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1. PURPOSE 

The purpose of this calculation is to calculate source terms and offsite doses for Department of 
Energy (DOE) spent nuclear fuels (SNFs) and Navy SNF for use in design basis event (DBE) 
analyses. These source terms and offsite doses will be used to support pre-closure safety assessments 
for License Application. This calculation is performed using AP-3.12Q, Calculations.  

2. METHOD 

2.1 SOURCE TERM CALCULATION 

2.1.1 Evaluation of Source Terms from Fuel Inventory 

The source term released to the environment by a postulated DBE is calculated by (DOE 1994, p.  
1-2) 

ST. = Inv, x flnv x DR1 x ARF x LPF7 (1) 

where 

STj the amount of the jt' isotope that is released to the environment [Ci] 

Invi - the amount of the jt isotope in the given fuel type [Ci] 

tinv the fraction of the fuel inventory that is involved in the DBE [-] 
DR1  the fraction of the jdh isotope in the "material-at-risk" that is affected by the DBE [-] 

ARFj the airborne release fraction of the jt' isotope applicable to the DBE [-] 

LPFj the leak path factor for the j' isotope applicable to the DBE [-] 

The portion of the source term that is respirable is equal to 

STrnh = ST1 R•j (2) 

where 

STW - the respirable amount of the j' isotope that is released to the environment [Ci] 

RFj - the respirable fraction of the jt' isotope applicable to the DBE [-] 

The SNF isotopic compositions provided by the National Spent Nuclear Fuel Program (NSNFP) 
(NSNFP 1999) are given in terms of the entire fuel inventories scheduled to be disposed of in the 
Monitored Geologic Repository (MGR). For example, if a fuel inventory is made up of 400 
canisters, the isotopic data provided would be for all 400 canisters. Since the entire inventory of a 
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given fuel type would not be involved in a potential accident event the scaling factor (tinv) is used 
to adjust the total isotopic inventory to the amount involved in an event.  

This calculation will determine the per canister dose for the SNF. In cases where the number of 
canisters ( n , ) is greater than or equal to 1.0, the fl-action of a given total SNF inventory involved 

in an event is the inverse of n. [Assumption 3.2].  

flnv = n "' where n ,,• > n canDBE (3) 
ncanlwV 

where 

n• ca"I - total number of canisters for a given fuel inventory [canisters] 

nn DBE - total number of canisters involved in the DBE [canisters] 

If an SNF inventory does not completely fill a canister (i.e., it is listed as having less than one 
canister) the entire inventory is involved in the event; in this case ftnv is set equal t0 one.  

flnv=l forn <1 (4) 

A damage ratio (DR) of 1.0 is conservatively assumed for all of the isotopes that comprise the total 
material-at-risk [Assumption 3.8]. A leak path factor (LPF) of 1.0 is used if no high efficiency 
particulate air (HEPA) filtration is assumed [Assumption 3.7]. If HEPA filtration is assumed an LPF 
of 3.OE-04 is used (Burchsted, et al. 1978, page 9).  

The airborne release fractions (ARFs) and respirable fractions (RFs) used in the calculation are taken 
from a number of documents. The specific values used are discussed in Section 5.2.7.  

2.1.2 Evaluation of Source Terms from DOE SNF Crud Inventory 

Crud or corrosion products has been found on the exterior surface of spent nuclear fuel assemblies 
due to irradiation and imperfect water chemistry control in the reactor coolant system. Crud can be 
released to the environment during a DBE involving spent nuclear fuels at the potential repository.  

The DOE SNF crud surface activity would be bounded by the commercial spent nuclear fuel (CSNF) 
crud surface activity since CSNF has a much higher bum-up (LMITCO 1999, p. 2) [Assumption 
3.9]. CSNF crud activity was found to be dominated by Fe-55 and Co-60 (Jones 1992, Tables l&2).  
For pressurized water reactor (PWR) crud at 5 years after discharge, surface activities of 1,658.3 
ptCi/cm2 and 36.3 pCi/cm2 for Fe-55 and Co-60, respectively, are recommended (CRWMS M&O 
1999a). For boiling water reactor (BWR) crud at 5 years after discharge, surface activities of 2,083.4 
tCi/cm2 and 324.9 gCi/cm2 for Fe-55 and Co-60, respectively, are recommended (CRWMS M&O 

1999a). For CSNF, the following assembly data are obtained from Source Terms for Design Basis 
Event Analyses (CRWMS M&O 1996, pp. 7-8): 
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Assembly Surface Area: 

Assembly Uranium Inventory:

PWR = 353,536 cm2/assembly 
BWR = 111,235 cm2/assembly 

PWR = 0.464 MTU/assembly 
BWR = 0.196 MTU/assembly

Using the above data, the crud surface activities per metric ton of uranium (MTU) are calculated 
below: 

[1658.3Pc _ x [353,536 cm2 

C•,-5..sPWR _asml =1.264 x 10 ,MTi (5) 

assembly 
[044MTIU]MT 5

[36.3 Pix3-5,3
CCI. 6 .oVMw

0.4 ss MTU 044as-s--nembl

cm 2 

assembly] 2.766 x 107 Ci 

1 2MWu

y I

2083.4 t x 111,235 as:-i-bly] =1.182x10 9 

Fe-55.BwR - MW2 1 MTUi 

[0.196 aMbl] MTU 
assembly

[324.9c•2 x 111,235 cm 
cm. - a=seMbly 

[0.196 MW 1 
_* assembly

1.844x108 lCi 
MTU

- Fe-55 activity per MTU in PWR crud [Ci Fe-55/MTU] 
- Co-60 activity per MTU in PWR crud [Ci Co-60/MTU] 
- Fe-55 activity per MTU in BWR crud [Ci Fe-55/MTU]
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where

CFe-5.PWR 

CFc-55.BWR

(8)
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I.

Cco-.BwR - Co-60 activity per MTU in BWR crud [Ci Co-60/MTU] 

BWR crud will be selected to represent the CSNF crud, since the above calculations show that BWR 
crud has a higher activity per MTU. The DOE SNF crud surface activity would be bounded by the 
CSNF crud surface activity since CSNF has a much higher burnup. Assuming that the DOE crud 
surface activity per MTHM (metric ton of heavy metal) is bounded by the BWR crud surface activity 
per MTU [Assumptions 3.9] and that CSNF MTU can be substituted for CSNF MTHM values 
[Assumption 3.10], the activity of crud in a DOE canister can be calculated as follows:

CF,-55 =- CFe5.BwIR 
.• an.....

,' ".W InvMrHM Cc.-60 C' -Bw I 

l n.cAnv

(9)

(10)

- per canister Fe-55 activity for DOE SNF crud [Ci Fe-55/canister] 
- per canister Co-60 activity for DOE SNF crud [Ci Co-60/canister] 
- DOE SNF inventory MTHM per canister [MTlM/canister]

The crud source term released to the environment is calculated by 

STj =C, x DRj x ARFj x LPFj 

with the respirable portion of the source term being equal to 

STirnh xR 
wjh = er 

where

C.

(11)

(12)

- activity of the jh DOE SNF crud isotope [Ci]

A DR of 1.0 is conservatively assumed for all of the isotopes that comprise the crud inventory 
[Assumption 3.8]. An LPF of 1.0 is used if no HEPA filtration is assumed [Assumption 3.7]. If 
HEPA filtration is assumed an LPF of 3.OE-04 is used (Burchsted, et al. 1978, page 9).  

The ARF and RF values used in the calculation are discussed in Section 5.2.7.
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2.1.3 Source Terms from Navy SNF

Due to the robust nature of naval fuel designs, fission products contained by the fuel cladding will 
not be released in a DBE (Navy 1999). Therefore the Navy SNF source term consists primarily of 
activated corrosion products. Those corrosion products and their quantities are provided in Navy 
(1999) (p. 2).  

ST. = Nj xLPF, noting that STj• STj for NavySNF (13) 

where 

Nj - activity of the jth Navy SNF isotope [Ci] 

An LPF of 1.0 is used if no HEPA filtration is assumed [Assumption 3.7]. If HEPA filtration is 
assumed an LPF of 3.0E-04 is used (Burchsted, et al. 1978, page 9).  

2.2 DOSE CALCULATION 

Only the inhalation and air submersion dose are considered in this calculation; the potential doses 
from ingestion, water immersion, and contaminated soil are ignored [Assumptions 3.1 and 3.5].  

The inhalation dose to an individual from each isotope in the source term is (NRC 1977, Sections 
C.2 and C.3) 

D7 = STjmh x x BR x conv x DCF7,h (14) 

while the air submersion dose is [Assumption 3.5] 

ub =STx x -xconvx DCFj~ (15) 

where 

D7n - radiation dose from the jt' isotope to the keh "organ" due to inhalation [rem] 

D• - radiation dose from thej' isotope to the kth "organ" due to air submersion [rem] 
k - "organ" index, where "organs" are gonads, breast, lungs, red marrow, bone 

surface, thyroid, remainder, effective, and skin [-] 
zatmospheric dispersion factor [s/m3] 
Q 
BR - breathing rate [m3/s] 
DCFJh - the inhalation dose conversion factor of the j' isotope for the ke organ [Sv/Bq]
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V sut 

DCFJ.? - the submersion dose conversion factor of the j•' isotope for the kt' organ 
[(Sv m3)/(Bq s)] 

cony - DCF unit conversion factor: 3.7E+12 (rem-Bq)/(Ci-Sv) 
(Eckerman, et al. 1988, p. 121) 

Regulatory requirements applicable to the MGR (Dyer 1999) specify four dose measures for 
Category 2 DBEs.  

" The total effective dose equivalent (TEDE). The TEDE is equal to the committed effective dose 
equivalent (CEDE) plus the deep dose equivalent (DDE) per the definition in 10 CFR 20, Section 
1003. The CEDE is calculated using the "effective" inhalation dose conversion factor (DCF).  
The DDE is calculated using the "effective" air submersion DCF.  

The highest of the seven committed dose equivalents (CDEs) plus the DDE. The seven organs 
evaluated to find the highest CDE are the lungs, breasts, gonads, red marrow, bone surface, 
thyroid, and remainder. The DDE which is added to the highest CDE is equal to that used to 
calculate the TEDE, as per the definition of DDE in 10 CFR 20, Section 1003.  

"* Lens of the Eye. No doses are calculated for this limit in this calculation, as none of the 57 DOE 
SNF isotopes have lens of the eye DCFs given in either Federal Guidance Report 11 (Eckerman, 
et al. 1988) or Federal Guidance Report 12 (Eckerman, K. F., and Ryman, J. C. 1993). In the two 
Federal Guidance reports only Kr-83m (an isotope not contained in any DOE SNF) has a lens 
of the eye DCF (Eckerman, et al. 1988, p. 182).  

"* Skin & Extremities. The dose to the skin and extremities is only due to the air submersion dose 
pathway.  

The TEDE and CDEs+DDE dose measures then can be expressed, ignoring the ingestion dose 
pathway [Assumption 3.1] as 

TEDE = CEDE + DDE D' + . D,, (16) 
J J 

CDEk +DDE='D7,I +_DJ." where k#effectiveorskin (17) 

J J 

where 

TEDE - total effective dose equivalent [rem] 
CEDE - committed effective dose equivalent [rem] 
DDE - deep dose equivalent [rem] 

CDEk - committed dose equivalent to the ke organ [rem] 

The skin & extremities dose is equal to 
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SKN= sub (18) 

where 

SK7N - dose to the skin & extremities [rem] 

2.3 TREATMENT OF DOSE CONVERSION FACTORS 

The inhalation DCFs used in this calculation are taken from Federal Guidance Report 11 (Eckerman 
et al. 1988). The inhalation DCF of an isotope is dependent in part on its chemical form. This 
dependence is accounted for by the lung clearance class (D - daily, W - Weekly, Y - Yearly) used 
to evaluate the DCF of a given isotope. Some isotopes have only one lung clearance class, others 
have multiple lung clearance classes. For isotopes with multiple lung clearance classes, the lung 
clearance class that yields the highest DCF is assumed on a per organ basis [Assumption 3.4]. For 
example, Pu-238 (which has W- and Y-clearance classes) has the highest lung inhalation DCF for 
the Y-clearance class, while all of the other organs have the highest inhalation DCF for the W
clearance class [Assumption 3.4].  

DOE SNF isotopes that have lung clearance classes other than or in addition to D, W, and/or Y are 
(Eckerman et al. 1988): 

* H-3 -water vapor 
• C-14 - organic., CO, and CO2, 
* Ni-59 - daily, weekly, and vapor 
* Ni-63 - daily, weekly, and vapor 

Nickel, being a metal, is in the vapor phase only at temperatures well-above ambient. As there are 
no events postulated in the Preliminary Design Basis Event Calculations for the Monitored Geologic 
Repository (CRWMS M&O 1998) in which temperatures well-above ambient occur, it is not 
anticipated that nickel isotopes in any potential source term will be in the vapor phase. Hence, only 
daily and weekly lung clearance classes are considered [Assumption 3.4].  

The air submersion DCFs used in this calculation are taken from Federal Guidance Report 12 
(Eckerman and Ryman 1993).  

The inhalation DCFs from Eckerman et al. (1988) account for the presence of short-lived daughter 
products; however, the air submersion DCFs from Eckerman and Ryman (1993) do not. For 
example, the inhalation DCF for Cs-137 accounts for the presence of Ba-137m (Cs-137 has a DCF 
listed for it, while Ba-137m does not); however, separate air submersion DCFs are listed for each 
isotope.

CAL-WPS-SE-000004 REV 00 10 September 1999



Using the radioactive decay product data in Table A.l of Eckerman and Ryman (1993), four DOE 
SNF isotopes are identified as having a short-lived (half-life < 2 hours) daughter product (see 
Attachment XI). The total air submersion DCF from the parent/daughter pair is then 

DCFju = DCF]ub-•7 + f x DCF'b-dughitr (19) 

where 

DCF Sub - total air submersion DCF for the jth organ [(rem m3)/(Ci s)] 
DCFjib-•e"' - air submersion DCF for the jth organ from the parent isotope 

[(rem m3)/(Ci s)] 

DCF.b-d•gh'" - air submersion DCF for the j' organ from the daughter isotope 

[(rem m3)/(Ci s)] 
f - fraction of the parent isotope that decays to the daughter isotope [-] 

The total air submersion DCFs for Ac-227, Cs-137, Ru-106, and Sn-126 are calculated in 
Attachment XI.  

3. ASSUMPTIONS 

The following assumptions are used in this calculation.  

3.1 Only inhalation and air submersion doses are considered in this calculation; the potential 
doses from ingestion, water immersion, and contaminated soil are ignored.  

Basis: This assumption implies that these doses are negligible in comparison to the combined 
inhalation and air submersion dose and/or the receptors at the assumed site boundary are 
evacuated shortly after the postulated event, thus precluding these source term pathways.  

This assumption is used in Section 2.2.  

3.2 In calculating the fraction of inventory at-risk, it is assumed that all of the canisters of a given 
fuel type have the same isotopic composition.  

Basis: If the isotopic data are not sufficiently skewed to adequately account for variation in 
the isotopic composition of a given fuel type this assumption is non-conservative. Uncertainty 
analysis needs to be performed to determine the effect of non-homogenous isotopic 
composition on the calculation results.  

This assumption is used in Section 2.1.  

3.3 The dose receptor is assumed to be at a distance of 5 km from any postulated DBE source 
term release (YMP 1999, Section 3.3.J).

CAL-WPS-SE-000004 REV 00 I I September 1999



Basis: Monitored Geologic Repository Requirements Document (YMP 1999).  

This assumption is used in Section 5.2.2.  

3.4 For isotopes with multiple clearance classes, the lung clearance class that yields the highest 
inhalation DCF is assumed on a per organ basis. An exception to this assumption are nickel 
isotopes, where the vapor phase lung clearance class is not considered, as vapor-phase nickel 
is not expected to be present in the potential accident source terms, based on the accidents 
described in "Preliminary Design Basis Event Calculations for the Monitored Geologic 
Repository" (CRWMS M&O 1998).  

Basis: This assumption maximizes the calculated inhalation doses.  

This assumption is used in Attachments III to VIII, and X.  

3.5 It is assumed that the Deep Dose Equivalent is equal to the effective dose equivalent from air 
submersion, and that the external dose contribution from water immersion and contaminated 
soil is negligible.  

Basis: This assumption implies that these doses are negligible in comparison to the combined 
inhalation and air submersion dose and/or the receptors at the assumed site boundary are 
evacuated shortly after the postulated event, thus precluding these source term pathways.  

This assumption is used in Section 2.2.  

3.6 It is assumed that the ARFxRF for stable metal/intact DOE SNF is equal to 8.OE-07.  

Basis: This assumption is based on information given for SNF in the Nuclear Fuel Cycle 
Accident Analysis Handbook (NRC 1998, p. 3-9).  

This assumption is used in Section 5.2.  

3.7 If HEPA filtration is not credited a leak path factor (LPF) of 1.0 is conservatively used in this 
calculation.  

Basis: Using an LPF of 1.0 implies taking no credit for source term reduction mechanisms 
such as gravitational settling or operation of the Waste Handling Building ventilation system 
(i.e., HEPA filtration of the source term before it is released to the environment). This is a 
bounding assumption.  

This assumption is used in Section 2.1.1 and Attachments III to VIII, and X.  

3.8 A Damage Ratio (DR) of 1.0 is conservatively assumed for this analysis.
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r.

Basis: A damage ratio of 1.0 is a conservatively bounding value.  

This assumption is used in Section 2.1.1, and Attachments In to VIII, and X.  

3.9 The Co-60 and Fe-55 (crud) assembly surface activity for CSNF is bounding for DOE SNF.  

Basis: The Co-60 and Fe-55 assembly surface activity is proportional to the fuel bumup. Since 
CSNF has higher bumup in comparison to DOE SNF (LM1TCO 1999, p. 2), it is expected the 
CSNF would bound the Co-60 and Fe-55 assembly surface activity of DOE SNF.  

This assumption is used in Section 2.1.2.  

3.10 In the calculation of the bounding crud inventories the CSNF assembly uranium inventory is 
assumed to be equal to the assembly Heavy Metal inventory.  

Basis: The CSNF MTU per assembly has to be equal to or less than the MTHM per assembly 
(MTU is a subset of MTHM). Therefore using the MTU per assembly to calculate the Curie 
inventories per MTHM yields a result equal or greater than that if the actual MTHM per 
assembly values were used.  

