVAL DUE TO WALL DEPOSITION "**

Elemental removal rate due to wall deposition

Organic removal rate due to wall deposition-

Mean drop diameter- 8.43032E-02

per hour

per hour

er hour

- 4.7211

.00000

per hour

per hour

I -

bSt Zt64ZU REV.2 [KtEFtRENUL: bU1W$3XX1V-7.10J * * -NJ030-01 Rev 0.doc



E&TS DEPARTMENT

CALCULATION SHEET
Project or DCPIFCN/ECP C
Subject Containment Aerosol and lodine Removal Rates

ICCN NOI
IPRELIM. CCN NO. PAGE O_-F_

Calc No. N-6030-001
CCN CONVERSION:
CCN NO. CCN

Shoot 166 Of 281

REV ORIGINATOR DATE . IRE DATE REV ORIGINATOR DATE IRE DATE ox

oE J. Schulz 8/151om3 D. T. Dexhimer _ _ _ _ _ __3 EJ, __

_- == -=_
9.2.2.1.3 12-50.out

Bechtel Standard Compute;: Program
(c) 1991
Originator Jorge Schulz Date 14
Project SONGS
Subject 12 Spray Tempernture Parametric

REMOVE , NE305 Version 4.0
Calc No. N-6030-00 Rev No. 0

Jun 2003 Checked Date t
Job No. 16575-167

es Sheet No. 1
"_____S"__swswacxa~~~~~ ..........az=a____ a:--"= -z--^_"_

I I
I Standard Computer Program I
I NE305 REMOVE Version 4.0 1

for the IBM PC/XT/A I
I I

Abstract:

The REMOVE program calculates the containment
spray renoval rate constants and .3 mean drop
diameter or drop trajectories

Output in file 12-'0.out was created on 14 Jun 2003 at 10:55:23

Bechtel Standard Computer Program RE
(c) 1991
Originator Jorge Schulz Date 14 Ji
Project SONGS
Subject 12 Spray Temperature Parametrics

:MOVE , NU305 Version 4.0
Calc No. N-6030-00 Rev No. 0

un 2003 Checked Date_
Job No. 16575-167
Sheet No. 2

,==~ w, __ _._ _ .."e- g- ^u _~ a - -.^- .^ ........ .--... ..

Temperature of air-steasx mixture= 50.000 rLegree C
Presaure of air-steam r:.xture- 1.2061 Atm.
Temperature of droplet :.iquid- 50.000 Degree C
Density of air-steam mi::ture- 1.26801E-03 G/CC
Viscosity of air-steam rixture- 1.85425E-04 Poise
Density of droplet liqu:id- .98761 GJCC
Viscosity of droplet liipuid- 5.49585E-03 Poise
Diff. coeff. of elementkl 12 in air-steam mixture- 8.57252E-02 sq. cm/sec
Diff. coeff. of methyl :C2 in air-steam mixture- .11194 sq. cm/sec
Difr. coeff. of element.l 12 in droplet liquid- 2.29696E-05 sq. cm/sec
Diff. coeff. of methyl C2 in droplet liquid- 2.48055E-05 sq. cm/sec
Schmidt number for elem3ntal iodine- 1.7058

I -�-4�U XLV. Z jm?�N�: V14S-AAIV-�'.1Dj N-�13�U-oO1 ROY U.doC
S(,E 2"126 REV. 2 I~t1REFERENCE. S01ZieXV-1701E N-5U30Q0t Rev XOCd
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E&TS DEPARTMENT

CALCULATION SHEET

Project or DCPIFCNIECP _Clc Nc
SuLbject Containment Aerosol and Iodine Removal Rates

REV ORIGINATOR DATE IRE DATE REV . ORIGINATOR DATE IRE DATE i

__0 J. Schulz 8/15/2003 D.T.Dexheimer 8/15/2003 1 =I
- -

Schmidt number for methyL iodine- 1.3064
Grashot number- 3.17627C+12
Try mean diameter- 8.54446E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Time Reynolds M.T.Coeff C
CM SEC CM/SEC

34 8.5445E-02 6.233 199.0 12.15

I Diameter Sherwood Time Sat. Frac.
CM

T .V.
CM/SEC

340.6

M.T.Coeff L
CM/SEC

drop no.

259.4

Removal
/NR

4.93434 8.5445E-02 2.695 7.8443E-02 .3621 1.76881

********v**SPRAY REMOVAL RATES*********

Total elemental removal constant- 4.9357 per hour

Particulate iodine removal constant- .59268 per hour

Total organic removal ccnstant- .00000 per hour

***'*REMOVAL DUE TO WALI DEPOSITION*W*"-

Elemental removal rate cue to wall deposition - 4.9840

Organic removal rate due to wall deposition- .(0000 I

Mean drop diameter- 8.!4446E-02

S-03

per hour

per hour

aS�E 26-426 REW2 (REFERENCE: SO123-XXIV-7.1�j . N-e030-OO1 Rev 0.doc
SHOE 26-426 REV.2 - REFERENCE: 50123XXIV-7.151 "^FS030-001 Rev Oidoc
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E&TS DEPARTMENT

CALCULATION SHEET
I ICCN NO.1 O
|PRELIM. CCN NO. PAGE _ OF_

Project or DCPJFCNIECP Calc No. N-6030-001

CCN CONVERSION:
CCN NO. CCN

Subjoct Containment Aerosol and Iodine Removal Rates Sheet 168 of 281

REV ORIGINATOR DATE | IRE DATE I REV ORIGINATOR DATE IRE DATE |

- | J. Schulz 8115l2003 D.T.Dexheiner 8/15/003 |

9.2.2.1.4 12-60.out

Bechtel Standard Computer Program

(c) 1991
Originator Jorge Schulz Date 14
Project SONGS
Subject I2 Spray Temperature Parametric

REMOVE , NE305 version 4.0
Calc No. N-6030-00 Rev No. 0

Jun 2003 Checked Date
Job No. 16575-167

ct Sheet No. 1
-------- ------------------------ ,_______ ----- ------ ---- -- --- ---------- -------- ----

I
I
I
I
I
I-

Standard Computer Program
NE305 REMOvE Version 4.0

for the IBM PC/XT/AM

I -

I

Abstract:

The REMOVE program calculates the containment
spray renoval rate constants and ai mean drop
diameter or drop trajectories

Output in file 12-CO.out was created on 14 Jun 2003 at 10:55:35

Bechtel Standard Computer Program REMOVE , NE305 Version 4.0
(C) 1991 Calc No. N-6030-00 Rev No. 0
Originator Jorge Schulz Date 14 Jun 2003 Checked Date
Project SONGS Job No. 16575-167
Subject 12 Spray Temperature Parametrics Sheet No. 2

s--.......... ......=....

Temperature of air-steasi mixture- 60.000 Degree C
Pressure of air-steam mixture- 1.3145 Atm.
Tenperature of droplet liquid- 60.000 Degree C
Density of air-steam mi:tuxe= 1.31522E-03 G/CC
Viscosity of air-steam rLixture- 1.85731E-04 Poi:3e
Density of droplet liquJ.d- .98289 G/CC

Viscosity of droplet licluid= 4.68809E-03 Poise

Diff. coeff. of elemental I2 in air-stean mixture= 8.3883IE-02 sq. cm/sec

Diff. coeff. of methyl 1:2 in air-steam mixture= .10958 sq. cm/sec

Diff. coeff. of elemental 12 in droplet liquid- 2.77606E-05 sq. cm/sec

Diff. coeff. of methyl ;:2 in droplet liquid- 2.99793E-05 sq. cm/sec

Schmidt number for elenx:ntal iodine- 1.6835

_C1 - <$: - -1 s I t l Cl-b / ~1% t - - ____ __<:-or-40-zo Ym.2 tFIFERCENCEi; 801ZXv-,.1t, N"W-oUUVV1 K(F U.00

-- - - - - - - -



E&TS DEPARTMENT

CALCULATION SHEET
Pniject or DCPIFCNIECP 4

Subject Containment Aerosol :nd lodine Removal Rates

Calc

REV ORIGINATOR | DATE IRE DATE REV ORIGINATOR DATE IRE DATE |

| J. Schulz 8/1S12003 D. T. Dexheimer 8/15/2003 ~ |

Schmidt number for methyl iodine- 1.2887
Grashof number- 3.75337E+12
Try mean diameter- 8.58842E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall.Tive Reynolds M.T.C
CM SEC CM/S

34 8.5884E-02 6.333 204.6 11

I Diameter Sherwood Time Sat.
CM

!oeff G
IEC

.93

Frac.

T .V.
CM/SEC

336.4

M.T.Coeff L
CM/SEC

drop no.

255.5

Removal
/HR

5.07134 8.5884E-02 2.199 9.5346E-02 .3722 2.12681

***********SPRAY REMOVAL RATES***********

Total elemental removal constant- 5.0724 pec hour

Particulate iodine removal constant- .5926B per hour

Total organic removal constant- .00000 per nour

'****REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate due to wall deposition = 5.1040

Organic removal rate due to wall deposition- .00000 I

Mean drop diameter- 8.5E842E-02

E-03

per hour

per hour

9.2.2.1.5 12-70.out

Bechtel Standard Computer Program REMOVE , NE305 Version 4.0
Wc) 1991 Calc No. N-6030-00 Rev No. 0
Originator Jorge Schulz Date 14 Jun 2003 Checked Date_
Project SONGS Job No. 16575-167
Subject 12 Spray Tempercture Parametrics Sheet No. I

=.................… .... … m C…......… ............. …==. .=C…=…...o. .... _---__--

I I
I Standard Computer Program I
I NE305 REMOVE Version 4.0 1
I for the IBM PC/XT/AT I
I I

Abstract:

2- = An - ~ t - I D C - C - D rU-. Qe Wl\1 _ - : U-£r - o- I_
3SCE zt-4t5 REV-2 idLetrrtKNtr: tiUzovrll -E':KJeOW-W Iev U.ooc
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E&TS DEPARTMENT

CALCULATION SHEET

Project or DCPIFCNIECP c

Subject Containmcnt Aerosol and Iodine Removal Rates

I ICCN NOJ I
| PRELIM. CCN NO. I PAGE _OF

N-6 0 -- ICCN CONVERSION:
alC NO. CCN NO. CCN

* Sheet 170 of 281

FEV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE 9

__ J. Schulz 813/15o3w D. T. Dexheim S8IS2003 _ = @

The REMOVI: program calculates the containment
spray removal rate constants and a. mean drop
diameter or drop trajectories

Output in file 12-70.out was created on 14 Jun 2003 at 10:55:47

Bechtel Standard Computer Program REMOVE , NE305 Version 4.0
(c) 1991 Calc No. N-6030-00 Rev No. 0
Originator Jorge Schulz Date 14 Jun 2003 Checked Date e
Project SONGS Job No. 16575-167
Subject 12 Spray Temperature Parametrics Sheet No. 2

. . ........... .s-=ng== .= ...... ......= ssac====as^_ ...... ...

Temperature of air-steam mixture- 70.000 Degree C
Pressure of air-steam mi:iture- 1.4590 Atm.
Temperature of droplet liquid= 70.000 Degree C
Density of air-steam mix':ure- 1.38315E-03 G/CC
Viscosity of air-steam m:Lyture- 1.84945E-04 Poise
Density of droplet liquid- .97759 G/CC
Viscosity of droplet liquid- 4.06143E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 8.06100E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- .10539 sq. cm/sec
Diff. coeff. of elementasL 12 in droplet liquid- 3.30057E-05 sq. cm/sec
Diff. coeff. of methyl I2 in droplet liquid- 3.56436E-05 sq. cm/sec
Schmidt number for eleme:tal iodine- 1.6588
Schmidt number for methyL iodine- 1.2687
Grashof number- 4.5898733+12
Try mean diameter- 8.62381E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Tima Reynolds M.T.Coeff t, T.V. drop no.
CM SEC CM/SEC CM/SEC

34 B.6238E-02 6.477 213.2 11.56 330.6 252.3

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /KR

34 8.6238E-02 1.801 .1150 .3800 2.5182E-03 5.178

***********SPRAY REMOVAL BATES***********

Total elemental removal oonstant- 5.1780 per hour

Particulate iodine removal constant- .59268 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate due to wall deposition - 5.1040 per hour

I
S(;E26Z6Z RE:V.Z It3EFrKtNfE: EUlZ3XXIVW-7.1SJ N-eUU0-001 Rev 0.0oc
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E&TS DEPARTMENT

CALCULATION SHEET
Project or DCPIFCNJECP _I
Subject Containment Aerosol and Iodine Removal Rates

I CCN NO.I
PRELIM. CCN NO. I PAGE -OF

._ _ _ _ . -

C;31c No. N-6030-001
CCN CONVERSION:

ICN NO. CCN

Sheet 171 of 281
-

-

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE 9

_O | J. Schulz /15/2003 D.T.Dexheimer 8/15/2003 - _

Organic removal rate due to wall deposition= .CDOOD

Mean drop diameter- 8.623BIE-02

per hour

I - _Dq\ l¶ V. rId -I -. 1 -IVI * IsI Jn n~U J. I N1.V.U.OG
;M 't ; ;6 IEV.2 RnEE : El=J -Lhl; Issu Rev u-noc,



E&TS DEPARTMENT

CALCULATION SHEET
ICCN NO./
PRELIM. CCN NO. PAGE OF

CCN CONVERSION:
CCN NO. CCN

I_Project or DCPIFCNIECP Calc No. N-6030-001

Subject Containment Aerosol and Iodine Removal Rates Sheet 172 Of 281

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

_ J. Schulz S/I5/2003 D.T.Dexheimer Ul15R2003 = =

9.2.2.1.6 12-75.out

Bechtel Standard Compute:: Program
(c) 1991
Originator Jorge Schulz Date 14
Project SONGS
subject 12 Spray Temperature Parametric

REWMOV NE305 Version 4.0
Calc No. N-6030-00 Rev No. 0

Jun 2003 Chocked Date e
Job No. 16575-167

cs Sheet No. I
… … .- ....... -…===…_… . . .

I I
I Standard Computer Program I
I NE305 REMOVE Version 4.0 1
I for the IBM PC/XT/AT I
I I

Abstract:

The REMONE program calculates the containment
spray renoval rate constants and a mean drop
diameter or drop trajectories

Output in file 12-75.out was created on :14 Jun 2003 at 10:55:59

Bechtel Standard Computer Program REMOVE , NE305 Version 4.0
(c) 1991 Calc No. N-6030-O0 Rev No. 0
Originator Jorge Schulz Date 14 Jun 2003 Checked Date
Project. SONGS Job No. 16575-167
Subject 12 Spray Temperature Parametrics Sheet No. 2

__ _ __ _ - ---- --- - ------ . .... ...... === 0: "--- .= ~ "_ _ "_ " _ _ _ .. .. .. ^ . . . . .... . . . . .

Temperature of air-steaza mixture- 75.000 Degree C
Pressure of air-steam mixture- 1.5487 Atm.
Temperature of droplet :Liquid= '75.000 Degree C
Density of air-steam mi:cture- 1.42687E-03 G/CC
Viscosity of air-steam mfixture- 1.84197E-04 Poise
Density of droplet liquLd- .97473 G/CC
Viscosity of droplet liquid- 3.79951E-03 Poise
Diff. coeff. of elementel 12 in air-steam mixture- 7.84376E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- .10261 sq. cm/sec
Diff. coeff. of elementil I2 in droplet liquid- 3.57950E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 3.86559E-05 sq. cm/sec
Schmidt number for elemantal iodine= 1.6458

�sc� �-4� �v. z I FtR�N�: soizs-xxiv-i.isj tl-�030O01 Rev 0.doc
S',E26AZ 42hRV.2 l{REFhRENCE: 5U123-XMaV-7,15] NwGWD-001 Rev O.doc
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E&TS DEPARTMENT

CALCULATION SHEET
PtoJect or DCPIFCNIECP __ ._ _

Subject Containment Aerosol and Iodine Removal Rates

ICCN NO.J
PRELIM. CCN NO. PAGE ___OF

a.Ic No. N-6030-001

CCN CONVERSION:
ItCN NO. CCN

Sheet 173 of 281

lEV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE o

_ RI T Schulz 8115R03 D. T. Dexheimer 11512003 Sll 8
__~~ =. . -

_ _ .......

Schmidt number for methy:L iodine= 1.2581
Grashof number- 5.125691:+12
Try mean diameter- 8.63!126E-02

Drop parameters for elem'ntal
(For mean drop)

I Diameter Fall Tim'l Reynolds M.T.Coeff G T.V
CM SEC CM/SEC CM/Si

35 8.6393E-02 6.567 218.8 11.33 327

I Diameter Sherwood Time Sat. Frac. f.T.C
cm CM,

35 8.6393E-02 1.630 .1260 .3830 2.72

***********SPRAY REMOVAL RATES***********

Total elemental removal constant- 5.2192 per hour

Particulate iodine removal constant= .59268 per hoi

Total organic removal co.lstant= .00000 per hour

***`REOVAL DUE TO WALL DEPOSITION'**'*

Elemental removal rate dae to wall deposition = 5.1040

Organic removal rate due to wall deposition- .00000

Mean drop diameter- 8.63926E-02

.0

:eff L
/SEC

62E-03

drop no.

251.0

Removal
/HR

5.219

per hour

per hour

_ _ _
. .--- --SC.E26426 REV. 2 [REFERENCE: 80123-XXIV-7.15J N-U30-001 Rtv O~doc
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E&TS DEPARTMENT

CALCULATION SHEET
[ ICCN NO.)

PRELIM. CCN NO. I PAGE-OF_

Project or DCPIFCNIECP L
CCN CONVERSION:
CCN N6. CCNCalc No. N-6030-001

-

Subject Containment Aerosol and Iodine Removal Rates Sheet 174 of 281

REV |ORIGINATOR1 DATE_ IRE |DATE RE ORIGINATOR |DATE | IREg DATE | e

EV J.Schulz 81517003 D.T.Dexheimer 8/15t2003 | | .
- I I

9.2.2.1.7 I2-80.out

Bechtel Standard Computer Program
(c) l991
originator Jorge Schulz Date 14
Project SONGS
Subject 12 Spray Tempereture Parametric

REMOVE , NE305 Version 4.0
Calc No. N-6030-0O Rev No. 0

Jun 2003 Checked Date
Job No. 16575-167

cs Sheet No. 1
.... ._____ ...... _- .... _ W_- ._____....______... ; ..... .... ..... .

I I
I Standard Computer Program I
I NE305 REMOVE Version 4.0 1

for the IBM PC/XT/AT I
I I

Abstract:

The REMOV:3 program calculates the containment
spray remwval rate constants and a mean drop
diameter or drop trajectories

Output In file I2-8).out was created on 3.4 Jun 2003 at 10:56:10

Bechtel Standard Computer Program REMOVE , NE305 Version 4.0
(c) 1991 Calc No. N-6030-00 Rev No. 0
Originator Jorge Schulz Date 14 Jun 2003 Checked Date
Project SONGS Job No. 16575-167
Subject 12 Spray Temperature Parametrics Sheet No. 2
.. ............. b ...... =..... - -=a- ----- -=::±------- _ _ ___

Temperature of air-steam mixture= 80.000 Degree C
Pressure of air-steam mixture- 1.6524 Atm.
Temperature of droplet liquid= 80.000 Degree C
Density of air-steam mixture- 1.47831E-03 G/CC
Viscosity of air-steam mixture- 1.83263E-04 Poise
Density of droplet liquid- .97174 G/CC
Viscosity of droplet liquid- 3.56538E-03 Poise
Diff. coeff. of elemental r2 in air-steam mixture- 7.59322E-02 sq. cm/see
Diff. coeff. of methyl I2 in air-steam mixture- 9.93942E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid= 3.86934E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 4.17859E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6326

TTC 4 q - -1 I. -n .... - . U1 KV n.O
0'rZ"Z m-d RFRNE *' Nr0tkVJ-1 Rev U.dx0



E&TS DEPARTMENT

CALCULATrION SHEET
Project or DCPIFCNIECP I
Subject Containment Aerosol and Iodine Removal Rates

ICCN NOJ
PRELIM. CCN NO. I PAGE OF -

Calc No. N-6030-001
CCN CONVERSION:
ICN NO. CCN

Sheet 175 of 281

RIGV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE 9

3 J. Schulz 8/15/2003 D. T. Dexheimer 8/15/2003 I 9
__ ._ ._Ck

Schmidt number for methyl iodine- 1.2472
Grashof number- 5.75187EI12
Try mean diameter= 8.65248E-02

Drop parameters for elemeatal
(For mean drop)

I Diameter Fall Time Reynolds M.T.Coeff G T.V.
CM SEC CM/SEC CM/SEC

35 8.6525E-02 6.673 225.4 11.06 322.9

I Diameter Sherwood Time Sat. Frac. M.T.Coel
CM CM/Si

35 8.6525E-02 1.474 .1380 .3854 2.9424X

*******-**$SpJMy REMOVAL RATES**********

Total elemental removal constant- 5.2527 per hour

Particulate iodine removal constant- .59268 per hour

Total organic removal corstant- .00000 per hour

***'*REMOVAL DUE TO WALL DEPOSITION""*'

Elemental removal rate dve to wall deposition - 5.1040

Organic removal rate due to wall deposition- .00000 I

Mean drop diameter- 8.6!248E-02

ff L
I0C

drop no.

249.8

Removal
/HR

5.252

per hour

per hour

I -
5(C-20-25 REV. Z [REFERE~tNCE: ZSoUz-AA1iV-1.1Dl N 6030-001 Rev O.doc
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E&TS DEPARTMENT

CALCULATION SHEET

Project or DCPIFCNIECP _

Subject Containment Aerosol and Iodine Removal Rates

ICCN NO.1
PRELIM. CCN NO. PAGE __OF

CCN CONVERSION:
CCN NO. CCNC;31C No. N-6030-001

Sheet 176 of 281
-

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE _

o 0 J. Schulz |8/15/2003 D T Dexheimer 8/15/2003 I - 2

9.212.1.8 I2-85.out

Bechtel Standard Compute:: Program
(c) 1991
Originator Jorge Schulz Date 14
Project SONGS
Subject 12 Spray Temperature Parametric

REMOVE , NE305 Version 4.0
Calc No. N-6030-00 Rev No. 0

Jun 2003 Checked Date_ _
Job No. 16575-167
Sheet No. 1

. .... .... _ __ - ------- _--===~___===*__e~R_ ------ ___- -_______

I Standard Computer Program I
I NE305 REMOVE Version 4.0 I
t for the IBM PC/XT/Ar I

I I

Abstract:

The REMOVE program calculates the containment
spray renoval rate constants and a mean drop
diameter or drop trajectories

Output in file 12-E5.out was created on 14 Jun 2003 at 10:56:22

Bechtel Standard Computer Progr
(c) 1991
Originator Jorge Schulz
Project SONGS
Subject 12 Spray Temperature P

arM REMOVE , NE305 Version 4.0
Calc No. N-6030-00 Rev No. 0

Date 14 Jun 2001- Checked Date
Job No. 16575-167

aranetrics Sheet No. 2
______._____________ ________________

"_.__.D.. .. .…=. . .Isin===___._.l. ==.:._. _ ..... ==a --- ____-=- _ _---

Temperature of air-stean mixture- 85.000 Degree C
Pressure of air-steam m..xture- 1.7723 Atm.
Temperature of droplet .iquid- 85.000 Degree C
Density of air-steam mixture- 1.53848E-03 G/CC
Viscosity of air-steam ziixture- 1.82194E-04 Poise
Density of droplet liqu:id- .96862 G/CC
Viscosity of droplet liquid- 3.35520E-03 Poise
Diff. coeff. of elementil 12 in air-steam mixtu::e- 7.31266E-02 sq. cm/sec
Diff. coeff. of methyl '[2 in air-steam mixture- 9.57876E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid= 4.16994E-05 sq. cm/sec
Diff. coeff. of methyl [2 in droplet liquid- 4.50322E-05 sq. cm/sec
Schmidt number for elemnntal iodine- 1.6195

_! =!: Pt ! - - ! -

$CE26.426 REV. 2 (REFERENCE: S0123-XXIV-7.15] N.�O�0.001 Rev 0.doo.SCE-26426 REV.2 [REFERENCE: S0423-XXI-M7.151 * * S t4-603001 Re v O.Ioc-
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E&TS DEPARTMENT

CALCULATION SHEET

Project or DCPIFCNIECP

StLbject Contaimnent Aerosol and Iodine Removal Rates

ICCN NO.I
PRELIM. CCN NO. PAGE OF

CCN CONVERSION:
CCN NO. .CCNailc No. N-6030-001

Sheet 177 of 281

F:V ORIGSchuOR 1 DAE IE DT REV ORIGINATOR DATE IRE DATE R

O J. Schulz RIGINAT3 D.T. Dexheimer 8/15/2003 J 8
_= = ==' =

Schmidt number for methyl iodine- 1.2363
Grashof number= 6.47834E+12
Try mean diameter- 8.66359S-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Tine Reynolds M.T.Coeff G
cM SEC CM/SEC

35 8.6636E-02 6.796 232.8 10.76

I Diameter Sherwood Time Sat. Frac.
CM

T.V. drop no.
CM/SEC

318.2 248.9

M.T.Coeff L Removal
CM/SEC /HR

3.1669E-03 5.27835 8.6636E-02 1.333 .1510 .3873

******'***SPRAY REMOVAI RATES****'******

Total elemental removal constant= 5.2787

Particulate iodine removal constant- .59268

Total organic removal ccnstant- .00000 p

*.**'RENOVAL DUE TO WALI DEPOSITION*****

Elemental removal rate ctue to wall deposition

Organic removal rate due to wall deposition=

Mean drop diameter= 8.(:6359E-02

per hour

per hour

er hour

= 5.1040

.00000

per hour

per hour

' *-R A-v - . -- -74 CI - . .
dt r ,V;' LJtr-rmnc"L'.; OW14Q-AIV-1.1 *J.' . -- ' .

., rr.-n fin'



E&TS DEP/ARTMENT

CALCULATION SHEET
[ ICCN NO.J

PRELIM. CCN NO. PAGE OF

CCN CONVERSION:
CCN NO. CCNProject or DCPIFCNIECP Calc No. N-6030-001

Subject Containment Aerosol ;md Iodine Removal Rates Sheet 178 Of 281

REV ORIG0NATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE W.

O J. Schulz 8-15/DO3 D. T. Dexheimer 815R2E03 _ i__ _ _ _ =

9.2.2.1.9 12-90.out

Bechtel Standard Computex Program
(c) 1991
Originator Jorge Schulz Date 14
Project SONGS
Subject I2 Spray Tempere.ture Parametric

REMOVE , NE305 Version 4.0
Calc No. N-6030-00 Rev No. 0

Jun 2003 Checked Date e
Job No. 16515-167

ca Sheet No. 1
-- ------- ------------------ --------------

---------------- _-3g_~_a - ----- na___|.___~ --- --- ------ ------------------

I I
I Standard Computer Program I
I NIE305 REMOVE Version 4.0 1
I for the 1BM PC/XT/AT I
I I

4

Abstract:

The REMOVE program calculates the containment
spray removal rate constants and a. mean drop
diameter or drop trajectories

Output in file 12-90.out was created on 1.4 Jun 2003 at 10:56:33

Bechtel Standard Computer Program REM0VZ , NE305 version 4.0
(c) 2991 Calc No. N-6030-00 Rev No. 0
Originator Jorge Schulz Date 14 Jun 2003 Checked Date
Project SONGS Job No. 16575-167
Subject I2 Spray Temperature Parametrics Sheet No. 2

.=SX~~_ . ... . ........ ....... ===.= ....... . .. .... ............ __-......==s_

Temperature of air-steami mixture- 90.000 Dfsgree C
Pressure of air-steam mIxture- 1.9105 Atm.
Temperature of droplet liquid- 90.000 Degree C
Density of air-steam mli:ture- 1.60846E-03 G/CC
Viscosity of air-steam mixture- 1.81049E-04 Poise
Density of droplet liquid- .96536 G/CC
Viscosity of droplet liquid= 3.16578E-03 Poise
Diff. coeff. of elementeil I2 in air-steam mixture- 7.00639E-02 sq. cm/sec
Diff. coeff. of methyl ::2 in air-steam mixture- 9.18436E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 4.48114E-05 sq. cm/sec
Diff. coeff. of methyl ::2 in droplet liquid- 4.83929E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6065

4-2�-4�U XtV. z Lx�F�N�.;E: bUl.)UUV-IaDJ N-6030-O01 Roy O.doo
SCE1-2f&4Z REV.2 t[REFERENCE: 02;aV71 N-6030-001 Rlev 0.doc



E&TS DEPARTMENT

CALCULATION SHEET

Project or DCP/FCNIECP Calc No
Subject Containment Aerosol and Iodine Removal Rates

ICCN NO.J
PRELIM. CCN NO PAGE OF

I I PAE -- O
I CCN CONVERSION:

CCN NO. CCNN-6030-001
Sh8et 179 Of 281

Schmidt number for methyl iodine- 1.2256
Grashof number- 7.31507Ee12
Try mean diameter- 8.67246E-02

Drop parameters for elemental
(For mean drop'

I Diameter Fall Time Reynolds M.T.Coeff G T.V.
CM SEC CM/SEC CM/SEC

35 8.6725E-02 6.937 241.2 10.43 313.0

I Diameter Sherwood Time Sat. Frac. M.T.Coe:
CM CM/Si

35 8.6725E-02 1.203 .1653 .3887 3.39981

**********SPRAY REMOVAL RATES**********

Total elemental removal canstant- 5.2974 per hour

Particulate iodine removal constant- .59268 per hour

Total organic removal constant- .00000 per hour

*****REOVAL DUE TO WALL DEPOSITICN*****

Elemental removal rate due to wall deposition - 5.1040

Organic removal rate due to wall deposition= .01000 0

Mean drop diameter- 8.67246E-02

Ef L
- C

drop no.

248.1

Removal
/HR

5.296

per hour

Der hour

L
�e-40 KtV.� jK�r�r4L�: �U1�J.AAIV.f.IDJ N4�WU.OD1 Rev U.doc
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E&TS DEPARTMENT

CALCULATION SHEET
ICCN NO.I
IPREIM. CCN NO. PAGE OF

Prcoject or DCPIFCNIECP Calc No. N-6030-001
CCN CONVERSION:
CCN NO. CCN

Subject Containment Aerosol and Iodine Removal Rates _ Sheet 180 Of 281

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE te

I) J. Schulz 8115/2003 D. T. Dexheimer 8/1512003 - I
__ ~I

9.2.2.1.10 I2-95.out

Bechtel Standard Computer Program
(c) 1991
originator Jorge Schulz Date 14
Project SONGS
Subject 12 Spray Temperature Parametric

REMOVE , NE305 Version 4.0
Calc No. N-6030-00 Rev No. 0

Jun 2003 Checked Date
Job No. 16575-167

cs Sheet No. 1
i n . . . =...=. . . . . . ..sa n s .- . .D.-.. . . .. I._._..-.…

I I
I Standard Computer Program I
I NE305 REMOVE Version 4.0 1
1 for the IBM PC/XT/AT
I I
I I

Abstract:

The REMOVE: program calculates the containment
spray removal rate constants and a mean drop
diameter or drop trajectories

Output in file 12-9!.out was created on 14 Jun 2003 at 10:56:44

Bechtel Standard Compute:. Progr4
(c) 1991
Originator Jorge Schulz
Project SONGS
Subject 12 Spray Temperature Pi

km REMOVE , NE305 Version 4.0
Calc No. N-6030-00 Rev No. 0

Date 14 Jun 2003 Checked Date t
Job No. 16575-167

irametrics Sheet No. 2
_ _ __ _ _ _ _ _ _ _____ __..�___________________________

. ......................... .. . .- Dw"_ ._=t-===S3D "" ...... ....... t_-

Temperature of air-steamn mixture- 95.000 Degree C
Pressure of air-steam mi:cture- 2.0696 Atm.
Temperature of droplet liquid- 95.000 Degree C
Density of air-steam mixKurs= 1.68945E-03 G/CC
Viscosity of air-steam mLxture- 1.7988BE-04 Poiise
Density of droplet liquil- .96198 G/CC
Viscosity of droplet liqaid- 2.99442E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 6.67953E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- 8.76266E-02 sq. cr/sec
Diff. coeff. of elemental 12 in droplet liquid- 4.80280E-05 sq. cm/sec
Diff. coeff. of methyl I2 in droplet liquid- 5.18666E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.5941

n- _ .__ - -- - . L -_
5(XZ"ZV tZRV. Z Ikt'tEKtNC.E: SO123dXAV-f,1tP] N-0WU0UU1 Rev 0.doc
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CALCULATION SHEET

Project or DCPIFCNIECP

Subject Containment Acrosol and odine Removal Rates

ICCN NO.!
PRELIM. CCN NO. PAGEOF_

CCN CONVERSION:
Calc No. N-6030001- CCN NO. CCN

Shoot 181 Of 281

REV ORIGINATOR DATE RATE IEV ORIGINATOR DATE IRE _ DATE ds

J. Scbulz 8/15/2003 D T. Dexheimer 8/1152003 I 1 2

Schmidt number for methyl iodine- 1.2151
Grashof number- 8.27249E+12
Try mean diameter- 8.67525E-02

Drop parameters for elemental
(For mean dror)

I Diameter Fall Time Reynolds M.T.Coeff C. T.V.
¢ SEC CM/SEC CM/Si

35 8.6793E-02 7.099 250.4 10.07 307.

I Diameter Sherwood Time Sat. Frac. M.T.Cc
CM

35 8.6793E-02 1.095 .1811 .3895 3.641

.**********SPRAY REMOVAL RATES***********

Total elemental removal constant- 5.3091 per hour

Particulate iodine removal constant- .59268 per hot

Total organic removal constant= .00000 per hour

*-**REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate due to wall deposition - 5.0750

Organic removal rate due to wall deposition- .00000

Mean drop diameter- 8.67925E-02

EC

,eff L
ISEC

.OE-03

drop no.

247.5

Removal
/HR

5.308

pr

per hour

per hour

Can' - D-- --. - fDC=. *t-7 -u- .e ---. A- - -Qcrz-40m-- KFRENE -J13A Vf-5 - NtU30L4dU1 Rev .0.oc'



E&TS DEPARTMENT

CALCULATION SHEET
ICCN NOJ
PRELIM. CCN NO. PAGE OF_

Project or DCP/FCNIECP C;lc No. N-6030-001

CCN CONVERSION:
CCN NO. CCN

Subject Containment Aerosol and Iodine Removal Rates Sheet 182 of 281

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE |

0 | J. Schulz v8/1sno23 D. T. Dexheimer 8115/2003 X

9.2.2.1.11 12-100.out

Bechtel Standard Computer Program
(ci 1991
Originator Jorge Schulz Date 14
Project SONGS
Subject 12 Spray Temperature Parametric

REMOVE , NE305 Version 4.0
Cale No. N-6030-00 Rev No. 0

Jun 2003 Checked Date_
Job No. 16575-167

cs Sheet No. 1
- __ __ - ----------

- - --- ------ - ----------- u=------s"__ - ----- _ -- --------- ==" __-_w -- o=-

I I
I Standard Computer Program I
I NE305 REMOVE Version 4.0 |
I for the IBM PC/XT/AI

I I

I

Abstract:

The REMOVE program calculates the containment
spray renoval rate constants and a mean drop
diameter or drop trajectories

Output in file 12-300.out was created on L4 Jun 2003 at 10:56:56

Bechtel Standard Computer Program R]M.OVE , NE305 Version 4.0
(c) 1991 Calc No. N-6030-00 Rev No. 0
Originator Jorge Schulz Date 14 Jun 2003 Checked Date
Project SONGS Job No. 16575-167
Subject 12 Spray Temperature Parametrics Sheet No. 2

--- f------- =......... -- == " .. .. =.. .....=...I . . . .... =......

Temperature of air-steant mixture- 100.00 Degree C
Pressure of air-steam zu.xture- 2.2522 Atm.
Temperature of droplet :liquid- 100.00 Degree C
Density of air-steam mixture= 1.78269E-03 G/CC
Viscosity of air-steam :2ixture= 1.78774E-04 Poi:se
Density of droplet liqu:!d- .95848 G/CC
viscosity of droplet liquid- 2.83686E-03 Poise
Diff. coeff. of element.nl I2 in air-steam mixture- 6.33767E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- 8.32075E-02 sq. cm/sec
Diff. coeff. of elementdl 12 in droplet liquid= 5.13479E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid= S..54518E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.5823

I.
SCE25-428 KhV.Z LKLIFEENUE: bQ123A1Y-71-* N-43U-001 Rev o.ioc
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E&TS DEPARTMENT

CALCULATION SHEET
ICCN NOJ
PRELIM. CCN NO. PAGE-OF_

Project or DCPJFCNIECP

Subject Containment Aerosol Ind Iodine Removal Rates
Ca8C No.

CCN CONVERSION:
CCN NO. CONN-6030O001

Sheet 183 Of 281

__ .. .- _ .REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE c

0 J. Schulz 1/152003 D.T.Dexheimer 811512003 . 2 j

Schmidt number for methyl iodine- 1.2052
Grashof nurber- 9.361021:+12
Try mean diameter- 8.68402E-02

Drop parameters for elevmental
(For mean drop)

I Diameter Fall Time Reynolds M.T.Coeff G T.V.
CM SEC CM/SEC CM/SEC

35 8.6840E-02 7.283 260.5 9.695 300.8

I Diameter Sherwood Time Sat. Frac. M.T.Coe
CM CM/S

35 8.6840E-02 .9773 .1984 .3899 3.8905

********w**SPRAY REMOVAL RATES*********'*

Total elemental removal c:onstant- 5.3141 per hour

Particulate iodine removal constant- .59268 per hour

Total organic removal coistant- .00000 per hour

*'1'REMOVAL DUE TO WALL DEPOSITION***

Elemental removal rate die to wall deposition - 4.9871

organic removal rate due to wall deposition- .00000

Mean drop diameter- 8.68402E-02

ff L
5EC

SE-03

drop no.

247.1

Removal
/HR

5.313

per hour

per hour

I -�
5LCE-26426 REV.2 jBEftERNCE: bQ1!-3-XX1V-7.15J N-6030-U01 ROV .O00C
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E&TS DEPARTMENT

CALCULATION SHEET
t ICCN NO./ |

PRELIM. CCN NO. PAGE OF

CCN CONVERSION:
CCN NW. CCNProject or DCPIFCNIECP Cal. No. N-6030-001

Subject Containment Aerosol and Iodine Removal Rates Shoet 184 of 281

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE _ _

__ J. Schulz IS/203 D. T. DexAeimer 8 =RE AT

9.2Z2.J.12 12-105.out

Bechtel Standard Computer Program
(c) 1991
Originator Jorge Schulz Date 14
Project SONGS
Subject I2 Spray Temperature Parametric

REMOVE I41E305 Version 4.0
Calc No. N-6030-00 Rev No. 0

Jun 2003 Checked Date
Job No. 16575-167

ca Sheet No. 1
__=_. . .. .. ... ..._.... ..- a-- -- -- -- -- -- - -- -- ---_-_-* -_-_-__-_-__- - -__ -_ -

I I
I Standard Computer ProgramI
I NE305 REMOVE Version 4.0I
I for the IBM PC/XT/ATI
I I
1l ~

Abstract:

The REMOVE program calculates the containment
spray removal rate constants and a mean drop
diameter or drop trajectories

Output in file 12-105.out was created on 14 Jun 2003 at 10:57: 6

Bechtel Standard Computer Program REMOVE , PIE305 Version 4.0
(c) 1991 Calc No. N-6030-00 Rev No. 0
Originator Jorge Schulz Date 14 Jun 2003 Checked Date
Project SONGS Job No. 16575-167
Subject 12 Spray Temperature Parametrics Sheet No. 2

__.. . .... w ........... . ................. =.... ....... …

Temperature of air-steam. mixture- 105.00 Deree C
Pressure of air-steam mi>,ture= 2.4612 Atm.
Temperature of droplet l1quid- 105.00 Degree C
Density of air-steam mixture- 1.88954E-03 C/CC
Viscosity of air-steam mixture- 1.77766E-04 Poise
Density of droplet liquid- .95485 G/CC
Viscosity of droplet liqptid- 2.69716S-03 Poise
Diff. coeff. of elementa:. 12 in air-steam mixture- 5.98655r-02 sq. cm/sec
Diff. coeff. of methyl I:: in air-steam mixture- 7.B6599E-02 sq. cm/sec
Diff. coeff. of elementa:. 12 in droplet liquid- 5.47695E-05 sq. cm/sec
Diff. coeff. of methyl I in droplet liquid- 5.91469E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.5715

e.- __ .__ -I A D _ S - f =I I - - ----- It#_ - - _
erZ , r -c L ~ rK-1V- JJ 4)A-V 1 _D N4-WWU1 IceV U.aC=
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E&TS DEPARTMENT

CALCULArION SHEET
Project or DCPJFCN/ECP I
Subject Containment Aerosol and Iodine Removal Rates

ICCN NON .
I PAELIM. CCN NO. IPAGE OF-

Ca3c No. N-6030-ODJ
CCN CONVERSION:
ICCN NO. CCN

Sheet 185 Of 281
.

Rl-V ORIGINATOR DATE I . IRE DATE REV ORIGINATOR DATE IRE DATE 8

J. Schulz 8/15/2003 | D. T. Deeimer 8/15/2003 in _

- _ _ _ __ _ _ _ _

Schmidt number for methyl iodine- 1.1960
Grashof number= 1.0591lE+13
Try mean diameter- 8.68688E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Time Reynolds M.T.Coeff G T.V.
CM SEC CM/SEC CH/Si

35 8.6869E-02 7.490 271.4 9.298 293,

I Diameter Sherwood Time Sat. Frac. M.T.Cc
Cm CH

35 8.6869E-02 .8790 .2174 .3898 4.141

***********SPRAY REMOVAL RATES""""*

Total elemental removal constant- 5.3129 per hour

Particulate iodine removwl constant- .59268 per ho%

Total organic removal corstant- .00000 per hour

*"**"REMOVAL DUE TO WALL DEPOSITIONI***.*

Elemental removal rate dtve to wall deposition - 4.8795

Organic removal rate due to wall deposition- .00000

Mean drop diameter- 8.6(168SE-02

.9

oeff L
eSEC

184E-03

drop no.

246.9

Removal
/RR

5.311

p or

per hour

per hour

FJI- ,---v Iv u ... -SGE"- 25 KtV. Z [KlrEFE~a"Uh BUlCUM-AM-.l; NebUJW-Vl KWre U.CW9



E&TS DEPARTMENT

CALCULATION SHEET

Project or DCPIFCNIECP 4
Subject Containment Aerosol und Iodine Removal Rates

ICCN NOJ
PRELIM. CCN NO. PAGE OF_

.I

I

CCN CONVERSION:
CCN Nb. CCNCalc No. N-6030-DO1

Shoot 186 Of 281

R-V ORIGINATOR - DATE IRE REV ORIGINATOR DATE IRE DATE .

O J. Schu k 8/1 W003 D. T. Dexheimer s .
_ S.l = = - = C

9.Z2.1.13 I2-11O.out

Bechtel Standard Computer Program
Cc) 1991
Originator Jorge Schulz Date 14
Project SONGS
Subject 12 Spray Tempercture Paraaetri4

RENOVE , NE305 version 4.0
Calc No. N-6030-00 Rev No. 0

Jun 2003 Checked Date
Job No. 16575-167

Zs Sheet No. 1
0 -- --- -- -- -r u~e = e- -- --- --- -- -- -- ... ... .-=_s:=- -~ u= ==:.,=

I I
I Standard Computer Program l
I NE305 REMOVE Version 4.0 1
I for the IBM PC/XT/AT I

I

Abstract:

The REMOVE program calculates the containment
spray removal rate constants and a mean drop
diameter or drop trajectories

Output in file 12-110.out was created on 14 Jun 2003 at 10:57:17

Bechtel Standard Computer Program REMOVE , NE305 Version 4.0
(c) 1991 Calc No. N-6030-00 Rev No. 0
Originator Jorge Schulz Date 14 Jun Z00- Checked Date
Project SONGS Job No. 16575-167
Subject 12 Spray Tempezature Parametrics Sheet No. 2

.... =... . ... = ... w . . .. .. .... ........ ___,...=-u_ - - ----- == . . ...........

Temperature of air-steart mixture- 110.00 Degree C
Pressure of air-steam mixture= 2.6998 Atm.
Temperature of droplet liquid- 110.00 Degree C
Density of air-steam mii:ture- 2.01144E-03 G/CC
Viscosity of air-steam hixture- 1.76918E-04 Po0.se
Density of droplet liqu:.d- .95110 G/CC
Viscosity of droplet liquid- 2.56770E-03 Poise
Diff. coeff. of elemental I2 in air-steam mixtu::e- 5.63178E-02 sq. cm/sec
Diff. coeff. of methyl :U2 in air-steam mixture- 7.40561E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 5.82918E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid= 6.29507E-05 sq. cm/sec
Schmidt number for elem'ntal iodine- 1.5618

'- A - -1 - ncw} __ facrsuclo. Ir f v s s -1 . . . -.A __ _ . .
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E&TS DEPARTMENT

CALCULATION SHEET
ICCN NO.J
PRELIM. CCN NO. PAGE OF

Prclect or DCP/FCNIECP C
Subject Containment Aerosol and Iodine Removal Rates

:aic No.
CCN CONVERSION:
ICN NO. CCNN-6030-001

Sheet 187 of 281
_ .

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DAE
R~V OR J- j DAT

O J. Schulz IS1512003 D. T. Dexheimer 1I2003 2 W
__ . ZI

Schmidt number for methyl iodine- 1.1877
Grashof number- 1.19729E+13
Try mean diameter- 8.68593E-02

Drop parameters for elemintal
(For mean drop)

X Diameter Fall Time Reynolds M.T.Coeff G
CM SEC CM/SEC

35 8.6879E-02 7.722 283.0 8.888

I Diameter Sherwood Time Sat. Frac.
CM

T.V.
CM/SEC

286.5

M.T.Coeff L
CM/SEC

4.4147E-03

drop no.

246.8

Removal
/HR

5.30435 8.6879E-02 .7895 .2385 .3893

**********SPRAY REMOVAL RATES******-**

Total elemental removal c:onstant- 5.3058

Particulate iodine removil constant- .59268

Total organic removal constant- .00000 pe

,***,REMOVAL DUE TO WALL DEPOSIT0IN""**

Elemental removal rate die to wall deposition

Organic removal rate due to wall deposition-

Mean drop diameter- 8.69793E-02

per hour

per hour

,r hour

4.7547

.COooO

per hour

per hour

.1
S(t, Zb-4Zb REV. 2 JItrtEKtr4L bV714-iV-1.10j N-6030-01 Rev 0.doc



E&TS DEPARTMENT

CALCULATION SHEET

Project or DCPIFCNlECP Ca

Subject Containment Aerosol .-nd Iodine Removal Rates

ICCN NOJ
PRELIM. CCN NO. PAGEOF

CCN CONVERSION:
CCN NO. CCNlc No. N-6030-001

S . . .Shoot 188 of 281

_EV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE 1
o J. Schulz S/1512003 D.T.Dexheimer 8115P2003 . . I 1

. . =2

9.2.2.1.14 12-120.oui

Bechtel Standard Computer Program
(c) 1991
Originator Jorge Schulz Date 14
Project SONGS
Subject 12 Spray Temperature Parametric

REMOVE , NE305 Version 4.0
Calc No. N-6030-00 Rev No. 0

Jun 2003 Checked Date e
Job No. 16575-167

cs Sheet No. 1
_____..__.... . . .. .. - l= . . . .g= 0 - -- - _ -. ._ _- .3 D _ . ...... . ..... === _ . . .. ..

I Standard Computer Program I
I NE305 REXOVE Version (.0 I

for the IBM PC/XT/AT I
I I

Abstract:

The REMOVE program calculates the containment
spray remaval rate constants and a mean drop
diameter Dr drop trajectories

Output in file I2-120.out was created on 14 Jun 2003 at 10:57:27

Bechtel Standard Computer Progri
(c) 1991
Originator Jorge Schulz
Project SONGS
Subject X2 Spray Temperature P

%M REMOVE , NE305 Version 4.0
Calc No. N-6030-00 Rev No. 0

Date 24 Jun 2003 Checked Date
Job No. 16575-167

iarametrics Sheet No. 2
___________

-- ===~ ~~~~~~~_ __ .____________ . .___ ----------- -

Temperature of air-steam mixture- 120.00 Degree C
Pressure of air-steam mixture- 3.2789 Atm.
Temperature of droplet liquid= 120.00 Degree C
Density of air-steam xidture= 2.30660E-03 G/CC
Viscosity of air-steam vixture- 1.75892E-04 Poise
Density of droplet liquid- .94327 G/CC
Viscosity of droplet liquid- 2.33999E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture( 4.93146E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- 6.49425E-02 sq. cm/3ec
Diff. coeff. of elemental 12 in droplet liquid- 6.5633SE-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 7.08792E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.5463

ti(h26-42f6 REY-. 2 - flREFERNCE: 0ZXIV71 'N4030.001 Rev 0.doc



E&TS DEPARTMENT

CALCULATION SHEET

Project or DCPIFCN/ECP I
Subject Containment Aerosol a d Iodine Removal Rates

ICCN NOJ
PRELIM. CCN NO. PAGE OF _

CCN CONVERSION:
I CCN NO. CCNCalC No. N-6030-001

Sheet 189 of 281
_ .

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

J. Schulz s/15/2003 D. T. Dexheimer 8sfl0o3 _Z'

Schmidt number for methyl iodine- 1.1742
Grashof number- 1.52337E**13
Try mean diameter- 8.68527E-02

Drop parameters for elemental
(For mean drop:

I Diameter Fall Time Reynolds M.T.Coeff G T.V
CM SEC CM/SEC CM/SI

35 8.6853E-02 8.263 308.1 8.050 270

I Diameter Sherwood Time Sat. Frac. M.T.C0
CM 04

35 8.6853E-02 .6349 .2876 .3871 4.97;

***********SPRAY REMOVAL 3ATES***********

Total elemental removal constant= 5.2755 per hour

Particulate iodine removaL constant- .59268 per hoi

Total organic removal constant- .00000 per hour

*,**,REMOVAL DUE TO WALL DEPOSITION"***

Elemental removal rate due to wall deposition - 4.4645

Organic removal rate due to wall deposition- .00000

Mean drop diameter- 8.68527E-02

,EC

.5

oeff Z
/SEC

22E-03

drop no.

247.0

Removal
/NR

5.274

ror

per hour

per hour

^.. -- AA- - s ^ n P O~. e-n - v - - cl -- - -- -_ .A.-
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E&TS DEPARTMENT

CALCULATION SHEET

Project or DCPIFCNIECP __C

Subject Containment Aerosol md Iodine Removal Rates

ICCN NO.I
PRELIM. CCN NO. PAGE _OF

CCN CONVERSION:
CCN NO. CCNCalc No. N6030-001

Sheet 190 Of 281

FEV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DAE

- J. Schulz 8/15/2003 D. T. Dexheimer 8/15n203 _ n_= =~i = = E

9.2.2.1.S 2-m3aoui

Bechtel Standard Computer Program
(c) 1991
Originator Jorge Schulz Date 14
Project SONGS
Subject 12 Spray Temperature Parametric

REMOVE , NE305 Version 4.0
Calc No. N-6030-00 Rev No. 0

Jun 2003 Checked Date_
Job No. 16575-167

:s Sheet No. 1
--_ - - - ----- --- __ z 8 = a ^ s=-I,. .. .=. ... .. .... .. . ................... " ... ==

I I

I Standard Computer Program I
I NE305 REMOVE Version 4.0 t

for the IBM PC/XT/AT I
I I
I I

Abstract:

The RE24OVE program calculates the Containment
spray removal rate constants and a mean drop
diameter or drop trajectories

Output in file 12-130.out was created on 14 Jun 2003 at 10:57:37

Bechtel Standard Computer Program REMOVE , NE305 Version 4.0
(c) 1991 Calc No. N-6030-00 Rev No. 0
Originator Jorge Schulz Date 14 Jun 2003 Checked Date . .
Project SONGS Job No. 16575-167
Subject I2 Spray Temperature Parametrics Sheet No. 2

_---= .... ft- == .... … . .... . .......

Temperature of air-stea. mixture= 130.00 Degree C
Pressure of air-steam mixture- 4.0191 Atm.
Temperature of droplet liquid- 130.00 Degree C
Density of air-steam mi&iture= 2.68157E-03 G/CC
Viscosity of air-steam nixture= 1.75994E-04 Poise
Density of droplet liquld- .93500 G/CC
Viscosity of droplet liCuid- 2.14666E-03 Poise
Diff. coeff. of elementa.l 12 in air-steam mixture- 4.27023E-02 sq. cm/sec
Diff. coeff. of methyl 32 in air-steam mixture- 5.63071E-02 sq. cm/sec
Diff. coeff. of elementZ.l 12 in droplet liquid= 7.33645E-05 sq. cm/sec
Diff. coeff. of methyl 32 in droplet liquid- 7.92281E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.5369

SCE 26.426 REV. 2 [REFERENCE: 50123-XXIV4.fSJ N-�O30OO1 Rev 0.doc
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Schmidt number for methyl iodine- 1.1656
Grashof number- 1.9227lEfl3
Try mean diameter= 8.67635E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Time Reynolds M.T.Coeff G
CM SEC CM/SEC

35 8.6764E-02 8.916 334.8 7.220

I Diameter Sherwood Time Sat. Frac.
CM

35 8.6764E-02 .5089 .3476 .3836

***********SPRAY REMOVAL RATES***********

Total elemental removal constant- 5.2279 per

Particulate iodine removal constant- .59268

Total organic removal coratant- .00000 per h

*"*'*REMOVAL DUE TO t:ALL DEPOSrTSIOK***-

Elemental removal rate dte to wall deposition

Organic removal rate due to wall deposition- .0c

Mean drop diameter- 8.6,635E-02

T.V.
CM/SEC

253.2

M.T.Coeff L
CM/SEC

5.5636E-03

drop no.

247.8

Removal
/HR

5.227

r hour

per hour

hour

4.1405

1000

per hour

per hour

_ .: 'S
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9.2.2.2 Injection Phase Output FHe (i2-boricvouO)

Bechtel Standard Computes Program
(c) 1991
Originator Jorge Schulz Date I
Project SONGS
Subject 12 Spray Removal - Injection

REMOVE , NE305 Version 4.0
Calc No. N-6030-00 Rev No. 0

.4 Jun 2003 Checked Date_
Job No. 16575-167
Sheet No. 1

-- 1- - - ----- - -____eaa~_ wes"_- -- -- s --~e m ~ ,___ S - ----

I
I
I
I
I
I

Standard Computer Program
NE305 REMOVE Version 4.0

for the IBM PC/XT/AT

I -

Il

Abstract:

The REMOVE program calculates the containment
spray remDval rate constants and a mean drop
diameter Dr drop trajectories

Output in file 12-koric.out was created on 1.4 Jun 2003 at 10:58:21

Bechtel Standard Computer Program
(c) 1991
Originator Jorge Schulz Date 1
Project SONGS
Subject 12 Spray Removal - Injection

REMOVE , NE3O5 Version 4.0
Calc No. N-6030-00 Rev No. 0

L4 Jun 2003 Checked Date
Job No. 16575-167
Sheet No. 2

-:= .. . .-SgG=s . .___ .'3=X S=.==_D" . . | = .- a = a " . . . . . .... .....

Temperature of air-stear; mixture- 129.90 Degree C
Pressure of air-steam mixture- 4.0108 Atm.
Temperature of droplet 1liquid- 129.90 Degree C
Density of air-steam mi:ture- 2.67738E-03 G/CC
Viscosity of air-steam ntixture- 1.75987E-04 Poise
Density of droplet liqu.d- .93509 G/CC
Viscosity of droplet liquid- 2.14844E-03 Poise
Diff. coeff. of elementel 12 in air-steam mixture- 4.27657E-02 sq. cm/sec
Diff. coeff. of methyl :E2 in air-steam mixture- 5.63900E-02 sq. cm/sec
Diff. coeff. of elemental I2 in droplet liquid- 7.32853E-05 sq. cm/sec
Diff. coeff. of methyl :c2 in droplet liquid- 7.91426E-05 sq. cm/sec
Schmidt number for eletmntal iodine- 1.5370

b(;E26ZU KREV. Z [REFERENCE: 1ZIV71 N-503-001 Rev 0.do
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Schmidt number for methyl iodine- 1.1656
Grashof number- 1.91833E+13
Try mean diameter- .10758

Drop parameters for elemental
(For mean drop)

I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

43 .1076 7.431 490.7 6.893 299.8 130.0

I Diameter Sherwood Tine Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

43 .1076 25.30 .1882 .8781 4.4823E-03 .2853

***********SPRAY REMOVAL RATES***********

Total elemental removal c:onstant- .28526 per hour

Particulate iodine removal constant= .59268 per hour

Total organic removal constant= .00000 per hour

****REMOVAL DUE TO WALL DEPOSITIONW***-

Elemental removal rate dine to wall deposition 4.1439 per hour

Organic removal rate due to wall deposition- .0)000 per hour

Mean drop diameter- .10758
Temperature of air-steam mixture- 129.90 Degree C
Pressure of air-steam mi:cture= 4.0108 Atm.
Temperature of droplet liquid- 129.90 Degree C
Density of air-steam mix:ure 2.6773BE-03 G/CC
Viscosity of air-steam mlxture= 1.75987E-04 Poise
Density of droplet liguid- .93509 G/CC
Viscosity of droplet liqiid- 2.14844E-03 Poise
Diff. coeff. of elementaL 12 in air-steam mixture- 4.27657E-02 sq. cm/sec
Diff. coeff. of methyl i2 in air-steam mixture- 5.63900E-02 sq. cm/sec
Diff. coeff. of elementaL 12 in droplet liquid- 7.32853E-05 sq. cm/sec
Diff. coeff. of methyl I2 in droplet liquid= 7.91426E-05 sq. cm/sec
Schmidt number for elemeatal Iodine- 2.5370
Schmidt number for methyL iodine- 1.1656
Grashof number- 1.91833E+13
Try mean diameter- .10334

Drop parameters for elemental
(For mean drop)

I Diameter Fall Tive Reynolda M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

43 .1083 7.670 496.7 6.881 301.4 255.7

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

43 .1083 25.43 .1916 .8819 4.450SE-03 .2865

CE 26-426 REV. 2 [REFERENCE: S0123-XXIV.7.15J N"030.001 Rev O.doc
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**********SPRAY REMOVAL PATES**********

Total elemental removal ccnstant- .28649 per hour

Particulate iodine removal constant= .59268 per hour

Total organic removal con- tant- .00000 per hour

*****FEMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate du to wall deposition - £.1439 per hour

Organic removal rate due 1:o wall deposition- .00300 per hour

Mean drop diameter- .101134
Temperature of air-steam nixture- 129.90 Degree C
Pressure of air-steam midxure- 4.0108 Atm.
Temperature of droplet liquid- 129.90 Degree C
Density of air-steam mixture- 2.67738E-03 G/CC
Viscosity of air-steam mi:ture- 1.75987E-04 Poise
Density of droplet liquid- .93509 G/CC
Viscosity of droplet liquid- 2.14844E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 4.27657&-02 sq. cm/sec
Di~f. coeff. of methyl 12 in air-steam mixture= 5.63900E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid= 1.32853E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 7.93426E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.5370
Schmidt number for methyl iodine- 1.1656
Grashof number- 2.36686E+13
Try mean diameter= .10868

Drop parameters for elemental
(For mean drop)

I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

43 .1087 7.954 499.6 6.877 302.1 379.3

r Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
cm CM/SEC IRR

.288543 .1087 25.50 .1974 .8882 4.4369E

***********SPRAY REMOVAL RATES***********

Total elemental removal :onstant- .28852 per hour

Particulate iodine removal constant- .63567 per hour

Total organic removal co:nstant= .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate dae to well deposition - 4.1439

Organic removal rate due to wall deposition= .00000 p

mean drop diameter- .10868
Temperature of air-steam mixture- 129.90 Degree C
Pressure of air-steam mixture- 4.0108 Atm.

*-03

per hour

per hour

U -
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Temperature of droplet liquid- 129.90 Degree C
Density of air-steam nixture= 2.6773SE-D3 G/CC
Viscosity of air-steam mixture" 1.75987E-04 Poise
Density of droplet liquid:, .93509 G/CC
Viscosity of droplet liqu:.d- 2.14844E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture" 4.27657E-02 sq. an/sec
Diff. coeff. of methyl 12 in air-steam mixture- 5.63900E-02 sq. cm/sec
Diff. coeff. of elemental I2 in droplet liquid- 7.32853E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 7.91426E-05 sq. cm/sec
Schmidt number for elemen:al iodine= 1.5370
Schmidt number for methyl iodine- 1.1656
Grashof number- 2.36686E+13
Try mean diameter- .10818

Drop parameters for elemettal
(For mean dropi

I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

44 .1088 8.229 500.3 6.875 302.3 501.7

Z Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

44 .1088 25.51 .2039 .8946 4.4328E-03 .2906

**t********SPRAY REMOVAL RATES**-*"*****

Total elemental removal constant= .29061 per hour

Particulate iodine removal constant- .63567 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate due to wall deposition - 4.1439 per hour

Organic removal rate due to wall deposition= .00000 per hour

Mean drop diameter" .10878
Temperature of air-steam mixture- 129.90 Degree C
Pressure of air-steam mixture- 4.0108 Atm.
Temperature of droplet liquid= 129.90 Degree C
Density of air-steam mixture= 2.67738E-03 G/CC
viscosity of air-steam mixture- 1.75987E-04 Poise
Density of droplet liquic." .93509 G/CC
Viscosity of droplet liqvid- 2.14844E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 4.27657E-02 sq. cm/sec
Diff. coeff. of methyl I1 in air-steam mixture" 5.63900E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 7.32853E-05 sq. cm/sec
Diff. coeff. of methyl I. in droplet liquid- 7.91426E-05 sq. cm/sec
Schmidt number for elemental iodine" 1.5370
Schmidt number for methyl iodine" 1.1656
Grashof number= 4.47279E;+13
Try mean diametern .11(138

Drop parameters for elemental
(For mean drop)

SCEZX 2642KtV. Z I[REFEKtNkAE: bU1Z3CXI1V-7.10 N-6030-001 Rev0.00c
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I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

44 .1104 9.857 513.3 6.853 305.7 990.8

1 Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

44 .1104 25.80 .2372 .9225 4.3696E-03 .2140

***********SPRAY REMOVAL RATES***********

Total elemental removal constant- .21403 per hour

Particulate iodine removal constant- .56136 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate due to wall deposition - 4.1439 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- .11038
Temperature of air-steam mixture- 129.90 Degree C
Pressure of air-steam mixture- 4.0108 Atm.
Temperature of droplet liquid- 229.90 Degree C
Density of air-steam mixture- 2.67738E-03 G/CC
Viscosity of air-steam mixture- 1.75987E-04 Poise
Density of droplet liquid- .93509 G/CC
Viscosity of droplet liquid- 2.14844E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 4.27657E-02 sq. CM/sec

Diff. coeff. of methyl 12 in air-steam mixture- 5.63900E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 7.32853E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 7.91426E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.5370
Schmidt number for methyl iodine- 1.1656
Grashof number- 4.472791+13
Try mean diameter- .11C76

Drop parameters for elemental
(For mean dror)

I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

44 .1108 10.86 516.4 6.848 306.5 1476.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC AR

44 .1108 25.87 .2595 .9368 4.3535E-03 .2174

***********spRAy REMOVAL RATES**********

Total elemental removal constant- .21736 per hour

Particulate iodine removzsl constant- .56136 per hour

Total organic removal constant- .00000 per hour

w- i^ -v. AArcI^ -- -. eI iu 1 Roy O*o_
SCE 264Z6 REV. z j~ttt~rn:~%= llVZ,-fA~vU1 N-bu-00 Rev0.doc;



E&TS DEPARTMENT ICCN NOJ

CALCULATION SHEET EUM.CCN NO. PAGE OF
CCN CONVERSION:

Project or DCPIFCNIECP __Calc No. N-6030-001 CCN NO. CCN

Subject Containment Aerosol and Iodine Removal Rates MShet 197 of 281

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE _

0 J. Schulz 8/15t2003 | T Dexheimer 81312l003 = =

*****REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate die to wall deposition - 4.1439 per hour

Organic removal rate due to wall deposition= .00000 per hour

Mean drop dlameter- .11076
Temperature of air-steam mixture- 129.90 Degree C
Pressure of air-3team milcture- 4.0108 Atm.
Temperature of droplet liquid- 129.90 Degree C
Density of air-steam mixture- 2.67738E-03 G/CC
Viscosity of air-steam mixture- 1.75987E-04 Poise
Density of droplet liquid- .93509 G/CC
Viscosity of droplet liquid- 2.14844E-03 Poise
Dift. coeff. of elemental I2 in air-steam mixture- 4.27657E-02 sq. cm/sec
Diff. coeff. of methyl I2 in air-steam mixture- 5.63900E-02 sq. am/sec
Diff. coeff. of elemental 12 in droplet liquid- 7.32853E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid= 7.!11426E-05 sq. cn/sec
Schmidt number for elemental iodine- 1.5370
Schmidt number for methyl iodine= 1.1656
Grashof number- 4.7681EE+13
Try mean diameter- .13084

Drop parameters for elemental
tFor mean drctp)

I Diameter. Fall Time Reynolds N.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

44 .1108 10.05 517.0 6.847 306.6 1964.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

44 .1108 25.89 .2398 .9244 4.3506E-03 .2145

***********SPRAY REMOVAL RATES***********

Total elemental removal constant- .21449 per hour

Particulate iodine remoral constant- .57345 per hour

Total organic removal censtant- .00000 per hour

**#**REMOVAL DUE TO WAL. DEPOSITIONt****

Elemental removal rate due to wall deposition - 4.1439 per hour

organic removal rate due to wall deposition= .00000 per hour

Mean drop diameter- .11084
Temperature of air-stean mixture- 129.90 tegree C
Pressure of air-steam mixture- 4.0108 Atm.
Temperature of droplet liquid- 129.90 Degree C
Density of air-steam mixture- 2.6773SE-03 G/CC
Viscosity of air-steam mixture- 1.75987E-04 Poise
Density of droplet liquid- .93509 G/CC
Viscosity of droplet liquid= 2.14844E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 4.27657E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- 5.63900E-02 sq. cm/sec

SCE2O-426 REV.2 [REFERENCE.: S0123-XXIV-7.15) N-6030-001 Revt d
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Diff. coeff. of elemental 12 in droplet liquid- '7.32853E-0S sq. cm/sec
Diff. coeff. of methyl I: in droplet liquid- 7.9L426E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.5370
Schmidt number for methyl iodine- 1.1656
Grashof number- 4.768151;+13
Try mean diameter- .11397

Drop parameters for elera3ntal
lFor mean dro?)

