INL/EXT-20-61119-Revision-0

Evaluation of the MARVEL
Reactor Inhalation Dose
Consequences

August 2020

Troy P Reiss

.

|daho National

|_(] oml‘ory INL is a U.S. Department of Energy National Laboratory operated by Battelle Energy Alliance, LLC



DISCLAIMER

This information was prepared as an account of work sponsored by an
agency of the U.S. Government. Neither the U.S. Government nor any
agency thereof, nor any of their employees, makes any warranty, expressed
or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness, of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately
owned rights. References herein to any specific commercial product,
process, or service by trade name, trade mark, manufacturer, or otherwise,
does not necessarily constitute or imply its endorsement, recommendation,
or favoring by the U.S. Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily state or reflect
those of the U.S. Government or any agency thereof.




INL/EXT-20-61119-Revision-0

Evaluation of the MARVEL Reactor Inhalation Dose
Consequences

Troy P Reiss

August 2020

Idaho National Laboratory
Idaho Falls, Idaho 83415

http://www.inl.gov

Prepared for the
U.S. Department of Energy
Under DOE Idaho Operations Office
Contract DE-AC07-05ID14517



TEM-10200-1, Rev. 11 ECAR-5127, Rev. 0
11/20/2019 ENGINEERING CALCULATIONS AND ANALYSIS Page 1 of 55
Evaluation of the MARVEL Reactor Inhalation Dose Consequences

. Professional Engineer’s Stamp

1. Effective Date TBD
2. Does this ECAR involve a

Safety SSC? No
3. Safety SSC Determination N/A

Document ID
4. SSCID N/A
5. Project No. -
6. Engineering Job (EJ) No. N/A
7. Building MFC-720
8. Site Area INL
9.

Objective / Purpose

The following dose consequence analysis is performed to support the preliminary Microreactor
Applications Research Validation and Evaluation Project (MARVEL) design effort. The purpose of the
MARVEL project is to develop a nuclear microreactor applications test bed at [daho National Laboratory
(INL) to perform research and development on various operational features of microreactors to ultimately
improve integration of microreactors to end-user applications. The MARVEL concept is a 100 kilowatt
(kW) thermal (kWth) and approximately 20-kW electric (kWe) generating microreactor. The MARVEL
system will be located in the INL TREAT facility in the north high-bay equipment pit.

This ECAR considers the bounding release fractions of the MARVEL reactor concept and documents the
dose consequences to the public and collocated worker.

10. If revision, please state the reason and list sections and/or page being affected.
N/A

11. Conclusion / Recommendations

The bounding release fractions for the MARVEL reactor are documented in this report. The inhalation dose
consequences for MARVEL is documented below.
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SCOPE AND BRIEF DESCRIPTION

The following dose consequence analysis is performed to support the preliminary Microreactor Applications
Research Validation and Evaluation Project (MARVEL) design effort. The purpose of the MARVEL project
is to develop a nuclear microreactor applications test bed at Idaho National Laboratory (INL) to perform
research and development on various operational features of microreactors to ultimately improve integration
of microreactors to end-user applications. The MARVEL concept is a 100 kilowatt (kW) thermal (kWth) and
approximately 20-kW electric (kWe) generating microreactor. The MARVEL system will be located in the
INL Transient Reactor Test (TREAT) facility in the north high-bay equipment pit.

This ECAR considers the bounding release fractions of the MARVEL reactor concept and documents the
dose consequences to the public and collocated worker.

DESIGN OR TECHNICAL PARAMETER INPUT AND SOURCES

Technical parameter input and sources are identified in the text as appropriate.

RESULTS OF LITERATURE SEARCHES AND OTHER BACKGROUND DATA

The documents used to develop radionuclide inventories and bounding dose consequences are identified in
the text as appropriate.

ASSUMPTIONS

Assumptions are described in the text as appropriate.

COMPUTER CODE VALIDATION

A. Computer type:
Dell Latitude 7400
Property Tag Number: 611704

B. Operating System and Version: Windows 10 Enterprise

C. Computer program name and revision: Radiological Safety Analysis Computer Program (RSAC)
7.2. RSAC 7.2 program is a radiological safety analysis program that has been used extensively at
INL for calculating the doses to facility workers, collocated workers, and off-site public due to
radiological releases. It has been independently verified and validated for these types of calculations.
Evidence of, or reference to, computer program validation: RSAC 7.2 configuration management is
maintained in Enterprise Architecture under configuration number 223954. RSAC 7.2 was used to
calculate final dose consequences for this ECAR. Case study verification for program installation on
each computer platform was successfully completed by running each of the 20 example problems
under the RSAC QC menu option.

6/15/2020 - 5:25 PM
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6 DISCUSSION/ANALYSIS

6.1 Release Scenarios

The release scenarios for microreactors analyzed in this document consist of fuel failure events coupled
with a reactor boundary breach. The intent of this ECAR is to provide bounding fuel release calculation and
not consider other confinement barriers. The release scenarios were evaluated for the distances documented
in SAR-420, “Transient Reactor Test (TREAT) Facility FSAR.”!

e (Collocated worker: 100 m, 300 m
e TREAT control room: 770 m
e Materials and Fuels Complex (MFC): 1,000 m
e Exclusion area boundary (EAB): 6,000 m
e Low population zone (LPZ): 32 km
e Idaho Falls: 48 km

6.2 Release Parameters
The accident-specific parameters used to evaluate the dose to downwind receptors requires that certain
assumptions be made that modify the dispersion release fraction due to the physical aspects of the release.
The five components of the following source term equation recommended by DOE-HDBK-3010-94,
“Airborne Release Fractions/Rates and Respirable Fractions for Nonreactor Nuclear Facilities,” contain
the basis for the material release parameters. To calculate downwind radiological doses for these scenarios,
a source term (ST) was determined. The ST is the amount of radioactive material released during the

postulated accident scenario. The STs are determined using the following equation:

ST = MAR x DR x ARF x RF x LPF

Where:

ST = source term

MAR = material-at-risk

DR = damage ratio

ARF = airborne release fraction
RF = respirable fraction

LPF = leak path factor

6/15/2020 - 5:25 PM 5 of 55
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6.3 Material-at-Risk

6.4

6.5

6.6

6.7

The material-at-risk (MAR) is the total inventory that could be impacted for a given accident scenario and
is expressed in terms of total quantity at risk. The radiological inventory used for this accident analysis is
from ECAR-XXXX and is a reactor run calculated for seven million megajoules (MJ), which is two years
of 24/7 operation at ~111 kW. The MAR is shown in the RSAC output files in Appendix A.

Damage Ratio

The damage ratio (DR) represents the fraction of MAR that could be affected by the postulated accident
and is a function of the accident initiator and the operational scenario being evaluated. DRs are determined
based on engineering judgment, best available information, and prior analyses. The DR for all scenarios is
evaluated at 1.0. It assumes that the events are significant enough such that 100% of the ST MAR is
damaged enough to be released.

Airborne Release Fraction

The ARF is the coefficient used to estimate the amount of material suspended in the air as an aerosol, thus
available for transport. The ARF is related to the physical stresses of a specific accident and the physical
characteristics of the material involved in the accident. The ARF values were taken from
LA-UR-18-28899, “Kilopower Space Reactor Launch Safety Maximum Credible Dose for a Criticality
Accident.”® The ARF values are listed in Table 1.

Respirable Fraction
The RF is the fraction of airborne particles that can be transported through air and inhaled into the

pulmonary region of the human respiratory system. The RF includes particles having a 10-um aerodynamic
equivalent diameter or less. The RF values are listed in Table 1.

Leak Path Factor

The LPF is the fraction of material in the aerosol transported through some confinement deposition or
filtration mechanism. Typically, this factor accounts for the amount of the airborne MAR that escapes from
a building or room. LPFs are assumed to be 1.0 to ensure an unmitigated analysis.

6/15/2020 - 5:25 PM
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Table 1. Airborne release fractions and respirable fractions.
Group
No. Group Name | Rep. Ele. Elements in Group ARFXRF
1 Noble Gases Xe Xe, Kr, He, Ne, Ar, Rn, H 7.5E-1
2 Alkali Metals Cs Cs, Rb, Li, K, Fr, Na 7.0E-1
3 Alkali Earths Ba Ba, Sr, Mg, Ca, Ra, Be 4.0E-2
4 Halogens | ILF, Cl, Br, At 7.0E-1
5 Chalogens Te Te, S, Se, O, Po, N 4.5E-1
6 Platinoids Ru Ru, Rh, Pd, Os, Ir, Pt, Au, Ni 4.0E-2
7 Transition Mo Mo, V, Cr, Fe, Co, Mn, Nb, Tc 4.0E-2
Metals
8 Tetravalent Ce Ce, Ti, Zr, Hf, Th, Pa, U, Np Pu 4.0E-2
9 Trivalent La La, Al, Sc, Y, Ac, Pr, Nd, Pm, Sm, Eu, Gd, 4.0E-2
Tb, Dy, Ho, Er, Tm, Yb, Lu, Am, Bk, Cf
10 Main Group I Cd Cd, Hg, Zn, As, Sb, Pd, Tl, Bi 4.0E-2
11 Main Group II | Sn Sn, Ca, In, Ag 4.0E-2
12 Boron B B, Si, P, C 4.0E-2
The release fractions were determined from two reactor destruction events. The first is the SNAPTRAN-2 test
using a zirconium hydride and 10 weight percent of highly enriched (93 percent) uranium fuel. A nearly
instantaneously reactivity addition of ~5 dollars increased the reactor power to 74,000 MW in approximately
0.75 m/sec which caused reactor disassembly. The second is the KIWI-TNT destructive test using a UC, fuel.
The KIWI-TNT destructive test was a ~$8 insertion of reactivity to the KIWI reactor resulting in reactor
disassembly. The resulting fission product plumes was tracked and quantified to give the release fractions.
Although the fuel compositions are different from MARVEL, the release fractions are judged to provide a
bounding radioactive material release for the MARVEL fuel.

6.8 Committed Effective Dose

The committed effective dose (CED) for downwind receptors is estimated from:

CED = ST x %/Q x BR x DCF x DDF

CED = committed effective dose

ST = source term (Ci)

%0 = plume dispersion (s/m’)

BR = breathing rate (m/s”)

DCF = dose conversion factor (rem/ci)

DDF = fraction of radionuclide remaining in plume after dry deposition (no units)

The y/Q plume dispersion value is a function of the meteorological conditions involved in the accident and
relative location of the release point and the receptor and is calculated in RSAC. y/Q is considered to be
constant for all radionuclides of respirable size in an event and is independent of particular radionuclide
and source types. Breathing rate (BR) is the assumed breathing rate described in DOE O 440.1B, “Worker

6/15/2020 - 5:25 PM 7 of 55
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6.9

Protection Program for DOE,™* and is 3.33E-4 m’/sec. ICRP-68, “Dose Coefficients for Intakes of
Radionuclides by Workers,” dose conversion factor (DCF) values were utilized in the CED calculation for
facility and collocated workers, and ICRP-72, “Age-dependent Doses from Intakes of Radionuclides,”
DCEF values were utilized in the calculation of the CED for the public. In both cases, the RSAC default
DCEF, the DCF for the lung absorption type that would result in the highest dose, was selected. The dry
deposition factor (DDF) accounts for the material that is removed from the plume via deposition on the
ground and accounts only for plume depletion that is expected to occur, independent of weather conditions.

Downwind Exposures

RSAC-7 was used to quantify the doses of the postulated accidents. The program is used to calculate the
doses from the release of radionuclides to the atmosphere. The meteorological capabilities of RSAC-7
include Gaussian plume diffusion for the Pasquill-Gifford, Hilsmeier-Gifford, and Markee diffusion
models. The Markee model is used in this analysis for all scenarios because it was developed for INL
sagebrush terrain for effluent releases from a few minutes to 15 minutes in duration. The RSAC input
parameters are summarized in Table 2.

Table 2. RSAC parameters downwind scenario.

RSAC Input Parameters Input Values

Release elevation (m) 0

Stability class F

Wind speed (m/second) 1.04

Diffusion coefficient Markee

Downwind receptor distance (m) 100, 300, 770, 1,000, 6,000, 32,000,
and 48,000

Breathing rate (m*/second) 3.33E-04 (default parameter)

The RSAC-7 program allows the user to specify meteorological conditions at the time of radiological
release and to calculate diffusion, dispersion, and depletion factors. It also allows the user to perform a
variety of dose calculations. An internal dose can be calculated for up to 15 human organs in addition to the
inhalation pathway.

Doses from the ingestion, ground contamination, and air immersion exposure pathways are negligible and
are not calculated for on-site workers or off-site public. Contribution to the doses from long-term ingestion
of farm or garden products is very small because implementation of the emergency preparedness program
provides adequate warning to the off-site public about harvesting and ingesting foods that could be
contaminated as a result of a radiological release.

Univariate distributions of wind conditions were developed by combining wind speed class and stability
class into one variable (i.e., wind condition) and deriving the probability distribution of this variable.’
Cumulative probability distributions were then developed based on rankings of the wind conditions,
ranging from good to bad in terms of their effect on dispersion of airborne contaminants. Based on this
work and 95% meteorology, a stability class of F and a wind speed class of 1 (i.e., 1.04 m/second) were
used for the RSAC-7 runs.® A ground release was assumed for this scenario. Buoyant plume rise was not
used. Receptor locations were at 100 m and 300 m downwind from the release for the collocated worker,

6/15/2020 - 5:25 PM
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770 m for the TREAT control room, 1,000 m for MFC, 6,000 m for the off-site public dose (which is the
nearest site boundary to TREAT), 32,000 m to the nearest LPZ (Mud Lake), and Idaho Falls at 48,000 m.

6.10 Bounding Inhalation Dose Consequences

The bounding inhalation dose consequences are listed below in Table 3. The scenario for the release
considers a reactor operating at 111 kWth for two years continuously. An accident occurs where the reactor
releases 100% of the radionuclide inventory instantly. All fission products and fuel activation products are
in the fuel at the time of release; there is no plate-out in the coolant system, no cleanup system, and no
chemical interactions with coolant. There is no decay time for the fuel.

Table 3. Inhalation dose consequences for MARVEL.

Collocated
Release Distance Source Worker, rem Public, rem
CED 2.93E+02
100 m Cloud gamma 2.90E+00
Total 2.96E+02
CED 8.60E+01
300 m Cloud gamma 9.77E-01
Total 8.70E+01
CED 2.71E+01
770 m Cloud gamma 3.78E-01
Total 2.75E+01
CED 1.96E+01
1,000 m Cloud gamma 2.81E-01
Total 1.99E+01
CED 2.63E+00
6,000 m Cloud gamma 2.33E-02
Total 2.65E+00
CED 4.01E-01
32,000 m Cloud gamma 1.55E-03
Total 4.03E-01
CED 2.60E-01
48,000 m Cloud gamma 8.55E-04
Total 2.61E-01
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Figure A-1. MARVEL collocated worker RSAC output files.

Radiological Safety Analysis Computer Program (RSAC 7.2.0)

Name: Windows User Company: Idaho National Laboratory Serial: 134684
Computer: INL611704 Run Date: 06/11/2020 Run Time: 15:49:09

File: Marvel SNAPTRAN CW_2.rsac

E™
e
4]
w0
=
D
=
[
D
=
1)
W
)
Hh

# MARVEL Fuel Inventory

2000,-1,0

# Original file copied to temporary external file
2002, TempSrcl. txt

# 2002,C:\Users\REISTP\Onel
Laboratory\Microreactor\Marve
2999

# ARF

1000

1001,1,0.,0.

1004,1,0.04

fuel and fission poducts using MARVEL source term.

1101,18,0.
1102,35,0.
1103,55,0.
1104,87,0.
1105,53,0.
1106,36,0.
1107,84,0.
1108,86,0.
1109,51,0.
1110,52,0.
1999

75,85,0.7
7,17,0.7
7,9,0.7
7,1,0.75
7,19,0.7
75,11,0.7
45,37,0.7
75,16,0.45
04,34,0.45
45,54,0.75

# Conservative Dispersion
5000,0
5001,1.04,0.,400.,1.099E3,0.,1
5002,0.001,0.01,0.,0.001,0.001
5101,100.,300.,770.,1000.
5201,1.,0.

5400,2,0.,0.

5410,2,6,0,0.