This assumption is used in Section 2.1.2.  

4. USE OF COMPUTER SOFTWARE AND MODELS 

4.1 SCIENTIFIC AND ENGINEERING SOFTWARE 

No scientific and engineering software, as defined by AP-SI. IQ, Software Management, are used 
in this analysis.  

4.2 SOFTWARE ROUTINES AND MACROS 

4.2.1 Documentation of Information Required by AP-SI.1Q 

Software routines and macros, as defined by AP-SI. 1Q, are used in this analysis - specifically, an 
Excel workbook. The procedure requires documentation of the following information regarding the 
workbook and macro: 

* A listing of the version and any subsequent changes to the software: 
The workbook has no specific version; it is explicitly coupled with this analysis and 
its documentation. No changes can be made to the workbook without a revision of 
this analysis document, or the production of a separate calculation that documents the 
changes.  

* The version identification of the application the routine or macro was developed in: 
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The workbook was developed in Excel 97 SR-2 under the Windows 95 operating 
system on a PC platform.  

* Documentation that the workbook and macro provide correct results for a specified range 
of input parameters.  
The checking process provides verification that the results documented in 
Attachments mII-XI are correct for the input data contained therein.  

The installation and checkout steps performed upon first use of the software routine or 
macro on a new platform, operating system, or new user's location: 
The workbook has only been developed to function under Excel 97 on a PC platform 
with the Windows 95 operating system. Execution of the workbook under a different 
version of Excel, on a different computing platform, and/or with a different operating 
system may impact the veracity of their results.  

4.2.2 Workbook and Macro Overview Information 

The Excel workbooks DOE SNF per Canister Source Term and Dose Calculations (Attachments 
III to VIII) contains the following spreadsheets. Note that a separate workbook exists for each fuel 
evaluated: 

" Fuel Data: Contains the isotopic inventory of the DOE SNFs that are being evaluated, 
including crud isotopes (see Attachment IX). The specific fuel that is evaluated is denoted 
by an "x" in the row "evaluated fuel." These data are copied to column 10.  

"* Parameters: Contains the ARF, RF, and LPF data for the DOE SNF fuel types and fuel 
conditions that are evaluated in this calculation. The ARF, RF, and LPF data that correspond 
to the fuel being evaluated are copied to the "Released Fractions Used in this Calculation" 
table.  

The spreadsheet also contains the breathing rate, ground-level dispersion factor, and Sv/Bq 
to rem/Ci conversion factor.  

" Inhalation DCFs: Contains inhalation DCFs from Eckerman et al. (1988).  

" Air Submersion DCFs: Contains air submersion DCFs from Eckerman and Ryman (1993), 
modified to account for implicit daughter products (see Attachment XI).  

" ST Calc - no HEPAs: The isotopic inventory for the evaluated fuel is copied into column 
2 from the fuel data spreadsheet. The fraction of the total fuel inventory that is involved in 
the DBE (finy) is calculated in column 3. The ARF and RF are copied to columns 4 and 5 
based on the fuel type, fuel condition, and isotope material type. LPF is copied to column 6, 
based on the HEPA filter status (yes/no) and the isotope material type.
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Equations (1) and (2) are used to calculate the source term released to the environment and 
the respirable source term released to the environment in columns 7 and 8. Note that a 
bounding DR of 1.0 is used in the source term calculation [Assumption 3.8].  

"ST Calc - HEPAs:. The isotopic inventory for the evaluated fuel is copied into column 2 
from the fuel data spreadsheet. The fraction of the total fuel inventory that is involved in the 
DBE (ffnv) is calculated in column 3. The ARF and RF are copied to columns 4 and 5 based 
on the fuel type, fuel condition, and isotope material type. LPF is copied to column 6, based 
on the HEPA filter status (yes/no) and the isotope material type.  

Equations (1) and (2) are used to calculate the source term released to the environment and 
the respirable source term released to the environment in columns 7 and 8. Note that a 
bounding DR of 1.0 is used in the source term calculation [Assumption 3.8].  

" Inhalation Doses - no HEPAs: Inhalation doses are calculated using Equation (14) with the 
unfiltered respirable source term released to the environment (as calculated in ST calc - no 
HEPAs spreadsheet) the inhalation DCFs (from the Inhalation DCFs spreadsheet), and the 
atmospheric dispersion factor and breathing rate (from the Parameters spreadsheet).  

" Air Submersion Doses - no HEPAs: Air submersion doses are calculated using Equation 
(15) with the unfiltered source term released to the environment (as calculated in ST calc 
no HEPAs spreadsheet) the inhalation DCFs (from the Air Submersion DCFs spreadsheet), 
and the atmospheric dispersion factor (from the Parameters spreadsheet).  

"* Inhalation Doses - HEPAs: Inhalation doses are calculated using Equation (14) with the 
HEPA-filtered respirable source term released to the environment (as calculated in ST calc 
-HEPAs spreadsheet) the inhalation DCFs (from the inhalation DCFs spreadsheet), and the 
atmospheric dispersion factor and breathing rate (from the Parameters spreadsheet).  

" Air Submersion Doses -HEPAs: Air submersion doses are calculated using Equation (15) 
with the HEPA-filtered source term released to the environment (as calculated in ST calc 
HEPAs spreadsheet) the inhalation DCFs (from the inhalation DCFs spreadsheet), and the 
atmospheric dispersion factor (from the Parameters spreadsheet).  

" Final Results: The inhalation and air submersion doses for the gonad, breasts, lung, red 
marrow, bone surface, thyroid, remainder, whole body, and skin are copied from the 
respective "no HEPAs" and "HEPAs" spreadsheets.  

The inhalation whole body dose (CEDE) is added to the whole body air submersion dose 
(DDE) to calculate the TEDE, as per Equation (16).  

The highest inhalation organ dose (highest CDE) is identified and the whole body air 
submersion dose (DDE) is added to it, as per Equation (17).
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" TEDE and CDE+DDE: The TEDE and highest CDE+DDE isotopic doses for both the "no 
HEPAs" and "HEPAs" case are copied to this spreadsheet. These data are used in the 
Importance calculations.  

" Importance: Calculates the contribution to the total dose (both TEDE and highest 
CDE+DDE) for each material type (e.g., particulate, cesium, gas, and crud).  

The Excel workbook Crud Inventory Calculations contains the following spreadsheets (see 
Attachment IX): 

" sorted fuels: DOE SNF data (SNFID, fuel name, fuel matrix, fuel condition, MTHM, and 
number of canisters) are taken from NSNFP (1999). The MTHM per canister is calculated 
for each fuel. Then the fuels are sorted by fuel matrix, fuel condition, and by MTHM per 
canister in descending order. The fuel in each group with the highest MTHM per canister is 
denoted by boldface type.  

"* bounding crud inventories: The bounding MTHM per canister for each fuel group (taken 
from the sorted fuels spreadsheet) is multiplied by the Curies per MTHM for Co-60 and 
Fe-55 (see Section 2.1.2).  

The Excel workbook Navy SNF per Canister Dose Calculations contains the following 
spreadsheets (see Attachment X): 

"• Input Parameters: Column 2 contains the source term released from a single canister (Navy 
1999). The unfiltered and HEPA filtered source terms released to the environment is 
calculated in columns 3 and 4.  

The spreadsheet also contains the HEPA filtration LPF, breathing rate, ground-level 
dispersion factor, and Sv/Bq to rem/Ci conversion factor.  

" Inhalation DCFs: Contains inhalation DCFs from Eckerman et al. (1988).  

" Air Submersion DCFs: Contains air submersion DCFs from Eckerman and Ryman (1993), 
modified to account for implicit daughter products (see Attachment IX).  

" Inhalation Doses - no HEPAs: Inhalation doses are calculated using Equation (14) with, 
the inhalation DCFs (from the Inhalation DCFs spreadsheet), and the unfiltered respirable 
source term released to the environment, the atmospheric dispersion factor, and breathing 
rate (from the Input Parameters spreadsheet).  

" Air Submersion Doses - no HEPAs: Air submersion doses are calculated using Equation 
(15) with the inhalation DCFs (from the Air Submersion DCFs spreadsheet), and the
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unfiltered source term released to the environment and the atmospheric dispersion factor 
(from the Input Parameters spreadsheet).  

" Inhalation Doses - HEPAs: Inhalation doses are calculated using Equation (14) with, the 
inhalation DCFs (from the Inhalation DCFs spreadsheet), and the HEPA-filtered respirable 
source term released to the environment, the atmospheric dispersion factor, and breathing 
rate (from the Input Parameters spreadsheet).  

"* Air Submersion Doses -HEPAs: Air submersion doses are calculated using Equation (15) 
with the inhalation DCFs (from the Air Submersion DCFs spreadsheet), and the HEPA
filtered source term released to the environment and the atmospheric dispersion factor (from 
the Input Parameters spreadsheet).  

" Final Results: The inhalation and air submersion doses for the gonad, breasts, lung, red 
marrow, bone surface, thyroid, remainder, whole body, and skin are copied from the 
respective "no HEPAs" and "HEPAs" spreadsheets.  

The inhalation whole body dose (CEDE) is added to the whole body air submersion dose 
(DDE) to calculate the TEDE, as per Equation (16).  

The highest inhalation organ dose (highest CDE) is identified and the whole body air 
submersion dose (DDE) is added to it, as per Equation (17).  

The Excel workbook DCFs for Parent-Implicit Daughter Products contains the following 
spreadsheets (see Attachment XI): 

" isotope list: Contains a listing of the DOE SNF isotope parent and daughter product half
lives and decay fractions. The isotopes that meet the implicit daughter product criteria (see 
Section 2.3) are denoted by boldface type.  

"* calculation: Contains the total air submersion DCF calculations (see Section 2.3) for the 
isotopes identified as having implicit daughter products.  

4.3 MODELS 

No models, as defined by AP-SI.1Q, are used in this analysis.  

5. CALCULATION 

5.1 CALCULATION DESCRIPTION 

The calculations, as described by the methods in Section 2, are performed in the following Excel 
workbooks:
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"* DOE SNF per Canister Source Term and Dose Calculations 
"• DOE SNF per Canister Crud Inventory Calculations 
"* Navy SNF per Canister Dose Calculations 
"* DCFs for Parent-Implicit Daughter Isotopes Calculations 

The DOE SNF per Canister Source Term and Dose Calculations are performed on six DOE 
SNFs: 

"* HWCTR (U/TH) [112] 
"* ALUM CLAD SNF [411] 
"• Shippingport PWR Core 11 [193] 
"* Saxton (MOX) [787] 
"* EBWR (U.Metal) LEU [64] 
"* N Reactor [147] 

The workbooks for these calculations are located in Attachments mI through VIII.  

The bounding crud inventory associated with each fuel group (i.e. fuel matrix and fuel condition) 
is calculated in the Excel workbook DOE SNF per Canister Crud Inventory Calculations (see 
Attachment IX).  

Per Canister dose calculations for Navy SNF are performed in Navy SNF per Canister Dose 
Calculations (see Attachment X).  

The determination and calculation of implicit daughter products that contribute to the air submersion 
DCFs are performed in DCFs for Parent-Implicit Daughter Isotopes Calculations (see 
Attachment XI).  

The input parameters used in the calculations are given in Section 5.2.  

5.2 INPUT PARAMETERS 

5.2.1 Inhalation and air submersion DCFs are taken from Federal Guidance Report 11 and 
Federal Guidance Report 12, respectively. The DCFs used in this analysis are listed in 
Attachments nI-VHI, and X. The Sv/Bq to rem/Ci unit conversion factor is taken form 
Federal Guidance Report 11.  

Basis: Eckerman et al. (1988), Table 2.1, pp. 121-153, Eckerman and Ryman (1993), 
Table 111.1, pp. 57-73, and Eckerman et al. (1988), p. 121.  

Data Status: Accepted. These input parameters are accepted data based on their existence 
as established fact, as defined by Procedure AP-SHI.2Q, Qualification of Unqualified 
Data and Documentation of Rational for Accepted Data. DCFs produced by the 
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Environmental Protection Agency (EPA) are generally' accepted by the scientific and 
engineering community and found to be technically defensible by those using it.  

5.2.2 The atmospheric dispersion factors are based on Yucca Mountain site-specific data 
obtained from the Environmental Field Program (CRWMS M&O 1999b). The values 
were calculated using the equations prescribed in Regulatory Guide 1.145 (NRC 1982).  
An atmospheric dispersion factor of 4.68E-05 sec/m3 is used in the dose calculations for 
the assumed 5-km dose receptor.  

Basis: CRWMS M&O (1999b), p. 4.  

Data Status: Unqualified.  

5.2.3 An adult breathing rate of 3.33E-04 m3/s (20 liters/min) is used for all dose calculations.  
This is based on the Reference Man breathing rate established in ICRP (1975). This 
breathing rate is based on the volume intake of air for "light activity" and is considered 
to be appropriate for DBE accident scenarios resulting in short-term (< 8-hour) exposures 
to the public at the assumed 5-km site boundary.  

Basis: ICRP (1975), p 346.  

Data Status: Accepted. This input parameter is accepted data based on its existence as 
established fact, as defined by Procedure AP-SIII.20, Qualification of Unqualified Data 
and Documentation of Rational for Accepted Data. Information produced by the ICRP 
regarding radiological dose calculations is generally accepted by the scientific and 
engineering community and found to be technically defensible by those using it.  

5.2.4 DOE SNF inventory information is provided by the National Spent Nuclear Fuel Program 
(NSNFP). A listing of that information used in this calculation are given in the "Fuel 
Data" spreadsheet of Attachments mI through VIII.  

Basis: LMITCO (1999) and NSNFP (1999).  

Data Status: Unqualified.  

5.2.5 Isotope decay products, half-lives, and decay fractions are taken from Table A.1 of 
Eckerman and Ryman (1993).  

Basis: Eckerman and Ryman (1993), Table A.1, pp. 197-211.  

Data Status: Accepted. These input parameters are accepted data based on their existence 
as established fact, as defined by Procedure AP-SIH.2Q, Qualification of Unqualified 
Data and Documentation of Rational for Accepted Data. Isotope information produced 
by the EPA are generally accepted by the scientific and engineering community and 
found to be technically defensible by those using it.  
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5.2.6 The Navy SNF source term is taken from Navy (1999), p.2 .

Table 1. Navy SNF Source Term

Isotopes Curies released per canister 
Am-241 1.30E-07 

C-14 2.62E-03 
Co-58 8.84E-02 
Co-60 2.40E-01 

Cs-137 1.03E-04 
Fe-55 4.40E-01 
Fe-59 1.28E-03 
Mn-54 1.49E-02 
Nb-94 5.24E-05 
Nb-95 1.95E-03 
Ni-63 7.82E-02 

Pu-239 1.04E-07 
Pu-240 1.04E-07 
Pu-241 7.60E-06 
Sr-90 2.06E-04 
Zr-95 1.70E-03

Basis: Navy (1999), p.2 

Data Status: Accepted. This input is accepted based on it being deemed appropriate by 
the provider for establishing surface facility design requirements (Navy 1999, p.3).
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5.2.7 ARFs and RFs for DOE SNF.

Table 2. ARFs and RFs for DOE SNF

Notes:

1. The ARF and RF values for Stable Metals/Intact particulate 
NUREG/CR-6410 (NRC 1998), p. 3-9 [Assumption 3.6].

material is taken from

2. The ARF and RF values for gases, crud, and cesium are taken from CRWMS M&O (1999a).  

3. The greater of the ARF and RF values for gases, cesium, and crud in CRWMS M&O (1999a) 
and the fuel group ARF and RF values in LMITCO (1999) and NSNFP (1999) are used for 

gases, cesium, and crud.  

4. Since the current DOE SNF data set does not differentiate between fuel that under goes 
complete oxidation or is in powder form, the bounding ARF/RF combination for the powder 
form (ARF x RF = 2.0E-03) is used for Other/Not Intact fuel particulate and cesium material 
types.  

Basis and Data Status: 
LMITCO (1999), Unqualified
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DBE group DBE group Material Type ARF RF Note.  
fuel matrix fuel condition 

particulate 2.OE-04 4.OE-03 

Stable Metals Intact gas 0.3 1.0 cesium 2.OE-04 1.0 1, 2, 3 
crud 1.0 0.3 

particulate 5.OE-03 0.4 

Stable Metals Not Intact gas 0.3 1.0 
cesium 5.OE-03 1.0 2, 3 

crud 1.0 0.3 
particulate 2.25E-03 1.0 

Non Metals Intact gas 0.3 1.0 2,-3 
cesium 2.25E-03 1.0 

crud 1.0 0.3 
particulate 5.OE-03 0.4 

Non Metals Not Intact gas 0.3 1.0 
cesium 5.OE-03 1.0 2, 3 

crud 1.0 0.3 
particulate 1.OE-03 1.0 

Other Intact gas 0.3 1.0 
cesium 1.OE-03 1.0 2, 3 

crud 1.0 0.3 
particulate 5.OE-03 0.4 

Other Not Intact gas 0.3 1.0 
cesium 5.OE-03 1.0 2, 3,4 

crud 1.0 0.3 1 1
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NSNFP (1999), Unqualified 
NRC (1998), Accepted 
CRWMS M&O (1999a), Unqualified.  

5.2.8 A single-stage HEPA filter has, by definition, an efficiency of no less than 99.97% 
(Burchsted, et al. 1978, page 9). Hence a mitigation factor of 3.OE-04 can be applied to 
all non-gaseous/non-volatile (e.g., particulate) radionuclide releases that are drawn 
through the exhaust HEPA filters by the WHB HVAC system.  

Basis: Burchsted, et al. 1978, page 9.  

Data Status: Accepted. This input parameter is accepted data based on its existence as 
established fact as defined by Procedure AP-SImI.2Q, Qualification of Unqualified Data 
and Documentation of Rational for Accepted Data. This definition of HEPA filter 
efficiency is generally accepted by the scientific and engineering community and is 
found to be technically defensible by those using it.  

5.2.9 CSNF fuel assemblies have the following surface areas and uranium inventories:

Assembly Surface Area: PWR = 353,536 cm2/assembly 
BWR = 111,235 cm2/assembly

Assembly Uranium Inventory: PWR = 0.464 MTU/assembly 
BWR = 0.196 MTU/assembly 

Basis: CRWMS M&O (1996), pp. 7-8.  