I Diameter Fall Tim! Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

44 .1110 11.07 518.1 6.845 306.9 2448.

I Diameter Sherwood Time Sat. Frac. }5.T.Coeff L Removal
CM CM/SEC /HR

44 .1110 25.91 .2635 .9391 4.3452E-03 .2179

***********SPRAY REMOVAL RATES***********

Total elemental removal constant= .21791 per hour

Particulate iodine remova1 constant- .57345 per hour

Total organic removal censtant- .00000 per hour

*****REMOVAL DUE O WALtI DEPOSITION*****

Elemental removal rate due to wall deposition - 4.1439 per hour

Organic removal rate duq to wall deposition- .00000 per hour

Mean drop diameter- .t1097
Temperature of air-steas. mixture- 129.90 Degree C
Pressure of air-steam mixture- 4.0108 Atm.
Temperature of droplet liquid- 129.90 Degree C
Density of air-steam mi:ture= 2.67738E-03 G/CC
Viscosity of air-steam aixture- 1.75987E-04 Polue
Density of droplet liquid= .93509 G/CC
Viscosity of droplet liquid- 2.14B44E-03 Poise
Diff. coeff. of elementLt rz2 in air-steam mixturo- 4.27657E-02 sq. cm/sec
Diff. coeff. of methyl 2:2 in air-steam mixture- 5.63900E-02 sq. cm/sec
Diff. coeff. of elementil 12 in droplet liquid- 7.32S53E-05 sq. cm/sec
Diff. coeff. of methyl i:2 in droplet liquid- 7.91426E-05 sq. cm/sec
Schmidt number for elermntal iodine- 1.5370
Schmidt number for methirl iodine- 1.1656
Grashof number- 6.1106tE+13
Try mean diameter- .1.103

Drop parameters for elenental
(For mean drop)

I Diameter Fall Time Reynolds M.T.Coeff C T.V. drop no.
CM SEC CM/SEC CM/SEC

44 .1110 10.96 518.6 6.844 307.0 2932.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

CE26-426 REV.2 (REFERENCE: S0123.XXIV-7.15] 'N:6030;01 RevOdoc
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44 .1110 25.92 .2607 .9375 4.3431E-03 .1088

***********SPRAY REMOVAL RATtS**********

Total elemental removal constant- .10877 per hour

Particulate iodine removul constant- .31145 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate due to wall deposition - 4.1439 per hour

Organic removal rate due to wall deposition- .03000 per hour

Mean drop diameter= .1.1103
Temperature of air-steam mixture- 129.90 Degree C
Pressure of air-steam rmk:ture- 4.0108 Atm.
Temperature of droplet 1!quid- 129.90 Degree C
Density of air-steam mixture- 2.67738E-03 G/CC
Viscosity of air-steam m:.xture- 1.75987E-04 Poise
Density of droplet liquidI= .93509 G/CC
Viscosity of droplet liquid- 2.14844E-03 Poise
Diff. coeff. of elementa% 12 in air-steam mixture- 4.27657E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- 5.63900E-02 sq. cm/sec
Diff. coeff. of elemental I2 in droplet liquid- 7.32853E-05 sq. cm/sec
Dift. coeff. of methyl 12 in droplet liquid- 7.91426E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.5370
Schmidt number for methyl iodine- 1.1656
Grashof number- 6.110681+l3
Try mean diameter- .11L07

Drop parameters for elemental
(For mean drop)

I Diameter tall Tim: Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

44 .1111 11.26 518.8 6.843 30L.0 3414.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC SHR

44 .1111 25.93 .2675 .9413 4.3414E-03 .1092

***********SPRAY REMOVAL RATES***********

Total elemental removal constant= .10921 pet hour

Particulate iodine removal constant- .31145 per hour

Total organic removal constant- .00000 per hour

*e***REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate due to wall deposition = 4.1439 per hour

Organic removal rate due to wall deposition- .(10000 per hour

SE 26426 REV.2 [REFERENCE: S0123-XXIV-7.15J N03 Re 10.dC
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Nean drop diameter- .1:.107
Temperature of air-steam mixture-. 129.90 Degree C
Pressure of air-steam miture= 4.0108 Atm.
Temperature of droplet l..quid- 129.90 Degree C
Density of air-steam mix1:ure= 2.67738E-03 G/CC
Viscosity of air-steam W.xture- 1.75987E-04 Poise
Density of droplet liquid= .93509 G/CC
Viscosity of droplet liquid- 2.14844E-03 Poise
Diff. coeff. of elementa:. 12 in air-steam mixture- 4.27657E-02 sq. cm/sec
Diff. coeff. of methyl 1; in air-steam mixture= 5.63900E-02 sq. cmn/ec
Diff. coeff. of element&:. I2 in droplet liquid- 7.32E53E-05 sq. cm/sec
Diff. coeff. of methyl I: in droplet liquid- 7.91426E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.5370
Schmidt number for methy:. iodine- 1.1656
Grashof number- 6.27447l:+13
Try mean diameter- .l1:L09

Drop parameters for elemental
(For mean drop)

I Diameter Fall Time Reynolds M.T.Coeff C; T.V. drop no.
CM SEC CM/SEC CM/SEC

44 .1111 11.06 519.1 6.843 307.1 3898.

I Diameter Sherwood Time Sat. Frac. M.I.Coeff L Removal
CM CM/SEC /HR

44 .1111 25.93 .2628 .9387 4.3407£-03 .1089

***********SPRAY REMOVAL RATES***********

Total elemental removal :onstant- .10890 per hour

Particulate iodine removal constant- .31420 per hour

Total organic removal coastant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate die to wall deposition - 4.1439 per hour

Organic removal rate due to wall deposition- .O0000 per hour

Mean drop diameter- .11109
Temperature of air-steam mixture- 129.90 Degree C
Pressure of air-steam mixture- 4.0108 Atm.
Temperature of droplet l.Lquid- 129.90 Degree C
Density of air-steam mixure- 2.67738E-03 G/CC
Viscosity of air-steam mixture- 1.75987E-04 Poise
Density of droplet liquid- .93509 G/CC
Viscosity of droplet liqiid- 2.14844E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 4.27657E-02 sq. cm/sec
Diff. coeff. of methyl I2 in air-steam mixture- 5.63900E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid= 7.32853E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid= 7.91426E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.5370
Schmidt number for methyl iodine- 1.1656
Grashof number- 6.274471+13
Try mean diameter- .11111

P =
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Drop parameters for elemental
(For mean drop)

I Diameter Fall Time Reynolds M.T.Coeff G, T.V
cm SEC CM/SEC CM/Si

44 .1111 11.36 519.2 6.842 307

1 Diameter Sherwood Time Sat. Frac. M.T.C0
Cm CM,

44 .1111 25.94 .2697 .9424 4.33S

***********SpRAy SEMOVAL ATES**********

Total elemental removal constant- .10934 per hour

Particulate iodine removal constant- .31420 per hot

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WALL -DEPOSITION*****

Elemental removal rate due to wall deposition - 4.1439

Organic removal rate due to wall deposition- .DOOOO

Mean drop diameter- .1l1ll

;EC

.1

:eff L
5SEC

M7E-03

drop no.

4380.

Removal
/HR

.1093

pr o

per hour

per hour
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9.2.2.3 30 mwi to 2 hr Output File (12- maxOl.ou

Bechtel Standard Computer Program
Ic) 1991
Originator Jorge Schulz Date 14
Project SONGS
Subjeet I2 Spray Max Temp 30 min - 2 h:

REMOVE , NE305 Version 4.0
Calc No. N-6030-00 Rev No. 0

Jun 2003 Checked Date_
Job No. 16575-167

r Sheet No. 1
__._ - .--- s a= s__ ............ == …_. .. ._..... ...... ==s

I I
I Standard Computer Program I
I NE305 REMOVE version 4.D I
I for the IBM PC/XT/AT I

I I
1,~-

Abstract:

The REMOVE program calculates the containment
spray renoval rate constants and s mean drop
diameter or drop trajectories

Output in file 12-nax0l.out was created on 14 Jun 2003 at 11: 0:58

Bechtel Standard Computer Progre
Cc) 1991
Originator Jorge Schulz
Project SONGS
Subject 12 Spray Max Tnmp 30 mi

un REMOVE , NE305 Version 4.0
Calc No. N-6030-00 Rev No. 0

Date 14 Jun 2003 Checked Date
Job No. 16575-167

.n - 2 hr Sheet No. 2
______________ ________________________

. ............ : ..... ...... .......... == .

Temperature of air-stean mixture- 85.300 Degree C
Pressure of air-steam mLxture= 1.7800 Atm.
Temperature of droplet Liquid= 85.300 Degree C
Density of air-steam micture- 1.54239E-03 G/CC :
Viscosity of air-steam muixture 1.82127E-04 Poise
Density of droplet liquLd= .96843 G/CC
Viscosity of droplet liquid= 3.34328E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 7.29496E-02 sq. cm/sec
Diff. coeff. of methyl I2 in air-steam mixture- 9.55598E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid= 4.18831E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid= 4.52306E-05 sq. cm/seO
Schmidt number for elemental Iodine- 1.6187

I -
SE .642Z6 REV.Z [RLFERENCE: bUlZ;OUV-1.10J N-603U0001 ReV 0.doc
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Schmidt number for methyl iodine- 1.2351
Grashof number- 6.525323+12
Try mean diameter- 8.67L79E-02

Drop parameters for elem!ntal
(For mean dro,)

I Diameter Fall Timn Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

35 8.6718E-02 6.79B 233.7 10.74 318.2 248.2

1 Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
Cm CM/SEC /R

35 8.6718E-02 1.340 .1514 .3894 3.1779E-03 5.250

***********SPRAY REMOVAL RATES***********

Total elemental removal constant- 5.2509 pcr hour

Particulate iodine remoral constant- .59268 per hour

Total organic removal ccnstant= .00000 per hour

*****REMOVAL DUE TO WALI DEPOSITION*"*

Elemental removal rate due to wall deposition - 5.1040 per hour

Organic removal rate due to wall deposition- .10000 per hour

Mean drop diameter= 8.67179E-02
Temperature of air-steani mixture= 85.300 Degree C
Pressure of air-steam m:.xture- 1.7800 Atm.
Temperature of droplet :.iquid- 85.300 Degree C
Density of air-steam mt:ture- 1.54239E-03 G/CC
Viscosity of air-steam t-ixture- 1.82127E-04 Poise
Density of droplet liqu:ld- .96843 G/CC
Viscosity of droplet liquid- 3.3432SE-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 7.29496E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- 9.55598B-02 sq. cm/sec
Diff. coeff. of elementil 12 in droplet liquid- 4.18831E-05 sq. cm/sec
Diff. coeff. of methyl C2 in droplet liquid- 4.52306E-05 sq. cm/sec
Schmidt number for elemental iodine= 1.6187
Schmidt number for meth.l iodine- 1.2357
Grasbof number- 6.52532E+12
Try mean diameter- B.73148E-02

Drop parameters for elenental
(For mean drip)

I Diameter Fall Tine Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

35 8.7915E-02 7.044 239.7 10.71 322.0 486.3

I Diameter Sherwood Time Sat. Frac:. M.7.Coeff L Removal
CM CM/SEC /HR

35 8.791SZ-02 1.354 .1527 .3944 3.1346E-03 5.316

v !

SCE 26-426 REV. 2 IREFERENCE.: SO123.XXiV-7.tS] N-�O3O.O01 Rev O.docCcE 26-426 REV. 2 IREFERENrA.: -soi23--x-av-7.1sl ..N-1030-001 Rev .doc

..... . ..... ... _ _ _ ...
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CCi CONVERSION-

Project or DCPIFCNIECP __Calc No. N-6030-001 C I

Subject Containment Aerosol and Iodine Removal Rates * Sheet 204 Of 281

REV ORIGINATOR DATE I IRE DATE REV ORIGINATOR DATE IRE DATE _

O J. Schulz |8/lS2003 D. T. Dexheiter 8/15/2003 - I I
l . R_ _

***********SPRAY REMOVAL RATESa*******w*

Total elemental removal constant- 5.3183 per hour

Particulate iodine removal constant= .59268 per hour

Total organic removal Con8tant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate due to wall deposition - 5.2040 per hour

Organic removal rate due to wall deposition- .OD000 per hour

Mean drop diameter- 8.79148E-02
Temperature of air-steam mixture- 85.300 Degree C
Pressure of air-steam mixture- 1.7800 Atm.
Temperature of droplet l:Lquid- 85.300 Degree C
Density of air-steam mix':ure- 1.54239E-03 G/CC
Viscosity of air-steam vixture- 2.82127E-04 Poise
Density of droplet liquid- .96843 G/CC
Viscosity of droplet liquid- 3.34328E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 7.29496E-02 sq. cm/sec
Diff. coeff. of methyl I2 in air-steam mixture.- 9.55598E-02 sq. cm/sec
Diff. coeff. of elementaL 12 in droplet liquid- 4.18831E-05 sq. cm/sec
Diff. coeff. of methyl 1:2 in droplet liquid- 4.52306E-05 sq. cm/sec
Schmidt number for eleme-:tal iodine- 1.6187
Schmidt number for methyL iodine- 1.2357
Grashof number- 8.051023+12
Try mean diameter- 8.83115E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Time Reynolds M.T.Coeff t; T.V. drop no.
cM SEC CM/SEC CM/SEC

35 S.8311E-02 7.226 241.7 10.70 323.2 721.4

I - Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

35 8.8311E-02 1.359 .1552 .4001 3.1205E-03 5.393

***********SPRAY REMOVAI RATES***********

Total elemental removal constant- 5.3945 por hour

Particulate iodine remoral constant- .63567 per hour

Total organic removal ccnstant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION****

Elemental removal rate Cue to wall deposition - 5.1040 per hour

Organic removal rate du4e to wall deposition- . 0000 per hour

Mean drop diameter- 8.t13115E-02
Temperature of air-stearl mixture= 85.300 Degree C
Pressure of air-steam m'.xture- 1.7800 Atm.

CE26-426 REV.2 [REFERENCE: S0123-XXIV-7.151 N4030-001 Rv.doc
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Temperature of droplet liquid= 85.300 Degree C
Density of air-steam mixture- 1.54239E-03 G/CC
Viscosity of air-steam micture- 1.82127E-04 Poise
Density of droplet liquid& .96843 G/CC
Viscosity of droplet liquLd- 3.3432BE-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture= 7.29496E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- S9.55598E-02 sq. cm/sec
Diff. coeff. of elemental 12, in droplet liquid- 4.18831E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 4.5'306E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6187
Schmidt number for methyl iodine- 1.2357
Grashof number- 8.05202Ef12
Try mean diameter- 8.84947E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
CY. SEC CM/SEC CM/SEC

35 e.8495E-02 7.547 242.7 10.70 323.8 954.2

1 Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

35 8.8495E-02 1.361 .1615 .4121 3.1141E-03 5.556

***********SPRAY REMOVAL RATES***********

Total elemental removal :onstant- 5.5567 per hour

Particulate iodine removal constant- .63567 per hour

Total organic removal cotistant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate die to wall deposition - 5.1040 per hour

Organic removal rate due to wall deposition .t0000 per hour

Mean drop diameter- 8.84947E-02
Temperature of air-steam mixture- 85.300 Degree C
Pressure of air-steam MiKture= 1.7800 Atm.
Temperature of droplet liquid- 85.300 Degree C
Density of air-steam mixture- 1.54239E-03 G/CC
Viscosity of air-steam mixture- 1.82121E-04 Poiise
Density of droplet liquid- .96843 G/CC
Viscosity of droplet liquid- 3.34328E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 7.29496E-02 sq. cm/sec
Diff. coeff. of methyl I2 in air-steam mixture- 9.55598E-02 sq. cm/sec
Diff. coeff. of elementel 12 in droplet liquid- 4.18831E-05 sq. cm/sec
Diff. coeff. of methyl 32 in droplet liquid= 4.:52306E-05 sq. cm/sec
Schmidt number for elemental iodine= 1.6187
Schmidt number for methyl iodine- 1.2357
Grashof number- 1.5214(E+13
Try mean diameter- 8.8(:932E-02

Drop parameters for elenental
(For mean drop)

SCE26-426 REV.2 (REFERENCE S0123.XXIV-7.151 N4030.001 Re
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I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
CM SEC CY/SEC CH/SEC

36 8.8893E-02 9.060 244.7 10.68 325.0 1173.

1 Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
* CM CM/SEC /HR

36 8.8893E-02 1.366 .J921 .4672 3.1001E-03 4.499

***********SPP.AY REMOVAL RATES**********

Total elemental removal constant 4.4990 per hour

Particulate iodine removal constant- .56136 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate due to wall deposition - 5.1040 per hour

Organic removal rate due to wall deposition- .COOO per hour

Mean drop diameter- 8.80932E-02
Temperature of air-steam mixture= 85.300 Degree C
Pressure of air-stean miature- 1.7800 Atm.
Temperature of droplet liquid- 85.300 Degree C
Density of air-steam mixture- 1.54239E-03 G/CC
Viscosity of air-steam nlxture- 1.82127E-04 Poisie
Density of droplet liquitI- .96843 G/CC
Viscosity of droplet liquid- 3.34328E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 1.29496E-02 sq. cm/sec
Diff. coeff. of methyl I;: in air-steam mixture- 9.55598E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 4.18831E-05 sq. cm/sec
Diff. coeff. of methyl :I in droplet liquid= 4.!2306E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6187
Schmidt number for methyl. iodine- 1.2357
Grashof number- 1.521441M+13
Try mean diameter- 9.01!\80E-02

Drop parameters for elemental
tFor mean drop)

I Diameter tall Time! Reynolds M.T.Coeff G T.V. drop no.

CM SEC CM/SEC CM/SEC

36 9.0198E-02 10.16 251.4 10.65 329.1 2331.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal

CM CM/SEC /RR

36 9.0198E-02 1.382 .2093 .4985 3.0553E-03 4.800

***********SPRAY REMOVAL RATES***********

Total elemental removal constant- 4.8015 per hour

Particulate Iodine removal constant- .56136 per hour

Total organic removal constant- .00000 per hour

a
bVt;cW-Z0 Kt:v.Z jKtr=MeNLAM bUlZJ-IAV-1.lDIj NW-fU00U1 Rev mOoc



E&TS DEPARTMENT ICCN NO./

CALCULATION SHEET PRELIM. CCN NO. PAGE ___OF
CCN CONVERSION:

Project or DCPIFCNIECP __Calc No. N-6030-001 CON NO. CCN
Subject Containment Aerosol and Iodine Removal Rates Sheet 207 of 281

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE .

__ I. Schulz 8/1Z5203 Dexhimer r/1512003 _

*****REMOVAL DUE TO WALL DEPOSITION"****

Elemental removal rate due to wall deposition - 5.1040 per hour

organic removal rate due to wall deposition= .00000 per hour

Mean drop diameter- 9.0L198E-02
Temperature of air-steam mixture- 85.300 Degree C
Pressure of air-steam mi:cture- 1.7800 Atm.
Temperature of droplet ILquid- 85.300 Degree C
Density of air-steam mixture- 1.54239E-03 G/CC
Viscosity of air-steam mLxture- 1.82127E-04 Poise
Density of droplet liquid= .96843 G/CC
Viscosity of droplet liqaid- 3.34328E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 7.29496E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- 9.55598E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 4.18831E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 4.!2306E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6187
Schmidt number for methyl iodine- 1.2357
Grashof number- 1.62191Et13
Try mean diameter- 9.05139E-02

Drop parameters for elemental
(For mean drcp)

I Diameter Fall Tire Reynolds F.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

36 9.0514E-02 9.220 253.0 10.64 330.2 3493.

I Diameter Sherwoo&. Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

36 9.0514E-02 1.386 .1865 .4614 3.0446E-03 4.443

*********pSPPAY REMOVA1- RATES**********

Total elemental removal constant- 4.4441 per hour

Particulate iodine removal constant- .57345 per hour

Total organic removal constant- .00000 per hour

*****wREOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate due to wall deposition - 5.1040 per hour

Organic removal rate du'z to wall deposition- .00000 per hour

Mean drop diameter- 9.t)5139E-02
Temperature of air-stecia mixture- 85.300 Cegree C
Pressure of air-steam m.Lxture- 1.7800 Atm.
Temperature of droplet ;Liquid- 85.300 Degree C
Density of air-steam mi:cture= 1.54239E-03 G/CC
Viscosity of air-steam mixture- 1.82127E-04 Poise
Density of droplet liquld- .96843 G/CC
Viscosity of droplet liquid- 3.34328E-03 Poise
Diff. coeff. of elementil 12 in air-steam mixture- 7.29496E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-3team mixture- 9.55598E-02 sq. cm/sec

& -
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Diff. coeff. of elementa:. 12 in droplet liquid= 4.18831E-05 sq. cm/sec
Diff. coeff. of methyl I: in droplet liquid- 4.52306E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6187
Schmidt number for methy:. iodine- 1.2357
Grashof number- l.621911;+13
Try mean diameter- 9.07411E-02

Drop parameters for elenental
(For mean drop)

I Diameter Fall Timt Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

36 9.0741E-02 10.33 254.2 10.64 330.8 4649.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

36 9.0741E-02 1.388 .2101 .5010 3.0370E-03 4.825

***********SPPAY REMOVAL RATES********

Total elemental removal constant- 4.8255 per hour

Particulate iodine removal constant. .57345 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSrT1ON*****

Elemental removal rate due to wall deposition - 5.1040 per hour

Organic removal rate due to wall deposition- .t(0000 per hour

Mean drop diameter- 9.C7411E-02
Temperature of air-steam. mixture- 85.300 Degree C
Pressure of air-steam mixture- 1.7800 Atm.
Temperature of droplet liquid- 85.300 Degree C
Density of air-steam mi):ture- 1.54239E-03 G/CC
Viscosity of air-steam mdxture- 1.82127E-04 Poiise
Density of droplet liquld= .96843 G/CC
Viscosity of droplet liquid- 3.34328E-03 Poise
Diff. coeff. of elementtl 12 in air-steam mixture- 7.29496E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- 9.5559BE-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 4.18831E-05 sq. cm/sec
Diff. coeff. of methyl 2.2 in droplet liquid- 4.52306E-05 sq. cm/Sec
Schmidt number for elemental iodine- 1.6187
Schmidt number for methy'l iodine- 1.2357
Grashof number- 2.07858IE+13
Try mean diameter- 9.081429E-02

Drop parameters for eleiental
(For mean drop)

I Diameter Fall Tine Reynolds M.T.Coeff G. T.v. drop no.
CM SEC CM/SEC CM/SEC

36 9.0843E-02 9.947 254.8 10.64 331.1 5805.

I Diameter Sherwool Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

CE26-426 REV.2 [REFERENCE: S0123-XXIV-7.151 8-,Ne030u001 RevOdocX
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36 9.0843E-02 1.390 .2019 .4881 3.0336E-03 2.350

***********SPRAY REMOVAL RATES***"*****'*

Total elemental removal constant- 2.3503 per hour

Particulate iodine removal constant- .31145 per hour

Total organic removal corstant- .00000 per hour

*'***REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate due to wall deposition = 5.1040 per hour

Organic removal rate due to wall deposition= .0)000 per hour

Mean drop diameter- 9.0U429E-02
Temperature of air-steam mixture- 85.300 Degree C
Pressure of air-steam min:ture- 1.7800 Atm.
Temperature of droplet l:.quid- 65.300 Degree C
Density of air-steam mixture- 1.54239E-03 G/CC
Viscosity of air-steam m:.xture= 1.82127E-04 Poise
Density of droplet liquid- .96843 G/CC
Viscosity of droplet liquid- 3.34328E-03 Poise
Diff. coeff. of elemental 12 In air-steam mixture- 7.29496E-02 sq. cm/sec
Diff. coeff. of methyl IX in air-steam mixture= 9.55598E-02 sq. cm/sec
Diff. coeff. of elemental 12 In droplet liquid= 4.18831E-05 sq. cm/sec
Diff. coeff. of methyl It in droplet liquid- 4.52306E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6187

'Schmidt number for methyl iodine- 1.2357
Grashof number- 2.078583+13
Try mean diameter- 9.09189E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Time Reynolds M.T.Coeff C; T.V. drop no.
CM SEC CM/SEC CM/SEC

36 9.0919E-02 10.29 255.1 10.63 331.4 6959.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
cM CM/SEC /HR

36 9.0919E-02 1.391 .2086 .4991 3.0311E-03 2.403

********SPRAY REMOVAI RATS***********

Total elemental removal constant- 2.4032 per hour

Particulate iodine removal constant- .31145 per hour

Total organic removal ccnstant- .00000 per hour

*****PREOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate clue to wall deposition - 5.1040 per hour

Organic removal rate due to wall deposition- .00000 per hour

SCE26426 REV.2 fREFERENCE: S01234X1V-7.151 N6030-001 Re0.d
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Mean drop diameter 9.09189E-02
Temperature of air-steam :nixture- 85.300 DeS ree C
Pressure of air-steam mixture- 1.7800 Atm.
Temperature of droplet liuid- 85.300 Degree C
Density of air-steam mixtare- 1.54239E-03 G/CC
Viscosity of air-steam miiture- 1.82127E-04 Poise
Density of droplet liquid- .96843 G/CC
Viscosity of droplet liquid- 3.34328E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 7.29496E-02 sq. cm/sec

Diff. coeff. of methyl 12 in air-steam mixture- 1.5559SE-02 sq. cm/sec
Dlff. coeff. of elemental 12 in droplet liquid- 4.16B31E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid= 4.5-306E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6187
Schmidt number for methyl iodine- 1.2357
Grashof number- 2.13430E1+13
Try mean diameter- 9.09623E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

36 9.0962E-02 10.03 255.4 10.63 331.5 5114.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal

CM CM/SEC /HR

36 9.0962E-02 1.391 .2031 .4902 3.0296E-03 2.360

**********SPRAY REMOVAL RATESW**********

Total elemental removal constant- 2.3607 per hour

Particulate iodine removal constant- .31420 per hour

Total organic removal corstant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate due to wall deposition - 5.1040 per hour

organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 9.0!1623E-02
Temperature of air-steam mixture- 85.300 Degree C
Pressure of air-steam mix:ture- 1.7800 Atm.
Temperature of droplet liquid= 85.300 Degree C
Density of air-steam mixl:ure- 1.542395-03 G/CC
Viscosity of air-steam m!.xture= 1.82127E-04 Poise
Density of droplet liquid' .96843 G/CC
Viscosity of droplet liquid- 3.34328E-03 Poise
Diff. coeff. of elementa:. 12 in air-steam mixture- 7.29496E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- 9.55598E-02 sq. cm/sec
Diff. coeff. of elementa:! 12 in droplet liquid- 4.18831E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 4.'2306E-05 sq. cm/sec
Schmidt number for alemental iodine- 1.6187
Schmidt number for methyL iodine- 1.2357
Grashof number- 2.134302+13
Try mean diameter- 9.100)41E-02

~3%~UflU fl~~t *lLS ~ -- I~ffl.W . *JJ _ Ic
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Drop parameters for eleme ltal
(For mean drop$

I Diameter Fall Time Reynolds M.T.Coeff G
CM SEC CM/SEC

36 9.1004E-02 10.38 255.6 10.63

I Diameter Sherwood Time Sat. Frac.
Cm

36 9.1004E-02 1.392 .2100 .5015

***********SPRAY REMOVAL RATES********-**

Total elemental removal constant- 2.4147 pei

Particulate iodine removel constant- .31420

Total organic removal coristant- .00000 per I

*****REMOVAL DUE TO WALL DEPOSITION****

Elemental removal rate due to wall deposition -

Organic removal rate due to wall deposition- .C(

mean drop diameter= 9.1(3041E-02

T.V. drop no.
CM/SEC

331.6 9267.

M.T.Coeff L Removal
CM/SEC /HR

3.0282E-03 2.414

r hour

per hour

hour

5.104D

1000

per hour

per hour

& -
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9.2.2.4 2 to 4 hr Output File (12- maxO2.out)

Bechtel Standard Computer Program
Cc) 1991
Originator Jorge Schulz Dati
Project SONGS
Subject 12 Spray Max Te:ap 2 - 4 hr

: 14

REMOVE , NE305 Version 4.0
Calc No. N-6030-00 Rev No. 0

Jun 2003 Checked Date t
Job No. 16575-167
Sheet No. 1

c=2=.=zswl~__ _ _ -. . . . . . . .. . .. . . . . - - -- - -- - - - - - -

I Standard Computer Pro;ram I
I NE305 R&MOVE Version 4.0 1
I for the IBM PC/XT/AT I

I I

Abstract:

The REMOVE program calculates the containment
spray removal rate constants and a tean drop
diameter or drop trajectories

Output in file 12-=axO2.out was created on 14 Jun 2003 at 11: 2:57

Bechtel Standard Computer Program
(c) 1991
Originator Jorge Schulz Dat,
Project SONGS
Subject 12 Spray Max Temp 2 - 4 hr

REMOVE , NE305 Version 4.0
Calc No. t-6030-00 Rev No. 0

e 14 Jun 200.. Checked Date
Job No. 16575-167
Sheet No. 2

__s-- c-~--= t=....w _ I........ ... == ............ =-waw __ __

Temperature of air-steam mixture= 100.70 Degree C
Pressure of air-steam mixture- 2.2798 Atm.
Temperature of droplet :Liquid- 100.70 Degr:ee C
Density of air-steam mixture- 1.79680E-03 G/CC
Viscosity of air-steam inixture- 1.7B625E-04 Po'.se
Density of droplet liquLd= .95798 G/CC
Viseosity of droplet liquid- 2.81823E-03 Poise
Diff. coeff. of elementl 12 in air-steam mixtu::e= 6.28893E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- 8.25769E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 5.18208E-05 sq. cm/sec
Dif£. coeff. of methyl I2 in droplet liquid- 5.59625E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.5808

/-_ O - t - __ - - - i- o- ~ ~ ID n, Y_ 1t. __ i4. .CQ�,rzo-%,Co TLr-v.e. . -.-,,~ ~KIN .100
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E&TS DEPARTMENT ICCN NO./

CALCULAniON SHEET PRELIM. CCN NO. I PAGEF _

CCN CONVERSION:
Project or DCPIFCN/ECP Calc No. N-6030-001 CCN NI . CCN
Subject Containment Aerosol and Iodine Removal Rates Shect 213 Of 281

REV ORIGINATOR | DATE IRE DATE REV L ORIGINATOR DATE IRE | DATE

__D J. Schulz j8/15/2003 D.T.Dexheimer 8/15/2003 | I S
- c K

Schmidt number for methy] iodine- 1.2039
Grashof number- 9.524471+12
Try mean diameter- 8.72543E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Timif Reynolds M.S.Coeff G T.V. drop no.
CM SEC CM/SEC CMISEC

35 8.7294E-02 7.276 264.5 9.630 301.2 243.3

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

35 8.7294E-02 1.027 .1979 .4018 3.9060E-03 5.156

***********SPRAY REMOVAL RATES***********

Total elemental removal constant- 5.1578 per hour

Particulate iodine removal constant- .59268 per hour

Total organic removal co:stant- .00000 per hour

"***REMOVAL DUE TO WALL DEPOSITION""**

Elemental removal rate die to wall deposition - 4.9732 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 8.72943E-02
Temperature of air-steam mixture- 100.70 Degree C
Pressure of air-steam miKture- 2.2798 Atm.
Temperature of droplet liquid- 100.70 Degree C
Density of air-steam mixture- 1.79680S-03 G/CC
Viscosity of air-steam mixture- 1.78625E-04 Poise
Density of droplet liquid- .95798 G/CC
Viscosity of droplet liquid- 2.81823E-03 Poise
Diff. coeff. of elemental r2 in air-steam mixture- 6.28S93E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture= 8.25769E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 5.18208E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 5.59625E-05 sq. cm/sec
Schmidt number for elemental iodine= 1.5808
Schmidt number for methyl iodine- 1.2039
Grashof number- 9.52447E+12
Try mean dianeter- 8.81753E-02

Drop parameters for elenental
(For mean drcp)

I Diameter Fall Tine Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

35 8.8175E-02 7.524 269.4 9.609 303.8 477.0

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /R

35 8.8175E-02 1.035 .2006 .4079 3.8669E-03 5.234

SCE 26-426 REV. 2 [REFERENCE S0123-XXIV-7.151 N-60300O1 Rev D0.d
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***********SPRAY REMOVAL FATES***********

Total elemental removal ccnstant- 5.2355 per hour

Particulate iodine removal constant- .59268 per hour

Total organic removal con]tant= .00000 per hour

*****PEMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate dul to wall deposition = .1.9732 per hour

Organic removal rate due 1:o wall deposition- .00000 per hour

Mean drop diameter- 8.81?53E-02
Temperature of air-steam iiixture- 100.70 Degree C
Pressure of air-steam mixture- 2.2798 Atm.
Temperature of droplet liquid- 100.70 Degree C
Density of air-steam mixture- 2.79680E-03 G/CC
Viscosity of air-steam mi:cture- 1.78625E-04 Poise
Density of droplet liquid- .95798 G/CC
Viscosity of droplet liquid= 2.81823E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 6.28893E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture= 8.25769E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid= 5.18208E-05 sq. cm/sec
Diff. coeff. of nethyl 12 in droplet liquid- 5.59625E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.5808
Schmidt number for methyl iodine- 1.2039
Grashof number- 1.17514E+13
Try mean diameter- 8.84958E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Time Reynolds H.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

35 8.8496E-02 7.763 271.2 9.602 304.7 707.6

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal:
CM CM/SEC /HR

5.33735 8.8496E-02 1.038 .2055 .4159 3.85291

***5*******SPAY REMOVAL RATrS**********

Total elemental removal constant- 5.3378 pe.r hour

Particulate iodine removal constant- .63567 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITIrON*****

Elemental removal rate die to wall deposition - 4.9732

Organic removal rate due to wall deposition- .00000 I

Mean drop diameter- 8.84958E-02
Temperature of air-steam mixture- 100.70 Degree C
Pressure of air-steam ?iture- 2.2798 Atm.

E-03

per hour

per hour

a-SCE 26-42e REV. 2 EREFERENCE: SO1�3.XXIV-7.15J N4030.Q01 Rev O.doc
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Temperature of droplet liquid- 100.70 Degree C
Density of air-steam Mixture- 1.79680E-03 G/CC
Viscosity of air-steam mx:ture- 1.78625E-04 Poise
Density of droplet liquid- .95798 G/CC
Viscosity of droplet liqul.d= 2.81823E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 6.28893E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture= 8.25769E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 5.18208E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid= 5.59625E-05 sq. cm/sec
Schmidt number for elemen:al iodine- 1.5B08
Schmidt number for methyl iodine- 1.2039
Grashof number- 1.17514E13
Try mean diameter- 8.86265E-02

Drop parameters for elexeintal
(For mean dropi

I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

35 8.8627E-02 8.069 272.0 9.599 305.1 936.0

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

35 8.8627E-02 1.039 .2129 .4272 3.8472E-03 5.482

***********SPRAY REMOVAL RATES**********

Total elemental removal constant- 5.4826 pe:: hour

Particulate iodine removal constant- .63567 per hour

Total organic removal constant= .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate due to wall deposition - 4.9732 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 8.8(265E-02
Temperature of air-steam mixture- 100.70 De;ree C
Pressure of sir-steam mirture- 2.2798 Atm.
Temperature of droplet liquid- 100.70 Degree C
Density of air-steam mixture- 1.79680E-03 G/CC
Viscosity of air-steam mixture- 1.78625E-04 Poise
Density of droplet liquic- .95798 G/CC
Viscosity of droplet licquid= 2.81823E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 6.28893E-02 sq. cm/sec
Diff. coeff. of methyl 1: in air-steam mixture= 8.25769E-02 sq. cm/sec
Diff. coeff. of elemental 12 In droplet liquid= 5.18208E-05 sq. cm/sec
Diff. coeff. of methyl I, in droplet liquid- 5.59625E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.5808
Schmidt number for rethy. iodine- 1.2039
Grashof number- 2.220731.+13
Try mean diameter- 8.90:.82E-02

Drop parameters for elemental
(For mean drop)

�n e5-40 ,�uv. � jrmr�i..u; Ovi�3-AF.iV.I.i�j N-�V-UUI ROY V.doo
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I Dianeter Fall Time Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

36 8.9018E-02 9.717 274.2 9.590 306.2 1150.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
* C11 CM/SEC /HR

36 B.9018E-02 1.043 .2542 .4854 3.8303E-03 4.449

***********SPRAY REMOVAL RATES******'***

Total elemental removal constant- 4.4490 per hour

Particulate iodine removzl constant= .56136 per hour

Total organic removal corstant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSItION***

Elemental removal rate dt:e to wall deposition - 4.9732 per hour

Organic removal rate due to wall deposition= .00000 per hour

Mean drop diameter- 8.90182E-02
Temperature of air-steam mixture= 100.70 Degree C
Pressure of air-steam mi.ture- 2.2798 Atm.
Temperature of droplet l:.quid- 100.70 Degree C
Density of air-steam mixture- 1.79680E-03 G/CC
Viscosity of air-steam mn.xture- 1.7B625E-04 Poise
Density of droplet liquid- .95798 G/CC
Viscosity of droplet liquid- 2.81823E-03 Poise
Diff. coeff. of elementa:! I2 in air-steam mixture- 6.28893E-02 sq. cm/sec
Diff. coeff. of methyl :2 in air-steam mixture- 8.25769E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 5.18208E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 5.59625E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.5808
Schmidt number for methyl iodine- 1.2039
Grashof number- 2.22073:r+13
Try mean diameter- 9.02519E-02

Drop parameters for elemsntal
(For mean drop)

I Diameter Fall Tim! Reynolds M.T.Coeff G T.V. drop no.
cm SEC CM/SEC CM/SEC

36 9.0252E-02 10.76 281.2 9.561 309.8 2286.

I Diameter Sherwood Time Sat. Frac. U.T.Coeff L Removal
cM CM/SEC /HR

36 9.0252E-02 1.054 .2737 .5135 3.7780E-03 4.707

*********SPRAY REMOVAL RATES**********

Total elemental removal constant- 4.7077 per hour

Particulate iodine remoNal constant- .56136 per hour

Total organic removal ccnstant- .00000 pex hour

I -
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*****REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate dae to wall deposition - 4.9732 per hour

Organic removal rate due to wall deposition- .00G00 per hour

Mean drop diameter- 9.02519E-02
Temperature of air-steam mixture- 100.70 Degree C
Pressure of air-steam mixture- 2.2798 Atm.
Temperature of droplet liquid- 100.70 Degree C
Density of air-steam, mixture- 1.79680E-03 G/CC
Viscosity of air-steam mixture- 1.78625E-04 Poine
Density of droplet liquid- .95798 G/CC
Viscosity of droplet liquid- 2.81823E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 6.28893E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- 8.25769E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 5.18208E-05 sq. cm/sec
Diff. coeff. of methyl X2 in droplet liquid- 5.59625E-05 sq. cm/sec
Schmidt number for elemental iodine= 1.5808
Schmidt number for methyl iodine= 1.2039
Grashof number- 2.36731E+13
Try mean diameter- 9.0E520E-02

Drop parameters for elenental
(For mean drcp)

I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

36 9.0552E-02 9.792 283.0 9.554 310.6 3426.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
Cm CM/SEC /HR

36 9.0552E-02 1.057 .2475 .4803 3.7654E-03 4.402

***********SPRAY REMOVAL1 RATES*******v***

Total elemental removal constant- 4.4033 per hour

Particulate iodine removal constant- .57345 per hour

Total. organic removal constant- .00000 per hour

*****REOVAL DUE TO WALL DEPOSITION****

Elemental removal rate due to wall deposition - 4.9732 per hour

organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 9.05520E-02
Temperature of air-steata mixture- 100.70 Degree C
Pressure of air-steam vixture- 2.2798 Atm.
Temperature of droplet .liquid- 100.70 Degree C
Density of air-steam mi:cture- 1.79680E-03 G/CC
Viscosity of air-steam mixture- 1.78625E-04 Poise
Density of droplet liquLd- .95798 G/CC
Viscosity of droplet liuid- 2.81823E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 6.28893E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture= 8.25769E-02 sq. cm/sec

CE 26.426 REV. 2 (REFERENCE: S0123-XXIV-7.15] N-6030D001 Rev O.doc
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Diff. coeff. of elemental 12 in droplet liquid- 5.18208E-05 sq. cM/sec
Diff. coeff. of methyl 12 in droplet liquid- 5.59625E-05 sq. cm/sec
Schmidt number for element:al iodine- 1.5808
Schmidt number for methyl iodine= 1.2039
Grashof number- 2.36737E4-13
Try mean diameter- 9.07675E-02

Drop parameters for elemeiLtal
(For mean drop]

I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

36 9.0763E-02 10.93 284.2 9.549 311.3 4559.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

36 9.0768E-02 1.059 .2750 .5164 3.7565E-03 4.733

***********SPRAY REMOVAL 1IATES***********

Total elemental removal constant- 4.7341 per hour

Particulate iodine removal constant- .57345 per hour

Total organic removal con!.tant- .00000 per hour

*****REMOVAL DOE TO WALL DEPOSITION*****

Elemental removal rate duc to wall deposition - 41.9732 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 9.07(i75E-02
Temperature of air-steam ztixture- 100.70 Degree C
Pressure of air-steam mixture- 2.2798 Atm.
Temperature of droplet liquid- 100.70 Degree C
Density of air-steam mixture- 1.79680E-03 G/CC
Viscosity of air-steam mi;:ture- 1.78625E-04 Poise
Density of droplet liquid. .95798 G/CC
Viscosity of droplet liquid- 2.81823E-03 Poise
Diff. coeff. of elemental S2 in air-steam mixture- 6.28893E-02 sq. cm/sec
Diff. coeff. of Rethyl 12 in air-steam mixture- 8.25769E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 5.18208E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 5.596259-05 sq. cm/sec
Schmidt number for elemental iodine- 1.5808
Schmidt number for methyl iodine- 1.2039
Grashof number- 3.03393E+13
Try mean diameter= 9.08660E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Time Reynolds H.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

36 9.0866E-02 10.67 284.8 9.547 311.5 5693.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /MR

CE26-426 REV. 2 IREFERENCE: 80123-XXIV-7.15] N-6030-001 R 0.dx
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36 9.0866E-02 1.060 .2680 .5078 3.7524E-03 2.327

***********SPRAY REMOVAL RATES*******v***

Total elemental removal co7nstant- 2.3273 per hour

Particulate iodine removal constant- .31145 per hour

Total organic removal constant- .00000 per hour

'***"REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate due to wall deposition - 4.9732 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 9.09660E-02
Temperature of air-steam mixture- 100.70 Degree C
Pressure of air-steam mixture- 2.2798 Atm.
Temperature of droplet liquid- 100.70 Degree C
Density of air-steam mixture- 1.79680E-03 G/CC
Viscosity of air-steam mixture- 1.78625E-04 Poise
Density of droplet liquic.- .95798 C/CC
Viscosity of droplet liqt.id= 2.81823E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture*- 6.28893E-02 sq. cm/sec
Diff. coeff. o! methyl XZ in air-steam mixture= 13.25769E-02 sq. cm/sec
Diff. coeff. of elemental. 12 in droplet liquid= 5.18208E-05 sq. cm/sec
Diff. coeff. of methyl I,: in droplet liquid- 5.59625E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.5808
Schmidt number for methyl. iodine- 1.2039
Grashof number- 3.033931:+13
Try mean diameter- 9.09175E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Time Reynolds M.T.Coeff G T.V. dxop no.
CM SEC CM/SEC CM/SEC

36 9.0937E-02 11.00 285.2 9.545 311.7 6824.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

2.37336 9.0937E-02 1.060 .2758 .5178 3.74951

**********SPRAY REMOVAL PATES***********

Total elemental removal :onstant= 2.3730 per hour

Particulate iodine removal constant- .31145 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION****

Elemental removal rate due to wall deposition 4.9732

Organic removal rate due to wall depositions .00000 p

!E-03

per hour

per hour

. -2t�-42� IiEV. 2 L1�IIkNC�: SO1e�-)CduV.i.18J N-6030-00I Rev 0.doc
&SE2BR426 REV.2 I~RZ1FkRNct: bV1Z3-)oWv-7U1D3 N46030-001 RaygO.doc

.. ~ .1- .



E&TS DEPARTMENT

CALCULATrON SHEET
Pnrject or DCPIFCNIECP Calc No
Subject Containment Aerosol 2 nd Iodine Removal Rates

I CCN NOI I
PRELIM. CCN NO. I PAGE OF

CCN CONVERSION:
N-6030-001 I CON NO. CCN

Shoot 220 Of 281

REV ORIGINATOR DATE I IRE DATE REV ORIGINATOR DATE IRE DATE

0 J. Schulz /5/2003 | D. T. Dexheimer U15Q203 ;
_ =_ =_

Mean drop diameter- 9.09375E-02
Temperature of air-steam mixture- 100.70 Decrree C
Pressure of air-steam mixture- 2.2798 Atm.
Temperature of droplet liquid- 100.70 Degree C
Density of air-steam mixture- 1.79680E-03 G/CC
Viscosity of air-steam mixture- 1.78625E-04 Poise
Density of droplet liquid- .95798 G/CC
Viscosity of droplet liquid- 2.81823E-03 Poise
Diff. coeft. of elemental 12 in air-steam mixture. 6.28893E-02 sq. cm/sec
Diff. coeff. of methyl 12 In air-steam mixture- 0.25769E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 5.18208E-05 sq. cm/sec
Diff. coe!!. of methyl 12 in droplet liquid- 5.59625E-05 sq. cm/sec
Schmidt number for elenental iodine- 1.5808
Schmidt number for methyl iodine- 1.2039
Grashof number- 3.115261+13
Try mean diameter- 9.09187£-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Time Reynolds H.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

36 9.0979E-02 10.76 285.4 9.545 311.9 7957.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

36 9.0979E-02 1.061 .2696 .5101 3.7478E-03 2.338

**********SPRAY RM4OVAL RATES**********

Total elemental removal constant- 2.3377 per hour

Particulate iodine removal constant- .31420 per hour

Total organic removal constant- .00000 per hour

*****R3MOVAL DUE TO WALL DEPOSrTtrO*****

Elemental removal rate duie to wall deposition - 4.9732 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 9.03787E-02
Temperature of air-steam mixture- 100.70 Degree C
Pressure of air-steam mixture- 2.2798 Atm.
Temperature of droplet liquid- 100.70 Degree C
Density of air-steam mixture- 1.79680E-03 G/CC
Viscosity of air-steam mixture- 1.78625E-04 Pol.Se
Density of droplet liquii- .95798 G/CC
Viscosity of droplet liqaid- 2.81823E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 6.28893E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- 8.25769E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 5.18208E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 5.i9625E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.5808
Schmidt number for methyl iodine- 1.2039
Grashof number- 3.11526E+13
Try mean diameter= 9.10180E-02

SE 26-426 REV.2 [REFERENCE: S0123OXXIV-7.15] N-6030-001 Rev0.doz

.1 -^ "^I



E&TS DEPARTMENT

CALCULArION SHEET
ICCN NO.N

IPRELIM. CCN NO. IPAGE -OF_

Project or DCPIFCNIECP _

Subject Containment Aerosol and Iodine Removal Rates
Calc No.

CCN CONVERSION:
CCN NO. CCNN-603-001

Sheet 221 of 281
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Drop parameters for elemental
(For mean drop'

I Diameter Fall Time Reynolds M.T.Coeff G T.V.
CM SEC CM/SEC CM/SEC

36 9..1018E-02 11.09 285.6 9.544 312.0

I Diameter Sherwood Time Sat. Frac. M.T.Coe:
CM CM/Si

36 9.101E-02 1.061 .2776 .5203 3.7462i

***********SPRAY REMOVAL RATES***********

Total elemental removal constant- 2.3844 pe:r hour

Particulate iodine removaL constant= .31420 per hour

Total organic removal constant- .00000 per hour

******REMOVAL DUE TO WALL DEPOSITION*'***

Elemental removal rate due to wall deposition - 4.9732

Organic removal rate due to wall deposition- .03000

Mean drop diameter- 9.16lBOE-02

Ef L
-0c

~-03

drop no.

9080.

Removal
/HR

2.384

per hour

per hour

Zkot:dZU MV.Z IKWEMtrtNUM: bU1W32OV-4.1*j N46030001 Rev Odoc
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9.2.2.5 4 to 8 hr Output File (i2- maxO3.outj

Bechtel Standard Computer Program
(c) 1991
Originator Jorge Schulz Dati
Project SONGS
Subject 12 Spray Max Temp 4 - 8 hr

a 14

REMOVE , NE305 Version 4.0
Calc No. N-6030-00 Rev No. 0

Jun 2003 Checked Date
Job No. 16575-167
Sheet No. 1

s… - ---- n n … - ---- …--- a... - --.- --- .................... . .

I I

I Standard Computer Program I
I NE305 REMOVE Version 4.0 1
I for the IBM PC/XT/AT I
I

1~~ I

Abstract:

The REMO0IE program calculates the containment
spray renoval rate constants and a mean drop
diameter or drop trajectories

Output in file I2-max03.out was created on 14 Jun 2003 at 11: 4:49

Bechtel Standard Comput')r Program
(c) 1991
Originator Jorge Schulz Date
Project SONGS
Subject 12 spray Max Tamp 4 - 8 hr

REMOVE , NE305 Version 4.0
Calc No. N-6030-OD Rev No. 0

: 14 Jun 200:1 Checked Date
Job No. 16575-167
Sheet No. 2

…=a.ins. . .............. . ....................

Temperature of air-stean mixture- 95.300 Degree C
Pressure of air-steam mixture- 2.0799 Atm.
Temperature of droplet liquid- 95.300 Deg:ee C
Density of air-3team mixture- 1.69468E-03 G/CC
Viscosity of air-steam mixture- 1.79819E-04 Poise
Density of droplet liquid- .96178 G/CC
Viscosity of droplet liquid= 2.98466E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 6.65939E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- 8.73664E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 4.82243E-05 sq. cm/sec
Diff. coeff. of methyl X2 in droplet liquid- 5.20786E-05 sq. cm/sec
Schmidt number for elenental iodine=f 1.5934

:! t -Q I D=\ __ -D I If . -no _ Y\_ 4A I----^ -- I ........ - ___Ztr.4"4 ntv.Z JMCM- t-PAt, QJ1Z0-A1-1.1lDJ N6wOU001 Kev U.0oo
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Project or DCPIFCNIECP Calc No. N-6030001 I

Subject Containment Aerosol and Iodine Removal Rates Sheet 223 of 281

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE -

{4 J. Schulz 811512003 D. T. Dexheimer 811512003 _ _5

_ _ _

Schmidt number for methyl iodine- 1.2145
Grashof number- 8.33401E412
Try mean diameter- 8.82C54E-02

Drop parameters for elemental
(For mean droF)

X Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

35 8.8205E-02 7.003 258.6 10.02 311.1 235.8

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

35 8.8205E-02 1.328 .1736 .4279 3.5973t-03 4.796

********SPBAY REMOVAL RATES*****'*****

Total elemental removal :onstant- 4.7970 pe:: hour

Particulate iodine removal constant= .59268 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITIO"****"

Elemental removal rate die to wall deposition - 5.0703 per hour

Organic removal rate due to wall deposition= .00000 per hour

Mean drop diameter= 8.82054E-02
Temperature of air-steas mixture- 95.300 Degree C
Pressure of air-steam miKture- 2.0799 Atm.
Temperature of droplet liquid- 95.300 Degree C
Density of air-steam mixture- 1.69468E-03 G/CC
Viscosity of air-steam mixture- 1.79819E-04 Poise
Density of droplet liquid= .96179 G/CC
Viscosity of droplet liquid- 2.98466E-03 Poise
Diff. coeff. of elemental 12 In air-steam mixture- 6.65939E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- 8.73664E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 4.82243E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 5.20786E-05 sq. cm/sec
Schmidt number for elemental iodine= 1.5934
Schmidt number for nethyl iodine- 1.2145
Grashof number- 8.3340]E+12
Try mean diameter- 8.8(292E-02

Drop parameters for elemental
(For zean drcp)

I Diameter Fall Time Reynolds H.T.Coeff t T.V. drop no.
CM SEC CM/SEC CM/SEC

35 8.8629E-02 7.295 260.9 10.01 312.3 462.2

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

35 8.B629E-02 1.333 .1791 .4386 3.58OlE-03 4.915

SCE 26426 REV. 2 [REFERENCE: S0123-XXIV-7.151 N.6030-001 RevO.doc
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Sub3ject Containment Aerosol and Iodine Removal Rates
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PRELIM. CCN NO. PAGE OF
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RLV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE _

_ J. Schulz 8/15/23 D. T. Dexheimer 8/15/2003 _B

__ ' _ I I =
***********SPRAY REMOVAL :LATES***********

Total elemental removal constant= 4.9155 per hour

Particulate iodine removaL constant- .59268 per hour

Total organic removal constant- .00000 per hour

***'*REMOVAL DUE TO WALL DEPOSITION""*

Elemental removal rate due to wall deposition - 5.0703 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 8.862922-02
Temperature of air-steam mixture- 95.300 Degree C
Pressure of air-steam mixture- 2.0799 Atm.
Temperature of droplet liquid- 95.300 Degree C
Density of air-steam mixture- 1.69468E-03 G/CC
Viscosity of air-steam mixture- 1.79819E-04 Poise
Density of droplet liquid= .96178 G/CC
Viscosity of droplet liquid- 2.98466E-03 Poise
Diff. coeff. of elemental I2 in air-steam mixture- 6.65939E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture= (1.73664E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid= 4..82243E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 5.2(1786E-05 sq. cm/sec
Schmidt number for elemertal iodine= 1.5934
Schmidt number for methyl iodine- 1.2145
Grashof number- 1.028261+13
Try mean diameter= 8.87S86E-02

Drop parameters for elemental
{For mean drol)

I Diameter rall Time Reynolds X.T.Coeff G T.V. drop no.
Cm SEC CM/SEC CM/SEC

36 8.8799E-02 7.523 261.B 10.00 312.8 * 685.6

I Diameter Sherwood Time Sat. Frec. M.T.Coeff L Removal
CM CM/SEC /HR

36 8.8799E-02 1.335 .1840 .4474 3.5733E-03 5.014

***********SPRAY REMOVAL RATES****r******

Total elemental removal o:onstant- 5.0145 per hour

Particulate Iodine removal constant- .63567 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION"****

Elemental removal rate die to wall deposition - 5.0703 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 8.87986E-02
Temperature of air-3team mixture- 95.300 Degree C
Pressure of air-steam miKture- 2.0799 Atm.

SCE 26-426 REV. 2 (REFERENCE: S0123-XXIV-7.15J N403 1 Rev o.
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Temperature of droplet liquid- 95.300 Degree! C
Density of air-steam mixtare- 1.69468E-03 G/CC
Viscosity of air-steam miiture- 1.79819E-04 Poise
Density of droplet liquid- .96178 G/CC
Viscosity of droplet liquid- 2.98466E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 6.65939E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture. (1.73664E-02 sq. cm/sec
Diff. coeff. of elemental I2 in droplet liquid- 41.82243E-05 sq. cm/aec
Diff. coeff. of methyl 12 in droplet liquid- 5.20786E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.5934
Schmidt number for methyl iodine- 1.2145
Grashof number- 1.02826E+13
Try mean diameter- 9.01178E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
Cm SEC CM/SEC CM/SEC

36 9.011BE-02 7.745 269.0 9.972 316.8 1361.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
Cm CM/SEC /HR

36 9.011SE-02 1.350 .1840 .45C3 3.5210E-03 5.041

**********SPRAY REMOVAL RATES***********

Total elemental renoval constant- 5.0483 per hour

Particulate iodine removwl constant- .63567 per hour

Total organic removal constant .00000 per hour

*****REMOVAL DUE TO WALL DEPOS1TrON*****

Elemental removal rate due to wall deposition - 5.0703 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 9.0:.178E-02
Temperature of air-steam mixture- 95.300 Degree C
Pressure of air-steam mixture- 2.0799 Atm.
Temperature of droplet l:.quid= 95.300 Degree C
Density of air-steam mixt:ure- 1.69468E-03 G/CC
Viscosity of air-steam m.xture- 1.79819E-04 Poise
Density of droplet liquId- .96178 G/CC
Viscosity of droplet liquid- 2.98466E-03 Poise
Diff. coeff. of elementa:! 12 in air-steam mixture- 6.65939E-02 sq. cm/sec
Dlff. coeff. of methyl 12 in air-steam mixture- 8.73664E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 4.82243E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 5.20786E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.5934
Schmidt number for methyl iodine- 1.2145
Grashof number- 1.94316.+13
Try mean diameter- 9.07308E-02

Drop parameters for elemental
(For mean drop)

SCE 26-426 REV.2 [REFERENCE: S0123-XXIV-7.153 N-6030D001 Rev O.d
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I Diameter Fall Time Reynolds M.T.Coeff G 7.V. drop no.
CM SEC CM/S=C CM/SEC

36 9.0701E-02 9.295 272.3 9.958 318.5 2024.

I Diameter Sherwood Time Sat. Frac. X.T.Coeff L Removal

0CM CM/SEC /HR

36 9.0701E-02 1.357 .2179 .5071 3.4984E-03 4.060

W-W********SPRAY REMOVAL AATES******#****

Total elemental removal constant- 4.0605 peg hour

Particulate iodine removal constant- .56136 per hour

Total organic removal constant- .00000 per hour

a*****REKOVAL DUE TO WALL DEPOSITION****

Elemental removal rate due to wall deposition = 5.0703 per hour

Organic removal rate due to wall deposition- .0)000 per hour

Mean drop diameter- 9.07008E-02
Temperature of air-steam mixture- 95.300 De;ree C
Pressure of air-steam mixture= 2.0799 Atm.
Temperature of droplet liquid= 95.300 Degree C
Density of air-steam mixture= 1.69468E-03 G/CC
Viscosity of air-steam mixture= 1.79819E-04 Poise
Density of droplet liquid- .96178 G/CC
Viscosity of droplet liqvid- 2.98466E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 6.65939E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- 8.73664E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid= 4.82243E-05 sq. cm/sec
Diff. coeff. of methyl I in droplet liquid- 5.20786Z-05 sq. cm/sec
Schmidt number for elemental iodine. 1.5934
Schmidt number for methyl. iodine- 1.2145
Grashof number- 1.943165+13
Try mean diameter- 9.09(145E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Timo Reynolds M.T.Coeff C. T.V. drop no.
CM SEC CM/SEC CM/SEC

36 9.0905E-02 10.46 273.4 9.953 319.1 2680.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

36 9.0905E-02 1.360 .2442 .5466 3.4905E-03 4.376

***********SPRAY REMOVAL RATES*** *******

Total elemental removal constant- 4.3762 per hour

Particulate iodine removal constant= .56136 per hour

Total organic removal constant- .00000 per hour

.Ilt. -l2 - <C DC\/ - I O C _aDCK. Ct 1\ 7 MI -N5 L.. -
C -;-246RV RFEEC;Q 2-XV1 Q NffUd-UUI KeV V.UOG

_



E&TS DEPARTMENT

CALCULATION SHEET
Project or DCP/FCNIECP CalcI
Subject Containment Aerosol and Iodine Removal Rates
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*****REMOVAL DUE TO WALI DEPOSITIONW****

Elemental removal rate due to wall deposition = 5.0703 per hour

Organic removal rate due to wall deposition=- .00000 per hour

Mean drop diameter- 9.C9045E-02
Temperature of air-steam. mixture- 95.300 Degree C
Pressure of air-steam mixture- 2.0799 Atm.
Temperature of droplet 3iquid- 95.300 Degree C
Density of air-steam miyture- 1.69468E-03 G/CC
viscosity of air-steam rixture- 1.79819E-04 Poise
Density of droplet liquid- .96178 G/CC
Viscosity of droplet licuid- 2.98466E-03 Poise
Dir!. coeff. of elemental I2 in air-steam mixture- 6.65939E-02 sq. cm/sec
Diff. coeff. of methyl 32 in air-steam mixture- 8.73664E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 4.82243E-05 sq. cm/sec
Diff. coeff. of methyl 32 in droplet liquid- 5.20786E-05 sq. cm/3ec
Schmidt number for elemental iodine- 1.5934
Schmidt number for methyl iodine- 1.2145
Grashof number- 2.0714EE+13
Try mean diameter- 9.05338E-02

Drop parameters for elemental
(For mean drcp)

I Diameter Fall Tisie Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

36 9.0934E-02 9.491 273.5 9.953 319.2 3340.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal

CM CM/SEC /HR

36 9.0934E-02 1.360 .2214 .5130 3.4894E-03 4.107

**********SPRAY REMOVAL RATES******t****

Total elemental removal constant- 4.1072 per hour

Particulate iodine removal constant- .57345 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate clue to wall deposition 5.0703 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 9.09338E-02
Temperature of air-steam mixture- 95.300 Degree C
Pressure of air-steam m.xture- 2.0799 Atm.
Temperature of droplet :.iquid- 95.300 Degree C
Density of air-steam mi:nture- 1.69468E-03 G/CC
viscosity of air-steam mixture- 1.79819E-04 Poise
Density of droplet liqu:.d- .96178 G/CC
Viscosity of droplet liquid- 2.98466E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture= 6.65939E-02 sq. CM/see
Diff. coeff. of methyl ::2 in air-steam mixture- 8.73664E-02 sq. cm/sec
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E&TS DEPARTMENT ICON NO.I

CALCULATION SHEET IPREM.CCNNO. PAGEOF
ICPN CONVERSION:

Project or DCPIFCNIECP Calc No. N-6030-001

Subject Contaimnent Aerosol and Iodine Removal Rates Sheet 228 of 281

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE 8

_ J. Schulz 8/152003 D.T.Dexheimer 8n5/2003 _ 1
Diff. coeff. of elemental 12 in droplet liquid- 4.82243E-05 sq. cm/sec
Diff. coeff. of methyl I2 in droplet liquid- 5.20786E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.5934
Schmidt number for methyl iodine- 1.2145
Grashof number- 2.07148K+13
Try mean diameter- 9.10300E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
cm SEC CM/SEC CM/SEC

36 9.1030E-02 10.67 274.1 9.950 319.5 3995.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /KR

36 9.1030E-02 1.361 .2483 .5528 3.4857E-03 14.425

********I*5SPRAY REMOVAI RATES***********

Total elemental removal constant- 4.4252 per hour

Particulate iodine removal constant- .57345 per hour

Total organic removal ccenstant= .00000 per hour

*-****RMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate cue to wall deposition - 5.0703 per hour

organic removal rate due to wall deposition- .00000 per hour

mean drop diameter- 9.10300E-02
Temperature of air-steam mixture- 95.300 D,~gree C
Pressure of air-steam m5.xture- 2.0799 Atm.
Temperature of droplet liquid- 95.300 Degroee C
Density of air-steam mir:ture= 1.69468E-03 G/CC
Viscosity of air-steam rtixture- 1.79819E-04 Poise
Density of droplet liqu.d- .96178 G/CC
Viscosity of droplet liquid- 2.98466E-03 Poise
Diff. coeff. of elementail I2 in air-steam mixture- 6.65939E-02 sq. cm/sec
Diff. coeff. of methyl ;:2 in air-steam mixture- 8.73664E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 4.82243E-05 sq. cm/sec
Diff. coeff. of methyl ::2 in droplet liquid= 5.207B6E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.5934
Schmidt number for methrl iodine- 1.2145
Grashof number- 2.6547.>E+13
Try mean diameter- 9.10625E-02

Drop parameters for eleanental
(For mean drop)

I Diameter Fall Tiise Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

36 9.1062E-02 10.37 274.3 9.950 319.6 4649.

