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Purpose

The purpose of this calculation is to update the Control Rod Drop Accident (CRDA) dose calculation
currently presented in FSAR Section 15.4.9. This update provides (1) implementation of the RG 1.183
(Reference 1) source terms and (2) control room doses.
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differ from that described in the Plant or ISFSI FSAR or NRC Safety (
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WES [TINO oottt e e et eeaer et eaeses e sanens seeseresena et eneaseanensanen l/%b.f
If Yes, ensure that the appropriate actions are taken to revise the output
interface documents per DES-4-1, section 3.1.8 (i.e., document change is
initiated in accordance with applicable procedures). ........ccoceerverveenreciiieeeiennnes %’LJ
Logical consistency of @nalysis ... BN
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o  Accuracy of input data.........cccooiiiiiiiiceerr e A
e Consistency of input data with approved criteria .............ccccoooccmnniiiiiiiccennnne. y=rri
o Completeness in stating assumplions ............c.cccoooimniiincereeee 77 A
e Validity of assumplions ... 2y
» Calculation sufficiently detailed...................cccoiiin -
e Arithmetical 8CCUIaCY ........cceoiiuiiieiiiir et —ads
s Physical units specified and correctly used ........c.c..cceveeeieerireccennncvenninennirenn. A
¢ Reasonabieness of output conclusion .............cccceeeeiiciiieeccciiereeeeeeee e, oy
Supervisor independency check (if acting as Verifier) .........c.ccceeeviiciiniiinnnen. O MA

- Did not specify analysis approach
- Did not rule out specific analysis options
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- Is the program appropriate for the proposed application? Yers (B2, {
- Have the program error notices been reviewed to determine if they /

pose any limitations for this application? oA
- Is the program name, revision number, and date of run inscribed <« R
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If so, is it listed in Chapter 10 of the Engineering Standards Manual? .............. AV A
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Based on the foregoing, ihe Calculation/CMR is adequate for the purpose intended.
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25280 R5



FNENERGY
% NORTHWEST

Péopla - Vision-Solutions

REFERENCE LIST

Page No.

CALCULATION 13

Cont'd on page

Calculation No. NE-02-04-07

. ; . Revision No. 0
Prepared byj Dateryh 1 [8loq Verified by/Date: AlS . 5004
ISSUE DATE/ (
NO AUTHOR EDITION OR TITLE DOCUMENT NO.
REV.

Alternative Radiological Source Terms for .

1 g.s. N.ucl.ear Regulatory July, 2000 Evaluating Design Basis Accidents at Nuclear lﬁ%l;latory Guide

ommission Power Reactors ’
Amendment 53, |Columbia Generating Station Final Safety
2 [Energy Northwest Nov. 1998 - |Analysis Report , Section 15.4.9 WNP-2 FSAR
3 [Polestar Applied 1997 STARDOSE Model Report PSAT C109.03
Technology, Inc.
. . |Federal Guidance {Limiting Values of Radionuclide Intake and Air
4 invxronmental Protection Report No. 11, Concentration and Dose Conversion Factors for ]15.};;'2:338/
gency September 1988 lInhalation, Submersion, and Ingestion

RADTRAD: A Simplified Model for

5 US. N.ucl.ear Regulatory December 1997  |Radionuclide Transport and Removal and Dose NUREG/

Commission Estimati CR-6604
stimation

Dose Calculation Data Base NE-02-04-1

6 |Energy Northwest Revision 1

25281 R2




AENERGY CALCULATION OUTPUT | PageNo. | Contd on page
N NORTHWEST | INTERFACE DOCUMENT |'*
People- Vision-Solutions REVISION INDEX Calculation No. NE-02-04-07
Prepared by / Date: S{p\, 'ﬂaloq Verified bylDate: 5 /_ .\ .y Revision No. 0
U {

The below listed output interface calculations and/or documents are impacted by the current revision of the
subject calculation. The listed output interfaces require revision as a result of this calculation. The documents
have been revised, or the revision deferred with Manager approval, as indicated below.

AFFECTED DOCUMENT NO. (e.g., BDC, SCN, CMR, Rev.) (e.g., RFTS, LETTER NO.)

CHANGED BY CHANGED DEFERRED

DEPT.
MANAGER *

FSAR 15.4.Q PDC 2yob

* Required for deferred changes only.

25285R3




(D ENERGY CALCULATION OUTPUT |o0° o | Somdonpaee
N/NORTHWEST SUMMARY

Peaoplea-. Vision-Solutions Calculation No. NE-02-04-07

Revision No. 0

Prepared by / Date:/\i;« 7 ’ gloq Verified by/Date: oz // o 30-0 %
{

REV

Discussion of Results ‘ BAR.

The results of the AST analysis in terms of dose are summarized below. The complete STARDOSE output file is
provided in Appendix C.

CRDA Doses (rem) for the Control Room and the Off-Site EAB and LPZ

CRDA TEDE Dose Regulatory Limit
2-hour EAB 0.025 6.3
30-day LPZ 0.025 6.3
30-day CR 0.698 5.0

1. The most limiting person at the EAB would not be subjected to radiation exposure resulting in doses in excess of
6.3 rem TEDE over 2 hours,

2. The most limiting person at the inner boundary of the LPZ would not be subjected to radiation exposure resulting
in doses in excess of 6.3 rem TEDE over 30 days, and finally,

3. The hypothetical maximum exposed control room operator would not be subjected to radiation exposure resulting
in doses in excess of 5 rem over 30 days.

Note that for the EAB dose, the worst two hours is the first two hours because of the assumption that all activity
reaches the main condenser instantaneously. Therefore, because of radioactive decay and depletion of the main
condenser activity by the leakage, the maximum activity release rate occurs over the first two hours.

Conclusions

The control room and offsite dose analysis contained in this report demonstrates that Columbia meets the radiological
requirements of 10CFR 50.67 for the Control Rod Drop Accident (CRDA).
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Analysis Method (Check appropriate boxes)
[J Manual (As required, document source of equations in Reference List)
X] Computer [C] Main Frame [J Personal

[C] In-House Program
[] Computer Service Bureau Program

[OBcs [Jcbc [ pcc [] OTHER

[XI Verified Program: Code name/Revision STARDOSE, version 1.01
[] Unverified Program:

Approach/Methodology

Methodology

1. Use RG 1.183 gap and fuel release fractions (Reference 1).

2. Use RG 1.183 fractional releases from the steam lines and from the main condenser and the RG 1.183 main
condenser leak rate

3. Include a Control Room control volume in the model (unlike the analysis currently in Reference 2).

4. Perform a dose analysis using STARDOSE (Reference 3) with dose conversion factors (DCFs) from

Reference 4 as provided for RADTRAD in Reference 5.

5. Compare the TEDE values obtained from the revised analysis with the 6.3 rem BWR CRDA TEDE limit for
offsite doses and the 5 rem TEDE limit for the control room.

6. Confirm the STARDOSE results with a RADTRAD analysis.

REV
BAR.
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Assumptions

Assumption 1: Assume only normal, unfiltered supply air flow to the control room (with a volumetric flow rate of
1100 cfm).

Justification:  Using 1100 cfm of control room supply air as “unfiltered inleakage” is a conservative choice as one
would expect the makeup to become filtered at some point during the Regulatory Guide 1.183-specified 24-hour
release from the main condenser.

Design Input
Power level = 3556 MWt which already includes a 2% increase for uncertainty (Reference 6, Item 1.1)

Peaking factor = 1.7 (Reference 6, Item 1.5)

The following summarizes the release fractions (based on 850 pins failing out of 47368 as explained in Reference
6):

Damaged Fuel Rod Fraction = 0.0179446 (Reference 6, Item 2.6)
Fraction not Melted (Gap) (99.23%) = 0.0178064 (Reference 6, Ttem 2.6 — Item 2.7)
Fraction Melted (Fuel) (0.77%) = 0.0001382 (Reference 6, Item 2.7)

Reference 1 and Reference 6, Item 2.8 provide gap and melted fuel release fractions for this AST analysis — refer
to Table 1, below. The melted fuel release is the total from Table 1 of Reference 1.

Also per Reference 1, the fractions of activity that reach the condenser are:
= 100% of the noble gas,
& 10% of the iodine, and
® 1% of the other radionuclides.
The fractions of airborne activity in the condenser available for leakage into the environment are:

= 100% of the noble gas,
= 10% of the iodine, and
* 1% of the other radionuclides

In addition, the INPUT.DAT file for the AST analysis includes the following:

1. The iodine species released to the reactor coolant are assumed to be 95% aerosol, 4.85% elemental, and
0.15% organic. The iodine species released from the condenser to the environment are in the form of
elemental iodine (97%) and organic iodine (3%) (Reference 1), as if all the particulate iodine had been
removed prior to release to the environment due to higher decontamination factors for the particulate species.
As a consequence, the accident is modeled in STARDOSE as if these latter proportions (97% and 3%
respectively) were also correct for the iodine release to the reactor coolant.