Data Status: Unqualified.
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6. RESULTS 

6.1 DOSE CALCULATION RESULTS 

The offsite dose results from the calculations in Attachments IH to VIII, and Attachment X are 
shown in Tables 3 and 4.  

Table 3. Offsite Dose Results for Source Terms Released Directly to the Environment.  

Fuel TEDE highest of Skin Lens of the 
Fuel Fuel Type Condition [rem] CDEs + DDE [rem] Eye [rem] ( [rem] 

HWCTR (U/TH) [112] stable intact 4.29E-02 4.52E-01 6.25E-04 nc 
ALUM__CLADSN _ smetale 
ALUM CLAD SNF stable not intact 1.64E+00 2.41 E+011 1.02E-03 nc 
[411] metal 
Shippingport PWR non-metal intact 1.44E+01 2.50E+02 8.35E-03 nc 
Core 11 [193] 
Saxton (MOX) [787] non-metal not intact 1.13E+02 1.99E+03 9.36E-03 nc 
EBWR (U Metal) LEU other intact 2.58E+01 4.46E+02 2.OOE-02 nc 
[64] 
N Reactor [147] other not intact 4.30E+01 7.30E+02 4.59E-02 nc 
Navy SNF - - 8.72E-04 4.96E-03 7.05E-06 nc 

nc: not calculated (see Section 2.2) 

Table 4. Offsite Dose Results for HEPA-Filtered Source Terms Released to the Environment.  

Fuel TEDE highest of Skin Lens of the 
Fuel Fuel Type Condition [rem) CDEs + DDE [rem] Eye [rem] [rem] 

HWCTR (U/TH) [112] stable intact 4.32E-04 5.18E-04 2.32E-04 nc 
metal 

ALUM CLAD SNF stable not intact 2.28E-02 2.78E-02 7.86E-04 nc 
[411] metal I 
Shippingport PWR non-metal intact 1.42E-02 8.41 E-02 1.60E-03 nc 
Core II1[193] _________ 

Saxton (MOX) [787] non-metal not intact 2.85E-01 8.29E-01 5.58E-03 nc 
EBWR (U Metal) LEU other intact 1.99E-02 1.45E-01 6.18E-04 nc 
[64] 
N Reactor [147] other not intact 8.18E-02 2.82E-01 1.59E-03 nc 
Navy SNF - - 3.13E-07 1.54E-06 2.90E-09 nc 

nc: not calculated (see Section 2.2) 

The contribution of the different inventory materials (e.g., particulate, gas, cesium, and crud) to the 
total dose of the fuels evaluated is shown in Table 5.
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Table 5. Relative Contribution of DOE SNF Isotope Material Types to Total Dose Measures.
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6.2 DISCUSSION OF UNQUALIFIED/UNCONTROLLED/UNCONFIRMED INPUT 

The assumption of a 5,000 m site boundary is not verified. If the site boundary is closer than 5000 
m the offsite doses will increase.  

The airborne dispersion factor is based on meteorological data contained in the M&O Technical Data 
Management System (TDMS) database. Data in the TDMS are currently considered unqualified.  

The DOE SNF fuel information (e.g. isotopic composition, number of canisters, ARFs, RFs) is 
unqualified. A change in this information will result in a change in the offsite dose.  

The assumption that a DOE SNF fuel inventory that is comprised of more than one canister has its 
isotopic composition uniformly distributed in the canisters is unqualified. If the isotopes are not 
uniformly distributed the DOE SNF offsite doses will increase.  

Assumptions regarding the impact of dose pathways other than inhalation and air submersion on the 
offsite dose are not verified. If the other dose pathways (e.g. ingestion, water submersion, 
contaminated soil) are important relative to the inhalation and air submersion pathways, the offsite 
dose will increase.
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7. ATTACHMENTS

Attachment I - Document Input Record Sheets (DIRs) 

Attachment II - Acronyms and Abbreviations 

Attachment mI - Calculations for HWCTR (U/TH) [112] DOE SNF 

Attachment IV - Calculations for ALUM. CLAD SNF [411] DOE SNF 

Attachment V - Calculations for Shippingport PWR Core II [193] DOE SNF 

Attachment VI - Calculations for Saxton (MOX) [787] DOE SNF 

Attachment VII - Calculations for EBWR (U Metal) LEU [64] DOE SNF 

Attachment VIII - Calculations for N Reactor [147] DOE SNF 

Attachment IX - DOE SNF Crud Calculations 

Attachment X - Calculations for Navy SNF 

Attachment XU - Identification of Isotopes with Short-Lived Daughter Products and the 
Calculation of Their Total Air Submersion DCF
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15 NRC 1998. Nuclear Fuel Cycle p. 3-9 TBV-3237 3.6 basis for stable 2 X X N/A 
FacilityAccident Analysis Handbook 5.2.7 metal/intact SNF ARF and 

NUREG/CR-6410. Washington, RF 
D.C.: US Nuclear Regulatory (accepted data, waiting on 
Commission. TIC: 240909. AMOPE acceptance) 
Initial use.  

16 NSNFP (National Spent Nuclear Fuel entire TBV-3238 2.1.1 DOE SNF parameters: 2 X N/A N/A 

Program) 1999. Design Basis Event 4.2.2 SNFID # 
Data, Rev. 1. Idaho Falls, Idaho: 5.2.4 SNF name 
National Spent Nuclear Fuel 5.2.7 SNF fuel type 
Program. ACC: Att. III SNF fuel condition 
MOL.19990225.0479. At. IV # of canisters 
Initial use. Art. V isotopic composition 

Att. VI ARFs and RFs 
Art. VII 
Art. VIII 

.17 YMP (Yucca Mountain Site 3.3.J TBV-3098 3.3 Site Boundary will be 2 X N/A N/A 

Characterization Office) 1999. 5,000 m from WHB 
Monitored Geologic Repository ventilation release point 
Requirements Document. YMP/dM- and 5,000 m from 
0025, Rev. 3, DCN 01. Las Vegas, emplacement area 
Nevada. Yucca Mountain Site ventilation exhaust shafL 
Characterization Office. ACC: 
MOL 19990429.022. I 

18 10 CFR 20 1999. Energy. Standards 1003 N/A 2.2 definition of DDE N/A N/A N/A N/A 
for Protection Against Radiation.  
Readily available reference. I I
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19 Dyerj. R. 1999. RevisedInterim III N/A 2.2 Draft 10 CFR 63 N/A N/A N/A N/A 
Guidance Pending Issuance of New requirements for MGR 
U.S. Nuclear Regulatory Commission documents.  
(ORC) Regulations (Revision 01, July 
22 1999)for Yucca Mountain, 
Nevada. Letter from J. Russell Dyer 
(DOE) to D. R. Wilkins (YMP), 
September 03,1999. OL&RC:SB
1714. ACC: MOL19990910.0079.  

.20 AP-3.12Q, Revision 0, ICN 0. entire N/A entire Reference Procedure for N/A N/A N/A N/A 
Calculations. MOL. 19990702.0312. preparation of document 

21 AP-SI. IQ, Revision 1, ICN 0. entire N/A 4.1 Reference: Procedure for N/A N/A N/A N/A 
Software Management. ACC: 4.2.1 software management 
MOL.19990520.0164.  

22 AP-SIII.2Q, Rev. 0, ICN 0. 3.1 & N/A 5.2 Reference: Definitions of N/A N/A N/A N/A 
Qualification of Unqual fied Data 3.2 Qualified and Accepted 
and the Documentation of Rationale Data 
for Accepted Data.  
MOL. 19990702.0308. 1 1
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23 Only inhalation and air submersion N/A TBV-3239 3.1 Only inhalation and air 2 X N/A N/A 

doses are considered in this 2.2 submersion doses arc 
calculation; the potential doscs from considered in this 
ingestion, water immersion, and calculation; the potential 
contaminated soil are ignored. This doses from ingestion, 
assumption implies that these doses water iummersion, and 
are negligible in comparison to the contaminated soil are 
combined inhalation and air ignored. This assumption 
submersion dose and/or the receptors implies that these doses 
at the assumed site boundary are are negligible in 
evacuated shortly after the postulated comparison to the 
event, thus precluding these source combined inhalation and 
term pathways. air submersion dose 

and/or the receptors at the 
Assumption. Initial Use. assumed site boundary are 

evacuated shortly after the 
postulated event, thus 
precluding these source 
term pathways.  

24 In calculating the fraction of N/A TBV-3240 3.2 In calculating the fraction 2 X N/A N/A 
inventory at-risk, it is assumed that 2.1.1 of inventory at-risk, it is 
all of the canisters of a given fuel assumed that all of the 
type have the same isotopic canisters of a given fuel 
composition. type have the same 

isotopic composition.  
Assumption. lInitial Use.
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25 It is assumed that the Deep Dose N/A TBV-3241 2.2 It is assumed that the 2 X N/A N/A 

Equivalent is equal to the effective 3.5 Deep Dose Equivalent is 
dose equivalent from air submersion, equal to the effective dose 
and that the external dose equivalent from air 
contribution from water immersion submersion, and that the 
and contaminated soil is negligible. external dose contribution 
This assumption implies thai these from water immersion and 
doses are negligible in comparison to contaminated soil is 
the combined inhalation and air negligible. This 
submersion dose and/or the receptors assumption implies that 
at the assumed site boundary are these doses are negligible 
evacuated shortly after the postulated in comparison to the 
event, thus precluding these source combined inhalation and 
term pathways. air submersion dose 

and/or the receptors at the 
Assumption. Initial Use. assumed site boundary are 

evacuated shortly after the 
postulated event, thus 
precluding these source 
term pathways.
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Attachment II

ACRONYMS AND ABBREVIATIONS 

ARF airborne release fraction 
AP administrative procedure 
BWR boiling water reactor 
CDE committed dose equivalent 
CEDE committed effective dose equivalent 
CFR code of federal regulations 
CRWMS civilian radioactive waste management system 
CSNF commercial spent nuclear fuel 
DBE design basis event 
DCF dose conversion factor 
DDE deep dose equivalent 
DOE U.S. Department of Energy 
DR damage ratio 
EPA Environmental Protection Agency 
FR Federal Register 
HEPA high efficiency particulate air 
ICRP International Commission on Radiological Protection 
LMITCO Lockheed Martin Idaho Technologies Company 
LPF leak path factor 
M&O management and operating 
MGR monitored geologic repository 
MTHM metric tons heavy metal 
MTU metric tons uranium 
NRC U.S. Nuclear Regulatory Commission 
NSNFP National Spent Nuclear Fuel Program 
PWR pressurized water reactor 
RF respirable fraction 
SNF spent nuclear fuel 
TBD to be determined 
TBV to be verified 
TDMS technical data management system 
TEDE total effective dose equivalent 
YMP Yucca Mountain Project
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Attachment III 

Calculation for HWCTR (U/TH) [1121 DOE SNF
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DOE SNF per Canister Source Term and Dose Calculations.xls

_evaluated fuel x 
Nifl ty;e stable metal s

!cortditonl inltact Inot intact
I non-metal non-metal other other I

dfuei
netal

int,•,t I • intlntJd | nt~r4' nnf Int-,1 I

HWCTR ALUM CLAD PWR CORE I1 SAXTON METAL) LEU N REACTOR HWCTR (U/TH) 
fue name (UfIH)[1121 SNF[411] [193] (MOX) [7871 [64] [147] [112] 
#of canisters 0.17 1.00 24.00 1.00 10.50 194.95 0.17 

Isotopes materal type Curies (entire fuel inventory) Curies 
Ac-227 P 9.27E-09 281E-07 1.24E-02 1.33E-05 3.38E-05 1.03E-02 9.27E-09 
Am-241 P 1.22E-01 251E+01 7.61E+04 6.45E+03 1.63E+04 280E+05 1.22E-01 
Am-242m P 8.67E-05 9.69E-03 1.18E+02 1.07E+01 2.71E+01 7.96E+00 8.67E-05 
Am-243 P 2.85E-04 2.40C-02 3.38E+02 2.83E+01 7.18E+01 4.10E+01 2.85E-04 
C-14 P 1.09E-06 1.17E-05 1.53E÷00 1.81E+00 4.59E+00 3.03E+02 1.09E-06 
Cd-113m P 6.32E-02 7.25E-01 O.OOE+00 2.59E+0l 6.56E+01 0.00E+00 6.32E-02 
CI-38 P 2.51E-30 0.00E+00 0.OOE+00 2.35E-02 5.96E-02 0.00E+00 2.51E-30 
Cm-242 P 2.62E-04 8.OOE-03 0.00E+00 8.79E+00 2.23E+01 0.00E+00 2.62E-04 
Cm-243 P 4.52E-05 3.29E-03 0.00E+00 1.60E+01 4.06E+01 0.00E+00 4.52E-05 
Cm-244 P 9.94E-03 4.27E-01 3.18E+04 9.29E402 2.36E+03 2-44E+03 9.94E-03 
Cm-245 P 5.84E-07 1.33E-05 5.82E+00 2.12E-01 5.37E-01 5.13E-01 5.84E-07 
Cm-248 P 3.99E-08 9.83E-07 9.89F-01 4.28E-02 1.08E-01 6.79E-02 3.99E-08 
Cm-247 P 4.17E-14 0.004E00 -1.12E-07 2.83E-07 4.17E-14 
Co-50 P 7.30E-03 1.81E-09 1.10E+04 2.122+01 5.38E+01 4.75E+02 7.30E-03 
Cs-134 C 9.30E+01 205E+02 3.63E+03 1.24E+01 3.13E+01 1.63E+02 9.30E+01 
Cs-135 C 8.58E-04 1.24E-02 6.19E+00 6.65E-01 1.69E+00 4.00E+01 6-.3E-04 
Cs-137 C 5.49E+02 8.60E+03 2.07E+06 1.00E+05 2.53E+05 5.34E+08 5.49E+02 
Eu-154 P 1.57E+01 9.08E+01 0.00E+00 1.84E+03 4.67E+03 0.00E+00 1.57E+01 
Eu-155 P 7.47E+00 2.81E+01 0.00E+00 1.92E202 4.88E+02 0.00E+00 7.47E+00 
Fe-55 P 1.29E+00 0.00E+00 0.00E+00 1.76E-01 4.45E-01 0.00E+00 1.29E+00 
H-3 G 2.02E+00 2.61E+01 5.09E+03 292E+02 7.41 E+02 1.03E+04 2.02E+00 
1-129 G 1.44E-04 2.54E-03 7.20E-01 6.09E-02 1.54E-01 3.29E+00 1.44E-04 
Kr-85 G 5.46E+01 6.45E+02 5.07E+04 2.59E+03 6.56E+03 1.53E+05 5.46E+01 
Nb-93m P 2.82E-03 4.96E-02 5.72E+01 2.82E+00 7.152+00 4.642+02 2.82E-03 
Nb-94 P 1.37E-07 4.96E-06 0.00E+00 5.18E-02 1.31E-01 6.71E-05 1.37E-07 
Ni-59 P 2.43E-04 0.002E00 0.00E+00 4.01E-02 1.02E-01 2.03E+01 2.43E-04 
Ni-63 P 3.69E-02 0.00E+00 8.04E+04 4.42E+00 1.12E+01 2.212E403 3.69E-02 
Np-237 P 1.82E-03 1.20E-02 7.06E+00 6.42E-01 1.642+00 3.87E+01 1.82E-03 
Pa-231 P 9.79E-08 1.88E-06 1.15E-02 3.02E-05 7.65E-05 1.38E-02 9.79E-08 
Pb-210 P 1.04E-10 1.44E-11 2.71E-06 5.13E-08 1.30E-07 7.52E-08 1.04E-10 
Pd-1 07 P 9.52E-05 2.35E-03 1.95E+00 214E-01 5.42E-01 7.46E+00 9.52E-05 
Pm-147 P 4.86E+02 247E+03 0.00E+00 9.36E+01 237E202 0.00E+00 4.86E+02 
Pu-238 P 7.65E+02 2.20E+01 8.02E+04 5.66E202 1.18E+04 6.37E+04 7.65E+02 
Pu-239 P 1.59E+01 1.49E201 7.55E+03 9.81E+01 205E+03 1.23E+05 1.59E+01 
Pu-240 P 9.08E+00 1.07E+01 1.13E+04 1.70E+02 3.54E+03 7.18E+04 9.08E+00 
Pu-241 P 2.56E+03 1.22E+03 1.572406 9.43E+03 1.97E+05 2.06E+06 2.56E+03 
Pu-242 P 1.35E-02 1.04E-02 3.73E+01 4.84E-01 1.01E+01 3.46E401 1.35E-02 
Ra-226 P 1.93E-09 1.53E-10 6.13E-06 2.46-07 6.22E-07 1.15E-03 1.93E-09 
Ra-228 P 1.74E-13 8.44E-12 5.85E-02 2.80E-07 7.11E-07 1..03E-06 1.74E-13 
Ru-106 P 3.64E+01 2.97E+01 1.42E+01 1.17E-03 2.97E-03 3.16E-01 3.64E401 
Sb-125 P 1.20E+01 0.00E+00 0.00E+00 1.70E+01 4.30E+01 0.00E+00 1.20E+01 
Se-79 P 2-47E-03 6.93E-02 7.69E+00 7.90E-01 Z00E+00 4.48E+01 2.47E-03 
Sm-147 P 3.48E-08 8.28E-07 0.00E+00 9.01E-06 2.28E-05 0.00+E00 3.48E-08 
Sm-151 P 2.16E+00 2.67E+01 2.58E+04 5.86E+02 1.48E+03 8.55E+04 2.16E+00 
Sn-126 P 2.21E-03 2.72E-02 9.72E+00 1.50E+00 3.80E+00 7.83E+01 221E-03 
Sr-90 P 5.25E+02 8.16E+03 1.56E+06 6.87E+04 1.74E+05 4.03E+06 5.25E+02 
Tc-99 P 8.07E-02 1.44E+00 2.67E+02 2.51E+01 6.37E+01 1.51E+03 8.07E-02 
Th-229 P 3.77E-08 8.09E-10 1.57E-02 4.93E-07 1.03E-05 9.31E-06 3.77E-08 
Th-230 P 3.27E-04 7.96E-08 1.08E-03 8.39E-08 1.75E-04 1.02E-03 3.27E-04 
Th-232 P 1.492-10 1.99E-11 5.58E-03 4.58E-08 9.56E-07 1.21E-07 1.492-10 U-232 P 4.47E-03 1.11E-04 0.00E+00 4.23E-03 8.82E-02 0.00E+00 4.47E-03 

U-233 P I.56E-05 1.18E-06 6.07E+00 1.70E-04 3.55E-03 5.71E-03 6.56E-05
P
P

6.83E+00 1.17E-03
1.34E-01 I 8.48E-03

I-236 P 5.77E-011 3.95E-02
r, 2.221,03U1 1.U4E-02

_r-93 i P 1.27E-02 11.40
rud (Der canrster)
;o-60 (crud) I

5.82E+00
6.58E-01 
5.50E+00 
5.15E+00 
3.12E+01

z.8a.+02

5.70E-02 I 1.19E+00 1 4.85E+02
5.'