5999

# Dose Consequence
7000,1,-1,1,0,2,7
7001,3.33E-04,0.,0,0,1.
7002,26

7999

# Cloud Gamma

6/15/2020 - 5:25 PM
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Radiological Safety Analysis Computer Program (RSAC 7.2.0)

Name: Windows User Company: Idaho National Laboratory Serial: 134684
Computer: INL611704 Run Date: 06/11/2020 Run Time: 15:49:09
File: Marvel SNAPTRAN CW _2.rsac

9000,0,0.
10000

Direct Radionuclide Input

PREVIOUS INVENTORY INCREASED BY THE FOLLOWING VALUES
RADIONUCLIDE INPUT READ FROM EXTERNAL FILE USER FILE TempSrcl.txt

NUCLIDE HALF LIFE CURIE
892250 Ac225 1.000E+01 d 6.430E-11
892260 Ac226 2.937E+01 h 1.060E-12
892270 Ac227 2.177E+01 yr 1.190E-08
892280 Ac228 6.150E+00 h 8.550E-09
471050 Agl05 4.129E+01 d 7.470E-16
471060 Agloe 2.396E+01 m 7.320E-11
471061 AgloOém 8.280E+00 d 1.650E-10
471080 Aglos 2.382E+00 m 7.190E-06
471081 AglO08m 4.380E+02 yr 6.840E-09
471091 AglO0Sm 3.960E+01 s 6.300E+01
471100 Agllo0 2.460E+01 s 1.090E+00
471101 AgllOm 2.498E+02 d 2.760E-02
471110 Aglll 7.450E+00 d 2.360E+01
471111 Aglllim 6.480E+01 s 2.370E+01
471120 Agll2 3.130E+00 h 1.630E+01
471130 Agll3 5.370E+00 h 1.060E+01
471131 Agll3m 6.870E+01 s 1.550E+01
471140 RAgll4 4.600E+00 s 1.330E+01
471150 Aglls 2.000E+01 m 1.290E+01
471180 Aglls 3.760E+00 s 8.480E+00
471181 Agll8m 2.000E+00 s 3.890E+00
471190 Aglls 2.100E+00 s 8.470E+00
471200 Agl20 3.200E-01 s 3.850E+00
471210 Agl2l 7.800E-01 s 3.200E+00
471230 Agl23 3.000E-01 s 4.710E-01
471240 RAgl24 1.720E-01 s 5.820E-01
471250 Agl25 1.660E-01 s 2.410E-02
471260 AglZ2e 1.070E-01 s 4.790E-03
471280 Agl2s 5.800E-02 s 1.000E-04
952390 Am239 1.190E+01 h 3.360E-11
952400 Am240 5.080E+01 h 1.880E-07
952410 Am241 4.326E+02 yr 1.960E-03
952420 Am242 1.602E+01 h 3.690E-02

6/15/2020 - 5:25 PM 13 of 55



TEM-10200-1, Rev. 11
11/20/2019

ENGINEERING CALCULATIONS AND ANALYSIS

Evaluation of Microreactor Inhalation Dose Consequences

ECAR-5065, Rev. 0

Page 14 of 55

Radiological Safety Analysis Computer Program (RSAC 7.2.0)

Name: Windows User Company: Idaho National Laboratory Serial: 134684
Computer: INL611704 Run Date: 06/11/2020 Run Time: 15:49:09
File: Marvel SNAPTRAN CW _2.rsac

952421 Am242m 1.410E+02 yr 7.900E-06
952430 Am243 7.370E+03 yr 8.450E-08
552440 RAm244 1.010E+01 h 8.130E-07
952441 Am244m 2.600E+01 m 1.220E-05
952450 Am245 2.050E+00 h 1.190E-12
330720 As 72 2.600E+01 h 3.620E-11
330730 As 73 8.030E+01 d 2.670E-09
330740 As 74 1.777E+01 d 2.280E-07
330760 As 76 1.093E+00 d 1.640E-03
330770 As 77 3.883E+01 h 7.750E+00
330780 As 78 9.070E+01 m 2.010E+01
330790 As 79 9.010E+00 m 4.270E+01
NUCLIDE HALF LIFE CURIE
330800 As 80 1.520E+01 s 1.200E+02
330810 As 81 3.330E+01 s 1.840E+02
330830 As 83 1.340E+01 s 2.990E+02
330840 As 84 4.200E+00 s 2.010E+02
330850 As 85 2.021E+00 s 1.910E+02
330860 As 86 9.450E-01 s 5.370E+02
330870 As 87 5.600E-01 s 4.140E+01
330880 As 88 1.300E-01 s 1.180E+02
330890 As 89 1.294E-01 s 1.760E-01
561310 Bal3l 1.150E+01 d 1.090E-12
561330 Bal33 1.052E+01 yr 1.780E-08
561351 Bal35m 2.870E+01 h 3.050E-04
561371 Bal37m 2.552E+00 m 2.500E+02
561390 Bal39 8.306E+01 m 6.030E+03
561400 Bal4o 1.275E+01 d 5.840E+03
561410 Bal4l 1.827E+01 m 5.480E+03
561420 Bal42 1.060E+01 m 5.390E+03
561430 Bali4s3 1.450E+01 s 5.190E+03
561440 Bal44 1.150E+01 s 4.100E+03
561450 Bal4>s 4.310E+00 s 1.820E+03
561460 Balde 2.220E+00 s 8.690E+02
561470 Bald7 8.940E-01 s 2.340E+02
561480 Bal48 6.070E-01 s 2.300E+01
561450 Bal49 3.440E-01 s 1.430E+00
561520 Bal52 7.548E-01 s 1.610E-04
832100 Bi2l0 5.012E+00 d 1.800E-11
832110 Bi211 2.140E+00 m 1.050E-08
832120 Bi2l2 6.055E+01 m 6.170E-07
832130 Bi213 4.559E+01 m 6.430E-11
832140 Bi214 1.990E+01 m 1,310E-13
350770 Br 77 5.704E+01 h 6.810E-10
350800 Br 80 1.768E+01 m 2.440E-04

6/15/2020 - 5:25 PM
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Radiological Safety Analysis Computer Program (RSAC 7.2.0)

Name: Windows User

Computer: INL611704

350801 Br 80m
350820 Br 82
350821 Br 82m
350830 Br 83
350840 Br 84
350841 Br 84m
350850 Br 85
350860 Br 86
350870 Br 87
350880 Br 88
350890 Br 89
350900 Br 90
350910 Br 91
350920 Br 92
350930 Br 93
350940 Br 94
350950 Br 95
481070 Cd107
NUCLIDE
481090 Cd109
481111 Cdlllm
481130 Cd1l13
481131 Cdl1l3m
481150 Cd115
481151 Cdl1l5m
481170 cCdi117
481171 Cdll7m
481180 Cd1l18
481190 cCd119
481200 Cd120
481210 cdiz1l
481230 cCd1l23
481240 cCdlz4
481250 Cd125
481260 cCdl2e
481270 cd127
481280 cCd1z2s
481290 C€d129
481300 Cd130
481310 cCdil3l
481320 Cdi132
581370 Cel37
581390 Cel39
581410 Celd4l
581430 Cel43

6/15/2020 - 5:25 PM

A N WUk &BFOOUND GO WM YW

WWkF OF FRNDMDWWWMOHRFMNDEFEORDO WM& OB

.420E+00
.528E+01
.130E+00
.400E+00
.176E+01
.000E+00
.900E+00
.510E+01
.565E+01
.629E+01
.348E+00
.910E+00
.410E-01
.430E-01
.020E-01
.000E-02
.166E-01
.500E+00

.614E+02
.854E+01
.700E+15
.410E+01
.346E+01
.456E+01
.490E+00
.360E+00
.030E+01
.690E+00
.080E+01
.350E+01
.100E+00
.250E+00
.500E-01
.060E-01
.700E-01
.400E-01
.700E-01
.000E-01
.193E-01
.448E-01
.000E+00
.376E+02
«251E+01
.304E+01

Company: Idaho National Laboratory

Run Date: 06/11/2020
File: Marvel SNAPTRAN CW_2.rsac

Su o nnnnne8E8E8 o8 Do

HALF LIFE

UQQnmmmmmmmmmwmmssswawﬁﬁsa

NWNBNDNO OO NDN =

D1 O = e = ] = WS S O = e o= 00 =N == WD

.510E-04
.820E-01
.140E-01
.000E+02
.170E+02
.630E+01
.210E+03
.690E+03
.890E+03
.630E+03
.020E+03
.260E+02
.120E+02
.680E+01
.150E+00
.850E-01
.670E-03
.900E-13

CURIE

.680E-08
.920E-06

250E-15

.930E-03
.300E+01
.450E-01
.100E+01
.760E+00
.240E+01
.470E+00
.280E+01
.160E+00
.060E+01

230E+01

.110E+00
.490E+00
.340E+00
.230E+00
.210E-02
.880E+01
.450E+01
.780E-03
.830E-09
.150E-03
.490E+03
.590E+03

Serial: 134684
Run Time: 15:49:09
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Radiological Safety Analysis Computer Program (RSAC 7.2.0)
Name: Windows User Company: Idaho National Laboratory Serial: 134684

Computer: INL611704 Run Date: 06/11/2020 Run Time: 15:49:09
File: Marvel SNAPTRAN CW _2.rsac

581440
581450
581460
581470
581480
581490
581510
581520
581530
581540
581550
581560
581570
962400
962410
962420
962430
9562440
962450
962460
270720
270730
270740
270750
NUCLI
551310
551320
551340
551341
5321350
551 351
551360
551370
551380
551381
551390
551400
551410
551420
551430
551440
551450
551460
551470
551480

6/15/2020 - 5:25 PM

Celdd 2.849E+02 d 4,.290E+03
Celds 3.010E400 m 3.690E+03
Celdeo 1.352E+01 m 2.820E+03
Celd? 5.640E+01 s 1.790E+03
Celd4s 5.600E+01 s 1.500E+03
CeldS 5.300E+00 s 7.410E+02
Celb5l 1.020E+00 s 9.940E+01
Celb2 1.400E+00 s 2.120E+01
Cel53 1.725E+00 s 2.160E+00
Celb4 3.590E-01 s 1.660E-01
Celb5 1+125E=01 s 1.080E-02
Celb5e 1.162E+00 s 5.990E-04
Celb57 3.618E-01 s 2.260E-05
Cm240 2.700E+01 d 3.560E-12
Cm241 3.280E+01 d 8.840E-10
Cm242 1.629E+02 d 1.230E-02
Cm243 2.910E+01 yr 8.060E-08
Cm244 1.811E+01 yr 1.650E-07
Cm245 8.500E+03 yr 5.320E=13
Cm246 4.760E+03 yr 9.930E-16
Co 72 9.000E-02 s 1.010E-04
Co 73 1.155E-01 s 3.940E-05
Co 74 1.075E-01 s 5.730E-06
Co 75 8.016E-02 s 7.820E-07
DE HALF LIFE CURIE

Cs5131 9.689E+00 d 1.440E-06
cs132 6.479E+00 d 1.660E-03
Cs134 2.065E+00 yr 1.210E+01
Cs134m 2.912E+00 h 4.180E+00
C5135 2.300E+06 yr 3.510E-03
Cs135m 5.300E+01 m 3.540E-01
Cs136 1.316E+01 d 1.300E+01
€5137 3.008E+01 yr 2.630E+02
c35138 3.341E401 m 6.310E+03
Cs138m 2.910E+00 m 2.150E+02
€s139 9.270E4+00 m 5.960E+03
Cs140 6.370E+01 s 5.370E+03
Csl4l 2.484E+01 s 3.930E+03
Csl42 1.680E+00 s 2.550E+03
Csl43 1.780E+00 s 1.370E+03
Csl44 1.010E+00 s 4.090E+02
Cs145 5.940E-01 s 7.610E+01
Csl4e 3.210E-01 s 8.300E+00
Csl47 2.250E-01 s 2.200E+00
Cs148 1.580E-01 s 3.640E-02
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Radiological Safety Analysis Computer Program (RSAC 7.2.0)
Name: Windows User Company: Idaho National Laboratory Serial: 134684

Computer: INL611704 Run Date: 06/11/2020 Run Time: 15:49:09
File: Marvel SNAPTRAN CW _2.rsac

290660 Cu 66 5.120E+00 m 1.840E-04
290670 cCu 67 6.183E+01 h 6.930E-04
290720 cCu 72 6.630E+00 s 2.390E-02
290730 Cu 73 3.900E+00 s 5.900E-02
290740 Cu 74 1.630E+00 s 7.480E-02
290750 cCu 75 1.224E+00 s 1.020E-01
290760 Cu 76 6.410E-01 s 8.400E-02
2907170 cua 71 4.690E-01 s 4.460E-02
290780 Cu 78 3.420E-01 s 1.120E-02
290790 cCu 79 1.880E-01 s 4.020E-04
290800 cCu 80 9.110E-02 s 8.540E-05
661570 Dyl57 8.140E+00 h 1.240E-15
661590 Dyl59 1.444E+02 d 4.170E-09
661650 Dylé5 2.334E+00 h 6.060E-03
661660 Dylée 8.160E+01 h 2.880E-03
681650 Erles 1.036E+01 h 1.850E-09
681690 Erles 9.390E+00 d 3.350E-04
681710 Erl71 7.516E+00 h 9.040E-05
681720 Erl72 4.930E+01 h 1.230E-04
631490 Eulds 9.310E+01 d 2.130E-09
631520 Eul52 1.354E+01 yr 1.800E-02
631521 Eul52Zm 9.312E+00 h 2.860E-01
631540 Eulb4 8.601E+00 yr 3.340E-01
631550 Eulb5 4.753E+00 yr 6.950E+00
631560 Eul5e6 1.519E+01 d 2.650E+01
631570 Euls57 1.518E+01 h 7.690E+00
631580 Eulss 4.590E+01 m 4.100E+00
631590 Eul59 1.810E+01 m 1.460E+00
872210 Fr221 4.900E+00 m 6.430E-11
872230 Fr223 2.180E+01 m 1.640E-10
NUCLIDE HALF LIFE CURIE
310670 Ga 67 3.262E+00 d 7.940E-15
310680 Ga 68 6.771E+01 m 2.270E-10
310700 Ga 70 2.114E401 m 1.100E-06
310720 Ga 72 1.410E+01 h 3.140E-02
310730 Ga 73 4.860E+00 h 1.100E-01
310740 Ga 74 8.120E+00 m 3.340E-01
310750 Ga 75 1.260E+02 s 1.040E+00
310760 Ga 76 3.260E+01 s 2.950E+00
310770 Ga 77 1.320E+01 s 7.030E+00
310780 Ga 78 5.090E+00 s 1.320E+01
310790 Ga 79 2.847E+00 s 1.770E+01
310800 Ga 80 1.676E+00 s 1.130E+01
310810 Ga 81 1.217E+00 s 7.720E+00
310830 Ga 83 3.100E-01 s 2.200E-01

6/15/2020 - 5:25 PM
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Radiological Safety Analysis Computer Program (RSAC 7.2.0)

Name: Windows User Company: Idaho National Laboratory Serial: 134684
Computer: INL611704 Run Date: 06/11/2020 Run Time: 15:49:0(
File: Marvel SNAPTRAN CW_2.rsac

310840 Ga
641510 Gd
641520 Gd
641530 Gd
©41590 Gd
320690 Ge
320710 Ge
320750 Ge
320751 Ge
320770 Ge
320771 Ge
320780 Ge
320790 Ge
320800 Ge
320810 Ge
320830 Ge
320840 Ge
320850 Ge
320860 Ge
320870 Ge
320880 Ge
10030 H
721720 Hf
121730 HL
7217500 HE
2187, HE
721781 HE
721791 Hf
721801 HE
721810 HE
721820 HE
671610 Ho
671620 Ho
671621 Ho
671640 Ho
671641 Ho

NUCLIDE
671660 Ho
671661 Ho
671670 Ho
531230 T
531240 1
531250 I
531260 I
531280 ]

6/15/2020 - 5:25 PM

g4 8.500E-02 s 1.030E+01
151 1.240E+02 d 1.570E-08
152 1.080E+14 yr 9.420E-16
153 2.410E+02 d 1.040E-03
159 1.848E+01 h 1.490E+00
69 3.905E+01 h 1.040E-14
gt 1.143E+01 d 6.130E-09
75 8.278E+01 m 1.050E+00
75m 4.770E+01 s 4.410E-02
71 1.130E+01 h 7.670E+00
77m 5.290E+01 s 9.290E-02
78 8.800E+01 m 2.000E+01
79 1.898E+01 s 2.850E+01
80 2.950E+01 s 1.070E+02
81 7.600E+00 s 1.230E+02
83 1.850E+00 s 3.020E+01
84 9.470E-01 s 2.730E+01
85 5.350E-01 s 2.280E+00
86 2.590E-01 s 5.460E+02
87 1.255E-01 s 1.980E+00
88 1.427E-01 s 4.730E-02

3 1.232E+01 yr 1.020E+00
172 1.870E+00 yr 3.940E-11
173 2.360E+01 h 4.130E-07
175 7.000E+01 d 6.050E-02
177m 5.140E+01 m 1.260E-03
178m 3.100E+01 yr 4.020E-04
179m 2.505E+01 d 1.330E+01
180m 5.500E+00 h 2.910E-02
181 4.239E+01 d 8.620E-01
182 9.000E+06 yr 1.670E-10
lel 2.480E+00 h 6.560E-11
162 1.500E+01 m 1.150E-09
162m 6.700E+01 m 1.100E-09
le4d 2.900E+01 m 1.590E-07
le4m 3.750E+01 m 1.110E-07

HALF LIFE CURIE

166 2.682E+01 h 2.940E-03
leém 1.200E+03 yr 3.000E-09
167 3.100E4+00 h 1.300E-03
123 1.322E+01 h 2.400E-09
124 4.176E+00 d 3.050E-14
125 5.940E+01 d 2.590E-08
126 1.293E+01 d 3.690E-05
128 2.499E+01 m 4.000E-01
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Radiological Safety Analysis Computer Program (RSAC 7.2.0)

Name: Windows User Company: Idaho National Laboratory Serial: 134684
Computer: INL611704 Run Date: 06/11/2020 Run Time: 15:49:09
File: Marvel SNAPTRAN CW _2.rsac