I Diameter Sherwoof Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

.4
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CALCULATION SHEET

Project or DCPIFCNIECP __ C
Subject Containment Aerosol and Iodine Removal Rates

[ICCN NO.J
PRELIM. CCN NO. PAGEOF

CCN CONVERSION:
CCN N6. CCNWalc No. N-6030-001

Sheet 229 of 281

R;EV ORIGINATOR DATE IRE DATE REV . ORIGINATOR DATE IRE DATE

0 3. Schulz /15,2003 D. T. Dexheimer 81152OD3 : S

-_ L~L__ _2

36 9.2062E-02 1.361 .2422 .5426 3.4845E-03 2.172

***********SPRAY REMOVAL RATES**********t

Total elemental removal constant- 2.1722 per hour

Particulate iodine removal constant= .31145 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSIT1ON*****

Elemental removal rate due to wall deposition - 5.0703 per hour

organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 9.1C625E-02
Temperature of air-steam mixture- 95.300 Degree C
Pressure of air-steam mixture- 2.0799 Atm.
Temperature of droplet liquid- 95.300 Degree' C
Density of air-steam mixture= 1.6946SE-03 G/CC
Viscosity of air-steam mixture- 1.79819E-04 Poise
Density of droplet liquid- .96178 G/CC
Viscosity of droplet liquid= 2.98466E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture-- 6.65939E-02 sq. cm/sec
Ditf. coeff. of methyl 1I in air-steam mixture- 11.73664E-02 sq. cm/sec
Diff. coeff. of elemental I2 in droplet liquid- *1.82243E-05 sq. cm/sec
Diff. coeff. of methyl I: in droplet liquid- 5.20786X-05 sq. cm/sec
Schmidt number for elemental iodine- 1.5934
Schmidt number for methy. iodine- 1.2145
Grashof number- 2.654721:+13
Try mean diameter- 9.10!151E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Tim Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

36 9.1095E-02 10.71 274.4 9.949 319.7 5302.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC AHR

2.21636 9.1095E-02 1.362 .24B9 .5537 3,48321

**********SPRAY REMOVAL RATES***********

Total elemental removal constant- 2.2163 per hour

Particulate iodine removal constant- .31145 per hour

Total organic removal ccnstant- .00000 per hour

*****REMOVAL DUE TO WALI DEPOSZTION*****

Elemental removal rate ciue to wall deposition f 5.0703

Organic removal rate due to wall deposition= .(0000 0

>E-03

per hour

per hour

I -
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CCN CONVERSION:

Project or DCPIFCNIECP ._Calc No. N.603001 I .C

Subject Containment Aerosol and lodine Removal Rates ' Sheet 230 of 281

RIV ORIGINATOR DATE IRE DATE REV ORIGINATOR DAT IRE DAT W
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Mean drop diameter- 9.10!951E-02
Temperature of air-steam nixture- 95.300 Degree C
Pressure of air-steam mix':ure= 2.0799 Atm.
Temperature of droplet liquid- 95.300 Degree C
Density of air-steam mixture- 1.69468E-03 G/CC
Viscosity of air-steam mi:xture- 1.79819E-04 Poise
Density of droplet liquid- .96178 G/CC
Viscosity of droplet liqu:Ld= 2.98466E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture-1 6.65939E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- e.73664E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 4.82243E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 5.2C786E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.5934
Schmidt number for methyl iodine- 1.2245
Grashof number- 2.72588EI13
Try mean diameter- 9.11070E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Time Reynolds X.7.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

36 9.1107E-02 10.46 274.5 9.949 319.7 5956.

I Diameter Sherwood Time Sat. Frac. K.T.Coeff L Removal
Cm CM/SEC /HR

36 9.i107E-02 1.362 .2431 .5456 3.4828E-03 2.164

**********SPRAY REMOVAL PATES**********

Total elemental removal constant- 2.1838 per hour

Particulate iodine removal constant- .31420 per hour

Total organic removal corstant= .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION***"*

Elemental removal rate dee to wall deposition - 5.0703 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 9.13.070E-02
Temperature of air-steam mixture- 95.300 Degree C
Pressure of air-steam mia:ture= 2.0799 Atm.
Temperature of droplet liquid- 95.300 Degree C
Density of air-steam mixture- 1.69468E-03 G/CC
Viscosity of air-steam m.;.xture= 1.79B19E-04 Poise
Density of droplet liquid- .96178 G/CC
Viscosity of droplet liquid- 2.98466E-03 Poise
Diff. coeff. of elementa:. 12 in air-steam mixture- 6.65939E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- 8.73664E-02 sq. cm/sec
Diff. coeff. of elementa:. 12 in droplet liquid= 4.82243E-D5 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquidt 5.20786E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.5934
Schmidt number for methyl iodine= 1.2145
Grashof number- 2.72588:S+l3
Try mean diameter- 9.11287E-02

Ce'C flD O flI1 D3 ̂ Jp n -n,. 4nn VV. d'I%, _1
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Drop parameters for elemental
(For mean drop.

I Diameter Fall Time Reynolds M.T.Coeff G T.V.
CM SEC CM/SEC CM/SEC

36 9.1129E-02 10.80 274.6 9.948 319.8

I Diameter Sherwood Time Sat. Frac. X.T.Coe:
CM CM/Si

36 9.1129E-02 1.362 .2509 .5566 3.48191

******v****SPRAY REMOVAL RATES***********

Total elemental removal constant- 2.2280 per hour

Particulate iodine removal constant- .31420 per hour

Total organic removal constant- .00000 per hour

w****REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate due to wall deposition 5.0703

Organic removal rate due to wall deposition- .00000 I

Mean drop diameter- 9.13287E-02

Ef L
;EC

PE-03

drop no.

6608.

Removal
2HR

2;228

per hour

Der hour
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CCN CONVERSION:
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REV ORIGINATOR DATE I IRE DATE REV ORIGINATOR DATE IRE DATE c
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9.2.2.6 8 to 13.8 hr Output File (i2- mar4.oA0

Bechtel Standard Computer Program

(c) 1991
Originator Jorge Schulz Date 14
Project SONGS
Subject 72 Spray Max Temp 8 - 13.8 hr

REMOVE , NE30S Version 4.0
Calc No. N-6030-00 Rev No. 0

1 Jun 2003 Checked Date_
Job No. 16575-167
Sheet No. 1

.. ....... .... . .... . .... .... ...... __ - =- _ ~ o ~ |_-l ~ - = w _ -- ==s,

I Standard Corputer Program I
I NE305 REMOVE Version 4.0 1
1 for the IBM PC/XT/AT

I .I

Abstract:

The REMOVE: program calculates the containment
spray removal rate constants and a mean drop
diameter or drop trajectories

output in file 12-imix04.out was created on 34 Jun 2003 at 11: 6:43

Bechtel Standard Computer Program
tc) 1991
Originator Jorge Schulz Date 1
Project SONGS
Subject 12 Spray Max Tezip 8 - 13.8 hr

REMOVE , NE305 Version 4.0
Calc No. N-6030-00 Rev No. 0

4 Jun 2003 Checked Date
Job No. 16575-167
Sheet No. 2

AG====X~~~s==tD~~~nW . . . ._ .G= .Xe=aews . . . . . . . . . . ._"

Temperature of air-steam mixture- B7.200 Degree C
Pressure of air-steam mi:cture- 1.8307 Atm.
Temperature of droplet liquid- 87.200 Degree C
Density of air-steam mixture- 1.56799E-03 G/CC
Viscosity of air-steam mixture- 1.81696E-04 Pole
Density of droplet liquii- .96720 G/CC
Viscosity of droplet liqaid= 3.26947E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 7.18078E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- 9.40902E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid= 4.30557E-05 sq. cm/sec
Diff. coeff. of methyl I2 in droplet liquid- 4.64969E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6137

e a.C- c_ - -11, - 0 nwn cwl b11:r - - - -D
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.. I, I ...



E&TS DEPARTMENT

CALCULATrON SHEET

Project or DCPIFCNIECP Calc Nc
Sutidct Containment Aerosol end Iodine Removal Rates

ICCN NO.!
PRELIM. CCN NO. PAGE __OF

CCN CONVERSION:

N-6030-001 ICCN NO. CCN

Sheot 233 Of 281

REV ORIGNTOR DATE ! IRE DATE REV ORIGINATOR DATE I _DATE
a L.Schulz 8_15L2003 _Deheimer B/. .03

_ a

Schmidt number for methyl iodine- 1.2316
Grashof number- 6.63231E+12
Try mean diameter- 8.96994E-02

Drop parameters for elemental
{For mean drop)

I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
cm SEC WS/$IC CM/SEC

36 8.9699E-02 6.635 251.9 10.54 325.4 224.2

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /KR

36 8.9699E-02 2.034 .1420 .4714 3.1583E-03 4.135

***********SPRAY REMOVAL RATES***********

Total elemental removal constant- 4.1359 peak hour

Particulate iodine removal constant- .59268 per hour

Total organic removal constant- .00000 per hour

**C**REMOVAL DUE TO WALL DEPOSITION"*

Elemental removal rate die to wall deposition - 5.1040 per hour

Organic removal rate due to wall deposition- .0)000 per hour

Mean drop diameter- 8.95994E-02
Temperature of air-steam mixture= 87.200 Depree C
Pressure of air-steam micture- 1.8307 Atm.
Temperature of droplet liquid- 87.200 Degree C
Density of air-steam mixture- 1.56799E-03 G/CC
Viscosity of air-steam mixture- 1.81696E-04 Poise
Density of droplet liquid= .96720 G/CC
Viscosity of droplet liqaid= 3.26947E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 7.18078E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- 9.40902E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 4.30557E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 4.C4969E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6137
Schmidt number for methyl iodine- 1.2316
Grashof number- 6.83231E+12
Try mean diameter- 9.0E480E-02

Drop parameters for elenental
(For mean drcp)

I Diameter Fall Tim.e Reynolds M.T.Coeif t T.V. drop no,
* CM SEC CM/SEC Ca/SEC

36 9.0648E-02 6.903 256.9 10.52 328.4 439.9

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
cM CM/SEC /ER

36 9.0648E-02 2.051 .1447 .4793 3.1252E-03 4.204

t'E26-426 REV.2 [REFERENCE S0123-XXIV-7.151 N603G-Ol RO.doc
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CALCULATrON SHEET IPRELIM. CCN NO. PAGE __OF

CCN CONVERSION:

Project or DCPJFCNIECP __Calc No. N-6030-001 I
Subject Containment Aerosol sind Iodine Removal Rates Sheet 234 of 281

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

O 1. Schulz 8/115rM3 D. T. Dexheimer 8/15t2003 E n_ 8
***********SPRAY REMOVAL RATES*********

Total elemental removal constant- 4.2049 per hour

Particulate iodine removal constant- .59268 per hour

Total organic removal cor-stant= .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION****

Elemental removal rate du.e to wall deposition - 5.1040 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 9.0f;480E-02
Temperature of air-steam mixture- 87.200 De;ree C
Pressure of air-steam mixture- 1.8307 Atm.
Temperature of droplet li.quid- 87.200 Degree C
Density of air-steam mixt:ure- 1.56799E-03 G/CC
Viscosity of air-steam m:.xture- 1.81696E-04 Poise
Density of droplet liquid- .96720 G/CC
Viscosity of droplet liquid- 3.26947E-03 Poise
Diff. coeff. of elementa:. 12 in air-steam mixture- 7.18078E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- 9.40902E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 4.30557E-05 sq. cm/sec
Diff. coeff. of methyl I2 in droplet liquid- 4.64969E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6137
Schmidt number for methyL iodine- 1.2316
Grashof number- 8.42980C+12
Try mean diameter- 9.09719E-02

Drop parameters for elemantal
(For mean drop)

I Diameter Fall Time Reynolds M.T.Coeff C; T.V. drop no.
CM SEC CM/SEC CM/SEC

36 9.0972E-02 7.083 258.6 10.51 329.4 652.8

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
.c . CM/SEC /HR

36 9.0972E-02 2.056 .1474 .4859 3.1141E-03 4.262

***********SPRAY RMOVAI RATES***********

Total elemental removal constant- 4.2624 per hour

Particulate iodine removal constant- .63567 per hour

Total organic removal constant= .00000 per hour

****IREMOVAL DUE TO WALL DEPOSITION*"**

Elemental removal rate clue to wall deposition - 5.1040 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 9.09719E-02
Temperature of air-stean mixture- 87.200 Degree C
Pressure of air-steam m:ixture- 1.8307 Atm.

SCE 26-426 REV.2 [REFERENCE: S0123-XDOV-7.15] N-6030.O01 ReOAdo
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Temperature of droplet liquid- 87.200 Degree C
Density of air-steam mixture- 1.56799E-03 G/CC
Viscosity of air-steam mixture- 1.81696E-04 Poise
Density of droplet liquid- .96720 G/CC
Viscosity of droplet liquid= 3.26947E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture.. 7.18078E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- 9.40902E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid= 4.30557E-05 sq. cm/sec
Diff. coeff. of rethyl 12 in droplet liquid- 4.61969E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6137
Schmidt number for methyl iodine- 1.2316
Grashof number- 8.42980E+12
Try mean diameter- 9.11175E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

36 9.1117E-02 7.406 259.3 10.51 329.8 863.6

I Dlameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

36 9.1117E-02 2.059 .1536 .4996 3.1091E-03 4.382

**********SPRAy REMOVAL RATES**********

Total elemental removal constant= 4.3825 pes hour

Particulate iodine removcl constant- .63567 per hour

Total organic removal corstant- .00000 per hour

*****REp4OVAL DUE TO WALL DEPOSITION****

Elemental removal rate due to wall deposition - 5.1040 per hour

Organic removal rate due to wall deposition- .010000 per hour

Mean drop diameter- 9.12173E-02
Temperature of air-steam mixture- '87.200 Degree C
Pressure of air-steam mixture- 1.8307 Atm.
Temperature of droplet liquid- 87.200 Degret C
Density of air-steam mixture- 1.56799E-03 G/CC
Viscosity of air-steam muxture- 1.81696E-04 Poist
Density of droplet liquic!- .96720 G/CC
Viscosity of droplet liqu.id- 3.26947E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture. 7.18078E-02 sq. cm/sec
Diff. coeff. of methyl 1I in air-steam mixture- 9.40902E-02 sq. cm/sec
Diff. coeff. of elemental. 12 in droplet liquid- 4.30557E-05 sq. cm/sec
Diff. coeff. of methyl I1 in droplet liquid- 4.64969E-05 sq. cmfsec
Schmidt number for elemental iodine- 1.6137
Schmidt number for methy] iodine- 1.2316
Grashof number- 1.593021:+13
Try mean diameter- 9.151.50E-02

Drop parameters for elemental
(For mean drop)

SCE 26.426 REV.2 (REFERENCE: S0123-XXIV-7.151 N-6030D-01 R 0.doc
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PRELIM. CCN NO. PAGE OF

N CCN CONVERSION:
NO. CCN
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I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.

cM SEC CM/SEC CM/SEC

37 9.1515E-02 8.886 261.4 10.50 331.0 1061.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

37 9.1515E-02 2.066 .1828 .5584 3.0956E-03 3.498

***********SPppAY REMOVAL RATES**********

Total elemental removal constant= 3.4988 per hour

Particulate iodine removal constant- .56136 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate due to wall deposition = 5.1040 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 9.15150E-02
Temperature of air-steam mixture- 87.200 Degree C
Pressure of air-steam mi:cture= 1.8307 Atm.
Temperature of droplet l:Lquid= 87.200 Degree C
Density of air-steam mix:ure- 1.56799E-03 G/CC
Viscosity of air-steam mLxture- 1.81696&-04 Poi!;e
Density of droplet liqui'1= .96720 G/CC
Viscosity of droplet liqxid- 3.26947E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixturo- 7.18078E-02 sq. cm/see
Diff. coeff. of methyl I2 in air-steam mixture- 9.40902E-02 sq. cm/sec
Diff. coeff. of elementaL 12 in droplet liquid- 4.30557E-05 sq. cm/sec
Diff. coeff. of methyl I2 in droplet liquid- 4.154969E-05 sq. cma/sec
Schmidt number for elemeltal iodine- 1.6137
Schmidt number for methyL iodine- 1.2326
Grashof number- 1.59302E+13
Try mean diameter- 9.27607E-02

Drop parameters for elemental
(For mean droD)

I Diameter. Fall Time Reynolds M.T.Coeff G; T.V. drop no.
CM SEC CM/SEC CM/SEC

37 9.2761E-02 10.00 268.0 10.47 334.8 2109.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC 1HR

37 9.2761E-02 2.088 .2002 .5925 3.0540E-03 3.712

***********SPRAY REMOVAL RATES**********

Total elemental removal constant- 3.7124 per hour

Particulate iodine removal constant- .56136 per hour

Total organic removal ccnstant- .00000 per hour

80EE26-426 REV. 2 (REFERENCE, 80123.XXIV-7.15 N-6030-001 Rev 0.doc
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****'REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate due to wall deposition - 5.1040 per hour

Organic removal rate due to wall deposition= .00000 per hour

Mean drop diameter- 9.27607E-02
Temperature of air-steam mixture- 87.200 Degree C
Pressure of air-steam mixture- 1.8307 Atm.
Temperature of droplet liquid- 07.200 Degree C
Density of air-stean mixture- 1.56799E-03 G/CC
Viscosity of air-steam mixture- 1.81696E-04 Poise
Density of droplet liquid- .96720 G/CC
viscosity of droplet liquid- 3.26947E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture= 7.18078E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- 9.40902E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 4.30557E-05 sq. cm/sec
Diff. coeff. of methyl I2 in droplet liquid= 4.f4969E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6137
Schmidt number for methyl iodine- 1.2316
Grashof number- 1.69822E:+13
Try mean diameter- 9.30!03E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Timo Reynolds M.T.Coeff C; T.V. drop no.
CM SEC CM/SEC CM/SEC

37 9.3050E-02 8.960 269.6 10.46 335.7 3160.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

37 9.3050E-02 2.093 .1782 .5531 3.0445E-03 3.465

***********SPRY EMOVAL ATES*******w***

Total elemental removal .:onstant- 3.4661 petr hour

Particulate iodine removsl constant- .57345 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION****

Elemental removal rate due to wall deposition = 5.1040 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 9.30501E-02
Terperature of air-stean. mixture- 87.200 Degree C
Pressure of air-steam vdxture- 1.8307 Atm.
Temperature of droplet liquid- 87.200 Degree C

Density of air-steam misture- 1.56799E-03 G/CC
Viscosity of air-steam rixture- 1.81696E-04 Poise
Density of droplet liqu~d- .96720 G/CC
Viscosity of droplet lic:uid- 3.26947E-03 Poise
Diff. coeff. of elementa.l I2 in air-steam mixture- 7.1807SE-02 sq. cm/sec
Diff. coeff. of methyl 32 in air-steam mixture- 9.40902E-02 sq. cm/sec

S(,E26-426 REV.2 [REFERENCE: S0123-XXIV-7.15) N-6030001 Rev0.doc
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Diff. coeff. of elemental I2 in droplet liquid= 4.30557E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 4.64969E-05 sq. cm/sec
Schmidt number for elemeatal iodine- 1.6137
Schmidt number for methyl iodine- 1.2316
Grashof number- 1.69822E+13
Try mean diameter- 9.32719E-02

Drop parameters for elemsntal
(For mean drop)

I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
Cm SEC CM/SEC CM/SEC

37 9.3272E-02 10.83 252.0 10.14 313.1 4205.

1 Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /IR

37 9.3272E-02 2.034 .2143 .6095 3.0373E-03 5.819

***********SPRAY REMOVAL RATES***********

Total elemental removal constant= 3.7304 per hour

Particulate iodine removal constant- .57345 per hour

Total organic removal ccnstant= .00000 per hour

****.*REMOVAL DUE TO WALI DEPOSITION*****

Elemental removal rate cue to wall deposition - 5.1040 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 9. 2719E-02
TeMperature of air-steasi mixture- 87.200 Degree C
Pressure of air-steam mrxture- 1.8307 Atm.
Temperature of droplet liquid= 87.200 Degree C
Density of air-steam min:ture- 1.56799E-03 G/CC
Viscosity of air-steam nixture- l.81696E-04 Poise
Density of droplet liqu:.d- .96720 G/CC
Viscosity of droplet liquid- 3.26947E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 7.18078E-02 sq. cm/sec
Diff. coeff. of methyl ::2 in air-steam mixture- 9.40902E-02 sq. cm/sec
Diff. coeff. of elemental I2 in droplet liquid- 4.30557E-05 sq. cm/sec
Diff. coeff. of methyl ::2 in droplet liquid- 4.64969E-05 sq. cm/sec
Schmidt number for elemental iodine= 1.6137
Schmidt number for methyl iodine= 1.2316
Grashof number- 2.1763:1E+13
Try mean diameter- 9.336606-02

Drop parameters for elemaental
(For mean dro)p)

I Diameter Fall Ti:me Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

37 9.3366E-02 9.776 271.3 10.45 336.7 5251.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

COE 26-426 REV. 2 (REFERENCE: S0123-XXIV-7.15] N-6030-001 R O.doc
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37 9.3366E-02 2.099 .1931 .5813 3.0342E-03 1.821

***********SPRAY REMOVAL RATES***********

Total elemental removal constant- 1.8212 per hour

Particulate iodine remov41 constant= .31145 per hour

Total organic removal constants .00000 per hour

*'***'REMOVAL DUE TO WALL DEPOSITION****

Elemental removal rate due to wall deposition - 5.1040 per hour

Organic removal rate due to wall deposition- .0(000 per hour

Mean drop diameter- 9.3 3660E-02
Temperature of air-steam mixture- 87.200 Degree C
Pressure of air-steam mixture- 1.8307 Atm.
Temperature of droplet li:quid- 87.200 Degree C
Density of air-steam mix:ure- 1.56799E-03 G/CC
Viscosity of air-steam mixture- 1.81696E-04 Poise
Density of droplet liquid- .96720 C/CC
Viscosity of droplet liquid- 3.26947E-03 Poise
Diff. coeff. of elemental I2 in air-steam mixture- 7.18078E-02 sq. cn/sec
Diff. coeff. of methyl r.2 In air-steam mixture= 9.40902E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 4.30557E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 4.64969E-05 sq. cm/sec
Schmidt number for elemeatal iodine= 1.6137
Schmidt number for methyl iodine- 1.2316
Grashof number- 2.17637E+13
Try mean diameter- 9.34385E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Tine Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

37 9.3439E-02 10.12 271.7 10.45 336.9 6294.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

37 9.3439E-02 2.100 .1997 .5930 3.0319E-03 1.858

*********SPRAY REMOVAL RATES***********

Total elemental removal constant- 1.8577 per hour

Particulate iodine removal constant- .31145 per hour

Total organic removal ccnstant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION"****

Elemental removal rate clue to wall deposition - 5.1040 per hour

organic removal rate duc to wall deposition- .00000 per hour

SCE 26-426 REV. 2 IREFERENCE: S0123.XXIV.T.15J N-0030-0O1 Rev O.d�
SC;E26A26 REV. 2 fREFERENCE: SO123-V IV*7.151_ N-4030-001 Rev 0.doc-



E&TS DEPARTMENT

CALCULATION SHEET

Project or DCPJFCNIECP ._Calc
Subject Containment Aerosol and Iodine Removal Rates Sheet 240 of 281

REV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE C
_ ___ ___0

0 J. Schulz 81152003 I D. T. Dexheimer 8/15a-03 _ S
_-~~ l

Mean drop diameter- 9.34385E-02
Temperature of air-steam mixture- 87.200 Degree C
Pressure of air-steam mixture= 1.8307 Atm.
Temperature of droplet liquid- 87.200 Degree: C
Density of air-steam mixtare= 1.56799E-03 G/CC
Viscosity of air-steam mixture- 1.81696E-04 Poise
Density of droplet liquid- .96720 G/CC
Viscosity of droplet liquid- 3.26947E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture-- 7.1807SE-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- 9.40902E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- '1.30557E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 4.64969E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6137
Schmidt number for methyl iodine- 1.2316
Grashof number- 2.23471E+13
Try mean diameter- 9.34788E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

37 9.3479E-02 9.859 271.9 10.45 337.0 7339.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC fUR

37 9.i479E-02 2.101 .1943 .5837 3.0306E-03 1.828

***********SPRAY REMOVAL RATES***********

Total elemental removal constant- 1.8285 per hour

Particulate iodine removel constant- .31420 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DOE To WALL DEPOSITION*****

Elemental removal rate due to wall deposition - 5.1040 per hour

Organic removal rate due to wall depositions .00000 per hour

Mean drop diameter- 9.3'1788E-02
Temperature of air-steam mixture= 87.200 Degree C
Pressure of air-steam mi::ture- 1.8307 Atm.
Temperature of droplet l:.quid- 87.200 Degree C
Density of air-steam mixl:ure- 1.56799E-03 G/CC
Viscosity of air-steam m;.xture- 1.81696E-04 Poise
Density of droplet liquid- .96720 G/CC
Viscosity of droplet liquid- 3.269475-03 Poise
Diff. coeff. of elementaL 12 in air-steam mixture= 7.18078E-02 sq. em/sec
Diff. coeff. of methyl I:> in air-steam mixture- 9.40902E-02 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid= 4.30557E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 4.64969E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6137
Schmidt number for methyL iodine- 1.2316
Grashof number- 2.2347 1+13
Try mean diameter- 9.3S188L-02

I-
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Drop parameters for elemental
(For mean dtopi

I Diameter Fall Time Reynolds M.T.Coeff G T.V
CM SEC CM/SEC CM/Si

37 9.3519E-02 10.21 272.1 10.45 337

1 Diameter Sherwood Time Sat. Frac. M.T.Cc
CM cM,

37 9.3519E-02 2.102 .2010 .5955 3.02!

***********SPBAY REMOVAL RATES**********

Total elemental removal constant- 1.8656 per hour

Particulate iodine removal constant- .31420 per hoi

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate due to wall deposition = 5.1040

Organic removal rate due to wall deposition- .00000

Mean drop diameter- 9.3E188E-02

;EC

.2

Def f L
{SEC

?3E-03

drop no.

8382.

Removal
/HR

1.865

pr o

per hour

per hour

L
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9.2.2.7 13.8 to 24 hr Output File (i2- maxO5. ouo

Bechtel Standard Compute:: Program
Ac) 1991
Originator Jorge Schulz Date 14
Project SONGS
Subject I2 Spray Max Telrp 13.8 - 24 hr

REMOVE , NE305 Version 4.0
Calc No. N-6030-00 Rev No. 0

Jun 2003 Checked Date_
Job No. 16575-167
Sheet No. 1

__ __ __-_ _ -C O S =a= ----------- ---- . ....... ... . ..... ....... ..........

I Standard Computer Program I
I NE305 REMOVE Version 4.0 I
| for the IBM PC/XT/AT I

I I

Abstract:

The REMOVE program calculates the containment
spray removal rate constants and a mean drop
diameter or drop trajectories

Output in file 12-max05.out was created on 14 Jun 2003 at 11: 8:42

Bechtel Standard Computer Program
Cc) 1991
Originator Jorge Schulz Date 14
Project SONGS
Subject 12 Spray Max Temp 13.8 - 24 hr

REMOVE , NE305 Version 4.0
Calc No. N-6030-00 Rev No. 0

Jun 2003 Checked Date
Job No. 16575-167
Sheet No. 2

. . . ~ SB . ......... S ...S==nD1=.. "ww_"__ . ............. . ..... ,

Temperature of air-stean mixture- 78.300 Degree C
Pressure of air-steam mixture- 1.6155 * Atm.
Temperature of droplet liquid- 78.300 Degree C
Density of air-steam mixture= 1.45989E-03 G/CC
Viscosity of air-steam vixture- 1.83598E-04 Poise
Density of droplet liquid- .97278 G/CC
Viscosity of droplet liciuid- 3.64212E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 7.68196E-02 sq. cm/sec
Diff. coeff. of methyl 32 in air-steam mixture- .10053 sq. cm/sec
Diff. coeff. of elementa. 12 in droplet liquid- 3.76958E-05 sq. cm/sec
Diff. coeff. of methyl 32 in droplet liquid- 4.07086E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6371

Ian qR AO D.- - I-Er- Mcktrla Scr%4 -. YIV.7/_ 1 at< D.- 1__ _
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Schmidt number for methyl iodine= 1.2509
Grashof number- 5.528265+12
Try mean diameter- 9.11396E-02

Drop parameters for elemsntal
(For mean dro;?)

I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
cM SEC CM/SEC CM/SEC

36 9.11405-02 6.306 246.0 11.03 339.4 213.8

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

36 9.1140E-02 3.335 .1145 .5160 2.7214E-03 3.352

**********SPRAY REMOVAI RATES***********

Total elemental removal constant= 3.3524 per hour

Particulate iodine removal constant- .59268 per hour

Total organic removal ccnstant- .00000 per hour

*****REMOVAL DUE TO WALI DEPOSITION'*"'

Elemental removal rate due to wall deposition - 5.1040 per hour

organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 9.31396E-02
Temperature of air-stearn mixture= 78.300 Degree C
Pressure of air-steam mixture- 1.6155 Atm.
Temperature of droplet liquid- 78.300 Degree C
Density of air-steam mi,:ture- 1.45989E-03 G/CC
Viscosity of air-steam reixture= 1.8359SE-04 Poise
Density of droplet liquid- .97278 G/CC
Viscosity of droplet licruid- 3.64212E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 7.68196E-02 sq. cm/sec
Diff. coeff. of methyl 32 in air-steam mixture- .10053 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 3.76958E-05 sq. cm/aec
Diff. coeff. of methyl 32 in droplet liquid- 4.07086E-05 sq. cm/sec
Schmidt number for elemontal iodine- 1.6371
Schmidt number for methyl iodine- 1.2509
Grashof number- 5.52821;E+12
Try mean diameter- 9.1:3685E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Timae Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

37 9.1369E-02 6.635 247.1 11.03 340.1 419.1

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

37 9.13692-02 3.341 .1198 .5309 2.7146E-03 3.449

SE 26-426 REV. 2 [REFERENCE: S0123-XXIV.7.151 N-6030-001 Rev O.doc
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***********SPRAY REMOVAL PATES"*********

Total elemental removal constant- 3.4494 per hour

Particulate iodine removal constant- .59268 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate due to wall deposition - 5.1040 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter= 9.1-685E-02
Temperature of air-steam mixture- 78.300 Degree C
Pressure of air-steam mi:ture- 1.6155 Atm.
Temperature of droplet liquid- 78.300 Degree.C
Density of air-steam mixture= 1.45989E-03 G/CC
Viscosity of air-steam mlxture- l.83598E-04 Poises
Density of droplet liquid= .97278 G/CC
Viscosity of droplet liquid= 3.64212E-03 Poise
Diff. coeff. of elemental. I2 in air-steam mixtures 7.68196E-02 sq. cm/sec
Diff. coeff. of methyl I;' in air-steam mixture= .10053 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 3.76958E-05 sq. cm/sec
Diff. coeff. of methyl I2 in droplet liquid= 4.07086E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6371
Schmidt number for methyl iodine- 1.2509
Grashof number= 6.82084M+12
Try mean diameter= 9.26363E-02

Drop parameters for elemental
(For mean dro;:)

I Diameter Fall Tim! Reynolds H.T.Coeff G T.V. drop no.
CM SEC CM/SEC CH/SEC

37 9.2686E-02 6.718 253.8 10.99 344.3 829.0

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM ' CM/SEC /HR

37 9.2686E-02 3.379 .1179 .5281 2.6760E-03 3.431

******4 ***SPRAY REMOVAL lRATES*****w*****

Total elemental removal constant- 3.4322 per hour

Particulate iodine removal constant- .63567 per hour

Total organic removal constant= .00000 per hour

*****REMOVAL DUE TO WALI DEPOSITION*****

Elemental removal rate due to wall deposition - 5.1040 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 9.2'6863E-02
Temperature of air-steazi mixture- 78.300 Degree C
Pressure of air-steam mW.xture= 1.6155 Atm.

SE 26-426 REV. 2 (REFERENCE: 80123-XXIV.7.151 N-O030-001 R.doc:
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Temperature of droplet liquid- 78.300 Degree C
Density oftair-steam mixture- 1.45989E-03 G/CC
Viscosity of air-steam minture- l.8359SE-04 Poise
Density of droplet liquid- .97278 G/CC
Viscosity of droplet liquaLd= 3.64212E-03 Poise
Diff. coeff. of elemental I2 in air-steam mixture- 7.68196E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- .10053 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 3.76958E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 4.07086E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6371
Schmidt number for methyl iodine= 1.2509
GrashoS number- 6.82084Efl2
Try mean diameter- 9.30996E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

37 9.3100E-02 7.034 255.9 10.98 345.6 1237.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

37 9.3100E-02 3.391 .1224 .5407 2.6641E-03 3.513

****-******SPRAY REMOVAL RATES**********

Total elemental removal constant= 3.5138 per: hour

Particulate iodine removal constant- .63567 per hour

Total organic removal corstant- .00000 per hour

*****REMOVAL DUE TO HALL DEPOSITION*****

Elemental removal rate du.e to wall deposition - 5.1040 per hour

Organic removal rate due to wall deposition- .0)000 per hour

Nean drop diameter- 9.30996E-02
Temperature of air-steam mixture- 78.300 De;ree C
Pressure of air-steam mi:ture- 1.6155 Atm.
Temperature of droplet liquid- 78.300 Degree C
Density of air-steam mixture- 1.45989E-03 G/CC
Viscosity of air-steam mJ.xture- 1.83598E-04 Poise
Density of droplet liquid= .97278 G/CC
Viscosity of droplet liqLid- 3.64212E-03 Poise
Diff. coeff. of elementa:. T2 in air-steam mixture- 7.68196E-02 sq. cm/sec
Diff. coeff. of methyl ::V in air-steam mixture- .10053 sq. cm/sec
Diff. coeff. of elementa:. 12 in droplet liquid- 3.76958E-05 sq. cm/sec
Diff. coeff. of methyl I: in droplet liquid- 4.07086E-05 sq. cm/sec
Schmidt number for elemeiital iodine- 1.6371
Schmidt number for methy.: iodine- *1.2509
Grashof number= 1.288973.+13
Try mean diameter- 9.34342E-02

Drop parameters for elemental
(For mean dro:p)

SCE26426 REV.2 [REFERENCE: S0123N0X)V-7.1 -000 10 RWevO.c
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I Diameter Fall Time Reynolds M.T.Coeff G T.V. 'drop no.
CM SEC CM/SEC CM/SEC

37 9.3484E-02 8.423 257.8 10.97 346.9 1632.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

37 9.3484E-02 3.402 .1453 .5976 2.6532E-03 2.773

***********SPRAY REMOVAL RATES***********

Total elemental removal constant- 2.7736 per hour

Particulate iodine removal constant- .56136 per hour

Total organic removal corstant- .00000 per hour

*****PREWVA DUE TO WALL DEPOS1TION*****

Elemental removal rate dL.e to wall deposition - 5.1040 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter= 9.3'842E-02
Temperature of air-steam mixture- 78.300 Degree C
Pressure of air-steam mix:ture- 1.6155 Atm.
Temperature of droplet liquid= 78.300 Degree C
Density of air-steam mixt~ure= 1.45989E-03 G/CC
Viscosity of air-steam mi.xture- 1.83598E-04 Poise
Density of droplet liquid- .97278 G/CC
Viscosity of droplet liquid- 3.64212E-03 Poise
Diff. coeff. of elementa:. 12 in air-steam mixture- 7.68196E-02 sq. cm/sec
Diff. coeff. of methyl 1: in air-steam mixture- .10053 sq. cm/sec
Diff. coeff. of elementaL 12 in droplet liquid- 3.76958E-05 sq. cm/sec
Diff. coeff. of methyl I: in droplet liquid- 4.C7086E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6371
Schmidt number for methy." iodine- 1.2509
Grashof number- l.288972+13
Try mean diameter- 9.36256E-02

Drop parameters for elemntal
(For mean drop)

I Diameter Fall Tint Reynolds M.T.Coeff C; T.V. drop no.
CM SEC CM/SEC CM/SEC

37 9.3626E-02 9.670 258.6 10.97 347.3 2022.

1 Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

37 9.3626E-02 3.406 .1663 .6430 2.6492E-03 2.984

***********SPRAY REMOVAL RATES-**********

Total elemental removal constant- 2.9840 per hour

Particulate iodine removal constant- .56136 per hour

Total organic removal ccnstant- .00000 per hour

SE 26.426 REV.2 (REFERENCE: S0123-XXJV.7.151 N-6030D001 Rev OA=
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*****REMOVAL DUE TO WALL DEPOSITION***

Elemental removal rate due to wall deposition - 5.1040 per hour

Organic removal rate due to wall deposition- .C0000 per hour

Mean drop diameter- 9.36256E-02
Temperature of air-steam mixture- 78.300 Dcgree C
Pressure of air-steam mixture- 1.6155 Atm.
Temperature of droplet liquid- 78.300 Degree C
Density of air-steam mixture- 1.45989E-03 G/CC
viscosity of air-steam mixture- 1.83598E-04 Poise
Density of droplet liguid- .97278 G/CC
Viscosity of droplet liquid- 3.64212E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 7.68196E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- .10053 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 3.76958E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 4.07086E-05 sq. cmAec
Schmidt number for elemertal iodine= 1.6371
Schmidt number for methyl iodine= 1.2509
Grashof number= 1.37409E+23
Try mean diameter- 9.35E90E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Timn Reynolds M.T.Coeff S T.V. drop no.
CM SEC CM/SEC CM/SEC

37 9.3589E-02 8.614 258.4 10.97 347.2 2417.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /KR

37 9.3589E-02 3.405 .1483 .6045 2.6502E-03 2.805

**********SpRAy REMOVAL RATES**********

Total elemental removal c:onstant- 2.8056 per hour

Particulate iodine removil constant- .57345 per hour

Total organic removal coastant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITIONM****

Elemental removal rate die to wall deposition - 5.1040 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter= 9.35890E-02
Temperature of air-steam mixture- 78.300 D egree C
Pressure of air-steam mixture- 1.6155 Atm.
Temperature of droplet liquid- 78.300 Degree C
Density of air-steam mixture- l.45989E-03 G/CC
Viscosity of air-steam veixture- 1.83598E-04 Poise
Density of droplet liquid- .97278 G/CC
Viscosity of droplet liquid= 3.64212E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 7.68196E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- .10053 sq. cm/sec

I-SCE 26.426 REV. 2 [REFERENCE: 50123..XXIV.7.¶5J N-6030-OO1 Rev 0.doc
8(:E2&426 REV.2 [REFERENCE: S0123-XXtlV-7.15) N-603D-001 Re V Odoc:
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Diff. coeff. of elementaL 12 in droplet liquid- 3.76958E-05 sq. cm/sec
Diff. coeff. of methyl 1:2 in droplet liquid- 4.07086E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6371
Schmidt number for methyL iodine- 1.2509
Grashof number- 1.37409;3+13
Try mean diameter-- 9.36747E-02

Drop parameters for elemental
(For mean dro?)

I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

37 9.3675E-02 9.867 258.8 10.97 347.5 2806.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

37 9.367SE-02 3.407 .1695 .6495 2.6478E-03 3.014

**********SPRAY REMOVAL RATES*********

Total elemental removal constant- 3.0140 per hour

Particulate iodine removal constant- .57345 per hour

Total organic removal ccnstent- .00000 per hour

*****REMOVAL DUE TO WALI DEPOSITION****

Elemental removal rate cue to wall deposition - 5.1040 per hour

Organic removal rate due to wall deposition- .00000 per hout

Mean drop diameter- 9.3.6747E-02
Temperature of air-steati mixture- 78.300 Dogree C
Pressure of air-steam mixture- 1.6155 Atm.
Temperature of droplet liquid- 78.300 Degrae C
Density of air-steam mi).ture- 1.45989E-03 G/CC
Viscosity of air-steam mixture- 1.83598E-04 Poine
Density of droplet liquid- .97278 G/CC
Viscosity of droplet liqluid- 3.64212E-03 Poise
Dift. coeff. of elemental .12 in air-steam mixture"- 7.68196E-02 sq. cm/sec
Diff. coeff. of methyl 32 in air-steam mixture- .10053 sq. cm/sec
Diff. coeff. of elementnl 12 in droplet liquid- 3.76958E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 4.07086E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6371
Schmidt number for methyl iodine- 1.2509
Grashof number- 1.7609ilE+13
Try mean diameter- 9.31;812E-02

Drop parameters for elenental
(For mean drop)

I Diameter Fall Titie Reynolds M.T.Coeff G T.V. drop no.,
CM SEC CM/SEC CM/SEC

37 9.3681E-02 9.424 258.8 10.97 347.5 3195.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
Cm CM/SEC /HR

S(E26-426 REV.2 [REFERENCE: S0123-XXIV-7.151 N-6030-001 Re 0.doc

- w rI^ ^ o^ " ...



E&TS DEPARTMENT ICCN NO.I

CALCULATION SHEET PRELIM. CCN NO. -_PAGE _OF
_CCN C0ONVERSION.

Project or DCPiFCNlECP Calc No. N-6030001 .OCCN . CCN
Subject Containment Aerosol find Iodine Removal Rates Shoat 249 Of 281

RPi ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE Ix

O J. Schulz 'st12003  D.T.Dexbeimer 8/5t12003

_ ,(

37 9.3681E-02 3.408 .1619 .6340 2.6476E-03 1.471

i*********SSP3AY REMOVAL RATES****'*****

Total elemental removal constant- 1.4712 per hour

Particulate iodine removal constant= .31145 per hour

Total organic removal cornstant- .00000 per hour

*****REMOVAL DUS TO WALL DEPOSITION****t

Elemental removal rate due to wall deposition = 5.1040 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter= 9.3'5812E-02
Temperature of air-steam mixture- 78.300 De;ree C
Pressure of air-steam mixcture= 1.6155 Atm.
Temperature of droplet l:iquid- 78.300 Degree C
Density of air-steam mix:ure= 1.45989E-03 G/CC
Viscosity of air-steam mixture- 1.83598E-04 Poise
Density of droplet liquid- .97278 G/CC
Viscosity of droplet liqjid- 3.64212E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture= 7.68196E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture= .10053 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 3.76958E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 4.070B6E-05 sq. cm/sec
Schmidt number for elemental iodine= 1.6371
Schmidt number for methyl iodine- 1.2509
Grashof number- 1.76098E+13
Try mean diameter- 9.37034E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Tire Reynolds M.T.Coeff C; T.V. drop no.
CM SEC CM/SEC CM/SEC

37 9.3703E-02 9.785 258.9 10.97 347.5 3582.

I Diameter Shervood. Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

37 9.3703E-02 3.408 .1680 .6465 2.6470E-03 1.500

***********SPRAY REMOVAL RATES***********

Total elemental removal constant- 1.5002 per hour

Particulate iodine removal constant- .31145 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOST.TON*****

Elemental removal rate due to wall deposition - 5.1040 per hour

Organic removal rate dut to wall deposition- .00000 per hour

SCE26-426 REV.2 IREFERENCE: 80123-XXIV-7.15) N-6030001 Rev r.doc
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Mean drop diameter- 9.37C34E-02
Temperature of air-steam clxture- 78.300 Degree C
Pressure of air-steam mixture- 1.6155 Atm.
Temperature of droplet lic;uid- 78.300 Degree C
Density of air-steam mixtture- 1.45989E-03 G/CC
Viscosity of air-steam mixture- 1.83598E-04 Poise
Density of droplet liquid- .97278 G/CC
Viscosity of droplet liquid- 3.64212E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 7.68196E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- .10053 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 3.76958E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 4.07086E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6371
Schmidt number for methyl iodine= 1.2509
Grashof number- 1.80S18E-13
Try mean diameter- 9.36992E-02

Drop parameters for elemental
(For mean droplf

I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop ho.
CM SEC CM/SEC CM/SEC

37 9.3699E-02 9.513 258.9 10.97 347.5 3971.

I Diameter Sherwood Time Sat. Frac. N.T.Coeff L Removal
CM CM/SEC /HR

37 9.3699E-02 3.408 .1634 .6371 2.6471E-03 1.478

***********SPRAY REHOVAL RATES*****'*****

Total elemental removal constant- 1.4783 per hour

Particulate iodine removal constant- .31420 per hour

Total organic removal constants .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION****

Elemental removal rate due to wall deposition - 5.1040 per hour

Organic removal rate due to wall deposition- .01000 per hour

Mean drop diameter= 9.3t992E-02
Temperature of air-steam mixture- 78.300 Degree C
Preasure of air-steam misiture- 1.6155 Atm.
Temperature of droplet liquid- 78.300 Degree C
Density of air-steam mixture= 1.45989E-03 G/CC
Viscosity of air-steam mixture- 1.83598E-04 Poise
Density of droplet liquict .97278 G/CC
Viscosity of droplet liqtid- 3.64212E-03 Poise
Diff. coeff. of elemental. 12 in air-steam mixture- 7.68196E-02 sq. cm/sec
Diff. coeff. of methyl I; in air-steam mixture- .10053 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 3.76958E-05 sq. cm/sec
Diff. coeff. of methyl I: in droplet liquid- 4.07086E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6371
Schmidt number for methy:. iodine= 1.2509
Grashof number- 1.808181:+13
Try mean diameter- 9.37:158E-02

CE 26426 REV. 2 [REFERENCE: S0123-XXIV-7.15] N4030.-001 Retv O.Dc
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Drop parameters for elemeftal
(For mean drop)

I Diameter Fall Time Reynolds M.T.Coeff G T.V.
cM SEC CM/SEC CM/SEC

37 9.3716E-02 9.875 259.0 10.97 347.6

1 Diameter Sherwood Time Sat. Frac. M.T.Coe!
Cm CM/Si

37 9.3716E-02 3.409 .1695 .6495 2.64661

**********SPRAY REMOVAL RATES***********

Total elemental removal constant= 1.5072 per hour

Particulate iodine removal constant- .31420 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DE TO WALL DEPOSITION*****

Elemental removal rate due to wall deposition e 5.1040

Organic removal rate due to wall deposition= .ODOOO p

Mean drop diameter- 9.31158E-02

!f L
'IC

iE-03

drop no.

4357.

Removal
/MR

1.507

per hour

per hour

a-SCE 26-426 REV. 2 (REFERENCE: S0123-XXIV-7.15J N-6030-0O1 Rev O.doc
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9.2.2.8 24 to 48 hr Output File (12- maxO6.of')

Bechtel Standard Computer Program
(c) 1991
Originator Jorge Schulz Date 1
Project SONGS
Subject 12 Spray Max Teap 24 - 48 hr

.4

REMOVE , NE305 Version 4.0
Caic No. N-6030-00 Rev No. 0

Jun 2003 Checked Date
Job No. 16575-167
Sheet No. I

._. . . .. . . . . . . . . . . .. . . . . . . . .=l_=: . . . . . . . .. . . .

I I

I Standard Computer Program I
I NE305 REXOVE Version 4.0 1
I for the IBM PC/XT/ATr I
I I

Abstract:

The REMOVE program calculates the containment
spray remwval rate constants and a mean drop
diameter sr drop trajectories

Output in file 12-rax06.out was created on 14 Jun 2003 at 11:10:43

Bechtel Standard Computer Program
IC) 1991
Originator Jorge Schulz Date :
Project SONGS
Subject 12 Spray Max Temp 24 - 48 hr

REMOVE , NE305 Version 4.0
Calc No. N-6030-00 Rev No. 0

L4 Jun 2003 Checked Date_
Job No. 16575-267
Sheet No. 2

____. ._ ... ..... S e =z=r a== ___-== u__ .wsa=es= =; . ... ... ... ...

Temperature of air-steas mixture- 69.200 IDegree C
Pressure of air-steam mixture- 1.4459 Atm.
Temperature of droplet liquid= 69.200 Deqree C
Density of air-steam mixture- 1.37681E-03 G/CC
Viscosity of air-steam zdixture- 1.85045E-04 Poise
Density of droplet liqu:.d- .97804 GICC
Viscosity of droplet liquid= 4.10621E-03 Poise
Diff. coeff. of elementil I2 in air-steam mixture= 8.09251S-02 sq. cm/sec
Diff. coeff. of methyl :C2 in air-steam mixture- .10580 sq. cm/sec
Diff. coeff. of elementil I2 in droplet liquid- 3.25696E-05 sq. cm/sec
Diff. coeff. of methyl C2 in droplet liquid- 3.51727F-05 sq. cm/sec
Schridt number for elerantal iodine- 1.6608

-- a. -SCE 28-426 REV. 2 [REFERENCE: S0123-XXIV-7.16J N6030-001 Rev O.doc
SCE 26-426 RI-V. 2 [REFERENCE: 6023XXIMV-7.151 N-6030-001 Rev zODdo
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Schmidt number for methy:L iodine- 1.2704
Grashof number- 4.511921E+12
Try mean diameter- 9.201090E-02

Drop parameters for elemental
(For mean drol)

I Diameter Fall Tim, Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

37 9.2009E-02 6.064 239.9 11.44 350.4 207.8

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /fR

37 9.2009E-02 5.386 9.3317E-02 .5450 2.3291E-03 2.656

***********SPRAY REMOVAL RATES**********

Total elemental removal constant= 2.6564 per hour

Particulate iodine removal constant- .59268 per hour

Total organic removal constant- .00000 per hour

*"**REMOVAL DUE TO WALL DEPOSITION"***

Elemental removal rate due to wall deposition = 5.1040 per hour

Organic removal rate due to wall deposition= .00000 per hour

Mean drop diameter= 9.20090E-02
Temperature of air-stean. mixture= 69.200 Dlgree C
Pressure of air-steam mixture- 1.4459 Atm.
Temperature of droplet liquid- 69.200 Degree C
Density of air-steam miiture- 1.37681E-03 G/CC
Viscosity of air-steam nixture- 1.85045E-04 Poise
Density of droplet liquid- .97804 G/CC
Viscosity of droplet licuid- 4.10621E-03 Poise
Diff. coeff. of elementtl 12 in air-steam mixture- 8.09251E-02 sq. cm/sec
Diff. coeff. of methyl 32 in air-steam mixture= .10580 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid= 3.25696E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 3.51727E-05 sq. cm/sec
Schmidt number for elemental iodine= 1.6608
Schmidt number for methyl iodine- 1.2704
Grashof number- 4.5119;E+12
Try mean diameter- 9.31589E-02

Drop parameters for elenental
(For mean drop)

I Diameter Fall Tine Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

37 9.3059E-02 6.349 245.0 11.41 353.9 407.1

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
cM CH/SEC /HR

37 9.3059E-02 5.434 9.5520E-02 .5537 2.3028E-03 2.698

Sl;E25426i REV.2Z LREFhRENCt: S13XI:.5 N4030-001 Rev Odoc
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***********SPRAY REMOVAL RATES***********

Total elemental removal constant- 2.6985 per hour

Particulate iodine removi. constant- .59268 per hour

Total organic removal coristant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION' "

Elemental removal rate due to wall deposition - 5.1040 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 9.30589E-02
Temperature of air-steam mixture- 69.200 Degree C
Pressure of air-steam mixture- 1.4459 Atm.
Temperature of droplet liquid- 69.200 Degree C
Density of air-steam mixture- 1.376B1E-03 G/CC
Viscosity of air-steam mixture- 1.85045E-04 Poise
Density of droplet liqui- .97804 G/CC
Viscosity of droplet liqiid- 4.10621E-03 Poise
Diff. coeff. of elemental 12 in air-steam m'xture- 0.09251E-02 sq. cm/sec

Diff. coeff. of methyl 12 in air-stean mixture- .10580 sq. cm/sec
Diff. coetf. of elemental 12 in droplet liquid= 3.25696E-05 sq. cm/sec

Diff. coeff. of methyl 12 in droplet liquid- 3.51727E-05 sq. cm/sec

Schmidt number for elemer.tal iodine- 1.6608
Schmidt number for methyl iodine- 1.2704
Grashof number- 5.56686EE12
Try mean diameter- 9.34011E-02

Drop parameters for elenental
(For mean drcp)

I- Diameter Fall Tine Reynolds M.T.Coeff G; T.V. drop no.
Cm SEC CM/SEC CM/SEC

37 9.3401E-02 6.473 246.7 11.40 355.0 604.2

I Diameter Sherwooci Time Sat. Frac. M.T.Coeff L Removal
CM CM/StC /HR

37 9.3401E-02 5.450 9.6672E-02 .5579 2.2944E-03 2.718

***********SPRAY REMOVAL RATES&**********

Total elemental removal constant- 2.7186 pir hour

Particulate iodine removal constant- .63567 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WAL. DEPOSITION*****

Elemental removal rate due to wall deposition - 5.1040 per hour

Organic removal rate dut to wall deposition- .00000 per hour

Mean drop diameter- 9.34011E-02
Temperature of air-steam mixture- 69.200 Degree C
Pressure of air-steam mixture 1.4459 Atm,

A
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E&TS DEPARTMENT ICCN NOJ

CALCULATION SHEET PREUM. CCN NO. | PAGE OF
CN CONVERSION:

Project or DCPIFCNIECP __Cali, No. N-6030001 CCN .
Subject Containment Aerosol and Iodine Removal Rates Sheet 255 of 281

REEV ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE

O J. Schulz 8(151003 D. T. Dexbeimer 8/5l=03 a :
_ . _ ff

Temperature of droplet liquid= 69.200 Degree C
Density of air-steam mixture- 1.37681E-03 G/CC
Viscosity of air-steam mbiture- 1.85045E-04 Poise
Density of droplet liquid- .97804 G/CC
Viscosity of droplet liquid- 4.10621E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 8.09251E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- .10580 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 3.25696E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 3.51727E-05 sq. cM/sec
Schmidt number for elemental iodine- 1.6608
Schmidt number for methyl iodine- 1.2704
Grashof number- 5.56686E4-12
Try mean diameter- 9.356(;7E-02

Drop parameters for elemental
(For mean drop:

I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

37 9.3567E-02 6.815 247.5 11.40 355.5 799.3

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
Cm CM/SEC /HR

37 9.3567E-02 5.457 .1014 .5728 2.2903E-03 2.791

**********SPRAY REMOVAL RATES***********

Total elemental removal constant- 2.7913 per hour

Particulate iodine removal constant- .63567 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION***t

Elemental removal rate due to wall deposition - 5.1040 per hour

organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 9.3!667E-02
Temperature of air-steam mixture- 69.200 Degree C
Pressure of air-steam minture- 1.4459 Atm.
Temperature of droplet liquid- 69.200 Degreq C
Density of air-steam mixture- 1.37681E-03 G/CC
Viscosity of air-steam mixture- 1.85045E-04 Poise
Density of droplet liquiL- .97804 G/CC
Viscosity of droplet liqtlid- 4.10621E-03 Poise
Diff. coeff. of elementaL. 12 in air-steam mixture- 8.09251E-02 sq. cm/sec
Diff. coeff. of methyl I: in air-steam mixture- .10580 sq. cm/sec
Diff. coeff. of elemental. 12 in droplet liquid- 3.25696E-05 sq. cm/sec
Diff. coeff. of methyl I:' in droplet liquid- 3.51727E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6608
Schmidt number for methy:L iodine- 1.2704
Grashof number- 1.052001C+13
Try mean diameter- 9.39547E-02

Drop parameters for elemental
(For mean dro:)

51;F-2"25 RhV.Z JKtZ1`-t:KhNUh: N-bU0U-UU1 KevOU.0c
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I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

38 9.395SE-02 8.146 249.4 11.39 356.8 983.3

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
cm CM/SEC /R

38 9.3955E-02 5.475 .1202 .6266 2.2809E-03 2.181

***********SPRAy REMOVAL RATES***********

Total elemental removal constant- 2.1810 per hour

Particulate iodine removal constant- .56136 per hour

Total organic removal constant- .00000 per hour

W*****REMOVAL DUE TO WALL DEPOSITIO"*****

Elemental removal rate due to wall deposition = 5.1040 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 9.35547E-02
Temperature of air-steam mixture- 69.200 Degree C
Pressure of air-steam mi)ture= 1.4459 Atm.
Temperature of droplet liquid= 69.200 Degree C
Density of air-steam mixture= 1.37681E-03 C/CC
Viscosity of air-steam mi xture- 1.85045E-04 Poise
Density of droplet liquid- .97804 G/CC
Viscosity of droplet liqutid- 4.10621E-03 Poise
Diff. coeff. of elemental. 12 in air-steam mixture- 8.09251E-02 sq. cm/sec
Diff. coeff. of methyl 1:! in air-steam mixture- .10580 sq. cm/sec
Diff. coeff. of elemental. 12 in droplet liquid- 3.25696E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 3.51727E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6608
Schmidt number for methy. iodine- 1.2704
Grashof number- 1.052001:+13
Try mean diameter- 9.52:122E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Time Reynolds M.T.Coeff A T.V. drop no.
CM SEC CM/SEC CM/SEC

38 9.5232E-02 9.334 255.7 11.36 360.9 1955.

1 Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

38 9.5232E-02 5.534 .1341 .6629 2.2503E-03 2.307

**********SPRAY REMOVAL RATES**********

Total elemental removal constant- 2.3075 per hour

Particulate iodine removal constant- .56136 per hour

Total organic removal ccnstant- .00000 per hour

.1�
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*****REMOVAL DUE TO WALL I)EPOSITION"***'

Elemental removal rate due to wall deposition - 5.1040 per hour

Organic removal rate due :o wall deposition- .043000 per hour

Mean drop diameter- 9.52322E-02
Temperature of air-steam inixture- 69.200 De ;ree C
Pressure of air-steam mixture- 1.4459 Atm.
Temperature of droplet liquid- 69.200 Degree C
Density of air-steam mixture- 1.37681E-03 G/CC
Viscosity of air-steam mixture= 1.85045E-04 Poise
Density of droplet liquid- .97804 G/CC
Viscosity of droplet liquid- 4.10621E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 8.09251E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- .10580 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 3.25696E-05 sq. cm/sec
Diff. coeff. of methyl I2 in droplet liquid- 3.51727E-05 sq. cmtsec
Schmidt number for elemental iodine- 1.6608
Schmidt number for methyl iodine- 1.2704
Grashof number- l.12147E+13
Try mean diameter- 9.55312E-02

Drop parameters for elemental
{For mean drop)

I Diameter Fall Timf Reynolds M.T.Coeff C; T.V. drop no.
CM SEC CM/SEC CM/SEC

38 9.5531E-02 8.212 257.2 11.35 361.9 2931.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
Cm CM/SEC /R

38 9.5531E-02 5.547 .1172 .6208 2-2432E-03 2.161

**********SPRAY REMOVAL RATES**********

Total elemental removal constant- 2.1611 per hour

Particulate iodine removal constant- .57345 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate due to wall deposition - 5.1040 per hour

Organic removal rate due to wall deposition- .30000 per hour

Mean drop diameter- 9.55312E-02
Temperature of air-steam mixture- 69.200 Degree C
Pressure of air-steam micture- 1.4459 Atm.
Temperature of droplet liquid- 69.200 Degree C
Density of air-steam mixture- 1.376S1E-03 G/CC
Viscosity of air-steam mixture- 1.85045E-04 Poise
Density of droplet liquid- .97804 G/CC
Viscosity of droplet liquid- 4.10621E-03 Poise
Diff. coeff. of elemental I2 in air-steam mixture- 8.09251E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- .10560 sq. cm/sec

GE26-426 REV.2 [REFERENCE: S0123-XXJV-7.151 N-6030-001 Re0.doc
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Diff. coeff. of elemental 12 in droplet liquid- 3.25696E-05 sq;. cm/sec
Diff. coeff. of methyl I: in droplet liquid- 3.51727E-05 sq. cm/sec
Schmidt number for elemestal iodine- 1.6608
Schmidt number for methy;. iodine- 1.2704
Grashof number- 1.12147I:+13
Try mean diameter- 9.57!71E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Timns Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

38 9.5758E-02 9.486 258.4 11.34 362.6 3901.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /iBR

38 9.5758E-02 5.558 .1348 .6652 2.2379E-03 2.315

***********SPPRY REMOVAL RATES**********

Total elemental removal constant- 2.3155 per hour

Particulate iodine removal constant= .57345 per hour

Total organic removal constant- .0000D per hour

*****REMOVAL DUE TO WALL DEPOSXTIONt*****

Elemental removal rate due to wall deposition - 5.1040 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 9.!7577E-02
Temperature of air-stean, mixture- 69.200 Degree C
Pressure of air-steam mdxture- 1.4459 Atm.
Temperature of droplet 3iquid- 69.200 Degree C
Density of air-steam mi,:ture- 1.37681E-03 GJCC
Viscosity of air-steam meixture- 1.85045E-04 Poise
Density of droplet liquid- .97804 G/CC
Viscosity of droplet liquid- 4.10621E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 8.09251E-02 sq. cm/see
Diff. coeff. of methyl 1:2 in air-steam mixture- .10580 sq. cm/sec
Diff. coeff. of elementiLl 12 in droplet liquid- 3.25696E-05 sq. cm/sec
Diff. coeff. of methyl 1:2 in droplet liquid- 3.51727E-05 sq. cm/sec
Schmidt number for elemontal iodine= 1.6608
Schmidt number for methyrl iodine- 1.2704
Grashof number- 1.4372:1E+13
Try mean diameter- 9.511539E-02

Drop parameters for eletaental
(For mean drop)

I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
Cm SEC CM/SEC CM/SEC

38 9.5854E-02 8.969 258.8 11.34 362.9 4872.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
Cm CM/SEC /HR

a
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38 9.5854E-02 5.562 .1272 .6470 2.2357E-03 1.126

***********SPRAY REMOVAL RATES*****t**'**

Total elemental removal constant- 1.1260 per hour

Particulate iodine xemovil constant- .31145 per hour

Total organic removal constant- .00000 per hour

*****RE(OVAL DUE TO WALL DEPOSITION*****

Elemental removal rate due to wall deposition - 5.1040 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 9.591539E-02
Temperature of air-steam mixture- 69.200 Depree C
Pressure of air-steam mi:sture- 1.4459 Atm.
Temperature of droplet liquid= 69.200 Degree C
Density of air-steam mixture- 1.376BlE-03 G/CC
Viscosity of air-steamt mixture- 1.85045E-04 Poise
Density of droplet liquiJ- .97804 G/CC
Viscosity of droplet liqaid- 4.10621E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 8.09251E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- .10580 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 3.25696E-05 sq. cn/sec
Diff. coeff. of methyl 12 in droplet liquid- 3.51727E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6608
Schmidt number for methyl iodine= 1.2704.
Grashof number- 1.43723E+13
Try mean diameter- 9.59290E-02

Drop parameters for elewental
(For mean drcp)

I Diameter Fall Tire Reynolds M.T.Coeff C T.V. drop no.
CM SEC CM/SEC CM/SEC

38 9.5929E-02 9.335 259.2 11.34 363.2 5841.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /8R

1.14738 9.5929E-02 5.566 .1322 .6592 2.2339E

**********SPRAY REMOVAL RATES***********

Total elemental removal constant- 1.1473 per hour

Particulate iodine removal constant- .31145 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WAL;. DEPOSITION*****

Elemental removal rate due to wall deposition w 5.1040

Organic removal rate due to wall depositions .00000 I

-03

per hour

per hour

I __
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Mean drop diameter- 9.59290E-02
Temperature of air-steam mixture- 69.200 Degree C
Pressure of air-steam mixture- 1.4459 Atm.
Temperature of droplet liguid- 69.200 Degree C
Density of air-steam mixtare- 1.37681E-03 G/CC
Viscosity of air-steam miicture- 1.85045E-04 Poise
Density of droplet liquid- .97804 G/CC
Viscosity of droplet liquid- 4.10621E-03 Poise
Diff. coeff. of elemental I2 in air-steam mixture- 8.09251E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- .20580 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 3 .25696E-05 sq. cm/sec
Diff. coeff. of methyl I2 in droplet liquid- 3.5;.727E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6608
Schmidt number for methyl iodine- 1.2704
Grashof number- 1.47576E+13
Try mean diameter- 9.59701E-02

Drop parameters for elemental
(For mean droF)

I Diameter Pall Time Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

38 9.5970E-02 9.046 259.4 11.34 363.3 6810.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /F.R

38 9.5970E-02 5.567 .1280 .6491 2.2330E-03 1.130

*A********SPY REYMOVAL RATES***********

Total elemental removal :onstant- 1.1296 per hour

Particulate Iodine remov4Il constant- .31420 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITIO "***

Elemental removal rate dne to wall deposition - 5.1040 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 9.53701E-02
Temperature of air-steam mixture- 69.200 Degree C
Pressure of air-steam mi:xture 1.4459 Atm.
Temperature of droplet llquid- 69.200 Degree C
Density of air-steam mixture- 1.376BlE-03 G/CC
Viscosity of air-steam mixture- 1.85045E-04 Poise
Density of droplet liquil- .978D4 G/CC
Viscosity of droplet liqaid- 4.10621E-03 Poise
Diff. coeff. of elemental I2 in air-steam mixture- 8.09251E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- .10580 sq. cm/sec
Diff. coeff. of elemental 12 In droplet liquid- 3.25696E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 3.51727E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6608
Schmidt number for methyl iodine- 1.2704
Grashof number- 1.4757CE+13
Try mean diameter- 9.60117E-02

-- --- -- - A
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Drop parameters for elemental
{For mean drop:

I Diameter Fall Time Reynolds
CM SEC

38 9.6012E-02 9.415 259.6

1 Diameter Sherwood Time
CM

M.T.Coeff G
CM/SEC

11.34

Sat. Frac.

T.V.
CM/SEC

363.4

M.T.Coeff L
CM/SEC

drop no.

7779.