J1th+ou
3.ZE+U I 9.42E+0O 2.10E+02 I

1.23E+02 I 7.70E+02 I 1.76E+03

6.83E+00 
1.34E-01 
5.77E-01 
2.22E-03
1.27E-02

1.56E+01
1.69E+03 I 7.73E+02 4.85E+03 ] 1.11E+04 I I 9.85E+01
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Release Fractions

Release HEPA Filter 
Material Type ARF RF Fraction LPF

stable metal/Intact 
G 0.3 I 1.0 3.00E-01 1.0 
P 2.00E-04 4.00E-03 8.00E-07 3.OOE-04 
C 2.00E-04 1.0 2.OOE-04 1.0 

stable metal/not Intact 
G 0.3 1.0 0.3 1.0 
P 5.00E-03 0.4 2.00E-03 3.00E-04 
C 5.OOE-03 1.0 5.00E-03 1.0 

non-metal/intact 
G 0.3 1.0 0.3 1.0 
P 2.25E-04 1.0 2.25E-04 3.OOE-04 
C 2.25E-04 1.0 2.25E-04 1.0 

non-metaltnot Intact 
G 0.3 1.0 0.3 1.0 
P 5.OOE-03 0.4 2.00E-03 3.00E-04 
C 5.00E-03 1.0 5.00E-03 1.0 

other/Intact 
G 0.3 1 1.0 0.3 1.0 
P 1.00E-03 1.0 1.00E-03 3.00E-04 
C 1.00E-03 1.0 1.00E-03 1.0 

other/not Intact 
G 0.3 1.0 0.3 1.0 
P 5.00E-03 0.4 2.00E-03 3.00E-04 
C 5.00E-03 1.0 5.00E-03 1.0 

crud 
crud 1.0 0.3 3.00E-01 3.00E-04 

HWCTR (U/TH) [1121] 
stable metal 

intact 
Release Fractions Used In this Calculation 

G 0.3 1.0 0.3 1.0 
P 2.00E-04 4.00E-03 8.00E-07 3.00E-04 
C 2.00E-04 1.00E+00 2.00E-04 1.002+00 

crud 1.0 0.3 0.3 3.00E-04 

breathing rate 3.33E-04 [mA3/s] 

gound level dispersion factor 
distance [m] x/Q [sec/mA3 

5000 4.68E-05 ]99.5% worst-sector 

3.70E+12 unit conversion factor 
Sv/Bq to rem/Cl I I

CAL-WPS-SE-000004 REV 00
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DOE SNF per Canister Source Term and Dose Calculations.xls

Isotopes onads I breast
3.96E-04 I 6.656-08 1.54L-03 I .57E-O3

3.25E-05 I 2.67E-09 I 1.84E-05 I 1.74E-04

Inhalation DCFs

3.59E:-0 I 1.471--0
2.17F-03 I 1.60h-Ug I 7.82E-03 I 1.20E--04 I U.0X]E+O

Am-242m 3.21E-05 1.38E-09 4.20E-0M 1.69E-04 2.12E-03 5.64E-10 7.48E-05 1.15E-04 0.00E+00 
Am-243 3.26E-05 1.52E-08 1.78E-05 1.73E-04 2.17E-03 8.29E-09 7.74E-05 1.19E-04 0.00E+00 
C-14 5.64E-10 5.64E-10 5.64E-10 5.64E-10 5.64E-10 5.84E-10 5.64E-10 5.64E-10 0.00E+00 
Cd-1 13m 3.32E-08 3.32E-08 4.09E-07 3.32E-08 3.32E-08 3.32E-08 1.30E-06 4.13E-07 0.00E+00 
Cl-38 5.04E-10 5.04E-10 4.56E-08 5.04E-10 5.04E-10 5.04E-10 5.36E-10 5.93E-09 0.00E+00 
Cm-242 5.70E-07 9.44E-10 1.55E-05 3.90E-06 4.87E-05 9.41E-10 2.45E-06 4.67E-06 O.00E+00 
Cm-243 2.07E-05 6.29E-09 1.94E-05 1.18E-04 1.47E-03 3.83E-09 5.76E-05 8.30E-05 0.00E+00 
Cm-244 1.59E-05 1.04E-09 1.93E-05 9.38E-05 1.17E-03 1.01E-09 4.78E-05 6.70E-05 O.00E+00 
Cm-245 3.37E-05 6.69E-09 1.80E-05 1.79E-04 2.24E-03 3.68E-09 7.98E-05 1.23E-04 0.00E+00 
Cm-246 3.34E-05 4.00E-09 1.82E-05 1.78E-04 2.22E-03 2.26E-09 7.94E-05 1.22E-04 0.00E+00 
Cm-247 3.07E-05 2.23E-08 1.67E-05 1.63E-04 2.04E-03 1.45E-08 7.30E-05 1.12E-04 0.00E+00 
Co-60 4.76E-09 1.84E-08 3.45E-07 1.72E-08 1.35E-08 1.62E-08 3.60E-08 5.91E-08 0.00E+00 
Cs-134 1.30E-08 1.08E-08 1.18E-08 1.18E-08 1.10E-08 1.11E-08 1.39E-08 1.25E-08 0.00E+00 
Cs-135 1.20E-09 1.20E-09 1.41E-09 1.20E-09 1.20E-09 1.20E-09 1.20E-09 1.23E-09 0.002E00 
Cs-137 8.76E-09 7.84E-09 8.82E-09 8.30E-09 7.94E-09 7.93E-09 9.12E-09 8.63 09 O.00+E00 
Eu-154 1.17E-08 1.55E-08 7.92E-08 1.06E-07 5.23E-07 7.14E-09 1.13E-07 7.73E-08 0.004E00 
Eu-155 3.56E-10 6.14E-10 1.19E-08 1.43E-08 1.52E-07 2.40E-10 1.11E-08 1.12E-08 0.00E200 
Fe-55 5.23E-10 5.09E-10 1.06E-09 5.17E-10 5.14E-10 5.42E-10 1.21E-09 7.26E-10 0.00E+00 
H-3 1.73E-11 1.73E-11 1.73E-11 1.73E-11 1.73E-11 1.73E-11 1.73E-11 1.73E-11 0.00E+00 
1-129 8.69E-11 2.09E-10 3.14E-10 1.40E-10 1.38E-10 1.56E-06 1.18E-10 4.89E-08 0.00E+00 
Kr-85 0.00E+00 0.004E00 0.00E+00 0.00E+00 0.002E00 0.O0E+00 O.00E+00 0.00E+00 0.00E+00 
Nb-93m 4.16E-10 4.36E-11 6.45E-08 2.85E-10 7.43E-10 3.04E-11 3.952-10 7.90E-09 0.00E+00 
Nb-94 4.76E-09 2.24E-08 7.48E-07 2.26E-08 1.97E-08 2.22E-08 4.45E-08 1.12E-07 0.00E+00 
NI-59 3.59E-10 3.46E-10 1.20E-09 3.54E-10 3.51E-10 3.77E-10 3.63E-10 3.58E-10 0.00E+00 
NI-63 8.22E-10 8.22E-10 3.07E-09 8.22E-10 8.22E-10 8.22E-10 8.59E-10 8.39E-10 0.00E+00 
Np-237 2.96E-05 1.69E-08 1.61 E-05 2.62E-04 3.27E-03 1.34E-08 2.34E-05 1.46E-04 0.00E+00 
Pa-231 6.90E-09 8.79E-09 7.47E-04 6.97E-04 8.70E-03 7.64E-09 2.87E-07 3.47E-04 0.00E+00 
Pb-210 3.18E-07 3.18E-07 3.18E-07 3.75E-06 5.47E-05 3.18E-07 4.69E-06 3.67E-06 0.0OE+00 
Pd-107 9.45E-13 9.45E-13 2.85E-08 5.11E-12 1.36E-11 9.45E-13 2.15E-10 3.45E-09 0.00E+00 
Pm-147 1.88E-14 3.60E-14 7.74E-08 8.16E-09 1.02E-07 1.98E-14 5.89E-09 1.06E-08 0.00E+00 
Pu-238 2.80E-05 1.00E-09 3.20E-04 1.52E-04 1.90E-03 9.62E-10 7.02E-05 1.06E-04 0.004E00 
Pu-239 3.18E-05 9.22E-10 3.23E-04 1.69E-04 2.11E-03 9.03E-10 7.56E-05 1.16E-04 O.002E00 
Pu-240 3.18E-05 9.51E-10 3.23E-04 1.69E-04 2.11E-03 9.05E-10 7.56E-05 1.16E-04 0.00E+00 
Pu-241 6.82E-07 3,06E-11 3.18E-06 3.36E-06 4.20E-05 1.24E-11 1.31E-06 2.23E-06 0.00E+00 
Pu-242 3.02E-05 9.45E-10 3.07E.04 1.61E-04 2.012-03 8.79E-10 7.18E-05 1.11E-04 0.00E+00 
Ra-226 1.02E-07 1.02E-07 1.61E-05 6.84E-07 7.59E-06 1.02E-07 1.07E-07 2.32E-06 0.00E+00 
Ra-228 1.83E-07 1.84E-07 7.22E-08 7.38E-07 6.51E-08 1.83E-07 1.87E-07 1.29E-06 O.00E+00 
Ru-106 1.38E-08 1.37E-08 1.04E-06 1.37E-08 1.37E-08 1.37E-08 1.69E-08 1.29E-07 0.00E+00 
Sb-125 3.60E-10 4.16E-10 2.17E-08 6.49E-10 2.73E-09 3.24E-10 1.45E-09 3.30E-09 0.00E+00 
Se-79 6.79E-10 6.79E-10 9.81E-09 6.79E-10 6.79E-10 6.79E-10 4.24E-09 2.66E-09 0.00E+00 
S7-147 0.00E+00 0.00E+00 7.62E-06 2.75E-05 3.44E-04 0.00E+00 1.89E-05 2.02E-o5 0.00E+00 
Sm-151 4.03E-14 1.49E-13 3.26E-09 1.10E-08 1.38E-07 1.32E-14 7.51E-09 8.10E-09 0.00E+00 
Sn-126 1.43E-08 1.41E-08 1.51E-07 5.62E-08 1.18E-07 1.31E-08 1.76E-08 2.69E-08 0.00E+00 
Sr-90 2.64E-09 2.64E-09 2.86E-06 3.38E-07 7.27E-07 2.64E-09 5.73E-09 3.512E-07 0.00E+00 
Tc-99 4.52E-11 4.52E-11 1.67E-08 4.52E-11 4.52E-11 1.21 E-09 6.26E-10 2.25E-09 0.00E+00 
Th-229 2.76E-06 2.76E-06 1.99E-03 1.15E-03 1.43E-02 2.76E-06 7.05E-06 5.80E-04 0.00E+00 
Th-230 4.08E-07 4.08E-07 3.00E-04 1.73E-04 2.16E-03 4.08E-07 1.05E-06 8.80E-05 0.00E+00 
Th-232 7.62E-07 7.72E-07 9.40E-04 8.93E-04 1.11E-02 7.44E-07 1.87E-06 4.43E-04 0.00E+00 
U-232 8.00E-08 8.06E-08 1.48E-03 4.08E-06 6.42E-05 7.85E-08 3.11E-06 1.78E-04 0.00E+00 
U-233 2.54E-08 0 28 3.04E-04 7.12E-07 1.12E-05 2.54E-08 9.40E-07 3.66E-05 0.00E+00 
U-234 2.50E-08 -.-08 2.98E-04 6.98E-07 1.09E-05 2.50E-08 9.26E-07 3.58E-05 0.00E+00 
U-235 2.37-08 2. . ..6 2.76E-04 6.58E-07 1.01E-05 2.37E-08 8.59E-07 3.32E-05 0.002+00 
U-236 2.37E-08 2.37E-08 2.82E-04 6.60E-07 1.04E-05 2.37E-08 8.77E-07 3.39E-05 0.002+00 
U-238 2.23E-08 2.23E-08 2.66E-04 2.58E-07 9.78E-06 2.22E-08 8.222-07 3.20E-05 0.002+00 
Zr-93 2.18E-11 4.68E-11 8.72E.08 1.77E-07 2.18E-08 1.74E-11 1.73E-10 8.672-08 0.00E+00

--08 3.80E-08 1 5.91E-08 0.00E+00 
.-10 1.21E-09 I 7.26E-10 I O.00E+00
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AC-227
Am-241

crud
Co-60 4.76E-09 1.84E-08 3.45E-07 1.72E-08 
Fe-55 5.23E-10 5.09E-10 1.06E-09 5.17E-10
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DOE SNF per Canister Source Term and Dose Calculations.xls Air Submersion DCFs

air submersion DCFs [Sv/Bq rt3/s] 
gonads breast lungs red marrow bone surface feroid remainder effective skin 

Ac-227 3.75E-17 4.45E-17 3.38E-17 2.94E-17 1.04E-16 3.65E-17 3.18E-17 3.74E-17 3.28E-18 
Am-241 8.58E-16 .1.07E-15 6.74E-16 5.21E-16 2.87E-15 7.83E-18 8.34E-16 8.18E-18 1-28E-15 
Am-242m 3.80E-17 6.01E-17 1.72E-17 1.72E-17 7.94E-17 2.95E-17 1.94E-17 3.17E-17 1.369-16 
Am-243 2.19E-15 261 E-15 1.92E-15 1.55E-15 7.47E-15 2.09E-15 1.79E-15 218E-15 2.75E-15 
C-14 2.59E-19 3.52E-19 1.53E-19 1.21E-19 7.06E-19 2.19E-19 1.54E-19 2.24E-19 2.43E-16 
Cd-113m 7.17E-18 8.76E-18 5.93E-18 5.01E-18 2.10E-17 6.76E-18 5.63E-18 6.94E-18 8.48E-15 
CI-36 2.24E-17 2.66E-17 2.02E-17 1.81E-17 5.63E-17 2.19E-17 1.92E-17 2.23E-17 1.47E-14 
Cm-242 7.83E-18 1.48E-17 1.13E-18 1.89E-18 1.06E-17 4.91E-18 227E-18 5.696-18 4.29E-17 
Cm-243 5.77E-15 8.68E-15 5.50E-15 5.00E-15 1.50E-14 5.76E-16 6.19E-15 5.88E-15 9.79E-15 
Cm-244 6.90E-18 1.33E-17 7.08E-19 1.46E-18 8.82E-18 4.19E-18 1.81E-18 4.91E-18 3.91E-17 
Cm-245 3.88E-15 4.55E415 3.63E-15 3.17E-15 1.18E-14 3.84E-15 3.40E-15 3.96E-15 5.36E-15 
Cm-246 6.24E-18 1.20E-17 7.00--19 1.35E-18 8.17E-18 3.82E-18 1.67E-18 4.48E-18 3.49E-17 
Cm-247 1.47E-14 1.68E-14 1.44E-14 1.38E-14 283E-14 1.49E-14 1.38E-14 1.50E-14 1.79E-14 
Co-60 1.23E-13 1.39E-13 1.24E-13 1.23E-13 1.78E-13 1.27E-13 1.20E-13 1.26E-13 1.45E-13 
Cs-134 7.40E-14 8.43E-14 7.37E-14 7.19E-14 1.20E-13 7.57E-14 7.06E-14 7.57E-14 9.45E-14 
Cs-l35 6.28E-19 8.23E-19 4.19E-19 3.34E-19 1.81E-18 5.50E-19 4.09E-19 5.652-19 9.06E-16 
Cs-137 2.67E-14 3.05E-14 2.65E-14 2.58E-14 4.38E-14 2.73E-14 2.54E-14 2.73E-14 4.39E-14 

8u.154 6.00E-14 6.81E-14 5.99E-14 5.87E-14 9.43E-14 6.15E-14 5.75E-14 6.14E-14 8.29E-14 
Su-155 2.49E-15 2.95E-15 2.22E-15 1.85E-15 8.09E-15 2.41E-15 2.07E-15 249E-15 3.39E-15 
Fe-55 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.002E00 0.00E+00 0.00E+00 0.00E+00 
H-3 0.00E+00 0.00E+00 2.75E-18 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.31E-19 0.00E+00 
1-129 4.83E-16 6.86E-16 2.14E-16 1.64E-16 1.10E-15 3.86E-16 2.30E-16 3.80E-16 1.10E-15 
Kr-85 1.17E-16 1.34E-16 1.14E-16 1.09E-16 2.20E-16 1.182-16 1.09E-16 1.192-16 1.32E-14 
Nb-93m 6.33E-18 1.31E-17 2.55E-19 1.18E-18 6.92E-18 3.43E-18 1.36E-18 4.442-18 4.282-17 
Nb-94 7.54E-14 8.57E-14 7.51E-14 7.34E-14 1.19E-13 7.72E-14 7.19E-14 7.70E-14 9.52E-14 
NI-59 0.00E+00 0.00E+00 0.00E+00 0.00+E00 0.002E00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Ni-63 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.004E00 0.00E+00 
Np-237 1.04E-15 1.26E-15 . 9.02E-16 7.69E-18 3.20E-15 9.94E-16 8.50E-16 1.03E-15 1.54E-15 
Pa-231 1.711-15 1.99E-15 1.62E-15 1.52E-15 3.64E-15 1.70E-15 1.54E-15 1.72E-15 Z44E-15 
Pb-210 6.1GE-17 8.18E-17 4.252-17 3.14E-17 1.95E-18 5.42E-17 4.09E-17 5.84E-17 1.28E-16 
Pd-i 07 0.00E+00 0.00+E00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Pm-147 7.48E-19 9.56E-19 5.45E-19 4.42E-19 2.18E-18 6.75e-19 5.262-19 6.93E-19 8.11E-16 
Pu-238 6.56E-18 1.27E-17 1.06E-18 1.68E-18 9.30E-18 4.01E-18 1.99E-18 4.88E-18 4.09E-17 
Pu-239 4.84E-18 7.55E-18 2.85E-18 2.67E-18 9.47E-18 3.88E-18 2.86E-18 4.24E-18 1.88E-17 
Pu-240 6.36E-18 1.23E-17 1.09E-18 1.65E-18 9.26E-18 3.92E-18 1.96E-18 4.75E-18 &92E-17 
Pu-241 7.19E-20 8.67E-20 6.48E-20 5.63E-20 2.19E-19 6.98E-20 6.09E-20 7.25E-20 1.17E-19 
Pu-242 5.34E-18 1.03E-17 9.69E-19 1.43E-18 7.90E-18 3.32E-18 1.68E-18 4.01E-18 3.27E-17 Ra-228 3.082-16 3.542-16 2.95-16 2.70E-16 7.95E-16 3.09E-18 2.79E-18 3.15E-16 4.79E-16 
Ra-228 0.00E+00 0.00E+O0 0.00E+00 0.00E+00 0.00E+00 0.009E÷00 0.001E+00 0.OO1E+00 0.00E+00 