531290 I129 1.570E+07 yr 4.650E-05
531300 I130 1.236E+01 h 1.000E+00
531301 I130m 8.840E+00 m 5.550E-01
531310 T131 8.025E+00 d 2.730E+03
531320 1132 2.295E+00 h 4.110E+03
531321 I132m 1.387E+00 h 1.110E+01
231330 I133 2.080E+01 h 6.330E+03
531331 I133m 9.000E+00 s 4.480E+02
531340 I134 5.250E+01 m 7.380E+03
531341 I134m 3.520E+00 m 3.520E+02
531350 1135 6.580E+00 h 5.950E+03
531360 I136 8.340E+01 s 2.530E+03
531361 Il36m 4.690E+01 s 1.200E+03
531370 T3¢ 2.450E+01 s 2.890E+03
531380 I138 6.230E+00 s 1.420E+03
531390 1139 2.290E+00 s 7.360E+02
531400 I140 8.600E-01 s 1.500E+02
531410 I141 4.300E-01 s 3.960E+01
531420 I142 1.960E-01 s 5.780E+00
531430 I143 3.280E-01 s 8.890E-02
531440 I144 1.327e-01 s 2.480E-03
491110 1Inlll 2.805E+00 d 8.640E-14
491120 1Inll2 1.497E+01 m 8.230E-10
491131 1Inll3m 1.658E+00 h 7.200E-10
491140 1Inll4 7.190E+01 s 2.660E-05
491141 1Inllém 4.951E+01 d 1.540E-05
491150 1Inll5 4.410E+14 yr 3.890E-14
491151 1Inll5m 4.486E+00 h 1.300E+01
491161 1Inllém 5.429E+01 m 2.360E-01
491170 1Inll7 4.320E+01 m 8.400E+00
491171 1Inll7m 1.162E+02 m 1.010E+01
491180 1Inll8 5.000E+00 s 1.250E+01
491181 1Inll8m 4.450E+00 m 1.960E-03
491150 1InllS 2.400E+00 m 6.350E+00
491191 1InllSm 1.800E+01 m 7.670E+00
491200 1Inl20 3.080E+00 s 1.300E+01
491201 Inl20m 4.620E+01 s 4.340E-01
491210 1Inl21 2.310E+01 s 8.560E+00
491211 1Inl2lm 3.880E+00 m 5.190E+00
491230 1Inl23 6.170E+00 s 7.670E+00
491231 1Inl23m 4.780E+01 s 7.740E+00
491240 1Inl24 3.120E+00 s 1.470E+01
NUCLIDE HALF LIFE CURIE
491250 1Inl25 2.360E+00 s 8.710E+00
491251 1Inl25m 1.220E+01 s 6.830E+00

6/15/2020 - 5:25 PM 19 of 55



TEM-10200-1, Rev. 11
11/20/2019

ENGINEERING CALCULATIONS AND ANALYSIS

Evaluation of Microreactor Inhalation Dose Consequences

ECAR-5065, Rev. 0
Page 20 of 55

Radiological Safety Analysis Computer Program (RSAC 7.2.0)
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491260
491270
491271
491280
491290
491300
491301
491310
491320
491330
491340
360790
360810
360831
360850
360851
360870
360880
360890
360900
360910
360920
360930
360940
360950
360970
360980
571350
571370
571380
571400
571410
571420
571430
571440
571450
571460
571470
571480
571450
571510
571520
571530
571540
711710

6/15/2020 - 5:25 PM

Inl26 1.640E4+00 s 9.990E+00
Inl27 1.090E+00 s 4,.420E+01
Inl27m 3.670E+00 s 7.190E+00
Inl28 8.400E-01 s 1.670E+01
Inl29 6.100E-01 s 2.690E+01
Inl130 2.900E-01 s 8.970E+01
Inl30m 1.700E400 m 7.380E+00
Inl31 2.800E-01 s 1.230E+01
Inl32 2.070E=01 s 6.290E+00
Inl33 1.800E-01 s 2.290E-01
Inl34 1.380E-01 s 7.960E-03
Kr 79 3.504E+01 h 4.070E-10
Kr 81 2.290E+05 yr 2.180E-11
Kr 83m 1.830E+00 h 5.000E+02
Kr 85 1.076E+01 yr 3.210E+01
Kr 85m 4.480E+00 h 1.210E+03
Kr 87 7.630E4+01 m 2.370E+03
Kr 88 2.840E+00 h 3.290E+03
Kr 89 3.150E4+00 m 4,.180E+03
Kr 90 3.232E+01 s 4,330E+03
Kr 91 8.570E+00 s 3.100E+03
Kr 92 1.840E+00 s 1.560E+03
Kr 93 1.286E+00 s 4.610E+02
Kr 94 2.000E-01 s 8.690E+01
Kr 95 7.800E-01 s 8.040E+00
Kr 97 1.485E-01 s 6.990E-02
Kr 98 2.243E-01 s 1.520E+00
Lal35 1.950E+01 h 8.020E-09
Lal37 6.000E+04 yr 8.480E-10
Lal38 1.020E+11 yr 3.950E-13
Lal4o0 1.679E+00 d 6.020E+03
Lal4l 3.920E+00 h 5.500E+03
Lal4?2 9.110E4+01 m 5.480E+03
Lal43 1.420E401 m 5.560E+03
Lal44 4.080E+01 s 5.110E+03
Lal4s 2.480E+01 s 3.600E+03
Laldeé 6.270E+00 s 1.570E+03
Lald4? 4.060E+00 s 8.560E+02
Lald4s 1.260E+00 s 3.570E+02
Laldo 1.050E4+00 s 8.320E+01
Lal51 9.536E-01 s 1.410E+00
Lal52 3.094E-01 s 1.000E-01
Lal53 4,.370E-01 s 7.710E-03
Lal54 1.753E-01 s 2.930E-04
Lul71 8.240E+00 d 3.130E-16
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Radiological Safety Analysis Computer Program (RSAC 7.2.0)

Name: Windows User Company: Idaho National Laboratory Serial: 134684
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File: Marvel SNAPTRAN CW_2.rsac

711720 TLul72
711730 Tuli3
711740 Lul74

NUCLIDE

711741 Lul74m
711760 Lul76
711761 Lul76ém
TLLTT0 ‘TEl7?
711771 TLul77m
421010 MoloO1l
421020 MolO02
421030 Mol03
421040 Molo04
421050 Mol05
421060 Molo0é
421070 Mol07
421080 MolO08
421090 Mol09
421110 Molll
421120 Moll2
421130 Moll3
421140 Moll4

420930 Mo
420931 Mo
420990 Mo

411000 Nb100O
411001 NblOOm
411010 Nb101
411020 NblO2
411030 NblO3
411040 Nb104
411050 Nb105
411060 Nb106
411070 Nb107
411080 Nb1lO8
411090 Nb10OS
411110 Nblll

410931 Nb
410940 Nb
410941 Nb
410950 Nb
410951 NDb
410960 Nb
410970 Nb
410971 NDb

6/15/2020 - 5:25 PM

6.700E+00 d 4.760E-11
1.370E+00 yr 2.620E-07
3.310E+00 yr 1.080E-08
HALF LIFE CURIE
1.420E+02 d 1.420E-08
3.760E+10 yr 2.770E-15
3.635E+00 h 3.660E-04
6.647E+00 d 1.900E-05
1.604E+02 d 1.190E-08
1.461E+01 m 4.910E+03
1.130E+01 m 4.100E+03
6.750E+01 s 2.900E+03
6.000E+01 s 1.800E+03
3.560E+01 s 9.630E+02
8.400E+00 s 4.140E+02
3.500E+00 s 1.410E+02
1.090E+00 s 3.860E+01
5.300E-01 s 1.690E+01
3.000E-01 s 4.020E-01
6.890E-01 s 3.580E-02
1.970E-01 s 3.470E-03
3.215E-01 s 1.490E-04
93 4.000E+03 yr 6.510E-11
93m 6.850E+00 h 6.890E-09
99 6.594E+01 h 5.770E+03
1.500E+00 s 5.590E+03
2.990E+00 s 3.020E+02
7.100E+00 s 4.740E+03
4.300E+00 s 2.710E+03
1.500E+00 s 1.880E+03
4.800E+00 s 3.790E+02
2.950E+00 s 2.620E+02
1.020E+00 s 2.180E+01
3.300E-01 s 3.970E+00
1.930E-01 s 3.160E-01
1.900E-01 s 4.770E-01
1.562E-01 s 2.970E-03
93m 1.613E+01 yr 2.460E-04
954 2.030E+04 yr 3.840E-08
S4m 6.263E+00 m 3.870E-04
95 3.497E+01 d 6.410E+03
95m 8.660E+01 h 6.930E+01
96 2.335E+01 h 2.070E+00
97 7.210E4+01 m 6.160E+03
97m 5.270E+01 s 5.850E+03
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Evaluation of Microreactor Inhalation Dose Consequences

Radiological Safety Analysis Computer Program (RSAC 7.2.0)

Name: Windows User Company: Idaho National Laboratory Serial: 134684
Computer: INL611704 Run Date: 06/11/2020 Run Time: 15:49:00
File: Marvel SNAPTRAN CW_2.rsac

410980 Nb 98 5.150E4+01 m 5.430E+03
410981 Nb 98m 5.130E+01 m 3.550E+01
410990 Nb 99 1.500E+01 s 3.490E+03
410991 Nb 99m 2.600E+00 m 2.280E+03
601410 Nd1l41 2.490E+00 h 1.980E-06
601440 Ndl144 2.290E+15 yr 1.690E-12
601470 Nd147 1.098E+01 d 2.120E+03
601450 Nd149 1.728E+00 h 1.030E+03
601510 Nd151 1.244E+01 m 4.050E+02

NUCLIDE HALF LIFE CURIE

601520 Nd152 1.140E4+01 m 2.580E+02
601530 Nd153 3.160E+01 s 1.470E+02
601540 Nd154 2.590E+01 s 6.320E+01
601550 Nd155 8.900E+00 s 1.910E+01
601560 Nd156 5.470E+00 s 5.260E+00
601570 Nd157 4.150E+00 s 6.770E-01
601580 NAd158 7.890E+00 s 8.940E-02
601590 Nd159 1.410E+00 s 6.660E-03
280650 Ni 65 2.517E+00 h 4.880E-07
280660 Ni 66 5.460E+01 h 1.840E-04
280720 Ni 72 1.570E+00 s 8.670E-03
280730 Ni 73 8.000E-01 s 8.030E-03
280740 Ni 74 5.000E-01 s 4.860E-03
280750 Ni 75 6.000E-01 s 1.640E-03
280760 Ni 76 4.400E-01 s 5.430E-04
280770 Ni 77 1.030E-01 s 6.530E-05
280780 Ni 78 1.376E-01 s 6.750E-06
932340 Np234 4.400E+00 d 1.110E-14
932350 Np235 3.962E+02 d 4.950E-08
932370 Np237 2.144E+06 yr 6.460E-05
932380 Np238 2. 117E+00 d 1.920E+00
932390 Np239 2.356E+00 d 3.530E+04
932400 Np240 6.190E+01 m 5.740E-01
932401 Np240m 7.220E+00 m 9.760E-01
912300 Pa230 1.740E+01 d 8.590E-09
912310 Pa231 3.276E+04 yr 3.830E-07
912320 Paz32 1.310E+00 d 3.030E-04
912330 Pa233 2.697E+01 d 8.840E-05
912340 Pa234 6.700E+00 h 9.460E-06
912341 Pa234m 1.159E+00 m 5.890E-03
822090 PDb209 3.253E+00 h 6.430E-11
822100 Pb210 2.220E+01 yr 1.840E-11
822110 Pb211 3.610E+01 m 1.050E-08
822120 Pb212 1.064E+01 h 6.170E-07
822140 Pb214 2.680E+01 m 1.310E-13
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Radiological Safety Analysis Computer Program (RSAC 7.2.0)
Name: Windows User Company: Idaho National Laboratory Serial: 134684
Computer: INL611704 Run Date: 06/11/2020 Run Time: 15:49:09
File: Marvel SNAPTRAN CW_2.rsac
461010 Pdl01l 8.470E+00 h 9.150E-13
461030 Pd103 1.699E+01 d 5.540E-06
461070 Ppdl107 6.500E+06 yr 3.980E-05
461071 Pd107m 2.130E+01 s 1.680E-03
461090 Pd109 1.370E+01 h 6.300E+01
461091 Pd109m 4.690E+00 m 5.410E-03
461110 Pdl1l1l 2.340E4+01 m 2.390E+01
461111 Pdlllm 5.500E+00 h 6.870E-03
461120 Ppdl12 2.103E4+01 h 1.630E+01
461130 Pd1l13 9.300E+01 s 1.620E+01
461140 Ppdll4 2.420E+00 m 1.250E+01
461150 Pd1l15 5.000E+01 s 1.240E+01
461180 Pd1l18 1.900E+00 s 4.010E+00
4611950 Ppd1l19 9.200E-01 s 9.750E-01
461200 Pd120 5.000E-01 s 2.720E+00
NUCLIDE HALF LIFE CURIE
461210 Ppdl21 6.222E-01 s 1.430E-01
461230 Ppdl23 3.100E-01 s 6.760E-03
461240 Ppdl24 5.600E-01 s 1.300E-03
611430 Pml43 2.650E+02 d 7.130E-16
611440 Pml44 3.630E+02 d 1.170E-11
611450 Pml45 1.770E+01 yr 1.160E-07
611460 Pmlde 5.530E+00 yr 1.660E-04
611470 Pml47 2.623E+00 yr 8.430E+02
611480 Pml48 5.368E+00 d 3.020E+01
611481 Pml48m 4.129E+01 d 2.210E+01
6114950 Pml4S 5.308E+01 h 1.030E+03
611500 Pml50 2.680E+00 h 1.420E+00
611510 Pml51 2.840E+01 h 4.060E+02
611520 Pml52 4.120E4+00 m 2.590E+02
611521 Pml52m 7.520E+00 m 1.750E+00
611530 Pml53 5.250E+00 m 1.560E+02
611540 Pml54 1.730E+00 m 6.900E+01
611541 Pml54m 2.680E+00 m 5.900E+00
611550 Pml55 4.150E+01 s 3.270E+01
611560 Pml56 2.670E+01 s 1.330E+01
611570 Pml57 1.056E+01 s 4.200E+00
611580 Pml58 4.800E+00 s 1.000E+00
611590 Pml5S 4,.230E+00 s 1.800E-01
842100 Po210 1.384E+02 d 1.040E-11
842160 Po2l6 1.450E-01 s 6.170E-07
842180 Po218 3.980E+00 m 1.310E-13
591390 Pri139 4.410E+00 h 1.690E-07
591420 Prl42 1.912E+01 h 3.380E+00
591421 Prlé42m 1.460E+01 h 1.180E+00
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Evaluation of Microreactor Inhalation Dose Consequences

Radiological Safety Analysis Computer Program (RSAC 7.2.0)

Name: Windows User Company: Idaho National Laboratory Serial: 134684
Computer: INL611704 Run Date: 06/11/2020 Run Time: 15:49:09
File: Marvel SNAPTRAN CW_2.rsac

591430 Prl43 1.357E+01 d 5.390E+03
591440 Prl44 1.728E+01 m 4.290E+03
591441 Prldim 7.200E+00 m 4.150E+01
591450 Pri145 5.984E+00 h 3.690E+03
591460 Prlde 2.415E+01 m 2.820E+03
591470 Prl47 1.340E+01 m 2.120E+03
591480 Prl4s 2.290E+00 m 1.540E+03
591490 Pril49 2.260E+00 m 1.020E+03
591510 Pri51 1.890E+01 s 3.280E+02
591520 Prl52 3.630E+00 s 1.220E+02
591530 Pri153 4.300E+00 s 3.960E+01
591540 Pril54 2.300E+00 s 5.880E+00
291550 Prlbb5 1.890E+00 s 9.630E-01
591560 Prl5e 5.104E-01 s 9.470E-02
591570 Prl1S7 6.780E-01 s 8.960E-03
591580 Pril58 2.630E-01 s 5.220E-04
591590 Prl59 3.140E-01 s 2.370E-05
942360 Pu236 2.858E+00 yr 2.730E-06
942370 Pu237 4.520E+01 d 5.660E-06
942380 Pu238 8.770E+01 yr 1.220E-02
942390 Pu239 2.411E+04 yr 1.930E+00
NUCLIDE HALF LIFE CURIE
942400 Pu240 6.561E+03 yr 1.270E-01
942410 Pu24l 1.429E+01 yr 2.440E+00
942420 Pu242 3.735E+05 yr 4.830E-07
942430 Pu243 4.956E+00 h 2.190E-03
942450 Pu24s 1.050E+01 h 1.190E-12
882220 Ra222 3.617E+01 s 6.440E-10
882230 Ra223 1.143E+01 d 1.050E-08
882240 Ra224 3.660E+00 d 6.170E-07
882250 Ra225 1.490E+01 d 6.780E-11
882260 Ra226 1.600E+03 yr 1.340E-13
882270 Ra227 4.220E+01 m 9.380E-13
882280 Ra228 5.750E+00 yr 1.890E-13
371000 Rb10O 5.100E-02 s 3.750E+01
370810 Rb 81 4.572E+00 h 1.400E-10
370830 Rb 83 8.620E+01 d 1.070E-06
370840 Rb 84 3.282E+01 d 4.340E-05
370860 Rb 86 1.863E+01 d 1.540E-01
370870 Rb 87 4.810E+10 yr 6.900E-08
370880 Rb 88 1.777E4+01 m 3.310E+03
370890 Rb 89 1.515E+01 m 4.380E+03
370900 Rb 90 1.580E+02 s 4.480E+03
370901 Rb 90m 2.580E+02 s 8.250E+02
370910 Rb 91 5.840E+01 s 5.170E+03
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Evaluation of Microreactor Inhalation Dose Consequences
Radiological Safety Analysis Computer Program (RSAC 7.2.0)
Name: Windows User Company: Idaho National Laboratory Serial: 134684
Computer: INL611704 Run Date: 06/11/2020 Run Time: 15:49:09
File: Marvel SNAPTRAN CW _2.rsac
370920 Rb 92 4.492E+00 s 4.470E+03
370930 Rb 93 5.840E+00 s 3.310E+03
370940 Rb 94 2.702E+00 s 1.560E+03
370950 Rb 95 3.775E-01 s 7.330E+02
370970 Rb 97 1.699E-01 s 3.610E+01
370980 Rb 98 9.600E-02 s 4.480E+00
370990 Rb 99 5.030E-02 s 2.180E-01
751860 Rel86 3.718E+00 d 1.020E-12
451010 Rh101 3.300E+00 yr 4.070E-08
451011 Rh101lm 4.340E+00 d 9.040E-08
451020 RhlO02 2.073E+02 d 1.680E-04
451021 Rh102m 3.742E+00 yr 2.560E-05
451031 Rh103m 5.611E+01 m 2.940E+03
451050 Rh105 3.536E+01 h 1.040E+03
451051 Rh105m 4.000E+01 s 2.950E+02
451060 Rh106 3.007E+01 s 3.380E+02
451061 Rhl0ém 1.310E+02 m 1.250E-01
451070 Rh107 2.170E4+01 m 2.190E+02
451080 Rh108 1.680E+01 s 1.010E+02
451081 Rh108m 6.000E+00 m 4.090E-01
451090 Rh109 8.000E+01 s 6.280E+01
451110 Rh1l1l1 1.100E+01 s 2.390E+01
451120 Rh1l12 2.100E+00 s 1.620E+01
451130 Rh113 2.800E+00 s 1.510E+01
451140 Rh114 1.850E+00 s 8.290E+00
451180 Rh118 2.953E-01 s 1.820E-01
451190 Rh119 4.478E-01 s 4.050E-02
NUCLIDE HALF LIFE CURIE
451200 Rh120 1.624E-01 s 1.100E-02
451210 Rh121 2.210E-01 s 1.490E-03
862180 Rn218 3.500E-02 s 6.440E-10
862190 Rn219 3.960E+00 s 1.050E-08
862200 Rn220 5.560E+01 s 6.170E-07
862220 Rn222 3.823E+00 d 1.310E-13
441030 Rul03 3.925E+01 d 2.970E+03
441050 Rul05 4.440E+00 h 1.040E+03
441060 RulOe 3.718E+02 d 3.370E+02
441070 Rul07 3.750E+00 m 2.180E+02
441080 Rul08 4.550E+00 m 1.010E+02
441090 Rulo09 3.450E+01 s 6.130E+01
441110 Rulll 2.120E4+00 m 2.210E+01
441120 Rull2 1.750E+00 s 1.310E+01
441130 Rull3 8.000E-01 s 7.390E+00
441140 Rull4 5.300E-01 s 2.390E+00
441180 Rulls8 6.160E-01 s 2.840E-03
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Evaluation of Microreactor Inhalation Dose Consequences