2. The control room volume is 2.14E5 ft’ (Reference 6, Item 3.5).

3. The offsite X/Qs are according to Reference 6, Item 5.1.

18694 R3
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4. The control room unfiltered inleakage is 1100 cfm (Assumption 1).
5. The control room X/Qs come from Reference 6, Item 5.1 (TB exhaust, CR unfiltered inleakage).
6. Control room occupancy factors and breathing rates are from Reference 6, Items 5.3 and 5.4.

7. The condenser is assumed to be leaking to the environment at a rate of 1% per day during 24 hours. This is in
agreement with Appendix C - Item 3.4 of RG 1.183 (Reference 1). To achieve this, the main condenser
volume is set at 144000 ft* and an exhaust rate of 1 cfm is used (1 cfm = 1440 cfd = one percent per day of

144000 ft).

AST Dose Calculation

The power level of 3556 MWt is increased to 6045 MWt for use in STARDOSE. In this way, the nuclide
inventories used in the “standard” STARDOSE LIBFILE1.TXT file (based on Reference 6, Item 1.2) can be used
as-is; and the 1.7 peaking factor is included in the INPUT.DAT file by using the higher power level. Neither of
these factors then need to be included in Table 1.

The LIBFILE1.TXT file uses DCFs from the Federal Guidance Report 11 and 12 defaults for RADTRAD

Table 1 - AST Analysis
Released Fractions to the Condenser, Available for Leakage to the Environment

0.0179446 x (0.1 x 99.23% + 1.0 x 0.77%) x 1.0 x 1.0 = 1.919E-03

(Reference 5). “Whole Body Dose” as used in this calculation refers to doses calculated using the “Effective
Cloudshine” DCFs.

Using the gap release, the total fuel release, and the fuel damage fractions described above, Table 1 can be
prepared. For instance, the noble gas release to the condenser that is available for leakage to the environment is:

Table 1 below summarizes the release fractions to the condenser for all different radionuclide groups.

Radionuclide Release Release Fraction of Fraction of Total Activity
Group Fraction Fraction from | Activity That | Condenser Activity | Fraction Avail. for

from Gap to | Melted Fuelto | Reaches the | Avail. for Release to Leakage to

Coolant Coolant Condenser Enviro. ' Environment
Noble Gas 0.1 1.0 1.0 1.0 1.919E-03
Todine 0.1 0.5 0.1 0.1 1.850E-05
Br* 0.05 0.3 0.01 0.01 9.318E-08
Cs, Rb 0.12 0.25 0.01 0.01 2.171E-07
Te Group 0 0.05 0.01 0.01 6.909E-10
Ba, Sr 0 0.02 0.0! 0.01 2.763E-10
Noble Mtls 0 0.0025 0.01 0.01 3.454E-11
Ce Group 0 0.0005 0.01 0.01 6.909E-12
La Group 0 0.0002 0.01 0.01 2.763E-12

*No bromine isotopes are included in Reference 6, Item 1.2 inventory

REV
BAR.
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Input and library files used for the AST STARDOSE analysis are shown in Appendices A and B (INPUT.DAT
and LIBFILE1.TXT).

Results

The results of the AST analysis in terms of dose are summarized in Table 2. The complete STARDOSE output
file is provided in Appendix C.

Table 2 — Comparison to TEDE Dose Limits for Offsite and for Control Room

TEDE Dose AST Analysis Whole | AST Analysis AST Analysis
Limit Body Dose CEDE Dose TEDE Dose (rem)
(rem) (rem) (rem)
2-hour EAB 6.3 1.76E-2 7.65E-3 0.025
30-day LPZ 6.3 1.19E-2 1.32E-2 0.025
30-day CR 5.0 2.15E-2 6.76E-1 0.698
Conclusions

Should a control rod drop accident occur,

1. The most limiting person at the EAB would be subjected to a TEDE radiation dose of 0.025 rem over a 2-hour
period. This dose is well below the regulatory limit of 6.3 rem.

2. The most limiting person at the inner boundary of the LPZ would be subjected to a TEDE radiation dose of 0.025
rem over a 30-day period. This dose is well below the regulatory limit of 6.3 rem.

3. The hypothetical maximum exposed control room operator would be subjected to a TEDE radiation dose of 0.698
rem over 30 days which is well below the 5 rem regulatory limit.

Therefore, the control room and offsite dose analysis contained in this report demonstrates that Columbia meets the
radiological requirements of 10CFR 50.67.

Confirmatory Calculations

A confirmatory analysis using RADTRAD is presented in Appendix D.

18694 R3
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end_to_control_volume
end_release_frac
end_core

control_volume
obj_type

name

air_volume
water_volume
surface_ area
has_recirc_filter
end control volume
control_volume
obj_type

name Control_ Room
air_volume 214000
water_volume 1]
surface_area 0

has_recirc filter

breathing_rate

Time (hr) Value (cms)

720 0.00035

end_breathing_ rate

OBJ_CV
CONDENSER
144000

false

OBJ_CR

false

occupancy_factor

Time (hr) Value (frac)

24 1
96 0.6
720 0.4

end_occupancy_factor

end_control_volume

junction

. ; . -~ | Revision No. 0
Prepared by / Date./\é M~ 1 (Sl oY Verified by/Date: A/ —-30-0 /
Appendix A — AST Analysis
STARDOSE Input File
edit_time
0 0.01667 0.5 2 8 12 24 72 96 720
end_edit_time
participating_isotopes
Kr83m  Kr85m  Kr85 Kr87 Kr88 Kr89
Xel3lm Xel33m Xel33 Xel35m Xel35 Xel37 Xel3s
I1310rg I131Elem Il31lpPart
I1320rg I132Elem I132Part
I1330rg I133Elem I133Part
11340rg 1134Elem I134Part
I1350rg I135Elem I13SPart
Rb86 Csl34 Cs136 Cs137
Sbl127 Sb129 Tel27m Tel27 Tel2%m Tel29 Tel3lm Tel32
Bal37m Bal39 Bal40
Mo99 Tc99m  Rul03  Rul0S Rul@é  Rh105
Y90 Y91 Y92 Y93 Zr95 2r9? Nb95
Lal4o Lal4l Lal42 Prl43 Nd147 Am241 Cm242 Cm244
Celd4l Celd43 Celd44 Np239 Pu238 Pu239 Pu240 Pu24l
Sr89 Sr90 Sr9l Sr92
end_participating_isotopes
core
thermal power 6045
elemental_iodine_frac 0.97
organic_iodine_frac 0.03
particulate_iodine_frac 0.0
release_frac
to_control_volume CONDENSER
Time N_Gas I_Grp CsGrp TeGrp BaGrp NMtls CeGrp LaGrp
SrGrp
0.001 1.919 1.850e-2 2.171e-4 6.909e-7 2.763e-7 3.454e-8 6.90%-9 2.763e-9 2.763e-7
720 0 0 0 0 0 0 0 0 0
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junction_type AIR_JUNCTYION

downstream location AIR SPACE
upstream CORE
downstream CONDENSER
has_filter false
flow_rate

Time (hr) Value (cfm)

720 1

end flow_rate
end_junction

junction

junction_type AIR_JUNCTION

downstream location AIR_SPACE
upstream CONDENSER
downstream environment
has_filter false
flow_rate

Tine (hr) Value (cfm)

24 1

720 0

end flow_rate

X_over Q 4_site_boundary

Time {hr) Value (s/m*3)

2 0.000181

720 0.0

end X over_Q 4_site_boundary

X_over_Q 4_low population_zone

Time (hr) Value (s/m*3)

8 4.95e-5

24 3.6%e-5

96 1.95e-5

720 7.81le-6

end X _over Q 4_low_population_zone

X_over_Q 4_ctrl_room

Time (hr) Value {s/m*3)

2 4.70e-3

8 2.00e-3

24 1.03e-3

96 8.0le-4

720 7.6%e-4
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end_X_over_Q_4_ctN_foom
end_junction

junction
junction_type
downstream location
upstream
downstream
has_filter
flow_rate
Time

720
end_flow_rate
end_junction

(hr)

junction

junction_type

downstream_ location

upstream

downstream

has_filter

flow_rate

Time (hr) Value (cfm)

720 1100
end_flow_rate

X over_Q 4_ctrl_room

Time (hr) Value (s/m*3)
720 0

end_X_over_Q 4_ctrl_room
X_over_Q 4_site_boundary
Time (hr) Value (s/m*3)
720 0

end_X over_Q 4_site_boundary
X_over_Q_4_low_population_zone
Time (hr) Value (s/m*3)
720 o}

end_X_over_Q 4_low_population_zone
end_junction

environment
breathing_rate_sb

Time (hr) Value (cms)
2

720 0.0
end_breathing_rate_sb
breathing_rate_lpz

Time (hr) Value (cms)
8

24

720 0.00023

end_breathing_rate_lpz
end_environment

environment
Control_Room

Value
1100

AIR_JUNCTION
AIR_SPACE
Control_Room
environment
false

0.00035

0.00035
0.00018

AIR_JUNCTION
AIR_SPACE

false

{cfm)