Ru-106 1.01E-14 1.16E-14 1.01E-14 1.75E-15 1.72E-14 1.03E-14 9.63E-15 1.04E-14 1.09E-13 
Sb-125 1.98E-14 2.27E-14 1.95E-14 1.87E-14 3.53E-14 2.55E-14 1.86E-14 1.02E-14 4.65E-14 
S-i79 3.47E-1 9 4.67E-19 82IE-19 1.67E-19 9.60E-19 2.96E-18 4.0E-18 703E-19 3.71E-16 Sm-147 0.001E+00 0.00E÷00 0.00E+00 0.00E+00 0.00E÷00 0.00E÷00 0.00E+00 0.00E+O0 O.001E÷00 
Sm-151 5.20E-20 8.80E-20 7.08E-21 1.13E-20 7.09E-20 3.58E-20 1I4gE-20 3.61 E-20 1.90E-19 

Sn-126 7.54E-14 8.62E-14 7.48E-14 7.22E-14 1.31E-13 7.69E-14 7.14E-14 7.71E-14 1.31E-13 
sU-20 7.78E-18 1.49E-18 6.44E-18 5.44E-18 2.28E-17 7.33E-18 6.11E-18 7.53E-18 9.25E-15 
Tc-99 1.74E-18 2.20E-18 9.29E-18 1.05E-18 5.17E-18 1.57E-18 1.24E-18 1.42E-18 2974E-15 
Th-229 3.77E-15 4.42E-15 3.50E-15 3.0302-15 1.15E-14 3.70E-15 0.27E-+0 3.83E-15 5.41E-1 
Th-230 1.80E-17 2.38r-17 1.432-17 1.22E-17 5.29E-17 1.63E-17 1.37E-17 1.74E-17 4.51E-17 
Th-232 9.34E-15 1.36E-17 60.37-18 5.52E-18 2.60E-17 7.90E-18 6.34E-18 8.72E-18 3.44E-17 U-232 1.55E-17 2.32E-1 7 9.64E-18 8.99E-18 3.86E-17 1-29E-17 1.00E.17 1.42E-17 5.92E-17 
U-233 1.69E-17 2.22E-1 7 1.35E-17 1.24E-17 4.12E-1 7 1.55E-17 1.31 E-1 7 1.63E-1 7 4.57E-1 7 
LU-234 8.79E-18 1.44E-17 4.38E-1 8 4.20E-18 1.99E-17 8.69E-18 4.80E-18 7.63E-18 4.25E-17 
U-235 7.05E-1 5 8.11 E-1 5 6.75E-15 6.15E-15 1.84E-14 7.05E-16 6.37E-15 7.20E-1 5 8.64E-1 5 
U-238 6.10E-18 1.10E-17 2.18E-18 2.33E-18 1.19E-17 4.19E-18 2Z7012-18 5.01IE-18 3,57E-1 7 
U-238 4.39E-18a 8.54E-18 9.96E-19 1.24E-18 7.40E-18 2.72E-18 1.51E-18 3.41E-18 2.91 E-1 7 
Zr-93 0.00 +00 0.0E+00 0.00E+00 0.00E+00 0.001E+00 0.00E+00 0.00E+00 0.00E+O0 0.001E+00 

Co-60 1.23E-13 1.39E-13 1.24E-13 1.23E-13 1.78E-13 1.27E-13 11.20E1-13 1.26E-13 I1*45E-1 3 
,Fe-55 O.001E+00 0.001E+00 0.00E÷00 0.0E+00 0.00E+00 0.00E+00 IO.00E+00 IO.E00.)0 O001E+00
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ST Calc - no HEPAs

.PA filters? 4i] ____I_______

ARF RF LPF

+ ±

[C0 released to the Termi[Ci released to 
environment the environment

AC-227 9.27E-09 8.OOE+00 ZOOE-04 4.00E-03 1.00E+00 1.11E-11 4.45E-14 
Am-241 1.22E-01 6.00E+00 ZOOE-04 4.00E-03 1.00E+00 1.46E-04 5.83E-07 
Am-242m 8.67E-05 6.00E+00 2.OOE-04 4.00E-03 1.00E+00 1.04E-07 4.16E-10 
Am-243 2.852-04 6.00E+00 2.00E-04 4.00E-03 1.00E+00 3.42E-07 1.37E-09 
C-14 1.09E-06 6.0OE+00 2.00E-04 4.00E-03 1.00E+00 1.31E-09 5.25E-12 
Cd-113m 6.32E-02 6.002+00 2.00E-04 4.OOE-03 1.00E+00 7.58E-05 3.03E-07 
CI-36 2.51E-30 6.OOE+00 2.00E-04 4.00E-03 1.00E+00 3.01E-33 1.20E-35 
Cm-242 2e2E-04 6.00E+00 2.OOE-04 4.00E-03 1.00E+00 3.14E-07 1.26E-09 
Cm-243 4.52E-05 6.00E+00 ZOOE-04 4.00E-03 1.00E+00 5.43E-08 2.17E-10 
Cm-244 9.94E-03 6.00E+00 ZOOE-04 4.00E-03 1.00E+00 1.19E-05 4.77E-08 
Crn-245 5.84E-07 6.00E+00 2.00E-04 4.00E-03 1.00E+00 7.01E-10 281E-12 
Cm-246 3.99E-08 6.00E+O0 2.00E-04 4.00E-03 1.00E+00 4.79E-11 1.91E-13 
Cm-247 4.17E-14 6.00E+00 2.00E-04 4.00E-03 1.00E+00 5.00E-17 2.00E-19 
Co-60 7.30E-03 6.00E+00 2.00E-04 4.00E-03 1.00E+00 8.75E-06 3.50E-08 
Cs-134 9.30E+01 6.00E400 2.00E-04 1.00E+00 1.00E+00 1.12E-01 1.122-01 
Cs-135 6.58E-04 6.002400 2.00E-04 1.00E+00 1.002E00 7.90E-07 7.90E-07 
Cs-137 5.49E+02 6.00E+00 2.00E-04 1.00E+00 1.00E+00 6.58E-01 6.58E-01 
Eu-154 1.57E+01 0.00E+00 2O0E-04 4.00E-03 1.002+00 1.88E-02 7.52E-05 
Eu-155 7.47E+00 6.OOE+00 2.00E-04 4.00E-03 1.00E+00 8.97E-03 3.59E.05 
Fe-55 1.29E+00 6.00E+00 2.00E-04 4.00E-03 1.00E+00 1.55E-03 6.18E-06 
H-3 2.02E+00 6.00E+00 3.00E-01 1.00E+00 1.002+00 3.64E+00 3.64E+00 
1-129 1.44E-04 6.00E+00 3.00E-01 1.002+00 1.00E+00 2.59E-04 259E-04 
Kr-85 5.46E+01 6.00E+00 3.00E-01 1.00E+00 1.00E+00 9.83E+01 9.83E+01 
Nb-93m 2.82E-03 6.00E+00 2.00E-04 4.00E-03 1.00E+00 3.38E-06 1.35E-08 
Nb-94 1.37E-07 6.00E+00 2.00E-04 4.00E-03 1.00E+00 1.64E-10 6.55E-13 
Ni-59 2.43E-04 6.00E400 2.00E-04 4.002-03 1.00E+00 2.91E-07 1.16E-09 
Ni-63 3.69E-02 6.000E+0 2.00E-04 4.OOE-03 1.00E+00 4.43E,05 1.77E-07 
Np-237 1.82E-03 6.00E+00 2.00E-04 4.002-03 1.00E+00 2.19E-08 8.75E-09 
Pa-231 9.79E-08 6.002+00 2.00E-04 4.00E-03 1.00E+00 1.17E-10 4.70E-13 
Pb-210 1.042-10 6.00E+O0 ZOOE-04 4.00E-03 1.00E+00 1.24E-13 4.97E-16 
Pd-1D7 9.52E-05 6.000E+0 2.002-04 4.00E-03 1.00E+00 1.14E-07 4.57E-10 
Pm-147 4.86E+02 6.00E+00 2.00E-04 4.00E-03 1.00E+00 5.83E-01 2.33E-03 
Pu-238 7.65E+02 6.00E+00 2.002-04 4.00E-03 1.00E+00 9.18E-01 3.67E-03 
Pu-239 1.59E+01 6.00E+00 2.00E-04 4.00E-03 1.00E+00 1.91E-02 7.65E-05 
Pu-240 9.08E+00 6.00E+00 2.00E-04 4.00E-03 1.00E+00 1.09E-02 4.36E-05 
Pu-241 2.56E+03 6.00E+00 2.00E-04 4.00E-03 1.00E+00 3.07E+00 1.23E-02 
Pu-242 1.35E-02 6.00E+00 2.00E-04 4.00E-03 1.00E+00 1.62E-05 6.49E-08 
Ra-226 1.93E-09 6.00E+00 Z2OE-04 4.00E-03 1.00E+00 2.32E-12 9.29E-15 
Ra-228 1.74E-13 6.00E+00 Z00E-04 4.00E-03 1.00E+00 208E-16 8.33E-19 
Ru-106 3.64E+01 6.00E+00 ZOOE-04 4.00E-03 1.00E+00 4.37E-02 1.75E-04 
Sb-125 1.20E+01 6.OOE+00 200E-04 4.00E-03 1.00E+00 1.44E-02 5.77E-05 
Se-79 2.47E-03 6.00E+00 ZOOE-04 4.00E-03 1.00E+00 Z96E-06 1.19E-08 
Sm-147 3.48E-08 6.00E+00 2.0 E-04 4.00E-03 1.00E+00 4.18E-11 1.67E-13 
Sm-151 2.12E+00 6.00E+00 2.00E-04 4.00E.03 1.00E+00 2.59E-03 1.04E-05 
Sn-126 2.21E-03 6.00E+00 2.00E-04 4.00E-03 1.00E+00 2.65E-08 1.06E-08 
Sr-9O 5.25E+02 6.002E+0 2.00E-04 4.00E-03 1.00E+00 6.30E-01 252E-03 
Tc-99 8.07E-02 6.00E+00 2.00E-04 4.00E-03 1.00E+00 9.68E-05 3.87E-07 
Th-229 3.77E-08 6.00E+00 Z00E-04 4.00E-03 1.00E+00 4.53E-11 1 k!E-13 
Th-230 3.27E-04 6.00E+00 200E-04 4.00E-03 1.00E+00 3.93E-07 7-Oc 
Th-232 1.49E-10 6.00E+00 2OOE-04 4.00E-03 1.00E+00 1.78E-13 7.].,_ 
UJ-232 4.47E-03 6.00E+00 2.00E-04 4.00E-03 1.00E+00 5.36E-06 2.!,4E-06 
U-233 6.56E-05 6.00E+00 2.00E-04 4.00E-03 1.00E+00 7.87E-08 3.15E-10 
U-234 6.83E+00 6.00E+00 2.00E-04 4.00E-03 1.00E+00 8.19E-03 3.28E-05 
U-235 1.34E-01 6.00E+00 2.00E-04 4.00E-03 1.00E+00 1.61E-04 6.44E-07 
U-236 5.77E-01 6.00E+00 ZOOE-04 4.00E-03 1.00E+00 6.92E-04 2.77E206 
U-238 2.22E-03 6.00E+00 2.00E-04 4.00E-03 1.00E+00 2.67E-06 1.07E-08 
z'-93 1.27E-02 6.00E+00 ZOOE-04 4.00E-03 1.00E+00 1.53E-05 6.10E-08 

a c mud (per) canis_ 
_r) 

Co-60 (caud) 1.56E+01 1 1.00E+00 3.00E-01 1.00E+00 1.56E+01 4.68E+00 
-cru 1 1 1.00E+00 3.002-01 1.00E+00 9.85E+01 2.96E+01
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DOE SNF per Canister Source Term and Dose Calculations.xls

Stable metal
-1 L! 12i

Intad
+ F

osai ,urmr Tom Respirable u 
[Cl] released to the Term [Ci released 

Isotope Curies I/nCan ARF RF LPF environment to the environment 
Ac-227 9.27E-09 6.00E+00 200E-04 4.00E-03 3.OOE-04 3.34E-15 1.34E-17 
Am-241 1.22E-01 6.OOE+O0 2.00E-04 4.00E-03 3.002-04 4.37E-08 1.75E-10 
Am-242m 8.67E-05 6.00E+00 2-00E-04 4.00E-03 3.OOE-04 3.12E-11 1.25E-13 
Am-243 2.85E-04 6.00E+00 2.OOE-04 4.002-03 3.00E-04 1.032-10 4.10E-13 
C-14 1.092-06 8.00E+00 2.00E-04 4.00E-03 3.00E-04 3.93E-13 1.57E-15 
Cd-113m 6.32E-02 8.00E+00 2.00F-04 4.00E-03 3.OOE-04 2279-08 9.10E-11 
CI-36 2.51E-30 6.00E+00 2.00E-04 4.00E-03 3.00E-04 9.02E-37 3.61E-39 
Cm-242 2.62E-04 8.00E+00 2,OOE-04 4.00E-03 3.002-04 9.42E-11 3.77E-13 
Cm-243 4.52E-05 6.OOE+00 2.OOE-04 4.00E-03 3.00E-04 1.83E-11 6.51E-14 
Cm-244 9.94E-03 6.00E+00 Z00E-04 4.00E-03 3.00E-04 3.58E-09 1.43E-11 
Cm-245 5.84E-07 6.00E+00 2.002-04 4.002-03 3.00E-04 2.10-E13 8.42E-16 
Cm-246 3.99E-08 6.00E+00 2.00E-04 4.00E-03 3.002-04 1.44E-14 5.74E-17 
Cm-247 4.17E-14 6.00E+00 2.00E-04 4.00E-03 3.00E-04 1.50E-20 6.00E-23 
Co-60 7.30E-03 6.00E+00 2.00E-04 4.00E-03 3.00E-04 263E-09 1.05E-11 
Cs-134 9.30E+01 6.OOE+00 2.00E-04 1.00E+00 1.00E+00 1.12E-01 1.12E-01 
Cs-135 6.58E-04 6.00E+00 2.00E-04 1.00E+00 1.00E+00 7.90E-07 7.90E-07 
Cs-137 5.49E+02 6.009+00 2.00E-04 1.00E+00 1.00E+00 0.58E-01 6.58E-01 
Eu-154 1.57E+01 6.002+00 2.00E-04 4.00E-03 3.00E-04 5.64E-06 226E-08 
Eu-155 7.47E+00 6.00E+00 200E-04 4.00E-03 3.00E-04 2.69E-06 1.08E-08 
Fe-55 1.29E+00 6.00E+00 2-00E-04 4.00E-03 3.00E-04 4.649-07 1.85E-09 
H-3 2.02E+00 6.00E+00 3.00E-01 1.00E+00 1.00+E00 3.64E+00 3.64E+00 
1-129 1.44E-04 6.00E+00 3.00E-01 1.00E+00 1.004E00 2.59E-04 259E-04 
Kr-85 5.46E+01 6.002+00 3.00E-01 1.00E+00 1.002E00 9.83E+01 9.83E+01 
Nb-93m 2.82E-03 6.00E+00 2.00E-04 4.00E-03 3.00E-04 1.01E-09 4.06E-12 
Nb-94 1.37E-07 6.00+E00 2.00E-04 4.00E-03 3.00E-04 4.92E-14 1.97E-16 
Ni-59 2.432-04 6.002E00 2.002-04 4.002-03 3.002-04 8.74E-11 3.49E-13 
Ni-63 3.69E-02 6.00E+00 2.00E-04 4.00E-03 3.002-04 1.33E-08 5.31E-11 
Np-237 1.82E-03 6.00E+00 2.00E-04 4.00E-03 3.00E-04 6.56E-10 2.63E-12 
Pa-231 9.79E-08 6.00E+00 200E-04 4.002-03 3.00E-04 3.52E-14 1.41E-16 
Pb-210 1.04E-10 6.00E+00 2.00E-04 4.00E-03 3.00E-04 3.73E-17 1.49E-19 
Pd-107 9.52E-05 6.002+00 Z00E-04 4.00E-03 3.00E-04 3.43E-11 1.37E-13 
Pm-147 4.88E+02 8.00E+00 2.00E-04 4.00-E03 3.00E-04 1.75E-04 7.00E-07 
Pu-238 7.85E+02 6.00E+00 2.006-04 4.00E-03 3.00E-04 2.75E-04 1.10E-06 
Pu-239 1.59E+01 6.00E+00 2.00E-04 4.00E-03 3.00E-04 5.74E-06 2.30E-08 
Pu-240 9.08E+00 6.00E+00 2.00E-04 4.00E-03 3.00E-04 3.27E-06 1.31E-08 
Pu-241 256E+03 6.00E+00 2.00E-04 4.00E-03 3.00E-04 9.21E-04 3.69E-06 
Pu-242 1.35E-02 6.00E+00 2.00E-04 4.00E-03 3.00E-04 4.87E-09 1.95E-11 
Ra-226 1.93E-09 6.002+00 2.00E-04 4.00E-03 3.00E-04 6.96E-16 2.79E-18 
Ra-228 1.74E-13 6.00E+00 200E-04 4.00E-03 3.00E-04 6.25E-20 2.50E-22 
Ru-106 &84E+01 6.00E+00 Z00E-04 4.00E-03 3.00E.04 1.31E-05 5.24E-08 
Sb-125 1.20E+01 6.00E+00 200E-04 4.00E-03 3.00E-04 4.33E-06 1.73E-08 
Se-79 2.47E-03 6.00E+00 2.00E-04 4.00E-03 3.00E-04 8.89E-10 3.56E-12 
Sm-147 3.48E-08 6.00E+00 2.00E-04 4.00E-03 3.00E-04 1.25E-14 5.02E-17 
Sm-151 216E+00 6.00E+00 2.00E-04 4.00E-03 3.00E-04 7.78E-07 3.112-09 
Sn-126 2.21E-03 6.00+E00 2.00E-04 4.00E-03 3.00E-04 7.96E-10 3.18E-12 
Sr-90 5.25E+02 6.00E+00 2.00E-04 4.00E-03 3.00E-04 1.89E-04 7.56E-07 
Tc-99 8.07E-02 6.00E+00 200E-04 4.00E-03 3.00E-04 2.90E-08 1.16E-10 
Th-229 3.77E-08 6.002+00 2+00E-04 4.00E-03 3.00E-04 1.36E-14 5.43E-17 
Th-230 3.27E-04 6,00E+00 200E-04 4.00E-03 3.00E-04 1.18E-10 4.71E-13 
Th-232 1.49E-10 6.00E+00 200E-04 4.00E-03 3.00E-04 5.35E-17 2.14E-19 
U-232 4.47E-03 6.00E+00 200E-04 4.00E-03 3.00E-04 1.612-09 6.43E-12 
U-233 8.56E-05 6.00E+00 2.00E-04 4.00E-03 3.00E-04 2-36E-11 9.44E-14 
U-234 6.83E+00 6.00E+00 200E-04 4.00E-03 3.00E-04 246E-06 9.83E-09 
U-235 1.34E-01 6.00E+00 2.00E-04 4.00E-03 3.00E-04 4.83E-08 1.93E-10 
U-236 5.77E-01 6.00E+00 2.00E-04 4.00E-03 3.00E-04 208E-07 8.30E-10 
U-238 2.229-03 6.002+00 2.00E-04 4.00E-03 3.00E-04 8.00E-10 3.20E-12 
Zr-93 1.27E-02 6.002+00 Z00E-04 4.00E-03 3.00E-04 4.58E-09 1.83E-11

cnid (oer canlsterl
1.40E-03 
8.87E-03

ST Calc - HEPAs
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DOE SNF per Canister Source Term and Dose Calculations.xls Inhalation Doses - no HEPAs