Radiological Safety Analysis Computer Program (RSAC 7.2.0)
Name: Windows User Company: Idaho National Laboratory Serial: 134684
Computer: INL611704 Run Date: 06/11/2020 Run Time: 15:49:09

File: Marvel SNAPTRAN CW_2.rsac

441200 Rul20 2.932E-01 s 2.840E-05
440970 Ru 97 2.830E+00 d 6.200E-12
511181 Sbll8m 5.000E+00 h 6.350E-11
511190 Sbll9 3.819E+01 h 2.430E-08
511200 Sbl20 1.589E+01 m 2.820E-06
511220 Sbl22 2.724E+00 d 4.090E-02
511240 Sbl24 6.020E+01 d 4.090E-02
511241 Sbl24m 9.300E+01 s 6.240E-03
9511250 Sbl25 2.759E+00 yr 1.350E+01
511260 Sbl26 1.235E+01 d 8.490E-01
511261 Sbl26m 1.915E+01 m 1.600E+00
511270 Sbl27 3.850E+00 d 1.570E+02
511280 Sbl28 9.010E+00 h 2.290E+01
511281 Sbl28m 1.040E+01 m 3.290E+02
511290 Sbl29 4.400E+00 h 5.320E+02
511300 Sbl30 3.950E+01 m 6.960E+02
511301 Sbl30m 6.300E+00 m 9.710E+02
511310 Sbil3l 2.303E+01 m 2.420E+03
511320 Sbl32 2.790E4+00 m 1.690E+03
511321 Sbl32m 4.100E+00 m 9.720E+02
511330 Sbl133 2.500E+00 m 1.990E+03
511340 Sbl34 7.800E-01 s 3.500E+02
511341 Sbl34m 1.007E+01 s 3.600E+02
511350 Sbl35 1.710E+00 s 1.460E+02
511360 Sbl36 8.200E-01 s 1.290E+01
511370 Sbl37 2.837E-01 s 6.580E+01
511380 Sbl38 1.304E-01 s 7.870E-02
511390 Sbl39 1.720E-01 s 4.370E-03
340750 sSe 75 1.190E+02 d 1.820E-09
340790 Se 79 2.950E+05 yr 2.010E-04
340791 Se 79m 3.920E+00 m 4.170E+01
340810 Se 81 1.845E+01 m 1.910E+02
340811 Se 81m 5.728E+01 m 1.330E+01

NUCLIDE HALF LIFE CURIE

340830 sSe 83 2.230E+01 m 4.280E+02
340831 Se 83m 7.010E+01 s 3.930E+01
340840 sSe 84 3.260E+00 m 9.000E+02
340850 sSse 85 3.170E+01 s 9.890E+02
340860 sSe 86 1.530E+01 s 1.270E+03
340870 se 87 5.500E+00 s 7.250E+02
340880 sSe 88 1.530E+00 s .290E+02
340890 sSse 89 4.100E-01 s 4.880E+01
340900 se 90 5.545E-01 s 1.250E+01
340910 se 91 2.700E-01 s 7.980E-01
340920 Sse 92 2.478E-01 s 5.800E-02
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Radiological Safety Analysis Computer Program (RSAC 7.2.0)
Name: Windows User Company: Idaho National Laboratory Serial: 134684
Computer: INL611704 Run Date: 06/11/2020 Run Time: 15:49:09

File: Marvel SNAPTRAN CW _2.1sac

©21450 Sml45 3.400E+02 d 1.480E-07
621460 Smlde 1.030E+08 yr 2.700E-12
621470 Sml47 1.060E+11 yr 5.860E-09
621480 Sml4s 7.000E+15 yr 5.650E-15
621510 Sml51 9.000E+01 yr 5.410E+00
621530 Sml53 4.650E+01 h 1.710E+02
621550 Sml55 2.230E+01 m 3.440E+01
621560 Sml56 9.400E+00 h 1.700E+01
621570 Sml1l57 4.820E+02 s 7.530E+00
621580 Sml58 5.300E+00 m 3.870E+00
621590 Sml59 1.137E4+01 s 1.170E+00
501130 Snl113 1. 151E+02 d 2.170E-11
501171 Snll7m 1.360E+01 d 2.930E-02
501191 Snll9m 2.930E+02 d 3.840E-01
501210 Snl2l 2.703E+01 h 1.310E+01
501211 Snl21m 5.500E+01 yr 3.060E-02
501230 sSnl123 1.292E+02 d 1.170E+00
501231 Snl123m 4.006E+01 m 1.550E+01
501250 sSnl125 9.640E+00 d 1.380E+01
501251 Snl125m 9.520E+00 m 2.140E+01
501260 Snl26 2.300E+05 yr 3.380E-04
501270 sSnl27 2.100E+00 h 9.550E+01
501271 Snl27m 4.130E+00 m 5.500E+01
501280 Snl128 5.907E4+01 m 3.220E+02
501290 sSnl12S 2.230E+00 m 2.840E+02
501291 Snl29m 6.900E+00 m 1.880E+02
501300 Snl130 3.720E+00 m 5.840E+02
501310 Snl131 5.600E+01 s 4.480E+02
501320 Snl132 3.970E+01 s 5.660E+02
501330 Snl133 1.450E+00 s 1.030E+02
501340 Snl34 1.120E+00 s 1.790E+01
501350 Snl135 2.910E-01 s 7.710E-01
501360 Snl36 4.131E-01 s 2.830E-02
381000 sSrl100 2.020E-01 s 3.760E+01
381010 sSri1o01 1.180E-01 s 4.560E+00
381020 sSrio02 6.900E-02 s 2.200E-01
381030 Srlo03 1.386E-01 s 3.540E-03
381040 Srlo4 1.925E-01 s 3.240E-04
380830 Sr 83 3.241E+01 h 2.370E-11
NUCLIDE HALF LIFE CURIE
380850 Sr 85 6.484E+01 d 2.590E-07
380851 Sr 85m 6.763E+01 m 1+530E—~07
380871 Sr 87m 2.815E+00 h 8.580E-02
380890 Sr 89 5.053E+01 d 4.400E+03
380900 sSr 90 2.879E+01 yr 2.530E+02
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Radiological Safety Analysis Computer Program (RSAC 7.2.0)
Name: Windows User

Computer: INL611704

Company: Idaho National Laboratory
Run Date: 06/11/2020

File: Marvel SNAPTRAN CW_2.rsac

380910
380920
380930
380940
380950
380970
380980
380990
731780
731790
731800
731820
131821
731830
651550
651560
651561
651570
651580
651600
651610
431010
431020
431021
431030
431040
431050
431060
431070
431080
431090
431110
431120
431130
431140
430960
430970
430971
430980
4309590
430991
521210
521211
521231
5211251

6/15/2020 - 5:25 PM

Sr
SE
Sr
Sr
Sr
Sr
Sr
Sr

91
92
93
94
95
97
98
99

Tal78
Tal79
Tal80
Tal82
Tal82m
Tal83
Tb155
Tb156
Tbl56m
Tbl57
Tb158
Tb160
Tblel
Tc1lo1
Tclo2
Tcl02m
Te1a3
Tcl04
TC105
Tcl06
Tcl0T
Tcl08
Tcl09
Telll
Tcll2
Tclil3
Telld

Tc
Te
Te
Tc
e
Te

96
97
97m
98
99
99m

Tel2l

Tel2lm
Tel23m
Tel25m

EFFRFEFMIB OB RFRFRDMNDOOD WSIF O OOF AR NN RO WD OB D DD W

.630E+00
.710E+00
.423E+00
.530E+01
.390E+01
.260E-01
.530E-01
.690E-01
.310E+00
.820E+00
.154E+00
.150E+02
.640E-01
.100E+00
.320E+00
.350E+00
.440E+01
.100E+01
.800E+02
.230E+01
.910E+00
.420E+01
.280E+00
.350E+00
.420E+01
.830E+01
.600E+00
.560E+01
.120E+01
.170E+00
.700E-01
.900E-01
.800E-01
.300E-01
.734E-01
.280E+00
.600E+06
.010E+01
.200E+06
.111E+05
.020E+00
.916E+01
.540E+02
.192E+02
.740E+01

=

H

[

Q.QQ.Q.D‘ﬁ%Q-%Q.UJMUJU!U!U)U!U!BS07BU!BQQ-%%D‘QQ.QU‘QS'%BUJMMWMBD‘D‘

RN WIO W MNDEFWWMNNDEFEFOWSNSDeBEEFENDOBBKEFOFHFKEFEOODODDWOEREFON D WO JdKFE OO0 oW,

.410E+03
.530E+03
.820E+03
.650E+03
.930E+03
.650E+03
.750E+02
.390E+02
.700E-14
.620E-10
.820E-07
.130E-03
.500E-07
.300E-03
.630E-11
.990E-09
.060E-10
.720E-09
.230E-08
.130E-03
.990E-01
.910E+03
.110E+03
.310E+00
.980E+03
.900E+03
.040E+03
. 770E+02
.000E+02
.440E+01
.910E+01
.470E+00
.090E+00
.630E-01
.700E-02
.650E-13
.530E-13
.840E-07
.720E-10
.760E-02
.070E+03
.990E-09
.510E-09
.350E-05
.830E+00

Serial: 134684
Run Time: 15:49:09
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Radiological Safety Analysis Computer Program (RSAC 7.2.0)

Name: Windows User

Computer: INL611704

NUCLIDE
521270 Tel2?
521271 Tel2im
521290 Tel29
521291 Tel2Sm
521310 Tel3l
521311 Tel3lm
521320 Tel32
521330 Tel33
521331 Tel33m
521340 Tel34
521350 ‘Tel35
521360 Tel36
521370 Tel3?
521380 Tel38
521390 Tel39
521400 Tel40
521410 Teldl
521420 Teld2
902260 Th226
902270 Th227
902280 Th228
902290 Th229
902300 Th230
902310 Th231
902320 Th232
902340 Th234
812070 T1207
812080 T1208
812090 T1209
691670 Tmleé7
691700 Tml70
691710 Tml71
691720 Tml72
©91730 Tml73
922300 U230
922310 U231
922320 U232
922330 U233
922340 U234
922350 U235

22360 U236
922370 U237
922380 U238
922390 U239

6/15/2020 - 5:25 PM

NN IO FEF BN OAARFRRFE ONDWBMNEF NSNS RF WBRDIBRFNDEREREBORFEWWNWOORFW

Company: Idaho National Laboratory

Run Date: 06/11/2020
File: Marvel SNAPTRAN CW _2.rsac

HALF LIFE

.350E+00
.090E+02
.960E+01
.360E+01
.500E+01
.325E+01
.204E+00
.250E+01
.540E+01
.180E+01
.900E+01
.750E+01
.490E+00
.400E+00
.237E-01
.520E-01
.358E-01
.912E-01
.057E+01
.868E+01
.912E+00
.340E+03
.538E+04
.552E+01
.405E+10
.410E+01
.770E+00
.053E+00
.200E+00
.250E+00
.286E+02
.920E+00
.360E+01
.240E+00
.080E+01
.200E+00
.890E+01
.592E+05
.455E+05
.038E+08
.342E+07
.750E+00
.468E+09
.345E+01

Ak IPRKK OBV EEBEADEABEar
H HBH

QQD‘D‘ﬁQ-QSBS

WOk FOVUUOATWDOAANDE_ROAKFEEEFNEFOF OB OANOKEFE JdOOWE WO WWB B®MNOWOLIMN K

CURIE

.560E+02
.490E+01
.080E+02
.940E+01

450E+03

.020E+02
.080E+03
.180E+03

530E+03

.540E+03
.150E+03
.290E+03
.920E+02
. 730E+01
.320E+00
.550E+01

250E-02

.800E-03
.440E-10
.090E-08
.300E-07
.260E-12
.610E-10
.120E-03
.710E-12
.890E-03

050E-08
220E-07

.410E-12
.520E-12
.430E-06
.540E-05
.240E-04
.290E-13
.430E-10
.110E-10
.070E-06
.780E-08
.010E-05
.120E-03
.300E-03
.580E+02
.890E-03
.530E+04

Serial: 134684
Run Time: 15:49:09
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Radiological Safety Analysis Computer Program (RSAC 7.2.0)

Name: Windows User Company: Idaho National Laboratory Serial: 134684
Computer: INL611704 Run Date: 06/11/2020 Run Time: 15:49:09
File: Marvel SNAPTRAN CW_2.rsac

741810 wW1lgl
741850 W185
741870 w187
541250 Xel25
541270 Xel27
541291 Xel29m

NUCLIDE

541311 Xel3lm
541330 Xel33
541331 Xel33m
541341 Xel34m
541350 Xel35
541351 Xel35m
541370 Xel37
541380 Xel38
541390 Xel39
541400 Xeld0
541410 Xeldl
541420 Xeld42
541430 Xeld3
541440 Xeld4
541450 Xeld45
541460 Xelde
541470 Xeld7
391000 Y100
391010 Y101
391020 Y102
391030 ¥103
351040 Y104
391050 Y105
391070 Y107

350880
350900
350901
350910
390911
390920
390930
390940
390950
390970
350980
350990

KKKHKKKKKKKKK

701690 YbleS
701750 Yb175

6/15/2020 - 5:25 PM

1.212E+02 d 1.000E-09
7.510E+01 d 2.020E-10
2.400E+01 h 2.270E-16
1.690E+01 h 1.510E-12
3.640E+01 d 5.120E-08
8.880E+00 d 8.200E-06
HALF LIFE CURIE
1.184E+01 d 2.980E+01
5.243E+00 d 6.070E+03
2.190E+00 d 1.830E+02
2.900E-01 s 3.360E+01
9.140E+00 h 5.840E+03
1.529E4+01 m 1.130E+03
3.818E+00 m 5.780E+03
1.408E+01 m 5.910E+03
3.968E+01 s 4.710E+03
1.360E+01 s 3.410E+03
1.730E+00 s 1.180E+03
1.220E400 s 4.200E+02
3.000E-01 s 4.060E+01
1.150E+00 s 6.690E+00
9.000E-01 s 2.030E-01
9.3712K-01 s 1.920E-02
2.638E-01 s 1.820E-03
9.400E-01 s 6.430E+02
4.480E-01 s 2.750E+02
3.600E-01 s 2.640E+02
2.300E-01 s 3.740E+00
1.442E-01 s ©6.790E-01
1:736E-01 5 3.490E-02
1.046E-01 s 1.580E-05
88 1.066E+02 d 3.340E-04
90 6.400E+01 h 2.610E+02
90m 3.190E+00 h 6.740E-01
91 5.851E+01 d 5.400E+03
91m 4,.971E+01 m 3.180E+03
92 3.540E+00 h 5.590E+03
93 1.018E+01 h 5.920E+03
94 1.870E+01 m 6.030E+03
95 1.030E+01 m 5.970E+03
97 3.750E+00 s 2.880E+03
98 2.000E+00 s 1.870E+03
99 1.470E+00 s 1.990E+03
3.202E+01 d 1.210E-12
4,185E+00 d 2.210E-07
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Radiological Safety Analysis Computer Program (RSAC 7.2.0)