Removal
/HR

1.15139 9.6012E-02 5.569 .1331 .6615 2.23:

***********SPRAY REMOVAL iRATES***********

Total elemental removal constant= 1.1513 per hour

Particulate iodine removaL constant- .31420 per hoi

Total organic removal constant- .00000 per tour

*****REMOVAL DUE TO WALL DEPOSITION"****

Elemental removal rate due to wall deposition - 5.1040

Organic removal rate'due to wall deposition- .00000

Mean drop diameter= 9.60117E-02

20E-03

or

per hour

per hour

---
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9.2.2.9 48 to 96 hr Clutput File (12- maxO7.ouo

Bechtel Standard Computer Program
(c) 1991
Originator Jorge Schulz Date I
Project SONGS
Subject 12 Spray Max Temp 48 - 96 hr

REMOVE , NE305 Version 4.0
Calc No. N-6030-00 Rev No. O

14 Jun 2003 Checked Date
Job No. 16575-167
Sheet No. 1

=_== . . . . . .a . . _ s= = _ _-_-- -===u ... ...== ....a= .__ ._.s s. . . .n .=e .== = … …

I .I

I Standard Computer Program I
NE305 REMOVE Version 4.0 1

for the IBM PC/XT/AT I
I I
I -

Abstract:

The REMOVE program calculates the containment
spray remcval rate constants and a mean drop
diameter cr drop trajectories

Output in file 12-nux07.out was created on 34 Jun 2003 at 11:12:48

Bechtel Standard Computer Program
(c) 1991
Originator Jorge Schulz Date:
Project SONGS
Subject 12 Spray Max Terip 48 - 96 hr

REMOVE , NE305 Version 4.0
Calc No. N-6030-00 Rev No. 0

14 Jun 2003 Checked Date
Job No. 16575-167
Sheet No. 2

. ... -… ..... .... ==a. .............. …............_-

Temperature of air-steam mixture- 59.000 Degree C
Pressure of air-steam mi:ture- 1.3023 Atm.
Temperature of droplet l:iquid- 59.000 Degree C
Density of air-steam mix:ure- 1.30967E-03 G/CC
Viscosity of air-steam mixture- 1.85751E-04 Poise
Density of droplet liquid- .98339 G/CC
Viscosity of droplet liqsid- 4.75969E-03 Poise
Diff. coeff. of elemental 12 In air-steam mixture= 8.41306E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- .10990 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid= 2.72609E-05 sq. cm/sec
Diff. coeff. of methyl I2 in droplet liquid- 2.94397E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6858

I -
SCE 26.426 REV. 2 [REFERENCE: SO123-XXIV-7.1�] N-6030-001 Rev O.doc
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Schmidt number for methyl iodine- 1.2906
Grashof number- 3.68496E+12
Try mean diameter- 9.21541E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

37 9.2154E-02 5.893 232.9 11.78 358.5 206.8

I Diameter Sherwood Time Sat. Frac. H.T.Coeff L Removal
CM CM/SEC /HR

37 9.2154E-02 8.654 7.5662E-02 .5552 1.9464E-03 2.074

***********SPPRY REMOVAL RATES***********

Total elemental removal :onstant- 2.0745 per hour

Particulate iodine removal constant= .59268 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION*"**

Elemental removal rate diae to wall deposition - 5.0963 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 9.21541E-02
Temperature of air-steam mixture- 59.000 Degree C
Pressure of air-steam mixture- 1.3023 Atm.
Temperature of droplet liquid- 59.000 Degree C
Density of air-steam mixture- 1.309676-03 G/CC
Viscosity of air-steam mixture= 1.857511-04 Poife
Density of droplet liquil- .98339 G/CC
Viscosity of droplet liqaid- 4.75969E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixturoe 8.41306E-02 sq. cm/3ec
Diff. coeff. of methyl 12 in air-steam mixbure- .10990 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 2.72609E-05 sq. cm/sec
Diff. coeff. of methyl 12 In droplet liquid- 2.9)4397E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6858
Schmidt number for methyl iodine- 1.2906
Grashof number- 3.68496E+12
Try mean diameter- 9.31201E-02

Drop parameters for elemental
(For mean drcp)

I Diameter Fall Tiae Reynolds M.T.Coeff G T.V. dxop no.
CM SEC CM/SEC CM/SEC

37 9.3120E-02 6.191 237.5 11.75 361.8 405.3

I Diameter Sherwoocl Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

37 9.3120E-02 8.725 7.7853E-02 .5645 1.9262E-03 2.109

£ -
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t***"**'***SPRAY REMOVAL RATES***********

Total elemental removal cvnstant- 2.1091 per hour

Particulate iodine removal constant- .59268 per hour

Total organic removal corlstant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate due to wall deposition - 5.0963 per hour

organic removal rate due to wall deposition- .00)000 per hour

Mean drop diameter- 9.3:,201E-02
Temperature of air-steam mixture- 59.000 Degree C
Pressure of air-steam mixture- 1.3023 Atm.
Temperature of droplet llquid- 59.000 Degree C
Density of air-steam mix:ure- 1.30967E-03 G/CC
Viscosity of air-steam lixture= 1.85751E-04 Poise
Density of droplet liquid= .98339 G/CC
Viscosity of droplet liqjid= 4.75969E-03 Poise
Diff. coeff. of elementaL 12 In air-steam mixture= 8.41306E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture= .10990 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid. 2.72609E-05 sq. cm/sec
Diff. coeff. of methyl I2 in droplet liquid= 2.94397E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6858
Schmidt number for methyl iodine- 1.2906
Grashof number- 4.546565E12
Try mean diameter- 9.34340E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Tite Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

37 9.3434E-02 6.300 239.0 11.74 362.8 601.8

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /RR

37 9.3434E-02 8.748 7.8690E-02 .5679 1.9197E-03 2.122

***********SI.AY REMOVAL RATES**********

Total elemental removal constant- 2.1218 per hour

Particulate iodine removal constant= .63567 per hour

Total organic removal constant= .00000 per hour

*'**REMOVAL DUE TO WALL DEPOSITION***

Elemental removal rate lue to wall deposition - 5.0963 per hour

Organic removal rate du.b to wall deposition- .00000 per hour

Mean drop diameter- 9.34340E-02
Temperature of air-stea:n mixture- 59.000 Degree C
Pressure of air-steam mLxture= 1.3023 Atm.

I -
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Temperature of droplet liquid- 59.000 Degree C
Density of air-steam mixture- 1.30967E-03 G/CC
Viscosity of air-stean min:ture- 1.85751E-04 Poise
Density of droplet liquid' .98339 G/CC
Viscosity of droplet liqu:.d- 4.75969E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 8.41306E-02 sq. cm/aec
Diff. coeff. of methyl 12 in air-steam mixture- .10990 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 2.72609E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 2.94397E-05 sq. cm/sec
Schmidt number for elemen:al iodine- 1.6858
Schmidt number for methyl iodine- 1.2906
Grashof number- 4.54656EP12
Try mean diameter- 9.35877E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

37 9.3588E-02 6.649 239.7 11.74 363.3 796.3

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
Cm CM/SEC /HR

37 9.3588S-02 8.760 V.2773E-02 .5827 1.9166E-03 2.177

***********SPRAY REMOVAL RATES*********

Total elemental removal constant= 2.1770 per hour

Particulate iodine removel constant- .63567 per hour

Total organic removal corstant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate due to wall deposition - 5.0963 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 9.3!877E-02
Temperature of air-steam mixture- 59.000 Depree C
Pressure of air-steam minture- 1.3023 Atm.
Temperature of droplet l:.quid- 59.000 Degree C
Density of air-steam mixt:ure= 1.30967E-03 G/CC
,Viscosity of air-steam mixture- 1.85751E-04 Poise
Density of droplet liquid- .98339 G/CC
Viscosity of droplet liqxid= 4.75969E-03 Poise
Diff. coeff. of elementaL 12 in air-steam mixture- 8.41306E-02 sq. cm/sec
Diff. coeff. of methyl I2 in air-steam mixture= .10990 sq. cm/sec
Diff. coeff. of elementaL 12 in droplet liquid- 2.72609E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 2.94397E-05 sq. cm/sec
Schmidt number for elemestal iodine- 1.6858
Schmidt number for methyl iodine- 1.2906
Grashof number- 8.59187E+12
Try mean diameter- 9.39515E-02

Drop parameters for elemental
(For mean drop)

I-S�E 20-426 REV. 2 IREFERENCE: S0123.XXIV.7.15J N-6030-O01 Rev 0.doc
S-;E26426 REV.2 [REFERENCE: S0123.XXIV-7.151 N-6030-001 Rev O.dloc
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I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

38 9.3952E-02 7.938 241.5 11.73 364.5 980.4

I Diameter Sherwood Time Sat.. Frac. M.T.Coeff L Removal
. CM CM/SEC /HR

38 9.3952E-02 8.787 9.8067E-02 .6330 1.9092E-03 1.689

****.******SPRAY REMOVAL RATES***********

Total elemental removal constant= 1.6891 per hour

Particulate iodine removal constant- .56136 per hour

Total organic removal corstant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate due to wall deposition - 5.0963 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 9.35515E-02
Temperature of air-steam mixture- 59.000 De;ree C
Pressure of air-steam mi):ture- 1.3023 Atm.
Temperature of droplet liquid- 59.000 Degree C
Density of air-steam mixture= 1.30967E-03 G/CC
Viscosity of air-steam mixture= 1.85751E-04 Poise:
Density of droplet liquid- .98339 G/CC
Viscosity of droplet liquLid- 4.75969E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 8.41306E-02 sq. cm/sec
Diff. coeff. of methyl T! in air-steam mixture- .10990 sq. cm/sec
D1ff. coeff. of elemental. 12 in droplet liquid- 2.72609E-05 sq. cm/sec
Diff. coeff. of methyl T:! in droplet liquid- 2.94397E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6858
Schmidt number for methy:. iodine- 1.2906
Grashof number- 8.468251:+12
Try mean diameter- 9.52:!86E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
Cm SEC CM/SEC CM/SEC

38 9.5229E-02 9.109 247.6 11.69 368.6 1950.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

38 9.5229E-02 8.881 .1095 .6672 1.8836E-03 1.780

**********SPRAY REMOVAL RATES***R******

Total elemental removal :onstant- 1.7805 per hour

Particulate iodine removal constant- .55865 per hour

Total organic removal coastant- .00000 per hour

SCE20426 REV.2 IREFERENCE: SO123-XXIV7.151 N-6030-1 Rev vdoc
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*****?MOVAL DUE TO WALL DZP0SITXON`****

Elemental removal rate doe to wall deposition - 5.0963 per hour

organic removal rate due :o wall deposition- .00000 per hour

Mean drop diameter- 9.52286E-02
Temperature of air-steam :nixture- 59.000 Degree C
Pressure of air-steam mixture- 1.3023 Atm.
Temperature of droplet liquid- 59.000 Degrea C
Density of air-steam mixtere- 1.30967E-03 G/CC
Viscosity of air-steam MiKture- 1.85751E-04 Poist
Density of droplet liquid- .98339 G/CC
Viscosity of droplet liquid- 4.75969E-03 Poise
Diff. coeff. of elemental 12 in air-steam mlixture- 8.41306E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam xixture- .10990 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid= 2.72609E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 2.94397E-05 sq. cm/sec
Schmidt number for elemental iodine= 1.6858
Schmidt number for methyl iodine- 1.2906
Grashof number- 9.15923E+12
Try mean diameter- 9.55296E-02

Drop parameters for elemental
(For mean droy)

I Diameter Fall Time Reynolds M.T.Coeff G; T.V. drop no.
CM SEC CM/SEC CM/SEC

38 9.5530E-02 8.002 249.1 11.69 369.8 2923.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
Cm CM/SEC IMR

38 9.5530E-02 8.903 5.5616E-02 .6271 1.8776E-03 1.673

***********SPRAY REMOVAL RATES******'***

Total elemental removal constant- 1.6736 per hour

Particulate iodine removal constant- .57345 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DDE TO WALL DEPOSITION*****

Elemental removal rate die to wall deposition - 5.0963 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 9.55296E-02
Temperature of air-steam mixture- 59.000 Degree C
Pressure of air-steam MiKture- 1.3023 Atm.
Temperature of droplet liquid= 59.000 Degree C
Density of air-steam mixture= 1.30967E-03 G/CC
Viscosity of air-steam mixture- 1.85751E-04 Poise
Density of droplet liquid- .98339 G/CC
Viscosity of droplet liquid- 4.75969E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 0.41306E-02 sq. cm/sec
Diff. coeff. of methyl I2 in air-steam mixture- .10990 sq. cm/sec

I -
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Diff. coeff. of elemental 12 in droplet liquid- 2.72609E-05 sq. cm/sec
Diff. coeff. of methyl I:; in droplet liquid= 2.94397E-05 sq. cm/sec
Schmidt number for elemerstal iodine- 1.6858
Schmidt number for methyl. iodine-' 1.2906
Grashof number= 9.159231;+12
Try mean diameter- 9.57! 76E-02

Drop parameters for elemontal
(For mean drop)

I Diameter Fall Timo Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

38 9.5758E-02 9.299 250.2 11.68 370.5 3890.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

38 9.5758E-02 8.919 .1106 .6705 1.8732E-03 1.789

***********SPRAY REMOVAL RATES***********

Total elemental removal .:onstant= 1.7894 per hour

Particulate iodine removal constant- .57345 per hour

Total organic removal coistant= .00000 per hour

**REMOVAL DUE TO WALL DEPOSITION**,**

Elemental removal rate dte to wall deposition - 5.0963 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 9.57576E-02
Temperature of air-steam mixture- 59.000 Degree C
Pressure of air-steam mixture= 1.3023 Atm.
Temperature of droplet liquid- 59.000 Degree C
Density of air-steam mixture= 1.30967E-03 G/CC
Viscosity of air-steam mixture- l.S5751E-04 Poiiee
Density of droplet liquid- .98339 G/CC
Viscosity of droplet liquid= 4.75969E-03 Poise
Diff. coeff. of elemental I2 in air-steam mixture- 8.41306E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- .10990 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid= 2.72609E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 2.34397E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6858
Schmidt number for methyl iodine= 1.2906
Grashof number- 1.17381E+13
Try mean diameter- 9.5E512S-02

Drop parameters for elenental
(For mean drcp)

I Diameter Fall Tisie Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

38 9.5851E-02 8.743 250.6 11.68 370.9 4858.

I Diameter Sherwood Time Sat. Frac. tS.T.Coeff L Removal
CN CM/SEC /HR

.1�
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38 9.5851E-02 8.926 .1038 .6517 1.8713E-03 .8695

***********SPRAY REMOVAL RATES***********

Total elemental removal constant- .86955 per hour

Particulate iodine removal constant- .31145 per hour

Total organic removal constant- .00000 per hour

****REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate due to wall deposition - 5.0963 per hour

Organic removal rate due to wall deposition= .00000 per hour

Mean drop diameter- 9.511512E-02
Temperature of air-steam mixture- 59.000 Degree C
Pressure of air-steam mi:cture- 1.3023 Atm.
Temperature of droplet l:iquid- 59.000 Degrea C
Density of air-steam mix:ure- 1.30967E-03 G/CC
Viscosity of alr-steam mLxture- 1.85751E-04 Poise
Density of droplet liquid- .98339 G/CC
Viscosity of droplet liq'iid- 4.75969E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 8.41306E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture= .10990 sq. cm/sec
Diff. coeff. of elementaL 12 in droplet liquid= 2.72609E-05 sq. cm/sec
Diff. coeff. of methyl 1:2 In droplet liquid= 2.94397E-05 sq. cm/sec
Schmidt neimber for elemental iodine- 1.6858
Schmidt number for methyL iodine- 1.2906
Grashof numberw 1.173813+13
Try mean diameter- 9.59264E-02

Drop parameters for elemsntal
(For mean drov)

I Diameter Fall Tima Reynolds M.T.Coeff G T.V. drop no.
cM SEC CM/SEC CM/SEC

38 9.5926E-02 9.116 251.0 11.68 371.1 5824.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

38 9.5926E-02 8.932 .1080 .6637 1.8699E-03 .8855

***********SPRAY REMOVAL RATES***********

Total elemental removal constant- .88558 per hour

Particulate iodine removal constant- .31145 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION****

Elemental removal rate due to wall deposition - 5.0963 per hour

Organic removal rate due to wall deposition- .00000 per hour

Io-c £- - - A J IC. * ggj F'4-OU.2U-U1r --- uA
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Mean drop diameter- 9.59264E-02
Temperature of air-steam mixture- 59.000 Degree C
Pressure of air-steam mixture- 1.3023 Atm.
Temperature of droplet liquid- 59.000 Degree C
Density of air-steam mixtare- *1.30967E-03 G/CC
Viscosity of air-steam MiKture- 1.85751E-04 Poise
Density of droplet liquid- .98339 G/CC
Viscosity of droplet liquid- 4.75969E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 8.41306E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- .10990 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 2.72609E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 2.94i397E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6858
Schmidt number for methyl iodine- 1.2906
Grashof number- l.20528E+13
Try mean diameter= 9.59681E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Time Reynolds M.T.Coeff G r.V. drop no.
CM SEC CM/SEC CM/SEC

38 9.5968E-02 8.816 251.2 11.68 371.2 6792.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

38 9.5968E-02 8.935 .1044 .6536 1.8691E-03 .8721

***********SPRAY REMOVAL RATES'*t********

Total elemental removal constant- .87213 pex hour

Particulate iodine removal constant- .31420 per hour

Total organic removal corstant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION*0***

Elemental removal rate due to wall deposition - 5.0963 per hour

Organic removal rate due to wall deposition- .0)000 per hour

Mean drop diameter- 9.5SO6BlE-02
Temperature of air-steam mixture- 59.000 Degree C
Pressure of air-steam mi):ture- 1.3023 Atm.
Temperature of droplet liquid- 59.000 Degret C
Density of air-steam mixture- 1.30967E-03 G/CC
Viscosity of air-steam m!.xture- 1.85751E-04 Poise
Density of droplet liquil .98339 G/CC
Viscosity of droplet liquiid- 4.75969E-03 Poise
Diff. coeff. of elementa:. 12 in air-steam mixture- 8.41306E-02 sq. cm/sec
Diff. coeff. of methyl I:' in air-steam mixture- .10990 sq. cm/sec
Diff. coeff. of elementa:. 12 in droplet liquid- 2.72609E-05 sq. cm/sec
Diff. coeff. of methyl I:' in droplet liquid- 2.94397E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.6858
Schmidt number for methy:L iodine- 1.2906
Grashof numbers 1.205281+13
Try mean diameter- 9.60097E-02

5-
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Drop parameters for elemental
(For mean drop

I Diameter Fall Time Reynolds
CM SEC

38 9.6010E-02 9.194 251.4

1 Diameter Sherwood Time
CM

M.T.Coeff G
CM/SEC

11.67

Sat. Frac.

T.V.
CM/SEC

371.4

M.T.Coeff L
CM/SEC

drop no.

7757.

Removal
./R

.888338 9.6010E-02 8.938 .1088 .6658 1.8682i

***********SPRAY REMOVAL RATES***********

Total elemental removal constant- .88838 per hour

Particulate iodine removal constant= .31420 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WRALL DEPOSITION*****

Elemental removal rate due to wall deposition - 5.0963

Organic removal rate due to wall deposition- .00000 I

Mean drop diameter- 9.60097E-02

F-03

per hour

per hour

I.-
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9.2.2.10 96 to 720 hr Output File (i2- maxt8.ouf)

Bechtel Standard Computex Program
(c) 1991
Originator Jorge Schulz Date 14
Project SONGS
Subject 12 Spray Max Tepp 96 - 720 hr

REMOVE , NE305 Version 4.0
Calc No. N-6030-00 Rev No. 0

1 Jun 2003 Checked Date
Job No. 16575-167
Sheet No. 1

. . . . . . . . . . .- - - -_ - - -- - se== . ... ..e .. s .. .

I II Standard Computer Program I
I NE305 REMOVE Version 4.0 1
I for the IBM PC/XT/A1' I
I I
I~ I

Abstract:

The REMOVI: program calculates the containment
spray rem)val rate constants and k mean drop
diameter or drop trajectories

Output in file 12-mix08.out was created on 14 Jun 2003 at 11:14:54

Bechtel Standard Computer Program
(c) 1991
Originator Jorge Schulz Date 14
Project SONGS
Subject I2 Spray Max Te:np 96 - 720 hr

REMOVE , NE305 Version 4.0
Caic No. N-6030-00 Rev No. 0

1 Jun 2003 Checked Date
Job No. 16575-167
Sheet No. 2

____. ._. .......... .C _ . .. . . . .. .=Ccs==el .. .nf ..sn.in ..s

Temperature of air-steam mixture- 44.100 Degree C
Pressure of air-steam miKture= 1.1549 Atm.
Temperature of droplet liquid= 44.100 Degree C
Density of air-steam mixture- 1.24766E-03 G/CC
Viscosity of air-steam mixture- 1.84718E-04 Poise
Density of droplet liquid- .99013 G/CC
.Viscosity of droplet liquid- 6.08709E-03 Poise
Diff. coeff. of elemental r2 in air-steam mixture- 6.618995-02 sq. cm/sec
Diff. coeff. of methyl I2 in air-steam mixture= .11253 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquids 2.03600E-05 sq. cm/sec
Diff. coeff. of methyl I2 in droplet liquid- 2.19872E-05 sq. cm/sec
Schmidt number for elemental iodine= 1.7177

I -
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Schmidt number for methyl iodine- 1.3156
Grashof number- 2.93485E-12
Try mean diameter- 9.209-54E-02

Drop parameters for elemental
(For mean dropi

I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

37 9.2096E-02 5.723 228.3 12.03 367.0 207.2

I Diameter Sherwood Time Sat. Frac. H.T.Coeff L Removal
Cm CM/SEC /R

37 9.2096E-02 24.74 5.4946E-02 .5664 1.4546E-03 1.012

V**W *****iSPRAY REMOVAL RATES*****'**'*

Total elemental removal constant- 1.0122 per hour

Particulate iodine removal constant- .59268 per hour

Total organic removal corstant- .00000 per hour

'"W*"REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate dne to wall deposition = 4.9038 per hour

Organic removal rate due to wall deposition- .COOOO per hour

Mean drop diameter- 9.20964E-02
Temperature of air-steam mixture- 44.100 Degree C
Pressure of air-steam mi:ture- 1.1549 Atm.
Temperature of droplet l:iquid- 44.100 Degree C
Density of air-steam mix:ure- 1.24766E-03 G/CC
Viscosity of air-steam mixture- 1.84718E-04 Poine
Density of droplet liquifi- .99013 G/CC
Viscosity of droplet liqsid- 6.0B?09E-03 Poise
Diff. coeff. of elemental 12 in air-steam nixture- 8.61899E-02 sq. cm/sec
Diff. coeff. of methyl I2 in air-steam mixture- .11253 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 2.03600E-05 sq. cm/sec
Dlff. coeff. of methyl 12 in droplet liquid- 2.19972E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.1177
Schmidt number for methyl iodine- 1.3156
Grashof nurber- 2.93485E+12
Try mean diameter- 9.30719E-02

Drop parameters for elerental
(For mean drcp)

1 Diameter Fall Tine Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

37 9.3072E-02 6.028 232.6 12.01 370.4 406.3

I Diameter Sherwood Time Sat. Frac. g.T.Coeff L Removal
CM CM/SEC /HR

37 9.3072E-02 24.95 5.6669S-02 .5747 1.4394E-03 1.027

I-S�E26-.426 REV.2 [REFERENCE� 50i23-XXIV-7.151 N4030-O01 Rev 0.doc
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REV ORIGINATOR DATE I IRE DATE REV ORIGINATOR DATE IRE DATE _
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I _ _

*t*********SPRAY REMOVAL RATES*'********

Total elemental removal constant- 1.0270 per hour

Particulate iodine removal constant- .59268 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION"****

Elemental removal rate due to wall deposition - 4.9039 per hour

Organic removal rate due to wall deposition= .0C000 per hour

Mean drop diameter- 9.3(1719E-02
Temperature of air-steam mixture- 44.100 Decrree C
Pressure of air-steam mi:ture- 1.1549 Atm.
Temperature of droplet l.quid- 44.100 Degree C
Density of air-steam mixture- 1.24766E-03 G/CC
Viscosity of air-steam m.xture- 1.84718E-04 Poise
Density of droplet liquid= .99013 G/CC
Viscosity of droplet liquid- 6.08709E-03 Poise
Diff. coeff. of elemental I2 In air-steam mixture-- 8.61899E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- .11253 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 1.03600E-05 sq. cm/sec
Diff. coeff. of methyl 1.2 in droplet liquid= 2.113872E-05 sq. cm/sec
Schmidt number for elemental iodine= 1.7177
Schmidt number for methyl iodine- 1.3156
Grashoi number- 3.62106E+12
Try mean diameter- 9.33906E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Tire Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

37 9.3391£-02 6.119 234.3 12.00 371.5 603.7

I Diameter Sherwooci Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC JHR

37 9.3391C-02 25.01 5.7138E-02 .5770 1.4344E-03 1.031

*****e*****SPRAY REMOVAL PATES**********

Total elemental removal constant- 1.0310 per hour

Particulate iodine removal constant- .63567 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate 1ue to wall deposition - 4.9038 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 9.33906E-02
Temperature of air-steam mixture- 44.100 Degree C
Pressure of air-steam mixture= 1.1549 Atm.

I-
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E&TS DEPARTMENT ICCN NOJ

CALCULATION SHEET PRELIM. CCN NO. PAGE __F
CCN CONVERSION:

PrDject or DCPIFCNIECP __Ceic No. N-6030-001 CCN NO. CCN
Subject Containment Aerosol and Iodine Removal Rates Sheet 27S Of 281

FEV LORIGINATOR DATE ATE I REV ORIGINATOR DATE IRE DATE

J. Schulz 8115/2003 D. T. Dexheimer 8n15n003

_ . -

Temperature of droplet liquid- 44.100 Degree C
Density of air-steam mixture- 1.24766E-03 G/CC
Viscosity of air-steam mixture- 1.B4718E-04 Poise
Density of droplet liquic- .99013 G/CC
Viscosity of droplet liqe:id- 6.08709E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 8.61899E-02 sq. cm/sec
Dlff. coeff. of methyl I; in air-steam mixture- .11253 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 2.03600E-05 sq. cm/sec
Diff. coeff. of methyl I,: in droplet liquid- 2.13872E-05 sq. cm/see
Schmidt number for elemental iodine- 1.7177
Schmidt number for methyl iodine- 1.3156
Grashof number- 3.62106i:+12
Try mean diameter- 9.35fi59E-02

Drop parameters for elemental
(For mean dropl

I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

37 9.3546E-02 6.474 235.1 11.99 372.0 799.3

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
Cm CM/SEC /HR

37 9.3546E-02 25.05 6.0250E-02 .5906 1.4321E-03 1.055

**********SPRAY REMOVAL RATES*********

Total elemental removal constant- .1.0553 per hour

Particulate iodine removil constant- .63567 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate die to wall deposition - 4.9038 per hour

organic removal rate due to wall deposition= .00000 per hour

Mean drop diameter- 9.35459E-02
Temperature of air-steam mixture- 44.100 Degree C
Pressure of air-steam micture- 1.1549 Atm.
Temperature of droplet liquid- 44.100 Degree C
Density of air-steam mixture= 1.24766E-03 G/CC
Viscosity of air-steam mixture- 1.84718E-04 Poize
Density of droplet liquil- .99013 a/CC
Viscosity of droplet liqaid- 6.08709E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 8.61899E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- .11253 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid= 2.03600E-05 sq. cm/sec
Dlff. coeff. of methyl 12 in droplet liquid- 2.19872E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.7177
Schmidt number for methyl iodine- 1.3156
Grashof number- 6.84291E+12
Try mean diameter- 9.38782E-02

Drop parameters for eleiental
(For mean drop)

& -SCE 28-426 REV. 2 [REFERENCE: S0123-XXIV.7.15J N4030-O01 Rev 0.doc
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CALCULAIrON SHEET

Project or DCP/FCNIECP ___

Subject Contaimnent Aerosol and Iodine Removal Rates

| ICCN NO./ J
PREUM. CCN NO. PAGE_OF

CCN CONVERSION:

Calc No. N-6030-001 CON NO. CCN
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Rl-V ORIGINATOR DATE IRE DATE REV ORIGINATOR DATE = IRE |DATE
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__ Daee F

I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

38 9.3878E-02 7.721 236.6 11.98 373.2 985.6

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
.CM CM/SEC /HR

38 9.3878E-02 25.12 7.1347E-02 .6346 1.4270E-03 .8098

***********SPRAY REMOVAL RATES*********

Total elemental removal canstant- .80987 per hour

Particulate iodine removal constant- .56136 per hour

Total organic removal constant- .00000 per tour

*****REMOVAL DUE TO WALL DEPOSITION*****

Elemental removal rate due to wall deposition - 4.9038 per hour

Organic removal rate due to wall deposition= .00000 per hour

Mean drop diameter- 9.38782E-02
Temperature of air-steam mixture- 44.100 Degree C
Pressure of air-steam mieture- 1.1549 Atm.
Temperature of droplet liquid- 44.100 Degree C
Density of air-steam mixture- 1.24766E-03 G/CC
Viscosity of air-steam mixture- 1.8471SE-04 Poise
Density of droplet liquic- .99013 G/CC
Viscosity of droplet liqtid- 6.08709E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 8.61899E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- .11253 sq. cm/sec
'Diff. coeff. of elemental 12 in droplet liquid- 2.03600E-05 sq. cm/sec
Diff. coeff. of methyl I. in droplet liquid- 2.19872E-05 sq. cm/sec
Schmidt number for elemer.tal iodine- 1.7177
Schmidt number for methy] iodine- 2.3156
Grashof number- 6.84291Es12
Try-mean diameter- 9.51 70E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
Cm SEC CM/SEC CM/SEC

38 9.5177E-02 8.957 242.7 11.95 377.6 1961.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

38 9.5177E-02 25.39 8.0523E-02 .6670 1.4075E-03 .8512

**********SPRAY REMOVAL RATES*********

Total elemental removal *:onstant- .85128 per hour

Particulate iodine removil constant- .56136 per hour

Total organic removal Constant- .00000 per hour

SCE 26-426 REV. 2 [REFERENCE: S0123-XXIV-T.15J N4030-0O1 Rev O.doo
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*k""*RE24VAL DUE TO KALL DEPOSlTION*****

Elemental removal rate due to wall deposition - 4.9038 per hour

Organic removal rate due to wall deposition- .COOOO per hour

Mean drop diameter- 9.5:.770E-02
Temperature of air-steam mixture- 44.100 Degree C
Pressure of air-steam mi:ture= 1.1549 Atm.
Temperature of droplet l.quid- 44.100 Degree C
Density of air-steam mixture- 1.24766E-03 G/CW
Viscosity of air-steam stxture- 1.8471BL-04 Poise
Density of droplet liquid- .99013 G/CC
Viscosity of droplet liquid= 6.08709E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 8.61899E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- .11253 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 2.03600E-05 sq. cm/sec
Diff. coeff. of methyl I2 in droplet liquid- 2.19872E-05 sq. cn/sec
Schmidt number for elemental iodine- 1.7177
Schmidt number for methyl iodine- 1.3156
Grashof number- 7.294781+l2
Try mean diameter- 9.551)62E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Tim- Reynolds M.T.Coeff G T.V. drop no.
Cm SEC CM/SEC CM/SEC

38 9.5506E-02 7.779 244.3 11.94 378.7 2939.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /RR

38 9.5506E-02 25.46 6.9453E-02 .6283 1.4027E-03 .8018

***********SPRAY REMOVAL RATES***********

Total elemental removal :onstant- .80192. per hour

Particulate iodine removal constant- .57345 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITION****

Elemental removal rate due to wall deposition - 4.9038 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 9.55062E-02
Temperature of air-steam mixture- 44.100 Dagree C
Pressure of air-steam mixture- 1.1549 Atm.
Temperature of droplet liquid- 44.100 Degree C
Density of air-steam mixture- 1.24766E-03 G/CC
Viscosity of air-steam rixture- 1.84718E-04 Poise
Density of droplet liquid- .99013 G/CC
Viscosity of droplet liquid- 6.08709E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 8.61899E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- .11253 sq. cm/sec

S(,E Z6AZU REV. Z [REFERE:KNCE: S13XI-. N-03001 Rey 1.doc
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Diff. coeff. of elemental 12 in droplet liquid- 2.03600E-05 sq. cm/sec
Diff. coeff. of methyl I2 in droplet liquid- 2.19872E-05 sq. cm/sec
Schmidt number for elemertal iodine= 1.7177
Schmidt number for methyl iodine- 1.3156
Grashof number- 7.294781+12
Try mean diameter- 9.57295E-02

Drop parameters for elemental
(For mean drop1

I Diameter Fall Timn Reynolds W.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

38 9.5730E-02 9.099 245.4 11.93 379.5 3913.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
cm CM/SEC /HR

38 9.5730E-02 25.51 8.0863E-02 .6683 1.3994E-03 .8529

**********SPRAY REMOVAL RATES******"****

Total elemental removal constant= .85296 per hour

Particulate iodine removal constant- .57345 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITrON****

Elemental removal rate dae to wall deposition - 4.9038 per hour

Organic removal rate due to wall deposition- .0(0000 per hour

Mean drop diameter- 9.51295E-02
Temperature of air-steam mixture- 44.100 Dogree C
Pressure of air-steam mixcture- 1.1549 Atm.
Temperature of droplet l:iquid- 44.100 Degree C
Density of air-steam mix:ure- 1.24766E-03 G/CC
Viscosity of air-steam mLxture- 1.84718E-04 Poiste
Density of droplet liquid- .99013 G/CC
Viscosity of droplet liqiid- 6.08709E-03 Poise
Diff. coeff. of elernentaL 12 in air-steam mixture- 8.61899E-02 sq. cr/sec
Diff. coeff. of methyl 12 in air-steam mixture- .11253 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- 2.03600E-05 sq. cm/sec
Diff. coeff. of methyl I:2 in droplet liquid- 2.5.9872E-05 sq. cm/sec
Schmidt number for eleme:ital iodine- 1.7177
Schmidt number for methyL iodine- 1.3156
Grashof number- 9.34871>+12
Try mean diameter- 9.58341S-02

Drop parameters for elemental
(For mean dro°)

I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

38 9.5834E-02 8.502 245.9 11.93 379.8 4887.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /HR

fDI -/ 4t a tarr-mk n.sn -fll - -oCr 515 r-. l rri-Nr;5 4AXV7 5 NWU 5LMJ)1 KeV U.aoc
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CALCULATION SHEET

Project or DCPIFCNIECP ___

Subject Containment Aerosol and Iodine Removal Rates

ICCN NO]/
PRELIM. CCN NO. PAGE ___OF

CON CONVERSION:
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REV |RIGINATOR DATE IRE DATE REV ORIGINATOR DATE IRE DATE |

o J. Schulz 8115/2003 D.T.Dexheimer I/I5J203
38 9.5e34E-02 25.53 7.5386e-02 .6499 1.39796-03 .4147

***********SPRAY REMOVAE RATES***********

Total elemental removal constant- .41473 per hour

Particulate iodine remo,4al constant- .31145 per hour

Total organic removal ccnstant .00000 per hour

*****REMOVAL DUE TO WALL DEPOSITIOt"***"

Elemental removal rate Cue to wall deposition - 4.9038 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 9.'8341E-02
Temperature of air-steam mixture= 44.100 Degree C
Pressure of air-steam nixture- 1.1549 Atm.
Temperature of droplet 3iquid- 44.100 Degree C
Density of air-steam mibture- 1.24766E-03 G/CC
Viscosity of air-steam mixture- 1.84718E-04 Pois;e
Density of droplet liquid- .99013 G/CC
viscosity of droplet licuid- 6.08709E-03 Poise
Diff. coeff. of elementel 12 in air-steam mixture- B.61899E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- .11253 sq. cm/sec
Diff. coeff. of elementel 12 in droplet liquid- 2.03600E-05 sq. cm/sec
Diff. coeff. of methyl 12 in droplet liquid- 2.19872E-05 sq. cm/sec
Schmidt number for eleme!ntal iodine- 1.7177
Schmidt number for methyl iodine- 1.3156
Grashof number- 9.34871.E+12
Try mean diameter- 9.5!1113E-02

Drop parameters for eleclental
(For mean dropj

I Diameter Fall Tinte Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

38 9.5911E-02 8.881 246.2 11.93 380.1 5859.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /ER

38 9.5911E-02 25.55 7.8624E-02 .6610 1.3967E-03 .4218

**********SPRAY REHOVA1 RATES***********

Total elemental removal constant= .42180 per hour

Particulate iodine remoral constant- .31145 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WAL'. DEPOSITION*****

Elemental removal rate due to wall deposition = 4.9038 per hour

organic removal rate due to wall deposition- .00000 per hour

I -
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Mean drop diameter- 9.5S113E-02
Temperature of air-steam mixture= 44.100 Desrree C
Pressure of air-steam miyture- 1.1549 Atm.
Temperature of droplet liquid- 44.100 Degret: C
Density of air-steam mixture- 1.24766E-03 G/CC
Viscosity of air-steam mixture- 1.84718E-04 Poise
Density of droplet liquic!- .99013 G/CC
Viscosity of droplet liqUid- 6.08709E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture-, 8.61899E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- .11253 sq. cm/sec
Diff. coeff. of elemental 12 in droplet liquid- :.03600E-05 sq. cm/sec
Diff. coeff. of methyl I. in droplet liquid- 2.18872E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.7177
Schmidt number for methyl iodine- 1.3156
Grashof number= 9.59930E;+12
Try mean diameter= 9.59!57E-02

Drop parameters for elemental
(For mean drop)

I Diameter Fall Time Reynolds M.T.Coeff G T.V. drop no.
CM SEC CM/SEC CM/SEC

38 9.5956E-02 8.575 246.5 11.93 380.3 6832.

I Diameter Sherwood Time Sat. Frac. M.T.Coeff L Removal
CM CM/SEC /BR

38 9.5956E-02 25.56 7.5842E-02 .6515 1.3961E-03 .4157

***********pSRAY REMOVAL EtATES**********

Total elemental removal constant- .41577 per hour

Particulate iodine removal constant- .31420 per hour

Total organic removal constant- .00000 per hour

*****REMOVAL DUE TO WALL DEPOSIT1ON*****

Elemental removal rate dle to wall deposition - 4.9038 per hour

Organic removal rate due to wall deposition- .00000 per hour

Mean drop diameter- 9.5)557E-02
Temperature of air-steam mixture- 44.100 Degree C
Pressure of air-steam mi.ture- 1.1549 Atm.
Temperature of droplet lLquid- 44.100 Degree C
Density of air-steam mixture- 1.24766E-03 G/CC
Viscosity of air-steaz mixture- 1.84718E-04 Poise
Density of droplet liguil- .99013 G/CC
Viscosity of droplet liquid- 6.08709E-03 Poise
Diff. coeff. of elemental 12 in air-steam mixture- 8.61899E-02 sq. cm/sec
Diff. coeff. of methyl 12 in air-steam mixture- .11253 sq. cm/sec
Diff. coeff. of elemental I2 in droplet liquid- 2.03600E-05 sq. cm/sec
Diff. coeff. of methyl I2 in droplet liquid= 2.19872E-05 sq. cm/sec
Schmidt number for elemental iodine- 1.7177
Schmidt number for methyl iodine- 1.3156
Grashof number= 9.59930E+12
Try mean diameter- 9.59982E-02

I-
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Drop parameters for elemental
(For mean drop)

I Diameter Fall Time Reynolds M.T.Coef:
CM SEC CM/SEC

38 9.8998E-02 8.957 246.7 11.93

1 Diameter Sherwood Time Sat. Fri
CM

38 9.5998E-02 25.56 7.9155E-02 .6628

***********SPRAY REMOVAL EATES**********

Total elemental removal constant- .42295

Particulate iodine removal. constant= .31420

Total organic removal constants .00000 pt

*****REMOVAL DUE TO WALL DEPOSITrON*P***%

Elemental removal rate due to wall deposition

Organic removal rate due t.o wall deposition-

Mean drop diameter- 9.59!982E-02

e G T.V.
CM/SEC

380.4

ic. M.T.Coel
CM/SI

1.39551

per hour

per hour

er hour

- 4.9038

.00000 1

!f L
EIC

'-03

drop no.

7803.

Removal
/HR

.4229

per hour

>or hour

N-6030-0O1 Rev O.doc
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Enclosure 2

Response to Request for

Additional Information

Dated October 7, 2005



RAI 1:
Confirm that the 1993 through 2002 site meteorological data provided in the SCE
letter to the staff dated October 6, 2004, are the same data used to generate the
ACRON96 control room X/Q values presented in the application. (RAI Category
Code 2.a)

RESPONSE:

The meteorological data contained in the SCE letter to the staff dated October 6,
2004 was the data used to generate the ARCON96 control room X/Q values
presented in the application dated December 27, 2004. However, the ARCON96
control room X/Q values presented in the original application have been revised
to correct an error in the 1999 data file (to be discussed in the response to RAI
2). The corrected ARCON96 control room X/Q values have been provided to the
staff in an October 27, 2005 Supplement to the application. Enclosed with this
RAI response is an electronic copy of the 1993 through 2002 site meteorological
data used to generate the ARCON96 control room X/Q values presented in the
October 27, 2005 Supplement to the application.
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RAI 2:
A review of the 1£93 through 2002 onsite meteorological database revealed that
the average lower and upper level wind speeds in 1999 were approximately 1.8
times higher than the lower and upper level wind speeds averaged over the
remaining 9-year oeriod (1993 through 1998 and 2000 through 2002). Explain
this phenomenon (e.g., verify that the 1999 electronic data file has been properly
formatted and unit conversions have been performed correctly) and its impact on
the resulting ARCON96 dispersion analyses. (RAI Category Code 2.a)

RESPONSE:

It has been determined that the 1999 meteorological data used to generate the
ARCON96 control room X/Q values presented in the application dated December
27, 2004 was erroneous. The corrected ARCON96 control room X/Q values
have been provided to the staff in an October 27, 2005 Supplement to the
application. The October 27, 2005 Supplement to the application updated the
control room doses to reflect modeling of the corrected ARCON96 control room
X/Q values.
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RAI 3:
Provide a site plar, showing the locations of all potential accident release
pathways and control room intakes and unfiltered inleakage pathways. If
possible, the drawing should be approximately to scale and indicate true north.
(RAI Category Code 4.b)

RESPONSE:

Section 4.4.2 of the AST application identifies the various accident release
pathways and control room ventilation outside air intake locations. The attached
Figure 1 is a draft revision to UFSAR Figure 6.4-3 that shows the plant layout,
including the location of potential radiological release points with respect to the
control room ventilation outside air intakes. The figure is scaled and shows plant
north, which is 57 degrees west of "true north".

The release point locations are:
a Main plant vent (Figure 1 location 1)
* Containment shell diffusion
a Containment equipment hatch (Figure 1 location 8)
* Main Steam Safety Valves (Figure 1 location 9)
* Atmospheric Dump Valves (Figure 1 location 10)
* Steam Line Break Outside Containment (Figure 1 location 11)
* Auxiliary Feedwater Turbine steam discharge (Figure 1 location 12)
* Refueling Water Storage Tank Area (Figure 1 location 13)
* Fuel Handling Building (Figure 1 location 14)

The three control room ventilation outside air intake locations are:
* Control room normal air intake (Figure 1 location 6)
* Control room Unit 2 emergency air intake (Figure 1 location 7)
* Control room Unit 3 emergency air intake (Figure 1 location 7)

Based on the plant coordinates the locations of the three control room ventilation
intakes are as follows:

Air Intake From Unit 2 Containment From Unit 3 Containment
Location Centerline Centerline

Normal 147 ft West 144.50 ft 147 ft West 286.50 ft
South North

Unit 2 Emergency 147 ft West 131.83 ft 147 ft West 299.17 ft
South North

Unit 3 Emergency 147ft West 299.1 7 ft 147ftWest 131.83 ft
South North
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As discussed in Section 4.3.2.1 of the application, the AST dose analyses
conservatively assume that unfiltered inleakage into the control room envelope
(CRE) is from the radioactive plumes released from the facility as they pass west
of the CRE.

4



CZT. a P -

11 ~ 18~W(* W

IJ, IEL 7

_LML- \jj 1. [EL 431

F. - M.1181

P- LRl

(EL. 81

'xIPeuE

en

*S. FIV.118.. HbUSI t 74C..d G

MM *lOS C . 51581. EMfl
Ml80.88111810111

OIL 5F91 55(8IKM-
1808818*8(/8.87C

1O1.-(188.114. KS MFG1C

F(EL. CAS FT GV
8F88818 VR U&NESTC

F. .. o

SAFt ONOFRe
AR GEUERArING STATION

UI11TS 2&3

IF OF RADIOLOGICAL RELEASE
lIlTS WITH RESPECT 10

I[ROL. ROOM.8 AIR I(TAKES

:IGURE 6.4-3

C~OCATIO

Pi

Figure 1 - Radiological Release Point and Control Room Air Intake Locations

(Draft UFSAR Figure 6.4-3)



RAI 4:
Unfiltered leakage into the control room was modeled using control room air intake X/Q
values. Confirm (using the results of tracer gas testing if possible) that there are no
potential unfiltered inleakage pathways (during both normal and emergency modes) that
could result in x/Q values that are higher than the control room intake X/Q values. (RAI
Category Code 2.a)

RESPONSE:

As discussed in Section 4.3.2.1 of the AST application, only the west side of the control
room envelope (CRE) is exposed to the radioactive plumes released from the facility.

The most likely source of unfiltered inleakage is the ductwork that leaves the Control
Room Cabinet Areas to the fan rooms at the 50' level, outside of the Control Room
Envelope. The adjacent areas and structures to the north, south, and east of the CRE,
and the adjacent areas and structures above and below the CRE, do not contain activity
release points. These adjacent areas and locations can only become contaminated
with air introduced via intake or infiltration of radioactive material contained in the
radioactive plumes released from the facility, which are then recirculated and diluted
throughout these reg ons. Consequently, the resultant activity concentrations in the
adjacent areas and structures will be less contaminated than any radioactive plume. For
this reason, the AST dose analyses conservatively assume that all intake and infiltration
(i.e., inleakage) into the CRE is from the radioactive plumes released from the facility as
they pass west of the CRE.

The control room nornal air intake is located near the northwest corner of the CRE, and
the control room emergency air intakes are located near the northwest and southwest
corners of the CRE. As discussed in Sections 4.3.2.1 and 4.4.5 of the AST application,
the maximum atmospheric dispersion factor for any activity release location to any of
the three outside air intakes is modeled in the evaluation of contaminated air intake and
unfiltered inleakage.
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RAI 5:
Explain the basis for using the same source-receptor horizontal distances for
containment equipment hatch releases assuming flow both around and over (through)
the containment building. (RAI Category Code 2.a)

RESPONSE:

As discussed in Section 4.4.4.4 of the AST application, the containment equipment
hatch release is assumed to be from its mid-height at elevation 38 feet above grade.
Per Section 4.4.4.1 of the AST application, the control room emergency air intakes are
no higher than elevation 43 feet. Per Section 4.4.4.4 of the AST application, the
containment building is between the containment equipment hatch release point and the
control room air intakes. The containment building rises to an elevation 161 feet.

Atmospheric dispersion was evaluated for flow paths both around the containment and
over the containment. The flow path lengths are to be calculated using the "taut string
length" method allowed by Regulatory Guide 1.1 94 Section 3.4. The containment
equipment hatch to receptor distance around the containment is shorter than the
containment equipment hatch to receptor distance over the containment. As discussed
in Section 4.4.4.4 and reported in Table 4.4-4 of the AST application, for each release
point and control room receptor combination, the ARCON96 analysis modeled the
conservatively shorter "taut string length" distance associated with the path around the
containment.
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RAI 6:
The following questions concern the atmospheric dispersion modeling for the main
steamline safety valve (MSSV) and atmospheric dump valve (ADV) release pathways:

a. Provide a diagram showing the relative locations of the main steam isolation
valves (fU/SIVs), MSSV stacks, ADV stacks, and control room air intakes. If
possible, the diagram should be approximately to scale. Show on the
diagram the locations modeled as the MSSV release points. (RAI Category
Code 4.b)

RESPONSE:

The response to RAI # 3 shows a scaled drawing with the relative locations of the
MSSV and ADV release locations, and the control room air intakes. Provided as
Attachment A to this Tnclosure are Drawings 40483 and 41983 which show the Units 2
and 3 MSIV, MSSVs and ADV locations relative to the containment centerlines. As
shown in these drawings, the MSIVs are numbered 2HV8204, 2HV8205, 3HV8204 and
3HV8205. Nine MSE;Vs are arranged around each MSIV. The fifty-inch ADV stack
associated with each main steam line is located between the containment outer wall
and the steam line's IVISIV and MSSVs. These drawings, in conjunction with the
control room air intake coordinates provided in the response to RAI 3 and Figure 1 can
be used to determine the relative distances from the release points to the intakes.
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RAI 6:
The following questions concern the atmospheric dispersion modeling for the main
steamline safety valva (MSSV) and atmospheric dump valve (ADV) release pathways:

b. Explain the methodology and assumptions used to calculate the minimum
MSSV stack exit velocity. (RAI Category Code 2.b)

RESPONSE:

Section 6.0 of Regulatory Guide 1.194 states that, in lieu of mechanistically addressing
the amount of buoyant plume rise:

"...the ground level X10 value calculated with ARCON96 (on the basis of the
physical height of the release point) may be reduced by a factor of 5. This
reduction may be taken only if (1) the release point is uncapped and vertically
oriented and (2) the time-dependent vertical velocity exceeds the 95th-percentile
wind speed (at the release point height) by a factor of 5."

The SONGS MSSVs are uncapped and vertically oriented. Thus, to take credit for
plume rise, the flow velocities at the stack exit must be determined.
Per Section 4.4.4.5 of the AST application, the minimum flow velocity at the exit of the
MSSV stack is determined by calculating the minimum volumetric flowrate at the exit
and dividing by the internal cross-sectional area of the MSSV stack. The minimum
volumetric flow rate at the exit is equal to the product of the minimum mass flowrate
through an MSSV and the specific volume of the steam at the exit.

The minimum mass flowrate through an MISSV is set equal to the flow capacity for the
lowest set pressure MASSV.

The specific volume of steam is determined for the saturated steam pressure in the
MSSV stack. The saturated steam pressure in the MSSV stack is equal to the
maximum backpressare on the MSSVs during blowdown minus the pressure drop
through the MSSV stack. The pressure drop through the MSSV stack is calculated from
the following equation:

AP = 0.00000028 KW2V
y2 d 4

where:
K is the total resistance coefficient from the MSSV outlet to the stack exit
W is the mass flowrate in Ibm/hr
V is the specific volume of steam in ft3/lb
Y is the net expansion factor for compressible flow
d is the inside diameter of the stack in inches

In evaluating the preceding equation, the following conservative assumptions are made:

1. All MSSVs lift at the lowest set pressure of all the valves.
2. The pressure in the MSSV stack is equal to the maximum backpressure.
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3. No credit is taken ior head loss due to elevation changes or pipe friction.
4. No credit is taken for expansion of the steam through the stack.

As discussed in SectiDn 4.4.4.5 of the AST application, the minimum MSSV stack exit
velocity of 72 meters/second was calculated using the preceding equation and
assumptions.
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RAI 6:
The following questions concern the atmospheric dispersion modeling for the main
steamline safety valve (MSSV) and atmospheric dump valve (ADV) release pathways:

c. Confirm that a stuck-open MSSV concurrent with other design basis
accidents is excluded from the licensing basis for the MSSVs. (RAI
Category Code 2.a)

RESPONSE:

UFSAR Section 10.3 addresses the design and licensing basis of the main steam
supply system, including the main steam safety valves. The SONGS 2 and 3 licensing
basis, as reflected in the UFSAR, does not require that a stuck-open MSSV be
considered concurrent with other design basis accidents.

The inadvertent opening of a safety valve is a transient that is considered in UFSAR
Chapter 15. However, this transient is not modeled concurrent with other design basis
accidents.
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RAI 6:
The following questions concern the atmospheric dispersion modeling for the main
steamline safety valve (MSSV) and atmospheric dump valve (ADV) release pathways:

d. Table 4.4-11 of Enclosure 2 to the application presents X/Q values for ADV
releases with plume rise credit. Please identify the release scenarios where
these X/C? values have been used and describe the methodology and
assumptions used to determine that the ADV stack exit vertical flow velocity
for these release scenarios exceeds 5 times the 9 5 th percentile upper level
wind speed of 6.8 miles per second. (RAI Category Code 2.b)

RESPONSE:

Clarification: Per the October 27, 2005 supplement to the application, the 9 5th

percentile upper level wind speed has been revised from 6.8 miles per
second to 6.4 miles per second.

The events addressed in the AST application do not use the X/Q values for ADV
releases with plume rise credit.

Although no event has yet been identified where credit for plume rise is necessary, the
application presents X/Q values for ADV releases with plume rise credit to allow for their
future use.

Per Section 4.4.4.6 of the AST application, the accident analyses assume that an ADV
is operated manually; therefore, the flow velocity at the ADV stack exit will decrease
over time, as the steam generator blows clown. Thus, in order to credit plume rise in an
ADV release dose analysis, the time pericid for which the ADV stack exit vertical flow
velocity exceeds five times the 95th percentile upper level wind speed of 6.4 m/s (i.e.,
exceeds 5 x 6.4 m/s = 32 m/s) would need to be determined and the plume rise
adjustment factor applied, on an event-specific and time-interval specific basis.

As of this date, a calculation of the ADV stack exit velocity for the purpose of crediting
plume rise has not been performed. If it were to be performed, the time-dependent flow
velocity at the exit of the ADV stack would be determined using a methodology similar
to that described in the response to RAI # 6b, based on the time-dependent ADV mass
release rate and steam specific volume.
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RAI 6:
The following questions concern the atmospheric dispersion modeling for the main
steamline safety valve (MSSV) and atmospheric dump valve (ADV) release pathways:

e. Provide E. copy of the output files for the bounding ARCON96 MSSV and
ADV runs. (RAI Category Cocle 2.b)

RESPONSE:

Per Section 4.4.4.5 of the AST application, the results of the ARCON96 analysis show
that the Unit 2 MSSVs centered at MSIV 8204 to Unit 2 emergency air intake release
path has the more conservative atmospheric dispersion (i.e., the maximum atmospheric
dispersion factor). This ARCON96 run is identified by file name ms4-u2u2 (.rsf, .Jog and
.cfd). Electronic copies of these files are enclosed with this response.

Per Section 4.4.4.6 cf the AST application, the results of the ARCON96 analysis show
that the Unit 2 ADV 607 to Unit 2 emergency air intake release path has the more
conservative atmospheric dispersion (i.e., the maximum atmospheric dispersion factor).
This ARCON96 run i; identified by file name ad7-u2u2 (.rsf, .Jog and .cfd). Electronic
copies of these files are enclosed with this response.

Excerpts from TABLE 4.4-11: 9 5 th Percentile Control Room X/Qs (sec/m 3)
ADV MSSV MSSV

Time Interval (no plume (no plume (with plume
rise credit) rise credit) rise credit)

N-4010-003 R2 N-4010-003 R2
Section 9.7.4 Section 9.6.1 Previous values

Computer run: ad7-u2u2.rsf ms4-u2u2.rsf divided by a
ad7-u2u2.log ms4-u2u2.log factor of five (5)
ad7-u2u2.cfd ms4-u2u2.cfd

0 to 2 hrs 3.70E-03 6.08E-03 1.22E-03
2 to 8 hrs 1.99E-03 3.76E-03 7.52E-04
8 to 24 hrs 6.95E-04 1.24E-03 2.48E-04
1 to 4 days 7.04E-04 1.43E-03 2.86E-04

4 to 30 days 6.34E-04 1.30E-03 2.60E-04

13



RAI 7:
In order to understand the atmospheric dispersion modeling for the steam line break
outside containment :SLB-oC) release pathways, provide a diagram showing the
relative locations of the main steam line isolation valve, the main steam isolation
valve/main feedwater isolation valve (MFI\V) enclosure structures, the walkway between
the turbine building east wall and the MSI\//MFIV enclosure structures, and control room
air intakes. If possible, the diagram should be approximately to scale. Also show on
the diagram the location of the blowout panels on the roof and walls of the MSIV/MFIV
enclosure, as well as the location modeled as the SLB-OC release location. (RAI
Category Code 4.b)

RESPONSE:

The response to RAI # 3 shows a scaled drawing with the relative locations of the steam
line break outside containment release location, and the control room air intakes. The,
response to RAI # 6.a shows a scaled drawing with the relative location of the main
steam isolation valve within the MSIV/MFIV enclosure structure.

Provided in Attachment B of this Enclosure is Drawing 10328 Sheet 1 which shows the
walkway between the Unit 2 turbine building east wall and the Unit 2 MSIV/MFIV
enclosure structures (Unit 3 is similarly designed).

Also provided in Attachment B of this Enclosure are Drawings 23090, 23075 and 23069.
Drawing 23090 presents the design of the various MSIV/MFIV enclosure walls and
Drawing 23075 presents the design of the MSIV/MFIV enclosure roof. The blow out
panels in these walls and the roof are presented in Drawing 23069.

These drawings and figures, in conjunction with the control room air intake coordinates
provided in the response to RAI # 3 can ba used to determine the relative distance from
the SLB-OC release point to the intakes.
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RAI 8:
In order to understand the atmospheric dispersion modeling for the fuel handling
building (FHB) release pathways, provide a diagram showing the relative locations of all
the FHB spent fuel cask hatches and the control room air intakes. (RAI Category
Code 4.b)

RESPONSE:

Provided as Attachment C of this Enclosure is drawing 10201, Sheet 1, Revision 7. The
portion of this drawing showing the floor plan at elevation 63'-6" shows the fuel cask
hatch openings. The larger cask hatch over the south end of the U2 railroad access
bay (north end of U3 bay) is assumed to be the point of release from the fuel handling
building. This hatch is closer to the control room air intake locations than other potential
release locations, such as the smaller cask hatch over the opposite ends of the
respective railroad bays.

The response to RAI # 3 shows a scaled drawing with the relative locations of the FHB
spent fuel cask hatch release location and the control room air intakes. Drawing 10201,
Sheet 1, Revision 7, in conjunction with the control room air intake coordinates provided
in the response to RAI 3, can be used to determine the relative distances from the
release point to the intakes.
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RAI 9:
In Section 4.5.1.3.5 in Enclosure 2 of the application, the total combined fission product
removal rates in the containment by combining the individual removal rates from natural
deposition and spray were provided. This is incorrect in that the various removal
mechanisms would be acting simultaneously in an accident (i.e., the particulates being
removed by spray would also include particulates being removed by deposition because
the two different processes can not be separated). NUREG/CR-6189, "A Simplified
Method for Aerosol Removal by Natural Processes in Reactor Containment," and
NUREG/CR-5966, "A Simplified Model for Aerosol Removal by Containment Spray,"
assume individual removal process independent of each removal mechanism (natural
deposition and spray). Discuss why the total combined fission product removal rate in
the containment is determined by combining the individual removal rates from natural
deposition and spray, or revise your analysis accordingly to properly account for both
processes occurring at the same time. (RAI Category Code 2.b)

RESPONSE:

As discussed in Section 4.5.1.3.5 of the AST application, the Bechtel LocaDose code is
used to calculate the activity as a function of time in the containment sprayed and
unsprayed regions. The governing equation used is similar to the governing equation
used by the RADTRAD code (Equation 1 in NUREG/CR-6604 Section 2). The only
difference is that the spray removal coefficient and the natural deposition removal
coefficient are combined into an effective removal coefficient for each region. This is
consistent with SRP 6.5.2 Section 111.4.b. In the containment sprayed region, spray and
deposition removal rates are combined. In the containment unsprayed region, only
deposition removal rates are modeled.

As discussed in Section 4.5.1.3.3 of the AST application, aerosol spray removal is
modeled using the Powers tenth percentile spray removal model described in
NUREG/CR-5966. In the Powers model, aerosol removal by sprays is derived based on
how a single falling droplet would scavenge particles. The extent to which sprays will
decontaminate an aerosol-laden atmosphere depends on the number of spray droplets
falling through the atmosphere and the distance they fall. As discussed in Section
4.5.1.3.5 of the AST application, spray removal of aerosols is only modeled during the
first 4 hours of the LO)CA event.

As discussed in Section 4.5.1.3.1 of the AST application, aerosol natural deposition
removal is modeled using the Powers tenth percentile deposition model described in
NUREG/CR-6189. In the Powers model, by the end of the in-vessel release phase, the
natural deposition process is primarily due to the removal of heavier particulates from
the containment atmosphere due to the effects of gravitational settling. Therefore, it is
appropriate to take the credit of gravitational deposition during and following the
post-LOCA spray operation. As shown in Table 4.5-7 of the AST application, deposition
removal of aerosols is only modeled during the first 22.2 hours of the LOCA event.

Of note, a comparison of Tables 4.5-6 and 4.5-7 of the AST application shows that the
aerosol natural deposition rates are approximately two orders of magnitude smaller than
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the aerosol spray removal rates during the majority of the time between 1 minute to
4 hours, when containment spray is modeled. As such combining the spray and
deposition aerosol removal rates has little impact on the results.

Spray removal of the elemental iodine is only modeled during the first four hours of the
LOCA event. During this time period the elemental iodine activity removed by
containment spray and deposition mechanism is limited by the elemental iodine
decontamination factor (DF). The elemental iodine DF is reached within 2 hours.
Further removal by deposition or spray after the DF is reached is not credited.
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RAI 10:
In Tables 4.5-8, 4.4-9, and 4.5.10, in Enclosure 2 of the application, an iodine flashing
fraction of 10 percent was assumed. Section 5.5 of Appendix A to Regulatory Guide
(RG) 1.183 states that the amount of iodine that becomes airborne should be assumed
to be 10 percent of the total iodine activity (i.e., iodine in particulate, elemental, and
organic forms) in the leaked fluid. In NUREG-1465, "Accident Source Terms for Light-
Water Nuclear Powe- Plant," the staff stated that iodine entering the containment is at
least 95 percent cesijm iodine with the remaining 5 percent as elemental iodine. Once
the iodine enters the containment sump in aqueous environment which becomes the
emergency core cooling system leakage source, cesium iodine in particulate form will
readily dissolve in sump water and it enters ionic iodine form. Clarify whether you have
included all forms of iodine in your 10 percent iodine flashing parameter. (RAI Category
Code 2.b)

RESPONSE:

All forms of iodine have been included in the 10 percent iodine flashing parameter. The
post-LOCA ESF leakage dose analysis models the iodine in the containment sump
liquid source term as 97 percent elemental and 3 percent organic. A flashing fraction of
10 percent is applied to both iodine species.
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RAI 11:
In Section 4.5.2.2 and Table 4.5-8 in Enclosure 2 of the application, the maximum
engineered safety feature (ESF) recirculation loop leakage rate of 7E-3 cubic feet per
minute (cfm) for the accident duration of 20 minutes to 30 days was stated. Further it
was stated that this leakage value represents two times the sum of the simultaneous
maximum expected leakage from ESF systems consistent with guidance provided in
RG 1.183. Discuss if this leakage value (cine-half of 7E-3 cfm) is specified in the current
SONGS Technical Specifications (TSs). If it is not specified in the SONG TSs, provide
the bases and references for this leakage value and discuss how this leakage would be
tested to meet this leakage limit. (RAI Category Code 2.a)

RESPONSE:

Technical Specification Section 5.5.2.8 requires establishment of a "Primary Coolant
Sources Outside Cortainment Program" to provide controls to minimize leakage from
those portions of systems outside containment that could contain highly radioactive
fluids during a serious transient or accident to levels as low as practicable. SONGS
Units 2&3 Procedure S023-XVII-8 describes the establishment, implementation and
maintenance of the Program. Per the procedure, leakage from the High Pressure
Safety Injection, Low Pressure Safety Injection, and Containment Spray Systems is
limited to 5,950 cm3/hour. This value is one-half of the 7E-3 cfm modeled in the
post-LOCA ESF Leakage dose analysis described in Section 4.5.2.2 and Table 4.5-8 of
the application.
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RAI 12:
In Section 4.5.1.3.2 in Enclosure 2 of the application, the resultant elemental iodine
natural deposition rate in the containment was provided using the methodology provided
in Standard Review Plan (SRP) Section 6.5.2. The methodology provided in SRP
Section 6.5.2 is only applicable for use in conjunction with the containment spray
operation and is not applicable for natural deposition processes. Discuss why the use
of SRP 6.5.2 methodology is applicable to the elemental iodine natural deposition rate
in the containment, o revise your analysis accordingly. (RAI Category Code 2.b)

RESPONSE:

As discussed in Sect'on 4.5.1.3 of the AST application, elemental iodine natural
deposition is calculated using the elemental iodine natural deposition methodology
provided in Section 111.4.c.(1) of Standard Review Plan (SRP) Section 6.5.2. Consistent
with the SRP, elemental iodine removal by natural deposition is only credited concurrent
with containment spray system operation.

Elemental iodine removal by natural deposition is only credited until the elemental
iodine decontamination factor value is reached. The elemental iodine DF value is
reached approximately 2 hours after the onset of the LOCA.

As discussed in Sections 4.5.1.3.4 and 4.5.1.3.5 of the AST application, credit for spray
removal is assumed for four hours after the onset of the LOCA (i.e., continuing for a
period of time beyond which elemental iodine removal by natural deposition is no longer
credited).

Therefore, the elemental iodine natural deposition modeled in the dose analysis is
consistent with the SRP 6.5.2 methodology.
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RAI 13:
In Tables 4.5-4, 4.5-5, and 4.5-6 in Enclosure 2 of the application, the elemental and
aerosol iodine removal rates by the containment spray were provided. Provide your
detailed calculations in determining (1) elemental and aerosol iodine removal rates by
the containment spray, and (2) elemental iodine removal cutoff times after reaching
decontamination factDr (DF) as specified in SRP Section 6.5.2, Revision 2. In your
response, show the major parameters used and their references. The DF is defined as
the maximum iodine concentration in the containment atmosphere divided by the
concentration of iodine in the containment atmosphere at some time after
decontamination. (RAI Category Code 2.a)

RESPONSE:

Attachment B of Enclosure 1 of this letter provides a copy of Calculation N-6030-001
which calculates the elemental iodine and aerosol containment spray removal rates and
the elemental iodine decontamination factors (DF) used in the dose calculation.

The elemental iodine DF is calculated by the Bechtel LocaDose code that has been
used for the AST dose analysis. Activity sprayed or plated out is collected into a
specially designated computer code node called the "sump node". At the end of every
time-step, a check is made to determine if the elemental iodine DF level has been
reached. The DF level is calculated as the ratio of total elemental iodine activity in the
containment airborne regions plus sump node, divided by the elemental iodine activity
present in the sump node. Once the elemental iodine DF level is reached,
re-suspension from the sump to the containment airborne regions is initiated to keep the
DF at the equilibrium level.