1W ('H, [112] No HEPAs 
stable metal Intact

gonads breast lungs red marrow bone surface tyroid remainder effective skin 
AEc-227 1.02E-12 1.71E-10 3.95E-12 8.60E-12 8.24E-11 9.22E-17 3.77E-12 4.64E-12 0.OOE+00 
Arn-241 1.09E-06 8.98E-11 6.19E-07 5.85E-06 7.30E-05 5.38E-11 2.63E-06 4.04E-06 O.00E+00 
Arn-242m 7.71E-10 3.31E-14 101E- 4.06-09 5.09E-08 1.35E-14 1.80E-09 2.76E-09 0.00E+00 
Am-243 2.57E-09 1.20E-12 1.40E-09 1.36E-08 1.71E-07 6.54E-13 8.10E-09 9.38E-09 0.00E+00 
C-14 1.71E-16 1.71E-16 1.71E-16 1.71E-16 1.71E-16 1.71E-16 1.71e-16 1.71E-18 0.00E+00 
,d-113m 5.81E-10 5.81E-10 7.15E-09 5.81E-10 5.81E-10 5.81E-10 2.27E-08 7.22E-09 0.00E+00 

CI-35 3.50E-40 3.50E-40 3.16E-38 3.50E-40 3.50E-40 3.50E-40 3.72E-40 4.11E-39 0.00E+00 
Cm-242 4.13E-11 8.83E-14 1.12E-09 2.82E-10 3.53E-09 6.81E-14 1.77E-10 3.38E-10 0.00E+00 
Cm-243 2.59E-10 7.87E-14 2.43E-10 1.48E-09 1.84E-08 4.79E-14 7.21E-10 1.04E-09 0.0E+00 
Cm-244 4.37E-08 2.88E-12 5.31E-08 2.58E-07 3.22E-06 Z78E-12 1.31E-07 1.84E-07 0.00E+00 
LGm-245 5.45E-12 1.08E-15 2.91E-12 2.90E-11 3.82r-10 5.95E-18 1.29E-11 1.99E-11 0.00E+00 
Cm-246 3.69E-13 4.42E-17 2.01E-13 1.96E-12 2.45E-11 2.49E2-17 8.76E-13 1.35E-12 0.00E+00 
Cm-247 3.54E-19 2.57E-22 1.93E-19 1.88E-18 2-35E-17 1.67E-22 8.42E-19 1.29E-18 0.00E+00 
Co-60 9.61E-12 3.72E-11 6.97E-10 3.47E-11 2.73E-11 3.27E-11 7.27E-11 1.19E-10 0.00E+00 
Cs-134 8.36E-05 6.95E-05 7.59E-05 7.59E-05 7.08E-05 7.14E-05 8.94E-05 8.04E-05 0.00E+00 
Cs-135 5.47E-11 5.47E-11 6.42E-11 5.47E-11 5.47E-11 5.47E-11 5.47E-11 5.60E-11 0.00E40 
Cs-137 3.33E-04 2.98E-04 3.35E-04 3.15E-04 3.01E-04 3.01E-04 3.48E-04 3.28E-04 0.00E+00 
Eu-154 5.07E-08 6.72E-08 3.43E-07 4.60E-07 2.27E-06 3.10E-08 4.90E-07 3.352-07 0.002+00 
Eu-155 7.36E-10 1.27E-09 2.46E-08 2.968-08 3.14E-07 4.96E-10 2.30E-08 2.32E-08 0.00E+00 
Fe-55 1.86E-10 1.81E-10 3.78E-10 1.84E-10 1.83E-10 1.93E-10 4.31E-10 2.59E-10 0.00E+00 
H-3 3.63E-06 3.83E-06 3.63E-08 3.63E-06 3.63E-06 3.63E-06 3.63E-06 3.63E-06 O.00E+00 
1-129 1.30E-09 3.12E-09 4.69E-09 2.09E-09 2.06E-09 2.33E-05 1.76E-09 7.00E-07 0.00E+00 
Kr-85 0.00E+00 O.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.002+00 O.00E+00 0.00E+00 
Nb-93m 3.25E-13 - 3.40E-14 5.03E-11 222E-13 5.80E-13 2.37E-14 3.08E-13 8.18E-12 0.002E00 
Nb-94 1.80E-16 8.47E-16 2.83E-14 8.54E-16 7.45E-16 8.39E-18 1.68E-15 4.23E-15 0.00E+00 
Ni-59 2.41E-14 2.32E-14 8.06E-14 2.38E-14 2.36E-14 2.53E-14 2.44E-14 2.40E-14 0.00E+00 
Ni-63 8.40E-12 8.40E-12 3.14E-11 8.40E-12 8.40E-12 8.40E-12 8.78E-12 8.57E-12 0.00E+00 
Np-237 1.49E-08 8.53E-12 8.12E-09 1.32E-07 1.65E-06 6.76E-12 1.182-08 7.372-08 0.002400 
Pa-231 1.87E-16 2.38E-16 2.02E-11 1.89E-11 2.38E-10 2.07E-16 7.78E-15 9.40E-12 0.00E+00 
Pb-210 9.12E-18 9.12E-18 9.12E-18 1.08E-18 1.57E-15 9.12E-18 1.35E-18 1.05E-16 0.00f+00 
Pd-107 2.49E-17 2.49E-17 7.51E-13 1.35E-18 3.58E-16 2.49E-17 5.86E-15 9.09E-14 0.00E+00 
Pmn-147 2.53E-12 4.84E-12 1.04E-05 1.10E-06 1.37E-05 2.66E-12 7.92E-07 1.43E-06 0.00E.00 
Pu-238 5.93E-03 212E-07 8.77E-02 3.22E-02 4.02E-01 2.04E-07 1.49E-02 2-24E-02 0.002400 
Pu-239 1.40E-04 4.07E-09 1.43E-03 7.46E-04 9.31E-03 3.99E-09 3.34E.04 5.12E-04 0.00E+00 
Pu-240 7.99E-05 2.39E-09 8.12E-04 4.25E-04 5.30E-03 2.28E-09 1.90r-04 2.92E-04 0.002E00 
Pu-241 4.83E-04 2.17E-08 2.25E-03 2.38E-03 2.98E-02 8.78E-09 9.28E-04 1.58E-03 0.00E+00 
Pu-242 1.13E-07 3.54E-12 1.15E-06 6.03E-07 7.52E-06 3.29E-12 2.69E-07 4.15E-07 0.00E+00 
Ra-226 5.46E-17 5.48E-17 8.62E-15 3.56E-16 4.06E-15 5.46E-17 5.73E-17 1.24E-15 0.00E+00 
Ra-228 8.79E-21 8.84E-21 3.47E-19 3.55E-20 3.13E-19 8.79E-21 8.98E-21 6.20E-20 O.00E+00 
Ru-106 1.39E-07 1.38E-07 1.05E-05 1.38E-07 1.38E-07 1.38E-07 1.70E-07 1.30E-06 0.00E+00 
Sb-125 1.20E-09 1.38E-09 7.22E-08 2.18E.09 9.08E-09 1.08E-09 4.82E-09 1.10E-08 0.00E+00 
Se-79 4.84E-13 4.64E-13 6.71E-12 4.64E-13 4.84E-13 4.64E-13 2.90E-12 1.82E-12 0.00E+00 
Sm-147 0.00E+00 0.00E+00 7.35E-14 2.65E-13 3.322-12 0.00E+00 1.82E-13 1.95E-13 0.00E+00 
Sm-151 2.41E-14 8.91E-14 1.95E-09 8.58E-09 8.25E-08 7.89E-15 4.49E-09 4.84E-09 0.00E+00 
Sn-126 8.75E-12 8.62E-12 9.24E-11 3.44E-11 7.22E-11 8.01E-12 1.08E-11 1.65E-11 0.00E+00 
Sr-GO 3.84E-07 3.84E-07 4.18E-04 4.88E.05 1.06E-04 3.84E-07 8.33E-07 5.10E-05 0.00E+00 
Tc-99 1.01 e-12 1.01E-12 3.73E-10 1.01E-12 1.01E-12 2.70E-11 1.40E-11 5.02E-11 0.O0E+00 
Th-229. 2.88E-14 2.88E-14 2 08E-11 1.20E-11 1.49E-10 2.88E-14 7.36E-14 8.06E-12 0.00E+00 
Th-230 3.89E-11 3.69E-11 2.72E-08 1.57E-08 1.96E-07 3.69E-11 9.51E-11 7.97E-09 O.00E+00 "Th-232 3.14E-17 3.18E-17 &87E-14 3.68E-14 4.57E-13 3.06E-17 7.70E-17 1.82E-14 0.00E+00 
U-232 9.89E-11 9.96E-11 1.83E-06 5.02E-09 7.93E-08 9.70E-1I 3.84E-09 Z20E-07 0.00E+00 
U-233 4.61E-13 4.61E-13 5.52E-09 1.29E-11 2.03E-10 4.81E-13 1.71E-11 .64E-10 0.00E+00 
U-234 4.72E-08 4.72E-08 5.63E-04 1.32E-06 2.06E-05 4.72E-08 1.75E-08 6.76E-05 0.00E+00 
U-235 8.80E-10 8.83E-10 1.02E-05 2.44E-08 3.75E-07 8.80E-10 3.19E-08 1.23E-06 0.00E+00 
U-235 3.78E-09 3.78E-09 4.50E-05 1.05E-07 1.66E-06 3.78E-09 1.40E-07 5.41E-06 0.00E+00 
U-238 1.37E-11 1.372-11 1.642-07 4.05E-10 6.02E-09 1.37E-11 5.06E-10 1.97E-08 0.00E+00 
Zr-93 7.67E-14 1.85E-13 3.07E-10 6.23E-10 7.87E-09 6.12E-14 6.09E-13 3.05E-10 0.00E+00 

Co-60 (crud) 1.28E-03 4.97E-03 9.31E-02 4.64E-03 3.842-03 4.37E-03 9.71E-03 1.59E-02 0.00E+00 
Fe-55 (crd) 8.912-04 8.67E-04 1.81E-03 8.81E-04 8.76E-04 9.24E-04 2.02E-03 1.24E-03 0.00E+00 

total 9.23E-03 6.20E-03 1.69E-01 4.17E-02 4.52E-01 5.70E-03 2.85E-02 4.26E-02 0.002+00
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DOE SNF per Canister Source Term and Dose Calculations.xls Air Submersion Doses - no HEPAs

HWv;I IN [Ui1 I"1 11121
stable metal intact

oonnads brea-t
air submersion doses [reml

lunaR rind nlWTrr I hal Rurfaen Ihuif nmainrlm I AlrffivuA •kin
Ac-227 7.23E-20 8.58E-20 6.51E-20 5.67E-20 2.00E-19 7.03E-20 6.131-20 7.21E-20 6.33E-19 
Am-241 2.17E-1I 2.70E-11 1.70E-11 1.32E-11 7.25E-11 1.98E-11 1.60E-11 2.07E-11 3.23E-11 
Am-242m 6.85E-16 1.08E-15 3.10E-16 3.10E-18 1.43E-15 5.32E-16 3.50E-16 5.71E-16 2.45E-15 
Am-243 1.30E-13 1.55E-13 1.14E-13 9.18E-14 4.42E-13 1.24E-13 1.06E-13 1.29E-13 1.63E-13 
C-14 5.88E-20 7.99E-20 3.48E-20 2.75E-20 1.60E-19 4.97E-20 3.50E-20 5.09E-20 5.52E-17 
Ud-113m 9.41E-14 1.15E-13 7.79E-14 6.58E-14 2-76E-13 8.87E-14 7.39E-14 9.11E-14 1.11E-10 
C1-36 1.17E-41 1.39E-41 1.05E-41 9.42E-42 2.93E-41 1.14E-41 1.00E-41 1.16E-41 7.65E-39 
Cm-242 4.26E-16 8.04E-16 8.14E-17 1.03E-16 5.76E-10 2.67E-16 1.23E-16 3.09E-16 2.33E-15 
Um-243 5.42E-14 6.28E-14 5.17E-14 4.70E-14 1.41E-13 5.41E-14 4.88E-14 5.52E-14 9.20E-14 
Om-244 1.42E-14 2.75E-14 1.40E-15 3.01E-15 1.82E-14 8.65E-15 3.74E-15 1.01E-14 8.07E-14 
5nW-245 4.71E-18 5.53E-16 4.41E-16 3.85E-16 1.43E-15 4.68E-18 4.13E-18 4.81E-16 6.51E-16 
Crm-246 5.17E-20 9.94E-20 5.80E-21 1.12E-20 6.77E-20 3.17E-20 1.38E-20 3.70E-20 2.89E-19 
Cm-247 1.27E-22 1.45E-22 1.25E-22 1.20E-22 2.45E-22 1.29E-22 1.20E-22 1.30E-22 1.55E-22 
:o-60 1.86E-10 2.11E-10 1.88E-10 1.86E-10 2.70E-10 1.93E-10 1.82E-10 1.91E-10 2.20E-10 
Cs-134 1.43E-06 1.63E-06 1.42E-06 1.39E-06 2.32E-00 1.46E-06 1.36E-06 1.46E-06 1.83E-08 
5s-135 8.59E-17 1.13E-18 5.73E-17 4.57E-17 2.48E-16 7.52E-17 5.59E-17 7.73E-17 1.24E-13 
s-137 3.04E-06 3.47E-08 3.02E-08 294E-06 5.00E-06 3.11E-06 2.89E-06 3.11E-06 5.01E-06 