25291 R1
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LIBFILEL.TXT

n_isotopes 76 n_isotope_groups

Verified by/Date: /’%{(/ > 50 0¥

Appendix B - AST Analysis
STARDOSE Library File

11

Kr83m N_Gas  NONE
Kr85m N_Gas  NONE
Kr85 N_Gas  NONE
Kr87 N_Gas NONE
Kr88 N_Gas  NONE
Kr89 N_Gas  NONE
Xel3lm N_Gas  NONE
Xel33m N_Gas  NONE
Xel33 N_Gas  Il33Part
Xel35m N_Gas  NONE
Xel35 N_Gas I135part
Xel3? N_Gas  NONE
Xel38 N_Gas  NONE
I1310rxg Org_1I NONE
I1320rg Org I NONE
I1330rg Org_I  NONE
11340rg Org_I ' NONE
11350rg Org_I NONE
I131Elem Elm I  Tel3lm
I132Elem Elm I  Tel32
I1133Elem Elm_ I  NONE
I134Elem Elm I NONE
I1135Elem Elm_I  NONE
I131Part Prt_I = NONE
Il132Part Prt_I  NONE
Il33Part Prt_I  NONE

NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
Xel33

3.57E+03
7.35E+03
4.11E+02
1.34E+04
1.90E+04
2.20E+04
2.79E+02
1.66E+03
5.43E+04
1.11E+04
1.31E+04
4.65E+04
3.59E+04
2.79E+04
3.94E+04
5.44E+04
6.03E+04
5.03E+04
2.79E+04
3.94E+04
5.44E+04
6.03E+04
5.03E+04
2.79E+404
3.94E+04
5.44E+04

\DQ\DNN\DG’LDNNLDO\OO\NN\!HWG\UJO\HNAH

.04E-04
.39E-05
.04E-09
.52E-04
.B8E-05
.63E-03
.68E-07
.49E-06
.52E-06
.40E-04
.09E-05
.96E-03
.80E-04
.96E-07
.27E-05
.22E-06
.23E-04
.86E-05
.96E-07
.27E-05
.22E-06
.23E-04
.B6E-05
.96E-07
.27E-05
.22E-06

O B W = o

1

0O O 0 0O 0O 0O OO0 0o o O o o

.08E+06
.44E+03
.BOE+05
.07E+03
.13E404
.08E+06
.44E+03
.80E+05
1.
3.
1.
6.
1.

07E+03
13E+04
0BE+06
44E+03
80E+05

1.49E-05
2.77e-02
4.40E-04
1.52E-01
3.77e-01
3.23E-01
1.49E-03
5.07E-03
5.77e-03
7.558-02
4.40E-02
3.038-02
1.99e-01
6.73E-02
4.148-01
1.09e-01
4,81E-01
3.07E-01
6.73E-02
4.14E-01
1.09e-01
4.81E-01
3.07e-01
6.73E-02
4.14E-01
1.098-01

OOOOOOOOOOOOOOOOOOOOOOOOOO

0.05
0.05

.08
.35
.02
.03
.01
.02
.06
.46
.15
.03
.11
.09
.14
.08
.03
.11

OOOOOOOOOOOOOOOO

0.14
0.08
0.03
0.11
0.09

OOOOOOOOOOOOOOOOOOOOOOOOOO

WM W W R =W W W = W W

o 0O 0O 0O 0O 0O 0o O O o0 O O O

.29E+04
.81E+02
.85E403
.31E+02
.23E+03
.29E+04
.B1E+02
.85E+03
.31E+02
.23E+403
.29E+04
.91E+02
.85E+03

0.22
0.22
1.48
0.35
1.52
0.04
0.13
0.04
0.09
0.26

0.65
0.13
0.48
0.39
0.61
0.35
0.13
0.48
0.39
0.61
0.35
0.13
0.48
0.39

OOOOOOOOOOOOOOOOOOOOOOOOOO

OOOOOOOOOOOOOOOOOOOOOOOOOO

OQOOOOOOOOOOOOOOOOOOOOOOOO

OOOOOQOOOOOOOOOOOOOOOOOOOO

OOOOOOOOOOOOOOOOOOOOOOOOOO
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STARDOSE LIBRARY FILE

Page No.
B-2

Cont'd on page
B-3

Calculation No. NE-02-04-07

Prepared by / Date: /\5 ~ 7]9!0‘/

Verified by/Date: =2 S D.zo.2Y

Revision No.

0

I134Part \)’rt_I

I135Part Prt_I
RbB6 CsGrp
Csl134 CsGrp
Cs136 CsGrp
Csl37 CsGrp
Sbl127 TeGrp
$bl129 TeGrp
Tel27m TeGrp
Tel27 TeGrp
Tel29%m TeGrp
Tel29 TeGrp
Tel3lm TeGrp
Tel32 TeGrp
Bal3m BaGrp
Bal3sg BaGrp
Bal4o BaGrp
Mo99 NMtls
Tc99m NMtls
Rul03 NMtls
Rul05 NMtls
Rul06 NMtls
Rh105 NMtls
Y90 LaGrp
Y91 LaGrp
Y92 LaGrp
Y93 LaGrp
2r9% LaGrp
2r97 LaGrp

NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
Sb127
NONE
sb129
NONE
NONE
Cs137
NONE
NONE
NONE
Mo99
NONE
NONE
NONE
Rul05
Sr90
Sr91
Sr92
NONE
NONE
NONE

NONE
Xel35
NONE
NONE
NONE
Bal37m
Tel2?
Tel29
NONE
NONE
NONE
NONE
I131Elem
I132Elem
NONE
NONE
Lal40
Tc99m
NONE
NONE
Rh105
NONE
NONE
NONE
NONE
NONE
NONE
Nb95
NONE

6.03E+04 2.23E-04 1.07E+03 4
5.03E+04 2.86E-05 3.13E+04 3
4.47E+01 4.29E-07 4.92E+03 1
6.27E+03 9.55E-09 4.11E+04 2
1,39E+03 6.16E-07 6.40E+03 3
5.05E+03 7.30E-10 2.93E+04 1
3.31E+03 2.07E-06 2.28E+02 1
9.48E+03 4.42E-05 3.60E+01 2
4.66E+02 7.64E-08 3.57E+02 5
3.31E+03 2.06E-05 6.81E+400 8
1.39E+03 2.36E-07 $.78E+02 1
8.90E+03 1.57E-04 1.88E+00 1
4,20E+03 6.42E-06 1.36E+05 2
3.99E+04 2.51E-06 2.32E+05 3
3.01E+03 4.53E-03 0

4,72E+04 1.39E-04 8.88E+00 8
4.58E+04 6.27E-07 9.47E+02 3
4.90E+04 2.87E-06 5.62E+01 2
4.34E+04 3.18E-05 1,85E+02 2
4,70E+04 2.03E-07 9.51E+02 8
3.46E+04 4.22E-05 1,54E401 1
2.04E+04 2.20E-08 6.36E+03 3
3.27E+04 5.40E-06 1.07E+01 1
2.04E+03 2.99E-06 1.91E+00 7
2.73E404 1.38E-07 3.15E+01 9
2.90E+04 5.35E-05 3.89E+00 4
3.56E+04 1.91E-05 3.43E+00 1
4.27E4+04 1.27E-07 5.33E+03 1
4.338+04 1.13E-05 8.57E+01 1

.81E-01
.07E-01
.18E-02
.80E-01
.92E-01
.01E-01
.23E-01
.64E-01
.44E-04
.95E-04
.23E-02
.02E-02
.76E-01
.B1E-02

.03E-03
.17E-02
.69E-02
.18E-02
.33E-02
.41E-01
.B5E-02
.38E-02
.03E-04
.62E-04
.81E-02
.78E-02
.33E-01
.64E-01

OOOOOOOOOOOOOOOOOOOOOOOOOOOOO

0 0.14
0 0.08

1.31E+02 0.61
1.23E+03 0,35

0

OOOOOOOOOOOOOOOOOOOOOOOOOO

OOOOOOOOOOOOOOOOOOOQOOOOOOO

6.62E+03
4,63E+04
7.33E403
3.19E+04
6.03E+03
6.44E+02
2,15E+04
3.18E+02
2.40E+04
7.73E401
6.50E+03
9.44E+03

0
1.72E+02
3.74E403
3.96E+03
3.26E+01
8.96E+03
4.55E+02
4.77E+05
9.55E+02
8.44E4+03
4,.88E+04
7.81E+0Q2
2.15E+03
2.36E+04
4.33E+403