The LocaDose code modeling is more conservative than merely stopping spray or
deposition removal at a DF defined as the maximum iodine concentration in the
containment atmosphere divided by the concentration of iodine in the containment
atmosphere at some time after decontamination. In the LocaDose code model,
following the initial achievement of the DF the airborne activity is depleted by both
decay and leakage to the environment, while the sump activity is depleted by only
decay. The net effect is a more rapid reduction in the airborne activity relative to the
sump activity. To maintain the DF, the LocaDose code resuspends sump activity into
the containment air region. This increases the airborne activity available for subsequent
leakage to the environment.
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RAI 14:
In Tables 4.5-3, and 4.5-7 in Enclosure 2 of the application, the containment natural
deposition rates of aerosols using NUREG/CR-6189 were provided. Provide the
calculations used to Determine the containment natural deposition rates. (RAI Category
Code 2.b)

RESPONSE:

Attachment B of Enclosure 1 of this letter provides a copy of Calculation N-6030-001
which calculates the containment natural deposition removal rates used in the dose
calculation.
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RAI 15:
In Table 4.5-9, "Loss-of-Coolant Accident Refueling Water Storage Tank (RWST)
Release Analysis Parameters," of Enclosure 2 of the application, it is assumed that the
RWST inflow rates from the ESF pump mini-flow isolation valve and RWST discharge
check valve are 1.5 and 5 gallons per minute (gpm), respectively. Provide the bases
and references for these leak rate assumptions. (RAI Category Code 2.a)

RESPONSE:

As discussed in Sect on 4.5.3.2.1 of the AST application, the Safety Injection System
(SIS) and Containment Spray System (CSS) pumps minimum flow return paths to the
RWST are isolated following a Recirculation Actuation Signal (RAS) by two sets of 4-
inch mini-flow isolation valves. Valves 1204-HV-9306 and 1204-HV-9307 are in series
in one flow path, and valves 1204-HV-9347 and 1204-HV-9348 are in series in a second
flow path. The maximum allowable leakage rate for each of the valves is 0.75 gpm per
the leakage acceptance criteria specified in SONGS Units 2&3 Document No. 90055,
"Selection of Valves and Determination of Inservice Testing". Consequently, for either
path with its two valves in series, the maximum allowable path leakage rate is assumed
to be 0.75 gpm. For the scenario of a LOCA without an assumed DG failure, the total
leakage rate past the valves in the two parallel flow paths is 1.5 gpm.

As discussed in Section 4.5.3.2.2 of the AST application, following a RAS, each of the
two RWSTs is isolated from the ESF recirculation loop by an RWST discharge check
valve (1204-MU-001 or 1204-MU-002). The maximum allowable leakage through both
check valves combined is 5 gpm per the leakage acceptance criteria specified in
SONGS Units 2&3 Document No. 90055, "Selection of Valves and Determination of
Inservice Testing".

23



NOTE: no RAI #16 was provided

RAI 17:
In Section 4.5.3.2.3 in Enclosure 2 of the application, it is stated that an iodine partition
coefficient of 200 was used for the RWST water. Discuss if this coefficient applies to all
forms of iodine (particulate and elemental) and provide the RWST water pH values as a
function of time. (RAI Category Code 2.a)

RESPONSE:

Please refer to RAI ', response provided in Enclosure 1 of this letter.
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RAI 18:
Section 15.7.3.4.2.2, "Structural Evaluation of Fuel Assembly," and Table 15.7.5 of the
SONGS updated final safety analysis report (UFSAR) stated that the design basis
assumption for the number of failed fuel rods due to the postulated fuel-handling
accident (FHA) is 60. In Table 4.6-1 of Enclosure 2 of the application, it is assumed
there are 16 failed fuel rods for the FHA inside the containment. Explain the
discrepancies. (RAI Category Code 2.a)

RESPONSE:

There is no discrepancy between the SONGS UFSAR and the AST application.

UFSAR Sections 15.7.3.4 and 15.10.7.3.4 address a postulated fuel handling accident
inside the fuel handling building (FHA-FH13). Per the UFSAR, the design basis
FHA-FHB fails 60 fuel rods. As discussed in Section 4.7 of the AST application, the
failure of 60 fuel rods is also modeled in the AST FHA-FHB analysis.

UFSAR Sections 15.7.3.9 and 15.10.7.3.9 address a postulated fuel handling accident
inside the containment building (FHA-IC). Per the UFSAR, the design basis FHA-IC
fails 16 fuel rods in the dropped fuel bundle and 210 fuel rods in the impacted fuel
bundles. As discussed in Section 4.6 of the AST application, the failure of 16 fuel rods
in the dropped fuel bundle and 210 fuel rods in the impacted fuel bundles is also
modeled in the AST FHA-IC analysis.
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RAI 19:
For the postulated FHA, provide noble gases and iodine activity inventory in the fuel rod
gaps that are available for release to the water surrounding the failed fuel assemblies
(1) during normal operation, and (2) prior to fuel movement after a 75-hour decay
period. Also provide the amount of noble gases and iodine activities released (in curies)
to the environment following the postulated FHA. (RAI Category Code 2.b)

RESPONSE:

Clarification - As discussed in Section 4.1.1 of the AST application, the fuel handling
accident dose analyses model 72 hours of radioactive decay prior to an event, which is
the minimum decay lime required by SONGS Units 2 and 3 Licensee Controlled
Specification (LCS) 3.9.101 prior to movement of irradiated fuel in the reactor vessel.

Table 4.1-3 of the AST application lists the average fuel rod noble gases and iodine
isotope activity inventory at shutdown, prior to any post-shutdown decay (i.e., during
normal operation). The noble gases and iodine activity inventory in the fuel rod gaps
that are available for release to the water surrounding the failed fuel assemblies are
calculated by scalinc the Table 4.1-3 activity inventory by the radial peaking factor and
the core iodine and noble gas fission product fractions in fuel rod gaps specified in
Tables 4.6-1 and 4.7-1 of the AST application. Table 19-1 of this document performs
this scaling operation.

Table 4.1-4 of the ALIT application lists the average fuel rod noble gases and iodine
isotope activity inventory at 72 hours post-shutdown. The noble gases and iodine
activity inventory in the fuel rod gaps that are available for release to the water
surrounding the failed fuel assemblies are calculated by scaling the Table 4.1-4 activity
inventory by the radial peaking factor and the core iodine and noble gas fission product
fractions in fuel rod (laps specified in Tables 4.6-1 and 4.7-1 of the AST application.
Table 19-2 of this document performs this scaling operation.

Section 4.6 of the ASLT application describes the AST fuel handling accident inside
containment (FHA-IC) analysis. Use of the parameters presented in Table 4.6-1 of the
application yields the containment airborne activity inventory specified in Table 19-3. As
discussed in Sectior 4.6 of the AST application, this activity (less any activity removed
by radioactive decay) is released to the environment over a two-hour time interval.

Section 4.7 of the AST application describes the AST fuel handling accident inside the
fuel handling building (FHA-FHB) analysis. Use of the parameters presented in
Table 4.7-1 of the AST application yields the FHB airborne activity inventory specified in
Table 19-3. As discussed in Section 4.7 of the AST application, this activity (less any
activity removed by adioactive decay) is released to the environment over a two-hour
time interval.
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Table 19-1: Average Fuel Rod Gap Inventory at Shutdown

ISOTOPE AVERAGE RADIAL GAP AVERAGE
FUEL ROD PEAKING FRACTION FUEL ROD GAP

INVENTORY FACTOR INVENTORY
AT SHUTDOWN AT SHUTDOWN

(CURIES) (CURIES)
[A] [B] [C] [= A x B x C]

XE-1 31 M 2.38E+01 1.75 0.05 2.08E+00
XE-133M 1.18E+02 1.75 0.05 1.03E+01
XE-1 33 3.78E+03 1.75 0.05 3.31 E+02

XE-1 35M 7.94E+02 1.75 0.05 6.95E+01
XE-1 35 1.38E+03 1.75 0.05 1.21 E+02
XE-137 3.52E+03 1 .75 0.05 3.08E+02
XE-1 38 3.50E+03 1.75 0.05 3.06E+02
KR-83M 2.79E+02 1.75 0.05 2.44E+01
KR-85M 6.11 E+02 1.75 0.05 5.35E+01
KR-85 2.13E+01 1.75 0.10 3.73E+00
KR-87 1.25E+03 I .75 0.05 1.09E+02
KR-88 1.76E+03 _1 .75 0.05 1.54E+02
KR-89 2.25E+03 1.75 0.05 1.97E+02
1-129 7.09E-05 =1.75 0.05 6.20E-06
1-130 4.88E+01 1.75 0.05 4.27E+00
1-131 1.83E+03 _1.75 0.08 2.56E+02
1-132 2.67E+03 1.75 0.05 2.34E+02
1-133 3.87E+03 1.75 0.05 3.39E+02
1-134 4.41 E+03 1.75 0.05 3.86E+02
1-135 3.65E+03 _1.75 0.05 3.19E+02
1-136 1.80E+03 1.75 0.05 1.58E+02
1-137 1.85E+03 1.75 0.05 1.62E+02
1-138 9.25E+02 1.75 0.05 8.09E+01

[A] per Table 4.1-3 of the AST application
[B] per Section 4.1.3 of the AST application
[C] per Tables 4.1-6 and 4.1-7 of the AST application
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Table 19-2: Average Fuel Rod Gap Inventory at 72 Hours Post-Shutdown

ISOTOPE AVERAGE RADIAL GAP AVERAGE
FUEL ROD PEAKING FRACTION FUEL ROD GAP

INVENTORY FACTOR INVENTORY
AT 72 HOURS AT 72 HOURS

PO',T-SHUTDOWN POST-SHUTDOWN
(CURIES) (CURIES)

[A) [B] [C [=AxBxC]

1-129 7.09E-05 1.75 0.05 6.20E-06

1-130 8.62E-01 1.75 0.05 7.54E-02

1-131 1.41 E+03 , .75 0.08 1.97E+02

1-132 8.76E-07 1.75 0.05 7.67E-08

1-133 3.56E+02 1.75 0.05 3.12E+01

1-134 7.57E-22 1.75 0.05 6.62E-23

1-135 1.92E+00 1.75 0.05 1.68E-01

KR-83m 4.01 E-10 1.75 0.05 3.51 E-11

KR-85m 8.89E-03 _1.75 0.05 7.78E-04

KR-85 2.13E+01 .1.75 0.10 3.73E+00

KR-87 1.13E-14 1.75 0.05 9.89E-16

KR-88 4.66E-05 1.75 0.05 4.08E-06

XE-131 m 2.OOE+01 1.75 0.05 1.75E+00

XE-133m 4.57E+01 1.75 0.05 4.OOE+00

XE-133 2.54E+03 1.75 0.05 2.22E+02

XE-135 5.74E+00 1.75 0.05 5.02E-01

[A] per Table 4.1-4 cf the AST application
[B] per Section 4.1.3 of the AST application
[C] per Tables 4.1-6 and 4.1-7 of the AST application
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Table 19-3: Init al FHA Airborne Activity Available for Release to Environment

ISOTOPE INITIAL INITIAL
CONTAINMENT FHB

AIRBORNE ACTIVITY AIRBORNE ACTIVITY
AVAILABLE FOR AVAILABLE FOR

RELEASE TO RELEASE TO
ENVIRONMENT ENVIRONMENT

(CURIE',) (CURIES)
1-129 7.01 E-06 1.86E-06
1-130 8.53E-02 2.26E-02
1-131 2.24E+02 5.93E+01
1-132 8.66E-08 2.30E-08
1-133 3.52E+C01 9.33E+00
1-134 7.49E-23 1.99E-23
1-135 1.90E-01 5.05E-02

Kr-,33m 7.93E-09 2.11 E-09
Kr-:35m 1.76E-01 4.67E-02
Kr-85 8.42E+02 2.24E+02
Kr-87 2.24E-13 5.94E-14
Kr-88 9.22E-04 2.45E-04

Xe-131 m 3.95E+C)2 1.05E+02
Xe-i 33m 9.03E+02 2.40E+02

Xe*-1 33 5.03E+04 1.34E+04
Xe**135 1.14E+02 3.01 E+01
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RAI 20:
The main steamline break (MSLB) in the SONGS UFSAR Section 15.1.3 assumed that
the steam generators would have the maximum 1 gpm primary-to-secondary leakage
specified in SONG l Ss and this entire leakage is occurring in the faulted steam
generator. Instead, it is stated that only 0.5 gpm in Table 4.8-1 in Enclosure 2 of the
application for the MSLB. Explain the discrepancy. (RAI Category Code 2.a)

RESPONSE:

SONGS Units 2 and 3 Technical Specification LCO 3.4.13 limits primary to secondary
leakage to 720 gallons/day (i.e., 0.5 gallons/minute [gpm]) through any one steam
generator, and 1 gprn total leakage through all (i.e., both) steam generators.

The AST MSLB analysis is evaluated using the 0.5 gpm limit for primary to secondary
leakage rate into any one steam generator.

SCE submitted PCN-564 for NRC review and approval on November 30, 2005.
PCN-564 is a request to revise LCO 3.4.13 to eliminate reference to the 1 gpm total
leakage rate through all steam generators criterion, and to reduce the limit for primary to
secondary leakage rate into any single steam generator to 150 gallons/day (i.e.,
approximately 0.1 gallons/minute).
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RAI 21:
In Table 4.8-1 in Enc osure 2 of the application, an iodine flashing factor of 20 during the
steam generator uncovery is assumed. Provide the basis for this assumption and how
this value is used in the MSLB radiological consequence analysis. (RAI Category
Code 2.a)

RESPONSE:

As discussed in Section 4.8.2 of the AST application, during periods where the steam
generator tubes are uncovered, a portion of the primary-to-secondary leakage flashes to
vapor based on the thermodynamic condi':ions in the reactor coolant and the secondary
coolant. The flashing fraction is calculated using the following expression:

h -h
FF= - ] f

h 2  hf2
Where:

FF is the flashing fraction
hf. is the enthalpy of the liquid at primary coolant conditions (btu/lbm)

hf2  is the enthalpy of the liquid at secondary system conditions (btu/lbm)
h22  is the enthalpy of steam at secondary system conditions (btu/lbm)

The thermodynamic conditions are evaluated at 60 second intervals for each steam
generator. In the main steam line break analysis a maximum flashing fraction in either
steam generator of 14.41% occurs at the start of the event. Conservatively, the pre-trip
SLB-OC AST dose analysis models a bounding flashing fraction of 20% during periods
of steam generator tUbe uncovery.

As discussed in Section 4.8.2 of the AST application, during periods of full tube
coverage the primarl-to-secondary leakage is directed to the water space of the steam
generators. During ihe period of tube uncovery, the flashed portion of the primary to
secondary leakage (20% of the leakage) is directed to the steam space of the steam
generator, and the remainder (80% of the leakage) is directed to the water space of the
steam generator.

31



RAI 22:
In Table 4.8-1 in Enclosure 2 of the application, 10 percent of the fuel rods in the core
were assumed to fail following the postulated MSLB. The design basis for the failed fuel
rods in SONGS UFSAR Section 15.1.3.1.1.4 is that "fuel clad barrier is evaluated on the
basis that all fuel rods which experience a [departure from nucleate boiling ratio
(DNBR)] less than 1.31 are assumed to experience cladding perforation." The UFSAR
further stated that, "the radiological consequence analysis is conservatively based on
the assumption that all fuel pins with a DNBR value below the DNBR limit fail." Explain
how it was determined that 10 percent of the fuel rods in the core would fail following
the postulated MSLB. (RAI Category Code 2.a)

RESPONSE:

Fuel failure estimates for the steam line break event are prepared as part of each core
reload safety analysis campaign. The fuel failure estimates are established on the basis
that all fuel rods which experience a departure from nucleate boiling ratio (DNBR) less
than 1.31 are assumed to experience cladding perforation. The transient evaluations
for Unit 2 Cycle 12 and Unit 3 Cycle 12 operation determined that no more than
7 percent fuel failure would occur. As noted in Section 4.8.1 of the AST application, the
pre-trip steam line break outside containment AST dose analysis conservatively
assumes 10 percent fuel failure to bound future operating cycle fuel failure predictions.
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RAI 23:
For the MSLB accident, please provide the following:

a. Concentrations of dose equivalent iodine 131 for each iodine isotope for
pre-existing and accident initiated iodine spikes. (RAI Category Code 2.b)

RESPONSE:

Ten percent fuel damage is postulated for the MSLB AST dose analysis. As stated in
Section 4.8.1 of the AST application, consistent with RG 1.183 Appendix E Section 2,
because more than minimal fuel damage is postulated, the pre-trip SLB-OC AST activity
release model does not address primary coolant iodine spiking.

If more than minimal fuel damage had not been postulated for the MSLB event, then the
MSLB would have been evaluated using the pre-existing and accident initiated iodine
spike characteristics described in Section 4.1.2 of the AST application.

Table 4.1-5 of the A.ST application provides concentrations for each iodine isotope for
the pre-existing iodine spike. The corresponding dose equivalent iodine-131
concentrations for each iodine isotope for the pre-existing iodine spike are provided in
the following table:

Isotope Primary Side
Pre-Accident Iodine Spike

Concentration
(microCi/gm DE 1-131)

1-131 4.95E+01
1-132 8.04E-02
1-133 9.68E+00
1-134 5.49E-03
1-135 7.61 E-01
Total 60

An accident initiated iodine spike results in time-dependent primary side iodine
concentrations. As such, it is not possible to provide concentrations of dose equivalent
iodine-1 31 for each iodine isotope for an accident initiated iodine spike.

33



RAI 23:
For the MSLB accident, please provide the following:

b. Curie contents of each iodine isotope in the primary coolant and secondary
coolant at 1.0 micro curie per gram and 60 micro curie per gram. (RAI
Category Code 2.b)

RESPONSE:

As stated in the response to RAI 23.a, because more than minimal fuel damage is
postulated, the pre-trip SLB-OC AST activity release model does not address primary
coolant iodine spiking. If more than minimal fuel damage had not been postulated for
the MSLB event, then the MSLB would have been evaluated using the pre-existing and
accident initiated iodine spike characteristics described in Section 4.1.2 of the AST
application.

As stated in Section 4.1.2 of the AST application, Table 4.1-5 summarizes the primary
side equilibrium (no iodine spike) activity concentration profile determined for the
Technical Specification LCO 3.4.16 condition of 1.0 pCi/gram lodine-131 dose
equivalency. Table 4.1-5 of the AST application also summarizes the primary side pre-
existing iodine spike activity concentration profile determined for the Technical
Specification LCO 3.4.16 condition of 60 iiCi/gram Iodine-131 dose equivalency.

Per Table 4.8-1 of the AST application, the RCS dilution mass modeled in the MSLB
event is approximately 2.015E+08 grams. The curie content of each iodine isotope in
the primary coolant at 1.0 or 60 pCi/gram lodine-131 dose equivalency is the product of
this dilution mass and the Table 4.1-5 primary side iodine isotope activity concentration.

As stated in Section 4.1.2 of the AST application, Table 4.1-5 also summarizes the
secondary side water iodine activity concentration profile determined for the Technical
Specification LCO 3.7.19 condition of 0.1 pCi/gram lodine-131 dose equivalency
(please note that there is no requirement to evaluate secondary side water iodine
activity concentration profiles at 1.0 or 60 pCi/gram lodine-131 dose equivalency).

Per Table 4.8-1 of the AST application, the secondary dilution water mass modeled in
the MSLB event is approximately 1.59E+05 Ibm. The curie content of each iodine
isotope in the secondary coolant at 0.1 microcurie per gram is the product of this dilution
mass and the Table 4.1-5 secondary side water iodine isotope activity concentration.
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RAI 23:
For the MSLB accident, please provide the following:

c. Iodine production rates for accident initiated iodine spikes. (RAI Category
Code 2.b)

RESPONSE:

As stated in the response to RAI 23.a, because more than minimal fuel damage is
postulated, the pre-trip SLB-OC AST activity release model does not address primary
coolant iodine spiking. If more than minimal fuel damage had not been postulated for
the MSLB event, then the MSLB would have been evaluated using the pre-existing and
accident initiated iodine spike characteristics described in Section 4.1.2 of the AST
application.

Section 4.1.2 of the AST application addresses accident initiated iodine spiking.
Table 4.1-6 of the AST application summarizes the concurrent iodine spike release rate
in terms of escape rate coefficients that are to be modeled with the AST reactor core
iodine inventory and an assumed 0.62 percent failed fuel.

When an escape rate coefficient of 1.3E-08 secW is modeled with the AST reactor core
iodine inventory and 0.62 percent fuel failure, the resultant equilibrium primary coolant
iodine activity concentration is 1.0 pCi/gram DE 1-131.

An accident initiated spiking factor of 335 can be modeled with an escape rate
coefficient of 4.4E-06 sec', an AST reactor core iodine inventory, and 0.62 percent fuel
failure.

An accident initiated spiking factor of 500 can be modeled with an escape rate
coefficient of 6.5E-03 sec', an AST reactor core iodine inventory, and 0.62 percent fuel
failure.
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RAI 24:
List any deviations or exceptions taken in your radiological consequence analyses
performed for the design-basis loss-of-coolant accident, FHAs inside and outside
containment, and the MSLB accident from RG 1.183, "Alternative Radiological Source
Terms for Evaluating Design Basis Accidents at Nuclear Power Reactors." (RAI
Category Code 2.a)

RESPONSE:

No deviations or exceptions from RG 1.183 were taken in the radiological consequence
analyses performed ior the design-basis loss-of-coolant accident, FHAs inside and
outside containment, and the MSLB accident. Sections 4.5 through 4.8 of the
application provide explicit statements as to how the analyses comply with the
applicable portions o: RG 1.183 guidance.
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1.0 INTRODUCTION

This letter is a request to amend Operating Licenses NPF-10 and NPF-15 for
San Onofre Nuclear Generating Station (SONGS) Units 2 and 3, respectively.

This license amendment request will revise the accident source term used in the
design basis radiological consequences analyses to an Alternative Source Term
(AST) in accordance with the requirements of 10 CFR 50.67.

This license amendment request will also expand the allowed use of fuel failure
estimates by Departure from Nucleate Boiling (DNB) statistical convolution
methodology from only the reactor coolant pump sheared shaft event to the
UFSAR Chapter 15 non-LOCA events that assume a loss of flow (i.e., a loss of
AC power) and that fail fuel.

2.0 PROPOSED CHANGE

This license amendment is requested in accordance with the requirements of
10 CFR 50.67, which addresses the use of an AST at operating reactors, and
relevant guidance of Regulatory Guide 1.183 (Reference 1). This license
amendment request represents full-scope implementation of the AST described
in Regulatory Guide 1.183.

Full-scope implementation of an AST requires re-analysis of Updated Final
Safety Analysis Report (UFSAR) Chapter 15 accident analyses, including the
Loss-of-Coolant Accident (LOCA) and Fuel Handling Accident (FHA) at a
minimum. Southern California Edison (SCE) has re-analyzed the LOCA, FHA
inside containment (FHA-IC), and FHA in the Fuel Handling Building (FHA-FHB).
In addition, to ensure that the most limiting accident in terms of dose
consequences has been included, SCE has re-analyzed the pre-trip Steam Line
Break Outside Containment (SLB-OC) accident as well.

This license amendment request will also expand the allowed use of fuel failure
estimates by DNE3 statistical convolution methodology from only the reactor
coolant pump sheared shaft event to the UFSAR Chapter 15 non-LOCA events
that assume a loss of flow (i.e., a loss of AC power) and that fail fuel.

Implementation of this license amendment will require changes to the SONGS
UFSAR Chapter 15 control room and offsite radiological consequence analyses
for these four Design Basis Accidents (DBAs). Following approval of this license
amendment request, SCE will provide the revised UFSAR sections to the NRC
as part of its normal UFSAR update required by 10 CFR 50.71 (e).

In summary, the requested license amendment will revise the accident source
term used in the design basis radiological consequences analyses to an
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Alternative Source Term in accordance with the requirements of 10 CFR 50.67,
and allow fuel failure estimates for UFSAR Chapter 15 non-LOCA events that
assume a loss of Flow (i.e., a loss of AC power) and that fail fuel, to be based on
the DNB statistical convolution methodology.

3.0 BACKGRCOUND

Generic Letter 2033-01

On June 12, 200'-, the NRC issued Generic Letter (GL) 2003-01, "Control Room
Habitability" (Reference 2) GL 2003-01 discussed the results of Control Room
Envelope (CRE) inleakage testing at several plants. These test results indicate
that current testing methods (positive pressure testing) do not give a good
indication of CRE inleakage. GL 2003-01 requested that licensees confirm that
the most limiting unfiltered inleakage into the CRE is no more than the value
assumed in the design basis radiological analyses. SCE performed CRE
inleakage testing in May, 2004 and transmitted the results of this testing to the
NRC by letter dated September 17, 2004 (Reference 3).

As stated in SCE's August 5, 2003 letter (Reference 4) responding to GL
2003-01, the current value of assumed unfiltered inleakage into the CRE in the
design basis radiological analyses is 0 cfm, plus an additional assumed 10 cfm
for ingress and egress. As described in SCE's letter dated September 17, 2004,
testing has shown that actual CRE inleakage exceeds that assumed in the
current design basis radiological analyses. Since testing was completed,
SONGS Units 2 and 3 have continued to operate based on operability
assessments that rely on AST methodology. Approval of this proposed change
will make the AST the SONGS Units 2 and 3 licensing and design basis and will
restore the SONGS Units 2 and 3 CRE to full qualification.

As described above, this license amendment request represents full-scope
implementation of the AST as described in Regulatory Guide 1.183. The LOCA,
FHA-IC, FHA-FHB, and pre-trip SLB-C)C analyses have been updated and show
results within the acceptance criteria defined in 1 OCFR50.67 with an assumed
CRE unfiltered boundary inleakage of 990 cfm plus 10 cfm assumed unfiltered
inleakage due to CRE ingress and egress. Following approval of this license
amendment request, future revisions to UFSAR Chapter 15 design basis
accident control room and offsite radiological consequence analyses will be
performed using AST methodology. In addition, following approval of this license
amendment request, fuel failure estimates for UFSAR Chapter 15 non-LOCA
events that assume a loss of flow (i.e., a loss of AC power) and that fail fuel may
be based on the DNB statistical convolution methodology.

There are no physical changes to plant equipment or operation of the plant as a
result of this proposed change. There are no changes to the Technical
Specifications (TSs) as a result of this proposed change.
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Impact to the Site

The following clarifications are provided to address source term implementation
considerations of RG 1.183 that are not explicitly stated elsewhere in this
proposed change:

1. Impact on Equipment Environmental Qualification

Regulatory Guide 1.183 Regulatory Position 1.3.5 states that equipment
Environmental Qualification (EQ) analyses that have assumptions or
inputs affected by a proposed plant modification associated with the AST
implementation should be updated to address these impacts. Regulatory
Position 1.3.5 of RG 1.183 also states that the NRC staff is assessing the
effect of increased cesium releases on EQ doses to determine whether
licensee action is warranted, and that until such time as this generic issue
(GSI-1 87) is resolved, licensees may use either the AST or the Technical
Information Document (TID) 14844 assumptions for performing the
required EQ analyses. The GSI has since been closed with the
determination that a generic action was not warranted. Consistent with
the RG 1.183 guidance and the GSI closure determination, since no plant
modifications are required to address AST implementation, the existing
equipment qualification analyses, which are based upon the TID-14844
source term, are considered acceptable. Future EQ analyses may use
either the AST or TID-1 4844 source term.

2. Control Room Habitability

NUREG-0737 (Reference 5), Task III.D.3.4, "Control-Room Habitability
Requirements," requires that the control room (CR) operators be
adequately protected against the effects of accidental release of
radioactivE gases, and that the nuclear power plant can be safely
operated cr shut down under design basis accident conditions (as
required by 10 CFR 50, Appendix A, General Design Criterion 19). With
approval of the Alternative Source Term methodology, the dose
acceptance criterion for CR operators will become the 5 rem Total
Effective Close Equivalent (TE[)E) dose criterion of 10 CFR 50.67.

As documented in Section 4, the CR operator post-accident dose for each
of the evaluated events is less than 5 rem TEDE. Compliance with this
dose acceptance criterion ensures that the CR operators are adequately
protected against the effects of accidental release of radioactive gases,
and that the nuclear power plaint can be safely operated or shut down
under design basis accident conditions.
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3. Emergency Response Facility Habitability

The Emergency Response Facilities (ERFs) consist of the Technical
Support Center (TSC), the Operations Support Center (OSC), and the
Emergency Operations Facility (EOF).

NUREG-0737, Task 11.6.2, "Design Review of Plant Shielding and
Environmental Qualification of Equipment for Spaces/Systems Which May
Be Used in Postaccident Operations", provides dose criteria for CR and
TSC occupants. This document states that the dose to individuals in the
CR or TSC should not be in excess of 5 rem whole body, or its equivalent
to any part of the body for the duration of the accident. The document
also states the CR and TSC dose criteria should be based on the control
room occupancy factors contained in Standard Review Plan 6.4.

The TSC is located within the control room envelope, in rooms that
overlook t'e Units 2 and 3 control room operating areas. TSC occupants
receive thy same inhalation and immersion doses calculated for CR
occupants. SCE has determined that although a given gamma shine dose
to a TSC occupant may be higher or lower than the dose to a CR
occupant, the net effect from all post-accident gamma shine sources is
that the T'iC shine dose is no more than the CR shine dose. Since the
CR dose criterion of 5 rem TEDE is met using an AST methodology, the
TSC dose criterion of 5 rem would also be met.

The OSC is located in the Auxiliary Building. This facility does not have
isolation cr filtration capabilities. Consistent with current emergency
planning requirements, post-accident radiation dose rate surveys of the
OSC wou'd be performed by Health Physics personnel, and protective
actions would be taken if necessary.

The EOF is located at the SONGS Mesa Facility across Interstate 5 from
San Onofre Units 2 and 3. The EOF is protected by charcoal and HEPA
filtration systems. Because of the distance from the various possible
release points and the available filtration systems, any doses seen in the
EOF would be bounded by those seen in the control room or TSC.

4. Impact on Emergencv Planning Radiological Assessment Methodologv

Implementation of an AST will impact several aspects of Emergency
Planning Radiological Dose Assessment Methodology. The behavior of
radioactive iodine released under post-accident conditions, which is
defined by the accident source term, is an input to emergency planning
dose assessment calculations. Following approval of this license
amendment request, the manual dose calculation methodology as
described in Emergency Planning Implementation Procedures (EPIPs)
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and other Emergency Planning guidance documents will be revised to
reflect AUNT methodology.

Raddose V dose assessment software will be evaluated by June 30, 2005,
to determine what specific changes may be warranted in order to maintain
consistency with the manual dose assessment calculation methodology.

5. Post Accideni Sampling Capability

Post Accident Sampling System (PASS) licensing requirements were
deleted from the SONGS Units 2 & 3 Technical Specifications per Unit 2
License Amendment 178 and Unit 3 License Amendment 169
(Reference 6). Currently, the diluted depressurized grab sample portion of
the PAS.S is retained for severe accident management only. Application
of AST methodology has determined that, if required for severe accident
management, an individual can draw a PASS sample approximately
17 hours following the onset of a loss of coolant accident without
exceeding the NUREG-0737 dose criteria for whole body and extremity
exposure ,.

Application of AST methodology has also determined that an individual
performing reactor coolant sample collection and analysis at the Normal
Sampling Station (NSS) for boron, hydrogen, gas activity, and liquid
activity at 3 hours following a non-LOCA event, and with up to 5% fuel
clad failures, will not exceed the 5 rem whole body dose limit. This
determination is consistent with the current licensing basis source term
dose evaluation for this same exposure mechanism.

As described in the Safety Evaluation Report for License Amendments
178 and 169 for San Onofre Units 2 and 3, SCE is committed to maintain
the capability for classifying fuel damage events at the Alert level
threshold of 300 pCi/gram dose equivalent iodine-131. The value of
300 pCi/gram DE 1-131 is unaffected by use of an AST. Therefore, the
capability for classifying fuel damage events at the Alert level threshold is
unchanged.

6. Accident Monitoring Instrumentation

A review of Accident Monitoring setpoint calculations was performed. This
review determined that no setpoint changes will be required to implement
the AST. Some setpoint calculations were unaffected. The remaining
calculations were determined to be conservative relative to calculations
that would be based on an AST, because the mix of isotopes predicted by
the AST calculations is bounded by the mix of isotopes expected under
the current licensing basis. Following approval of this license amendment
request, future revisions to Accident Monitoring setpoint calculations will
reflect the AST source term.
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7. Other Design Bases Not Affected

This proposed change has been determined to have no affect on post-
accident access, environmental reports, facility siting, or leakage control.

4.0 TECHNICAL ANALYSIS

To address the is sue of measured CRE inleakage rate exceeding the currently
assumed CRE inleakage rate, a series of new radiological dose analyses have
been originated using the AST methodology of Regulatory Guide (RG) 1.183 to
document the acceptability of an assumed increase in SONGS Units 2 and 3
CRE unfiltered inleakage rate to a value of 1,000 cfm (including ingress and
egress related inlaakage). This Section summarizes the analyses supporting the
SONGS Units 2 and 3 license amendment request.

As recommended by RG 1.183, a complete LOCA dose analysis has been
performed. Additionally, dose analyses have been performed to assess the
radiological consequences of FHAs in both the containment and fuel handling
buildings, and the radiological consequences of a pre-trip SLB-OC. The FHAs
and SLB-OC have been re-analyzed since the current licensing basis analyses
for these events challenge the offsite close acceptance criteria. In addition, the
pre-trip SLB-OC had not been previously evaluated for control room dose
consequences.

With the exception of the Increased Main Steam Flow with single failure (IMSF-
SF) event, all other design basis accidents that are currently evaluated in the
SONGS Units 2 and 3 UFSAR Chapter 15 have control room and offsite dose
consequences that are less severe than those of the LOCA, FHA, and pre-trip
SLB-OC accidents. The IMSF-SF Exclusion Area Boundary (EAB) whole body
gamma dose is slightly greater than for the pre-trip SLB-OC. The IMSF-SF EAB
thyroid inhalation dose is significantly less than for the pre-trip SLB-OC. For this
reason, the IMSF'-SF has not been re-evaluated as part of this license
amendment request.

Following approval of this license amendment request, future revisions to UFSAR
Chapter 15 design basis accident control room and offsite radiological
consequence analyses will be evaluated using AST methodology whenever a
need arises for them to be updated.

Section 4.1 summarizes the core and fuel rod fission product inventories that
were recalculated using the guidance in AST RG 1.183 as clarified in RG 1.195
(Reference 7). Section 4.1 also presents the recalculated activity profiles
associated with operation at the primary and secondary activity concentration
limits, with and without iodine spiking, as specified in Technical Specification
Limiting Conditions For Operation (LC:Os) 3.4.16 and 3.7.19.
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Section 4.2 summarizes the model used in evaluating offsite dose consequences
at the EAB and al the outer boundary of the low population zone (LPZ). This
model is generic lo the dose analyses evaluating offsite dose consequences.

Section 4.3 summarizes the model used in evaluating control room dose
consequences. This model is generic to the dose analyses evaluating control
room dose consequences.

Adoption of the AST methodology guidance has imposed the need to recalculate
atmospheric dispersion between various post-accident release points and the
control room outside air ventilation intakes. The atmospheric dispersion analysis
uses the ARCON96 computer code and guidance provided in RG 1.194
(Reference 8). Section 4.4 summarizes the ARCON96 analyses.

Section 4.5 summarizes the model used in evaluating the radiological
consequences of a loss of coolant accident.

Section 4.6 summarizes the model used in evaluating the radiological
consequences of a fuel handling accident inside the containment building.

Section 4.7 summarizes the model used in evaluating the radiological
consequences of a fuel handling accident inside the fuel handling building.

Section 4.8 summarizes the model used in evaluating the radiological
consequences of a pre-trip steam line break outside containment.
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Section 4.1 ACTIVITY INVENTORIES AND TECHNICAL SPECIFICATION
ACTIVITY PROFILES

The SONGS Units 2 and 3 core and fuel rod fission product inventories have
been recalculated using the guidance in AST RG 1.183 as clarified in RG 1.195.
Activity profiles have also been recalculated for operation at the primary and
secondary activity concentration limits, with and without iodine spiking.

Section 4.1.1 Core and Averagie Fuel Rod Activity Inventories

Table 4.1-1 summarizes the parameters modeled in the evaluation of the reactor
core activity inventory. The core inventory of fission products is based on the
maximum full-povier operation of the core with, as a minimum, currently licensed
values for fuel enrichment, fuel burnup, and an assumed core power equal to the
current licensed rated thermal power times the emergency core cooling system
(ECCS) evaluation uncertainty. These parameters were examined parametrically
to maximize the fission product inventory. The period of irradiation is of sufficient
duration to allow ihe activity of dose significant radionuclides to reach equilibrium
or to reach maximum values. The core inventory was developed using the
SAS2H and ORICGEN-S modules of the NRC-sponsored SCALE code package,
which is an appropriate isotope generation and depletion computer code.

TABLE 4.1-1: ACTIVITY INVENTORY MODEL PARAMETERS
PARAMETER MODELED VALUE

Maximum Core Average Burnup 40.0 GWD/T
Maximum Core Average Enrichment 4.8 w/o U-235
Maximum Core Uranium Loading 95.5 MTU
Core Rated Thermal Power 3,438 MW-t
Core Thermal Power Uncertainty 0.58% actual, 2.0% modeled
Analyzed Core rhermal Power 3,507 MW-t
Minimum Number of Fuel Rods per Core 51,132 rods/core

The ORIGEN-S code was executed for the various combinations of core average
burnups (0, 10, 2'), 30 and 40 GWD/T) and enrichments (3.8 and 4.8 w/o U-235).
Each ORIGEN-S code run evaluated the activity inventory in a single fuel
assembly. In any code run, the maximum curie value of an isotope represents
the sum of the O0RIGEN-S code output identified as "Light Elements", "Fission
Products", and "Actinides". For each isotope, the maximum curie value from the
ORIGEN-S code runs was chosen to represent the inventory of that isotope in
the composite fuel assembly. Activity inventories were originated for 540
isotopes of the elements listed in RG 1.183 Table 5. The maximum full core
accident source term was determined by multiplying the composite maximum fuel
assembly activity inventory by 217 fuel assemblies per core.
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Table 4.1-2 summarizes the full core accident source term. The original 540
isotopes were reduced to the Table 4.1-2 listing of 166 isotopes that are included
in the Bechtel LocaDose code isotope library. Per the guidance of RG 1 .183
Regulatory Position 4.1.1, the isotope libraries contain all radionuclides, including
progeny from the decay of parent radionuclides, that are significant with regard to
dose consequences and the released radioactivity. The 166 isotopes include all
but one of the isotopes listed in the RADTRAD code isotope library as identified
in NUREG/CR-61304 (Reference 9) Table 1.4.3.3-2. The missing isotope is
Niobium-97m, which is a short-lived daughter of Zirconium-97, and which does
not have a dose conversion factor in Federal Guidance Report 11 (Reference
10). Niobium-97m decays to Niobiurn-97. The Bechtel LocaDose code isotope
library conservat vely assumes that Zirconium-97 decays directly to Niobium-97.

Consistent with thre guidance of RG 1.183 Regulatory Position 3.1, for events that
do not involve the entire core, Table 4.1-3 summarizes the average fission
product inventory of each damaged fuel rod as determined by dividing the
Table 4.1-2 total core inventory by the minimum number of fuel rods in the core.

Per RG 1.183 Regulatory Positions 3.2 and 3.4, the only elements to be
considered in design basis analyses for non-LOCA events, including fuel
handling accidents, are xenon, krypton, iodine, bromine, cesium, and rubidium.
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TABLE 4.1-2: REACTOR CORE l'SOTOPE INVENTORY AT SHUTDOWN
ISOTOPE CORE ISOTOPE CORE ISOTOPE CORE ISOTOPE CORE

INVENTORItY INVENTOFRY INVENTORY INVENTORY
[curies] [curies] _ [curies] [curies]

XE-131 M 1.22E+013 TE-127M 1.44E2+06 CO-58 2.21 E+05 CM-243 2.26E+03

XE-1 33M 6.05E+013 TE-1 27 8.48E+Ot- C0-60 4.60E+05 CM-244 3.91 E+05
XE-133 1.93E+03 TE-129M 5.95E+O6 LA-140 1.90E+08 CM-245 3.06E+01

XE-135M 4.06E+07 TE-129 2.91 E+07 LA-141 1.67E+08 CM-246 8.05E+00

XE-135 7.05E+07 TE-131 M 1.92E+07 LA-142 1.66E+08 CM-247 4.34E-05

XE-137 1.80E+03 TE-131 7.90E+07 LA-143 1.63E+08 CM-248 1.97E-04

XE-1 38 1.79E+03 TE-132 1.34E+08 ZR-93 1.56E+02 AM-241 1.57E+04
KR-83M 1.43E+07 TE-1 33M 9.20E+0 7 ZR-95 1.78E+08 AM-242M 1.06E+03

KR-85M 3.12E+07 TE-133 1.11 E+08 ZR-97 1.69E+08 AM-242 9.20E+06

KR-85 1.09E+0D TE-1 34 1.92E+08 ND-144 O.OOE+00 AM-243 2.93E+03
KR-87 6.38E+07 SB-124 8.79E+04 ND-147 6.55E+07 CE-141 1.67E+08
KR-88 8.98E+07 SB-125 1.03E+06 EU-152 9.37E+02 CE-142 3.19E-03
KR-89 1.15E+08 SB-126M 5.13E+Ot EU-154 7.68E+05 CE-143 1.64E+08
1-129 3.62E+00 SB-126 4.37E+04 EU-155 3.12E+05 CE-144 1.29E+08

1-130 2.50E+05 SB-127 8.57E+06 EU-156 2.65E+07 PU-236 5.34E+01

1-131 9.37E+07 SB-129 3.06E+07 NB-93M 2.16E+02 PU-237 7.05E+02

1-132 1.36E+08 SE-79 7.86E+OO NB-95M 2.05E+06 PU-238 3.56E+05

1-133 1.98E+08 BA-136M 6.36E+05 NB-95 1.79E+08 PU-239 3.60E+04
1-134 2.26E+08 BA-137M 1.19E+0-7 NB-97 1.70E+08 PU-240 5.16E+04

1-135 1.87E+08 BA-139 1.82E+03 PM-147 1.87E+07 PU-241 1.53E+07

1-136 9.20E+07 BA-140 1.81 E+0,3 PM-148M 3.30E+06 PU-242 2.50E+02

1-137 9.46E+07 BA-141 1.66E+0;3 PM-148 1.84E+07 PU-243 4.95E+07

1-138 4.73E+07 SR-89 1.24E+03 PM-149 5.97E+07 PU-244 O.OOE+00

BR-82 3.43E+05 SR-90 9.48E+03 PM-151 1.95E+07 NP-236 1.24E-03

BR-83 1.42E+C7 SR-91 1.53E+03 PR-143 1.58E+08 NP-237 4.04E+01

BR-84 2.73E+C7 SR-92 1.55E+03 PR-144M 1.81 E+06 NP-238 4.67E+07

BR-85 3.12E+C 7 SR-93 1.68E+03 PR-144 1.30E+08 NP-239 2.03E+09
BR-87 5.1 OE+C 7 SR-94 1.63E+OB SM-147 1.97E-04 GD-1 52 O.OOE+00

BR-88 5.1OE+C7 SR-95 1.46E+OB SM-148 O.OOE+00 U-232 0.OOE+00

CS-134M 4.56E+C06 RU-1 03 1.55E+0_ SM-1 49 O.OOE+00 U-234 O.OOE+00
CS-134 1.87E+C07 RU-105 1.12E+08 SM-151 5.14E+04 U-236 O.OOE+00

CS-135 5.97E+Ct1 RU-106 6.08E+07 SM-1 53 5.01 E+07 U-237 O.OOE+00

CS-136 5.58E+C'6 RH-103M 1.55E+08 Y-89M 1.33E+05 U-238 O.OOE+00

CS-1 37 1.25E+07 RH-105 1.02E+08 Y-90M 5.82E+02 PA-233 O.OOE+00

CS-138 1.90E+018 RH-106 6.73E+07 Y--90 9.94E+06 TH-228 O.OOE+00

CS-139 1.79E+(18 PD-107 1.32E+01 Y-91 M 8.85E+07 TH-230 0.OOE+00

RB-86 1.90E+05 PD-109 4.06E+07 Y--91 1.51 E+08 TH-232 O.OOE+00

RB-87 2.54E-C3 MO-99 1.80E+08 Y--92 1.56E+08 TH-234 O.OOE+00

RB-88 9.20E+07 TC-99M 1.59E+08 Y--93 1.13E+08 U-233 O.OOE+00

RB-89 1.22E+08 TC-99 1.55E+03 Y--94 1.75E+08 TH-229 O.OOE+00

RB-90 1.14E+08 TC-101 1.59E+08 Y--95 1.77E+08
TE-125M 2.23E+05 C0-57 0.OOE+0 CM-242 5.08E+06

= . .
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TABLE 4.1-3: AVERAGE FUEL ROD ISOTOPE INVENTORY AT SHUTDOWN
ISOTOPEI AVG. ROD ISOTOPE AVG. ROD ISOTOPE AVG. ROD ISOTOPE AVG. ROD

INVENTORY INVENTCORY INVENTORY INVENTORY
[curieL [curiesL [curles] [curies]

XE-131M 2.38E+01 TE-127M 2.81E+CO1 CO-58 4.33E+0 CM-243 4.41E-02
XE-133M 1.18E+02 TE-127 1.66E+O12 CO-60 9.00E+00 CM-244 7.64E+00
XE-133 3.78E+03 TE-129M 1.16E+(12 LA-140 3.72E+03 CM-245 5.98E-04

XE-135M 7.94E+()2 TE-129 5.69E+O12 LA-141 3.26E+03 CM-246 1.57E-04
XE-135 1.38E+()3 TE-131M 3.76E+O2 LA-142 3.24E+03 CM-247 8.49E-10
XE-137 3.52E+03 TE-131 1.54E+CI3 LA-143 3.19E+03 CM-248 3.85E-09
XE-138 3.50E+03 TE-132 2.62E+CI3 ZR-93 3.04E-03 AM-241 3.06E-01
KR-83M 2.79E+02 TE-1 33M 1.80E+CI3 ZR-95 3.48E+03 AM-242M 2.07E-02
KR-85M 6.11 E+02 TE-133 2.17E+CI3 ZR-97 3.31 E+03 AM-242 1.80E+02
KR-85 2.13E+01 TE-134 3.76E+03 ND-144 0.002++00 AM-243 5.73E-02
KR-87 1.25E+03 SB-124 1.72E+CIO ND-147 1.28E+03 |CE-141 3.26E+03
KR-88 1.76E+03 SB-125 2.01E+01 EU-152 1.83E-02 CE-142 6.24E-08
KR-89 2.25E+()3 SB-126M 1.00E+00 EU-154 1.50E+01 CE-143 3.21E+03
1-129 7.09E-C,5 SB-126 8.55E-01 EU-155 6.11E+00 CE-144 2.52E+03
1-130 4.88E+01 SB-127 1.68E+CO2 EU-156 5.18E+02 PU-236 1.04E-03
1-131 1.83E+03 SB-129 5.98E+02 NB-93M 4.23E-03 PU-237 1.38E-02
1-132 2.67E+03 SE-79 1.54E-04 NB-95M 4.02E+01 PU-238 6.96E+00
1-133 3.87E+O3 BA-136M 1.24E+CI1 NB-95 3.50E+03 PU-239 7.04E-01
1-134 4.41 E+03 BA-137M 2.32E+02 NB-97 3.32E+03 PU-240 1.01 E+00
1-135 3.65E+03 BA-139 3.56E+CI3 PM-147 3.65E+02 PU-241 2.98E++02

1-136 1.80E+03 BA-140 3.54E+03 PM-148M 6.45E+01 PU-242 4.88E-03
1-137 1.85E+03 BA-141 3.24E+CI3 PM-148 3.60E+02 PU-243 9.68E+02
1-138 9.25E+02 SR-89 2.42E+03 PM-149 1.17E+03 PU-244 0.OOE+00

BR-82 6.71E+00 SR-90 1.85E+02 PM-151 3.81E+02 NP-236 2.42E-08
BR-83 2.78E+02 SR-91 2.98E+03 PR-143 3.10E+03 NP-237 7.89E-04
BR-84 5.35E+O2 SR-92 3.03E+C03 PR-1 44M 3.54E+01 NP-238 9.12E+02
BR-85 6.11E+02 SR-93 3.28E+CI3 PR-144 2.53E+03 NP-239 3.97E+04
BR-87 9.97E+02 SR-94 3.19E+CI3 SM-147 3.85E-09 GD-152 O.OOE+00

BR-88 9.97E+02 SR-95 2.86E+03 SM-1 48 0.OOE+00 U-232 0.OOE+100
CS-134M 8.91E+01 RU-103 3.04E+03 SM-149 O.OOE+00 U-234 O.OOE+00

CS-134 3.67E+O2 RU-105 2.19E+03 SM-151 1.01E+00 U-236 0.00E+00
CS-135 1.17E-C3 RU-106 1.19E+03 SM-153 9.80E+02 U-237 O.OOE+00
CS-136 1.09E+02 RH-103M 3.03E+03 Y-89M 2.61 E+00 U-238 O.OOE+00

CS-1 37 2.44E+O2 RH-1 05 2.OOE+03 Y-90M 1.14E-02 PA-233 O.OOE+00
CS-138 3.71 E+O3 RH-106 1.32E+O3 Y--90 1.94E+02 TH-228 O.OOE+00
CS-1 39 3.50E+O3 PD- 07 2.58E-04 Y-91 M 1.73E+03 TH-230 O.OOE+00

RB-86 3.72E+00 PD- 09 7.94E+O2 Y--91 2.95E+03 TH-232 O.OOE+00

RB-87 4.97E-C8 MO-99 3.52E+O3 Y--92 3.06E+03 TH-234 O.OOE+00
RB-88 1.80E+03 TC-99M 3.10E+03 Y--93 2.22E+03 U-233 O.OOE+00
RB-89 2.38E+03 TC-99 3.03E-02 Y--94 3.42E+03 TH-229 O.OOE+00

RB-90 2.24E+03 TC-101 3.112E+03 Y--95 3.47E+03 I

TE-125M 4.37E+00 CO-57 0.00E+00 CM-242 9.93E+O1
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Consistent with RG 1.183 Appendix B Section 3.1, the fuel handling accident
dose analyses model 72 hours of radioactive decay prior to an event, which is
the minimum decay time required by SONGS Units 2 and 3 Licensee Controlled
Specification (LCS) 3.9.101 prior to movement of irradiated fuel in the reactor
vessel (Note: some licensees refer to the LCS as their Technical Requirements
Manual). Table 4.1-4 summarizes the average fuel rod isotope inventory for use
in the fuel handling accident AST dose! analyses. Table 4.1-4 determines the
fission product inventory of an average fuel rod by decaying the Table 4.1-3
average rod inventory for 72 hours.

Per RG 1.183 Regulatory Positions 3.2 and 3.4, the only elements considered in
design basis analyses for fuel handling accidents are xenon, krypton, iodine,
bromine, cesium, and rubidium. The limited number of elements listed in Table
4.1-4 is consistent with RG 1.183 Appendix B Section 3, which indicates that
particulate radionuclides are retained by the water in the fuel storage pool or
refueling water.

TABLE 4.1-4: AVERAGE FUEL ROD ISOTOPE INVENTORY
AT 72 HOURS POST-SHUTDOWN

AVERAGE FUEL ROD INVENTORY
72 HOURS AFTER SHUTDOWN

ISOTOPE [curies]
BR-82 1.64E+00
BR-83 2.39E-07
1-129 7.09E-05
1-130 8.62E-01
1-131 1.41 E+03
1-132 8.76E-07
1-133 3.56E+02
1-134 7.57E-22
1-135 1.92E+00

KR-83m 4.01 E-10
KR-85m 8.89E-03
KR-85 2.13E+01
KR-87 1.1 3E-14
KR-88 4.66E-05

XE-131 m 2.OOE+01
XE-1 33m 4.57E+01
XE-1 33 2.54E+03
XE-1 35 5.74E+00
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Section 4.1.2 Primary and Secondary Coolant Activity Profiles

Several of the AST dose analyses model primary and secondary activity profiles,
with and without iodine spiking, associated with operation at the concentration
limits specified in Technical Specification Limiting Conditions For Operation
(LCOs) 3.4.16 and 3.7.19. These activity profiles have been recalculated for use
in AST dose analyses to address changes in the maximum core activity profile
specified in Sectibn 4.1.1.

Table 4.1-5 summarizes the primary side equilibrium (no iodine spike) activity
concentration profile determined for the conditions of 1.0 pCi/gram lodine-131
dose equivalency and 100/E pCi/gram average activity concentration for other
non-iodine isotopes, including tritium. These activity limits are consistent with
LCO 3.4.16, "Reactor Coolant System Specific Activity". The primary side iodine
activity concentration profile is based on the Technical Specification Section 1.1
definition for DOSE EQUIVALENT 1-131 (DE 1-131), using ICRP-30 thyroid
inhalation dose conversion factors. The primary side non-iodine activity
concentration profile is based on the Technical Specification Section 1.1
definition for E - AVERAGE DISINTEGRATION ENERGY, using total gamma
and average beta disintegration energies provided in NUREG/CR-1413
(Reference 11).
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TABLE 4.1-5: ACTIVITY CONCENTRATIONS AT TECH. SPEC. LIMITS
Isotope Primary Side Primary Side Secondary Side Secondary Side

Equilibrium Pre-Accident Water Steam
(No Spiking) Iodine Spike Concentration Concentration

Concentration Concentration
[microCi/gm] [mlcroCl/gm] [microCigm] [microCi/gm]

1-131 8.24E-01 4.95E+01 8.33E-02 8.33E-04
1-132 2.28E-01 1.37E+01 1.55E-02 1.55E-04
1-133 9.54E-01 5.72E+01 9.19E-02 9.19E-04
1-134 9.1 5E-02 5.49E+00 4.04E-03 4.04E-05
1-135 4.31 E-01 2.59E+01 3.73E-02 3.73E-04
H-3 1.80E+00 I 3.62E-02 3.62E-02

Br-84 3.81 E-02 I 2.85E-05 2.85E-07
Kr-85m 1.84E+00 I O.OOE+00 6.52E-05

Kr-85 6.41 E+00 - O.OOE+00 2.27E-04

Kr-87 1.08E+00 I O.OOE+00 3.82E-05

Kr-88 3.36E+00 ._I O.OOE+00 1.19E-04

Rb-88 3.40E+00 I 1.81 E-03 3.63E-06

Sr-89 9.16E-03 . 3.38E-05 6.76E-08
Sr-90 5.93E-04 . 2.19E-06 4.38E-09
Y-90 1.53E-03 = 5.51 E-06 1.10E-08

Sr-91 5.29E-03 _ 1.65E-05 3.30E-08

Y-91 mr 3.25E-03 - 3.85E-06 7.69E-09

Y-91 4.09E-02 - 1.51 E-04 3.02E-07
Zr-95 1.1 OE-02 - 4.05E-05 8.09E-08
Mo-99 2.13E+00 - 7.69E-03 1.54E-05

Ru-1 03 1.45E-02 - 5.39E-05 1.08E-07
Ru-1 06 3.79E-03 1.41 E-05 2.82E-08
Te-1 29 4.41 E-02 6.48E-05 1.30E-07

Xe-1 31 m 4.74E+00 O.OOE+00 1.67E-04
Te-1 32 6.53E-01 - 2.37E-03 4.73E-06
Xe-1 33 3.27E+02 . O.OOE+00 1.1 6E-02
Cs-1 34 2.78E+00 . 1.04E-02 2.07E-05

Xe-135m 8.11 E-01 . O.OOE+00 2.87E-05
Xe-1 35 1.41 E+01 I O.OOE+00 4.99E-04
Cs-136 8.28E-01 . 3.07E-03 6.14E-06
Cs-1 37 1.87E+00 . 6.96E-03 1.39E-05
Xe-1 38 5.58E-01 . 0.002+00 1.97E-05
Ba-140 1.19E-02 . 4.38E-05 8.76E-08
La-140 1.20E-02 . 4.25E-05 8.50E-08
Pr-1 43 9.87E-03 3.63E-05 7.26E-08
Ce-1 44 8.01 E-03 . 2.96E-05 5.92E-08
Cr-51 3.36E-03 . 1.24E-05 2.48E-08
Mn-54 1.60E-03 5.92E-06 1.18E-08

Co-60 3.54E-03 1.31 E-05 2.62E-08
Fe-59 1.76E-03 . 6.50E-06 1.30E-08
Co-58 2.82E-02 1.04E-04 2.08E-07
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Table 4.1-5 summarizes the primary side iodine activity concentration profile
determined for the conditions of 60 pCi/gram DE 1-131 at full power operations
(i.e., a pre-accident iodine spike). This activity limit is permitted by LCO 3.4.16.
The primary side pre-accident iodine spike activity concentration profile is a
factor of 60 greater than the Table 4.1-5 profile for the normal operation
conditions of 1.0 pCi/gram DE 1-131.

Table 4.1-5 summarizes the secondary side water iodine activity concentration
profile determined for the condition of 0.1 pCi/gram lodine-131 dose equivalency.
This activity limit is consistent with LCO 3.7.19, "Secondary Specific Activity".
The secondary side iodine activity concentration profile is based on the Technical
Specification Section 1.1 definition for DOSE EQUIVALENT 1-131, using
ICRP-30 thyroid inhalation dose conversion factors. Table 4.1-5 also
summarizes the secondary side water non-iodine activity concentration profile.
No Technical Specification limit exists for the secondary side water non-iodine
activity concentration profile. The secondary side water non-iodine activity
concentration profile was determined using a steady-state activity balance.
Primary side activity at LCO 3.4.16 concentrations was introduced into the steam
generator liquid at the Technical Specification LCO 3.4.13, "Reactor Coolant
System Operational Leakage", total maximum primary-to-secondary leakage rate
of 1.0 gallon/minute. Secondary side water activity was removed via partitioning
into the secondary steam, demineralization by the full-flow condensate polisher
demineralizer arid the blowdown demineralizer, secondary side leakage, and
radioactive decay. The concentration of noble gases in the secondary side water
is negligible since all noble gas activity is assumed to be released to the steam
generator gas space. This is modeled as a steam generator liquid to steam
noble gas partition coefficient (i.e., liquid concentration divided by gas
concentration) of 0.0.

Table 4.1-5 summarizes the secondary side steam activity concentration profile.
No Technical Specification limit exists for the secondary side steam activity
concentration profile. The secondary side steam iodine and particulate activity
concentrations were determined by considering partitioning and moisture
carryover from the secondary side water activity concentration profile. The
secondary side steam noble gas activity concentrations were determined using a
steady-state act vity balance and the assumption of a steam generator liquid to
steam noble gas partition coefficient of 0.0. Primary side activity at LCO 3.4.16
concentrations was introduced into the steam generator water at the LCO 3.4.13
total maximum primary-to-secondary leakage rate of 1.0 gallon/minute.
Secondary side steam noble gas activity was removed at the total main steam
flow rate.

In addition to the condition of a pre-accident iodine spike, AST dose analyses
may model an accident induced (i.e., coincident or concurrent) iodine spike. Per
RG 1.183 Appendices E and F, the concurrent iodine spike assumes that the
iodine release rate from the fuel rods to the primary coolant increases to a value
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of 335 or 500 timens greater than the release rate corresponding to the iodine
concentration at Ihe equilibrium value of 1.0 pCi/gram DE 1-131 specified in the
Technical Specifications. The calculation of the concurrent iodine spike release
rate conservatively assumed maximum letdown flow, maximum allowable
identified and unidentified primary coolant leak rates, maximum allowable
primary-to-secondary leak rate, maximum reactor coolant pump seal controlled
bleed-off flow rate, 100 percent removal of all iodine from the letdown stream by
the purification ion exchanger, and minimum reactor coolant system mass.
Table 4.1-6 summarizes the concurrent iodine spike release rate in terms of
escape rate coeflicients that are to be modeled with the AST reactor core iodine
inventory and an assumed 0.62 percent failed fuel. As an example, when the
iodine spike release rate for the equilibrium case of 1 .3E-08 sec"1 is modeled with
the AST reactor core iodine inventory and 0.62 percent fuel failure, the resultant
equilibrium primary coolant iodine activity concentration is 1.0 pCi/gram DE
1-131.

TABLE 4.1-6: CONCURRENT IODINE SPIKE ESCAPE RATE COEFFICIENTS
Condition Iodine Iodine

Escape Rate Escape Rate
Coefficient Coefficient
[1/second] [1lhour]

Equilibrium (no spike) 1.3E-08 4.7E-05
Spiking Factor of 335500 E;.5E-06 2.4E-02
Spikin Factor of 5W335 L4E-06 1.6E-02 I

Section 4.1.3 Radial Peaking Factor

Consistent with the guidance of RG 1.183 Regulatory Position 3.1, to account for
differences in power level across the core, Radial Peaking Factors (RPFs) are
applied to the Section 4.1.1 Tables 4.1-3 and 4.1-4 average fuel rod isotope
inventory in determining the activity inventory of the damaged fuel rods when
only a portion of the core is damaged.

Per RG 1.183 REgulatory Position 3.1, the RPFs should be values from the
facility's Core Operating Limits Report (COLR) or Technical Specifications.
SONGS Units 2 and 3 do not report RPFs in the facility's COLR or in the SONGS
Technical Specifications. SONGS Units 2 and 3 calculate RPFs in unit and cycle
specific reload physics analyses.

A review of the recent SONGS Units 2 and 3 Cycle 11 and 12 reload physics
analyses identified RPFs with values no greater than 1.67 at 100 percent power.
For conservatism the non-LOCA AST dose calculations addressed in this AST
license amendment request model an RPF of 1.75 for all damaged fuel rods. For
the DBA LOCA, all fuel assemblies are damaged and the core average inventory
(without peaking factor) is used.
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Section 4.1.4 Fuel Damage in Non-LOCA Design Basis Accidents

Per RG 1.183 Regulatory Position 3.6. the amount of fuel damage caused by
non-LOCA design basis events should be analyzed to determine the fraction of
the fuel that reaches or exceeds the initiation temperature of fuel melt and the
fraction of fuel elements for which the fuel clad is breached.

Consistent with the NRC approved SONGS Units 2 & 3 reload analysis
methodology documented in Section '3.4.2.1 of SCE-9801-P-A, "Reload Analysis
Methodology for the San Onofre Nuclear Generating Station Units 2 and 3," fuel
failure for the control element assembly (i.e., rod) ejection event is currently
based on enthalpy deposition methodology. Per SCE-9801-P-A, fuel failure for
the reactor coolait pump sheared shaft event is currently based on the
Departure from Nucleate Boiling (DNE;) statistical convolution methodology, and
fuel failure for the remaining non-LOCA events that fail fuel are currently based
on the DNB deterministic methodology.

Following approval of this license amendment request, in addition to the reactor
coolant pump sheared shaft event, fuel failure estimates for UFSAR Chapter 15
non-LOCA events that assume a loss of flow (i.e., a loss of AC power) and that
fail fuel (currently steam system piping failures and increased main steam flow
with single failure) may be based on the DNB statistical convolution
methodology.

The DNB statistical convolution technique is described in NRC approved
Combustion Engineering document CENPD-1 83-A "C-E Methods for Loss of
Flow Analysis" (Reference 18). The DNB statistical convolution technique
estimates the arount of fuel failure by the probability density function with the
DNB distribution. The DNB deterministic technique ignores the DNB distribution
and uses a single value, the Departure from Nucleate Boiling Ratio (DNBR)
Specified Acceptable Fuel Design Limit (SAFDL), as the fuel failure criterion.

The DNB statistical convolution technique is widely used to determine fuel failure
for events at Combustion Engineering, designed reactors. The SONGS Units 2 &
3 current licensing basis uses the DNIB statistical convolution technique for
predicting fuel failure for the reactor coolant pump sheared shaft evaluation. In
addition, the Palo Verde Nuclear Generating Station uses the DNB statistical
convolution technique for the calculation of fuel failures for transients that result
in fuel failure.
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Section 4.2 OFIFSITE DOSE MODEL

Regulatory Guide 1.183 Regulatory Position 4.1 provides guidance to be used in
determining the TEDE for persons located at or beyond the boundary of the
exclusion area, including the outer boundary of the LPZ. This Section addresses
the applicability of this guidance to the SONGS Units 2 and 3 AST dose analyses
as it relates to the offsite dose exposure parameters.

The characteristics of the offsite dose exposure parameters as modeled in the
AST dose analyses are summarized in Tables 4.2-1 and 4.2-2 for the EAB and
LPZ dose receptors, respectively.

TABLE 4.2-1: EAB DOSE EXPOSURE PARAMETERS
EXCLUSION AREA BOUNDARY PARAMETER MODELED VALUE]

EAB dose acceptance criterion, Rem TEDE Varies by event
EAB dose exposure duration, hours 2-hour window

Per Federal Guidance
Committed effective dose equivalent (CEDE') dose conversion factors Report (FGR)-l 1
Effective dose equivalent (EDE) dose conversion factors Per FGR-12
EAB breathing rate, event duration, m3 /second 3.5E-04
EAB atmospheric dispersion factor, event duration, seconds/M 3  2.72E-04

TABLE 4.2-2: LPZ DOSE EXPOSURE PARAMETERS
LOVE POPULATION ZONE PARAMETER MODELED VALUE

LPZ dose acceptance criterion, Rem TEDE Varies by event
LPZ dose exposure duration, hours Event Duration
Committed effective dose equivalent (CEDE) dose conversion factors Per FGR-1 1
Effective dose equivalent (EDE) dose conversion factors Per FGR-12

LPZ breathing rates, m3/second
0 to 8 hours 3.5E-04
8 to 24 hours 1.8E-04
1 day to end of event 2.3E-04

LPZ atmospheric dispersion factors, seconds/M 3

0 to 8 hours 7.72E-06
8 to 24 hours 4.74E-06
1 to 4 days 3.67E-06
4 days to end of event 2.67E-06

Consistent with RG 1.183 Regulatory Position 4.1.1, the offsite dose calculations
determine TEDE, which is the sum of the committed effective dose equivalent
(CEDE) from inhalation and the deep dose equivalent (DDE) from external
exposure. Consistent with RG 1.183 Regulatory Position 4.1.4, the EDE from
external exposurei is used in lieu of DDE in determining the contribution of
external dose to the TEDE. The calculation of the CEDE and EDE components
of the TEDE consider all radionuclides identified in Section 4.1 of this license
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amendment request, including progeny from the decay of parent radionuclides,
that are significant with regard to dose consequences and the released
radioactivity.

Consistent with FIG 1.183 Regulatory Position 4.1.2, the AST analyses model
CEDE dose conversion factors taken from the column headed "effective" in
Table 2.1 of Federal Guidance Report (FGR) 11, "Limiting Values of
Radionuclide Intake and Air Concentration and Dose Conversion Factors for
Inhalation, Submersion, and Ingestion".