Eu-154 1.95F.07 2.22E-07 1.95E-07 1.91E-07 3.07E-07 200E-07 1.87E-07 2.00E-07 2.70E-07 
=u-155 3.87E-09 4.68E-09 3.45E-09 287E-09 1.28E-08 3.74E-09 3.21E-09 3.87E-09 5.26E-09 
Fe-55 0.00E+00 0.001E+00 0.001E-00 C 0.002+00 0.002+00 0.002+00 0.OOE+00 0.00+E00 
--3 0.00E+00 0.00E+00 1.73E-09 00-00 0.002E-00 0.00E+00 0.00E+00 2.09E-10 0.00E+00 
-129 2.16E-11 2.98E-11 9.59E-12 7.35E-12 4.93E-11 1.73E-11 1.03E-1I 1.70E-11 4.93E-11 
(r-85 1.99E-06 2.28E-06 1.94E-06 1.85E-06 3.74E-06 2.01E-06 1.85E-06 203E-06 225E-04 
Nb-93m 3.71E-15 7.67E-15 1.49E-18 6.91E-18 4.05E-15 2.01E-15 7.97E-16 2.60E-15 251E-14 
4b-94 2.14E-15 2.43E.15 2.13E-15 2.08E-15 3.38E-15 2.19E-15 2.04E-15 2.18E-15 2.70E-15 
qI-59 0.00E+00 O.002E00 O.00E+00 0.00E+00 0.00E+00 0.OOE+00 0.00E+00 0.002E00 O.OOE+00 
4M-83 0.00E+00 0.002E+00 0.00E+00 0.00E+00 0.00E+00 O.00E+00 0.00E+00 0.002E+00 0.00E+00 
4p-237 3.94E-13 4.77E-13 3.42E-13 2.91E-13 1.21E-12 3.77E-13 3,22E-13 3.90E-13 5.83E-13 
3a-231 3.48E-17 4.05E-17 3.30E-17 3.09E-17 7.41E-17 3.46E-17 3.13E-17 3.502-17 4.96E-17 
3b-210 1.33E-21 1.76E-21 9.15E-22 6.76E-22 4.20E-21 1.17E-21 8.81E-22 1.21E-21 2.76E-21 
3d-107 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00 0.002+00 0.002+00 0.002+00 0.000+00 
2m-147 7.55E-11 9.65E-11 5.50E-11 4.509-11 2.20E-10 6.82E-11 5.31E-11 7.00E-11 8.19E-08 
Pu-238 1.04E-09 2.02E-09 1.68E-10 2.87E-10 1.48E-09 6.37E-10 3.16E-10 7.76E-10 6.50E-0g 
Pu-239 1.60E-11 250E-11 8.78E-12 8.85E-12 3.14E-11 1.29E-11 9.48E-12 1.40E-11 6.16E-11 
2u-240 1.20E-11 2.32E-11 2.0 6-12 3. 1E-12 1.75E-11 7.40E-12 3.70E-12 8.96E-12 7.40E-11 
Pu-241 3.82E-11 4.61E-11 3.45E-11 2.99E-11 1.162-10 3.71 E-11 3.242-11 3.88E-11 6.22E-11 
2u-242 1.50E-14 2.89E-14 2.72E-15 4.02E-15 2.22E-14 9.33E-15 4.72E-15 1.13E-14 9.19E-14 
Ra-226 1.24E-19 1.42E-19 1.19E-19 1.09E-19 3.20E-19 1.24E-19 1.12E-19 1.27E-19 1.93E-19 
?a-228 0.00E+00 0.00E+00 0.0OE+00 0.09E+00 0.00E+00 0.002+00 0.002+00 0.000+00 0.000+00 
Ru-106 7.84E-08 8.77E-08 7.64E-08 7.37E-08 1.30E-07 7.79E-08 7.28E-08 7.88E-08 8.24E-07 
Sb-125 4.94E-08 5.67E-08 4.87E-08 4.67E-08 8.81E-08 5.02E-08 4.64E-08 5.04E-08 6.62E-08 
Se-79 1.78E-16 2.40E-16 1.08E-16 8.57E-17 4.93E-16 1.52E-16 1.08E-16 1.56E-16 1.90E-13 
Srn-147 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.00E+00 0.00E.00 
Sm-151 2.33E-14 3.95E-14 3.18E-15 5.07E-15 3.18E-14 1.61E-14 6.69E-15 1.62E-14 8.53E-14 
mn-126 3.48E-11 3.96E-11 3.43E-11 3.32E-11 6.01 E-1 1 3.53E-11 3.28E-11 3.54E-11 6.00E-11 
;r-90 8.49E-10 1.04E-09 7.03E-10 5.94E-10 249E-09 8.00E-10 6.67E-10 8.22E-10 1.00E-06 
'c-99 2.92E-14 3.69E-14 2.16E-14 1.782-14 8.8E-14 2863E-14 208E-14 2.712-14 4.59E-11

'.tU1±-17I 3.47E±-17 2_74F-17 23RF.17 90:Pf:.17 I 2PA1:F.17 9 !F4I-I7 2 ftlA::.A7 4A141:;_7

ý = E T_ _ - -2 _16 1 8ý2§ff_16 3kE.1 5 t, .3 1 5 f0l:-ig 1 11&2E-13 9 4 I , 6 i 18 1 3.07E-1 5 
ý4 ý 11 

ý 2.89F=-22 4.2GE-22 1.97E-22 1.71F--22 8.03E-22 I Z44E-22 1.9BE-22 2.69E-22 I 1.06E-21
1.44E-14
2.30E-16

2.15E-14
3.02E-16

9.13E-15
1.84E-16

_-234 1.25E-11 2.04E-11 6.21E-12
1.96E-10
7.31E-13
2.03E-15

0.00E+00

228E-10
1.32E-12

&3. 5E0

O.00E+00

1.88E-10 
2.61E-13 
4.60E-16 
0.00E+00

0.00E+00

,, ,t_, I 3.39E-04 3.83E-04 3.42E.04

8.34E-15
1.69E-1

O.00±O4-0

3.2E-U4
O.OOE+00

3.58E-14 1 1.20E-14

1.43h-12 5.02E-13
3.42F-15 1.265-15
0.00=+00 I 0.00E+00

4.81 E-U4

O.00E+00

9.28E-15 1.322-14 ~F5.492-14
.-16 1.78E-16 2.22-16 6.23E-16 
A-12 6.81E-12 1.08E-11 6.03E-1 I

1.78E-10
3.24E-13
6.97E-16
O.00E+00

3.43E-04 I 3.Z4E-04

2.01°-10 2.41h-10
6.00E-13 4.28E-12
1.58E-15 1.34E-14
0.00E+00 O.00E+00

3.4021=-4 3.2::0
)0E+00 10,002E-00 0.0OE+00 0.00E+00 

50E-04 3.31E-04 3.47E-04 6.25E-04
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t
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DOE SNF per Canister Source Term and Dose Calculations.xls

WI R (ifUli[H
stable metal

Inhalation Doses - HEPAs

11121

innaiauon ooses [rErn]
ioad breast lungs red marrow bone surface " Id remainder effective skdn 

Ac-227 3.M5E-18 5.13E-20 1.19E-15 1.98E-15 2.47E-14 2.77E-20 1.13E-15 1.39E-15 0.OOE+00 
kn-241 3.28E-10 2.69E-14 1.86E-10 1.76E-09 `2.19E-08 1.61E-14 7.89E-10 1.21E-09 O.00E+00 
An--242rn 2.31E-13 9.94E-18 3.02E-14 1.22E-12 1.53E-11 4.06E-18 5.39E-13 8.28E-13 O.OOE+00 
4n1-243 7.71E-13 3.60E-16 4.21E-13 4.09E-12 5.13E-11 1.96E-16 1.83E-12 2.82E-12 0.OOE+00 
-14 5.12E-20 5.12E-20 5.12E-20 5.12E-20 5.12E-20 5.12E-20 5.12E-20 5.12E-20 0.002E00 

Cd-113m 1.74E-13 1.74E-13 2.15E-12 1.74E-13 1.74E-13 1.74E-13 6.82E-12 2.17E-12 0.00E+00 
31-38 1.05E-43 1.05E-43 9.49E-42 1.05E-43 1.05E-43 1.05E-43 1.12E-43 1.23E-42 0.00E+00 
am-242 1.24E-14 2.05E-17 3.37E-13 8.47E-14 1.0ME-12 2.04E-17 5.32E-14 1.01E-13 0.OOE+00 
Zm-243 7.77E-14 2.35E-17 7.28E-14 4.43E-13 5.52E-12 1.44E-17 2.16E-13 3.12E-13 0.00E+00 
arn-244 1.31E-11 8.58E-18 1.59E-11 7.74E-11 9.85E-10 8.33E-16 3.94E-11 5.53E-11 0.00E+00 
:m-245 1.64E-15 3.25E-19 8.74E-18 8.69Eo15 1.092-13 1.79E-19 3.86E-15 5.97E-15 0.00E+00 
:m-246 1.11E-16 1.32E-20 6.03E-17 5.89E-18 7.35E-15 7.48E-21 2.63E-18 4.04E-16 0.00E+00 
Cm-247 1.06E-22 7.72E-28 5.78E-23 5.64E-22 7.06E-21 5.02E-26 2.53E-22 3.88E-22 0.OOE+00 
Co-80 2.88E-15 1.11E-14 209E-13 1.04E-14 8.18E-15 9.81E-15 2.18E-14 3.582-14 0.00E+00 
Zs-134 8.36E-05 6.95E-05 7.59E-05 7.59E-05 7.08E-05 7.14E-05 8.94E-05 8.04E-05 0.009+00 
:s-135 5.47E-11 5.47E-11 6.42E-11 5.47E-11 5.47E-11 5.47E-11 5.47E-11 5.60E-11 0.004-00 
ýs-137 3.33E-04 2.98E-04 3.35E-04 3.15E-04 3.01E-04 3.01E-04 3.46E-04 3.28E-04 0.00E+00 
Eu-154 1.52E-11 2.02E-11 1.032-10 1.38E-10 8.80E-10 9.29E-12 1.47E-10 1.01E-10 0.00E+00 
Eu-155 2.212-13 3.81E-13 7.38E-12 8.87E-12 9.43E-11 1.49E-13 8.89E-12 6.95E-12 0.00E+00 
Fe-55 5.59E-14 5.44E-14 1.13E-13 5.53E-14 5.50E-14 5.79E-14 1.29E-13 7.76E-14 0.00E+00 
+-3 3.83E-06 3.63E-06 3.83E-06 3.63E-06 3.63E-08 3.63E-06 3.63E-06 3.63E-08 0.00E+00 
1-129 1.30E-09 3.12E-09 4.69E-09 209E-09 2.06E-09 2.33E-05 1.76E-09 7.00E-07 0.00E+00 
Kr-85 0.00E+00 0.OOE+00 0.00E+00 0.002400 O.OOE40 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
4b-93m 9.74E-17 1.02E-17 1.51E-14 6.67E-17 1.74E-16 7.12E-18 9.25E-17 1.85E-15 0.00E+00 
• b-94 5.40E-20 2.54E-19 8.48E-18 2.56E-19 2.23E-19 2.52E-19 5.05E-19 1.27E-18 0.00E+00 
4i-59 7.23E-18 6.97E-18 2.42E-17 7.13E-18 7.07E-18 7.80E-18 7.31E-18 7.21E-18 0.00E+00 
SI-M3 2.52E-15 2.52E-15 9.41E-15 2.52E-15 2.52E-15 2.52E-15 2.63E-15 2.57E-15 0.002E00 
Vp-237 4.48E-12 2.56E-15 2.44E-12 3.97E-11 4.95E-10 2.03E-15 3.54E-12 2.21E-11 0.00E+00 
Pa-231 5.61E-20 7.15E-20 8.07E-15 5.67E-15 7.07E-14 6.21E-20 2.33E-18 2.82E-15 0.00E+00 
Pb-210 2.74E-21 2.74E-21 2.74E-21 3.23E-20 4.71E-19 2.74E-21 4.04E-20 3.16E-20 0.004-00 
Pd-107 7.47E-21 7.47E-21 2.25E-18 4.04E-20 1.07E-19 7.47E-21 1.70E-18 2.73E-17 0.00E+00 
Pm-147 7.59E-16 1.45E.15 3.12E-09 3.29E-10 4.12E-09 7.99E-16 2.38E-10 4.28E-10 0.00E+00 
Pu-238 1.78E-06 6.35E-11 2.03E-05 9.65E-06 1.21 E-04 6.11E-11 4.46E-06 6.73E-06 0.00E-00 
Pu-239 4.21E-08 1.22E-12 4.28E-07 2.24E-07 2.79E-06 1.20E-12 1.00E-07 1.54E-07 0.00E+00 
3u-240 2.40E-08 7.17E-13 2.44E-07 1.27E-07 1.59E-06 8.83E-13 5.70E-08 8.75E-08 0.00E+00 
3u-241 1.45E-07 6.50E-12 6.76E-07 7.14E-07 8.93E-06 2.64E-12 2.78r-07 4.74E-07 0.00E+00 
2u-242 3.39E-11 1.06E-15 3.45E-10 1.81E-10 2.26E-09 9.87E-16 8.06E-11 1.25E-10 0.00E.00 
Ra-226 1.64E-20 1.64E-20 2.59E-18 1.07E-19 1.22E-18 1.64E-20 1.72E-20 3.73E-19 0.00E+00 
Ra-228 2.64E-24 2865E-24 1.04E-22 1.06E-23 9.38E-23 264E-24 270E-24 1.86E-23 0.00E+00 
Ru-106 4.17E-11 4.14E-11 3.14E-09 4.14E-11 4.14E-11 4.14E-11 5.11E-11 3.90E-10 0.00E+00 
Sb-125 3.59E-13 4.15E-13 2.17E-11 6.48E-13 2.72E-12 3.23E-13 1.45E-12 3.29E-12 0.00E+00 
3e-79 1.39E-16 1.39E-16 2.01E-15 1.39E-16 1.39E-16 1.39E-16 8.70E-16 5.46E-16 0.00E+00 
3m-147 0.00E+00 0.00E+00 2.202-17 7.96E-17 9.95E-16 0.00E+00 5.47E-17 5.84E-17 0.00E+00 
Sm-151 7.23E-18 2.87E-17 5.85E-13 1.97E-12 248E-11 2.37E-18 1.35E-12 1.45E-12 0.00+E00 
5n-128 2.62E-15 2.59E-15 2.77E-14 1.03E-14 217E-14 240E-15 3.23E-15 4.94E-15 0.00E+00 
Sr-90 1.15E-10 1.15E-10 1.25E-07 1.47E-08 3.17E-08 1.15E-10 2.50E-10 1.53E-08 0.00E+00 
Tc-99 3.03E-16 3.03E-16 1.12E-13 3.03E-16 3.03E-16 8.10E-15 4.19E-15 1.51E-14 0.00E+00 
Th-229 8.65E-18 8.65E-18 6.24E-15 3.60E-15 4.48E-14 8.65E-18 2.21E-17 1.82E-15 0.00E+00 
Th-230 1.11E-14 1.11E-14 8.15E-12 4.70E-12 5.87E-11 1.11E-14 2.85E-14 2-39E-12 O.00E+00 
Th-232 9.41E-21 9.53E-21 1.16E-17 1.10E-17 1.37E-16 9.19E-21 2.31E-20 5.47E-18 0.00E+00 
J-232 2.97E-14 2.99E-14 5.49E-10 1.51E-12 238E-11 291E-14 1.15E-12 6.80E-11 0.00E+00 
J-233 1.38E-16 1.38E-16 1.65E-12 3.88E-15 6.10E-14 1.38E-16 5.12E-15 1.99E-13 0.OOE+00 
J-234 1.42E-11 1.42E-11 1.69E-07 3.96E-10 6.18E-09 1.42E-11 5.25E-10 2.03E-08 0.00E+00 
T-235 2.84E-13 2.65E-13 3.07E-09 7.33E-12 1.12E-10 2.4E-13 9.57E-12 3.70E-10 0.00E+00 
U-236 1.13E-12 1.13E-12 1.35E-08 3.16E-11 4.98E-10 1.13E-12 4.20E-11 1.62E-09 0.00E+00 
J-238 4.12E-15 4.12E-15 4.91E-11 1.21E-13 1.81E-12 4.10E-15 1.52E-13 5.91E-12 0.002+00 
:r--g3 2.30E-17 4.942-17 9.21E-14 1.872-13 2.30E-12 1.84E-17 1.83E-16 9.15E-14 0.00E+00

crud
Co-6O (crud)
Fe-55 (crud)

3.85E-07
2.87E-07.

1.4GE-06
2.60E.07

2.79E-05
5.42E-07

-4-
-4--I-

1.39E-06 
2.64E-07

4.07E-04

-l 4 .ý4C - 1 lfl

-4 -- s--
2.77E-07" I6.19E-07

4.78E-06 j .+00
3.71E-07

q1.U1 r"I 4 4o4DI-"4 4.-ij" I

0.00E+00

U.L.Jv+UU
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DOE SNF per Canister Source Term and Dose Calculations.xls Air Submersion Doses - HEPAs 

HWCTR (UITH [112] HEPAs
stable metal intact

gonads breast lun
2.17f=-23 2.57E-2.3 1 .5E-23 1.70u1-23 5.99E-23 I 2.11E-23 I 1.54E-23 I 2.1E-23 1.90E-22