Name: Windows User Company: Idaho National Laboratory Serial: 134684
Computer: INL611704 Run Date: 06/11/2020 Run Time: 15:49:09
File: Marvel SNAPTRAN CW_2.rsac

701770 Ybl77 1.911E+00 h 2.770E-07
300690 Zn 69 5.640E+01 m 2.440E-03
300691 Zn 69m 1.376E+01 h 3.460E-06
300711 Zn 71lm 3.960E+00 h 5.150E-04
300720 Zn 72 4.650E+01 h 3.130E=02
300730 Zn 73 2.350E+01 s 1.090E-01
300740 Zn 74 9.540E+01 s 3.200E-01
300750 2Zn 75 1.020E+01 s 8.480E-01
300760 2Zn 76 5.700E+00 s 1.910E+00
300770 Zn 77 2.080E+00 s 3.050E+00
300780 Zn 78 1.470E+00 s 3.370E+00
300790 2Zn 79 9.950E-01 s 1.550E+00
NUCLIDE HALF LIFE CURIE
300800 Zn 80 5.400E-01 s 2.390E-01
300810 Zn 81 2.900E-01 s 4.650E-03
300830 Zn 83 8.386E-02 s 1.560E-04
401000 2Zrl1o00 7.100E+00 s 5.310E+03
401010 Zrlo01l 2.300E+00 s 2.920E+03
401020 Zrlo02 2.900E+00 s 1.950E+03
401030 Zrilo03 1.300E+00 s 5.160E+02
401040 Zrlo4 1.200E+00 s 8.810E+01
401050 Zrlo05 ©6.000E-01 s 1.060E+02
401060 Zrlo0e 9.800E-01 s 3.820E-02
401070 Zrlo07 2.485E-01 s 6.410E-03
401080 Zrlo08 4.075E-01 s 3.310E-04
401090 Zrlo09 1.387E-01 s 3.890E-04
400880 Zr 88 8.340E+01 d 6.100E-10
400890 Zr 89 7.841E+01 h 1.730E+00
400930 Zr 93 1.530E+06 yr 6.040E-03
400950 2Zr 95 6.402E+01 d 6.410E+03
400970 Zr 97 1.691E+01 h 6.150E+03
400980 Zr 98 3.070E+01 s 5.330E+03
4009590 Zr 99 2.100E+00 s 5.340E+03

Fission Product Calculation

FRACTIONATION (ELEMENT, VALUE)

Ar 7.500E-01 At 7.000E-01 Br 7.000E-01 Cl 7.000E-01
Cs 7.000E-01 F 7.000E-01 Fr 7.000E-01 H 7.500E-01

I 7.000E-01 K 7.000E-01 Kr 7.500E-01 Na 7.000E-01
Po 4.500E-01 Rb 7.000E-01 Rn 7.500E-01 S 4.500E-01
Sb 4.000E-02 Se 4.500E-01 Te 4.500E-01 Xe 7.500E-01
FRACTIONATION FOR THE REST OF THE RADIONUCLIDE INVENTORY = 4.000E-02
TOTAL RADIONUCLIDE REMAINING = 5.293E+15 D/S OR 1.430E+05 CI

6/15/2020 - 5:25 PM
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Radiological Safety Analysis Computer Program (RSAC 7.2.0)

Name: Windows User
Computer: INL611704 Run Date: 06/11/2020
File: Marvel SNAPTRAN CW _2.rsac

Company: Idaho National Laboratory

Serial: 134684
Run Time: 15:49:09

Meteorological Data

MEAN WIND SPEED
MIXING LAYER HEIGHT

4.000E+02 (m)

1.040E+00 (m/s)

STACK HEIGHT =
AIR DENSITY

0.
£ [

000E+00 (m)
099E+03 (g/cu

m)
WET DEPOSITION SCAVENGING COEFFICIENT = 0.000E+00 (1/s)
DRY DEPOSITION VELOCITIES (m/s)
SOLIDS = 1.000E-03 HALOGENS = 1.000E-02 NOBLE GASES =
0.000E+00
CESIUM = 1.000E-03 RUTHENIUM = 1.000E-03
THERE IS 1 SET OF LEAKAGE CONSTANTS (K1,K2)
1.000E+00 0.000E+00
PLUME MEANDER FACTOR = 1.00E+00
PASQUILL CLASS F METEOROLOGY, MARKEE SIGMA VALUES
NO BUILDING WAKE CORRECTION MADE
DOWNWIND DISTANCE STACK SIGY SIGZ CHI/Q
HEIGHT (m) (m) (m) (s/m”3)
1.000E+02 0.000E+00 2.069E+01 3.625E+00 4.081E-03
3.000E+02 0.000E+00 5.364E+01 4.728E+00 1.2075-03
7.700E+02 0.000E+00 1.279E+02 6.190E+00 3.866E-04
1.000E+03 0.000E+00 1.629E+02 6.695E+00 2.807E-04
PLUME DEPLETION BY FALLOUT IS INCLUDED
FRACTION OF PLUME REMAINING AIRBORNE FOLLOWING DEPLETION BY
DEPOSITION
DOWNWIND DISTANCE SOLIDS HALOGENS CESIUM RUTHENIUM
1.000E+02 9.780E-01 8.008E-01 9.780E-01 9.780E-01
3.000E+02 9.713E-01 7.476E-01 9.713E-01 9.713E-01
7.700E+02 9.594E-01 6.606E-01 9.594E-01 9.594E-01
1.000E+03 9.548E-01 6.294E-01 9.548E-01 9.548E-01

Inhalation Dose Calculation

USING DOSE CONVERSION FACTORS FROM ICRP-68

RESPIRABLE FRACTION = 1.000E+00
BREATHING RATE = 3.330E-04 (m~3/s)

RELEASE TIME FOR EXPONENTIAL DECAY FUNCTION
INTERNAL EXPOSURE TIME PERIOD = 5.000E+01
LUNG ABSORPTION TYPES SELECTED TO GIVE MAXIMUM DOSE
ICRP-68 INHALATION DOSE FOR ADULT WORKER

ICRP-68 INHALATION DOSE (rem)
DOWNWIND DISTANCE = 1.00E+02 (m)

6/15/2020 - 5:25 PM

CHI/Q =

FOR ADULT WORKER

1.000E+00

(yr)

4.081E-03

PLUME TRAVEL TIME

COMMITTED

(s)

(s/m”3)
9.62E+01 (s)

EQUIVALENT

32 of 55



TEM-10200-1, Rev. 11

ECAR-5065, Rev. 0
11/20/2019 ENGINEERING CALCULATIONS AND ANALYSIS

Page 33 of 55

Evaluation of Microreactor Inhalation Dose Consequences

Radiological Safety Analysis Computer Program (RSAC 7.2.0)

Name: Windows User Company: Idaho National Laboratory Serial: 134684
Computer: INL611704 Run Date: 06/11/2020 Run Time: 15:49:09
File: Marvel SNAPTRAN CW_2.rsac

TOTAL E_50 DOSE = 2.93E+02
ICRP-68 INHALATION DOSE (rem) CHI/Q = 1.207E-03 (5/m*3)
DOWNWIND DISTANCE = 3.00E+02 (m) PLUME TRAVEL TIME = 2.88E+02 (s)
COMMITTED  EQUIVALENT
TOTAL E_50 DOSE = 8.60E+01
ICRP-68 INHALATION DOSE (rem) CHI/Q = 3.866E-04 (5/m*3)
DOWNWIND DISTANCE = 7.70E+02 (m) PLUME TRAVEL TIME = 7.40E+02 (s)
COMMITTED  EQUIVALENT
TOTAL E_50 DOSE = 2.71E+01
ICRP-68 INHALATION DOSE (rem) CHI/Q = 2.807E-04 (5/m*3)
DOWNWIND DISTANCE = 1.00E+03 (m) PLUME TRAVEL TIME = 9.62E+02 (s)
COMMITTED  EQUIVALENT
TOTAL E_50 DOSE = 1.95E+01

Gamma Dose Calculation

EXPOSURE TIME = 1.0000E+00 (S)
CALCULATIONS MADE USING THE FINITE MODEL
EXTERNAL EDE
DOWNWIND DISTANCE = 1.000E+02 (M) DOSE = 2.90E+00 (REM)
DOWNWIND DISTANCE = 3.000E+02 (M) DOSE = 9.77E-01 (REM)
DOWNWIND DISTANCE = 7.700E+02 (M) DOSE = 3.78E-01 (REM)
DOWNWIND DISTANCE = 1.000E+03 (M) DOSE = 2.81E-01 (REM)

Execution Time

1.70E-01 SECONDS
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Figure A-2. MARVEL public RSAC output files.

Radiological Safety Analysis Computer Program (RSAC 7.2.0)

Name: Windows User Company: Idaho National Laboratory Serial: 134684
Computer: INL611704 Run Date: 06/11/2020 Run Time: 15:48:09

File: Marvel SNAPTRAN 2.rsac

Input

* MARVEL
# Assume 100% release of fuel and fission poducts using MARVEL source term.
#

#

# MARVEL Fuel Inventory

2000,-1,0

# Original file copied to temporary external file

2002, TempSrcl. txt
# 2002,C:\Users\R
Laboratory\Micror
2999

# ARF

1000

1001,1,0.,0.
1004,1,0.04
1101,18,0.75,85,0.7
1102,35,0.7,17,0.7
1103,55,0.7,9,0.7
1104,87,0.7,1,0.75
1105,53,0.7,19,0.7
1106,36,0.75,11,0.7
1107,84,0.45,37,0.7
1108,86,0.75,16,0.45
1109,51,0.04,34,0.45
1110,52,0.45,54,0.75

1999

# Conservative Dispersion
5000,0
5001,1.04,0.,400.,1.099E3,0.,1
5002,0.001,0.01,0.,0.001,0.001
5101,6000.,32000.,48000.
5201,1.,0.
5400,2,0.,0.
5410,2,6,0,0.
5999

# Dose Conseque
7000,1,-1,1,0,

0,2,6
7001,3.33E-04,0.,0,0,1.
7002,26

7999

# Cloud Gamma
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Radiological Safety Analysis Computer Program (RSAC 7.2.0)

Name: Windows User Company: Idaho National Laboratory Serial: 134684
Computer: INL611704 Run Date: 06/11/2020 Run Time: 15:48:09
File: Marvel SNAPTRAN 2.rsac

9000,0,0.
10000

Direct Radionuclide Input

PREVIOUS INVENTORY INCREASED BY THE FOLLOWING VALUES
RADIONUCLIDE INPUT READ FROM EXTERNAL FILE USER FILE TempSrcl.txt
NUCLIDE HALF LIFE CURIE

892250 Rec225 1.000E+01 d 6.430E-11
892260 Ac226 2.937E+01 h 1.060E-12
892270 Ac227 2.177E+01 yr 1.190E-08
892280 Ac228 6.150E+00 h 8.550E-09
471050 Agl05 4.129E+01 d 7.470E-16
471060 AgloOe 2.396E+01 m 7.320E-11
471061 AglOém 8.280E+00 d 1.650E-10
471080 Aglos 2.382E+00 m 7.190E-06
471081 Agl08m 4.380E+02 vyr 6.840E-09
471091 AglOSm 3.960E+01 s 6.300E+01
471100 Agllo 2.460E+01 s 1.090E+00
471101 AgllOm 2.498E+02 d 2.760E-02
471110 Aglll 7.450E+00 d 2.360E+01
471111 Aglllm 6.480E+01 s 2.370E+01
471120 Agll2 3.130E+00 h 1.630E+01
471130 Agll3 5.370E+00 h 1.060E+01
471131 Agll3m 6.870E+01 s 1.550E+01
471140 Agll4 4.600E+00 s 1.330E+01
471150 Agll5s 2.000E+01 m 1.290E+01
471180 Aglls 3.760E+00 s 8.480E+00
471181 Agll8m 2.000E+00 s 3.890E+00
471190 Aglls 2.100E+00 s 8.470E+00
471200 Agl20 3.200E-01 s 3.850E+00
471210 Agl2l 7.800E-01 s 3.200E+00
471230 Agl23 3.000E-01 s 4.710E-01
471240 Agl24 1.720E-01 s 5.820E-01
471250 Agl25 1.660E-01 s 2.410E-02
471260 Agl26 1.070E-01 s 4.790E-03
471280 Agl2s 5.800E-02 s 1.000E-04
952390 BAm239 1.190E+01 h 3.360E-11
952400 Am240 5.080E+01 h 1.880E-07
952410 Am241 4.326E+02 vyr 1.960E-03
952420 Am242 1.602E+01 h 3.690E-02

6/15/2020 - 5:25 PM
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Radiological Safety Analysis Computer Program (RSAC 7.2.0)

Name: Windows User
Computer: INL611704

Company: Idaho National Laboratory
Run Date: 06/11/2020

File: Marvel SNAPTRAN 2.rsac

952421 Am242m 1.410E+02 yr
952430 Am243 7.370E+03 yr
552440 Am244 1.010E+01 h
552441 Am244m 2.600E+01 m
952450 Am245 2.050E+00 h
330720 As 72 2.600E+01 h
330730 As 73 8.030E+01 d
330740 As 74 1.777E+01 d
330760 As 76 1.093E+00 d
330770 As 717 3.883E+01 h
330780 As 78 9.070E+01 m
330790 As 79 9.010E+00 m
NUCLIDE HALF LIFE
330800 As 80 1.520E+01 s
330810 As 81 3.330E+01 s
330830 As 83 1.340E+01 s
330840 As 84 4.200E+00 s
330850 As 85 2.021E+00 s
330860 As 86 9.450E-01 s
330870 As 87 5.600E-01 s
330880 As 88 1.300E-01 s
330890 As 89 1.294E-01 s
561310 Bal3l 1.150E+01 d
561330 Bal33 1.052E+01 vyr
561351 Bal35m 2.870E+01 h
561371 Bal37m 2.552E+00 m
561390 Bal39 8.306E+01 m
561400 Bal4o0 1.275E+01 d
561410 Bal4l 1.827E+01 m
561420 Bal42 1.060E+01 m
561430 Bal43 1.450E+01 s
561440 Bald4 1.150E+01 s
561450 Bal45s 4.310E+00 s
561460 Balde 2.220E+00 s
561470 Bal47 8.940E-01 s
561480 Bal4s 6.070E-01 s
5614950 Bal49 3.440E-01 s
561520 Bal52 7.548E-01 s
832100 Bi210 5.012E+00 d
832110 Bi2l1 2.140E+00 m
832120 Bi212 6.055E+01 m
832130 Bi213 4.559E+01 m
832140 Bi214 1.990E+01 m
350770 Br 717 5.704E+01 h
350800 Br 80 1.768E+01 m

6/15/2020 - 5:25 PM

B =D W

NokFOAOAREEFEFEFREFNNOKERBUVOUUAN WHEEFERFE K BOFENDN K=

.900E-06
.450E-08
.130E-07
.220E-05
.190E-12
.620E-11
.670E-09
.280E-07
.640E-03
.750E+00
.010E+01
.270E+01

CURIE

.200E+02
.840E+02
.990E+02
.010E+02
.910E+02
.370E+02
.140E+01
.180E+02
.760E-01
.090E-12
.780E-08
.050E-04
.500E+02

030E+03

.840E+03
.480E+03
.390E+03
.190E+03
.100E+03
.820E+03
.690E+02
.340E+02
.300E+01
.430E+00
.610E-04
.800E-11
.050E-08
.170E-07
.430E-11
.310E-13
.810E-10
.440E-04

Serial: 134684
Run Time: 15:48:09
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Radiological Safety Analysis Computer Program (RSAC 7.2.0)
Name: Windows User Company: Idaho National Laboratory Serial: 134684
Computer: INL611704 Run Date: 06/11/2020 Run Time: 15:48:09
File: Marvel SNAPTRAN 2.rsac
350801 Br 80m 4.420E+00 h 1.510E-04
350820 Br 82 3.528E+01 h 2.820E-01
350821 Br 82m 6.130E+00 m 2.140E-01
350830 Br 83 2.400E+00 h 5.000E+02
350840 Br 84 3.176E+01 m 9.170E+02
350841 Br 84m 6.000E+00 m 1.630E+01
350850 Br 85 2.900E+00 m 1.210E+03
350860 Br 86 5.510E+01 s 1.690E+03
350870 Br 87 5.565E+01 s 1.890E+03
350880 Br 88 1.629E+01 s 1.630E+03
350890 Br 89 4.348E+00 s 1.020E+03
350900 Br 90 1.910E+00 s 5.260E+02
350910 Br 91 5.410E-01 s 2.120E+02
350920 Br 92 3.430E-01 s 2.680E+01
350930 Br 93 1.020E-01 s 4.150E+00
350940 Br 94 7.000E-02 s 2.850E-01
350950 Br 95 1.166E-01 s 3.670E-03
481070 cd1io7 6.500E+00 h 2.900E-13
NUCLIDE HALF LIFE CURIE
481090 cd109 4.614E+02 d 2.680E-08
481111 Cdlllm 4.854E+01 m 3.920E-06
481130 Cdi113 7.700E+15 yr 1.250E-15
481131 Cdl1l3m 1.410E+01 yr 7.930E-03
481150 Cd115 5.346E+01 h 1.300E+01
481151 Cdl15m 4.456E+01 d 7.450E-01
481170 cCd117 2.490E+00 h 1.100E+01
481171 Cdl1l7m 3.360E+00 h 2.760E+00
481180 cCdl1s 5.030E+01 m 1.240E+01
481190 cd1l19 2.690E+00 m 8.470E+00
481200 cCd120 5.080E+01 s 1.280E+01
481210 cdi21 1.350E+01 s 7.160E+00
481230 cdi23 2.100E+00 s 1.060E+01
481240 cdl24 1.250E+00 s 1.230E+01
481250 cCd125 6.500E-01 s 5.110E+00
481260 cCdl26 5.060E-01 s 7.490E+00
481270 cd127 3.700E-01 s 7.340E+00
481280 cCdl128 3.400E-01 s 3.230E+00
481290 cdl129 2.700E-01 s 1.210E-02
481300 Cd130 2.000E-01 s 7.880E+01
481310 cCd131 1.193E~01 S 1.450E+01
481320 cdl132 1.448E-01 s 1.780E-03
581370 Cel37 9.000E+00 h 1.830E-09
581390 Cel39 1.376E+02 d 1.150E-03
581410 Cel4l 3.251E+01 d 5.490E+03
581430 Cel43 3.304E+01 h 5.590E+03
6/15/2020 - 5:25 PM 37 of 55
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Name: Windows User
Computer: INL611704