Consistent with FIG 1.183 Regulatory Position 4.1.3, for the first 8 hours, the
breathing rate of persons at the outer boundary of the LPZ is assumed to be
3.5E-4 cubic meters per second. From 8 to 24 hours following the accident, the
breathing rate is assumed to be 1 .8E-4 cubic meters per second. After that and
until the end of the accident, the rate is assumed to be 2.3E-4 cubic meters per
second. The breathing rate for persons at the EAB is assumed to be 3.5E-4
cubic meters per second for the event duration.

Consistent with FIG 1.183 Regulatory Position 4.1.4, the AST analyses model
EDE dose conversion factors taken from the column headed "effective" in
Table 111.1 of Federal Guidance Report (FGR) 12, "External Exposure to
Radionuclides in Air, Water, and Soil" (Reference 12).

Consistent with FIG 1.183 Regulatory Positions 4.1.5, 4.1.6 and 4.4, the
radiological criteria for the EAB and for the outer boundary of the LPZ are in
10 CFR 50.67. These criteria are stated for evaluating reactor accidents of
exceedingly low probability of occurrence and low risk of public exposure to
radiation, e.g., a large-break LOCA. For events with a higher probability of
occurrence, postulated EAB and LPZ: doses should not exceed the criteria
tabulated in RG 1.183 Table 6.

Consistent with FIG 1.183 Regulatory Position 4.1.5, the maximum EAB TEDE
for any two-hour period following the start of the radioactivity release is
determined and used in determining compliance with the dose criteria. The
Bechtel LocaDose code used in the AST dose analyses determines the
maximum two-hour TEDE at the EAD by calculating the postulated dose for a
series of small time increments and performing a "sliding" sum over the
increments for successive two-hour periods. The time increments appropriately
reflect the progression of the accident to capture the peak dose interval between
the start of the event and the end of radioactivity release.

The AST dose analyses for exposure to individuals at the EAB and LPZ consider
immersion of the individual in the radioactive plume released from the facility.
Consistent with RG 1.183 Regulatory Position 5.3, the atmospheric dispersion
values for the EAB and the LPZ that were approved by the NRC staff during
initial facility licensing are used in performing the AST radiological analyses.
These atmospheric dispersion factors for the EAB and LPZ are the five percentile
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values listed in SONGS Units 2 and 3 UFSAR Appendix 15B Table 15B-4.
Consistent with RG 1.183 Regulatory Position 4.1.7, no correction is made for
depletion of the offluent plume by deposition on the ground.

Radioactive material contained in a plant structure is assumed to be a negligible
radiation shine source to the offsite dose receptors relative to the dose
associated with immersion in the radioactive plume (i.e., environmental cloud)
released from the facility. To evaluate the conservatism present in this modeling
when using an alternative source term, the post-LOCA reactor containment
building shine dcises at the EAB and at the outer boundary of the LPZ were
compared to the post-LOCA offsite immersion/inhalation doses. As shown in
Table 4.2-3, the EAB and LPZ doses due to containment shine are at least three
orders of magnitude (a factor of 1,000) smaller than the EAB and LPZ doses due
to immersion in the radioactive plume released from the containment.

TABLE 4.2-3: SIGNIFICANCE OF PLANT STRUCTURE SHINE DOSE
AST

POST-LOCA CONTAINMENT LEAKAGE RADIATION SOURCE TEDE DOSE

3(. E)
Maximum 2-hour EAB dose due to immersion and inhalation 3.651E+00

Maximum 2-hour EAB dose due to Containment Building shine 1.206E-03I-204E-03

Event duration LPZ dose due to immersion and inhalation 2.377E-01
Eid .309E-01

Event duration LPZ dose due to Containment Building shine | 1.799E-09
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Section 4.3 CONTROL ROOM DOSE MODEL

SONGS Units 2 and 3 share a combined control room. RG 1.183 Regulatory
Position 4.2 prov des guidance to be used in determining the TEDE for persons
located in the control room. Section 4.3.1 addresses the applicability of this
guidance to the SONGS Units 2 and 3 AST dose analyses as it relates to the
control room dosa exposure parameters. Section 4.3.2 addresses the
applicability of the RG 1.183 guidance as it relates to the control room response
to radiation sources that may cause exposure to control room personnel.

Section 4.3.1 Control Room Dose Exposure Parameters

The characteristics of the control room dose exposure parameters as modeled in
the AST dose analyses are summarized in Table 4.3-1.

TABLE 4.3-1: CONTROL ROOM DOSE EXPOSURE PARAMETERS
CONTROL ROOM PARAMETER MODELED VALUE

CR dose acceptance criterion, Rem TEDE 5
Committed effective' dose equivalent (CEDE) dose conversion factors Per FGR-1 1
Effective dose equivalent (EDE) dose conversion factors Per FGR-12
CR occupancy factors, percent of time present in CR

0 to 1 day 100
1 to 4 days 60
4 to 30 days 40

CR breathing rate, event duration, m3/second 3.5E-04

Consistent with FIG 1.183 Regulatory Position 4.2.2, the radioactive material
releases and radiation levels modeled in the control room dose analyses are
determined using the same source term, transport, and release assumptions
used for determining the EAB and LP;Z TEDE values. These parameters are
detailed in the laler sections of this license amendment request that describe the
various accident scenarios. These parameters do not result in non-conservative
results for the control room.

Consistent with FIG 1.183 Regulatory Position 4.2.7, the control room doses are
calculated using the dose conversion factors identified in RG 1.183 Regulatory
Position 4.1 for use in offsite dose analyses. The control room dose calculations
determine the TEiDE, which is the sum of the CEDE from inhalation and the DDE
from external exposure. Consistent with RG 1.183 Regulatory Position 4.1.4, the
EDE from external exposure is used in lieu of DDE in determining the
contribution of external dose to the TEDE. The calculation of the CEDE and EDE
components of the TEDE consider all radionuclides identified in Section 4.1 of
this license amendment request, including progeny from the decay of parent
radionuclides, that are significant with regard to dose consequences and the
released radioactivity.
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Consistent with RG 1.183 Regulatory Position 4.1.2, the AST analyses model
CEDE dose conversion factors taken from the column headed "effective" in
Table 2.1 of Federal Guidance Report 11, "Limiting Values of Radionuclide
Intake and Air Concentration and Dose Conversion Factors for Inhalation,
Submersion, and Ingestion".

Consistent with RG 1.183 Regulatory Position 4.1.4, the AST analyses model
EDE dose conversion factors taken from the column headed "effective" in
Table 111.1 of Federal Guidance Repori: 12, "External Exposure to Radionuclides
in Air, Water, and Soil."

Consistent with RG 1.183 Regulatory Position 4.2.7, the DDE from photons (i.e.,
the EDE) is corrected for the difference between finite cloud geometry in the
control room and the semi-infinite cloud assumption used in calculating the dose
conversion factors. The Bechtel LocaDose code used in this analysis employs
the following RG 1.183 Equation 1 to correct the semi-infinite cloud dose, DDE-,
to a finite cloud dose, DDEfinite, where the control room is modeled as a
hemisphere that has a volume, V, in cubic feet, equivalent to that of the control
room:

DDEfinite = (DDE_ x V0.3 38 ) / 1173

Consistent with RG 1.183 Regulatory Position 4.4, as an AST dose analysis
acceptance criterion the postulated control room dose is evaluated to ensure that
that it does not exceed the 5 Rem TEDE criterion established in 10 CFR 50.67.

Consistent with RG 1.183 Regulatory Position 4.2.6, the control room dose
receptor for the AST analyses is the hypothetical maximum exposed individual
who is present in the control room for 100% of the time during the first 24 hours
after an event, 60% of the time between 1 and 4 days, and 40% of the time from
4 days to 30 days. These occupancy factors are not modeled in the ARCON96
atmospheric dispersion factors discussed in Section 4.4 of this license
amendment request.

Consistent with RG 1.183 Regulatory Position 4.2.6, for the duration of any
event, the breath ng rate of the hypothetical maximum exposed individual who is
present in the control room is assumed to be 3.5E-04 cubic meters per second.

Consistent with FG 1.183 Regulatory Position 4.2.5, credit is not taken for the
control room personnel use of personal protective equipment (e.g., protective
beta radiation resistant clothing, eye protection, or self-contained breathing
apparatus [SCBA]) or prophylactic drugs (i.e., potassium iodide [KI] pills).

Page 22 of 1 10



Section 4.3.2 Control Room Response to Radiation Sources

Consistent with RG 1.183 Regulatory Position 4.2.3, the models used to
transport radioactive material into and through the control room, and the
shielding models used to determine radiation dose rates from external sources,
are structured to provide suitably conservative estimates of the exposure to
control room personnel. The control room response to these radiation sources is
discussed in this section.

Consistent with RG 1.183 Regulatory Position 4.2.1, the AST dose analyses
consider the following sources of radiation that may cause exposure to control
room personnel:

* Contamination of the control room atmosphere by the intake or infiltration
of radioactive material contained in the radioactive plume released from
the facility,

* Contamination of the control room atmosphere by the intake or infiltration
of airborne radioactive material from areas and structures adjacent to the
control room envelope,

* Radiation shine from the external radioactive plume released from the
facility,

* Radiation shine from radioactive material in the reactor containment
building,

* Radiation shine from radioactive material in systems and components
inside or external to the control room envelope.

The characteristics of the control room as modeled in the AST dose analyses are
summarized in Table 4.3-2.
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TABLE 4.3-2: CONTROL ROOM MODEL PARAMETERS

CONTROL ROOM PARAMETER NOMINAL MODELED

CR net free volume, cubic feet 266,920 266,920
CR unfiltered outside air inleakage, event duration
ingress and egress, cfm not applicable 10
Boundary and system inleakage, cfm 132 990
total unfiltered inleakage, cfm not applicable 1,000

CR Normal mode of operation
unfiltered outside air makeup, cfm 5820 6402
filtered outside air makeup, cfm 0 0
filtered CR air recirculation, cfm 0 0

Control Room Emergency Air Cleanup System (CREACUS)
initiation time
Safety Injection Actuation Signal (SIAS) induced
Control Room Isolation Signal (CRIS), seconds < 10 0
High CR Heating, Ventilation, and Air-Conditioning 120.0 180
(HVAC) intake radiation induced CRIS, seconds

CREACUS Emergency mode of operation, one train operation
filtered outside air makeup, cfm 2,050 2,200
filtered CR air recirculation, cfm 33,505 29,934

CREACUS Emergency mode of operation, two train operation
filtered outside air makeup, cfm 4,100 4,400
filtered CR air recirculation, cfm 67,010 59,869

CREACUS Emergency mode of operation, Emergency Ventilation
Supply (EVS) filter efficiencies

Elemental iodine, percent removal > 90 0
organic iodide, percent removal > 90 0
Particulate iodine and aerosols, percent removal > 99.95 0

CREACUS Emergency mode of operation, Emergency Air
Conditioner (EAC) filter efficiencies
elemental iodine, percent removal > 99 95
organic iodide, percent removal > 99 95
Particulate iodine and aerosols, percent removal > 99.95 99

Section 4.3.2.1 Control Room Intake and Infiltration of Contaminated Air

Only the west side of the control room envelope is exposed to the radioactive
plumes released from the facility. The adjacent areas and structures to the north,
south, and east of the CRE, and the adjacent areas and structures above and
below the CRE, (1o not contain activity release points. These adjacent areas and
locations can only become contaminated with air introduced via intake or
infiltration of radioactive material contained in the radioactive plumes released
from the facility. Consequently, the resultant activity concentrations in the
adjacent areas and structures will be less contaminated than any radioactive
plume. For this reason, the AST dose analyses conservatively assume that all
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intake and infiltration (i.e., inleakage) into the CRE is from the radioactive plumes
released from the facility as they pass west of the control room envelope.

The control room Normal Mode Heating, Ventilation, and Air Conditioning
(HVAC) outside air intake is located near the northwest corner of the control
room envelope, and the control room emergency air cleanup system
(CREACUS) Emergency Mode HVAC outside air intakes are located near the
northwest and southwest corners of the control room envelope. Per the
ARCON96 atmospheric dispersion analysis detailed in Section 4.4, the maximum
atmospheric dispersion factor for any activity release location to any of these
three outside air intakes is modeled in the evaluation of contaminated air intake
and infiltration (i.e., inleakage).

Section 4.3.2.1.1 Control Room Isolation Signal

Consistent with RG 1.183 Regulatory Position 4.2.4, the AST analyses credit
engineered safely features (ESF) that mitigate airborne radioactive material
within the control room, such as control room isolation actuated by ESF signals
and radiation monitors.

The control room Normal Mode HVACP systems can be shifted to CREACUS
Emergency Mode, which is an operational mode in which the control room is
isolated and pressurized to protect operational personnel from radiation
exposure. The C#REACUS Emergency mode of operation can be actuated either
automatically following a Control Room Isolation Signal (CRIS) or manually. The
CRIS may be generated automatically by a Safety Injection Actuation Signal
(SIAS) or by the detection of high radioactivity concentrations in the control room
outside air inflow.

A SIAS-induced CRIS is credited in the evaluation of the LOCA. A SIAS-induced
CRIS is capable of initiating CREACUS Emergency mode of operation within
10 seconds. The SIAS is generated in response to high containment pressure
within seconds of the onset of the LOCA event. Since the gap release activity is
not released into the containment until 30 seconds after the onset of the LOCA
event, and since a SIAS induced CRIS is capable of initiating CREACUS
Emergency mode of operation in less than 30 seconds, the AST LOCA model
credits CREACLIS Emergency mode of operation initiation at time zero (i.e., prior
to the arrival of any contaminated air reaching the control room outside air
intakes) due to a SIAS-induced CRIS.

Per LCS 3.3.100, Table 3.3.100-2, a high radiation induced CRIS is to be
generated and the normal HVAC outside air dampers are to be closed, within
120.0 seconds. The non-LOCA and FHA dose analyses conservatively assume
that a high-radiation-induced CRIS initiates the CREACUS Emergency mode of
operation at 18C seconds.
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Section 4.3.2.1.2 Control Room Unfiltered Inleakage

The AST dose analyses model the introduction of an assumed 1,000 cfm of
unfiltered outside air into the CRE beginning at time zero and continuing for the
event duration. This inleakage rate includes 10 cfm as a reasonable estimate for
ingress and egress, and an assumed '90 cfm for inleakage via other paths. The
10 cfm estimate for ingress and egress inleakage is consistent with guidance
provided in RG 1.197 (Reference 13) Regulatory Position 2.5.

The CRE inleakage testing to verify actual inleakage was conducted from
May 18, 2004 to May 25, 2004. As described in SCE's letter to the NRC dated
September 17, 2004, CRE inleakage testing has shown the actual inleakage via
other paths, including uncertainty, is less than 990 cfm.

Section 4.3.2.1.3 Control Room HVAC Flow Rates and Filtration

During the control room Normal Mode of HVAC operation, there is no filtered
outside air makeup flow nor is there filtered control room air recirculation flow.

During the control room Normal Mode of HVAC operation, the AST dose
analyses model an outside air makeup flow rate that is conservatively greater
than the nominal outside air makeup flow rate. The outside air introduced into
the control room during the normal mode of operation is unfiltered. The total
unfiltered inleakage rate of 1,000 cfm is added to this Normal Mode of operation
unfiltered outside air makeup flow rate.

Consistent with RIG 1.183 Regulatory Position 4.2.4, the AST dose analyses
credit ESFs that mitigate airborne radioactive material within the control room.
Such features include control room pressurization, and intake and recirculation
filtration.

The CREACUS Emergency mode of operation is facilitated by two 100%
redundant subsystems. As shown in Figure 4.3-1, for each CREACUS
Emergency mode of operation flow path, the control room outside makeup air
passes through intake filters of an emergency ventilation supply (EVS) unit and
then through recirculation filters of an emergency air conditioner (EAC) unit prior
to being discharged into the control room envelope.

FIGURE 4.3-I: CREACUS EMERGENCY MODE OF OPERATION FLOW
PATH SINGLE TRAIN)

IEVS EAC CONTROLJUSD 0 FILTERS :0 FILTERS ROOM
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During the CREACUS Emergency mode of operation, the AST dose analyses
model an outside air makeup flow rate that is conservatively greater than the
nominal outside air makeup flow rate. The outside air introduced into the control
room is filtered. Consistent with the current SONGS Units 2 and 3 licensing
basis, filtration credit is not taken for outside air iodine and particulate removal by
the EVS unit filters. Filtration credit is only taken for outside air makeup iodine
and particulate removal by the EAC unit filters. The total unfiltered inleakage rate
of 1,000 cfm is added to this CREACUS Emergency mode of operation flow rate.

During the CREACUS Emergency mode of operation, the AST dose analyses
model a control room recirculation flow rate that is conservatively smaller than
the nominal recirculation flow rate. This flow rate is calculated by subtracting the
maximum outside! air inflow rate entering the EAC unit from the minimum total
flow rate (i.e., outside air inflow rate plus control room recirculation air flow rate)
through the EAC unit.

Consistent with the current SONGS Units 2 and 3 licensing basis, filtration credit
is taken for iodine! and particulate removal by the EAC filters. The EAC charcoal
filters are credited with the removal of 95 percent of the elemental iodine and
organic iodide in -the HVAC air flow. The EAC HEPA filters are credited with the
removal of 99 percent of the particulate iodine and other aerosols in the HVAC
air flow.

In the AST dose analyses the potential exists for one or two trains of HVAC to
function during the CREACUS Emergency mode of operation. The SONGS
Units 2 and 3 curl ent licensing basis models Operator action at eight hours to
secure one of the two trains of CREACUS that are modeled as being in operation
at the onset of an event. To evaluate the conservatism present in this modeling
when using an AST source term, the post-LOCA containment leakage path was
evaluated for three scenarios: (1) one CREACUS train operating throughout the
event, (2) two CREACUS trains operating throughout the event, and (3) two
CREACUS trains operating for the first eight hours, and a single CREACUS train
operating for the remainder of the event. As shown in Table 4.3-3, the first
scenario with its operation of a single CREACUS train throughout the event
results in the largEst control room dose. For this reason, the AST dose analyses
conservatively assume the failure of one CREACUS train and model single
CREACUS train operation throughout an event.

TABLE 4.3-3: CONTROL ROOM CREACUS MODEL OPTIONS
TLOCA

CONTROL ROOM CREACUS MODEL CONTAINMENT LEAKAGE
.TEDE DOSE (REM)

Single CREACUS train operation throughout the event 9.482E-0194142E-O1-
Two CREACUS trai'n operation throughout the event 7.574EO17 30K

Two CREACUS trai i operation for 8 hours, 7939E0165=
one CREACUS train operation thereafter

I

I

I
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Section 4.3.2.2 Environmental Cloud Gamma Radiation Shine Model

Consistent with PG 1.183 Regulatory Position 4.2.1, the AST dose analyses
consider exposure to control room personnel due to radiation shine from the
external radioactive plume (i.e., environmental or outside cloud shine). The
following discussion elaborates on the modeling described in SONGS Units 2
and 3 UFSAR Appendix 15.10B.

Activity releases to the environment from sources such as post-LOCA
containment building leakage will result in the formation of a radioactive cloud.
Radioactivity con -entrations in the radioactive cloud surrounding the control
room are the product of the building leak rate and the control room atmospheric
dispersion factor.

For conservatism it is assumed that this cloud surrounds the control room,
entering adjacent areas that are not part of the control room envelope. Gamma
radiation from this cloud can penetrate the control room ceiling and walls
resulting in a whole body gamma dose to control room personnel. The cloud is
modeled as a cylinder with a 4000 foot radius and a 4000 foot height. The radius
and height values ensure that dose contributions from the outer portions of the
cloud are considered. The radioactivity present in the outside cloud is assumed
to be uniformly distributed in the cylindrical source.

The environmental cloud radiation shine dose is the maximum dose calculated at
one of several dose receptors modeled within the control room board area.

Shielding modeled between the control room dose receptors and the outside
cloud include the concrete containment structures that lie within the 4000 foot
radius cloud, the concrete safety equipment building wall adjacent to the control
building, the control room concrete walls, floor and ceiling, the auxiliary/radwaste
building outer concrete walls, floors and roof, several of the internal control room
fire partition wall<, and the air spaces between these walls, floor and ceilings.

Section 4.3.2.3 Control Room Filter Gamma Radiation Shine Model

Consistent with FIG 1.183 Regulatory Position 4.2.1, the AST dose analyses
consider exposure to control room personnel due to radiation shine from
radioactive material in the CREACUS filters inside the CRE (i.e., control room
filter shine). The following discussion elaborates on the modeling described in
SONGS Units 2 and 3 UFSAR Appendix 15B, Section 15B.5.

The activity released to the environment during an event and dispersed to the
CREACUS outside air intake is assumed to accumulate onto the CREACUS
filters for the duration of an activity release. For those events in which the
release terminates prior to 30 days (e.g., fuel handling accident), the activity
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accumulated on ihe charcoal filter is allowed to decay for the remainder of the
30-day event duration to facilitate determination of a 30-day control room dose.

As previously shown in Figure 4.3-1,for each CREACUS Emergency mode of
operation flow path, the control room outside makeup air passes through intake
filters of an EVS intake unit and then through recirculation filters of an EAC unit
prior to being discharged into the CRE. Per Section 4.3.2.1, the AST dose
analyses conservatively assume the failure of one CREACUS train and model
single CREACUS' train operation throughout an event.

In determining the filter shine dose, the charcoal and HEPA filters of the EVS
intake units are assumed to be 100 percent efficient at removing iodine and
particulates from the incoming air, thereby maximizing the shine dose from the
EVS intake unit filters. In reality, iodine and particulates that are not trapped on
the intake filters (such as the activity present in the 1,000 cfm of unfiltered air
inleakage) will eventually be trapped on the charcoal and HEPA filters of the
downstream EAC recirculation unit. The EAC recirculation units are located in
the vicinity of the EVS intake units, with an EAC recirculation unit filter direct
shine to control room pathway geometry that is similar to that of the EVS intake
unit filters. Consequently, the results of the EVS intake unit filter shine dose
calculation address the EAC recirculation unit filter shine.

To address the potential shine from unfiltered inleakage that is eventually
trapped on the EAC recirculation unit filters, the filter shine model includes an
additional 1,000 -fm of contaminated outside air inflow to the CREACUS air
intake flow rate. The CREACUS filter shine dose is the maximum dose
calculated at one! of several dose receptors modeled within the control room
board area.

Shielding modeled between the control room dose receptors and the CREACUS
filter units include the control room fire partition walls and the air spaces between
these walls.

Section 4.3.2.4 Containment Building Gamma Radiation Shine Model

Consistent with RG 1.183 Regulatory Position 4.2.1, the AST dose analyses
consider exposure to control room personnel due to radiation shine from
radioactive material in the reactor containment building (i.e., direct containment
shine). The following discussion elaborates on the modeling described in
SONGS Units 2 and 3 UFSAR Appendix 15.1OB.

The containment is modeled by an equivalent volume cylindrical source having a
diameter of 150 feet and a height of '129.25 feet. The radioactivity in the
containment is modeled as being uniformly distributed in the cylindrical source.
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The containment radiation shine dose is the maximum dose calculated at one of
several dose receptors modeled within the control room board area.

Shielding modeled between the control room dose receptors and the
containment air includes the 1/4-inch steel containment liner, the 4-foot concrete
containment wall and the 3-foot 9-inch concrete containment dome. No credit is
taken for shielding afforded by the internal containment concrete structure. The
penetration building lies between the containment and the control building.
Modeled shielding includes the 2-foot penetration building concrete wall and the
adjacent 2-foot 6 -inch control building concrete wall, a 2-inch fire partition wall
that separates tha control room from the cable riser gallery adjacent to the
penetration building, and the air spaces between these walls.

Section 4.3.2.5 Post-LOCA Piping Gamma Radiation Shine Model

Consistent with FIG 1.183 Regulatory Position 4.2.1, the AST dose analyses
consider exposure to control room personnel due to radiation shine from
radioactive material in recirculation loop piping outside the CRE (i.e., piping
shine). The following discussion elaborates on the modeling described in
SONGS Units 2 and 3 UFSAR Appendix 15B, Section 15B.5.

This piping is modeled as a series of finite length shielded cylinders filled with
post-LOCA containment sump recirculation liquid radiation source. The piping
shine model considers those pipes in the Auxiliary Building Penetration Area that
are outside the containment penetration area shield walls at plant elevation
30-foot (i.e., at the same plant elevation as the control room). The dose
contributions from other pipes that are either behind the shield walls or below the
30-foot concrete floor are much less than the dose contributions from the
modeled pipes.

The piping shine dose is the maximum dose calculated at one of several dose
receptors modeled within the control room board area.

Shielding modeled between the control room dose receptors and the piping
includes Auxiliary Building walls and floor slabs, the concrete wall separating the
control room from the cable riser gallery, the steel door in the concrete wall
separating the cable riser gallery from the Penetration Area, and the air spaces
between these walls, floor and ceilings.
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Section 4.4 ARCON96 ATMOSPHERIC DISPERSION ANALYSIS

UFSAR Section :.3.4.2 and UFSAR Appendix 15B.5 discuss the Current
Licensing Basis (CLB) methodology used in evaluating atmospheric dispersion
between the pos.-accident containment building release point and the control
room outside air ventilation intakes. The CLB applies the atmospheric dispersion
factors for the release from the containment to the control room HVAC intakes for
all potential release points. The CLB methodology for evaluating this
atmospheric dispersion utilizes the Murphy-Campe diffuse source point receptor
model.

Per RG 1.183 Regulatory Position 5.3, atmospheric dispersion values for the
control room that were approved by the staff during initial facility licensing or in
subsequent licensing proceedings (i.e., the CLB) may be used in performing the
AST radiological analyses.

The limiting condition for Control Room Habitability (CRH) is the event
configuration that results in the maximum consequences to the control room
operators. Per F.G 1.196 (Reference 14) Regulatory Position 2.3.2, determining
the limiting condition for CRH requires consideration of the location of the activity
release points for the various accidents relative to the control room intakes.

Although RG 1.1;33 allows continued use of the CLB atmospheric dispersion
values, to comply with the guidance of RG 1.196 it is necessary to calculate
atmospheric dispersion values between the various post-accident release points
and the control room outside air ventilation intakes. The new atmospheric
dispersion analysis uses the ARCON96 computer program and guidance
provided in RG 1.194. This section summarizes the ARCON96 analysis.

Section 4.4.1 ARCON96 Background Information

The ARCON96 computer program was developed for the U.S. Nuclear
Regulatory Commission Office of Nuclear Reactor Regulation by Pacific
Northwest National Laboratory (PNNL) for potential use in control room
habitability assessments. This code is documented in NUREG/CR-6331
Revision 1 (Reference 15), which includes a user's guide, a programmer's guide,
and a description of the technical basis for the code. The ARCON96 code uses
hourly meteorological data and recently developed methods for estimating
dispersion in the vicinity of buildings to calculate relative concentrations at control
room intakes that would be exceeded no more than 5 percent of the time. RG
1.194 provides gjidance on the use of the ARCON96 computer program for
determining atmospheric relative concentrations to be used in design basis
evaluations of control room radiological habitability.

Bechtel Power Corporation (BPC) originated the ARCON96 calculations under
contract to Southern California Edison. The ARCON96 code was obtained by
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BPC, and is maintained as Bechtel Standard Computer Program (SCP) number
EV138. Bechtel O;CPs are those computer programs that have been developed,
validated, documented and controlled in accordance with Bechtel Engineering
Department procedures so that they may be used without detailed description
and validation in Et calculation package.

Section 4.4.2 Summary of Evaluated Release Point to Intake
Combinations

The ARCON96 computer program with the guidance of RG 1.194 has been used
to determine the atmospheric dispersion factors for a combination of nine activity
release point locations and three control room ventilation outside air intake
locations. The release point locations are:

* Main plant vent
* Containment shell diffusion
* Containment equipment hatch
* Main Stearn Safety Valves (MSSV)
* Atmospheric Dump Valves (ADV)
* Steam Line, Break Outside Containment (SLB-OC)
* Auxiliary Feedwater (AFW) Turbine steam discharge
* Refueling Water Storage Tank (RWST) Vent
* Fuel Handling Building

The three control room ventilation outside air intake locations are:

* Control room normal air intake
* Control room Unit 2 emergency air intake
* Control room Unit 3 emergency air intake

Each of the 27 release-to-intake combinations has been investigated. Release
locations from both of SONGS Units 2 and 3 are considered.

Section 4.4.3 Meteorological Data Input

The ARCON96 atmospheric dispersion analysis uses actual site hourly
meteorological data spanning ten full years from 1993 through 2002. Full year
meteorology is used to eliminate bias due to seasonal fluctuations. RG 1.194
Regulatory PositiDn 3.1 states that 5 years of hourly observations are considered
to be representative of long-term trends at most sites. The use of ten years of
meteorological data satisfies this recommendation, while enhancing the statistical
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basis for the calculated control room atmospheric dispersion factors due to the
expanded meteorological data set.

The input meteorological data identify invalid data by coding such data as either
"999" or "9999". In each year, more than 99 percent of the lower level wind
speed data are valid. Overall, about 99.8 percent of the lower level wind speed
data are valid. Except for year 1994, more than 95 percent of each year's upper
level wind speed data are valid. Overall, about 96.5 percent of the upper level
wind speed data are valid. Therefore, the meteorological input is representative.
The meteorological tower's lower wind instrument is at elevation 10 meters. The
meteorological toNer's upper wind instrument is at elevation 40 meters.
The meteorological data was converted to the ARCON96 format presented in
NUREG/CR-6331 Section 4.4.2 and RG 1.194 Appendix A, Table A-1.

Consistent with RG 1.194 Regulatory Position 3.1, wind direction is expressed as
the direction from which the wind is blowing (i.e., the upwind direction from the
center of the site) referenced from true north. A north wind (wind from the north)
is entered as 360 degrees, and a south wind is entered as 180 degrees.

Consistent with RG 1.194 Regulatory Position 3.1, atmospheric stability is
entered as a number from 1 through 7. A stability class of 1 represents
extremely unstable conditions, and a stability class of 7 represents extremely
stable conditions. Atmospheric stability classes are determined from the AT
given in the meteorological data.

Section 4.4.4 Non-Meteorological Data Input

RG 1.194 Appendix A Table A-2 discusses input parameters for ARCON96. Per
Table 4.4-1, the ARCON96 analysis complies with the regulatory guidance
presented in Tab'e A-2.

The following subsections summarize the ARCON96 non-meteorological data
input for each of the release point and receptor location combinations.

Table 4.4-1: ARC.ON96 Input Parameters for Design Basis Assessments
Parameter Acceptable Input Comments

Lower Use the actual instrumentation height Used actual measurement height, which
Measurement when known. Otherwise, assume 10 is 10 meters above bluff grade. The bluff
Height, meters metErs. grade is above the plant grade.
Upper Use the actual instrumentation height Used actual measurement height of 40
Measurement when known. Otherwise, use the height meters above the bluff grade.
Height, meters of the containment or the stack height, as

appropriate. If wind speed
mea3urements are available at more than
two olevations, the instrumentation at the
height closest to the release height
shoLId be used.
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Parameter Acceptable Input J Comments

Wind Speed Units Use the wind speed units that correspond The raw meteorological data expresses
to the units of the wind speeds in the wind speeds in miles per hour. However,
meteorological data file. these data are pre-processed to convert

the wind speeds to meters per second in
the resulting meteorological input files.

he ARCON96 input files (*.RSF) are set
for wind speeds in units of meters per
second. Thus, the units used for wind
speeds in the analysis are applied

-_ consistently.
Release Height,
meters

Use the actual release heights whenever
available. Plume rise from buoyancy and
mechanical jet effects may be considered
in establishing the release height if the
analyst can demonstrate with reasonable
assurance that the vertical velocity of the
release will be maintained during the
course of the accident.

If actual release height is not available,
set release height equal to intake height.

As clarified below, actual release heights
above plant grade are used.

For the containment diffuse area source,
the release is assumed to be from the
containment mid-height of 80.5 feet
above grade (i.e., Elevation 110.5'). This
elevation allows for unimpeded flow
above the Auxiliary Building roof.
Because the control room intakes are on
the Auxiliary Building wall opposite the
Unit 2 and Unit 3 containments, the
release cloud can only flow to the intakes
by first passing over the Auxiliary Building
roof.

This assumption is consistent with the
NRC recommendation to set the release
height for a diffuse area source at the
vertical center of the projected plane of
the above-grade cross-sectional area
perpendicular to the line of sight from the
building center to the control room intake
(Regulatory Guide 1.194, section 3.2.4.5).
(There is also a pathway between the
containment and the intakes via grated
openings into the Turbine Building and
then into the corrugated metal-sided
passageway west of the Auxiliary
Building. This pathway is longer and
more tortuous than the pathway over the
Auxiliary Building roof; therefore, it is not
used.)

________________ .1��
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Parameter Acceptable Inpult | Comments

Steam from a steam line break outside
containment (SLB-OC) is assumed to be
released via the blowout panels mounted'
on the roof of the respective Main Steam
Isolation Valve (MSIV)/Main Feedwater
Isolation Valve (MFIV) enclosure directly
above the main steam line.

he x/Qs for an MSSV release credit
plume rise due to jet effects in

l__ accordance with section 6.0 of RG 1.194.
Building Area, Use the actual building vertical cross- The cross-sectional area of the
meters sect onal area perpendicular lo the wind containment is used for all release points

direction. Use default of 2000 m2 if the except for the Fuel Handling Building
area is not readily available. Do not enter (FHB). For the FHB release, the FHB
zero. Use 0.01 m2 if a zero entry is east cross-section area and one half of
desi ed. the containment cross-section area areas

used. Only one half of the containment is
Note: This building area is for the conservatively considered since it is
builcling(s) that has the largest impact on partially offset from the release to intake
the building wake within the veind direction axis. All other intervening buildings, such
window. This is usually, but need not as the auxiliary building, are
always be, the reactor containment. With conservatively ignored.
regard to the diffuse area source option,
the building area entered here may be
different from that used to establish the
diffuse source.

Vertical Velocity, Note: the vent release model should not The vent release model is not used for
meters/seconds be Lsed for DBA accident calculations. DBA accident calculations.

For stack release calculations only, use For all vent stack releases, the vertical
he actual vertical velocity if the licensee velocity is set to zero.

can demonstrate with reasonable
assurance that the value will be
maintained during the course of the
accident (e.g., addressed by technical
specifications), otherwise, enter zero. If
the vertical velocity is set to zero,
ARGPON96 will reduce the stack height by
6 times the stack radius for all wind
speeds. If this reduction is not desired,
the stack radius should also be set to
zero.
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Parameter [ Acceptable Inpul[ Comments

Stack Flow, Use actual flow if it can be demonstrated Stack flow is set to zero in all cases.
meters3 /s with reasonable assurance that the value

will be maintained during the course of
the accident (e.g., addressed by technical
specifications). Otherwise, enter zero.

he flow is used in both elevated and
ground-level release modes to establish a
maximum X/O value. This value is
sign'ficant only if the flow is large and the
dist.nce from the release point to the
receptor is small.

Stack Radius, Use the actual stack internal radius when Stack radius is set to zero in all cases.
meters both the stack radius and vertical velocity

are available. If the stack flow is zero, the
radius should be set to zero.

Distance to Use the actual straight line horizontal he actual straight line horizontal
Receptor, meters distance between the release point and distance between the release point and

the control room intake. the control room intake is used in all
cases other than the Containment

For ground-level releases, it may be Equipment Hatch release.
appiopriate to consider flow around an
intervening building if the building is Except for the Containment Equipment
suff iiently tall that it is unrealistic to Hatch release, flow around intervening
expect flow from the release point to go buildings is not considered. The
over the building. Equipment Hatches are on the opposite

side of the Containment structure from
Note: If the distance to receptor is less the Control Room Intakes and are located
han about 10 meters, ARCON96 should at ground level. The top of the
not be used to assess relative Containment is 161 feet above plant
concentrations. grade and the top of equipment hatch is

17.5 feet above plant grade; therefore, it
is unrealistic to expect flow from the
Equipment Hatch to go over the
Containment building. The Equipment
Hatch to receptor distances are measured
as the shortest path around the
Containment ("taut string length"), as
allowed by section 3.4 of RG 1.194.

No source-receptor distance is less than
__ 10 meters.

Intake Height, Use the actual intake height. If the intake The actual heights at the centerline of the
meters heicht is not available for ground level control room intakes are used.

releases, assume the intake height is
equal to the release height. I-or elevated
releases, assume the height of the tallest
site building.

Elevation Use zero unless it is known that the The release and receptor heights are
Difference, release heights are reported relative to reported with respect to the same grade
meters different grades or reference datum. datum.
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Parameter J Acceptable Input Comments

Direction to Use the direction FROM the intake back SONGS' met. meteorological data imare |
Source, degrees TO the release point. (Wind d rections given relative to true north. SONGS' site

are reported as the direction from which arrangement drawings do have a "Plant
the wind is blowing. Thus, if the direction North" designation that is 57 degrees
from the intake to the release point is west of "true north;" consequently,
north, a north wind will carry the plume source-to-receptor directions entered into
from the release point to the intake.) the ARCON96 code are corrected to

model true north as the point of reference.
Note: some facilities have a "plant north"
shown on site arrangement drawings that For the scenario of an equipment hatch
is different from "true north." The direction release, the X/Q is calculated assuming
entered must have the same point of flow both around and over (through) the
reference as the wind directions reported containment building, and the higher of
in the meteorological data. the X/Q values is used.

For ground level releases, if the plume is
assumed to flow around a building rather
than over it, the direction may need to be
modified to account for the redirected
flow. In this case, the X/Q should be
calculated assuming flow around and flow
over ,through) the building and the higher
of the two X/Q s should be used.

Surface Use a value of 0.2 in lieu of the default Used value of 0.2. SONGS is a seaside
Roughness value of 0.1 for most sites. (Reasonable site with low surface vegetation.
Length, meters values range from 0.1 for sites with low

surface vegetation to 0.5 for forest
covered sites.)

Wind Direction Use the default window of 90 degrees (45 Used 90 degrees.
Window, degrees degrees on either side of line of sight from

the source to the receptor).
Code Default

Minimum Wind Use the default wind speed of 0.5 m/s Used the default wind speed of 0.5 m/s.
peed, (regardless of the wind speed units The minimum SONGS site meteorological
eters/second entered earlier), unless there is some tower wind speed reported is 0.3 mph, or

indication that the anemometer threshold 0.13 m/s. Thus, the anemometer
Code Default is greater than 0.6 m/s. threshold is less than 0.6 m/s.
Averaging Sector Although the default value is 4, a value of Used 4.3.
Width Constant 4.3 is preferred. (A future revision to

ARCON96 will change the default to 4.3)
Code Default

Initial Diffusion These values will normally be set to zero. For containment releases, a diffuse
oefficients, If the diffuse source option is being used, source is modeled in accordance with
eters see Regulatory Position 2.2.4. Regulatory Guide 1.194, section 3.2.4.4.

For the steam line break outside
containment, the releases from the
MSIV/MFIV enclosure are modeled as an
area source in accordance with
Regulatory Guide 1.194, section 3.2.4.7.
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Parameter Acceptable Input Comments

Hours in Use the default values. Used the default values.
Averages

Code Default
Minimum Number Use :he default values. Used the default values.
of Hours

Code Default

Section 4.4.4.1 Control Room HIIAC Intakes

Three control room HVAC intake locations are modeled in the ARCON96
analysis:

* Control room normal air intake
* Control room Unit 2 emergency air intake
* Control room Unit 3 emergency air intake

The center of the control room normal air intake is at plant elevation 35.50 feet
(10.82 meters). The center of each control room emergency air intake is at plant
elevation 43.00 feet (13.11 meters).

Section 4.4.4.2 Main Plant Vent Release

Atmospheric dispersion between the main plant vent and the control room HVAC
intakes is modeled as a point source using the ARCON96 ground level release
option.

The plant vent release height is at plant elevation 206 feet (62.79 meters).

For the plant vent release, only the cross-sectional area of the containment is
used to determine the building wake area. All other intervening buildings, such
as the auxiliary building, are conservatively ignored. The building wake area of
2123.33 square meters is the projected area of the containment cylindrical lower
portion and the containment upper dome portion.

Table 4.4-2 presents the separation distances and wind directions that
characterize the releases from the two plant vent activity release point locations
to the three control room HVAC intake locations.
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TABLE 4.4-2: PLANT VENT TO CONTROL ROOM MODELING
I [_eparation Distance if ind DirectionRelease Point* Control Room Receptor Separation Distane deWind iretion1 (meters) (degrees, North = 0)

U2 Plant Vent Normal Air Intake 62.83 348
U2 Plant Vent U2 emergency air intake 60.18 351
U2 Plant Vent U3 emergency air intake 101.6 329
U3 Plant Vent Normal Air Intake 98.15 96
U3 Plant Vent U2 emergency air intake 101.6 97
U3 Plant Vent U3 emergency air intake 60.18 75

The results of the ARCON96 analysis show that the Unit 2 plant vent to Unit 2
emergency air intake release path has the more conservative atmospheric
dispersion (i.e., the maximum atmospheric dispersion factor). The resultant 95th
percentile control room atmospheric dispersion factors for this release path are
presented in Section 4.4.5.

Section 4.4.4.3 Containment Shell Release

Atmospheric dispersion between the containment shell (surface) and the control
room HVAC intakes is modeled as an area (diffuse) source using the ARCON96
ground level release option.

Consistent with FIG 1.194 Sections 3.2.4.4 and 3.2.4.5, the height and width of
the area source (i.e., the containment shell surface) are taken as the maximum
vertical and hori2ontal dimensions of the above-grade building cross-sectional
area perpendicular to the line of sight from the building center to the control room
intake. The initial horizontal diffusion coefficient (yyo) is determined to be
8.06 meters, based on the 158.66 foot containment diameter. The initial vertical
diffusion coefficient (oyz o) is determined to be 8.18 meters, based on the
161.00 foot containment above-grade! height.

The containment shell diffuse release is assumed to be from its mid-height of
80.5 feet (24.54 meters) above grade. This elevation allows for unimpeded flow
above the Auxiliary Building roof. Because the control room intakes are on the
Auxiliary Building wall opposite the U.2 and U3 containments, the release cloud
will flow to the inmakes by first passing over the Auxiliary Building roof. This
assumption is consistent with the RG 1.194 Section 3.2.4.5 recommendation to
set the release height for a diffuse area source at the vertical center of the
projected plane of the above-grade cross-sectional area perpendicular to the line
of sight from the building center to the control room intake.

For the containment shell release, only the cross-sectional area of the
containment is used to determine the building wake area. All other intervening
buildings, such as the auxiliary building, are conservatively ignored. The building
wake area of 2123.33 square meters is the projected area of the containment
cylindrical lower portion and the containment upper dome portion.
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Table 4.4-3 presents the separation distances and wind directions that
characterize the releases from the two containment shell release point locations
to the three control room HVAC intake locations:

TABLE 4.4-3: CONTAINMENT TO CONTROL ROOM MODELING

Release Point Control Room Receptor Separation Distance Wind Direction
(meters) (degrees, North = 0)

U2 Containment Normal Air Intake 38.6 348
U2 Containment U2 emergency air intake 36 351
U2 Containment U3 emergency air intake 77.4 329
U3 Containment Normal Air Intake 74 96
U3 Containment U2 emergency air intake 77.4 97
U3 Containment U3 emergency air intake 36 75

The results of the ARCON96 analysis show that the Unit 2 containment shell to
Unit 2 emergency air intake release path has the more conservative atmospheric
dispersion (i.e., the maximum atmospheric dispersion factor). The resultant 95th
percentile contro room atmospheric dispersion factors for this release path are
presented in Section 4.4.5.

Section 4.4.4.4 Containment Equipment Hatch Release

Atmospheric-dispersion between the containment equipment hatch and the
control room HVAC intakes is modeled as an area (diffuse) source using the
ARCON96 ground level release option.

The Containment Equipment Hatch is a large circular opening through the
containment wall. The equipment hatch meets the conditions for a diffuse source
as set forth in RG 1.194 Section 3.2.4.8: (1) the release from the hatch will be
essentially equally dispersed over the entire opening, and (2) assumptions of
mixing, dilution and transport within Containment necessary to meet condition 1
are supported by the interior containment arrangement. Consistent with RG
1.194 Section 3.2.4.4, the initial horizontal and vertical diffusion coefficients (oyO
and a.oz) are each determined to be 0.97 meters, based on the clear 19-foot
diameter of the hatch opening.

The Unit 2 and 3 Containment Equipment Hatches are on the opposite side of
their respective Containment structures from the control room air intakes. The
containment equipment hatch diffuse release is assumed to be from its
mid-height at plant elevation 38.00 feet (11.58 meters). The top of the
Containment is 161 feet above grade; therefore, it is unrealistic to expect flow
from the Equipment Hatch to go over the Containment building. The Equipment
Hatches to receptor distances are measured as the shortest path around the
Containment ("teLut string length"), as allowed by RG 1.194 Section 3.4. To
determine the taut string length, a tangent is drawn from each intake to the side
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of the containment closest to the equipment hatch. That distance is added to the
length of the arc around the containment from the tangent line intersection to the
centerline of the hatch.

As requested by RG 1.194 Appendix A Table A-2, since the plume is assumed to
flow around the containment building rather than over it, the atmospheric
dispersion value is calculated assuming flow both around and over (through) the
building, and the higher of the atmospheric dispersion values is used.

For the containment equipment hatch release, only the cross-sectional area of
the containment is used to determine the building wake area. All other
intervening buildings, such as the auxiliary building, are conservatively ignored.
The building wake area of 2123.33 square meters is the projected area of the
containment cylindrical lower portion and the containment upper dome portion.

Table 4.4-4 presents the separation distances and wind directions that
characterize the releases from the two containment equipment hatch release
point locations to the three control room HVAC intake locations:

TABLE 4.4-4: CONTAINMENT EQUIPMENT HATCH TO CONTROL ROOM
MODELING

_, TWind Direction
Release Point Control Room Receptor Separation Distance Over / Around

o (meters) Containment
_ _ _(degrees, North = 0)l

U2 Ctmt Equip. H atch Normal Air Intake 98.1 353 /11
U2 Ctmt Equip. H atch U2 emergency air intake 96.8 355 /15
U2 Ctmt Equip. H atch U3 emergency air intake 126.9 336 / 343
U3 Ctmt Equip. H atch Normal Air Intake 124 89 / 82
U3 Ctmt Equip. H atch U2 emergency air intake 126.9 90 / 83
U3 Ctmt Equip. H atch U3 emergency air intake 96.8 71 / 51

The results of tha ARCON96 analysis show that the Unit 2 equipment hatch to
Unit 2 emergency air intake release path modeling flow over (through) the
containment building has the more conservative atmospheric dispersion (i.e., the
maximum atmospheric dispersion factor) during the 8 to 24 hour time period. For
all other time pe'iods, the results of the ARCON96 analysis show that the Unit 2
equipment hatch to Unit 2 emergency air intake release path modeling flow
around the containment building has the more conservative atmospheric
dispersion. The atmospheric dispersion factors for this release are a
conservative composite of these two flow paths. The resultant 95th percentile
control room atmospheric dispersion factors are presented in Section 4.4.5.

Section 4.4.4.5 Main Steam Safety Valve (MSSV) Stack Release

Atmospheric dispersion between the M\ASSV stack and the control room HVAC
intakes is modeled as a point source using the ARCON96 ground level release
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option. Consistent with RG 1.194 Section 6.0 (and as justified in the following
text), a reduction factor of 5 is applied to the ARCON96 results to allow credit for
buoyant plume rise in determining the control room atmospheric dispersion
factors associated with the energetic release from MSSVs.

Each reactor has two sets of nine MSS'V stacks arrayed around a Main Steam
Isolation Valve (MSIV). As an average location, the center of the MSIV (X and Y
dimensions only) is modeled as the MSSV release location. MSIV 8205 is
located north of the Unit 2 containment centerline (south for Unit 3). MSIV 8204
is located south of the Unit 2 containment centerline (north for Unit 3).

The MSSV release height is at plant elevation 73.42 feet (22.38 meters).

For the MSSV release, only the cross-sectional area of the containment is used
to determine the building wake area. All other intervening buildings, such as the
auxiliary building, are conservatively ignored. The building wake area of
2123.33 square meters is the projected area of the containment cylindrical lower
portion and the containment upper dome portion.

Table 4.4-5 presents the separation distances and wind directions that
characterize the releases from the MSSV release point locations (i.e., Unit 2
MSSVs centered at MSIVs 8204 and 8205, and Unit 3 MSSVs centered at
MSIVs 8204 and 8205) to the three control room HVAC intake locations:

TABL.E 4.4-5: MSSV TO CONTROL ROOM MODELING

Release Point Control Room Receptor Separation Distance | Wind Direction
L I (meters) (degrees, North = 0)
U2 MSSV 8204 Normal Air Intake 35.71 339
U2 MSSV 8204 | U2 emergency air intake| 32.65 343
U2 MSSV 8204 | U3 emergency air intake| 78.96 318
U2 MSSV 8205 Normal Air Intake 60.17 322
U2 MSSV 8205 U2 emergency air intake 56.54 323
U2 MSSV 8205 U3 emergency air intake 105.87 314
U3 MSSV 8204 Normal Air Intake 75.25 107
U3 MSSV 8204 U2 emergency air intake 78.96 108
U3 MSSV 8204 U3 emergency air intake 32.65 83
U3 MSSV 8205 Normal Air Intake 102.08 112
U3 MSSV 8205 U2 emergency air intake 105.87 112
U3 MSSV 8205 U3 emergency air intake 56.54 103

The results of the ARCON96 analysis show that the Unit 2 MSSVs centered at
MSIV 8204 to Unit 2 emergency air intake release path has the more
conservative atmospheric dispersion (i.e., the maximum atmospheric dispersion
factor).

RG 1.194 allows credit for buoyant plume rise in determining the Control Room
atmospheric dispersion factors associated with an energetic release from main
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steam safety valves. RG 1.194 Section 6.0 states that in lieu of mechanistically
addressing the amount of buoyant plume rise:

"...the ground level X/Q value calculated with ARCON96 (on the basis of
the physical height of the release point) may be reduced by a factor of 5.
This reduction may be taken only if (1) the release point is uncapped and
vertically criented and (2) the time-dependent vertical velocity exceeds the
95th-percentile wind speed (at The release point height) by a factor of 5."

The MSSVs are uncapped and vertically oriented, thereby satisfying the first
criterion required for plume rise credit per RG 1.194, Section 6.0.

Since the MSSV stack exit is at plant elevation 73.4 ft and grade is at plant
elevation 30 ft, the height of the stack exit above grade is 43.4 ft, or 13.2 meters.
This is reasonably close to the height of the lower meteorological tower wind
measurement instrumentation at 10 meters; therefore, the MSSV stack exit
velocity is compared with the 95th percentile 1 0-m wind speed of 5.5"8 m/s.

For purposes of calculating the minimum flow velocity at the exit of the MSSV
stack, the following conservative assumptions are made:

1. All MSSVs lift at the lowest set pressure of all the valves.
2. The pressure in the MSSV stack is equal to the maximum backpressure.
3. No credit is taken for head loss due to elevation changes or pipe friction.
4. No credit is taken for expansion of the steam through the stack.

The calculated minimum MSSV stack exit velocity is 72 meters/second. This exit
velocity exceeds five times the 95th percentile wind speed (i.e., exceeds 5 x 8 |
5.5 m/s = 29-27.;, m/s); thereby satisfying the second criterion required for plume
rise credit per RG 1.194 Section 6.0.

Since both criteria are satisfied, the ground level atmospheric dispersion factors
calculated with ARCON96 (on the basis of the physical height of the release
point) for MSSV releases are reduced by a factor of 5. The resultant 95th
percentile control room atmospheric dispersion factors for the MSSV release
path with credit for plume rise are presented in Section 4.4.5.

Section 4.4.4.6 Atmospheric Dump Valve (ADV) Stack Release

Atmospheric dispersion between the ADV and the control room HVAC intakes is
modeled as a point source using the ARCON96 ground level release option. Per
RG 1.194 Section 6.0 (and as justified in the following text), a reduction factor of
5 may be applied to the ARCON96 results to allow credit for buoyant plume rise
in determining the Control Room atmospheric dispersion factors associated with
the energetic release from atmospheric dump valves.
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Each reactor has two ADV stacks. ACV 606 is located north of the Unit 2
containment centerline (south for Unit 3). ADV 607 is located south of the Unit 2
containment centerline (north for Unit 3).

The ADV release height is at plant elevation 113.92 feet (34.72 meters).

For the ADV release, only the cross-sectional area of the containment is used to
determine the building wake area. All other intervening buildings, such as the
auxiliary building, are conservatively ignored. The building wake area of
2123.33 square rmeters is the projected area of the containment cylindrical lower
portion and the containment upper dome portion.

Table 4.4-6 presents the separation distances and wind directions that
characterize the releases from the ADV release point locations (i.e., Unit 2 ADVs
606 and 607, and Unit 3 ADVs 606 and 607) to the three control room HVAC
intake locations:

TABLE 4.4-6: ADV TO CONTROL ROOM MODELING
-= 7 1

Release Point Control Room Receptor (meters) Di(de Wind Direction

U2 ADV 606 Normal Air Intake 57.45 325
U2 ADV 606 _ U2 emergency air intake 53.88 326
U2 ADV 606 U3 emergency air intake 102.76 315
U2 ADV 607 Normal Air Intake 37.69 343
U2 ADV 607 U2 emergency air intake 34.84 348
U2 ADV 607 _ U3 emergency air intake 79.66 321
U3 ADV 606 _ Normal Air Intake 98.98 111
U3 ADV 606 U2 emergency air intake 102.76 i1
U3 ADV 606 U3 emergency air intake 53.88 100
U3 ADV 607 Normal Air Intake 75.99 104
U3 ADV 607 U2 emergency air intake 79.66 105
U3 ADV 607 U3 emergency air intake 34.84 78

The results of the ARCON96 analysis show that the Unit 2 ADV 607 to Unit 2
emergency air intake release path has the more conservative atmospheric
dispersion (i.e., the maximum atmospheric dispersion factor).

RG 1.194 allows credit for buoyant plume rise in determining the Control Room
atmospheric dispersion factors associated with an energetic release from
atmospheric dump valves. RG 1.194 Section 6.0 states that in lieu of
mechanistically addressing the amount of buoyant plume rise:

"...the ground level X/Q value calculated with ARCON96 (on the basis of
the physical height of the release point) may be reduced by a factor of 5.
This reduction may be taken only if (1) the release point is uncapped and
vertically oriented and (2) the time-dependent vertical velocity exceeds the
95th-percentile wind speed (at the release point height) by a factor of 5."
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The ADVs are uncapped and vertically oriented, thereby satisfying the first
criterion requirec for plume rise credit per RG 1.194 Section 6.0.

Since the ADV stack exit is at plant elevation 113.92 ft and grade is at plant
elevation 30 ft, the height of the stack exit above grade is 83.92 ft, or 25.6
meters. Since the ADV stack exit is closer in height to the upper meteorological
tower wind measurement instrumentation at 40 meters than to the lower
meteorological tower wind measurement instrumentation at 10 meters, the ADV
stack exit velocity is compared with the 95th percentile 40-m wind speed of
6.4 6-.8m/s.

The accident analyses assume that an ADV is operated manually; therefore, the
flow velocity at the ADV stack exit will decrease over time, as the steam
generator blows down. Thus, in order to credit plume rise in an ADV release
dose analysis, the period for which the ADV stack exit vertical flow velocity
exceeds five times the 95th percentile upper level wind speed of 6.8-6.4 m/s (i.e.,
exceeds 5 x &&-'.4 m/s = 34-32 m/s) would need to be determined.

Since the second criterion is not necessarily satisfied for the duration of a dose
analysis, the groind level atmospheric dispersion factors calculated with
ARCON96 (on the basis of the physical height of the release point) for ADV
releases may or may not be reduced by a factor of 5 for the duration of a dose
analysis. The resultant 95th percentile control room atmospheric dispersion
factors for the ADV release path with and without credit for plume rise are
presented in Section 4.4.5. The use of the lower values crediting plume rise will
be evaluated on an event-specific basis.

Section 4.4.4.7 Steam Line Break Outside Containment (SLB-OC)
Release

Atmospheric dispersion between the steam line break outside containment and
the control room HVAC intakes is modeled as an area (diffuse) source using the
ARCON96 ground level release option.

The SLB-OC is postulated to occur outboard of the main steam line
restraint/anchor downstream of the main steam isolation valve. Thus, the
location of the postulated break is in the walkway between the east wall of the
Turbine Building and the Main Steam Isolation Valve/Main Feedwater Isolation
Valve (MSIV/MFIV) enclosure structures. The enclosure structures are open to
the walkway, wh ch is then open to the atmosphere above. Several blowout
panels are present on the roofs of the enclosure structures. There are also
blowout panels on the walls of the MS'IV/MFIV enclosure. The blowout panels
open during a large SLB-OC to protect the enclosure structures from
overpressurizing. Thus, depending on the size of the steam line break, there are
multiple pathways for steam blowdown.
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Steam from an c`LB-OC is assumed to be released via the blowout panels
mounted on the roof of the respective MSIV/MFIV enclosure directly above the
main steam line. For a small SLB-OC, the pressure may not exceed the relief
setting of the blowout panels; in such an instance, steam will escape via the
enclosure opening to the walkway between the enclosure and the Turbine
Building. For a large SLB-OC, steam may also escape via the roof blowout panel
above the main ieedwater line and via the enclosure wall-mounted blowout
panels. Nevertheless, the assumption that the release is solely via the roof
blowout panels is conservative, because it results in a smaller flow area, which
means a smaller initial horizontal diffusion coefficient, than if all the potential vent
paths were considered.

The SLB-OC release via the roof blowout panels meets the conditions for a
diffuse source in RG 1.194 Section 3.2.4.7, which states that the application of
the diffuse area source model to determine atmospheric dispersion factors for
multiple (i.e., 3 or more) roof vents is:

"...appropriate for configurations in which (1) the vents are in close
arrangement, (2) no individual vent is significantly closer to the control
room intake than the center of the area source, (3) the release rate from
each vent is approximately the same, and (4) no credit is taken for plume
rise."

Condition 1 is satisfied since the 3 roof-mounted blowout panels directly above
each main steam line are in close proximity with each other (spaced from 2.0 to
3.5 feet apart). Condition 2 is satisfied since no individual blowout panel is
significantly closer to the control room intake than the center of the area source.
Although there are other vent paths (i.e., through the enclosure opening adjacent
to the walkway, the roof-mounted blowout panels over the main feedwater lines,
and the wall-mounted blowout panels', it is conservative for purposes of
determining control room atmospheric: dispersion factors to minimize the initial
dispersion area by accounting only for the area source presented by the blowout
panels above the main steam lines. Condition 3 is satisfied since the steam is
assumed to rise evenly through the three adjacent blowout panels. Condition 4
is satisfied since no credit is taken for plume rise. Therefore, the SLB-OC
release meets the conditions for a diffuse source per Regulatory Guide 1.194,
Section 3.2.4.7.

The area width is measured across the area formed by the three blowout panels
mounted on the roof of the MSIV enclosure perpendicular to the line of sight from
the MSIVs to the respective control rcom intake. Table 4.4-7 presents the initial
horizontal diffusi:)n coefficients (ay,o) that characterize the releases from the
SLB-OC release point locations. Consistent with RG 1.194 Section 3.2.4.7,
because the blowvout panel openings are in a horizontal configuration on the
MSIV enclosure roof, there is no initial vertical dispersion coefficient (i.e., 0zO is
zero).
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The distance between the SLB-OC release point and the control room intakes is
measured from the closest point on the perimeter of the roof blowout panels
above the MSIVs, as allowed by Section 3.2.4.7 of RG 1.194.

The SLB-OC release height via the MSIV/MFIV enclosure roof blowout panels is
at plant elevation 63.50 feet (19.35 meters).

For the SLB-OC ,elease, only the cross-sectional area of the containment is used
to determine the building wake area. All other intervening buildings, such as the
auxiliary building, are conservatively ignored. The building wake area of
2123.33 square meters is the projected area of the containment cylindrical lower
portion and the containment upper dome portion.

Table 4.4-7 presents the separation distances, wind directions and initial
horizontal diffusion coefficients (cyyo) that characterize the releases from the SLB-
OC release point locations (i.e., Unit 2 North and South MSIV/MFIV enclosure
roof blowout panels, and Unit 3 North and South MSIV/MFIV enclosure roof
blowout panels) to the three control room HVAC intake locations:

TABLE 4.4-7: SLB-OC TO' CONTROL ROOM MODELING
Separation Wind Direction oy.0

Release Point Control Room Receptor Distance (degrees, [a2,o = 0]
(meters) North = 0) (meters)

U2 N Panels Normal Air Intake 58.5 322 0.96

U2 N Panels L12 emergency air intake 54.9 323 0.96
U2 N Panels L13 emergency air intake 104.2 314 0.99
U2 S Panels Normal Air Intake 32.3 339 0.56
U2 S Panels 112 emergency air intake 29.3 343 0.54
U2 S Panels U3 emergency air intake 76.9 318 0.7
U3 N Panels Normal Air Intake 100.4 112 0.99
U3 N Panels L12 emergency air intake 104.2 112 0.99
U3 N Panels L13 emergency air intake 54.9 103 0.96
U3 S Panels Normal Air Intake 73.2 107 1.42
U3 S Panels L12 emergency air intake 76.9 108 1.44
U3 S Panels 113 emergency air intake 29.3 83 1.12

The results of the ARCON96 analysis show that the Unit 2 South MSIV/MFIV
enclosure structure (housing Unit 2 MSIV 8204) roof blowout panels to Unit 2
emergency air intake release path have the more conservative atmospheric
dispersion (i.e., the maximum atmospheric dispersion factor). The resultant 95th
percentile control room atmospheric dispersion factors for this release path are
presented in Section 4.4.5.
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Section 4.4.4.8 Auxiliary Feedw;ater (AFW) Turbine Stack Release

Atmospheric dispersion between the AFW turbine stack and the control room
HVAC intakes is modeled as a point source using the ARCON96 vent release
option.

The AFW turbine stack is located near the south wall of the Unit 2 refueling water
storage and condensate storage tank farm (north wall for Unit 3).

The AFW turbine stack release height is at plant elevation 59 feet (17.98 meters).

For the AFW turbine stack release, only the cross-sectional area of the
containment is used to determine the building wake area. All other intervening
buildings, such as the auxiliary building, are conservatively ignored. The building
wake area of 2123.33 square meters is the projected area of the containment
cylindrical lower portion and the containment upper dome portion.

Table 4.4-8 presents the separation distances and wind directions that
characterize the releases from the two AFW turbine stack activity release point
locations to the three control room HVAC intake locations:

TABLE 4.4-8: AFW TURBINE STACK TO CONTROL ROOM MODELING

Release Point Control Room Ret eptor Separation Distance Wind Direction
(meters) (degrees, North = 0)

U2 AFW Turbine Stack Normal Air Intake 86.89 332
U2 AFW Turbine Stack U2 emergency air intake 83.53 333
U2 AFW Turbine Stack U3 emergency air intake 130.22 322
U3 AFW Turbine Stack Normal Air Intake 126.57 104
U3 AFW Turbine Stack U2 emergency air intake 130.22 104
U3 AFW Turbine Stack U3 emergency air intake 83.53 1 93

The results of the ARCON96 analysis show that the Unit 2 AFW turbine stack to
Unit 2 emergency air intake release path has the more conservative atmospheric
dispersion (i.e., the maximum atmospheric dispersion factor). The resultant 95th
percentile control room atmospheric dispersion factors for this release path are
presented in Section 4.4.5.

Section 4.4.4.9 Refueling Water Storage Tank (RWST) Vent Release

Atmospheric dispersion between the RWST vent and the control room HVAC
intakes is modeled as a point source using the ARCON96 vent release option.

There are two RWVST tanks for each unit (TO05 and T006). The two tanks are
located in the Units 2 and 3 refueling water storage and condensate storage tank
farms, which are mirror images of each other. Unit 2 RWST T005 is located
northeast of the UJnit 2 containment centerline (southeast for Unit 3). Unit 2
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RWST T006 is located northwest of the containment centerline (southwest for
Unit 3).

The RWST release location is assumed to be the center of the roof vent on each
RWST. These vents are offset from the center of the tank roofs. The Unit 2
RWST T005 and T006 vent release height is at plant elevation 71.57 feet
(21.81 meters). The Unit 3 RWST T005 and T006 vent release height is at plant
elevation 71.73 feet (21.86 meters).

For the RWST vent release, only the cross-sectional area of the containment is
used to determine the building wake area. All other intervening buildings, such
as the auxiliary building, are conservatively ignored. The building wake area of
2123.33 square meters is the projected area of the containment cylindrical lower
portion and the containment upper dome portion.

Table 4.4-9 presents the separation distances and wind directions that
characterize the releases from the four RWST vent activity release point
locations (i.e., Unit 2 RWSTs T005 and T006, and Unit 3 RWSTs T005 and
T006) to the three control room HVAC: intake locations:

TABLE 4.4-9: RWST TO CONTROL ROOM MODELING

ReleasefPoint Control Room Receptor Separation Distance Wind Direction
(meters) (degrees, North = 0)

U2 RWST T005 Normal Air Intake 106.66 330
U2 RWST T005 U2 emergency air intake 103.23 331
U2 RWST T005 U3 emergency air intake 150.24 322
U2 RWSTT006 Normal Air Intake 103.79 327
U2 RWST T006 U2 emergency air intake 100.26 327
U2 RWST T006 U3 emergency air intake 148.21 319
U3 RWST T005 Normal Air Intake 146.59 104
U3 RWST TO05 U2 emergency air intake 150.24 104
U3 RWST T005 U3 emergency air intake 103.23 95
U3 RWST T006 Normal Air Intake 144.51 106
U3 RWST T006 U2 emergency air intake 148.21 107
U3 RWST T006 U3 emergency air intake 100.26 99

The results of the ARCON96 analysis show that the Unit 2 RWST T006 vent to
Unit 2 emergency air intake release path has the more conservative atmospheric
dispersion (i.e., the maximum atmospheric dispersion factor) for the 0 to 2 hour
time period. For time periods after 2 hours, the results of the ARCON96 analysis
show that the Unit 2 RWST T005 vent to Unit 2 emergency air intake release
path has the more conservative atmospheric dispersion. The atmospheric
dispersion factors for this release are a conservative composite of these two flow
paths. The resultant 95th percentile control room atmospheric dispersion factors
for these release paths are presented in Section 4.4.5.
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Section 4.4.4.10 Fuel Handling Building (FHB) Release

Atmospheric dispersion between the fuel handling building and the control room
HVAC intakes is modeled as a point source using the ARCON96 vent release
option.