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOOOOOOOOOOOOOOOOOOOOOOOOOOO

OOOOOOOOOOOOOOOOOOOOOOOOOOOOO

OOOOOOOOOOOOOOOOOOOOOOOOOOOOO

OOOOOOOOOOOOOOOOOOOOOOOOOOOOO

OOOOOOOOOOOOOOCOOOOOOOOOOOOOO
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; N Appendix B B-3
&Y/ NORTHWEST STARDOSE LIBRARY FILE

_Peopls - Vislon - Solutions Calculation No. NE-02-04-07

Prepared bleatet—\éfv 7[3&‘/ Verified by/Date: /54 / > .30 -2Y Revision No. 0
4
Nb95 LaGrp  2r9 NONE 4.27E404 2.29E-07 1.32E+03 1.38E-01 0 0 O  5.81E+03 000000
Lal40  LaGrp  Bald40 NONE 4.71E404 4,77E-06 2.54E402 4.33E-01 0 0 O  4.85E+03 000000
Lal4l  LaGrp  NONE Cel4l 4.36E+04 4.94E-05 3.4BE+01 8.84E-03 0 0 0  §.44E+02 000000
Lal42  LaGrp  NONE NONE 4.17E+04 1.26E-04 3.23E+01 5.33E-01 0 0 O 2.53E+02 000000
Pr143  LaGrp  Celd3 NONE 3.78E+04 5.85E-07 6.22E-06 7.77E-05 0 0 O 8.10E+03 000000
Nd147  LaGrp  NONE NONE 1.71E404 7.10E-07  6.73E+01 2.29E~02 0 0 0  6.85E+03 000000
Am241  LaGrp  NONE NONE 7.67E+00 4.80E-11 5.92E+03 3.03E-03 0 0 0  4.44E+08 00000O0O
Cm242  LaGrp  NONE NONE 1.74E403 4,.94E-08 3.48E+03 2.11E-05 0 0 0  1.73E+07 000000
Cm244  LaGrp  NONE NONE 1.41E+02 1.25E-09 3.74E+03 1.82E-05 0 0 O  2.48E+08 000000
Cel4l  CeGrp  Lal4l NONE 4.43E+04 2.51E-07 9.44E+01 1.27E-02 0 0 0 B.95E+03 000000
Cel43  CeGrp  NONE Pria3 4.01E+04 6.03E-06 2.31E+01 4.77E-02 0 0 0  3.39E+03 000000
Celdd  CeGrp  NONE NONE 3.25E+04 2.77E-08 1.08E+03 1.,03E-02 0 0 0  3.74E+05 000000O
Np239  CeGrp  NONE NONE 7.01E+05 3.44E-06 2.82E401 2.85E-02 0 0 0  2.51E+03 000000
Pu238  CeGrp  NONE NONE 9.56E+01 2.40E-10 1.43E+03 1.81E-05 0 0 0 2.88E+08 000000
Pu239  CeGrp  NONE NONE 1.89E+01 9.00E-13 1.39E+03 1.57E-05 0 0 0  3.08E+08 000000
Pu240  CeGrp  NONE NONE 3.11E+01 3.30E-12 1.39E403 1.76E-05 0 0 O  3.0BE+08 000D0O0O
Pu241  CeGrp  NONE NONE 8.85E403 1.67E-09 3.39E+01 2.68E-07 0 0 O  4.96E+06 000000
Sr89 SrGrp  NONE NONE 2.02E404 1.59E-07 2.95E+01 2.86E-04 0 0 0  4.14E+04 000000
$r9o SrGrp  NONE Y90 3.34E+03 8.00E-10 9.95E+02 2.79E-05 0 0 0 1.30E+06 000000
sr9l SrGrp  NONE Y91 2.59E+04 2.01E-05 3.67E+01 1.82E-01 0 0 O 1.68E+03 00000DO
$192 SIGrp  NONE Y92 3.01E+04 7.29E-05 1.4SE+01 2.51E-01 0 0 O 8.07E+02 000O0O0O




=) ENERGY Appendix C - AST ANALYSIS [PageNo. | Contd on page
@ NORTHVEST | STARDOSE OUTPUT FILE c1

People-Vision-8olutions (EXCERPTS) Calculation No. NE-02-04-07

Revision No. 0

Prepared by / Date:(y,\, 1‘8[0‘( Verified by/Date: AL / 2. 26 -0 ¢

STARDOSE 1.01 (c) 3356-2002 Polestar Applied Technology, Iné.
Sat May 15 08:29:49 2004

edit time 720.000000

Control_Room

thyroid wbody skin CEDE
Total dose: 2.17E+001 2.15E-002 3.09E-001 6.76E~001
environment
thyroid wbody skin CEDE

EAB dose: 2.42E-001 1.76E-002 1.39E-002 7.65E-003
LPZ dose: 4.23E-001 1.19E-002 9.72E-003 1.32E-002

STARDOSE 1.01 (c) 1996-2002 Polestar Applied Technology, Inc.
Sat May 15 08:29:50 2004

Total elapsed hours: 0, mins: 0, secs: 1

25291 R1
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D-1
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D-2

Calculation No. NE-02-04-07

Prepared by / Dat?:/\ih 1 laloq

Verified by/Date: S [/ 2-30-0¥
/

Revision No.

0

\J

Inserted below is a RADTRAD output file corresponding to the CRDA case run using STARDOSE. Since the
nominal power lever of 3656 MWt was used, the release fractions were increased by a factor of 1.7 to include
the peaking factor. The release fractions (to the condenser) were, therefore:

NOBLES
IODINE
CESIUM
TELLURIUM
STRONTIUM
BARIUM
RUTHENIUM
CERIUM
LANTHANUM

.2600E-03
.1400E-04
.6900E-05
.1700E-07
.7000E-08
.7000E-08
.8700E-09
.1700E-09
. 7000E-10

B EODS e W WWw

A 90% “filter” efficiency was used for the release from the condenser to the environment for iodine and a 99%

“filter” efficicency for particulate.

The doses (compared to STARDOSE) are as follows:

Comparison of RADTRAD to STARDOSE for Offsite and for Control Room

RADTRAD | STARDOSE | STARDOSE | STARDOSE
TEDE Dose | Whole Body | CEDE Dose | TEDE Dose
Limit Dose* (rem) (rem)
(rem) (rem)
2-hour EAB 0.023 1.76E-2 7.65E-3 0.025
30-day LPZ 0.025 1.19E-2 1.32E-2 0.025
30-day CR 0.697 2.15E-2 6.76E-1 0.698

* “whole body” based on Effective Cloudshine DCF

Note that the RADTRAD “standard” radionuclide set includes only Krg5m, Kr85, Kr87, Kr88, Xe133, and Xe135
for noble gas. When the STARDOSE case was rerun with only these noble gas contributors, the EAB dose
became 0.022 rem TEDE, the LPZ dose became 0.024 rem TEDE, and the control room dose became 0.697
rem TEDE. These are all within 5% of the corresponding RADTRAD values.

28201 R1




\ENERGY Appendix D pageNo. | Contdon page

NORTHWEST RADTRAD ANALYSIS

People Vision-Solutions Calculation No. NE-02-04-07

Revision No. 0

Prepared by / Date:fylv' 7(8[04 Verified by/Date: AL )/ - 30-0F
\ A

HEENRNRRREERANNRNNNRR U RRRREIR RN RN AR R RSN RRR IR AR IR ENERAEN
RADTRAD Version 3.03 (Spring 2001) run on 5/19/2004 at 14:21:18
LR T2 R332 222 22 R 2 2288222 2 2 222 R R s 222222222277 ]

(223221222 222322222222 332222222222 22 23T 2 322222 3 21 22322217
File information
#######i############t##l####0##############I##I!########I####ﬁ##!l####}

Plant file = C:\Program Files\radtrad303\ENW-CRDA\Columbia CRDA 303 (Rev 1).psf
Inventory file = c:\program files\radtrad303\enw-crda\columbia.nif

Release file = ¢c:\program files\radtrad303\enw-crda\columbiacrda.rft

Dose Conversion file = c:\program files\radtrad303\defaults\fgrll&l2.inp

e 332 e LI e L4 LR ELEE
# LI 4 LI 1 L2 L2 # #
L LI # L A LI L N ¥ #
t222 2] 1322 1221/ [N I B B f %1 ¥ 4 #
4 L I t LR B | 4 L] ]
# L i # LI ] ¥ # 1
# #i4d # L L 13214 ]

Radtrad 3.03 4/15/2001
Columbia CRDA
Nuclide Inventory File:
c:\program files\radtrad303\enw-crda\columbia.nif
Plant Power Level:

3.5560E+03
Compartments:

3
Compartment 1:
Condenser

3

1.4400E+0S

o000 O

Compartment 2:
Control-Room
1
2.1400E+05

[o oo~

Compartment 3:
Environment
2
0.0000E+00

j=ReNeNoN=)

Pathways:
3

Pathway 1:

Condenser to Environment
1
3

25291 R1
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NORTHWEST RADTRAD ANALYSIS

People- Vision-8olutions Calculation No. NE-02-04-07

Revision No. 0

Prepared byIDate:C\)éuv ) lgloq Verified by/Date: P {// 3 -0¥

2
Pathway 2:
Environment to Control-Room
3
2
2
Pathway 3:
Control~Room to Environment
2
3
2
End of Plant Model File
Scenario Description Name:

Plant Model Filename:

Source Term:
1
1 1.0000E+00
c:\program files\radtrad303\defaults\fgrll&l2.inp
c:\program files\radtrad303\enw-crda\columbiacrda.rft
0.0000E+00

1

0.0000E+00 9.7000E-01 3.0000E-02 1.0000E+00
Overlying Pool:

0

0.0000E+00

[=NeN~No]

Compartments:
3
Compartment 1:

ER=N-NeNoNaNW-N TN

Compartment 2:

Compartment 3:

COO0O0OO0O0OO0OrHOT OO0 OOKDOD

Pathways:
3

Pathway 1:
0

252Q1 R1
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Y NORTHWEST RADTRAD ANALYSIS .
People - Vision - Solutions Calculation No. NE-02-04-07
Prepared by / Date: A("‘ Jeleq | verified bymate: O A

\ {

0

0

0

1}

1

4

0.0000E+00 0.0000E+00 9.9000E+01 9.0000E+01 9.0000E+01
1.0000E-03 1.0000E+00 9.9000E+01 9.0000E+01 9.0000E+01
2.4000E+01 0.0000E+00 9.9000E+01 9.0000E+01 9.0000E+01
7.2000E+02 0.0000E+00 9.9000E+01 9.0000E+01 9.0000E+01
0

0

0

0

0

0

Pathway 2:

[¢]

[4]

0

0

0

1

2

0.0000E+00 1.1000E+03 0.0000E+00 0.0000E+00 0.0000E+00
7.2000E+02 1.1000E+03 0.0000E+0Q 0.0000E+Q0 0.0000E+00
0

0

o]

0

o

0

Pathway 3:

0

0

0

[4]

0

1

2

0.0000E+00 1.1000E+03 1.0000E+02 1.0000E+02 1.0000E+02
7.2000E+02 1.1000E+03 1.0000E+02 1.0000E+02 1.0000E+02
0

[o]

0

0

0

¢]

Dose Locations:
3

Location 1:

Control-Room

2
0
1
2
0.0000E+00 3.5000E-04
7.2000E+02 3.5000E-04
1
4
0.0000E+00 1.0000E+00
2.4000E+01 6.0000E-01
9.6000E+01 4.0000E-01
7.2000E+02 4.0000E-01
Location 2:
EAB
3

25291 R1
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Calculation No. NE-02-04-07

Prepared by / Datﬂ\4 r ) |gloq

Verified by/Date: B '/ oz
o

Revision No.

0

1
2
0.0000E+00
2.0000E+00
1
2
0.0000E+00
2.0000E+00
0

Location 3:
LPZ2

3
1

5
0.0000E+00
8.0000E+00
2.4000E+01
9.6000E+01
7.2000E+02
1
4
0.0000E+00
8.0000E+00
2.4000E+01
7.2000E+02
0

1

.0000E+00
.0000E+00
.0000E+00
.4000E+01
.6000E+01
7.2000E+02

YN NOON

1
0.0000E+00

OO R

\V

1.8100E-04
0.0000E+00

3.5000E-04
3.5000E-04

4.9500E-05
3.6900E-05
1.9500E-05
7.8100E-06
7.8100E-06

3.5000E-04
1.8000E-04
2.3000E-04
2.3000E-04

Effective Volume Location:

4.7000E-03
2.0000E-03
1.0300E-03
8.0100E-04
7.6900E-04
7.6900E-04

Simulation Parameters:

0.0000E+00

Output Filename:
C:\Program Files\radtrad303\ENW-CRDA\Columbia CRDA 303

End of Scenario File

(2hr EAB CR corrected).o0

2R2Q1 R1
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Calculation No. NE-02-04-07

Prepared by / Date:/ \{M 7lgloq

Revision No. 0

Verified by/Date: Bl . 3008
(

FRERBHEUSIRAARRERRRARRHERRR NN R RAR IR RN RN BN RR R ARNR RN AN

RADTRAD Version 3.03 (Spring 2001) run on 5/19/2004

at 14:21:18

FHERRRRALAAAE RN RRRENNRRRUNRRENRRR NN R RRR LR AR RN RRARRARR RN SRS

RRRRREFRRRNRERNRRENNARRRUTRRARERRRUNRRENARRRHRRAREARRENRRUNRRAIERANARHES

Plant Description

FRBERRRRUNRARRENERNRRNNRRARUNRENRRRARRRAPRRRERRRRRARRAINAHRRRARRREI NS

Number of Nuclides = 60

Inventory Power =
Plant Power Level =

Number of compartments = 3

Compartment information

1.0000E+00 MWth
3.5560E+03 MWth

Compartment number 1 (Source term fraction = 1.0000E+00
)
Name: Condenser
Compartment volume = 1.4400E+05 (Cubic feet)
Compartment type is Normal
Pathways into and out of compartment 1
Exit Pathway Number 1: Condenser to Environment

Compartment number 2
Name: Control-Room

Compartment volume =
Compartment type is Control Room

2.1400E+0S (Cubic feet)

Pathways into and out of compartment 2

Inlet Pathway Number
Exit Pathway Number

2: Environment to Control-Room
3: Control-Room to Environment

Compartment number 3
Name: Environment
Compartment type is Environment

Pathways into and out of compartment 3
Inlet Pathway Number 1: Condenser to Environment

Inlet Pathway Number 3:

Control-Room to Environment

Exit Pathway Number 2: Environment to Control-Room

Total number of pathways = 3

26261 R1
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Y/ NORTHWEST RADTRAD ANALYSIS

People- Vision-Solutions Calculation No. NE-02-04-07

Prepared by / Datezx 'o Verified by/Date: Revision No. 0
p y /(/v 7[8 Y4 y ‘4%{//7,5&,0;,

\

FRRSERABRRRARERANNERRRRINNRRRREN RN RN RGBT RS RRL AR RN RN RA RN RRY
RADTRAD Version 3.03 (Spring 2001) run on 5/19/2004 at 14:21:18
FEEEARRRIRRBERRANNNRADURNRRIRONABV RN RN UHANRREIR AU R R RN RRGHI RN

FRRSLENRAERRRBRNRARUNERRBENRRERRER AR T NRNNERRREN RN ARB N RUNNRIN AR UANS
Scenario Description
BRERANRRNRRENRRNIRNRHAARRRE RN AR RN RN RN R U RS