Company: Idaho National Laboratory
Run Date: 06/11/2020

File: Marvel SNAPTRAN 2.rsac

581440 Celd4 2.849E+02 d
581450 Celd45s 3.010E+00 m
581460 Celdé6 1.352E+01 m
581470 Celd? 5.640E+01 s
581480 Celds 5.600E+01 s
581490 Cel49 5.300E+00 s
581510 Cel51 1.020E+00 s
581520 (Celb2 1.400E+00 s
581530 Cel53 1.725E+00 s
581540 Cel54 3.590E-01 s
581550 Cel55 7.125E-01 s
581560 Cel56 1.162E+00 s
581570 Cel57 3.618E-01 s
962400 Cm240 2.700E+01 d
962410 Cm241 3.280E+01 d
962420 Cm242 1.629E+02 d
962430 Cm243 2.910E+01 yr
962440 Cm244 1.811E+01 yr
962450 Cm245 8.500E+03 yr
962460 Cm246 4.760E+03 yr
270720 Co 72 9.000E-02 s
270730 Co 73 1.155E-01 s
270740 Co 74 1.075E—-01 s
270750 Co 75 8.016E-02 s
NUCLIDE HALF LIFE
551310 'Csl131 9.689E+00 d
551320 (C€s5132 6.479E+00 d
551340 Cs134 2.065E+00 yr
551341 Csl134m 2.912E+00 h
551350 Csl135 2.300E+06 yr
551351 €©5135m 5.300E401 m
551360 Csl136 1.316E+01 d
551370 Cs137 3.008E+01 yr
551380 Cs138 3.341E+01 m
551381 Cs138m 2.910E4+00 m
551390 Cs139 9.270E+00 m
551400 Cs140 6.370E+01 s
551410 Csl41 2.484E+01 s
551420 Csl142 1.680E+00 s
551430 Cs143 1.780E+00 s
551440 Csl44 1.010E+00 s
551450 Csl145 5.940E-01 s
551460 Csl4e6 3.210E-01 s
551470 «Cs147 2.250E-01 s
551480 Cs148 1.580E-01 s

6/15/2020 - 5:25 PM

.290E+03
.690E+03
.820E+03
.790E+03
.500E+03
.410E+02
.940E+01
.120E+01
.160E+00
.660E-01
.080E-02
.990E-04
.260E-05
.560E-12
.840E-10
.230E-02
.060E-08
.650E-07
.320E-13
.930E-16
.010E-04
.940E-05
.730E-06
.820E-07
CURIE
.440E-06
.660E-03
.210E+01
.180E+00
.510E-03
.540E-01
.300E+01
.630E+02
310E+03
.150E+02
.960E+03
.370E+03
.930E+03
.550E+03
.370E+03
.090E+02
610E+01
.300E+00
2.200E+00
3.640E-02

N OWE OUOUE OKFOWMNOEEFEFNDNDOSNDERFEND WD

DWW I D WO NN W W ==

Serial: 134684
Run Time: 15:48:09
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Radiological Safety Analysis Computer Program (RSAC 7.2.0)
Name: Windows User Company: Idaho National Laboratory Serial: 134684
Computer: INL611704 Run Date: 06/11/2020 Run Time: 15:48:09

File: Marvel SNAPTRAN 2.rsac

290660 Cu 66 5.120E4+00 m 1.840E-04
290670 Cu 67 6.183E+01 h 6.930E-04
290720 cCu 72 6.630E+00 s 2.390E-02
290730 Cu 73 3.900E+00 s 5.900E-02
290740 Cu 74 1.630E+00 s 7.480E-02
290750 Cu 75 1.224E+00 s 1.020E-01
290760 cCu 76 6.410E-01 s 8.400E-02
290770 cCu 77 4.690E-01 s 4.460E-02
290780 cCu 78 3.420E-01 s 1.120E-02
290790 Cu 79 1.880E-01 s 4.020E-04
290800 cCu 80 9.110E-02 s 8.540E-05
661570 Dyl57 8.140E+00 h 1.240E-15
661590 Dyl59 1.444E+02 d 4.170E-09
661650 Dylé65 2.334E+00 h 6.060E-03
661660 Dylé6 8.160E+01 h 2.880E-03
681650 Erle5 1.036E+01 h 1.850E-09
681690 Erle9 9.390E+00 d 3.350E-04
681710 Erl7l 7.516E+00 h 9.040E-05
681720 Erl72 4.930E+01 h 1.230E-04
631490 Eulds 9.310E+01 d 2.130E-09
631520 Euls52 1.354E+01 yr 1.800E-02
631521 Eul52m 9.312E+00 h 2.860E-01
631540 Eul54 8.601E+00 vyr 3.340E-01
631550 Eul55 4.753E+00 yr 6.950E+00
631560 Eul56 1.519E+01 d 2.650E+01
631570 Eul57 1.518E+01 h 7.690E+00
631580 Eul58 4.590E+01 m 4,.100E+00
631590 Euls59 1.810E+01 m 1.460E+00
872210 Fr221 4.900E4+00 m 6.430E-11
872230 Fr223 2.180E+01 m 1.640E-10

NUCLIDE HALF LIFE CURIE

310670 Ga 67 3.262E+00 d 7.940E-15
310680 Ga 68 6.771E+01 m 2.270E-10
310700 Ga 70 2.114E4+01 m 1.100E-06
310720 Ga 72 1.410E+01 h 3.140E-02
310730 Ga 73 4.860E+00 h 1.100E-01
310740 Ga 74 8.120E+00 m 3.340E-01
310750 Ga 75 1.260E+02 s 1.040E+00
310760 Ga 76 3.260E+01 s 2.950E+00
310770 Ga 77 1.320E+01 s 7.030E+00
310780 Ga 78 5.090E+00 s 1.320E+01
310790 Ga 79 2.847E+00 s 1.770E+01
310800 Ga 80 1.676E+00 s 1.130E+01
310810 Ga 81 1.217E+00 s 7.720E+00
310830 Ga 83 3.100E-01 s 2.200E-01
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Radiological Safety Analysis Computer Program (RSAC 7.2.0)

Name: Windows User
Computer: INL611704

File: Marvel SNAPTRAN 2.rsac

310840 Ga 84 8.500E-02 s
641510 Gd151 1.240E+02 d
641520 Gd152 1.080E+14 yr
641530 Gd153 2.410E+02 d
641590 Gd159 1.848E+01 h
320690 Ge 69 3.905E+01 h
320710 Ge 71 1.143E+01 d
320750 Ge 75 8.278E+01 m
320751 Ge 75m 4.770E+01 s
320770 Ge 77 1.130E+01 h
320771 Ge 77m 5.290E+01 s
320780 Ge 78 8.800E+01 m
320790 Ge 79 1.898E+01 s
320800 Ge 80 2.950E+01 s
320810 Ge 81 7.600E+00 s
320830 Ge 83 1.850E+00 s
320840 Ge 84 9.470E-01 s
320850 Ge 85 5.350E-01 s
320860 Ge 86 2.590E-01 s
320870 Ge 87 b Z2b5E—-01: 5
320880 Ge 88 1.427E-01 s
10030 H 3 1.232E+01 yr
121720 HEL{Z 1.870E+00 vyr
121730 HEVTS 2.360E+01 h
7217150° HEL175 7.000E+01 d
721771 HEf177m 5.140E+01 m
721781 Hf178m 3.100E+01 yr
721791 Hf179m 2.505E+01 d
721801 Hf180m 5.500E+00 h
721810 Hf181 4.239E+01 d
721820 Hf182 9.000E+06 yr
671610 Holel 2.480E+00 h
671620 Hole2 1.500E+01 m
671621 Holé2m 6.700E+01 m
©71640 Hole4 2.900E+01 m
671641 Holé4m 3.750E+01 m
NUCLIDE HALF LIFE
671660 Ho1l66 2.682E+01 h
671661 Holeém 1.200E+03 yr
671670 Hole7 3.100E+00 h
531230 T123 1.322E+01 h
531240 I124 4.176E+00 d
531250 I125 5.940E+01 d
531260 I126 1.293E+01 d
531280 I128 2.499E+01 m

6/15/2020 - 5:25 PM
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Company: Idaho National Laboratory
Run Date: 06/11/2020

.030E+01
.570E-08
.420E-16
.040E-03
.490E+00
.040E-14

130E-09

.050E+00
.410E-02
.670E+00
.290E-02
.000E+01
.850E+01
.070E+02
.230E+02
.020E+01
. 730E+01
.280E+00
.460E+02
.980E+00
.730E-02
.020E+00
.940E-11
.130E-07
.050E-02
.260E-03
.020E-04
.330E+01
.910E-02
.620E-01
.670E-10
.560E-11
.150E-09
.100E-09
.590E-07
.110E-07

CURIE

.940E-03
.000E-09
.300E-03
.400E-09
.050E-14
.590E-08
.690E-05
.000E-01

Serial: 134684
Run Time: 15:48:09
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Evaluation of Microreactor Inhalation Dose Consequences

Radiological Safety Analysis Computer Program (RSAC 7.2.0)

Name: Windows User Company: Idaho National Laboratory Serial: 134684
Computer: INL611704 Run Date: 06/11/2020 Run Time: 15:48:09
File: Marvel SNAPTRAN 2.rsac

531290 1129 1.570E+07 vyr 4.650E-05
531300 I130 1.236E+01 h 1.000E+00
531301 I130m 8.840E+00 m 5.550E-01
531310 11310 8.025E+00 d 2.730E+03
531320 1132 2.295E+00 h 4.110E+03
531321 I132m 1.387E+00 h 1.110E+01
531330 I133 2.080E+01 h 6.330E+03
531331 I133m 9.000E+00 s 4.480E+02
531340 I134 5.250E+01 m 7.380E+03
531341 I134m 3.520E+00 m 3.520E+02
531350 T35 6.580E+00 h 5.950E+03
531360 I136 8.340E+01 s 2.530E+03
531361 Il36m 4.690E+01 s 1.200E+03
31310 T34 2.450E+01 s 2.890E+03
531380 I138 .230E+00 s 1.420E+03
531390 T13% 2.290E+00 s 7.360E+02
531400 I140 8.600E-01 s 1.500E+02
531410 I141 4.300E-01 s 3.960E+01
531420 I142 1.960E-01 s 5.780E+00
531430 I143 3.280E-01 s 8.890E-02
531440 I144 1.327E-01 s 2.480E-03
491110 1Inlll 2.805E+00 d 8.640E-14
491120 Inl1l12 1.497E+01 m 8.230E-10
491131 Inll3m 1.658E+00 h 7.200E-10
491140 1Inll4 7.190E+01 s 2.660E-05
491141 1Inllédm 4.951E+01 d 1.540E-05
491150 1Inll5 4.410E+14 yr 3.890E-14
491151 1Inll5m 4.486E+00 h 1.300E+01
491161 1Inllém 5.429E+01 m 2.360E-01
491170 TnRllY 4.320E+01 m 8.400E+00
491171 1Inll7m 1.162E+02 m 1.010E+01
491180 1Inll8 5.000E+00 s 1.250E+01
491181 Inll8m 4.450E+00 m 1.960E-03
491190 1Inl1lS 2.400E+00 m 6.350E+00
491191 1InllSm 1.800E+01 m 7.670E+00
491200 1Inl20 3.080E+00 s 1.300E+01
491201 Inl20m 4.620E+01 s 4.340E-01
491210 1Inl21 2.310E+01 s 8.560E+00
491211 1Inl21lm 3.880E+00 m 5.190E+00
491230 1Inl23 6.170E+00 s 7.670E+00
491231 1Inl23m 4.780E+01 s 7.740E+00
491240 1Inl24 3.120E+00 s 1.470E+01
NUCLIDE HALF LIFE CURIE
491250 1Tnl25 2.360E+00 s 8.710E+00
491251 1Inl25m 1.220E+01 s 6.830E+00
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Name: Windows User

Computer: INL611704

Company: Idaho National Laboratory
Run Date: 06/11/2020

File: Marvel SNAPTRAN 2.rsac

491260
491270
491271
491280
491290
491300
491301
491310
491320
491330
491340
360790
360810
360831
360850
360851
360870
360880
360890
360900
360910
360920
360930
360940
360950
360970
360980
571350
571370
571380
571400
571410
571420
571430
571440
571450
571460
571470
571480
571490
b 1910
571520
571530
571540
711710

6/15/2020 - 5:25 PM

Inl26
Inl27
Inl27m
Inl28
Inl29%
Inl130
Inl130m
Inl31l
Inl32
nl33
Inl34

Kr
Kr
Kr
Kr
Kr
Kr
Kr
Kr
Kr
Kr
Kr
Kr
Kr
Kr
Kr
Kr

79
81
83m
85
85m
87
88
89
90
91
92
93
94
95
97
98

Lal35
Lal37
Lal38
Lal4o0
Lal4l
Lal42
Lal4s3
Lald4
Lal4s
Lalde
Lald’
Lal4sg
Lalds
Lal5l
Lal52
Lal53
Lal54
Lul71l

1.640E+00

1
3
8
6
2
il
2
1
J |
3
|
i
4
7
2
3
3
8
il
1
7
|
il
6
i}
1
3
9
i}
-
©
4
|
L
9
3
4
U
8

090E+00

.670E+00

400E-01

.100E-01
.900E-01
.700E+00
.800E-01

070E-01

.800E-01
.380E-01
.504E+01

290E+05

.830E+00
.076E+01
.480E+00

630E+01

.840E+00
.150E+00
.232E+01
.570E+00
.840E+00
.286E+00
.000E-01
.800E-01
.485E-01
.243E-01
.950E+01
.000E+04
.020E+11
.679E+00
.920E+00

.

110E+01

.420E+01
.080E+01
.480E+01
.270E+00

.

.

060E+00
260E+00

.050E+00

536E-01

.094E-01
.370E-01
< 7953E-01
.240E+00

[}

(o]

]

QU nnnonnnESEDoaKK DTULDLDOOLD DN DE DD OO NDE LD LW
H

W EHEEFEFOWOFEFWOLOOLOo WO OB WB B WRNRE WD BB QMDY DN D0

.990E+00
.420E+01
.190E+00
.670E+01
.690E+01
.970E+01
.380E+00
.230E+01

290E+00

.290E-01

960E-03
070E-10

.180E-11
.000E+02
.210E+01

210E+03

.370E+03

290E+03

.180E+03
.330E+03
.100E+03
.560E+03
.610E+02
.690E+01
.040E+00
.990E-02
.520E+00
.020E-09
.480E-10
.950E-13
.020E+03
.500E+03

480E+03
560E+03

.110E+03
.600E+03
.570E+03
.560E+02

570E+02

.320E+01

410E+00

.000E-01
.710E-03
.930E-04
.130E-16

Serial: 134684
Run Time: 15:48:09
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Radiological Safety Analysis Computer Program (RSAC 7.2.0)

Name: Windows User

Computer: INL611704

711720 Lal72
711730 Lul73
711740 Lul74
NUCLIDE
711741 Lul74m
711760 Lul76
711761 Lul76m
711770 Tal77
711771 Lul77m
421010 MolO01
421020 Mol02
421030 Mol03
421040 Mol04
421050 Mol05
421060 Mol06
421070 Mol07
421080 Mol08
421090 Mol09
421110 Molll
421120 Moll2
421130 Mol1l3
421140 Moll4
420930 Mo 93
420931 Mo 93m
420990 Mo 99
411000 Nb10O
411001 Nb1l0Om
411010 Nb1lO01
411020 Nb102
411030 Nb103
411040 Nb1l04
411050 Nb105
411060 Nb1lO06
411070 Nb107
411080 Nb108
411090 Nb109
111110 Nblll
410931 Nb 93m
410940 Nb 94
410941 Nb 9%4m
410950 Nb 95
410951 Nb 95m
410960 Nb 96
410970 Nb 97
410971 Nb 97m

6/15/2020 - 5:25 PM

w = o
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Company: Idaho National Laboratory

Run Date: 06/11/2020
File: Marvel SNAPTRAN 2.rsac

.700E+00
.370E+00
.310E+00

HALF LIFE
.420E+02
.760E+10
.635E+00
.647E+00
.604E+02
.461E+01
.130E+01
.750E+01
.000E+01
.560E+01
.400E+00
.500E+00
.090E+00
.300E-01
.000E-01
.890E-01
.970E-01
.215E-01