The Units 2 and :3 FHBs are each located to the east of the Units 2 and 3
containment buildings. The FHB release location is assumed to be the spent fuel
cask hatch over Ihe south end of the IJnit 2 railroad access bay (north end of Unit
3 bay). This hatch is larger and closer to the control room air intake locations
than the smaller cask hatch over the opposite ends of the respective railroad
bays. The centerline of the spent fuel cask is south and east of the Unit 2
containment cen:erline (north and east of the Unit 3 containment centerline).

The FHB spent fuel cask hatch release height is at plant elevation 63.50 feet
(19.35 meters).

For the FHB release, the fuel handling building east cross-section area and one
half of the containment cross-section area is used. Only one half of the
containment is conservatively considered since it is partially offset from the
release to intake axis. All other intervening buildings, such as the auxiliary
building, are conservatively ignored. The building wake area for the FHB release
is 2076.78 square meters.

Table 4.4-10 presents the separation distances and wind directions that
characterize the releases from the two FHB activity release point locations to the
three control room HVAC intake locations:

TABLE 4.4-10: FHB TO CONTROL ROOM MODELING

Release Point Control Room Receptor Separation Distance Wind Direction
_(_ees._(degrees, North = 0)

U2 FHB Normal Air Intake 91.82 20
- U2 FHB U2 emergency air intake 91.06 23
- U2 FHB _ U3 emergency air intake 112 356

U3 FHB Normal Air Intake 109.73 68
U3 FHB _ U2 emergency air intake 112 70

- U3 FHB U3 emergency air intake 91.06 43

The results of the ARCON96 analysis show that the Unit 2 FHB to Unit 2
emergency air intake release path has the more conservative atmospheric
dispersion (i.e., the maximum atmospheric dispersion factor). The resultant 95th
percentile control room atmospheric dispersion factors for this release path are
presented in Section 4.4.5.
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Section 4.4.5 ARCON96 Results - 95th Percentile Control Room
Atmospheric Dispersion Factors

For each of the release locations, the maximum atmospheric dispersion factor
from either unit to any of the three control room air intakes is determined. The
resultant 95th percentile control room atmospheric dispersion factors are
presented in Table 4.4-11.

As discussed in section 4.4.4.5, the control room atmospheric dispersion factor
results for the MS'SV stack release include credit for plume rise. MSSV plume
rise credit may be modeled for any accident with an MSSV release.

The control room atmospheric dispersion factor results for the ADV stack release
are presented with and without credit for plume rise. The determination of
whether ADV plume rise credit can be taken must be determined on an accident-
specific basis.

Control room occupancy factors are not included in the 95th percentile
atmospheric dispersion factors reported in Table 4.4-11. Control room
occupancy factors are modeled as separate input parameters to the dose
analyses.

TABLE 4.4-11: 95 th Percentile Control Room X/Qs (sec/M 3 )
[without CR Oc upancy Factors]

Main Containment Equipment ADV ADV
Time Interval Plant Vent Shell Hatch (no plume (with plume11rise cred it) rise credit)

0 to 2 hrs 4.14E-93 7 _8R-04 3.70E-03 7.40E-041.15E-03 1.01E-3 8.O1 E.04 ____________

2 1oE-h4 01 64 6 2 4 - 04 4,97E 03 394rE-04
rs 6.23E-04 6.41 E-04 6.35E-04 1.99E-03 3.98E-04

81 t 24 hrs 214E-04 1.78E-04 6.95E-04 1 .39E-04

1 to 4 days 2.22E-04 2.36E-04 2.2304 4 7.04E-04 41E.04

4 to 30 days _2.02E04 2.03E-04 6 34-04 1.27E-04
2.02E-04 2.20E-04 6.34E-04

MSSV AFW Fuel
Time Interval (writh plume SLB-OC Turbine RWST Handling

rise credit) Exhaust Building

4.24E-03 7E0.65E 4 &54E R010 to 2 hrs 1.22E-03 7.78E-03 8.60E-04 5.67E-04 9.48E-04

l 7. 18E 04 4 79-03 326E-04 2.47E 04 7 4OF-0410 8 hrs 7.52E-04 4.81 E-03 3.70E-04 2.25E-04 7.61 E-04

8 to 24 hrs 2.48E-04 1.62E-03 1.56E-04 8.89E-05 4 .93E-04
2.48E044 8.84-05 1.92E-04

1 to 4 days 2.86E-04 1.83E-03 1.61 E-04 8.87E 05 2 65E-04

4 to 30 days 2.60E-04 1.68E-03 1.30E-04 7.37E-05 2.43E-04
__ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ 7.37E-05
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Section 4.5 LOSS OF COOLANT ACCIDENT ANALYSIS

Regulatory Guide 1.183 Appendix A provides assumptions for use in evaluating
the radiological consequences of a LC)CA. These assumptions supplement the
guidance provided in the main body of RG 1.183.

The SONGS Units 2 and 3 LOCA is characterized by the following activity
release paths:

* Containment leakage
* Engineered Safety Feature (E;F) recirculation loop leakage
* Refueling Water Storage Tank (RWST) release
* Post Accident Sampling System (PASS) leakage

The SONGS Units 2 and 3 LOCA is also characterized by the following gamma
radiation shine dose contributors which are discussed in Section 4.3:

* Environmental cloud gamma radiation shine
* Control room filter gamma radiation shine
* Containment building gamma radiation shine
* Post-LOCA piping gamma radiation shine

The characteristics of the LOCA model are summarized in Table 4.5-1.

This Section presents the assumptions, design input, methodology employed in
evaluating, and the radiological consequences of each of the SONGS Units 2
and 3 LOCA dose contributors.

TABLE 4.5-1: LOCA DOSE ANALYSIS PARAMETERS
LOCA PARAMETER MODELED VALUE

Dose acceptance criteria, Rem TEDE
Control Room 5
EAB 25
LPZ 25

Containment leakage parameters per Table 4.5-2
ESF system leakage parameters per Table 4.5-8
RWST release parameters per Table 4.5-9
PASS leakage parameters per Table 4.5-10
Offsite dose evaluation model per Section 4.2
Control Room dose evaluation model per Section 4.3

Section 4.5.1 Containment Leakage

Regulatory Guide 1.183 Appendix A provides assumptions for use in evaluating
the radiological consequences of the containment leakage pathway for a LOCA.
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These assumptions supplement the guidance provided in the main body of RG
1.183.

This Section presents the assumptions, design input, and methodology employed
in evaluating the radiological consequences of the SONGS Units 2 and 3 LOCA
containment leakage path. The characteristics of the LOCA containment leakage
model are summarized in Table 4.5-2.

The control room and offsite doses associated with containment leakage are
summarized in Section 4.5.7.

TABLE 4.5-2: LOCA CONTAINMENT LEAKAGE ANALYSIS PARAMETERS
LOCA CONTAINMENT LEAKAGE PARAMETER MODELED VALUE

LOCA source term
Reactor core isotope inventory at shutdown, curies per Section 4.1

Timing of core activity release into containment
Gap release phase 0.5 to 30 minutes
Early in-vessel phase 0.5 to 1.8 hours

Core inventory fract on released into containment, gap release phase
Noble gases (Xe, Kr) 0.05
Halogens (I, Br) 0.05
Alkali Metals (Cs, Rb) 0.05
Other Elements 0.00

Core inventory fraction released into containment, early in-vessel phase
Noble gases (Xe, Kr) 0.95
Halogens (I, Br) 0.35
Alkali metals (Cs, Rb) 0.25
Tellurium metals (Te, Sb, Se) 0.05
Barium, Strontiurr (Ba, Sr) 0.02
Noble metals (Ru Rh, Pd, Mo, Tc, Co) 0.0025
Cerium group (Ce, Pu, Np) 0.0005
Lanthanides (La, Zr, Nd, Eu, Nb, Pm, Pr, Sm, Y, Cm, Am) 0.0002

Chemical form of Iodine released into containment, percent of iodine
Cesium iodide (C:;l) (particulate iodine) 95.00
Elemental iodine 4.85
Organic iodide 0.15

Containment net free volume, cubic feet
Total 2.284E+06
Sprayed volume 1.907E+06
Unsprayed volume 3.770E+05

Containment mechanical air mixing
Number of operating emergency cooling unit (ECU) trains 1
Number of operating emergency cooling units 2 ECUs per train
Emergency cooling unit flow rate, ft3/minuta per ECU 31,000
Number of operating dome air circulator unit (DACU) trains 1
Number of opera':ing dome air circulator units 2-1 DACUs per trai
Dome air circulator unit flow rate, ft3 lminute per DACU (not credited) 037rOO I
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LOCA CONTAINMENT LEAKAGE PARAMETER MODELED VALUE

Natural deposition (plateout) removal of airborne radionuclides Per Section 4.5.1.3
Containment spray removal of airborne radionuclides Per Section 4.5.1.3
Containment leakage rate, ft3/minute

0 to 1 day, Total leakage 1.6
0 to 1 day, Sprayed volume leakage 1.34
0 to 1 day, Unsprayed volume leakage 0.26
1 to 30 days, Total leakage 0.8
1 to 30 days, Sprayed volume leakage 0.67
1 to 30 days, Uns:rayed volume leakage 0.13

Atmospheric Dispersion Factors for the Conlainment Leakage release via per Section 4.4
the Containment Stell to Control Room, seconds/M3

Section 4.5.1.1 Containment Leakage Source Term

Regulatory Guide 1.183 Appendix A Section 1 states that acceptable
assumptions regarding core inventory and the release of radionuclides from the
fuel are provided in RG 1.183 Regulatory Position 3.

Consistent with RIG 1.183 Regulatory Position 3.4 and its Table 5, the core
isotopes released into the containment are grouped into chemically similar
groups. The elements of each group are as listed in Table 4.5-2 Consistent
with RG 1.183 Regulatory Position 3.2, the core inventory release fractions, by
radionuclide groups, for the gap release and early in-vessel phases for DBA
LOCAs are as listed in Table 4.5-2.

Consistent with RG 1.183 Regulatory Position 3.2, the core inventory release
fractions are applied to the equilibrium reactor core isotope inventory at
shutdown as described in Section 4.1.

Consistent with FRG 1.183 Regulatory Position 3.3 and its Table 4, the onset and
duration of the sequential gap release and early in-vessel release phases for the
LOCA are as specified in Table 4.5-2. The gap release phase begins at
30 seconds and the early in-vessel release phase begins at 30 minutes.
Although the gap release duration is to be 30 minutes, it is conservatively
assumed to end at 30 minutes so that there is no overlap with the start of the
early in-vessel release phase (i.e., the gap release phase is modeled with a
duration of 29 minutes and 30 seconds). The activity released from the core
during each release phase is modeled as increasing in a linear fashion over the
duration of the phase.

Consistent with FG 1.183 Appendix A Section 2, an evaluation of post-LOCA
containment sump pH has considered the effect of acids and bases created
during the LOCA event (e.g., radiolysis products). As discussed in Section
4.5.1.3.4, the containment sump pH is at a value of 7 or greater at the start of the
LOCA when iodine evolution from the containment sump is a concern, and for
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worst case cond tions the containment sump pH is not lower than approximately
6.9 at the end of 30 days. Consistent with RG 1.183 Appendix A Section 2, since
the containment sump pH is controlled at a value of 7 or greater during the
release of radioiodine to the containment, the chemical form of radioiodine
released to the containment is assumed to be 95 percent cesium iodide (Csl),
4.85 percent elemental iodine, and 0.15 percent organic iodide.

Consistent with Regulatory Guide 1.183 Appendix A Section 2, with the
exception of elemental and organic iodine and noble gases, fission products are
assumed to be in particulate form (i.e., subject to particulate spray and deposition
removal as well as by HEPA filtration).

Section 4.5.1.2 Containment Leakage Activity Release Model

Consistent with FIG 1.183 Appendix A Section 3.1, the radioactivity released from
the fuel is assumed to mix instantaneously and homogeneously throughout the
free air volume cf the primary containment. The activity release is terminated at
the end of the early in-vessel phase.

Consistent with FIG 1.183 Appendix A Section 3.2, reduction in containment
airborne radioactivity by natural deposition within the containment is credited. As
discussed in Sec~tion 4.5.1.3, the removal of iodines and aerosols by natural
processes is calculated using the models presented in Standard Review Plan
(SRP) Section 6.5.2 and NUREG/CR-6189, "A Simplified Model of Aerosol
Removal by Natural Processes in Reactor Containments" (Reference 16).

Consistent with FIG 1.183 Appendix A Section 3.3, reduction in containment
airborne radioactivity by the containment spray system is credited. As discussed
in Section 4.5.1.3, removal of iodines and aerosols by containment sprays are
calculated using the models presented in SRP Section 6.5.2 and NUREG/CR-
5966 "A Simplified Model of Aerosol Removal by Containment Sprays"
(Reference 17).

Consistent with FIG 1.183 Appendix A Section 3.3, the containment building
atmosphere is not considered a single, well-mixed volume because the
containment sprays cover less than 90% of the containment net free air volume.
The total primary containment net free air volume of 2,284,000 cubic feet
consists of a sprayed volume of 1,907,000 cubic feet (83.5 percent) and an
unsprayed volume of 377,000 cubic feet (16.5 percent).

Consistent with FIG 1.183 Appendix A Section 3.7, the containment is assumed
to leak at the peak pressure technical specification leak rate of 0.1 percent of the
containment air weight per day for the first 24 hours of the LOCA event.
Consistent with FIG 1.183 Appendix A Section 3.7, after the first 24 hours, the
containment leak rate is halved to 0.05 percent of the containment air weight per
day.
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The containment leakage is assumed to originate from the containment sprayed
and unsprayed regions in flow rates that are proportional to the total volume of
each region. A wvell-mixed containment is necessary to justify this modeling. The
Containment Emergency Cooling Units (ECUs or air coolers) and the
Containment Dome Air Circulator Units (DACUs) provide the necessary air
mixing action. Due to an assumed failure, only one of the two Containment ECU
trains and one of the two Containment DACU trains are modeled as being
operational. The containment ECUs and DACUs are assumed to start operation
one minute after the start of the LOCA. Assuming that the air mixing removal of
containment unsprayed region activity can be approximated by an exponential
relationship, 99 percent of the contaminated air in the containment unsprayed
region will be replaced with air from the sprayed region within 43-28 minutes,
ensuring well-mixing of the containment air with moee than 8-aDproximatelv 4
change-outs of the containment unsprayed region activity prior to the cessation
of activity releases at the conclusion of the early in-vessel phase.

The containment mini-purge represents a potential containment airborne activity
release path to tie environment. Per TS LCO 3.6.3 Surveillance Requirement
3.6.3.2, the 8-inch mini-purge valves are closed except when the valves are open
for pressure control, As-Low-As-Reasonably Achievable (ALARA), or air quality
considerations for personnel entry, or for surveillances that require the valves to
be open. Consistent with the guidance of RG 1.183 Appendix A Section 3.8,
because the containment is not routinely purged with the mini-purge system,
activity releases through the containment 8-inch mini-purge valves are not
analyzed.

The containment purging system represents another potential containment
airborne activity release path to the environment. Per TS LCO 3.6.3 Surveillance
Requirement 3.E.3.1, the 42-inch purge valves are sealed closed. Consistent
with the guidance of RG 1.183 Appendix A Section 7, since the installed
containment purging system is not credited in any design basis analysis, activity
releases through the containment 42-inch purge valves are not evaluated.

The activity released from the containment is transported by atmospheric
dispersion to the control room HVAC intake and to the offsite EAB and LPZ dose
receptors. Section 4.4 and its Table 4.4-11 present the San Onofre site-specific
95th percentile meteorology atmospheric dispersion factors used for the
containment shell to control room release pathway. No credit is taken for
radioactive decay of the isotopes during this atmospheric dispersion transit to the
control room or offsite dose locations. Consistent with RG 1.183 Regulatory
Positions 4.1.7 and 4.2.2, no correction is made for depletion of the effluent
plume by deposition on the ground.
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Section 4.5.1.3 Containment Aerosol and Elemental Iodine Removal

Consistent with FIG 1.183 Appendix A Sections 3.2 and 3.3, reductions in
containment airborne radioactivity by natural deposition within the containment
and by the containment spray system are credited. This section discusses the
modeling employed in determining the aerosol and iodine natural deposition and
spray removal rates in the containment sprayed and unsprayed regions.

Section 4.5.1.3.1 addresses the natural deposition of aerosols, including
particulate iodine (i.e., cesium iodide). Section 4.5.1.3.2 addresses the natural
deposition of elemental iodine. Natural deposition is not considered for the
removal of organic iodide and noble gases.

Section 4.5.1.3.3 addresses the spray removal of aerosols, including particulate
iodine. Section 4.5.1.3.4 addresses the spray removal of elemental iodine.
Spray removal is not considered for the removal of organic iodide and noble
gases.

Section 4.5.1.3.5 presents the combined time-dependent natural deposition plus
spray removal rates in the containment sprayed and unsprayed regions for
elemental iodine, halogens and other particulates.

Section 4.5.1.3.1 Containment Natural Deposition of Aerosols

Consistent with RG 1.183 Appendix A Section 3.2, reduction in containment
airborne aerosol radioactivity by natural deposition is credited in the SONGS
Units 2 and 3 AST dose analyses. The SONGS natural deposition analysis uses
a simplified natural deposition model lor aerosols developed by Powers et.al. in
NUREG/CR-6189 for the different types of reactors and various operating power
levels using a Monte Carlo uncertainty analysis. The results of these analyses
for PWR design basis accidents are summarized in correlations provided in
NUREG/CR-618D Table 36. Per RG 1.183 Appendix A Section 3.2, the
NUREG/CR-6189 model is incorporated into the RADTRAD analysis code of
NUREG/CR-6604.

The aerosol natural deposition removal rates for the gap release and the early
in-vessel release phases for the different time periods are conservatively
calculated using the Powers model with 1 0th percentile natural deposition
correlations (i.e., minimum deposition) and the analysis models the core rated
thermal power oi 3438 MWt specified in Section 4.1.1. These deposition rates
are weighted by each chemical group release rate reflecting the core release
fractions and release phase durations specified in Table 4.5-2, as required by
NUREG/CR-6604 Section 2.2.2.1.2. The resultant aerosol natural deposition
rates for halogens, alkali metals, and other particulates are shown in Table 4.5-3.
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TABLE 4.5-3: AEROSOL NATURAL DEPOSITION REMOVAL RATES
HALOGENS ALKALI METALS OTHER PARTICULATES

10th PERCENTILE 10th PERCENTILE 10th PERCENTILETIME PERIOD NATURAL DEPOSITION NATURAL DEPOSITION NATURAL DEPOSITION
(hours) REMOVAL RATE REMOVAL RATE REMOVAL RATE

(1/hour) (1/hour) (1/hour)

0 to 0.5 2.94E-02 2.94E-02 N/A
0.5 to 1.8 3.95E-02 4.17E-02 3.12E-02
1.8 to 3.8 8.93E-02 8.93E-02 8.93E-02

3.8 to 13.8 1.16E-01 1.16E-01 1.16E-01
13.8 to 22.2 8.60E-02 8.60E-02 8.60E-02
22.2 to 720 0.OOE+00 0.OOE+00 0.OOE+00

Section 4.5.1.3.X Containment Natural Deposition of Elemental Iodine

Consistent with FIG 1.183 Appendix A Section 3.2, reduction in containment
airborne elemental iodine radioactivity by natural deposition is credited in the
SONGS Units 2 and 3 AST dose analyses. The SONGS natural deposition
analysis uses a model provided in NUREG-0800 SRP Section 6.5.2.

Removal of elemental iodine by wall deposition is estimated using the
methodology of SRP 6.5.2 Section Ill.4.c.(1). Input to this methodology includes
a mass transfer coefficient, the wetted surface area inside containment, and the
containment building net free volume.

The mass transfer coefficient is modeled with a value of 0.137 cm/sec, consistent
with the value of 4.9 m/hr recommended by SRP 6.5.2 Section 111.4.c.(1).

As discussed in NJUREG/CR-0009 Section 5.1.2, the natural deposition model for
elemental iodine assumes that the bulk gas in the containment atmosphere is
well-mixed by natural convection, by steam flows, and by spray operations.
Therefore, all surfaces within the containment are available for elemental iodine
aerosol deposition. The wetted surface area modeled for natural deposition is
the surface area Df 601,519 square feet that is used for the passive heat sinks in
the containment pressure/temperature response analyses for LOCA and Main
Steam Line Brea' (MSLB).

The total primary containment net free air volume of 2,284,000 cubic feet is the
sum of the containment sprayed and unsprayed volumes.

Based on these parameters, the resultant elemental iodine natural deposition
rate is 4.26 inverse hours.
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Section 4.5.1.3.3 Containment Spray Removal of Aerosols

Consistent with FIG 1.183 Appendix A Section 3.3, reduction in containment
airborne aerosol radioactivity by the Containment Spray System (CSS) is
credited in the SONGS Units 2 and 3 AST dose analyses. The SONGS spray
removal analysis uses a simplified spray removal model for aerosols that was
developed by Powers et.al. in NUREG/CR-5966 using a Monte Carlo uncertainty
analysis. Per RG 1.183 Appendix A section 3.3, the NUREG/CR-5966 model is
incorporated into the RADTRAD analysis code of NUREG/CR-6604.

The aerosol spray removal model input parameters are the CSS spray water flux,
the fall height of .he spray droplets, and the aerosol mass fraction, which is
defined as the aerosol mass in the atmosphere at a given time divided by the
total aerosol mass released into the compartment atmosphere until this time.

The CSS has two phases of operation, an injection phase and a recirculation
phase. During the injection phase the CSS draws water from the refueling water
storage tank until this tank source is exhausted. Following the injection phase,
the CSS enters the recirculation phase where water is drawn from the
containment sump and recirculated through the CSS. The minimum flow rate per
spray header is 1 ,606 gpm during the injection phase and 1,991 gpm during the
recirculation phase. The SONGS spray removal analysis conservatively models
the lower injection phase flow rate, rounded down to 1,600 gpm per spray
header, throughout the CSS operation. The lower flow rate and resultant spray
flux minimizes tha activity removal by the sprays and maximizes the airborne
radionuclide concentrations. For further conservatism, the SONGS spray
removal analysis assumes that only one of the two CSS headers is in operation.

The Powers model is valid for spray water fluxes ranging from 0.001 to 0.25
cm3 H2 0/ cm2-s. The total spray flux for the SONGS Units 2 and 3 spray system
has been determined to fall within this applicability range. The spray flux is
0.00615 cm3 H20/ cm2-s based on a minimum spray system flow rate for one
spray header of 1,600 gpm, and the circular floor coverage area for the
containment inner diameter of 150 feet.

The Powers model is valid for fall heights ranging from 500 to 5,000 cm. The
range of fall heights for the SONGS Units 2 and 3 spray system has been
determined to fall within this applicability range. The SONGS Units 2 and 3
containment spray system is designed with multiple spray rings at varying
heights within the containment. The fall height of the spray droplets from the
various rings to tie operating floor ranges from a minimum of 2,433 cm to a
maximum of 3,611 cm.

Per NUREG/CR-5966 page 99, the value of the aerosol removal coefficient at an
aerosol mass fraction of 0.9 is indicative of the initial rate of decontamination
when aerosol is first exposed to the action of a spray.
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Unique aerosol spray removal rates were calculated for each spray ring in each
of the two CSS spray headers. The calculations address the fact that each spray
ring is located at a different height with its own unique spray flux due to different
coverage areas and number of spray nozzles per spray ring. The aerosol spray
removal rates were conservatively calculated for an aerosol mass fraction of 0.9
using the Powers model with 10th percentile spray removal correlations (i.e.,
minimum deposition). The aerosol spray removal rates for each ring in a spray
header were then summed together, and the lowest header value of 4.73 inverse
hours for an aerosol mass fraction of 0.9 was determined.

The aerosol spray removal rate will vary from the value of 4.73 inverse hours as
a function of the aerosol mass fraction. The Powers model was originally
developed for a puff release of aerosol into a system. In those cases where
there is a continuous release, such as the AST LOCA with its gap and early
in-vessel releases, the injected aerosols will continually renew the aerosol size
distribution. For this reason, the aerosol mass fraction has been modeled with a
constant value of one until the release stops at 1.8 hours. The SONGS spray
removal analysis applies the Powers model equations to determine the elapsed
time since the end of the in-vessel phase to reach a given aerosol mass fraction,
and the aerosol spray removal rate corresponding to that aerosol mass fraction.

The Bechtel LocaDose code is used in the AST dose analyses. The LocaDose
code treats the aerosol spray removal rates as constants for any given time
period. Therefore, to model the time dependency, average aerosol spray
removal rates have been calculated for specified LocaDose code time periods.
The resultant average aerosol spray removal rates are shown in Table 4.5-4.

TABLE 4.5-4: AEROSOL SPRAY REMOVAL RATES
AEROSOL

TIME PERIOD 10th PERCENTILE
(hours) SPRAY REMOVAL RATE

(l/hour)

0 to 1.8 5.15
1.8 to 2 3.79
2 to 3.8 1.32
3.8 to 4 0.79
4 to 8 0.62

8 to 13.8 0.52
13.8 to 24 0.50
24 to 48 0.50
48 to 96 0.50

96 to 720 0.50
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Section 4.5.1.3.4 Containment Spray Removal of Elemental Iodine

Consistent with RG 1.183 Appendix A Section 3.3, reduction in containment
airborne elemental iodine radioactivity by the CSS is credited in the SONGS
Units 2 and 3 A'ST dose analyses. The SONGS spray removal analysis uses a
model provided in NUREG-0800 SRP Section 6.5.2, "Containment Spray as a
Fission Product Cleanup System" that is based on NUREG/CR-0009,
"Technological EBases for Models of Spray Washout of Airborne Contaminants in
Containment Vessels".

Elemental iodinE removal rates by sprays are calculated using the Bechtel
REMOVE code, which incorporates the models of SRP 6.5.2 and
NUREG/CR-0009. The removal rates are calculated as a function of time. Spray
removal rates are calculated for each spray header and each ring individually,
and then added together to determine an overall elemental iodine spray removal
rate.

Input to the Bechtel REMOVE code includes the CSS characteristics as
described in Section 4.5.1.3.3. As in the aerosol spray removal analysis, the
SONGS elemental iodine spray removal analysis conservatively assumes that
only one of the two containment spray system headers is in operation, and it is
operating at 1,600 gpm throughout the CSS injection and recirculation phases.

A spectrum of drop sizes produced by the containment spray system nozzle is
used in the REMOVE code model to determine a spray removal rate constant.
The SONGS containment spray system is designed with SPRACO 1713A
nozzles. The drop size distribution for this nozzle is built into the Bechtel
REMOVE code.

The elemental icdine spray removal rates are dependent on the temperature of
the air-steam mixture in the containment. A parametric study was performed to
determine the appropriate temperatures to model that will result in conservative
removal rate estimates. The study temperatures ranged from the minimum
containment air temperature of 89.9 degrees Fahrenheit (32.2 C) to the
maximum containment air temperature of 267.4 degrees Fahrenheit (130.8 C),
as determined in the containment pressure/temperature response analysis for
the LOCA. The elemental iodine remDval rate was found to increase with
temperature until about 100 C, and then decrease with further increasing
temperature. Within the studied temperature range, the maximum removal rate
is 5.314 inverse hours, and the minimum removal rate is 4.569 inverse hours, for
a ratio of 1.2 betNeen these extremes. Since the removal rates determined in
the spray removal calculation are dependent on a post-LOCA environment that
may be revised due to changes in the reactor system or steam generator
characteristics, the resultant removal rates calculated with the Bechtel REMOVE
code for modelirg in the AST containment leakage dose analysis have been
conservatively reduced by a factor of 1.2.
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The elemental iodine spray removal rates are calculated as a function of time for
two phases, the 0SS injection phase and the CSS recirculation phase. Input to
the Bechtel REMOVE code includes the partition coefficient of iodine between
the water and air.

The CSS injection phase begins with initiation of spray and lasts from a minimum
of approximately 20 minutes (with two CSS trains in operation) to a maximum of
approximately 40 minutes (with one CSS train in operation). During the injection
phase, borated water from the RWST is used in the spray system. Consistent
with NUREG/CR-0009 page 61, a partition coefficient (i.e., liquid concentration
divided by gas concentration) of 200 for boric acid solutions is modeled.

The CSS recirculation phase begins at the end of the CSS injection phase.
During the recirculation phase the spray system draws water from the
containment sump. The partition coefficients of iodine between the water and air
during the recirculation phase are calculated with the Bechtel ICONC code, using
the methodology developed by L.P. Parsly in ORNL-TM-2412 Part IV. Key input
parameters for this methodology include the containment sump water
temperature and pH, the volumes of the gaseous and liquid phases, the initial
iodine inventory in the containment sump water, and the elemental iodine
equilibrium constants K1 and K3.

The partition coefficient increases with increasing containment sump water
temperature. The containment sump water temperature varies with time during
the CSS recirculation phase. Therefore, for each time interval of interest, the
minimum containment sump water temperature for that time interval has been
conservatively modeled.

The partition coefficient increases with increasing containment sump pH.
Therefore, the minimum containment sump pH level of 7 has been conservatively
modeled. SONGS Units 2 and 3 TS LCO 3.5.5 provides for periodic
surveillances of the ECCS Trisodium Phosphate (TSP) Dodecahydrate to ensure
compliance with the Standard Review Plan 6.5.2 requirement of a pH of at least
seven by the onset of recirculation after a LOCA. The required amount of TSP
has been calculated based upon the extreme cases of water volume and pH
possible in the containment sump. Combustion Engineering Owners Group
(CEOG) Task 1178 evaluated the effect of non-traditional acid formers on
postaccident containment sump pH for CEOG plants, including SONGS. The
evaluation showed that for worst-case conditions, the inclusion of additional acid
formers resulted in a slightly lower containment sump pH (approximately 6.9) at
the end of 30 days. The evaluation concluded that this pH will continue to ensure
that radioiodines remain in the sump solution and are not re-evolved to the
containment atmosphere.

The volume of the gaseous phase is Ihe containment free air volume of
2.284E+06 ft3. The volume of the liquid phase is 46,647 ft3, representing the
minimum containment emergency sump volume available at the start of the
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post-LOCA CSS and Safety Injection System (SIS) recirculation mode of
operation. The minimum sump volume is appropriate for this calculation since
larger liquid volumes will retain more iodine thus increasing the partition
coefficient.

The initial iodine inventory in the containment sump water is 2.03 moles, based
on the elemental iodine available for release during the gap and the early in-
vessel phases.

The elemental iodine equilibrium constants K1 and K3 are obtained from
Tables 1 and 2 of ORNL-TM-2412 Part IV.

Unique elemental iodine spray removal rates were calculated for each spray ring
in each of the two CSS spray headers. The calculations address the fact that
each spray ring is located at a different height with its own unique spray flux due
to different coverage areas and number of spray nozzles per spray ring. The
elemental iodine spray removal rates for each ring in a spray header were then
summed together, and the lowest header value at each time interval was
determined.

The resultant elemental iodine spray removal rates and decontamination factors
are presented in Table 4.5-5. The tabulated removal rates include the previously
discussed reduction factor of 1.2.

Per Standard Review Plan 6.5.2 Section 111.4.c.(1), the elemental spray removal
rate is limited to a maximum value of 20 inverse hours. The elemental iodine
spray removal analysis predicts CSS recirculation phase elemental iodine
removal rates in excess of 20 inverse hours during the first 4 hours of the LOCA.
Table 4.5-5 reflects this SRP 6.5.2 limitation.

TABLE 4.5-5: ELEMENTAL IODINE SPRAY REMOVAL RATES

TIME PERIOD ELEMENTAL IODINE ELEMENTAL IODINE
TIMEr) PISPRAY REMOVAL RATE DECON. FACTOR(hou1s) l/hour) (unitless)

Prior to start of _ _ .
CSS injection phase 0.00 N/A

Duration of 1.02 110
CSS injection phase l

Start of CSS recirculation 20.00 170
phase to 2 hours

2 to 4 20.00 160
4 to B 18.86 140

8 to 1:3.8 16.01 110
13.8 tc 24 12.99 84
24 to 48 10.09 64
48 to 96 7.83 48

96 to .20 3.78 25
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Section 4.5.1.3.5 Combined Natural Deposition Plus Containment Spray
Removal Rates

The preceding sections present the natural deposition and containment spray
removal rates. In this section the individual removal rates are combined into total
containment removal rates for use in E3echtel LocaDose code dose assessment
calculations. Individual removal rates as a function of time for four groups are
determined: elerrental iodines, particulate iodines including other halogens, alkali
metals, and all other particulates.

The total removal rate is calculated by combining the individual removal rates
from the following sources:

1. The aerosol natural deposition rates per Section 4.5.1.3.1
2. The elemental iodine natural deposition rate per Section 4.5.1.3.2
3. The aerosol spray removal rates per Section 4.5.1.3.3
4. The elemental iodine spray removal rates per Section 4.5.1.3.4

Removal rates are determined for the sprayed and the unsprayed containment
regions. In the sprayed containment region the total removal rate consists of a
combination of natural deposition and spray removal. In the unsprayed
containment region the total removal rate consists only of the natural deposition
rates. The resultant total containment removal rates are shown in Tables 4.5-6
and 4.5-7.

Aerosol natural deposition removal is assumed to begin coincident with the start
of the gap releas e phase at 30 seconds.

CSS injection phase aerosol and elemental iodine removal are assumed to begin
with the onset of full flow containment spray, which is conservatively modeled as
beginning one minute after the start of the LOCA.

The CSS recirculation phase is entered when the ESF recirculation system
begins operation. The ESF recirculation system circulates containment sump
liquid via the High Pressure Safety Injection (HPSI), Low Pressure Safety
Injection (LPSI), and CSS pumps following a Recirculation Actuation Signal
(RAS). This analysis assumes only one train of CSS is. in operation, and that the
onset of CSS recirculation mode of operation is thereby delayed until 42 minutes
after the start of the LOCA. This assumption is conservative since the CSS
injection phase spray removal rates for elemental iodine are much lower than the
removal rates during CSS recirculation phase. Therefore, a longer CSS injection
phase results in slower removal of elemental iodines from the containment
atmosphere.

The containment spray is assumed to operate for four hours after the onset of the
LOCA. This ensures that a significant portion of the aerosol and elemental iodine
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releases are removed from the containment atmosphere. Since there is no
Decontamination Factor (DF) cut-off for spray removal of aerosols, limiting the
spray operation to a maximum of four hours results in conservative estimates of
the airborne activity in the containment. The elemental iodine DF cutoff values
are reached prior to four hours.

After four hours, the sprayed region is modeled with the unsprayed region natural
deposition removal rates.

TABLE 4.5-6: CONTAINMENT SPRAYED REGION REMOVAL RATES

ELEMENTAL ELEMENTAL PARTICULATE ALKALI OTHER
IODINE IODINE METALS PARTICULATES

TIME PERIOD REMOVAL DECON. HALOGENS REMOVAL REMOVAL
RATE FACTOR REMOVAL RATE RATE

(1/hour) (unitless) (/hour) (1/hour) (1/hour)

o to 0.5 minutes 0 N/A 0 0 0
0.5 to 1 minute 4.26 110 0.0294 0.0294 0
1 to5minutes 5.28 110 | 5.18 5.18 5.15

5 to 20 minutes 5.28 110 5.18 5.18 5.15
20 to 30 minutes 5.28 11( 5.18 5.18 | 5.15
30 to 42 minutes 5.28 110 5.19 5.19 5.18

42 minutes to 1 hour 24.26 170 5.19 5.19 5.18
1 to 1.8 hours 24.26 170 5.19 5.19 5.18
1.8 to 2 hours 24.26 170 3.88 3.88 3.88
2 to 3.8 hours 24.26 160 1.41 1.41 1.41
3.8 to 4 hours 24.26 160 0.91 0.91 0.91
4 to 8 hours 4.26 140 0.116 0.116 0.116

8to 13.8 hours 4.26 11( 0.116 0.116 0.116
13.8 to 22.2 hours 4.26 84 0.086 0.086 0.086
22.2 to 24 hours 4.26 84 0 0 0

1 to 2 days 4.26 64 0 0 0
2to4days 4.26 48= 0 0 0
4to30days | 4.26 25 I 0 0 0
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TABLE 4.5-7: CONTAINMENT UNSPRAYED REGION REMOVAL RATES

ELEM ENTAL ELEM ENTAL PARTICULATE ALKALI OTHER
IODINE IODINE IODINE AND METALS PARTICULATES

TIME PERIOD REMOVAL DECON. HALOGENS REMOVAL REMOVAL
RATE FACTOR REMOVAL RATE RATE

(1/hour) (unitless) (1/hour) (1/hour) (1/hour)

0 to 0.5 minutes 0 N/A 0 0 0

0.5 to 1 minute 4.26 110 0.0294 0.0294 0

1 to 5 minutes 4.26 110 0.0294 0.0294 0

5 to 20 minutes 4.26 110 0.0294 0.0294 0

20 to 30 minutes 4.26 110 0.0294 0.0294 0

30 to 42 minutes 4.26 110 0.0395 0.0417 0.0312

42 minutes to 1 hour 4.26 170 0.0395 0.0417 0.0312

1 to 1.8 hours 4.26 170 0.0395 0.0417 0.0312

1.8 to 2 hours 4.26 170 0.0893 0.0893 0.0893

2 to 3.8 hours 4.26 160 0.0893 0.0893 0.0893

3.8 to 4 hours 4.26 160 0.116 0.116 0.116

4 to 8 hours 4.26 140 0.116 0.116 0.116

8to13.8hours 4.26 110 0.116 0.116 0.116

13.8 to 22.2 hours 4.26 84 0.086 0.086 0.086

22.2 to 24 hours 4.26 84 0 0 0

1 to 2 days 4.26 64 0 0 0

2 to 4 days 4.26 48 0 0 0

4to 30 days 4.26 25 0 0 0

Section 4.5.2 ESF Recirculation Loop Leakage

The ESF recirculation loop circulates containment sump water outside of the
containment via the SIS and CSS pumps following receipt of a RAS. Per RG
1.183 Appendix A Section 5, ESF systems that recirculate sump water outside of
the primary containment are assumed to leak during their intended operation.
This release includes leakage through valve packing glands, pump shaft seals,
flanged connections, and other similar components.

Regulatory Guide 1.183 Appendix A provides assumptions for use in evaluating
the radiological consequences of the ESF recirculation loop leakage pathway for
a LOCA. These assumptions supplement the guidance provided in the main
body of RG 1.183.

This Section presents the assumptions, design input, and methodology employed
in evaluating the radiological consequences of SONGS Units 2 and 3 LOCA ESF
recirculation loo0) leakage path. The characteristics of the LOCA ESF
recirculation loo0) leakage model are summarized in Table 4.5-8.
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The control room and offsite doses associated with ESF leakage are summarized
in Section 4.5.7.

TABLE 4.5-8: LOCA ESF RECIRCULATION LOOP LEAKAGE ANALYSIS
PARAMETERS

LOCA ESF RECIRCULATION LOOP LEAKAGE PARAMETER | MODELED VALUE]

Timing of core activity release into containment sump
instantaneous at

Gap release phase time zero
Eay i e instantaneous at

Early In-vessel piasetime zero
Core inventory fraction released into containment sump

Noble gases (Xe, Kr) 0
Halogens (I, Br) 0.40
Alkali metals (Cs, Rb) 0.30
Tellurium metals (Te, Sb, Se) 0.05
Barium, Strontium (Ba, Sr) 0.02
Noble metals (Ru, Rh, Pd, Mo, Tc, Co) 0.0025
Cerium group (Ce, Pu, Np) 0.0005
Lanthanides (La, Zr, Nd, Eu, Nb, Pm, Pr, Sm, Y, Cm, Am) 0.0002

ESF recirculation loop dilution volume, cubic: feet 46,647
ESF recirculation loop leakage rate to the environment, ft3/minute

0 to 20 minutes 0
20 minutes to 30 days 7.OOE-03

ESF recirculation loop leakage flashing fractions and partition coefficients
Iodine isotopes f ashing fraction, percent 10
Noble gases (Xe, Kr) partition coefficient 1.OE-06
Particulate isotopes partition coefficient 1 E+06

Chemical form of lodine released to environment, percent of iodine
Cesium iodide (Csl) (particulate iodine) 0
Elemental iodine 97
Organic iodide 3

ESF Leakage release point (Main Plant Vent) to Control Room per Section 4.4
Atmospheric Dispersion Factors, seconds/rn |

Section 4.5.2.1 ESF Leakage Source Term

Regulatory Guide 1.183 Appendix A Section 1 states that acceptable
assumptions regarding core inventory and the release of radionuclides from the
fuel are provided in RG 1.183 Regulatory Position 3.

Consistent with FIG 1.183 Regulatory Position 3.4, the core isotopes released
into the containrrient are grouped into chemically similar groups in accordance
with RG 1.183 Table 5. The elements of each group are as listed in Table 4.5-8.
Consistent with FIG 1.183 Regulatory Position 3.2, the core inventory release
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fractions are app'ied to the equilibrium reactor core isotope inventory at
shutdown as described in Section 4.1.

Consistent with FIG 1.183 Appendix A Section 5.1, all fission products, with the
exception of noble gases, released from the fuel to the containment during the
gap and early in-vessel activity release phases are assumed to instantaneously
and homogeneously mix in the primary containment sump coincident with the
start of the LOCA. The dose analysis conservatively assumes that all fission
product activity is released to the containment sump prior to the start of ESF
recirculation operation at 20 minutes, which is sooner than the conclusion of the
in-vessel activity release phase at 1.8 hours.

The AST ESF leakage dose analysis assumes that the ESF recirculation loop
dilutes the core activity release into a volume of 348,946 gallons (46,647 cubic
feet). This volume represents the minimum containment emergency sump
volume available at the start of the post-LOCA SIS and CSS recirculation mode
of operation. The modeling of the minimum sump volume conservatively
maximizes the ESF recirculation loop activity concentration.

Consistent with Regulatory Guide 1.183 Appendix A Section 2, with the
exception of elemental and organic iodine and noble gases, fission products are
assumed to be in particulate form (i.e., subject to HEPA filtration).

Section 4.5.2.2 ESF Leakage Activity Release Model

Consistent with FIG 1.183 Appendix A Section 5.2, the ESF leakage is assumed
to start at the earliest time the recirculation flow starts in the ESF recirculation
system, and end at the latest time the releases from these systems are
terminated. Per the containment pressure/temperature response analysis for the
LOCA event, the CSS and SIS recirculation mode of operation begins as early as
20.2 minutes after the start of the LOCA for a two-train recirculation mode. This
start time has been conservatively rounded down to 20 minutes after the start of
the LOCA for use in the AST ESF leakage dose analysis. The ESF leakage is
assumed to continue for the duration of the 30-day LOCA event.

The maximum expected leakage rates from all components in the recirculation
systems are 1,770 cc/hr from the HPSI system, 3,000 cc/hr from the LPSI
system, and 1,180 cc/hr from the CSS. Consistent with RG Guide 1.183
Appendix A, Section 5.2, the modeled ESF recirculation loop leakage rate of
11,900 cc/hr (7.0DE-03 cfm) represents two times the sum of the simultaneous
maximum expected leakage from these systems.

The ESF leakage AST dose analysis assumes that 10 percent of the iodine in the
ESF Recirculation Loop leakage flashes to vapor and is therefore capable of
migrating to the outside environment. The ten percent flashing fraction is
consistent with the guidance of RG 1.183 Appendix A Section 5.5, which states
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that if the water temperature is less than 212 Fahrenheit, then 10 percent of the
iodine in the leakage is assumed to become airborne unless a smaller amount is
justified based on actual sump pH history and ventilation rates. Per the
containment pressure/temperature response analysis for the LOCA event, the
temperature of the containment sump liquid has been reduced to below
212 Fahrenheit when the CSS and SIS recirculation mode of operation begins at
20 minutes.

Consistent with RG 1.183 Appendix A, Section 5.6, the composition of iodine
available for release to the environment is assumed to be 97% elemental iodine,
3% organic iodide, and 0% particulate iodine.

Consistent with FIG 1.183 Appendix A Section 5.3, all particulate isotopes in the
recirculating liquid are retained in the liquid phase. Radioactive decay of some
particulate isotopes in the recirculating liquid yields noble gas isotopes. In the
dose program model, a particulate partition coefficient (i.e., liquid concentration
divided by gas concentration) of 1 .OE-+06 is used in order to retain particulates
within the recirculating liquid where noble gas daughters are then formed by
decay.

Per RG 1.183 Appendix A Section 5.23, with the exception of iodine, all
radioactive materials in the recirculating liquid are retained in the liquid phase.
This guidance implies that a release of noble gases (krypton and/or xenon) via
the ESF leakage need not be considered (most likely because noble gas
isotopes present in the containment sump water would be released into the
containment air prior to being recirculated). However, noble gas isotopes are
formed by the decay of other isotopes that are present in the ESF recirculating
liquid. Therefore, the ESF leakage AST dose analysis conservatively assumes
that 100 percent of the noble gases in the ESF Recirculation Loop leakage will
become airborne (i.e., a noble gas partition coefficient of 1.OE-06).
Once airborne, the noble gases can migrate to the outside environment.

The activity released from the ESF leakage into the Penetration Areas and
Safety Equipment Building is exhausted to the environment via the main plant
vent, and transported by atmospheric dispersion to the control room HVAC intake
and to the offsite EAB and LPZ dose receptors. Section 4.4 and its Table 4.4-11
present the San 'Dnofre site-specific 95th percentile meteorology atmospheric
dispersion factors used for the main plant vent to control room release pathway.
No credit is taken for radioactive decay of the isotopes during this atmospheric
dispersion transi': to the control room or offsite dose locations. Consistent with
RG 1.183 Regulatory Positions 4.1.7 and 4.2.2, no correction is made for
depletion of the effluent plume by deposition on the ground.

Page 69 of 110



Section 4.5.3 RWST Release

The ESF recirculation loop circulates containment sump water outside of the
containment via the SIS and CSS pumps following receipt of a RAS. Per
RG 1.183 Appendix A Section 5, ESF systems that recirculate sump water
outside of the primary containment may leak through valves isolating interfacing
systems, including the RWST.

Regulatory GuidEl 1.183 Appendix A provides assumptions for use in evaluating
the radiological consequences of ESF leakage to the RWST and its subsequent
release pathway to the environment. These assumptions supplement the
guidance provided in the main body of RG 1.183.

This Section presents the assumptions, design input, and methodology employed
in evaluating the radiological consequences of SONGS Units 2 and 3 LOCA
RWST release path. The characteristics of the LOCA RWST release model are
summarized in Table 4.5-9.

The control room and offsite doses associated with the RWST release are
summarized in Section 4.5.7.

TABLE 4.5-9: LOCA RWST RELEASE ANALYSIS PARAMETERS

LOCA RWST RELEASE PARAMETER MODELED VALUE]

lining of core activity release into containment sump

Gap release phase instantaneous atGap elese pasEtime zero

Early in-vessel phEse tieeoat

Core inventory fraction released into containment sump
Noble gases (Xe, Kr) 0
Halogens (1, Br) 0.40
Alkali metals (Cs, [Rb) 0.30
Tellurium metals (7e, Sb, Se) 0.05
Barium, Strontium (Ba, Sr) 0.02
Noble metals (Ru, Rh, Pd, Mo, Tc, Co) 0.0025
Cerium group (Ce, Pu, Np) 0.0005
Lanthanides (La, 2'r, Nd, Eu, Nb, Pm, Pr, Sm, Y, Cm, Am) 0.0002

ESF recirculation locip dilution volume, cubic feet 46,647

RWST dilution volumes, cubic feet per tank
RWST air region volume 35,880
RWST water region volume 7,345
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LOCA RWST RELEASE PARAMETER MODELED VALUE

RWST inflow due to ESF pump mini-flow isolation valve leakage
Mini-flow valve leakage flashing fraction, percent
Mini-flow valve leakage rates, cfm

Total mini-flow leakage rate to the RWST
0 to 20 minutes
20 minutes to 30 days

Mini-flow valve leakage rate to the RWST water region
0 to 20 minutes
20 minutes to 30 days

Mini-flow valve eakage rate to the RWSI air region
0 to 20 minutes
20 minutes tc 30 days

10

0
0.4010

0
0.3609

0
0.0401

RWST water region inflow due to RWST discharge check valve leakage, cfm
0 to 1.08 hours 0
1.08 to 2 hours 1.2859
2 to 8 hours 1.2778
8 to 24 hours 0.9622
24 to 96 hours 0.5103
96 to 119.72 hours 0.1078
119.72 to 720 hours 0

Partition coefficients between ESF recirculation loop and RWST air region
Iodine 1.0
Particulates 1E+06

Mixing and partition coefficients between RWST air and water regions
Mixing rate between RWST air and water regions, cfm 0.4010
Iodine partition coefficient 200
Noble gases (Xe, Kr) partition coefficient 1 E-06
Particulates partitibn coefficient 1 E+06

RWST air region release rate to the environment, cfm
0 to 20 minutes 0
20 minutes to 1.08 hours 0.4010
1.08 to 2 hours 1.6869
2 to 8 hours 1.6788
8 to 24 hours 1.3632
24 to 96 hours 0.9113
96 to 119.72 hours 0.5088
119.72 to 720 hours 0.4010

Chemical form of lodine released to environment, percent of iodine
Cesium iodide (CEl) (particulate iodine) 0
Elemental iodine 97
Organic iodide 3

RWST release via FIWST vent to Control Room Atmospheric Dispersion per Section 4.4
Factors, seconds/m 3
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Section 4.5.3.1 RWST Release Source Term

The RWST release source term is the same as the ESF leakage source term
described in Section 4.5.2.1.

ESF back-leakage into the RWST occurs after the RWST water level has drained
down, and a RAS has been generated. In evaluating the post-LOCA RWST
release AST dose consequences, the most conservative scenario for leakage out
of the RWST is when the RWST air volume is minimized (and the water volume
is maximized). Minimizing the air volume will minimize dilution of the activity
entering the RWS T air space prior to its release to the atmosphere.

The RWST level setpoint for a RAS is 18.5% ± 3.8%. The minimum RWST air
volume occurs when RAS is quickly initiated at the 22.3% upper tolerance of the
RWST level setpoint. At this setpoint, the RWST minimum air volume is
35,880 cubic feet, and the RWST maximum water volume is 7,345 cubic feet.

Section 4.5.3.2 RWST Activity Release Model

During the ESF recirculation operation, ESF leakage may enter the RWST via
various pathways. The pathways are dependent on whether the LOCA occurs
with or without an assumed Diesel Generator (DG) failure. Due to the time
dependency associated with the pathway leakage rates, the Current Licensing
Basis reports the maximum 0 to 2 hour EAB dose for the scenario of the post-
LOCA RWST relsase with an assumed DG failure, and the maximum event
duration control room and LPZ doses for the scenario of the post-LOCA RWST
release without an assumed DG failure. The AST RWST release dose analysis
evaluated the two leakage scenarios and determined that the variable 2-hour
window EAB dose and the event duration control room and LPZ doses are more
severe for the scenario of the post-LOCA RWST release without an assumed DG
failure rather than with an assumed DG failure. The characteristics of the RWST
release without a n assumed DG failure are detailed in this section.

Two ESF leakage pathways to the RWST characterize the scenario of a RWST
release without an assumed DG failure. The first pathway is RWST air region
inflow due to ESI pump minimum flow (mini-flow) isolation valve leakage. The
second pathway is RWST water region inflow due to RWST discharge check
valve leakage. ESF leakage to the RWST for potential release paths with three
or more normally closed isolation valves in series is assumed to be negligible.

Section 4.5.3.2.1 RWST Inflow Due to ESF Pump Mini-Flow Isolation Valve
Leakage

The SIS and CS'S pumps minimum flow return paths to the RWST are isolated
following a RAS by two sets of 4-inch mini-flow isolation valves. Valves
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1204-HV-9306 and 9307 are in series in one flow path, and valves
1204-HV-9347 and 9348 are in series in a second flow path. The maximum
allowable leakage rate for each of the valves is 0.75 gpm. Consequently, for
either path with its two valves in series, the maximum allowable path leakage
rate is assumed to be 0.75 gpm. For the scenario of a LOCA without an
assumed DG failure, the total leakage rate past the valves in the two parallel flow
paths is 1.5 gpm. Consistent with RG 1.183 Appendix A, Section 5.2, the
modeled ESF recirculation loop leakage rate of 3.0 gpm (0.4010 cfm) represents
two times the sum of the simultaneous maximum allowable leakage from these
systems. The 0.4 010 cfm leakage past the mini-flow isolation valves is released
into the RWST air space.

Consistent with RG 1.183 Appendix A Section 5.2, ESF leakage to the RWST is
assumed to start at the earliest time the recirculation flow starts in the ESF
recirculation system, and end at the latest time the releases from these systems
are terminated. Per the containment pressure/temperature response analysis for
the LOCA event, the CSS and SIS recirculation mode of operation begins as
early as 20.2 minutes after the start of the LOCA for a two-train recirculation
mode. This start time has been conservatively rounded down to 20 minutes after
the start of the LC)CA for use in the AST RWST release dose analysis. The ESF
leakage and coincident RWST release to the environment are assumed to
continue for the duration of the 30-day LOCA event.

The RWST release AST dose analysis assumes that 1 0 percent of the iodine in
the ESF Recirculation Loop leakage into the RWST air space flashes to vapor.
The ten percent flashing fraction is consistent with the guidance of RG 1.183
Appendix A Section 5.5, which states that if the water temperature is less than
212 Fahrenheit, then 10 percent of the iodine in the leakage is assumed to
become airborne unless a smaller amount is justified based on actual sump pH
history and ventilation rates. Per the containment pressure/temperature
response analysis for the LOCA event, the temperature of the containment sump
liquid has been reduced to below 212 Fahrenheit when the CSS and SIS
recirculation mode of operation begins at 20 minutes.

To address the 10 percent ESF leakage flashing, 10 percent of the ESF pump
mini-flow leakage is modeled as entering the RWST air region, and 90 percent of
the ESF pump mini-flow leakage is modeled as entering the RWST water region.

Section 4.5.3.2.2 RWST Inflow Due to RWST Discharge Check Valve
Leakage

Following a RAS, each of the two RWSTs is isolated from the ESF recirculation
loop by an RWST isolation valve located near the RWST. In the event that the
isolation valve fails to close following a RAS, an RWST discharge check valve
(1204-MU-001 or 1204-MU-002) is the only barrier between the containment and
the RWST.
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The maximum allowable leakage rate through both check valves is 5 gpm.
Consistent with FIG 1.183 Appendix A, Section 5.2, the modeled ESF
recirculation loop leakage rate of 10 gpm represents two times the maximum
allowable leakage. The leakage past the check valves is released into the
RWST water space.

Should the check valve leak, a certain amount of containment sump water will
enter the line and start moving toward the RWST. The flow rate is simply the
leak rate of the check valve, but the speed at which the hot water from the sump
moves toward the RWST depends on the pressure differential between the post-
LOCA containment and the RWST and on the temperature difference between
the cold RWST water and the hot containment sump water.

A valve seat leak analysis has determined that with the RWST isolation valve
open and the check valve leaking at 10 gpm, the sump water will reach the
RWST isolation valve and enter the RWST in approximately 1.08 hours after the
start of the LOCA. Neglecting the effect of thermal buoyancy (i.e., assuming
instant cooling of the leaking sump water to the RWST temperature) would
extend the travel time to approximately 8.7 hours.

As the LOCA event progresses, the containment pressure decreases, and the
leakage rate past the check valve decreases. Table 4.5-9 summarizes the
time-dependent RWST water region inflow due to RWST discharge check valve
leakage. The RWST water region inflow due to RWST discharge check valve
leakage is maximized by modeling the post-LOCA containment pressure and
temperature history that yields the highest containment pressure. Eventually, the
driving force for tie check valve leakage ends.

Section 4.5.3.2.'1 Mixing of RWST Water and Air Activity Inventories

Because the iodine concentrations in the RWST air space and water space are
not at their equilibrium values at the onset of ESF recirculation loop leakage, the
mixing rate between the RWST water and air regions will impact the dose
consequences.

At equilibrium conditions, the ratio of the iodine concentration in the RWST water
space to the iodine concentration in the RWST air space is defined by an iodine
partition coefficient (i.e., liquid concentration divided by gas concentration). Per
NUREG/CR-0009, the partition coefficient is numerically determined by the
physical sorption of 12 and by rapid ionization reactions that occur in solution. Per
NUREG/CR-0009 page 61, for borated solutions (such as the RWST) a partition
coefficient of 200 is achievable. Therefore, a partition coefficient of 200 can be
used to establish the equilibrium between the iodine concentrations in the RWST
air and water spaces.
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As RWST water .and air region mixing occurs, the ratio of the iodine
concentration in the RWST water space to the iodine concentration in the RWST
air space tends to a partition coefficient of 200. Mixing is facilitated by the
turbulence added to the RWST water by the RWST discharge check valve
leakage into the RWST water space, by the turbulence added to the RWST water
by the mini-flow valve leakage into the RWST air space that drops down into the
RWST water, and by the thermal gradients associated with the RWST water
warmed by the introduction of the hot ESF leakage fluid relative to colder RWST
air. Per NUREG,'CR-0009 page 64, very small thermal sources are sufficient to
mix a large vessel.

The higher the mixing rate between the air space and water space, the more
rapid the approach to equilibrium. Initially the RWST air activity concentration is
greater than when at equilibrium conditions. Minimizing the mixing rate delays
the transfer of iodine activity from the RWST air region to the RWST water
region, thereby conservatively maximizing the RWST air activity available for
leakage to the environment. In the RWST leakage AST analysis, the mixing rate
between the RWST air and water spaces is conservatively modeled as the
mini-flow valve leakage rate into the RWST. No credit is taken for RWST air and
water space mixing associated with the RWST inflow due to RWST discharge
check valve leakage. No credit is taken for mixing by thermal gradients.

Consistent with FIG 1.183 Appendix A Section 5.3, all particulate isotopes in the
recirculating liquid are retained in the liquid phase. Radioactive decay of some
particulate isotopes in the RWST liquid space yields noble gas isotopes. A
particulate partition coefficient (i.e., liquid concentration divided by gas
concentration) of 1 .OE+06 is used in order to retain particulates within the RWST
liquid space where noble gas daughters are then formed by decay.

Per RG 1.183 Appendix A Section 5.3, with the exception of iodine, all
radioactive materials in the recirculating liquid are retained in the liquid phase.
This guidance implies that a release of noble gases (krypton and/or xenon) via
the RWST release need not be considered (most likely because noble gas
isotopes present in the containment sump water would be released into the
containment air prior to being recirculated). However, noble gas isotopes are
formed by the decay of other isotopes that are present in the RWST liquid.
Therefore, the RWST release AST dose analysis conservatively assumes that
100 percent of the noble gases formed by the decay of the isotopes in the RWST
liquid will become airborne (i.e., a noble gas partition coefficient of 1.OE-06).
Once airborne, the noble gases can migrate to the outside environment.

Section 4.5.3.2.4 RWST Releases to the Environment

Consistent with FIG 1.183 Appendix A, Section 5.6, the composition of iodine
available for release to the environment from the RWST air space is assumed to
be 97% elemental iodine, 3% organic: iodide, and 0% particulate iodine.
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The activity released from the RWST is exhausted to the environment via the
RWST vent, and transported by atmospheric dispersion to the control room
HVAC intake aniJ to the offsite EAB and LPZ dose receptors. Section 4.4 and its
Table 4.4-11 present the San Onofre site-specific 95th percentile meteorology
atmospheric dispersion factors used for the RWST vent to control room release
pathway. No credit is taken for radioactive decay of the isotopes during this
atmospheric dispersion transit to the control room or offsite dose locations.
Consistent with RG 1.183 Regulatory Positions 4.1.7 and 4.2.2, no correction is
made for depletion of the effluent plume by deposition on the ground.

Section 4.5.4 Post-Accident Sampling System (PASS) Leakage

PASS licensing requirements were deleted from the SONGS Units 2 and 3
Technical Specifications per Unit 2 License Amendment 178 and Unit 3 License
Amendment 169. Currently, the PASS is maintained at SONGS Units 2 and 3 for
severe accident management only. The PASS is capable of analyzing samples
of containment air, containment sump water, and reactor coolant.

Until such time that the PASS is isolated from post-LOCA radiation sources,
portions of the PASS that are outside of the containment present the potential for
a release path due to leakage through valve packing glands, pump shaft seals,
flanged connections, and other similar components. Should a design
modification be implemented to isolate PASS and thereby eliminate the potential
release paths, the dose contribution from PASS leakage will be removed from
the LOCA dose analysis.

Although RG 1.183 Appendix A does not provide a specific requirement to
evaluate PASS leakage, the SONGS Units 2 and 3 AST dose analysis has
applied related FIG 1.183 Appendix A ESF leakage guidance to an evaluation of
the radiological consequences of the PASS leakage activity release path for a
LOCA.

This Section presents the assumptions, design input, and methodology employed
in evaluating the radiological consequences of SONGS Units 2 and 3 LOCA
PASS leakage path. The characteristics of the LOCA PASS leakage model are
summarized in Table 4.5-10.

The control room and offsite doses associated with PASS leakage are
summarized in Section 4.5.7.
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TABLE 4.5-10: LOCA PASS LEAKAGE ANALYSIS PARAMETERS
LOCA PASS LEAKAGE PARAMETER I MODELED VALUE]

Timing of core activity release into reactor coolant system
instantaneous atGap release p~hasetiezr l

time zero
instantaneous at

Early in-vess~l phase | time zero

Core inventory fraction released into reactor coolant system
Noble gases (Xe, Kr) 1.00
Halogens (1, 13r) 0.40
Alkali metals (Cs, Rb) 0.30
Tellurium metals (Te, Sb, Se) 0.05
Barium, Strontium (Ba, Sr) 0.02
Noble metals (Ru, Rh, Pd, Mo, Tc, Co) 0.0025
Cerium group (Ce, Pu, Np) 0.0005
Lanthanides (La, Zr, Nd, Eu, Nb, Pm, Pr, Sm, Y, Cm, Am) 0.0002

Reactor coolant system dilution volume, cubic feet 10,179
3IPASS leakage rate to the environment, ft3/minute

0 to 30 minutes 0
30 minutes to 30 days 4.12E-04

PASS leakage partition coefficients and flashing fractions
Iodine isotopes flashing fraction, percent 10
Noble gases (Xe, Kr) partition coefficient 1 .OE-06
Particulate isotopes partition coefficient 1 E+06

Chemical form of Iodine released to environment, percent of iodine
Cesium iodide (Csl) (particulate iodine) 0
Elemental iodine 97
Organic iodide 3

PASS Leakages release point (Main Plant Vent) to Control Room Per Section 4.4
Atmospheric Dispersion Factors, seconCIs/M 3

Section 4.5.4.1 PASS Leakage source Term

The PASS samples containment sump liquid, reactor coolant, and containment
air. The PASS leakage AST dose analysis assumes that reactor coolant is the
PASS fluid leaking during the LOCA. Reactor coolant has been modeled since
the reactor coolant iodine activity concentration is greater than the containment
sump liquid or containment air iodine activity concentration.

Regulatory Guide 1.183 Appendix A Section 1 states that acceptable
assumptions regarding core inventory and the release of radionuclides from the
fuel are provided in RG 1.183 Regulatory Position 3.

Consistent with RG 1.183 Regulatory Position 3.4, the core isotopes released
into the reactor coolant are grouped into chemically similar groups in accordance
with RG 1.183 Table 5. The elements of each group are as listed in
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Table 4.5-10. Consistent with RG 1.183 Regulatory Position 3.1, the core
inventory release fractions are applied to the equilibrium reactor core isotope
inventory at shutdown as described in Section 4.1.

All fission products released from the fuel to the reactor coolant are assumed to
instantaneously and homogeneously mix in the reactor coolant coincident with
the start of the LOCA.

The AST PASS leakage dose analysis assumes that the reactor coolant dilutes
the core activity release into a volume of 10,179 cubic feet. This volume has
conservatively omitted the primary side volume that is present in an assumed
2,000 plugged U.-tubes in each of the two original steam generators.

Consistent with Regulatory Guide 1.183 Appendix A Section 2, with the
exception of elemental and organic iodine and noble gases, fission products are
assumed to be in particulate form (i.e., subject to HEPA filtration).

Section 4.5.4.2 PASS Leakage Activity Release Model

Consistent with FIG 1.183 Appendix A Section 5.2, the PASS leakage is
assumed to start at the earliest time that PASS sampling could start, and end at
the latest time the releases from the F'ASS are terminated. Although the PASS is
currently maintained for severe accident management only, this analysis
assumes the PASS leakage begins 30 minutes after the start of the LOCA.
Chemistry Procedures address the steps associated with collecting a post-LOCA
reactor coolant sample. One procedure requires the Nuclear Chemistry
Technician to obtain permission from the affected unit Control Operator to
operate the PASS. A second procedure addresses steps that must be taken
prior to operation of the PASS during accident conditions. These steps include
requesting that Health Physics survey the PASS laboratory, assembling the
Chemistry sampling team, and implementing health physics requirements.
These actions should require more than the 30 minute delay assumed prior to
PASS operation. The PASS leakage is assumed to continue for the duration of
the 30-day LOCA event.

The maximum expected leakage rate from all components in the PASS is
350 cc/hr. Consistent with RG 1.183 Appendix A, Section 5.2, the modeled
PASS leakage rate of 700 cc/hr (4.121E-04 cfm) represents two times the
maximum expected leakage from the PASS.