Radioactive Decay is enabled
Calculation of Daughters is enabled

Release Fractions and Timings

GAP EARLY IN-VESSEL LATE RELEASE RELEASE MASS
0.001000 hr 0.0000 hrs 0.0000 hrs (gm)
NOBLES 3.2600E-03 0.0000E+00 0.0000E+Q0 1.560E+01
IODINE 3.1400E-04 0.0000E+00 0.0000E+00 3.277E-01
CESIUM 3.6900E-05 0.0000E+00 0.0000E+00 8.257E+00
TELLURIUM 1.1700E-07 0.0000E+00 0.0000E+00 1.032E-04
STRONTIUM 4.7000E-08 0.0000E+00 0.0000E+00 4.210E-03
BARIUM 4.7000E-08 0.0000E+00 0.0000E+00 1.050E-04
RUTHENIUM 5.8700E-09 0.0000E+00 0.0000E+00 1.609E-04
CERIUM 1.1700E-09 0.0000E+00 0.0000E+00 2.275E-03
LANTHANUM 4.7000E-10 0.0000E+00 0.0000E+00 1.605E-05
Inventory Power = 3556. MWt
Nuclide Group Specific half Whole Body Inhaled Inhaled
Name Inventory life DCF Thyroid Effective
(Ci/MWt) (s) (Sv-m3/Bq-s} (Sv/Bq) (Sv/Bq)
Kr-85 1 4.110E+02 3.3B3E+08 1.190E-16 0.000E+00 0.000E+00
Kr-85m 1 7.350E403 1.613E+04 7.480E-15 0.000E+00 0.000E+00
Kr-87 1 1.340E+04 4.578E+03 4.120E-14 0.000E+00 0.000E+QC
Kr-88 1 1.900E+04 1.022E+04 1.020E-13 0.000E+00 0.000E+00
Rb~-B6 3 4.470E+01 1.612E+06 4.810E-15 1.330E-09 1.790E-09
Sr-89 5 2.020E+04 4.363E+06 7.730E-17 7.960E-12 1.120E-08
Sr-90 5 3.340E+03 9.190E+08 7.530E-18 2.690E-10 3.510E-07
Sr-91 5 2.590E+04 3.420E+04 4.924E-14 9,930E-12 4.547E-10
Sr-92 5 3.010E+04 9.756E+03 6.790E-14 3.920E-12 2.180E-10
Y-90 9 2.040E+03 2.304E+05 1.900E-16 5.170E-13 2.280E-09
Y-91 9 2.730E+04 5.05S5E+06 2.600E-16 8.500E-12 1.320E-08
Y-92 9 2.900E+04 1.274E+04 1.300E-14 1.050E-12 2.110E-10
Y-93 9 3.560E+04 3.636E+04 4.800E-15 9.260E-13 5.820E~-10
2r-95 9 4.270E+04 5.528E+06 3.600E-14 1.440E-09 6.390E-09
2r-97 9 4.330E+04 6.084E+04 4.432E-14 2.315E-11 1.171E-09
Nb-85 9 4.270E404 3.037E+06 3.740E-14 3.580E-10 1.570E-09
Mo-99 7 4.900E+04 2.376E+05 7.280E-15 1.520E-11 1.070E-09
Tc-99m 7 4.340E+04 2.167E+04 5.B90E-15 5.010E-11 8.800E~12
Ru-103 7 4.700E+04 3.394E+06 2.251E-14 2.570E-10 2.421E-09
Ru-105 7 3.460E+04 1.598E+04 3.810E-14 4.150E-12 1.230E-10
Ru-106 7 2.040E+04 3.181E+07 1.040E-14 1.720E-09 1.290E-07
Rh-105 7 3.270E+04 1.273E+05 3.720E-15 2.880E-12 2.580E-10
Sb-127 4 3.310E+03 3.326E+05 3.330E-14 6.150E-11 1.630E-09
Sb-129 4 9.480E+03 1.555E+04 7.140E-14 9.720E-12 1.740E-10
Te-127 4 3.310E+03 3.366E+04 2.420E-16 1,B840E-12 8.600E-11
Te-127m 4 4.660E+02 9.418E+06 1.470E-16 9.660E-11 5.810E-09
Te-129 4 8.900E+03 4.176E+03 2.750E-15 5.090E-13 2.090E-11
Te-129m 4 1.390E+03 2.903E+06 3.337B-15 1.563E-10 6.484E-09
Te-131m 4 4.200E+03 1.080E+05 7.463E-14 3.669E-08 1.758E-09
Te-132 4 3.990E+04 2.815E+0S 1.030E-14 6.280E-08 2.550E-09
I-131 2 2.790E+04 6.947E+05 1.820E-14 2.920E-07 8.890E-09
I-132 2 3.940E+04 8.280E+03 1.120E-13 1.740E-09 1.030E-10
I-133 2 5.440E+04 7.488E+04 2.940E-14 4.860E-08 1.580E-09
I-134 2 6.030E+04 3.156E+03 1.300E-13 2.880E-10 3.550E-11
I-135 2 5.030E+04 2.380E+04 8.294E-14 8.460E-09 3.320E-10
Xe-133 1 S.430E+04 4.532E+05 1.560E-15 0.000E+00 0.000E+00
Xe-135 1 1.310E+04 3.272E+04 1.190E-14 0.000E+00 0.000E+00

2682401 R1



ENERGY Appendix D g?ge No. %cigt'd on page

NORTHWEST RADTRAD ANALYSIS

Peaple- Vision-Solutions Calculation No. NE-02-04-07

Revision No. 0

Prepared by / Datizr\{;. 2 g]oq Verified by/Date: Bzt 5. 50 0¥
(

\V

Cs-134 3 6.270E+03 6.507E+07 7.570E-14 1.110E-08 1.250E-08
Cs-136 3 1.390E+03 1.132E+06 1.060E-13 1.730E-09 1.980E-09
Cs-137 3 5.050E+03 9.467E+08 2.725E-14 7.930E-09 8.630E-09
Ba-139 6 4.720E+04 4.962E+03 2.170E-15 2.400E-12 4.640E-11
Ba-140 6 4.580E+04 1.101E+06 8.580E-15 2.560E-10 1.010E-09
La-140 9 4,710E404 1.450E+05 1.170E-13 6.870E-11 1.310E-09
La-141 9 4.360E+04 1.415E+04 2.390E-15 9.400E-12 1.570E-10
La-142 9 4.170E+04 5,550E+03 1.440E-13 8.740E-12 6.840E-11
Ce-141 8 4.430E+04 2.808E+06 3.430E-15 2.550E-11 2.420E-09
Ce-143 8 4.010E+04 1.18BE+05 1.290E-14 6.230E-12 9.160E-10
Ce-144 8 3.250E+04 2.456E+07 2.773E-15 2.920E~10 1.010E-07
Pr-143 9 3.780E+04 1.172E+06 2.100E-17 1.680E-18 2.190E-09
Nd-147 9 1.710E+04 9.487E+05 6.190E-15 1.820E-11 1.850E-09
Np-239 8 7.010E+05 2.035E+05 7.690E-15 7.620E-12 6.780E-10
Pu-238 8 9.560E+01 2.769E+09 4,880E-18 3.860E-10 7.790E-05
Pu-239 8 1.890E+01 7.594E+11 4.240E-18 3.750E~10 8.330E-05
Pu-240 8 3.110E+01 2.063E+11 4.750E-18 3.760E-10 8.330E-05
Pu-241 8 8.850E+03 4.544E+08 7.250E-20 9.150E-12 1.340E-06
Am-241 9 7.670E+00 1.364E+10 8.180E-16 1.600E-09 1.200E-04
Cm-242 9 1.740E+03 1.407E+07 5.690E-18 9.410E-10 4.670E-06
Cm-244 9 1.410E+02 5.715E+08 4.910E-18 1.010E-09 6.700E-05
Nuclide Daughter Fraction Daughter Fraction Daughter Fraction
Kr-85m Kr-85 0.21 none 0.00 none 0.00
Kr-87 Rb-87 1.00 none 0.00 none 0.00
Kr-88 Rb-88 1.00 none 0.00 none 0.00
Sr-90 Y-90 1.00 none 0.00 none 0.00
Sr-91 Y~-91m 0.58 Y-91 0.42 none 0.00
Sr-92 ¥Y-92 1.00 none 0.00 none 0.00
Y-93 2r-93 1.00 none 0.00 none 0.00
2r-95 Nb-95m 0.01 Nb-95 0.99 none 0.00
2r-97 Nb-97m 0.95 Nb-97 0.05 none 0.00
Mo-99 Tc-99m 0.88 Tc-99 0.12 none 0.00
TCc-99m Tc-99 1.00 none 0.00 none 0.00
Ru-103 Rh-103m 1.00 none 0.00 none 0.00
Ru-105 Rh-105 1.00 none 0.00 none 0.00
Ru-106 Rh-106 1.00 none 0.00 none 0.00
Sb-127 Te-127m 0.18 Te-127 0.82 none 0.00
Sb-129 Te-129m 0.22 Te-129 0.77 none 0.00
Te-127m Te-127 0.98 none 0.00 none 0.00
Te-129 I-129 1.00 none 0.00 none 0.00
Te-129m Te-129 0.65 I-129 0.35 none 0.00
Te-131m Te-131 0.22 I-131 0.78 none 0.00
Te-132 I-132 1.00 none 0.00 none 0.00
I-131 Xe-131m 0.01 none 0.00 none 0.00
I-133 Xe-133m 0.03 Xe-133 0.97 none 0.00
I-135 Xe-135m 0.15 Xe-135 0.85 none 0.00
Xe~135 Cs-135 1.00 none 0.00 none 0.00
Cs-137 Ba-137m 0.95 none 0.00 none 0.00
Ba-140 La-140 1.00 none 0.00 none 0.00
La-141 Ce-141 1.00 none 0.00 none 0.00
Ce-143 Pr-143 1.00 none 0.00 none 0.00
Ce-144 Pr-144m 0.02 Pr-144 0.98 none 0.00
Nd-147 Pm-147 1.00 none 0.00 none 0.00
Np-239 Pu-239 1.00 none 0.00 none 0.00
Pu-238 U-234 1.00 none 0.00 none 0.00
Pu-239 u-235 1.00 none 0.00 none 0.00
Pu-240 U-236 1.00 none 0.00 none 0.00
Pu-241 U-237 0.00 Am-241 1.00 none 0.00
Am-241 Np-237 1.00 none 0.00 none 0.00
Cm-242 Pu-238 1.00 none 0.00 none 0.00
Cm-244 Pu-240 1.00 none 0.00 none 0.00
Iodine fractions
Aerosol = 0.0000E+00
Elemental = 9.7000E-01
Organic = 3.0000E-02
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COMPARTMENT DATA
Compartment number 1: Condenser
Compartment number 2: Control-Room
Compartment number 3: Environment
PATHWAY DATA
Pathway number 1: Condenser to Environment