000E+03

.850E+00
.594E+01
.500E+00
.990E+00
.100E+00
.300E+00
.500E+00
.800E+00
.950E+00
.020E+00
.300E-01
.930E-01
.900E-01
.562E-01
.613E+01
.030E+04
.263E+00
.497E+01
.660E+01
.335E+01
.210E+01
.270E+01

d
yr
yr

d

oo
H

(o]

ms::‘:z'aa'ﬁ%mmmmmmmmmmmmvs’%mmmmmmmmmmmsaaq

=N

oo WWDREe WWMRDMND WEHERDeBWOLOL K W W W & W DWW

.760E-11
.620E-07
.080E-08
CURIE

.420E-08
s TA0E=15
.660E-04
.900E-05
.190E-08
.910E+03
.100E+03
.900E+03
.800E+03
.630E+02
.140E+02
.410E+02
.860E+01
.690E+01
.020E-01
.580E-02
.470E-03
.490E-04
.510E-11
.890E-09
.770E+03
.590E+03
.020E+02
.740E+03
.710E+03
.880E+03
. 790E+02
.620E+02
.180E+01
.970E+00
.160E-01
.770E-01
.970E-03
.460E-04
.840E-08
.870E-04
.410E+03
.930E+01
.070E+00
.160E+03
.850E+03

Serial: 134684
Run Time: 15:48:09
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File: Marvel SNAPTRAN 2.rsac

410980 Nb 98 5.150E+01 m
410981 Nb 98m 5.130E+01 m
410990 Nb 99 1.500E+01 s
410991 Nb 99m 2.600E+00 m
601410 Nd141 2.490E+00 h
601440 Ndl1l44 2.290E+15 y
601470 Nd147 1.098E+01 d
601490 Nd149 1.728E+00 h
601510 Nd151 1.244E4+01 m

NUCLIDE HALF LIFE
601520 Nd152 1.140E4+01 m
601530 Nd153 3.160E4+01 s
601540 Nd154 2.590E+01 s
601550 Nd155 8.900E+00 s
601560 Nd156 5.470E+00 s
601570 Nd157 4,150E+00 s
601580 Nd158 7.890E+00 s
601590 Nd159 1.410E4+00 s
280650 Ni 65 2.517E+00 h
280660 Ni 66 5.460E+01 h
280720 Ni 72 1.570E+00 s
280730 Ni 73 8.000E-01 s
280740 Ni 74 5.000E-01 s
280750 Ni 75 6.000E-01 s
280760 Ni 76 4.400E-01 s
280770 Ni 77 1.030E-01 s
280780 Ni 78 1.376E-01 s
932340 Np234 4.400E+00 d
932350 Np235 3.962E+02 d
932370 Np237 2.144E+06 y
932380 Np238 2.117E+00 d
932390 Np239 2.356E+00 d
932400 Np240 6.190E4+01 m
932401 Np240m 7.220E+00 m
912300 Pa230 1.740E4+01 d
912310 Pa23l 3.276E+04 'y
912320 Pa232 1.310E400 d
912330 Pa233 2.697E+01 d
912340 Pa234 6.700E+00 h
912341 Pa234m 1.159E+00 m
822090 Pb209 3.253E+00 h
822100 Pb210 2.220E+01 vy
822110 Pb211 3.610E4+01 m
822120 Pb212 1.064E+01 h
822140 Pb214 2.680E+01 m

6/15/2020 - 5:25 PM

(2]

H

H

o]

Sis
.550E+01
.490E+03
.280E+03
.980E-06
.690E-12
.120E+03
.030E+03
.050E+02

BN DWW

o EEOOOWO WWowOoWwEOBKFEFEOODG WO EFEBOWEKEBHNWOONN WU o= 1D

430E+03

CURIE

.580E+02
.470E+02
.320E+01
.910E+01
.260E+00
.770E-01
.940E-02
.660E-03
.880E-07
.840E-04
.670E-03
.030E-03
.860E-03
.640E-03
.430E-04
.530E-05
.750E-06
.110E-14
.950E-08
.460E-05
.920E+00
.530E+04
.740E-01
.760E-01
.590E-09
.830E-07
.030E-04
.840E-05
.460E-06
.890E-03
.430E-11
.840E-11
.050E-08
.170E-07
.310E-13

Serial: 134684
Run Time: 15:48:09
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Radiological Safety Analysis Computer Program (RSAC 7.2.0)
Name: Windows User Company: Idaho National Laboratory Serial: 134684
Computer: INL611704 Run Date: 06/11/2020 Run Time: 15:48:09

File: Marvel SNAPTRAN 2.rsac

461010 Pd101 8.470E+00 h 9.150E-13
461030 Pd1lo03 1.699E+01 d 5.540E-06
461070 Pd107 6.500E+06 yr 3.980E-05
461071 Pd107m 2.130E+01 s 1.680E-03
461090 Pd109 1.370E+01 h 6.300E+01
461091 Pd109m 4.690E+00 m 5.410E-03
461110 Pdl1l1 2.340E+01 m 2.390E+01
461111 Pdlllm 5.500E+00 h 6.870E-03
461120 Pdl1l2 2.103E+01 h 1.630E+01
461130 Pd113 9.300E+01 s 1.620E+01
461140 Ppdll4 2.420E+00 m 1.250E+01
461150 Pd115 5.000E+01 s 1.240E+01
461180 Pd118 1.900E+00 s 4.010E+00
461190 Pd1l1S 9.200E-01 s 9.750E-01
461200 Pd120 5.000E-01 s 2.720E+00
NUCLIDE HALF LIFE CURIE
461210 Pdl21 6.222E-01 s 1.430E-01
461230 Pd123 3.100E-01 s 6.760E-03
461240 Ppdl24 5.600E-01 s 1.300E-03
©11430 Pml43 2.650E+02 d 7.130E-16
©11440 Pml4d4 3.630E+02 d 1.170E-11
©11450 Pml45 1.770E+01 yr 1.160E-07
611460 Pmldé 5.530E+00 yr 1.660E-04
©11470 Pml47 2.623E+00 yr 8.430E+02
©11480 Pml48 5.368E+00 d 3.020E+01
611481 Pml48m 4.129E+01 d 2.210E+01
©11450 Pml49 5.308E+01 h 1.030E+03
611500 Pml50 2.680E+00 h 1.420E+00
611510 Pml51 2.840E+01 h 4.060E+02
611520 Pml52 4.120E+00 m 2.590E+02
611521 Pml52m 7.520E+00 m 1.750E+00
611530 Pml53 5.250E+00 m 1.560E+02
611540 Pml54 1.730E+00 m 6.900E+01
©11541 Pml54m 2.680E+00 m 5.900E+00
611550 Pml55 4.150E+01 s 3.270E+01
611560 Pml56 2.670E+01 s 1.330E+01
611570 Pml57 1.056E+01 s 4.200E+00
611580 Pml58 4.800E+00 s 1.000E+00
611590 Pml59 4.230E+00 s 1.800E-01
842100 Po210 1.384E+02 d 1.040E-11
842160 PoZ2lé6 1.450E-01 s 6.170E-07
842180 Po218 3.980E+00 m 1.310E=13
591390 Pri13% 4.410E+00 h 1.690E-07
591420 Prl42 1.912E+01 h 3.380E+00
591421 Prlé42m 1.460E+01 h 1.180E+00
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Evaluation of Microreactor Inhalation Dose Consequences

Radiological Safety Analysis Computer Program (RSAC 7.2.0)
Name: Windows User Company: Idaho National Laboratory Serial: 134684
Computer: INL611704 Run Date: 06/11/2020 Run Time: 15:48:09

File: Marvel SNAPTRAN 2.rsac

591430 Pri143 1.357E+01 d 5.390E+03
591440 ©Prl44 1.728E+01 m 4,.290E+03
591441 Prlddm 7.200E+00 m 4.150E+01
591450 Prl45 5.984E+00 h 3.690E+03
591460 Prlie 2.415E+01 m 2.820E+03
591470 Prl4d7 1.340E+01 m 2.120E+03
591480 Prl4s8 2.290E+00 m 1.540E+03
591490 Prl149 2.260E4+00 m 1.020E+03
591510 Prisi 1.890E+01 s 3.280E+02
591520 Prlb2 3.630E+00 s 1.220E+02
591530 Prils3 4.300E+00 s 3.960E+01
591540 Prl54 2.300E+00 s 5.880E+00
591550 Pril1S55 1.890E+00 s 9.630E-01
591560 Pril56 5.104E-01 s 9.470E-02
591570: Prl57 6.780E-01 s 8.960E-03
591580 Prlb58 2.630E-01 s 5.220E-04
591590 Pril15% 3.140E-01 s 2.370E-05
942360 Pu236 2.858E+00 yr 2.730E-06
942370 Pu237 4.520E+01 d 5.660E-06
942380 Pu238 8.770E+01 vyr 1.220E-02
942390 Pu239 2.411E+04 yr 1.930E+00
NUCLIDE HALF LIFE CURIE
942400 Pu240 6.561E+03 yr 1.270E-01
942410 Pu24l 1.429E+01 vyr 2.440E+00
942420 Pu242 3.735E+05 yr 4.830E-07
942430 Pu243 4.956E+00 h 2.190E-03
942450 Pu245 1.050E+01 h 1. 190E-12
882220 Ra222 3.617E+01 s 6.440E-10
882230 Ra223 1.143E+01 d 1.050E-08
882240 Ra224 3.660E+00 d 6.170E-07
882250 Ra225 1.490E+01 d 6.780E-11
882260 Ra226 1.600E+03 vyr 1.340E-13
882270 Ra227 4.220E+01 m 9.380E-13
882280 Ra228 5.750E+00 vyr 1.890E-13
371000 Rb100O 5.100E-02 s 3.750E+01
370810 Rb 81 4.572E+00 h 1.400E-10
370830 Rb 83 8.620E+01 d 1.070E-06
370840 Rb 84 3.282E+01 d 4.340E-05
370860 Rb 86 1.863E+01 d 1.540E-01
370870 Rb 87 4.810E+10 vyr 6.900E-08
370880 Rb 88 1.777E401 m 3.310E+03
370890 Rb 89 1.515E+01 m 4,380E+03
370900 Rb 90 1.580E+02 s 4,480E+03
370901 Rb 90m 2.580E+02 s 8.250E+02
370910 Rb 91 5.840E+01 s 5.170E+03
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Radiological Safety Analysis Computer Program (RSAC 7.2.0)

Name: Windows User
Computer: INL611704

Company: Idaho National Laboratory
Run Date: 06/11/2020

File: Marvel SNAPTRAN 2.rsac

370920 Rb 92 4.492E+00 s
370930 Rb 93 5.840E+00 s
370940 Rb 94 2.702E+00 s
370950 Rb 95 3.775E-01 s
370970 Rb 97 1.699E-01 s
370980 Rb 98 9.600E-02 s
370990 Rb 99 5.030E-02 s
751860 Rel86 3.718E+00 d
451010 Rh101 3.300E+00 yr
451011 Rh1l01lm 4.340E+00 d
451020 Rh102 2.073E+02 d
451021 Rh102m 3.742E+00 yr
451031 Rh103m 5.611E+401 m
451050 Rh105 3.536E+01 h
451051 Rh105m 4.000E+01 s
451060 Rh1l06 3.007E+01 s
451061 RhlO6m 1.310E+02 m
451070 Rh107 2.170E+01 m
451080 Rh108 1.680E+01 s
451081 Rh108m ©6.000E+00 m
451090 Rh109 8.000E+01 s
451110 Rh1l1l1l 1.100E+01 s
451120 Rhl1l2 2.100E+00 s
451130 Rh113 2.800E+00 s
451140 Rhl1l14 1.850E+00 s
451180 Rh118 2.953E-01 s
451190 Rh119 4.478E-01 s
NUCLIDE HALF LIFE
451200 Rh120 1.624E-01 s
451210 Rhl21 2.Z10E-00. 5
862180 Rn218 3.500E-02 s
862190 Rn219 3.960E+00 s
862200 Rn220 5.560E+01 s
862220 Rn222 3.823E+00 d
441030 Rulo03 3.925E+01 d
441050 Rulo05 4.440E+00 h
441060 RulO6 3.718E+02 d
441070 Rul07?7 3.750E+00 m
441080 Rulo08 4.550E+00 m
441090 RulO09 3.450E+01 s
441110 Rulll 2.120E+00 m
441120 Rull2 1.750E+00 s
441130 Rull3 8.000E-01 s
441140 Rull4 5.300E-01 s
441180 Rulls8 6.160E-01 s

6/15/2020 - 5:25 PM

B = O EFEF DR ENDE WD ENDNDE OB END S WSSE WD
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.470E+03
.310E+03
.560E+03
.330E+02
.610E+01
.480E+00
.180E-01
.020E-12
.070E-08
.040E-08
.680E-04
.560E-05
.940E+03
.040E+03
.950E+02
.380E+02
.250E-01
.190E+02
.010E+02
.090E-01
.280E+01
.390E+01
.620E+01
.510E+01
.290E+00
.820E-01
.050E-02

CURIE

.100E-02
.490E-03
.440E-10
.050E-08
.170E-07
.310E-13
.970E+03
.040E+03
.370E+02
.180E+02
.010E+02
.130E+01
.210E+01
.310E+01
.390E+00
.390E+00
.840E-03

Serial: 134684
Run Time: 15:48:09
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Name: Windows User Company: Idaho National Laboratory Serial: 134684
Computer: INL611704 Run Date: 06/11/2020 Run Time: 15:48:09
File: Marvel SNAPTRAN 2.rsac
441200 Rul20 2.932E-01 s 2.840E-05
440970 Ru 97 2.830E+00 d 6.200E-12
511181 Sbll8m 5.000E+00 h 6.350E-11
511190 Sbl1l9 3.819E4+01 h 2.430E-08
511200 Sbl20 1.589E+01 m 2.820E-06
511220 Sbl22 2.724E+00 d 4.090E-02
511240 Sbl24 6.020E+01 d 4.090E-02
511241 Sbl24m 9.300E+01 s 6.240E-03
511250 Sbl25 2.759E+00 yr 1.350E+01
511260 Sbl26 1.235E+01 d 8.490E-01
511261 Sbl2ém 1.915E+01 m 1.600E+00
511270 Sbl27 3.850E+00 d 1.570E+02
511280 Sbl28 9.010E+00 h 2.290E+01
511281 Sbl28m 1.040E4+01 m 3.290E+02
511290 Sbl29 4.400E4+00 h 5.320E+02
511300 Sbl30 3.950E4+01 m 6.960E+02
511301 Sbl30m 6.300E+00 m 9.710E+02
511310 Sb131l 2.303E+01 m 2.420E+03
511320° Sbl32 2.790E+00 m 1.690E+03
511321 Sbl32m 4.100E+00 m 9.720E+02
511330 Sbil33 2.500E4+00 m 1.990E+03
511340 Sbl34 7.800E-01 s 3.500E+02
511341 Sbl34m 1.007E+01 s 3.600E+02
511350 Sbl35 1.710E+00 s 1.460E+02
511360 Sbl36 8.200E-01 s 1.290E+01
511370 Sbl37 2.837E-01 s 6.580E+01
511380 Sbl38 1.304E-01 s 7.870E-02
511390 Sbl139 1.720E-01 s 4.370E-03
340750 sSe 75 1.190E+02 d 1.820E-09
340790 se 79 2.950E+05 yr 2.010E-04
340791 Se 79m 3.920E+00 m 4.170E+01
340810 se 81 1.845E+01 m 1.910E+02
340811 Se 81m 5.728E+01 m 1.330E+01
NUCLIDE HALF LIFE CURIE
340830 Se 83 2.230E+01 m 4,.280E+02
340831 Se 83m 7.010E+01 s 3.930E+01
340840 sSe 84 3.260E4+00 m 9.000E+02
340850 sSe 85 3.170E+01 s 9.890E+02
340860 sSe 86 1.530E+01 s 1.270E+03
340870 Se 87 5.500E+00 s 7.250E+02
340880 sSe 88 1.530E+00 s 3.290E+02
340890 sSe 89 4.100E-01 s 4,880E+01
340900 sSe 90 5.545E-01 s 1.250E+01
340910 se 91 2.700E-01 s 7.980E-01
340920 se 92 2.478E-01 s 5.800E-02
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Radiological Safety Analysis Computer Program (RSAC 7.2.0)

Name: Windows User
Computer: INL611704

Company: Idaho National Laboratory
Run Date: 06/11/2020

File: Marvel SNAPTRAN 2.rsac

621450 Sml45 3.400E+02 d
621460 Smlde 1.030E+08 yr
621470 Sml47 1.060E+11 yr
621480 Sml148 7.000E+15 yr
621510 Sml51 9.000E+01 yr
621530 Sml53 4.650E+01 h
621550 Sml55 2.230E+01 m
621560 Sml56 9.400E+00 h
621570 Sml57 4.820E+02 s
621580 Sml58 5.300E+00 m
621590 Sml59 1.137E+01 s
501130 Snl113 1.151E+02 d
501171 Snll7m 1.360E+01 d
501191 Snll9m 2.930E+02 d
501210 sSnl21 2.703E+01 h
501211 Snl2im 5.500E+01 yr
501230 sSnl23 1.292E+02 d
501231 Snl123m 4.006E+01 m
501250 Snl125 9.640E+00 d
501251 Snl25m 9.520E+00 m
501260 Snl26 2.300E+05 yr
501270 sSnl127 2.100E+00 h
501271 Snl127m 4.130E+00 m
501280 Snl28 5.907E+01 m
501290 Snl129 2.230E4+00 m
501291 Snl2%m 6.900E+00 m
501300 Snl130 3.720E4+00 m
501310 Snl31 5.600E+01 s
501320 sSnl132 3.970E+01 s
501330 Snl133 1.450E+00 s
501340 Snl34 1.120E+00 s
501350 Snl135 2.910E-01 s
501360 Snl36 4.131E-01 s
381000 sSr100 2.020E-01 s
381010 srilo1l 1.180E-01 s
381020 sSrilo02 6.900E-02 s
381030 Sri1o03 1.386E-01 s
381040 sSrlo4 1.925E-01 s
380830 Sr 83 3.241E+01 h
NUCLIDE HALF LIFE
380850 sSr 85 6.484E+01 d
380851 Sr 85m 6.763E+01 m
380871 Sr 87m 2.815E+00 h
380890 Sr 89 5.053E+01 d
380900 sSr 90 2.879E+01 yr