The PASS leakage AST dose analysis assumes that 10 percent of the iodine in
the PASS leakage flashes to vapor and is therefore capable of migrating to the
outside environment. The ten percent flashing fraction is consistent with the
guidance of RG 1.183 Appendix A Section 5.5, which states that if the water
temperature is less than 212 Fahrenheit, then 10 percent of the iodine in the
leakage is assumed to become airborne. Per the PASS Technical Manual,
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Sample Vessel Hleat Exchanger SA1212ME752 is used to cool the reactor
coolant sample flow from the maximum reactor coolant temperature to allow for
low temperature (120 Fahrenheit) sample analysis. The bulk of the PASS
reactor coolant leakage from PASS sample station fittings will be at a low
temperature.

Consistent with FIG 1.183 Appendix A, Section 5.6, the composition of iodine
available for release to the environment is assumed to be 97% elemental iodine,
3% organic iodide, and 0% particulate iodine.

Consistent with FIG 1.183 Appendix A Section 5.3, all particulate isotopes in the
reactor coolant are retained in the liquid phase. Radioactive decay of some
particulate isotopes in the reactor coolant yields noble gas isotopes. In the
Bechtel LocaDose code model, a particulate partition coefficient (i.e., liquid
concentration divided by gas concentration) of 1.OE+06 is used in order to retain
particulates within the reactor coolant where noble gas daughters are then
formed by decay.

The PASS leakage AST dose analysis conservatively assumes that 100 percent
of the noble gases (krypton and/or xenon) either initially present or formed by the
decay of the isotopes in the PASS reactor coolant leakage will become airborne
(i.e., a noble gas partition coefficient of 1.QE-06) and migrate to the outside
environment.

The activity released from the PASS leakage into the Radwaste Building is
exhausted to the environment via the main plant vent, and transported by
atmospheric dispersion to the control room HVAC intake and to the offsite EAB
and LPZ dose receptors. Section 4.4 and its Table 4.4-11 present the San
Onofre site-speciiic 95th percentile meteorology atmospheric dispersion factors
used for the main plant vent to control room release pathway. No credit is taken
for radioactive decay of the isotopes during this atmospheric dispersion transit to
the control room or offsite dose locations. Consistent with RG 1.183 Regulatory
Positions 4.1.7 and 4.2.2, no correction is made for depletion of the effluent
plume by deposition on the ground.

Section 4.5.5 LOCA EAB and LPZ Model

Regulatory Guide 1.183 Regulatory Position 4.1 provides guidance to be used in
determining TEDIE for persons located at or beyond the boundary of the
exclusion area, including the outer boundary of the low population zone.
Section 4.2 addresses the applicability of this guidance to the SONGS Units 2
and 3 AST LOCA dose analysis as it relates to the offsite dose exposure
parameters.

As discussed in Section 4.2, the LOCA dose analysis considers the dose
consequences of inhalation and immersion. Radioactive material contained in a
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plant structure is assumed to be a negligible radiation shine source to the offsite
dose receptors relative to the dose associated with immersion in the radioactive
plume released from the facility.

Consistent with RG 1.183 Regulatory Positions 4.1.5, 4.1.6 and 4.4 and Table 6,
the LOCA event radiological criterion for the EAB and for the outer boundary of
the LPZ is 25 Rem TEDE.

Section 4.5.6 LOCA Control Room Model

Regulatory Guide 1.183 Regulatory Position 4.2 provides guidance to be used in
determining the lotal effective dose equivalent for persons located in the control
room. Section 4.3 addresses the applicability of this guidance to the SONGS
Units 2 and 3 AST LOCA dose analysis as it relates to the control room dose
exposure parameters.

The CREACUS Emergency mode of operation can be actuated either manually
or automatically following a CRIS. The CRIS may be generated automatically by
a SIAS or by the detection of high radioactivity concentrations in the control room
outside air inflow. Per Section 4.3.2.1.1, the LOCA model credits CREACUS
Emergency moda of operation initiation at time zero (i.e., prior to the arrival of
any contaminated air reaching the control room outside air intakes) due to a
SIAS-induced CRIS.

As discussed in section 4.3, the LOC;A dose analysis considers the dose
consequences o" inhalation, immersion, and radiation shine from the
environmental (or outside) cloud, the control room emergency HVAC filters, the
post-LOCA piping, and the containment building.

Consistent with RG 1.183 Regulatory Position 4.4, as an AST dose analysis
acceptance crite.ion the postulated control room dose is evaluated to ensure that
it does not exceed the 5 Rem TEDE criterion established in 10 CFR 50.67.

Section 4.5.7 LOCA Dose Consequences

The resulting LOCA offsite and control room operator doses are listed in
Tables 4.5-11 and 4.5-12. The analysis demonstrates that the LOCA event
25 Rem TEDE radiological criterion for the EAB and for the outer boundary of the
LPZ is met. The analysis also demonstrates that the LOCA event 5 Rem TEDE
radiological criterion for the control room is met.
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TABLE4.5-11: LOCARELEASEPATHDOSECONSEQUENCES
CONTAINMENT ESF RWST PASS PIPING

O LEAKAGE LEAKAGE RELEASE LEAKAGE SHINEDOSE RECEPTOR DOSE DOSE DOSE DOSE DOSE

(REM TEDE) (FIEM TEDE) (REM TEDE) (REM TEDE) (REM TEDE)

Control Room
(30-day accident duration)

Immersion and Inhalation 3 8. E01- 1.461E-01
7.505E-01 4.791 E-01 8.732E-01 1.490E-01

Control Room Filter Shin01 7.55E-02 1.263E 2.02E02
1.527E-01 7.701 E-02 1.310E-01 2.060E-02

Environmental Cloud Shine .443E-02 3.E-03 .13E3 3.3103
4.456E-02 ;3.509E-03 1.176E-03 3.376E-03

Containment Building Shine 4.310E-04

Piping Shine 1.06E-01

A.259E-01- 15.487E-01 9.694E-01 .696E 01 .06E-l
TOTAL 9.482E-01 -. 596E-01 1.005E+00 1.730E-01 1

Exclusion Area Boundary 3.548E i00 :3.398E-01 1.103E+00 1.370E-01
(Maximum 2-hour dose) (0.6 to 2.6 hrs) (0.4 to 2.4 hrs) (94 to 96 hrs) (0.5 to 2.5 hrs)

Low Population Zone 2.377E-01 2.381 E-01 1.311 E+00 6.897E-02
(30-day accident duration) 2.377E-01 ____________

TABLE 4.5-12: LOCA DOSE CONSEQUENCES
LOCA ACCEPTANCE

COSE RECEPTOR DOSE CRITERION
(REM TEDE) (REM TEDE)

Control Room (30-day accident duration) 2.8 |_ 5

EAB (Maximum 2-hour dose) ll 25

LPZ (30-day accident duration) 41.9 25
1 .9 _ _ _ _ _ _ _

I
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Section 4.6 FUEL HANDLING ACCIDENT INSIDE CONTAINMENT (FHA-IC)
ANALYSIS

Regulatory Guide 1.183 Appendix B provides assumptions for use in evaluating
the radiological consequences of an FHA-IC. These assumptions supplement
the guidance provided in the main body of RG 1.183.

This Section presents the assumptions, design input, methodology employed in
evaluating, and the radiological consequences of, the SONGS Units 2 and 3
FHA-IC. The characteristics of the FHA-IC model are summarized in
Table 4.6-1.

TABLE 4.6-1: FHA-IC ANALYSIS PARAMETERS

FHA-IC PARAMETER MODELED VALUE

Dose acceptance criteria, Rem TEDE
Control Room 5
EAB 6.3
LPZ 6.3

FHA-IC source term
Decay time afler reactor shutdown, hours 72
Average fuel rod isotope inventory at 72 hours, curies/rod per Section 4.1
Radial peaking factor applied to all failed fuel rods 1.75
Number of failed fuel rods - in dropped luel bundle 16
Number of failed fuel rods - in impacted fuel bundles 210

Core fission product fractions in fuel rod gaps
lodine-1 31 0.08
Krypton-85 0.10
Other noble gases (Krypton, Xenon) 0.05
Other Halogens (Iodine, Bromine) 0.05
Alkali Metals (Cesium, Rubidium) 0.12

Fraction of gap activity released to the refueling water 1.00

Minimum water depth above reactor vessel flange (and above
the damaged fuel rods), feet 23
Refueling water decontamination factors

lodines (effective DF) 200
Noble Gases 1
Particulates Infinite

Iodine composition above the refueling water, percent of iodine
Elemental iod ne57
Organic iodido 43
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FHA-IC PARAMETER MODELED VALUE

Containment model
Containment dome air circulators not modeled
Engineered Saety Features Actuation System (ESFAS)

- containment purge isolation signal (CPIS) not modeled
ESFAS - conta inment isolation actuation signal (CIAS) not modeled

Containmeni personnel airlock closure not modeled
Containmeni equipment hatch closure not modeled

Activity release duration from containment, hours 2
Containment net free volume without dome, cubic feet 1.422E+06
Containment air exhaust flow rate, ft3/minute 82,000

Offsite dose evaluation model per Section 4.2
Control Room dose evaluation model per Section 4.3
FHA-IC Release Points to Control Room
Atmospheric Dispersion Factors, seconds,'i 3 per Section 4.4

Section 4.6.1 FHA-IC Source Term

The fuel handling accident inside containment involves the inadvertent dropping
of a fuel assembly during fuel handling operations inside the reactor vessel, and
the consequent rupture of fuel pins in both the dropped and impacted fuel
assemblies. Consistent with RG 1.183 Appendix B Section 1.1, the number of
fuel rods damaged during the accident is based on a conservative analysis that
considers the most limiting case. UFS'AR Section 15.10.7.3.9 details the
structural evaluation of dropped fuel assembly damage. Per the UFSAR, a
maximum of 226 fuel rods will fail as a result of a vertical drop of a fuel assembly
on to the fuel bundles remaining in the partially loaded core. The 226 failed fuel
rods represent 163 failed fuel rods in the dropped fuel assembly and 210 failed
fuel rods in the impacted fuel assemblies.

Table 4.1-3 presents the fission product inventory of an average fuel rod in the
reactor core. Consistent with the guidance of RG 1.183 Regulatory Position 3.1,
to account for differences in power level across the core, a radial peaking factor
of 1.75 is applied to the Table 4.1-3 average fuel rod isotope inventory to
determine the activity inventory in each of the 226 failed fuel rods as described in
Section 4.1.3. Consistent with RG 1.183 Regulatory Position 3.1, the FHA-IC
dose analysis models 72 hours of radioactive decay prior to the event, which is
consistent with the minimum decay time required by SONGS Units 2 and 3
LCS 3.9.101 prior to movement of irradiated fuel in the reactor vessel.

Consistent with RG 1.183 Appendix 2 Section 1.2, the fission product release
from the breached fuel is based on RGa 1.183 Regulatory Position 3.2.
Consistent with RG 1.183 Footnote 11, the release fractions are acceptable for
use since the fuel has a peak burnup of less than 62,000 MWD/MTU, and a
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maximum linear heat generation rate that does not exceed 6.3 kw/ft peak rod
average power for burnups exceeding 54 GWD/MTU.

All gap activity in the damaged rods is instantaneously released into the refueling
water. Radionuclides that are considered are xenons, kryptons, iodines,
bromines, cesiums, and rubidiums. Cesium and rubidium are particulates that
are retained in the refueling pool water; therefore, these radionuclides do not
contribute to the FHA doses.

Consistent with FIG 1.183 Appendix B Section 1.3, the chemical form of
radioiodine released from the fuel to the refueling water is assumed to be
95 percent cesium iodide (CsI), 4.85 percent elemental iodine, and 0.15 percent
organic iodide. The Csl released from the fuel is assumed to completely
dissociate in the refueling water and instantaneously re-evolve as elemental
iodine. Consequently, the chemical form of radioiodine in the refueling water,
prior to application of a decontamination factor, is 99.85 percent elemental iodine
and 0.15 percent organic iodide.

Per Units 2 and 3 Technical Specification LCO 3.9.6, during movement of
irradiated fuel assemblies within containment, the refueling water level above the
top of the reactor vessel flange shall be greater than or equal to 23 feet. Since
the damaged fuel assemblies would be lower than the reactor vessel flange, the
water depth above the damaged fuel would be greater than 23 feet. Consistent
with RG 1.183 Appendix B Section 2, the 23 foot water depth requirement allows
for an overall effective decontamination factor of 200 (i.e., 99.5% of the total
iodine released from the damaged rods is retained by the water). The difference
in decontamination factors for elemental (99.85%) and organic iodine (0.15%)
species results in the iodine above the water being composed of 57% elemental
and 43% organic species.

Consistent with FIG 1.183 Appendix B Section 3, the retention of noble gases in
the refueling water is negligible (i.e., decontamination factor of 1). Particulate
radionuclides are assumed to be retained by the refueling water (i.e., infinite
decontamination factor).

Section 4.6.2 FHA-IC Activity Release Model

Per SONGS Units 2 and 3 TS LCO 3.9.3, the containment personnel airlock may,
under certain conditions be open during core alterations and movement of
irradiated fuel in containment. In addition, SONGS Units 2 and 3 have submitted
license amendment request PCN-534 that will allow the containment equipment
hatch to be open during Mode 6 core alterations and movement of irradiated fuel
in containment. Consistent with RG 1.183 Appendix B Section 5.3, since the
containment may be open during fuel handling operations, the radioactive
material that escapes from the refueling water to the containment is assumed to
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be released to the environment over a 2-hour time period (i.e., containment
closure is not modeled during the FHA-IC event).

Consistent with the 2-hour release model requirement, the FHA-IC AST dose
analysis does not model the generation of an Engineered Safety Features
Actuation System (ESFAS) containment purge isolation signal (CPIS) or
containment isolation actuation signal (CIAS). The containment purge is
assumed to remain operational throughout the FHA-IC event. The containment
personnel airlock and the containment equipment hatch are assumed to remain
open throughout the FHA-IC event.

The containment air volume dilutes the gaseous activity released from the
damaged fuel rods. During Mode 6 refueling operations there is no SONGS
Units 2 and 3 TS requirement for the containment dome air circulators or
containment cooling train fans to be operable. Therefore, no credit is taken for
activity dilution within the air of the containment dome space.

The FHA-IC AST dose analysis does not model a reduction in the amount of
radioactive material available for release from the containment by any
containment engineered safety feature. In addition, airborne activity removal by
containment purge filters is not credited.

The release of activity to the environment within the required 2-hour time period
is established by specifying a containment air exhaust flow rate that ensures that
at least 99.9 percent of the airborne activity will be released to the environment.

Activity released during the FHA-IC event is transported by atmospheric
dispersion to the control room HVAC intake and to the offsite EAB and LPZ dose
receptors. Activi ;y may be released to the environment via the containment
purge system or as leakage through containment penetrations, including the
containment personnel airlock or the containment equipment hatch. Leakage
from the containment personnel airlock would be exhausted via the main plant
vent. Table 4.6-' presents the San COnofre site-specific 95th percentile
meteorology atmospheric dispersion factors for these release pathways as
discussed in Section 4.4. Since one set of atmospheric dispersion factors does
not consistently yield less dispersion than the others over time, a composite
maximum of the three release points is utilized for assessing control room dose
consequences. No credit is taken for radioactive decay of the isotopes during
atmospheric dispersion transit to the control room or offsite dose locations.
Consistent with FIG 1.183 Regulatory Positions 4.1.7 and 4.2.2, no correction is
made for depletion of the effluent plume by deposition on the ground.
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TABLE 4.6.2: FHA-IC CR ATMOSPHERIC DISPERSION FACTORS
FHA-IC to CR 95th Percentile

Atmospheric Dispersion Factors (seconds/M 3)

1 Containment Equipment Plant Vent Modeled
Time Interval Shell Hatch Stack Vale

Release Point Re!ease Point Release Point Value
to2hours.94104 ; 4E 03 .44E 03

Oto2 hours E-03 3.01E-04 1.15E-03 1.15E-03
tohours643204 0-04 6.11E -04

2 to 8 hours 6.41 E-04 E3.35E-04 6.23E-04 6.41 E-04

8 to 24 hours 1 .77E-04 _ 77F 04 2.1 4E04 2.104E04
1__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .78E*-04 2.14E-04 2.14E-04

__ to__4__days_ 4.6E-04 :2.23E-04 2.20i-04 2.4 4~Q1 to 4 days 2.6E04 222E-04 2.36E-04

4 to 30 days 2 .4E44 :2.03E-04 22.20E-O4
_________ 2.20E*04 _ _____ 2.02E.04 2.20EF-04

Section 4.6.3 FHA-IC EAB and LPZ Model

Regulatory Guide 1.183 Regulatory Position 4.1 provides guidance to be used in
determining the IEDE for persons located at or beyond the boundary of the
exclusion area, including the outer boundary of the low population zone.
Section 4.2 of this license amendment request addresses the applicability of this
guidance to the SONGS Units 2 and 3 AST FHA-IC dose analysis as it relates to
the offsite dose Exposure parameters.

As discussed in Section 4.2, the FHA*-IC dose analysis considers the dose
consequences of inhalation and immersion. Radioactive material in the
containment is assumed to be a negligible radiation shine source to the offsite
dose receptors relative to the dose associated with immersion in the radioactive
plume released from the facility.

Consistent with RG 1.183 Regulatory Positions 4.1.5, 4.1.6 and 4.4 and Table 6,
the FHA-IC event radiological criterion for the EAB and for the outer boundary of
the LPZ is 6.3 Rem TEDE.

Section 4.6.4 FHA-IC Control Room Model

RG 1.183 Regulatory Position 4.2 provides guidance to be used in determining
the total effective dose equivalent for persons located in the control room.
Section 4.3 addresses the applicability of this guidance to the SONGS Units 2
and 3 AST FHA-IC dose analysis as it relates to the control room dose exposure
parameters.

The CREACUS 'Emergency mode of operation can be actuated either
automatically fol owing a CRIS or manually. The CRIS may be generated
automatically by a SIAS or by the detection of high radioactivity concentrations in
the control room outside air inflow. Per Section 4.3.2.1.1, the FHA-IC model
credits CREACLIS Emergency Mode of operation initiation 3 minutes following
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the start of the event, due to detection of high radioactivity concentrations in the
control room outside air inflow.

As discussed in Section 4.3, the FHA-IC dose analysis considers the dose
consequences of inhalation, immersion, and radiation shine from the
environmental (or outside) cloud, the control room emergency HVAC filters, and
the containment building.

Consistent with FIG 1.183 Regulatory Position 4.4, as an AST dose analysis
acceptance criterion the postulated control room dose is evaluated to ensure that
that it does not exceed the 5 Rem TE[)E criterion established in 10 CFR 50.67.

Section 4.6.5 FHA-IC Dose Consequences

The resulting FHA-IC offsite and control room operator doses are listed in
Table 4.6-3. The analysis demonstrates that the FHA-IC event 6.3 Rem TEDE
radiological criterion for the EAB and for the outer boundary of the LPZ is met.
The analysis also demonstrates that the FHA-IC event 5 Rem TEDE radiological
criterion for the control room is met.

TABLE 4.6-3: FHA-I(C DOSE CONSEQUENCES
FHA-IC ACCEPTANCE

DOSE RECEPTOR DOSE CRITERION
(REM TEDE) (REM TEDE)

Control Room (30-day accident duration) 0.3 5
EAB (Maximum 2-hour dose -- 0.0 to 2.0 hours) 0.8 6.3
LPZ (30-day accident duration) < 0.1 6.3
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Section 4.7 FUEL HANDLING ACCIDENT INSIDE FUEL HANDLING
BUILDING (FHA-FHB) ANALYSIS

Regulatory Guide! 1.183 Appendix B provides assumptions for use in evaluating
the radiological consequences of an FHA-FHB. These assumptions supplement
the guidance provided in the main body of RG 1.183.

This Section presents the assumptions, design input, methodology employed in
evaluating, and the radiological consequences of, the SONGS Units 2 and 3
FHA-FHB. The characteristics of the F:HA-FHB model are summarized in
Table 4.7-1.

TAI3LE 4.7-1: FHA-FHI3 ANALYSIS PARAMETERS
FHA-FHB PARAMETER MODELED VALUE

Dose acceptance criteria, Rem TEDE
Control Room 5
EAB 6.3
LPZ 6.3

FHA-FHB source term
Decay time aftor reactor shutdown, hours 72
Average fuel rcd isotope inventory at 72 hours, curies/rod per Section 4.1
Radial peaking factor applied to all failed fuel rods 1.75
Number of failed fuel rods 60

Core fission product fractions in fuel rod gaps
lodine-1 31 0.08
Krypton-85 0.10
Other noble gases (Krypton, Xenon) 0.05
Other Halogen; (Iodine, Bromine) 0.05
Alkali Metals (Cesium, Rubidium) 0.12

Fraction of gap activity released to the fuel storage pool 1.00
Minimum water depth above damaged fuel rods, feet 23
Fuel storage pool decontamination factors

lodines (effective DF) 200
Noble Gases 1
Particulates infinite

Iodine composition above the fuel storage pool, percent of iodine
Elemental iodine 57
Organic iodide 43

Fuel Handling Building model
ESFAS - Fuel Handling [building] Isolation Signal (FHIS) not modeled
Post-Accident Cleanup Units (PACUs) not modeled
Activity release duration from FHB, hours 2
FHB net free volume, cubic feet 365,305
FHB air exhau st flow rate, ft3/minute 22,000

Offsite dose evaluation model per Section 4.2
Control Room dose evaluation model per Section 4.3
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FHA-FHB PARAMETER MODELED VALUE

FHA-FHB Release Points to Control Room
Atmospheric Dispersion Factors, secondsrM3 per Section 4.4

Section 4.7.1 FHA-FHB Source Term

The FHA-FHB involves the inadvertent dropping of a fuel assembly during fuel
handling operaticins, and the consequent rupture of fuel pins in the dropped
assembly. Consistent with RG 1.183 Appendix B Section 1.1, the number of fuel
rods damaged during the accident is based on a conservative analysis that
considers the mcst limiting case. UF'SAR Section 15.7.3.4.2.2 details the
structural evaluation of dropped fuel assembly damage. Per the UFSAR, a
maximum of 60 fuel rods will fail as a result of a fuel assembly drop in the spent
fuel pool.

Table 4.1-3 presents the fission product inventory of an average fuel rod in the
reactor core. Coisistent with the guidance of RG 1.183 Regulatory Position 3.1,
to account for differences in power level across the core, a radial peaking factor
of 1.75 is applied to the Table 4.1-3 average fuel rod isotope inventory to
determine the activity inventory in each of the 60 failed fuel rods as described in
Section 4.1.3. Consistent with RG 1.183 Regulatory Position 3.1, the FHA-FHB
dose analysis models 72 hours of radioactive decay prior to the event, which is
also consistent with the minimum decay time required by SONGS Units 2 and 3
LCS 3.9.101 prior to movement of irradiated fuel in the reactor vessel.

Consistent with FIG 1.183 Appendix B Section 1.2, the fission product release
from the breached fuel is based on RG 1.183 Regulatory Position 3.2.
Consistent with FIG 1.183 Footnote 1 i, the release fractions are acceptable for
use since the fuel has a peak burnup of less than 62,000 MWD/MTU, and a
maximum linear heat generation rate that does not exceed 6.3 kw/ft peak rod
average power for burnups exceeding 54 GWD/MTU.

All gap activity in the damaged rods is instantaneously released into the fuel
storage pool. Radionuclides that are considered are xenons, kryptons, iodines,
bromines, cesiums, and rubidiums. Cesium and rubidium are particulates that
are retained in the spent fuel pool water; therefore, these radionuclides do not
contribute to the FHA doses.

Consistent with FIG 1.183 Appendix B Section 1.3, the chemical form of
radioiodine released from the fuel to the fuel storage pool is assumed to be
95 percent cesium iodide (Csl), 4.85 percent elemental iodine, and 0.15 percent
organic iodide. The Csl released from the fuel is assumed to completely
dissociate in the fuel storage pool water and instantaneously re-evolve as
elemental iodine. Consequently, the chemical form of radioiodine in the fuel
storage pool, prior to application of a decontamination factor, is 99.85 percent
elemental iodine and 0.15 percent organic iodide.
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Per Units 2 and ', TS LCO 3.7.16, during movement of irradiated fuel assemblies
in the fuel storage pool, the fuel storage pool water level shall be at least 23 feet
over the top of the irradiated fuel assemblies seated in the storage racks. As
noted in the LCO 3.7.16 Bases, there would be less than 23 feet of water above
the top of a dropped single bundle laying horizontally on top of the spent fuel
racks. However, as also noted in the LCO 3.7.16 Bases, when the potential of a
dropped fuel assembly exists (which is when fuel is being moved) a water level is
maintained that viould ensure that there would be greater than 23 feet above the
fuel assembly laying on top of the racks. This increased water level is required
by Units 2 and 3 TS LCO 3.9.6 when the fuel storage pool is connected to the
refueling cavity and by station procedures whenever fuel is being moved.

Consistent with FIG 1.183 Appendix EB Section 2, the 23 foot water depth
requirement allovws for elemental and organic iodine decontamination factors of
500 and 1, respectively, giving an overall effective decontamination factor of 200
(i.e., 99.5% of the total iodine released from the damaged rods is retained by the
water). This difference in decontamination factors for elemental (99.85%) and
organic iodine (0. 15%) species results in the iodine above the water being
composed of 57%O elemental and 43%/i organic species.

Consistent with FIG 1.183 Appendix El Section 3, the retention of noble gases in
the water in the fuel storage pool is negligible (i.e., decontamination factor of 1).
Particulate radionuclides are assumed to be retained by the water in the fuel
storage pool (i.e., infinite decontamination factor).

Section 4.7.2 FHA-FHB Activity Release Model

Consistent with FIG 1.183 Appendix El Section 4.1, the radioactive material that
escapes from the fuel storage pool to the FHB is released to the environment
over a 2-hour time period (i.e., FHB closure is not modeled during the FHA-FHB
event).

Consistent with the 2-hour release model requirement, the FHA-FHB AST dose
analysis does no-: model the generation of an ESFAS fuel handling [building]
isolation signal (F HIS). The FHB normal ventilation exhaust is assumed to
remain in operation throughout the FHA-FHB event.

The FHB air volume dilutes the gaseous activity released from the damaged fuel
rods.

The FHA-FHB ALIT dose analysis does not model a reduction in the amount of
radioactive material available for release from the FHB by the fuel handling
building Post-Acc:ident Cleanup Unit (PACU) filter system. The FHB PACU
system consists of two independent, redundant trains that each consists of
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charcoal and HEPA filters for the removal of airborne gaseous and particulate
activity following an FHA.

The release of activity to the environment within the required 2-hour time period
is established by specifying a FHB air exhaust flow rate that ensures that at least
99.9 percent of the gaseous activity will be released to the environment.

Activity released during the FHA-FHE; event is transported by atmospheric
dispersion to the control room HVAC intake and to the offsite EAB and LPZ dose
receptors. Activity may be released to the environment via the FHB normal
ventilation exhaust system through the main plant vent, or as leakage through
FHB penetrations (e.g., doors). Table 4.7-2 presents the San Onofre
site-specific 95th percentile meteorology atmospheric dispersion factors for these
release pathways as discussed in Section 4.4. Since one set of atmospheric
dispersion factors does not consistently yield less dispersion than the others over
time, a composite maximum of the two release points is utilized for assessing
control room dose consequences. No credit is taken for radioactive decay of the
isotopes during atmospheric dispersion transit to the control room or offsite dose
locations. Consistent with RG 1.183 Regulatory Positions 4.1.7 and 4.2.2, no
correction is made for depletion of the effluent plume by deposition on the
ground.

TABLE 4.7-2: FHA-FHB CR ATMOSPHERIC DISPERSION FACTORS
FHA-FHB to CR 95th Percentile

Atmospheric Dispersion Factors (seconds/mr3)

Time Interval FHB Main Plant Vent Modeled
Release Point Release Point Value

O to 2 hours | 4SI5E-049.48E-04 I.1-4E-031.15E-03 1.14r=-021.15E-03
2 to 8 hours | 7-48E-047.61 E-041 6 1 E-046.23E-04 7.48E 0-47.61E-04
8 to 24 hours I .93E-041 .92E-04 24.10E-042.14E-04 2 14E 402.14E-04
1 to 4 days _ .R4E-042.65E-04 2.20rE-042.22E-04 2.64E-042.65E-04

4 to 30 days 2.43E-04 I 9AE-042.02E-04 2.43E-04

I

I

I

I

I

Section 4.7.3 FHA-FHB EAB and LPZ Model

Regulatory Guide 1.183 Regulatory Position 4.1 provides guidance to be used in
determining the TEDE for persons located at or beyond the boundary of the
exclusion area, including the outer boundary of the low population zone.
Section 4.2 addresses the applicability of this guidance to the SONGS Units 2
and 3 AST FHA-FHB dose analysis as it relates to the offsite dose exposure
parameters.

As discussed in Section 4.2, the FHA-FHB dose analysis considers the dose
consequences of inhalation and immersion. Radioactive material in the FHB is
assumed to be El negligible radiation shine source to the offsite dose receptors
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relative to the dose associated with immersion in the radioactive plume released
from the facility.

Consistent with FIG 1.183 Regulatory Positions 4.1.5, 4.1.6 and 4.4 and Table 6,
the FHA-FHB event radiological criterion for the EAB and for the outer boundary
of the LPZ is 6.3 Rem TEDE.

Section 4.7.4 FHA-FHB Control Room Model

RG 1.183 Regulatory Position 4.2 provides guidance to be used in determining
the TEDE for persons located in the control room. Section 4.3 addresses the
applicability of ths guidance to the SONGS Units 2 and 3 AST FHA-FHB dose
analysis as it relates to the control room dose exposure parameters.

The CREACUS E mergency mode of operation can be actuated either
automatically follbwing a CRIS or manually. The CRIS may be generated
automatically by a SIAS or by the detection of high radioactivity concentrations in
the control room outside air inflow. Per Section 4.3.2.1.1, the FHA-FHB model
credits CREACUS Emergency mode of operation initiation 3 minutes following
the start of the event, due to detection of high radioactivity concentrations in the
control room outside air inflow.

As discussed in Section 4.3, the FHA-FHB dose analysis considers the dose
consequences o0 inhalation, immersion, and radiation shine from the
environmental (or outside) cloud, and the control room emergency HVAC filters.
Radiation shine from contaminated air in the FHB is considered negligible due to
the presence of numerous intervening concrete walls and the geometric
attenuation due to the distance between the FHB and the control room.

Consistent with RG 1.183 Regulatory Position 4.4, as an AST dose analysis
acceptance crite ion the postulated control room dose is evaluated to ensure that
that it does not exceed the 5 Rem TEDE criterion established in 10 CFR 50.67.

Section 4.7.5 FHA-FHB Dose Consequences

The resulting FHA-FHB offsite and control room operator doses are listed in
Table 4.7-3. The analysis demonstrates that the FHA-FHB event 6.3 Rem TEDE
radiological crite'ion for the EAB and for the outer boundary of the LPZ is met.
The analysis also demonstrates that the FHA-FHB event 5 Rem TEDE
radiological criterion for the control room is met.
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TABLE 4.7-3: FHA-FHB DOSE CONSEQUENCES
FHA-FHB ACCEPTANCE

DOSE RECEPTOR DOSE CRITERION
(REM TEDE) (REM TEDE)

Control Room (30-d3y accident duration) < 0.1 5
EAB (Maximum 2-hour dose -- 0.0 to 2.0 hou s) 0.2 6.3
LPZ (30-day accident duration) < 0.1 6.3
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Section 4.8 MAIN STEAM LINE BREAK (MSLB) ANALYSIS

RG 1.183 Appendix E provides assumptions for use in evaluating the radiological
consequences of a Pressurized Water Reactor (PWR) MSLB. These
assumptions supplement the guidance provided in the main body of RG 1.183.

A MSLB may occur either inside or outside containment. A steam line break
inside containme at will release contaminated steam via the break location to the
containment air space, where it will be diluted within the containment net free air
volume and then slowly leaked to the outside environment at the design basis
containment leakage rate. A more severe scenario is that of a steam line break
outside containment (SLB-OC) that will release contaminated steam via the
break location directly to the environment. This section evaluates a SLB-OC
event consistent with the guidance in RG 1.183 Appendix E.

The SONGS Units 2 and 3 CLB evaluates pre-trip and post-trip return-to-power
steam line break events. The pre-trip SLB event may result in fuel failure (i.e.,
clad damage). The post-trip SLB event does not result in fuel failure. This
section specifically evaluates a pre-trip SLB-OC event.

The transient response of the pre-trip SLB-OC event is analyzed using the
CENTS computer code for the NSSS response, including mass releases and
steam generator 'tube uncovery, and the CETOP computer code for the DNBR
response.

This Section presents the assumptions, design input, methodology employed in
evaluating, and the radiological consequences of, the SONGS Units 2 and 3 pre-
trip SLB-OC. The characteristics of the pre-trip SLB-OC model are summarized
in Table 4.8-1.

TABLE 4.8-1: PRE-TRIP SLB-OC ANALYSIS PARAMETERS
PRE-TRIP SLB-OC PARAMETER I MODELED VALUE

Dose acceptance criteria, Rem TEDE
Control Room 5
EAB 25
LPZ 25

SLB-OC source tern5
Core isotope inventory at reactor shutdown, curies per Section 4.1
Failed Fuel (clad damage), percent of core 10
Radial peaking factor 1.75

Core fission product fractions in fuel rod gaps
lodine-1 31 0.08
Krypton-85 0.10
Other noble gases (Krypton, Xenon) 0.05
Other Halogens (I bdine, Bromine) 0.05
Alkali Metals (Cesium, Rubidium) 0.12
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PRE-TRIP SLB-OC PARAMETER || MODELED VALUE

Initial Primary Coolant Activity Profile per Section 4.1

Initial Secondary Coolant Activity Profile per Section 4.1
Dilution Volumes and Masses

Reactor Coolant dilution volume, cubic feat 10,179
Reactor Coolant dilution mass, grams 2.015E+08
Secondary dilution water mass, Ibm 1.59E+05

Primary-to-Secondary leakage rate, gpm per Steam Generator (SG) 0.5
SG Water to Steam flashing fractions and partition coefficients

SG tube uncovery period, seconds 0 to 6,621
Iodine flashing factor during SG tube uncovery, percent 20
Iodine partition cc-efficient 100
Noble gases (Xe, Kr) partition coefficient 1 E-06
Particulate isotopes partition coefficient 500

Steam Line Break Mass Release, Ibm
0 to 16.3 second<; 115,103
16.3 seconds to shutdown cooling at 13,659 seconds 0

Main Steam Safety Valve (MSSV) Mass Release, Ibm
0 to 30 minutes 47,553
30 minutes to 2 hours555.5
2 hours to shutdown cooling at 13,659 seconds 0

Atmospheric Dump Valve (ADV) Mass Release, Ibm
0 to 30 minutes 0
30 minutes to 2 hours 374,719
2 hours to shutdown cooling at 13,659 seconds 356,610

Auxiliary Feedwater (AFW) Steam Turbine Mass Release, Ibm
0 to 30 minutes 8,078
30 minutes to 2 hours 64,522
2 hours to shutdown cooling at 13,659 seconds 78,944

Iodine composition released to the environment, percent of iodine
Elemental iodine 97
Organic iodide 3

Offsite dose evaluation model per Section 4.2
Control Room dose evaluation model per Section 4.3
SLB-OC Release Foints to Control Room per Section 4.4
Atmospheric Dispe-sion Factors, seconds/n p

Section 4.8.1 Pre-Trip SLB-OC Source Term

The pre-trip SLB-OC transient analysis is characterized by fuel failure (i.e., clad
damage). Using the current licensing basis deterministic DNBR fuel failure
prediction methodology, the radiological consequences for the pre-trip SLB-OC
event have been characterized by no more than 7 percent fuel failure with a Core
Operating Limits Supervisory Systern (COLSS) Required Overpower Margin
(ROPM) of 123 percent power. Application of the DNB statistical convolution
methodology described in Section 4.1.4 will result in a gain in COLSS DNBR
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plant operating margin of 6% (to 117°% ROPM) for an equivalent amount of fuel
failure as described in Table 4.8-2. The methodology used to offset predicted
fuel failure with COLSS required DNBR plant operating margin is per the
standard NRC approved Westinghouse methodology for Combustion
Engineering digital protection plants as discussed in Section 5.5.4 of the NRC-
approved SONGS Reload Analysis Methodology Topical Report SCE-9801 -P-A.
The pre-trip SLB-OC AST dose analysis conservatively assumes 10 percent fuel
failure to bound future operating cycle fuel failure predictions.

Table 4.8-2
Typical SONGS Pre-Trip S LB-OC Fuel Failures

COLSS Required Overpower Margin (% Power) 117 119 121 123
Deterministic Fuel Failure (%) 21.7 16.0 i 11.3 6.4
Statistical Convolution Fuel Failure (%) 6.9 4.5 2.8 1.6

Consistent with RG 1.183 Appendix E Section 2, because more than minimal fuel
damage is postulated, the pre-trip SLIB-OC AST activity release model does not
address primary coolant iodine spiking.

The 10 percent fuel failure estimate is applied to the reactor core fission product
inventory presented in Table 4.1-3. Consistent with the guidance of RG 1.183
Regulatory Position 3.1, to account for differences in power level across the core,
a radial peaking factor of 1.75 is also applied as described in Section 4.1.3.

Consistent with RG 1.183 Appendix E Section 1, the fission product release from
the breached fuel is based on RG 1.183 Regulatory Position 3.2. Consistent with
RG 1.183 Footnote 11, the release fractions are acceptable for use since the fuel
has a peak burnrup of less than 62,000 MWD/MTU, and a maximum linear heat
generation rate that does not exceed 6.3 kw/ft peak rod average power for
burnups exceeding 54 GWD/MTU.

Consistent with RG 1.183 Appendix E Section 3, the activity released from the
fuel is instantaneously and homogeneously released into the reactor coolant
system. Radionuclides that are considered are xenons, kryptons, iodines,
bromines, cesiurns, and rubidiums.

The initial reactor coolant concentration prior to the introduction of the fission
product release from the breached fuel is assumed to be at the maximum TS
LCO 3.4.16 limiting condition as specified in Section 4.1.

The AST pre-trip SLB-OC dose analysis assumes that the reactor coolant dilutes
the core activity release into a volume of 10,179 cubic feet. This volume has
conservatively omitted the primary side volume that is present in an assumed
2,000 plugged U-tubes in each of the two steam generators.
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Consistent with RG 1.183 Appendix E Section 4, the chemical form of radioiodine
released from the steam generators to the environment is 97 percent elemental
and 3 percent organic.

Section 4.8.2 Pre-Trip SLB-OC: Activity Release Model

Activity is introduced into the secondary side via steam generator tube leakage.
Consistent with FIG 1.183 Appendix E Section 5.1, the pre-trip SLB-OC AST
dose analysis models a primary-to-secondary leak rate into any single steam
generator of 0.5 gallon/minute consistent with the maximum leak rate allowed by
TS LCO 3.4.13.

The initial secondary side activity concentration prior to the introduction of the
primary-to-secondary leakage is assumed to be at the maximum TS LCO 3.7.19
limit of 0.10 pCi/gm dose equivalent Iodine-131.

Consistent with FIG 1.183 Appendix E Sections 5.5.1 and 5.6, the primary-to-
secondary leakage is assumed to mix with the secondary water without flashing
during periods of total tube submergence. The tubes in one steam generator are
uncovered from 17.3 seconds to 6,620 seconds after the break. The tubes in the
other steam generator are uncovered from 17.2 seconds to 6,621 seconds after
the break. The pre-trip SLB-OC AST dose analysis conservatively assumes that
the tubes in both steam generators are uncovered from 0 seconds to 6,621
seconds.

Consistent with FIG 1.183 Appendix E Sections 5.5.1 and 5.6, during periods
where the tubes are uncovered, a portion of the primary-to-secondary leakage
flashes to vapor based on the thermodynamic conditions in the reactor coolant
and the secondary coolant. The maximum flashing fraction is 14.41%, which
occurs at the start of the event. Conservatively, the pre-trip SLB-OC AST dose
analysis models a bounding flashing fraction of 20% during periods of steam
generator tube u icovery.

The portion of primary-to-secondary leakage that flashes to steam enters the
steam generator steam space, with no credit taken for iodine scrubbing.

Consistent with FIG 1.183 Appendix E Section 5.5.3, the unflashed portion of
primary-to-secondary leakage mixes with the bulk water. Consistent with RG
1.183 Appendix IE Section 5.5.4, an iodine partition coefficient (i.e., liquid
concentration divided by gas concentration) of 100 is modeled when evaluating
the vaporization of the secondary side water (steam generator liquid). Consistent
with RG 1.183 Appendix E Section 5.4, all noble gases released from the primary
coolant are released to the environment without reduction or mitigation.

The SONGS Units 2 and 3 steam generators have a maximum full-power steam
generator moisture carryover (steam quality) of 0.20 percent. The pre-trip
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SLB-OC AST dose analyses address this carryover by modeling a particulate
isotope partition coefficient of 500 when evaluating the vaporization of the
secondary side water.

Activity is released to the environment via the steam line break location, the
MSSVs, the ADVs, and the AFW turbine exhaust.

Consistent with the guidance in Branch Technical Position (BTP) MEB 3-1
Section B.1.b, the SLB-OC is modeled downstream of a MSIV. A break
upstream of a MSIV is not postulated since the SONGS Units 2 and 3 design
complies with the BTP MEB 3-1 (ASIMIE Section III and design stress and fatigue
limit requirements) for crediting break exclusion zones.

The release through the break begins at time zero and is terminated at
16.3 seconds, the time when MSIVs are fully closed. The total mass release
through the break is 104,639 Ibm, consisting of inventory loss from both steam
generators, and main feedwater flow for duration of 3.83 seconds. The pre-trip
SLB AST dose analysis increased the break mass release predicted by the
pre-trip SLB mass release analysis by 10 percent to 115,103 Ibm to provide
margin for any potential increased mass release that may be determined in future
cycle-specific transient analysis.

The MSSV and ADV mass releases are as shown in Table 4.8-1. The pre-trip
SLB AST dose analysis increased the MSSV and ADV mass release predicted
by the pre-trip SL.B mass release analysis by 10 percent to provide margin for
any potential increased mass release that may be determined in future
cycle-specific transient analysis. The MSSV mass release begins when the
MSSVs open at 1,200 seconds and terminates when the MSSVs close at 1,822
seconds. The ADV mass release begins when the ADVs are opened (by*
operator action) at 30 minutes, and stay open for the duration of the event. The
pre-trip SLB-OC AST dose analysis models the mass releases as being from the
MSSV from 1,20) seconds to 1,800 seconds and from the ADVs from 1,800
seconds until the end of the event. This is conservative since, as shown in
Section 4.4, the ADV atmospheric dispersion factors are greater than the MSSV
atmospheric dispersion factors, thus resulting in higher doses.

The time intervals during which the steam turbine AFW pump is operating, and
the mass released during those intervals, are as shown in Table 4.8-1. Two
periods of AFW operation are modeled. The first is from 89 seconds to
748 seconds. The second is from 1,921 seconds to the end of the event. The
pre-trip SLB AST dose analysis increased the AFW steam turbine mass release
predicted by the pre-trip SLB mass release analysis by 10 percent to provide
margin for any potential increased mass release that may be determined in future
cycle-specific transient analysis.
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The pre-trip SLB.-OC event is terminated when shutdown cooling is initiated at
13,659 seconds. After this time all steam releases from both steam generators
cease.

Activity released during the pre-trip SLB-OC event is transported by atmospheric
dispersion to the control room HVAC intake and to the offsite EAB and LPZ dose
receptors. San Onofre site-specific 95th percentile meteorology atmospheric
dispersion factors for the pre-trip SLB-OC release pathways are discussed in
Sections 4.2 and 4.4 for the offsite and control room dose receptors, respectively.
No credit is taken for plume rise dispersion associated with the ADV release
pathway. No credit is taken for radioactive decay of the isotopes during
atmospheric dispersion transit to the control room or offsite dose locations.
Consistent with RG 1.183 Regulatory Positions 4.1.7 and 4.2.2, no correction is
made for depletion of the effluent plume by deposition on the ground.

Section 4.8.3 Pre-Trip SLB-OC EAB and LPZ Model

RG 1.183 Regulatory Position 4.1 provides guidance to be used in determining
the TEDE for persons located at or beyond the boundary of the exclusion area,
including the outor boundary of the low population zone. Section 4.2 of this
license amendment request addresses the applicability of this guidance to the
SONGS Units 2 and 3 AST pre-trip SLB-OC dose analysis as it relates to the
offsite dose exposure parameters.

As discussed in Section 4.2, the pre-trip SLB-OC dose analysis considers the
dose consequences of inhalation and immersion.

Consistent with FIG 1.183 Regulatory Positions 4.1.5, 4.1.6 and 4.4 and Table 6,
the SLB event radiological criterion for the EAB and for the outer boundary of the
LPZ is 25 Rem TEDE for an event scenario with fuel damage.

Section 4.8.4 Pre-Trip SLB-OC Control Room Model

RG 1.183 Regulatory Position 4.2 provides guidance to be used in determining
the TEDE for persons located in the control room. Section 4.3 of this license
amendment request addresses the applicability of this guidance to the SONGS
Units 2 and 3 AST pre-trip SLB-OC dose analysis as it relates to the control room
dose exposure parameters.

The CREACUS Emergency mode of operation can be actuated either
automatically following a CRIS or manually. The CRIS may be generated
automatically by a SIAS or by the detection of high radioactivity concentrations in
the control room outside air inflow. Per Section 4.3.2, the pre-trip SLB-OC model
credits CREACUS Emergency mode of operation initiation 3 minutes following
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the start of the event, due to detection of high radioactivity concentrations in the
control room outside air inflow.

As discussed in Section 4.3, the pre-trip SLB-OC dose analysis considers the
dose consequences of inhalation, immersion, and radiation shine from the
environmental (or outside) cloud, and the control room emergency HVAC filters.

Consistent with RG 1.183 Regulatory Position 4.4, as an AST dose analysis
acceptance criterion the postulated control room dose is evaluated to ensure that
that it does not exceed the 5 Rem TEDE criterion established in 10 CFR 50.67.

Section 4.8.5 Pre-Trip SLB-OC Dose Consequences

The resulting pre -trip SLB-OC offsite and control room operator doses are listed
in Table 4.8-3. The analysis demonstrates that the SLB event 25 Rem TEDE
radiological criterion for the EAB and for the outer boundary of the LPZ is met.
The analysis also demonstrates that ihe SLB event 5 Rem TEDE radiological
criterion for the control room is met.

TABLE 4.8-3: PRE-TRIP SLB-OC DOSE CONSEQUENCES
PRE-TRIP ACCEPTANCE

DOSE RECEPTOR SLB-OC CRITERION
DOSE (E EE

(REM TEDE)

Control Room (30-day accident duration) l _242.2 _ 5
EAB (Maximum 2-hour dose -- 0.0 to 2.0 hours) 4.1 25

I LPZ (30-day accident duration) 0.1 l 25

I
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5.0 REGULA-TFORY SAFETY ANALYSIS

5.1 No Significant Hazards Consideration

Southern California Edison (SCE) has evaluated whether or not a significant
hazards consideration is involved with the proposed amendments by focusing on
the three standards set forth in 10CFF150.92, "Issuance of Amendment," as
discussed below:

1. Does the proposed change involve a significant increase in the probability
or consequences of an accident previously evaluated?

Response: No.

The proposed changes to the Facility Operating Licenses for San Onofre
Units 2 and 3 credit an Alternative Source Term (AST) for the design basis
radiological site boundary and control room dose analyses. This change
represents full scope implementation of the AST as described in
Regulatory Guide 1.183. The proposed changes to the Facility Operating
Licenses also expand the allowed use of fuel failure estimates by
Departure from Nucleate Boiling (DNB) statistical convolution
methodology from only the reactor coolant pump sheared shaft event to
the Updated Final Safety Analysis Report (UFSAR) Chapter 15 non-Loss-
of-Coolant-Accident (LOCA) events that assume a loss of flow (i.e., a loss
of AC power) and that fail fuel. The proposed changes reflect the
parameters used in the radiological consequences calculations for the
LOCA, Fuel Handling Accident inside containment (FHA-IC), Fuel
Handling Accident in the Fuel Handling Building (FHA-FHB) and pre-trip
Steam Line Break Outside Containment (SLB-OC).

The purpose of this proposed change is to change the design
requirements for the Control Room Envelope (CRE). This proposed
change will allow an increase in the assumed amount of unfiltered air
inleakage through the CRE. Currently, design basis radiological
consequence analyses assume CRE inleakage of 0 cfm, plus an assumed
10 cubic feet per minute (cfm) inleakage due to ingress and egress into
the Control Room. Analyses to support this change demonstrate
acceptable post-accident dose consequences in the Control Room
assuming 990 cfm of CRE inleakage (plus 10 cfm due to ingress and
egress for a total of 1000 cfm).

This proposed change does not affect the precursors for accidents or
transients analyzed in Chapter 15 of the San Onofre Units 2 and 3
UFSAR. Therefore, there is no increase in the probability of accidents
previously evaluated. The probability remains the same because the
accident analyses performed involve no change to a system, component
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or structure that affects initiating events for any UFSAR Chapter 15
accident evaluated.

A re-analysis of the UFSAR Chapter 15 LOCA, SLB-OC, FHA-IC, and
FHA-FHB events was conducted with respect to radiological
consequences. This re-analysis was performed in accordance with AST
methodology provided in Regulatory Guide (RG) 1.183 and with
ARCON9e atmospheric dispersion methodology provided in RG 1.194.
The reanalysis consequences were expressed in terms of Total Effective
Dose Equivalent (TEDE) dose.

Implemenlation of the AST methodology, as described in 1 OCFR50.67,
specifies control room, exclusion area boundary (EAB), and low
population zone (LPZ) dose acceptance criteria in terms of TEDE dose.
The dose acceptance criteria for specific events are specified in RG 1.183.
The revised analyses for all evaluated events meet the applicable RG
1.183 TEEIE dose acceptance criteria for AST implementation.

The previous dose calculations analyzed the dose consequences to
thyroid and whole body as a result of postulated design basis events. The
previous control room dose calculations were shown to be within the
regulatory limits of 10CFR50 Appendix A General Design Criterion 19 with
respect to thyroid, beta-skin and whole body dose. The previous LOCA
and SLB cffsite dose calculations were shown to be within the regulatory
limits of 1 OCFR1 00.11 with respect to thyroid and whole body dose. The
previous FHA-IC and FHA-FHB offsite dose calculations were shown to be
well within (i.e., less than 25 percent of) the regulatory limits of
1OCFR1 00.11 with respect to thyroid and whole body dose.

RG 1.183 Footnote 7 provides a means to compare the thyroid and whole
body dose results of the previous calculations with the TEDE results of the
AST calculations. This methodology requires multiplying the previous
thyroid dose by 0.03 and adding the product to the previous whole body
dose. The resultant "effective" TEDE is then compared to the AST TEDE
result. This comparison is presented in Table 5-1.

The Table 5-1 comparison shows a decrease in dose consequences when
evaluated using AST methodology for all but the LOCA offsite dose
receptors. The LOCA EAB dose using AST methodology has increased
due to the requirement to calculate the maximum 2-hour window EAB
dose versus the previous requirement to calculate the 0 to 2 hour window
EAB dose. The LOCA LPZ dose using AST methodology has increased
primarily due to changes in the AST Refueling Water Storage Tank
(RWST) iodine transport model. Although the LOCA EAB and LPZ doses
using AST methodology have increased, they remain significantly below
the 25 Rem TEDE offsite dose acceptance criterion.
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Table 5-1 - Com parison of Previous and AST Doses
Event - Dose Receptor "Effective" TEDE of AST TEDE

Previous Dose (Rem)
Analyses (Rem)

FHA-IC
Control Room 1.0 2.7 E-01
EAB 2.0 8.0 E-01
LPZ 5.6 E-02 2.3 E-02

FHA-FHB
Control Room 3.7 E-01 7.3 E-02
EAB 6.6 E-01 2.1 E-01
LPZ 1.9 E-02 6.1 E-03

LOCA
Control Room 4.5 2-2.8
EAB 3.7 645.2
LPZ 1.2 -T81.9

SLB-OC
Control Room Not evaluated 242.2
EAB 8.0 4.1
LPZ Not evaluated 0.1

I

The proposed changes do not increase the probability of an accident
previously evaluated. The proposed changes result in dose
consequences that, if compared to previous ones, are in most cases
decreased and in other cases only slightly increased (using guidance in
footnote 7 of RG 1.183). However, the dose consequences of the revised
analyses are below the AST regulatory acceptance criteria.

Therefore, the proposed chance does not involve a significant increase in
the probability or consequences of any accident previously evaluated.

2. Does the proposed change create the possibility of a new or different kind
of accident from any accident previously evaluated?

Response: No.

The implementation of this proposed change does not create the
possibility of an accident of a different type than was previously evaluated
in the UF',AR. The proposed change credits the AST for the design basis
radiological site boundary and control room dose analyses and expands
the allowed use of fuel failure estimates by DNB statistical convolution
methodology from only the reactor coolant pump sheared shaft event to
the UFSAR Chapter 15 non-LOCA events that assume a loss of flow (i.e.,
a loss of AC power) and that fail fuel.
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The changes proposed do not change how Design Basis Accident (DBA)
events were postulated nor do the changes themselves initiate a new kind
of accident with a unique set of conditions. The changes proposed are
based on a re-analysis of offsite and control room doses for four design
basis accidents. The revised analyses are consistent with the regulatory
guidance Established in RG 1.183. The revised analyses utilize the most
current understanding of source term timing and chemical forms. Through
this re-analysis, no new accident initiator or failure mode was identified.

Therefore, this proposed change does not create the possibility of a new
or different kind of accident from any accident previously evaluated.

3. Does the proposed change involve a significant reduction in a margin of
safety?

Response: No.

The implementation of this proposed amendment does not reduce the
margin of safety. The alternative source term radiological dose
consequence analyses utilize the regulatory acceptance criteria of 10 CFR
50 Appendix A General Design Criterion (GDC) 19 and 10 CFR 50.67, as
specified in RG 1.183. These acceptance criteria have been developed
for the purpose of use in design basis accident analyses such that
meeting these limits demonstrates adequate protection of public health
and safety. An acceptable margin of safety is inherent in these licensing
limits. The radiological analyses results remain within these regulatory
acceptance criteria.

Therefore, there is no significant reduction in the margin of safety as a
result of the proposed amendment.

Based on the above, SCE concludes that the proposed amendments present no
significant hazards consideration under the standards set forth in
10CFR50.92(c), and, accordingly, a finding of "no significant hazards
consideration" is justified.

5.2 Applicable Regulatory Requirements/Criteria

GDC 19

Control Room - A control room shall be provided from which actions can
be taken to operate the nuclear power unit safely under normal conditions
and to maintain it in a safe condition under accident conditions, including
loss-of-coolant accidents. Adequate radiation protection shall be provided
to permit access and occupancy of the control room under accident
conditions without personnel receiving radiation exposures in excess of 5
rem whole body, or its equivalent to any part of the body, for the duration
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of the accident. Equipment at appropriate locations outside the control
room shall be provided (1) with a design capability for prompt hot
shutdown of the reactor, including necessary instrumentation and controls
to maintain the unit in a safe condition during hot shutdown, and (2) with a
potential capability for subsequent cold shutdown of the reactor through
use of suitable procedures. Applicants for and holders of construction
permits and operating licenses under this part who apply on or after
January 10, 1997, applicants for design certifications under part 52 of this
chapter who apply on or after January 10, 1997, applicants for and holders
of combined licenses under parl 52 of this chapter who do not reference a
standard design certification, or holders of operating licenses using an
alternative source term under §50.67 shall meet the requirements of this
criterion, except that with regard to control room access and occupancy,
adequate radiation protection shall be provided to ensure that radiation
exposures shall not exceed 0.05 Sv (5 rem) total effective dose equivalent
(TEDE) as defined in §50.2 for the duration of the accident.

1 OCFR50, Appendix A, General Design Criterion 19 requires that the control
room be designed such that the radiological dose to the operators following a
design basis accident be less than 5 rem whole body, or its equivalent to any part
of the body.

GDC-1 9 is the current licensing basis for the San Onofre Units 2 and 3 control
room. Radiological consequences of design basis accidents are currently shown
to be less than the criterion of 5 rem whole body, or its equivalent to any part of
the body. Following approval of this license amendment request, the provisions
of GDC-1 9 will continue to apply to San Onofre Units 2 and 3 except that with
regard to control room access and occupancy, adequate radiation protection
shall be provided to ensure that radiation exposures shall not exceed 0.05 Sv (5
rem) total effective dose equivalent (TEDE) as defined in §50.2 for the duration of
the accident.

1 OCFR100.1 1 (a)

...(1) An exclusion area of such size that an individual located at any point
on its boundary for two hours immediately following onset of the
postulated fission product release would not receive a total radiation dose
to the whole body in excess of 25 rem or a total radiation dose in excess
of 300 rem to the thyroid from iodine exposure.
(2) A low population zone of such size that an individual located at any
point on it; outer boundary who is exposed to the radioactive cloud
resulting from the postulated fission product release (during the entire
period of its passage) would not receive a total radiation dose to the whole
body in excess of 25 rem or a total radiation dose in excess of 300 rem to
the thyroid from iodine exposure....

Page 105 of 1 10



Paragraphs (a)(1) and (a)(2) of 1 OCFR1 00.11 describe the current accident
analysis dose acceptance criteria for The exclusion area boundary and the low
population zone for San Onofre Units 2 and 3. Following approval of this license
amendment request, the dose acceptance criteria for the exclusion area
boundary and low population zone will be the 25 rem TEDE criteria specified by
1 OCFR50.67.

1 OCFR50.67

(a) Applicability. The requirements of this section apply to all holders of
operating licenses issued prior to January 10, 1997, and holders of
renewed licenses under part 54 of this chapter whose initial operating
license was issued prior to January 10, 1997, who seek to revise the
current accident source term used in their design basis radiological
analyses.
(b) Requirements. (1) A licensee who seeks to revise its current accident
source term in design basis radiological consequence analyses shall apply
for a license amendment under §50.90. The application shall contain an
evaluation of the consequences of applicable design basis accidents
previously analyzed in the safety analysis report.
(2) The NRC may issue the amendment only if the applicant's analysis
demonstrates with reasonable assurance that:
(i) An individual located at any point on the boundary of the exclusion area
for any 2-hour period following the onset of the postulated fission product
release, would not receive a radiation dose in excess of 0.25 Sv (25 rem)
total effective dose equivalent (TEDE).
(ii) An individual located at any point on the outer boundary of the low
population zone, who is exposed to the radioactive cloud resulting from
the postulated fission product release (during the entire period of its
passage), would not receive a radiation dose in excess of 0.25 Sv
(25 rem) total effective dose equivalent (TEDE).
(iii) Adequate radiation protection is provided to permit access to and
occupancy of the control room under accident conditions without
personne receiving radiation exposures in excess of 0.05 Sv (5 rem) total
effective dose equivalent (TEDE) for the duration of the accident.

Regulatory Guide 1.183, "Alternative Radiological Source Terms for Evaluating
Design Basis Accidents at Nuclear Power Reactors," provides guidance to
licensees of operating power reactors on acceptable applications of alternative
source terms. Regulatory Guide 1.194, "Atmospheric Relative Concentrations for
Control Room Radiological Habitability Assessments at Nuclear Power Plants,"
describes methcds acceptable to the NRC staff for determining atmospheric
relative concentration (X/Q) values that will be used in control room radiological
habitability asse:ssments performed in support of applications for license
amendment requests. The LOCA, FHA-IC, FHA-FHB, and SLB-OC were re-
analyzed consistent with the guidance of RGs 1.183 and 1.194.
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Using the methods described in RG 1.183 and 1.194, the results of the new
analyses for the LOCA, FHA-IC, FHA-FHB, and SLB-OC meet the criteria of
10 CFR 50.67 as shown in Table 5-2. These results demonstrate that the
1 OCFR50.67 dose acceptance criteria for exclusion area boundary, low
population zone, and control room are met for these four events. In addition, the
analysis results described in Section 4 above also show that the exclusion area
boundary and low population zone dose acceptance criteria from Regulatory
Guide 1.183, Table 6 are met.

Table 5-2 - Comparison of AST Doses with AST Dose Criteria
Event - Dose Receptor AST TEDE AST TEDE Dose

(Rem) Acceptance Criteria
(Rem)

FHA-IC
Control Room 0.3 5
EAB 0.8 6.3
LPZ < 0.1 6.3

FHA-FHB
Control Room < 0.1 5
EAB 0.2 6.3
LPZ < 0.1 6.3

LOCA
Control Room 2-.72.8 5
EAB 645.2 25
LPZ 4-81.9 25

SLB-OC
Control Room 242.2 5
EAB 4.1 25
LPZ 0.1 25

I

In conclusion, based on the considerations discussed above, (1) there is
reasonable assurance that the health and safety of the public will not be
endangered by operation in the proposed manner, (2) such activities will be
conducted in compliance with the Commission's regulations, and (3) the
issuance of the amendment will not be inimical to the common defense and
security or to the health and safety of the public.

6.0 ENVIRONMENTAL CONSIDERATION

A review has determined that the proposed amendment would change a
requirement with respect to installation or use of a facility component located
within the restricted area, as defined in 1OCFR20, or would change an inspection
or surveillance requirement. However, the proposed amendment does not
involve (i) a significant hazards consideration, (ii) a significant change in the
types or significant increase in the amounts of any effluent that may be released
offsite, or (iii) a significant increase in individual or cumulative occupational

Page 107 of 110



radiation exposure. Accordingly, the proposed amendment meets the eligibility
criterion for categorical exclusion set forth in 1 OCFR51.22(c)(9). Therefore,
pursuant to 10CFFR51.22(b), no environmental impact statement or
environmental assessment need be prepared in connection with the proposed
amendment.
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ATTACHMENT A

ACRONYMS



ACRONYMS

Acronym Meaning

ADV Atmospheric Dump Valve
AFW Auxiliary Feedwater
AST Alternative Source Term
BPC Bechtel Power Corporation
CEDE Committed Effective Dose Equivalent
CEOG Combustion Engineering Owner's Group
CIAS Containment Isolation Actuation Signal
CLB Current Licensing Basis
COLR Core Operating Limits Report
COLSS Core Operating Limits Supervisory System
CPIS Containment Purge Isolation Signal
CR Control Room
CRE Control Room Envelope
CREACUS Control Room Emergency Air Cleanup System
CRH Control Room Habitability
CRIS Control Room Isolation Signal
CSS Containment Spray System
DACU Dome Air Circulator Unit
DBA Design Basis Accident
DDE Deep Dose Equivalenlt
DE 1-131 Close Equivalent Iodine-131
DF Decontamination Factor
DG Diesel Generator
DNB Departure from Nucleate Boiling
DNBR Departure from Nucleate Boiling Ratio

Average Disintegration Energy
EAB Exclusion Area Boundary
EAC Emergency Air Conditioner
ECCS Emergency Core Cooling System
ECU Emergency Cooling Unit
EDE Effective Dose Equivalent
EPIP Emergency Planning Implementing Procedure
EQ Environmental Qualification
ESF Engineered Safety Features
ESFAS Engineered Safety Features Actuation System
EVS Emergency Ventilation Supply
FGR Federal Guidance Report
FHA F'uel Handling Accident
FHA-FHB F'uel Handling Accident in the Fuel Handling Building
FHA-IC Fuel Handling Accident - Inside Containment
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FHB Fuel Handling Building
FHIS Fuel Handling Isolation Signal
GL Generic Letter
HPSI FHigh Pressure Safety Injection
HVAC Heating, Ventilation, and Air-Conditioning
IMSF-SF Increased Main Steam Flow with Single Failure
LCO Limiting Condition for Operation
LCS Licensee Controlled Specification
LOCA Loss of Coolant Accident
LPSI Low Pressure Safety Injection
LPZ Low Population Zone
MFIV Main Feedwater Isolation Valve
MSIV Main Steam Isolation'Valve
MSLB Main Steam Line Break
MSSV Main Steam Safety Valve
PACU Post-Accident Cleanu:v Unit
PASS Post-Accident Sampling System
PNNL Pacific Northwest National Laboratory
PWR Pressurized Water Reactor
RAS Recirculation Actuation Signal
RG Regulatory Guide
ROPM Required Overpower I argin
RPF Radial Peaking Factor
RWST Refueling Water Storage Tank
SAFDL Specified Acceptable Fuel Design Limit
SCE Southern California Edison
SCP Standard Computer Program
SIAS Safety Injection Actuation Signal
SIS Safety Injection System
SLB Steam Line Break
SLB-OC Steam Line Break - Outside Containment
SONGS San Onofre Nuclear Generating Station
SRP Standard Review Plan
TEDE Total Effective Dose Equivalent
TID Technical Information Document
TS Technical Specification
TSP Tri-Sodium Phosphate
UFSAR Updated Final Safety Analysis Report
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ATTACHMENT B

LIST OF REGULATORY COMMITMENTS



LIST OF REGULATORY COMMITMENTS

1. Following approval of this license amendment request, future revisions to UFSAR
Chapter 15 design basis accident control room and offsite radiological
consequence analyses will be performed using AST methodology.

2. Following approval of this license amendment request, the manual dose
calculation methodology as described in Emergency Planning Implementation
Procedures (E-PIPs) and other Emergency Planning guidance documents will be
revised to reflect AST methodology.

3. Raddose V dose assessment softwvare will be evaluated by June 30, 2005, to
determine what specific changes may be warranted in order to maintain
consistency with the manual dose assessment calculation methodology.

4. Following approval of this license amendment request, future revisions to
Accident Monitoring setpoint calculations will reflect the AST source term.

5. Following approval of this license amendment request, SCE will provide the
revised UFSAR sections to the NRC as part of its normal UFSAR update
required by 1(0 CFR 50.71 (e).