Pathway Filter: Removal Data

Pathway number

Pathway Filter: Removal Data

Time (hr) Flow Rate

(cfm) Aerosol
0.0000E+00 0.0000E+00 9.9000E+01
1.0000E-03 1.0000E+00 9.9000E+01
2.4000E+01 0.0000E+00 9.9000E+01
7.2000E+02 0.0000E+00 9.9000E+01

2: Environment to Control-Room

Elemental
9.0000E+01
9.0000E+01
9.0000E+01
9.0000E+01

Verified by/Date: B /.7 -38.0¢

Filter Efficiencies (%)

Organic
9.0000E+01
9.0000E+01
9.0000E+01
9.0000E+01

Filter Efficiencies (%)

Time (hr) Flow Rate

(cfm) Aerosol
0.0000E+00 1.1000E+03 0.0000E+00
7.2000E+02 1.1000E+03 0.0000E+00

Pathway number

Pathway Filter: Removal Data

Time (hr) Flow Rate

(cfm) Aerosol
0.0000E+00 1.1000E+03 1.0000E+02
7.2000E+02 1.1000E+03 1.0000E+02

LOCATION DATA
Location Control-Room

Location X/Q Data

Time (hr) X/Q (s * m*-3}
0.0000E+00 4.7000E-03
2.0000E+00 2.0000E-03
8.0000E+00 1.0300E-03
2.4000E+01 8.0100E-04
9.6000E+01 7.6900E-04
7.2000E+02 7.6900E-04

Location Breathing Rate Data

Time (hr)
0.0000E+00Q 3.5000E-04
7.2000E+02 3.5000E-04

Location Occupancy Factor Data

Time (hr) Occupancy Factor
0.0000E+00 1.0000E+00
2.4000E+01 6.0000E-01
9.6000E+01 4.0000E-01
7.2000E+02 4.0000E-01

Location EAB is in compartment 3
Location X/Q Data

Time (hr) X/Q (s * m~-3)

3: Control-Room to Environment

Elemental

0.0000E+00
0.0000E+00

Elemental

1.0000E+02

1.0000E+02

is in compartment 2

Breathing Rate (m"3 * sec”-1)

Organic
0.0000E+00

0.0000E+00

Filter Efficiencies (%)

Organic
1.0000E+02
1.0000E+02

2R2Q1 R1




ENERGY

NORTHWEST

People-Vision- - Saolutions

Appendix D
RADTRAD ANALYSIS

Page No.
D-10

Cont'd on page
D-11

Calculation No. NE-02-04-07

d te: i . Revision No. 0
Prepared by / Da fcyh 7|8Jo4 Verified by/Date 57 </ . B0 -0 #
0.0000E+00 1.8100E~04
2.0000E+00 0.0000E+00

Location Breathing Rate Data

Time (hr)
0.0000E+00
2.0000E+00

Location LP2Z

Location X/Q Data

Breathing Rate (m*"3 * sec”-1)

3.5000E-04
3.5000E-04

is in compartment 3

Time (hr) X/Q (s * m*-3)
0.0000E+00 4.9500E-05
8.0000E+00 3.6900E-05
2.4000E+01 1.9500E-05
9.6000E+01 7.8100E-06
7.2000E+02 7.8100E~06

Location Breathing Rate Data

Time (hr) Breathing Rate (m"3 * sec”-1)
0.0000E+00 3.5000E-04
8.0000E+00 1.8000E-04
2.4000E+01 2.3000E-04
7.2000E+02 2.3000E-04

USER SPECIFIED TIME STEP DATA - SUPPLEMENTAL TIME STEPS
Time Time step
0.0000E+00 0.0000E+00

2682461 R1
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Dose Output
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Control-Room Doses:
Time (h) = 0.0010
Delta dose (rem)
Accumulated dose (rem)
EAB Doses:

Time (h) = 0.0010

Delta dose (rem)
Accumulated dose (rem)

LPZ Doses:

Time (h) = 0.0010
Delta dose {rem)
Accumulated dose (rem)
Control~Room Doses:
Time (h) = 2.0000
Delta dose (rem)
Accumulated dose (rem)
EAB Doses:

Time (h) = 2.0000
Delta dose (rem)
Accumulated dose (rem)
LPZ Doses:

Time (h) = 2.0000
Delta dose (rem)
Accumulated dose (rem)

Control-Room Doses:

Time (h) = 8.0000
Delta dose (rem)
Accumulated dose (rem)

EAB Doses:

Time (h) = 8.0000

Whole Body
0.0000E+00
0.0000E+00

Whole Body
0.0000E+00
0.0000E+00

Whole Body
0.0000E+00
0.0000E+00

Whole Body
4.8632E-03
4.8632E-03

Whole Body
1.4904E-02
1.4904E-02

Whole Body
4.0761E-03
4.0761E-03

Whole Body
1.1697E-02
1.6560E-02

Whole Body

Thyroid
0.0000E+00
0.0000E+00

Thyroid
0.0000E+00
0.0000E+00

Thyroid
0.0000E+00
0.0000E+00

Thyroid
1.5891E+00
1.5891E+00

Thyroid
2.4252E-01
2.4252E-01

Thyroid
6.6323E-02
6.6323E-02

Thyroid
7.8867E+00
9.4758E+00

Thyroid

TEDE
0.0000E+00
0.0000E+00

TEDE
.0000E+00
.0000E+00

oo

TEDE
.0000E+00
.0000E+00

oo

TEDE
.4966E-02
.4966E-02

v

TEDE
.2560E-02
.2560E-02

NN

TEDE
.1698E-03
-1698E-03

N O

TEDE
2.5853E-01
3.1349E-01

TEDE

25291 R1
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Delta dose (rem)
Accumulated dose (rem)

LPZ Doses:

Time (h) = 8.0000
Delta dose (rem)
Accumulated dose (rem)
Control-Room Doses:
Time (h) = 24.0000

Delta dose (rem)
Accumulated dose (rem)

EAB Doses:

Time (h) = 24,0000
Delta dose (rem)
Accumulated dose (rem)
LP2Z Doses:

Time (h) = 24.0000
Delta dose (rem)
Accumulated dose (rem)
Control-Room Doses:
Time (h) = 96.0000
Delta dose (rem)
Accumulated dose (rem)
EAB Doses:

Time (h) = 96.0000
Delta dose (rem)
Accumulated dose (rem)
LPZ Doses:

Time (h) = 96.0000
Delta dose {(rem)
Accumulated dose (rem)

Control-Room Doses:

Time (h) = 720.0000
Delta dose (rem)
Accumulated dose (rem)

EAB Doses:

Time (h) = 720.0000
Delta dose {rem)
Accumulated dose (rem)
LPZ Doses:

Time (h) = 720.0000
Delta dose (rem)

Accumulated dose (rem)

837

0.0000E+00
1.4904E-02

Whole Body
5.1559E-03
9.2320E-03

whole Body
4.9453E-03
2.1506E-02

Whole Body
0.0000E+00
1.4904E-02

Whole Body
2.5684E-03
1.1800E-02

Whole Body
2.3397E-04
2.1740E-02

Whole Body
0.0000E+00
1.4904E-02

Whole Body
0.0000E+00
1.1800E~02

Whole Body
1.5872E-14
2.1740E-02

Whole Body
0.0000E+00
1.4904E-02

Whole Body
0.0000E+00
1.1800E-02

0.0000E+00
2.4252E-01

Thyroid
1.8797e-01
2.5429E-01

Thyroid
1.1164E+01
2.0640E+01

Thyroid
0.0000E+00
2.4252E-01

Thyroid
1.7055E-01
4.2484E-01

Thyroid
1.0348E+00
2.1675E+01

Thyroid
0.0000E+00
2.4252E-01

Thyroid
0.0000E+0Q
4.2484E-01

Thyroid
1.0694E-10
2.1675E+01

Thyroid
0.0000E+00
2.4252E-01

Thyroid
0.0000E+00
4.2484E-01

0.0000E+00
2.2560E-02

TEDE
1.1038E-02
1.7208E-02

TEDE
3.5163E-01
6.6512E-01

TEDE
0.0000E+00
2.2560E~-02

TEDE
7.8626E-03
2.5071E-02

TEDE
3.2218E-02
6.9734E-01

TEDE
0.0000E+00
2.2560E-02

TEDE
0.0000E+00
2.5071E-02

TEDE
3.3022E-12
6.9734E-01

TEDE
0.0000E+00
2.2560E-02

TEDE
0.0000E+00
2.5071E-02
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Time (hr)
0.000
0.001
0.401
0.701
1.001
1.301
1.601
1.901
2.000
2.300
2.600
2.900
3.200
3.500
3.800
4.100
4.400
4.700
5.000
5.300
5.600
5.900
6.200
6.500
6.800
7.100
7.400
7.700
8.000
8.300
8.600
8.900
9.200
9.500
9.800