6/15/2020 - 5:25 PM
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.480E-07
.700E-12
.860E-09
.650E-15
.410E+00
.710E+02
.440E+01
.700E+01
.530E+00
.870E+00
.170E+00
« 170E=-11
.930E-02
.840E-01
310E+01
.060E-02
170E+00
.550E+01
.380E+01
.140E+01
.380E-04
.550E+01
.500E+01
.220E+02
.840E+02
.880E+02
.840E+02
.480E+02
.660E+02
.030E+02
.790E+01
.710E-01
.830E-02
.760E+01
.560E+00
.200E-01
.540E-03
.240E-04
.370E-11
CURIE

.590E-07
.530E-07
.580E-02
.400E+03
.530E+02

Serial: 134684
Run Time: 15:48:09
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Radiological Safety Analysis Computer Program (RSAC 7.2.0)

Name: Windows User

Computer: INL611704

Company:

File: Marvel SNAPTRAN 2.rsac

380910
380920
380930
380940
380950
380970
380980
380990
731780
731790
731800
731820
131821
731830
651550
651560
651561
©51570
651580
651600
651610
431010
431020
431021
431030
431040
431050
431060
431070
431080
431090
431110
431120
431130
431140
430960
430970
430971
430980
430990
430991
521210
521211
521231
521251

6/15/2020 - 5:25 PM

Sr
Sr
Sr
Sr
Sr
Sr
Sr
Sr

91
92
93
954
95
<
98
99

Tal78
Tal79
Talgo
Tal82
Tal82m
Tal83
Tb155
Tb156
Tb1l56m
Thl57
Tb158
Tb160
Tblel
Teldd
Te102
Tcl02m
TE1D3
Tcl04
Tc105
Tcl06
Tcl07
Tcl08
Tcl09
Tol il
Tcll2
Tel13
Tcll4

e
e
Te
Te
TC
Tc

96
97
97m
98
99
99m

Tel2l

Tel2lm
Tel23m
Tel25m

.630E+00
.710E+00
.423E+00
.530E+01
.390E+01
.260E-01
.530E-01
.690E-01
.310E+00
.820E+00
.154E+00
.150E+02
.640E-01
.100E+00
.320E+00
.350E+00
.440E+01
.100E+01
.800E+02
.230E+01
.910E+00
.420E+01
.280E+00
.350E+00
.420E+01
.830E+01
.600E+00
.560E+01
.120E+01
.170E+00
.700E-01
.900E-01
.800E-01
.300E-01
.734E-01
.280E+00
.600E+06
.010E+01
.200E+06
.111E+05
.020E+00
.916E+01
.540E+02
.192E+02
.740E+01
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Idaho National Laboratory
Run Date: 06/11/2020
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6
8
1
9
2
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1
8
1
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1
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7
3
5
1
3
3
i
4
3
5
7
3

.410E+03
.530E+03
.820E+03
.650E+03
.930E+03
.650E+03
.750E+02
.390E+02
.700E-14
.620E-10
.820E-07
.130E-03
.500E-07
.300E-03
.630E-11
.990E-09
.060E-10
.720E-09
.230E-08
.130E-03
.990E-01
910E+03
.110E+03
.310E+00
.980E+03
.900E+03
.040E+03
.770E+02
.000E+02
.440E+01
.910E+01
.470E+00
.090E+00
.630E-01
.700E-02
.650E-13
.530E-13
.840E-07
.720E-10
.760E-02
.070E+03
.990E-09
.510E-09
.350E-05

2.830E+00

Serial: 134684
Run Time: 15:48:09
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Evaluation of Microreactor Inhalation Dose Consequences

Radiological Safety Analysis Computer Program (RSAC 7.2.0)

Name: Windows User Company: Idaho National Laboratory Serial: 134684
Computer: INL611704 Run Date: 06/11/2020 Run Time: 15:48:09
File: Marvel SNAPTRAN 2.rsac

NUCLIDE HALF LIFE CURIE
5212770 Tel27 9.350E+00 h 1.560E+02
521271 Tel2m 1.090E+02 d 2.490E+01
521290 Tel29 6.960E+01 m 5.080E+02
521291 Tel29m 3.360E+01 d 8.940E+01
521310 Tel3l 2.500E+01 m 2.450E+03
521311 Tel3lm 3.325E+01 h 4.020E+02
521320 'Tel32 3.204E+00 d 4.080E+03
521330 Tel33 1.250E+01 m 3.180E+03
521331 Tel33m 5.540E+01 m 3.530E+03
521340 Tel34 4.180E+01 m 6.540E+03
521350 Tel35 1.900E+01 s 3.150E+03
521360 Tel36 1.750E+01 s 1.290E+03
521370 'Tel37 2.490E+00 s 3.920E+02
521380 Tel38 1.400E+00 s 6.730E+01
521390 Tel39 4.237E-01 s 7.320E+00
521400 Tel40 7.520E-01 s 1.550E+01
521410 Teldl 2.358E-01 s 8.250E-02
521420 Tel42 4.912E-01 s 2.800E-03
902260 Th226 3.057E+01 m 6.440E-10
902270 Th227 1.868E+01 d 1.090E-08
902280 Th228 1.912E+00 yr 6.300E-07
902290 Th229 7.340E+03 yr 7.260E-12
902300 Th230 7.538E+04 yr 4.610E-10
902310 Th231 2.552E+01 h 9.120E-03
902320 Th232 1.405E+10 yr 1.710E-12
902340 Th234 2.410E+01 d 5.890E-03
812070 T1207 4.770E+00 m 1.050E-08
812080 T1208 3.053E+00 m 2.220E-07
812090 T1209 2.200E+00 m 1.410E-12
691670 Tmle7 9.250E+00 d 1.520E-12
691700 Tml70 1.286E+02 d 6.430E-06
691710 Tml71 1.920E+00 yr 4,.540E-05
691720 Tml72 6.360E+01 h 1.240E-04
691730 Tml73 8.240E+00 h 2.290E-13
922300 U230 2.080E+01 d 6.430E-10
922310 U231 4.200E+00 d 2.110E-10
922320 U232 6.890E+01 yr 3.070E-06
922330 U233 1.592E+05 yr 6.780E-08
922340 U234 2.455E+05 yr 5.010E-05
922350 U235 7.038E+08 yr 9.120E-03
922360 U236 2.342E+07 yr 1.300E-03
922310 U237 6.750E+00 d 1.580E+02
922380 U238 4.468E+09 yr 5.890E-03
922390 U239 2.345E+01 m 3.530E+04
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Radiological Safety Analysis Computer Program (RSAC 7.2.0)

Name: Windows User
Computer: INL611704

Company: Idaho National Laboratory
Run Date: 06/11/2020

File: Marvel SNAPTRAN 2.rsac

741810 wilsgl 1.212E+02 d
741850 w185 7.510E+01 d
741870 wlg?7 2.400E+01 h
541250 Xel25 1.690E+01 h
541270 Xel27 3.640E+01 d
541291 Xel29m 8.880E+00 d

NUCLIDE HALF LIFE
541311 Xel3lm 1.184E+01 d
541330 Xel33 5.243E+00 d
541331 Xel33m 2.190E+00 d
541341 Xel34m 2.900E-01 s
541350 Xel35 9.140E+00 h
541351 Xel35m 1.529E+01 m
541370 Xel37 3.818E+00 m
541380 Xel38 1.408E+01 m
541390 Xel39 3.968E+01 s
541400 Xeld0 1.360E+01 s
541410 Xeldl 1.730E+00 s
541420 Xeld2 1.220E+00 s
541430 Xeld3 3.000E-01 s
541440 Xeldd 1.150E+00 s
541450 Xeld45 9.000E-01 s
541460 Xeldeo 9.372E-01 s
541470 Xeld? 2.638E-01 s
391000 Y100 9.400E-01 s
391010 Y101 4.480E-01 s
391020 Y102 3.600E-01 s
391030 Y103 2.300E-01 s
391040 Y104 1.442E-01 s
391050 Y105 1.736E-01 s
391070 Y107 1.046E-01 s
390880 Y 88 1.066E+02 d
390900 Y 90 6.400E+01 h
390901 Y 90m 3.190E+00 h
390910 Y 91 5.851E+01 d
390911 Y 91m 4.971E+01 m
390920 Y 92 3.540E+00 h
390930 Y 93 1.018E+01 h
390940 Y 94 1.870E+01 m
390950 Y 95 1.030E401 m
390970 Y 97 3.750E+00 s
390980 Y 98 2.000E+00 s
390990 Y 99 1.470E+00 s
701690 Yb1l69 3.202E+01 d
701750 Ybli5 4.185E+00 d

6/15/2020 - 5:25 PM
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.000E-09
.020E-10
.270E-16
.510E-12
.120E-08
.200E-06

CURIE

.980E+01

070E+03

.830E+02
.360E+01
.840E+03
.130E+03
.780E+03
.910E+03
.710E+03
.410E+03
.180E+03
.200E+02
.060E+01
.690E+00
.030E-01
.920E-02
.820E-03
.430E+02
. 750E+02
.640E+02
. 740E+00
.790E-01
.490E-02
.580E-05
.340E-04
.610E+02
.740E-01
.400E+03
.180E+03
.590E+03
.920E+03
.030E+03
.970E+03

880E+03

.870E+03
.990E+03
210E=12
.210E-07

Serial: 134684
Run Time: 15:48:09
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Evaluation of Microreactor Inhalation Dose Consequences
Radiological Safety Analysis Computer Program (RSAC 7.2.0)
Name: Windows User Company: Idaho National Laboratory Serial: 134684
Computer: INL611704 Run Date: 06/11/2020 Run Time: 15:48:09
File: Marvel SNAPTRAN 2.rsac
701770 Ybl177 1.911E+00 h 2.770E-07
300690 Zn 69 5.640E+01 m 2.440E-03
300691 Zn 69m 1.376E+01 h 3.460E-06
300711 Zn 71m 3.960E+00 h 5.150E-04
300720 Zn 72 4.650E+01 h 3.130E-02
300730 2Zn 73 2.350E+01 s 1.090E-01
300740 2zZn 74 9.540E+01 s 3.200E-01
300750 Zn 75 1.020E+01 s 8.480E-01
300760 Zn 76 5.700E+00 s 1.910E+00
300770 Zn 77 2.080E+00 s 3.050E+00
300780 Zn 78 1.470E+00 s 3.370E+00
300790 2Zn 79 9.950E-01 s 1.550E+00
NUCLIDE HALF LIFE CURIE
300800 Zn 80 5.400E-01 s 2.390E-01
300810 2zn 81 2.900E-01 s 4.650E-03
300830 2Zn 83 8.386E-02 s 1.560E-04
401000 Zrl1o00 7.100E+00 s 5.310E+03
401010 zrilol 2.300E+00 s 2.920E+03
401020 Zzrilo2 2.900E+00 s 1.950E+03
401030 Zrlo03 1.300E+00 s 5.160E+02
401040 2zrlo4 1.200E+00 s 8.810E+01
401050 Zrl1o05 6.000E-01 s 1.060E+02
401060 Zrloe 9.800E-01 s 3.820E-02
401070 2Zrlo7 2.485E-01 s 6.410E-03
401080 2zrlos8 4.075E-01 s 3.310E-04
401090 Zrl1o09 1.387E-01 s 3.890E-04
400880 2zr 88 8.340E+01 d 6.100E-10
400890 Zr 89 7.841E+01 h 1.730E+00
400930 Zr 93 1.530E+06 yr 6.040E-03
400950 Zr 95 6.402E+01 d 6.410E+03
400970 Zr 97 1.691E+01 h 6.150E+03
400980 Zr 98 3.070E+01 s 5.330E+03
400990 Zr 99 2.100E+00 s 5.340E+03
Fission Product Calculation
FRACTIONATION (ELEMENT, VALUE)
Ar 7.500E-01 At 7.000E-01 Br 7.000E-01 Cl 7.000E-01
Cs 7.000E-01 F 7.000E-01 Fr 7.000E-01 H 7.500E-01
I 7.000E-01 K 7.000E-01 Kr 7.500E-01 Na 7.000E-01
Po 4.500E-01 Rb 7.000E-01 Rn 7.500E-01 S 4.500E-01
Sb 4.000E-02 Se 4.500E-01 Te 4.500E-01 Xe 7.500E-01
FRACTIONATION FOR THE REST OF THE RADIONUCLIDE INVENTORY = 4.000E-02
TOTAL RADIONUCLIDE REMAINING = .293E+15 D/S OR 1.430E+05 CI
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Evaluation of Microreactor Inhalation Dose Consequences

Radiological Safety Analysis Computer Program (RSAC 7.2.0)

Name: Windows User Company: Idaho National Laboratory Serial: 134684
Computer: INL611704 Run Date: 06/11/2020 Run Time: 15:48:09
File: Marvel SNAPTRAN 2.rsac

Meteorological Data

MEAN WIND SPEED = 1.040E+00 (m/s) STACK HEIGHT = 0.000E+00 (m)
MIXING LAYER HEIGHT = 4.000E+02 (m) AIR DENSITY = 1.099E+03 (g/cu
m)
WET DEPOSITION SCAVENGING COEFFICIENT = 0.000E+00 (1/s)
DRY DEPOSITION VELOCITIES (m/s)
SOLIDS = 1.000E-03 HALOGENS = 1.000E-02 NOBLE GASES =
0.000E+00
CESIUM = 1.000E-03 RUTHENIUM = 1.000E-03
THERE IS 1 SET OF LEAKAGE CONSTANTS (K1,K2)
1.000E+00 0.000E+00
PLUME MEANDER FACTOR = 1.00E+00
PASQUILL CLASS F METEOROLOGY, MARKEE SIGMA VALUES
NO BUILDING WAKE CORRECTION MADE
DOWNWIND DISTANCE STACK SIGY SIGZ CHI/Q
HEIGHT (m) (m) (m) (s/m”3)
6.000E+03 0.000E+00 7.842E+02 1.163E+01 3.355E=05
3.200E+04 0.000E+00 2.588E+03 1.939E+01 6.098E-06
4,.800E+04 0.000E+00 3.273E+03 2.194E+01 4.263E-06
PLUME DEPLETION BY FALLOUT IS INCLUDED
FRACTION OF PLUME REMAINING AIRBORNE FOLLOWING DEPLETION BY
DEPOSITION
DOWNWIND DISTANCE SOLIDS HALOGENS CESIUM RUTHENIUM
6.000E+03 9.026E-01 3.588E-01 9.026E-01 9.026E-01
3.200E+04 7.971E-01 1.035E-01 7.971E-01 7.971E-01
4,.800E+04 7.572E-01 6.193E-02 7.572E-01 7.572E-01

Inhalation Dose Calculation

USING DOSE CONVERSION FACTORS FROM ICRP-72 FOR MEMBERS OF THE

PUBLIC
RESPIRABLE FRACTION = 1.000E+00
BREATHING RATE = 3.330E-04 (m"3/s)
RELEASE TIME FOR EXPONENTIAL DECAY FUNCTION = 1.000E+00 (s)
INTERNAL EXPOSURE TIME PERIOD = 5.000E+01 (yr)

LUNG ABSORPTION TYPES SELECTED TO GIVE MAXIMUM DOSE
INHALATION DOSE CALCULATIONS FOR ADULT AGE

ICRP-72 INHALATION DOSE (rem) CHI/Q = 3.355E-05 (s5/m"3)
DOWNWIND DISTANCE = 6.00E+03 (m) PLUME TRAVEL TIME = 5.77E+03 (s)
COMMITTED EQUIVALENT
TOTAL E 50 DOSE = 2.63E+00
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Evaluation of Microreactor Inhalation Dose Consequences

Radiological Safety Analysis Computer Program (RSAC 7.2.0)

Name: Windows User Company: Idaho National Laboratory Serial: 134684
Computer: INL611704 Run Date: 06/11/2020 Run Time: 15:48:09
File: Marvel SNAPTRAN 2.rsac

ICRP-72 INHALATION DOSE (rem) CHI/Q = 6.098E-06 (s/m"3)
DOWNWIND DISTANCE = 3.20E+04 (m) PLUME TRAVEL TIME = 3.08E+04 (s)
COMMITTED EQUIVALENT
TOTAL E 50 DOSE = 4.01E-01
ICRP-72 INHALATION DOSE (rem) CHI/Q = 4.263E-06 (s/m"3)
DOWNWIND DISTANCE = 4.80E+04 (m) PLUME TRAVEL TIME = 4.62E+04 (s)
COMMITTED EQUIVALENT
TOTAL E 50 DOSE = 2.60E-01

Gamma Dose Calculation

EXPOSURE TIME = 1.0000E+00 (S)
CALCULATIONS MADE USING THE FINITE MODEL
EXTERNAL EDE
DOWNWIND DISTANCE = 6.000E+03 (M) DOSE = 2.33E-02 (REM)
DOWNWIND DISTANCE = 3.200E+04 (M) DOSE = 1.55E-03 (REM)
DOWNWIND DISTANCE = 4.800E+04 (M) DOSE = 8.55E-04 (REM)

Execution Time

1.30E-01 SECONDS
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