10.100
10.400
24.000
96.000
720.000

Condenser
I-131 (Curies)

Control-Room
I-131 (Curies)

Environment
I-131 (Curies)

1.7307E+04
3.1153E+404
3.1103E+404
3.1065E+04
3.1028E+04
3.0991E+014
3.0953E+04
3.0916E+04
3.0904E+04
3.0867E+04
3.0830E+04
3.0793E+04
3.0756E+04
3.0719E+04
3.0682E+04
3.0645E+04
3.0608E+04
3.0571E+04
3.0535E+04
3.0498E+04
3.0461E+04
3.0425E+04
3.0388E+04
3.0351E+04
3.0315E+04
3.0279E+04
3.0242E+04
3.0206E+04
3.0170E+04
3.0133E+04
3.0097E+04
3.0061E+04
3.0025E+04
2.9989E+04
2.9953E+04
2.9917E+04
2.9881E+04
2.8295E+04
2.1847E+04
2.3223E+03

0.0000E+00
0.0000E+00
1.1900E-03
1.9887E-03
2.7149E-03
3.3752E-03
3.9754E-03
4.520BE-03
4.6897E-03
4.6533E-03
4.6197E-03
4.5887E-03
4.5599E-03
4.5333E-03
4.5086E-03
4.4856E-03
4.4643E-03
4.4444E-03
4.4258E-03
4.4084E-03
4.3921E-03
4.3768E-03
4.3625E-03
4.3489E-03
4.3362E-03
4.3241E-03
4.3126E-03
4.3017E~-03
4.2914E-03
4.1003E-03
3.9261E~03
3.7672E-03
3.6223E-03
3.4901E-03
3.3694E-03
3.2594E-03
3.1589E-03
2.0612E-03
3.6142E-13
1.0120E-97

0.0000E+00
0.0000E+00
5.1870E~01
9.0718E-01
1.2952E+00
1.6827E+00
2.069BE+00
2.4564E+00
2.5839E+00
2.9699E+00
3.3554E+00
3.7405E+00
4.1251E+00
4.5093E+00
4.8930E+00
5.2762E+00
5.6589E+00
6.0412E+00
6.4231E+00
6.8045E+00
7.1854E+00
7.5659E+00
7.9459E+00
8.3254E+00
8.7045E+00
9.0832E+00
9.4614E+00
9.8391E+00
1.0216E+01
1.0593E+01
1.0970E+01
1.1345E+01
1.1721E+01
1.2096E+01
1.2471E+01
1.2845E+01
1.3218E+01
2.9673E+01
2.9673E+01
2.9673E+01
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Cumulative Dose Summary
HARRUNRRARSNRARGHIRRRAIERNRHINARRRRRA NN RBHNRRRRENRARANRERRRINERRE

Time

{hr)
0.000
0.001
0.401
0.701
1.001
1.301
1.601
1.901
2.000
2.300
2.600
2.900
3.200

Control-Room

Thyroid TEDE
{rem) {rem)
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00
7.5449E-02 2.6885E-03
2.2361E-01 7.9151E-03
4.4172E-01 1.5541E-02
7.2291E-01 2.5293E-02
1.0610E+00 3.6930E-02
1.4502E+00 5.0239E-02
1.5891E+00 5.4966E-02
2.0148E+00 6.9405E-02
2.4360E+00 8.3610E~-02
2.8529E+00 9.7599E-02
3.2659E+00 1.1139E-01

EAB

Thyroid TEDE

{rem) {rem)
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00
4.9175E-02 5.2307E-03
8.5834E-02 8.8822E-03
1.2231E-01 1.2328E-02
1.5861E~-01 1.5587E-02
1.9473E~01 1.8680E-02
2.3069E-01 2.1621E-02
2.4252E-01 2.2560E-02
2.4252E-01 2.2560E-02
2.4252E-01 2.2560E-02
2.4252E-01 2.2560E-02
2.4252E-01 2.2560E-02

Lp2

Thyroid
(rem)
0.0000E+00
0.0000E+00
1.3448E-02
2.3474E-02
3.3449E-02
4.3376E-02
5.3255E-02
6.3088E~02
6.6323E-02
7.6097E-02
8.5826E-02
9.5513E-02
1.0516E-01

TEDE

(rem)
0.0000E+00
0.0000E+00
1.4305E-03
2.4291E-03
3.3714E-03
4.2629E-03
5.1086E-03
5.9128E-03
6.1698E-03
6.9248E-03
7.6466E-03
8.3382E-03
9.0021E-03

25291 R1




\ENERGY Appendix D PR s

/NORTHWEST RADTRAD ANALYSIS 3o/

People- Vision-Solutions Calculation No. NE-02-04-07

Revision No. 0
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3.500 3.6750E+00 1.2499E-01 2.4252E-01 2.2560E-02 1.1476E-01 9.6407E-03
3.800 4.0806E+00 1.3843E-01 2.4252E-01 2.2560E-02 1.2432E-01 1.0256E-02
4.100 4.4829E+00 1.5170E-01 2.4252E-01 2.2560E-02 1.338SE-01 1.0850E-02
4.400 4.8820E+00 1.6483E-01 2.4252E-01 2.2560E-02 1.4333E-01 1.1424E-02
4.700 5.2782E+00 1.7781E-01 2.4252E-01 2.2560E-02 1.5277E-01 1.1980E-02
5.000 5.6715E+00 1.9067E-01 2.4252E-01 2.2560E-02 1.6218E-01 1,2519E-02
5.300 6.0621E+00 2.0340E-01 2.4252E-01 2.2560E-02 1.7155E-01 1.3042E-02
5.600 6.4502E+00 2.1602E-01 2.4252E-01 2.2560E-02 1.8089E-01 1.3551E-02
5.900 6.8359E+00 2.2853E-01 2.4252E-01 2.2560E-02 1.9018E-01 1.4047E-02
6.200 7.2193E+00 2.4094E-01 2.4252E-01 2.2560E-02 1.9944E-01 1.4530E-02
6.500 7.6004E+00 2.5325E-01 2.4252E-01 2,.2560E-02 2.0867E-01 1.5001E-02
6.800 7.9794E+00 2.6546E-01 2.4252E-01 2.2560E-02 2.1786E-01 1.5461E-02
7.100 8.3564E+00 2.7759E-01 2.4252E-01 2.2560E-02 2.2702E~01 1.5912E-02
7.400 8.7314E+00 2.8964E-01 2.4252E-01 2.2560E-02 2.3614E-01 1.6353E-02
7.700 9.1045E+00 3.0160E-01 2.4252E-01 2.2560E-02 2.4523E-01 1,6785E-02
8.000 9.4758E+00 3.1349E-01 2.4252E-01 2.2560E-02 2.5429E-01 1.7208E-02
8.300 9.8374E+00 3.2506E-01 2.4252E-01 2.2560E-02 2.5775E-01 1.7416E-02
8.600 1.0182E+01 3.3607E-01 2.4252E-01 2.2560E-02 2.6120E-01 1.7619E-02
8.900 1.0512E+01 3.4660E-01 2.4252E-01 2.2560E-02 2.6463E-01 1.7818E-02
9.200 1.0829E+01 3.5667E-01 2.4252E-01 2.2560E-02 2.6805E-01 1.8012E-02
9.500 1.1132E+01 3.6633E-01 2.4252E-01 2.2560E-02 2.7147E-01 1.8201E-02
9.800 1.1425E+01 3.7562E~01 2.4252E-01 2.2560E-02 2.7487E-01 1.8387E-02
10.100 1.1706E+01 3.8457E-01 2.4252E-01 2.2560E-02 2.7825E-01 1.8569E~02
10.400 1.1979E+01 3.9320E-01 2.4252E-01 2.2560E-02 2.8163E-01 1.8748E-02
24.000 2.0640E+01 6.6512E-01 2.4252E-01 2.2560E-02 4.2484E-01 2.5071E-02
96.000 2.1675E+01 6.9734E-01 2.4252E-01 2.2560E-02 4.2484E-01 2.5071E-02
720.000 2.167SE+01 €.9734E-01 2.4252E-01 2.2560E-02 4.2484E-01 2.5071E-02

122223 2 22t R R Rt s a2 2 2222232233232 233333233232"
Worst Two-Hour Doses
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EAB
Time Whole Body Thyroid TEDE
(hr) (rem) (rem) {rem)
0.0 1.4904E-02 2.4252E-01 2.2560E-02
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