Am-241 6.50E-15 8.11E-15 5.11,E-15 3.95E-15 2.17E-14 5.93E-15 4.802-15 6.20E-15 9.70E-15 
Am-242m 2.05E-19 3.25E-19 9.30E-20 9.30E-20 4.29E-19 1.60E-19 1.05E-19 1.71E-19 7.35E-19 
Am-243 3.89E-17 4.64E-17 3.41E-17 2.75E-17 1.33E-16 3.71E-17 3.18E-17 3.87E-17 4.88E-17 
C-14 1.76E-23 2.40E-23 1.04E-23 8.24E-24 4.81E-23 1.49E-23 1.05E-23 1.53E-23 1.66E-20 
Cd-113m 2.82E-17 3.45E-17 2.34E-17 1.97E-17 8.27E-17 2.66E-17 2.22E-17 2.73E-17 3.34E-14 
CI-36 3.50E-45 4.16E-45 3.16E-45 2.83E-45 8.79E-45 3.42 -45 3.00S-45 3.48E-45 2.30E-42 
Cm-242 1.28E-19 2.41E-19 1.84E-20 3.08E-20 1.73E-19 8.01E-20 3.70E-20 9.28E-20 6.99E-19 
Cm-243 1.63E-17 1.88E-17 1.55E-17 1.41E-17 4.23E-17 1.62E-17 1.46E-17 1.66E-17 2.76E-17 
Cm-244 4.27E-18 8.24E-18 4.39E-19 9.04E-19 5.48E-18 2.60E-18 1.12E-18 3.04E-18 2.42E-17 
Cm-245 1.41E-19 1.66E-19 1.32E-19 1.15E-19 4.30E-19 1.40E-19 1.24E-19 1.44E-19 1.95E-19 
Cm-246 1.55E-23 2.98E-23 1.74E-2 3.36E-24 2.03E-23 9.50E-24 4.15E-24 1.11E-23 8.68E-23 
Cm-247 3.82E-26 4.36E-26 &74E-26 3.59E-28 7.35E-26 3.87E-28 3.59E-26 3.90E-26 4.65E-26 
Co-60 5.59E-14 6.32E-14 5.64E-14 5.59E-14 8.10E-14 5.78E-14 5.46E-14 5.73E-14 6.59E-14 
Cs-134 1.43E-06 1.63E-06 1.42E-06 1.39E-06 2.32E-06 1.48E-08 1.36E-06 .1.48E-06 1.83E-06 
Cs-135 8.59E-17 1.13E-16 5.73E-17 4.57E-17 2.48E-16 7.52E-17 5.59E-17 7.73E-17 1.24E-13 
Ns137 3.04E-06 3.47E-06 3.02E-06 2.94E-06 5.00E-06 3.11E-06 2.89E-0M 3.11E-06 5.01E-06 
Eu-154 5.86E-11 8.65E-11 5.85E-11 5.73E-11 9.21E-11 6.01 E-11 5.62E-11 "6.00E-11 8.10E-11 
Eu-155 1.16E-12 1.37E-12 1.03E-12 8.62E-13 3.77E-12 1.12E-12 9.64E-13 1.16E-12 1.58E-12 
Fe-55 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.00E+00 0.00E+00 0.00E-00 
-1-3 0.00E+00 0.00E+00 1.73E-09 0.002+00 0.00E+00 0.00E+00 0.002+00 2.09E-10 0.00E+00 
-129 216E-11 2.98E-11 9.59E-12 7.35E-12 4.93E-11 1.73E-11 1.03E-11 1.70E-11 4.93E-11 
<-r45 1.99E-06 2.28E-06 1.94E-06 1.85E-06 3.74E-06 2.01E-06 1.85E-08 2-03E-08 Z25E-04 
Nb-93m 1.11E-18 2.30E-18 4.48E-20 2.07E-19 1.22E-18 6.03E-19 239E-19 7.802-19 7.522-18 
Nb-94 6.42E-19 7.30E-19 6.39E-19 6.25E-19 1.01E-18 6.57E-19 6.12E-19 8.55E-19 8.10E-19 
41i-59 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Mi-63 0.002+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.002E00 
.Jp-237 1.18E-16 1.43E-16 1.03E-16 8.74E-17 3.64E-16 1.13E-16 9.66E-17 1.17E-16 1.75E-18 
Pa-231 1.04E-20 1.211-20 9.892-21 9.28E-21 2.22E-20 1.04E-20 9.40E-21 1.05E-20 1.49E-20 
Pb-210 4.00E-25 5.28E-25 2.75E-25 203E-25 1.26E-24 3.50E-25 2864E-25 3.64E-25 8.27E-25 
P'd-107 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00+E00 0.00E+00 
PFm-147 2.27E-14 290E-14 1.65E-14 1.35E-14 6.60E-14 2.04E-14 1.59E-14 2.10E-14 2.48E-11 
Pu-238 3.13E-13 6.06E-13 5.05E-14 8.01E-14 4.43E-13 1.91E-13 9.49E-14 .2.33E-13 1.95E-12 
Pu-239 4.81E-15 7.50E-15 2.83E-15 265E-15 9.41E-15 3.86E-15 284E-15 4.21 E-15 1.85E-14 
3u-240 3.60E-15 6.96E-15 6.17E-16 9.34E-16 5.24E-15 222E-15 1.11E-15 Z69E-15 2.22E-14 
2u-241 1.15E-14 1.38E-14 1.03E-14 8.98E-15 3.49E-14 1.11E-14 9.72E-15 1.16E-14 1.87E-14 
Pu-242 4.50E-18 8.88E-18 8.17E-19 1.21E-18 8.66E-18 2.80E-18 1.42E-18 3.38E-18 2.76E-17 
Ra-229 3.71E-23 4.27E-23 &58E-23 3.26E-23 9.59E-23 3.73E-23 3.36E-23 3.80E-23 5.782-23 
Ra-228 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00+E00 0.00E+00 0.00E+00 
Ru-106 2.29E-11 2-83E-11 229E-11 2.21E-11 3.90E-1 Z34E-11 2I18E-11 2.38E-11 2.47E-10 
5b-125 1.48E-11 1.70E-11 1.40E-11 1.402-11 264E-11 1.51E-11 1.39E-11 1.51E-11 1.99E-11 
3e-79 5.34E-20 7.19E-20 3.25E-20 2.57E-20 1.48E-19 4.56E-20 3.23E-20 4.67E-20 5.71E-17 
Sm-147 0.00E+00 0.00E+00 0.002+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Sm-151 7.00E-18 .1.18E-17 9.53E-19 1.52E-18 9.55E-18 4.829-18 2.01E-18 4.88E-18 2.56E-17 
Sn-126 1.04E-14 1.19E-14 1.03E-14 9.95E-15 1.80E-14 1.06E-14 9.84E-15 1.06E-14 1.60E-14 
S' ___90 2.55E-13 3.11E-13 211E-13 1.78E-13 7.48E-13 2.40E-13 2.00E-13 247E-13 3.01E-10 
rc-99 8.75E-18 1.11E-17 6.49E-18 5.28E-18 2.60E-17 7.89E-18 6.23E-18 8.14E-18 1.38E-14 
Th-229 8.87E-21 1.04E-20 8.23E-21 7.13E-21 2.71E-20 8.70E-21 7.69E-21 9.01E-21 1.27E-20 
h-230 3.67E-19 4.85E-19 292E-19 2.49E-19 1.08E-18 3.32E-19 2.79E-19 3.55E-19 9.20E-19 
Th-232 8.66E-26 1.26E-25 5.90E-26 5.12E-26 2.41E-25 7.32E-26 5.88E-26 8.08E-26 3.19E-25 
J-232 4.31E-18 6.46E-18 274E-18 2.50E-18 1 07E-17 3.59E-18 2.78E-18 &95E-18 1.652-17 
U-233 6.91 E-20 9.07E-20 5.52E-20 5.07E-20 1.68E-19 6.34E-20 5.35E-20 6.68E-20 1.87E-19 
J-234 3.74E-15 6.13E-15 1.86E-15 1.79E-15 8.47E-15 2.85E-15 2.04E-15 3.25E-15 1.81E-14 
J-235 5.89E-14 6.78E-14 5.642-14 5.14E-14 I 1.54E-13 5.89E-14 5.33E-14 6.02E-14 7.22E-14 
J-236 2.19E-16 3.95E.16 7.84E-17 8.38E-17 I 4.28E-16 1.51E-16 9.71E-17 1.80E-16 1.282-15

Co-W0 (cud)

6.08E-19
OOE+00

1.18E-18 I 1.38E-19
O.OOE+00 O.OOE+00

-4

1.13E-07 1.00E9
0.O0h+O0

---4 ---
I

U.OUV+OX

1.72E-19
O.OOE+00

1.03E-18 3.77E-19 2.09E-19
0.00E+0 I 0.00E+00 0.00E+00

-1 * + 4
-4 4 + 4

4.73E-19
0.00-O(

1.44L-07 I 1.032-07 I 9.722-08 1.022-07
0.00E+00 0.OOE+00 I 0.00S+00 0.00E+00 0.00E+00

4.03E-18

1.18E-07
0.00E+00

CAL-WPS-SE-000004 REV 00

:r-93

Aud

Fe-55 (crui

6.56E-06 7.50E-06 6.49E-06 6.29E-06 1.122-05 6.68E-06 I 6.21E-06 1 6.70E-06 2.32E-04

Srem]
thyrid Iremainder Ieffective I skin

I

I

'U
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DOE SNF per Canister Source Term and Dose Calculations.xls

HWC("TR LIUTFH• r1 121 stable metal intact No HEPAs

Inhalation Submersion 

Dose @ Dose Term Dose @ Dose Term 

5000 m for 5000 m for Dose Term for 

[rem] Regulation [rem] Regulation Regulation 

Gonad 9.23E-03 3.39E-04 

Breast 6.20E-03 3.83E-04 
Lung 1.69E-01 3.42E-04 

R Marrow 4.17E-02 3.39E-04 
B Surface 4.52E-01 <ODE 4.92E-04 
Thyroid 5.70E-03 3.50E-04 
Remainder 2.85E-02 3.31 E-04 
Whole Body 4.26E-02 <CEDE 3.47E-04 <DDE 4.292-02 <TEDE=CEDE+DDE 

Skin 0.00E+00 <SKIN 6.25E-04 <SKIN 6.25E-04 <SKIN 

Eye Lens N/A <EYE N/A <EYE N/A <EYE 
4.52E-01 <CDE + DDE 

HWCTR (U/TH) [112] stable metal intact HEPAs 
Air 

Inhalation Submersion 
Dose @ Dose Term Dose @ Dose Term Dose for 
5000 m for 5000 m for Regulation Dose Term for 

[rem] Regulation [rem] Regulation [rem] Regulation 

Gonad 4.22E-04 6.56E-06 
Breast 3.72E-04 7.50E-06 

Lung 4.65E-04 6.49E-06 

R Marrow 4.07E-04 6.29E-06 
B Surface 5.11E-04 <CDE 1.12E-05 
Thyroid 4.01 E-04 6.68E-06 
Remainder 4.482-04 6.21E-06 
Whole Body 4.25E-04 <CEDE 6.70E-06 <DDE 4.32E-04 <TEDE=CEDE+DDE 
Skin 0.00E+00 <SKIN 2.32E-04 <SKIN 2.32E-04 <SKIN 
Eye Lens N/A <EYE N/A <EYE N/A <EYE 

I I_ -5.18E-04 <CDE + DDE

CAL-WPS-SE-000004 REV 00
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DOE SNF per Canister Source Term and Dose Catculations.xls

HWCTR (UfrH) 

Ac-227 
AMn-241 
AM-242M 
Ani-243 
C-14 
Cd-113m 
Cl-so 
CM-242 
Cm-243 
CM-244 
Cm-245 
Cm-248 
Cm-247 
CO-60 
Cs-134 
Cs-ISS 
CS-137 
Eu-154 
Eu-i 55 
Fe-55 
HI-3 
1-129 
Kr-85 
Nb-93m 
Nb-94 
Ni-59 
Ni-83 
Np-237 
Pa-23l 
Pb-21 0 
Pd-i 07 
Pm-147 
Pu-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 
Ra-228 
Ra-228 
Ru-lOS 
Sb-I 25 
Se-79 
Srn-147 
Sm-15l 
Sn-i 26 
Sr-90 
Tc-99 
Th-229 
Th-230 
Th-232 
U-232 
UJ-2W
U-234 
U-235 
U-238 
L-238 
Zr-93 

crud 
Co-6O (crud) 
Fe-55 (crud)

[112] stable metal 
offsite doses with no HEPAs [rem] 

bone surface 
material type TEDS WDE + DDE 

P 4.04E-1 2 8.24E-11I 
P 4.04E-06 7.30E-05 
P 2.76E-09 5.09E-08 
P 9.38E-09 1.712E-07 
P 1.7112-18 1.712E-186 
P 7.22E-09 5.812E-1 0 
P 4.122439 3.812E-40 
P 3.38E-1 0 3.53E-09 
P 1.0412-06 1.a42-08 
P 1.84E-07 3.22E-06 
P 1.99E-11 3.82E-10 
P 1.35E-12 2.45E-11I 
P 1.29E-18 2.35E-17 
P 3.102-10 2.1812-10 
C 8.19E-05 7.22E-05 
o 5.60E-11 5.47E-11I 
o 3.312E-04 3.05E-04 
P 5.35E-07 2-47E-06 
P 2 70E-08 3.18E-07 
P 2502-10 1.83E-10 
G 3.83E-08 3.83E-06 
G 7.002-07 2,08E-09 
G 2.03E-08 2.03E-06 
P 8,17E-1 2 5.82E-13 
P 8.422-1 5 2.93E-15 
P 2402-14 2.36E-14 
P 8.57E-12 8.40E-1 2 
P 7.37E-08 1.85E-08 
P 9.40E-12 2.36E-10 
P 1.05E-18 1.57E-15 
P 9.092-14 3.58E-16 
P 1.43E-06 1.37E-05 
P 224E-0; 4.02E-01 
P 5.12E-04 9.312E-03 
P 2.922-04 5.3012-03 
P 1.582403 2.98E-02 
P 4.15E207 7.52E-08 
P 1.24E-15 4.082-15 
P 8.202-20 3.13E-19 
P 1.38E-06 2.17E207 
P 8.14E-08 5.95E-08 
P 1.82E-12 4.64E-13 
P 1.95E-13 3.32E-12 
P 4.84E-09 8.25E-08 
P 5.1 9E-11I 1.08E-10 
P 5.10E-05 1.06E-04 
P 5.03E-11I 1.04E-12 
P 8.06E-12 1.49E-10 
P 7.97E-09 1.98E-07 
P 1.822-1 4 4..572-1 3 
P 2.20E-07 7.93E-08 
P 8.64E-10 2.03E-1 0 
P 8.782-05 2.06E-05 
P 1.232-08 3.75E207 
P 5.412E-08 1.882-08 
P 1.972-08 8.02E249 
P 3.05E-10 7.87E209

crud 
cnid 

total

1.632-02 
1.242-03 

4.29E202

3.98E-03 
8.76E-04 

4.52E-01

CAL-WPS-SE-000004 REV 00

TEDE & CDEtiDDE

intact 
otftte doses with HEPAs [remi] 

bone surface ODE 
TEDE *DDE 

1.39E-15 2.47E-14 
1.21E-09 2.19E-08 
8.28E-13 1.53E-11I 
2.82E-1 2 5.13E-11 
5.12E-20 5. 12E-20 
2.17E-1 2 1.74E-13 
1.24E-42 1.08E-43 
1.01E-13 1.082-12 
3.12E-13 5.52E-12 
5.53E-1 1 9.85E-10 
5.97E-15 1.092-13 
4.04E-16 7.35E-1 5 
3.88E-22 7.06E-21 
9.31E2-14 8.55E-14 
8.19E-05 7.22E-05 
5.80E-11 5 .472-11 
3.312E-04 3.05E-04 
1.81E-10 7.40E-1 0 
8.11E-12 9.55E-11I 
7.78E-14 5.50E-14 
3.63E-08 3.83E-06 
7.002-07 2.08E-09 
2.03E-08 2.03E-08 
1.85E-15 1.75E-18 
1.03E-18 8.79E-19 
7.21E-18 7.07E-18 
2572-15 2522-15 
2.212-11I 4.M5-10 
2.82E-15 7.07E-1 4 
3.16E-20 4.712-19 
2.73E-17 1.072E-19 
4.28E-10 4.12E209 
8.73E-08 1.212E-04 
1.542407 2.792-08 
8.75E-08 1.59E-06 
4.74E247 8.932-08 
1.25E-10 2.28E-09 
3.73E-1 9 1.22E-18 
1.86E-23 9.38E-23 
4.13E-10 8.50E-11 
1.84E-11 1.792-11 
5.46E-16 1.392-18 
5.84E-17 9.95E-18 
1.45E-12 2.4.8E-1 1 
1.58E-14 3.23E-14 
1.53E208 3.17E-08 
1.51E-14 3.11-18 
1.82E-15 4.48E-14 
2.39E-12 5.87E-1l1 
5.472-18 1.37E-18 
8.80E-11 2.38E-11 
1.99E-13 6.10E-14 
2.03E-08 6.18E-09 
3.70E-10 1.13E-10 
1.82E-09 4.98E-10 
5.91E-12 1.81E-12 
9.152-14 2.30E-12

4.89E-06 
3.712E47 

4.32E-04

111-13

1.20E206 
2832-07 

5.18E-04

September 1999
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DOE SNF per Canister Source Term and Dose Calculations.xfs

HWCTR (UITH) [112]

TEDE (no HEPAs) 
material type 

G 
P 
C 

crud 

TEDE (HEPAs) 
material type 

G 
P 
C 

crud

subtotal [rem] 
6.36E-06 
2.50E-02 
4.13E-04 
1.75E-02 

otal 4.29E-02 

subtotal [rem] 
6.36E-06 
7.49E-06 
4.13E-04 
5.26E-08 

otal 4.32E-04

bone surface CDE + DDE (no HEPAs) 
material type subtotal frem] 

G 5.66E-06 
P 4.47E-01 
C 3.77E-04 

crud 4.86E-03 
total 4.52E-01 

bone surface CDE + DDE (HEPAs) 
material type subtotal [rem] 

G 5.66E-06 
P 1.34E-04 
C 3.77E-04 

crud 1.46E-06 
total 5.18E-04

stable metal intact

fraction of total H 
1.48E-04 
5.82E-01 
9.62E-03 
4.08E-01 
1.00E+00 

fraction of total H 
1.47E-02 
1.73E-02 
9.5GE-01 
1.22E-02 
1.00E+00 

fractfon of total H 
1.25E-05 
9.882-01 
8.33E-04 
1.07E-02 
1.00E+00 

fraction of total H 
1.09E-02 
Z59E-01 
7.272-01 
2.8112-03 
1.00E+00

CAL-WPS-SE-000004 REV 00
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Attachment IV 

Calculations for ALUM CLAD SNF [411] DOE SNF
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DOE SNF per Canister Source Term and Dose Calculations.xls

evaluated fuel x evaluated fuel 
uel type stable metal stable metal non-metal non-metal other other stable metal 

conditIon Intact not intact Intact not intact intact not intact not Intact 
I onit'VINUPL, i-ur t~tVV (U 

HWCTR ALUM CLAD PWR COREII SAXTON METAL) LEU N REACTOR ALUM CLAD SNF 
fuel name (UITH)[112] SNF[4111 [1931 (MOX) [787] [641 [147] [411) 
#of canisters 0.17 1.00 24.00 1.00 10.50 194.95 1.00 

Isotopes material type Curies (entire fuel Inventory) Curies 
Ac-227 P 9.27E-09 281E-07 1.24E-02 1.33E-05 3.38E-05 1.03E-02 2.81E-07 
Am-241 P 1.22E-01 2.51E+01 7.81E+04 6.45E+03 1.63E+04 2.80E+05 2.51E+01 
Am-242m P 8.67E-05 9.69E-03 1.18E+02 1.07E+01 2.71E+01 7.96E+00 9.69E-03 
Am-243 P 2.85E-04 2.40E-02 3.38E+02 2.83E+01 7.18E÷01 4.10E+01 2.40E-02 
C-14 P 1.09E-06 1.17E-05 1.53E+00 1.81E+00 4.59E+00 3.M3E÷02 1.17E-05 
Cd-113m P 6.32E-02 7.25E-01 0.00E+00 2.59E+01 6.56E+01 0.00E÷00 7.25E-01 
CI-36 P 2.51E-30 0.00E+00 0.00E+00 235E-02 5.96E-02 0.00E+00 0.00E+00 
Cm-242 P 2.62E-04 8.00E-03 0.00E+00 8.79E+00 2.23E+01 0.00E+00 8.00E-03 
Cm-243 P 4.52E-05 3.29E-03 0.00+E00 1.60E+01 4.06E+01 0.00+E00 3.29E-03 
Cm-244 P 9.94E-03 4.27E-01 3.16E+04 9.29E+02 2.36E+03 2-44E+03 4.27E-01 
Cmn-245 P 5.84E-07 1.33E-05 5.82E+00 2.12E-01 5.37E-01 5.13E-01 1.33E-05 
Cm-248 P 3.99E-08 9.83E-07 9.89E-01 4.289-02 1.08E-01 8.79E-02 9.83E-07 
Cm-247 P 4.17E-14 0.00E+00 1.12E,.07 2.83E-07 0.00E+00 
Co-80 P 7.30E-03 1.81E-09 1.10E+04 2.12E+01 5.38E+01 4.75E+02 1.81E-09 
Cs-134 C 9.30E+01 2.05E+02 3.83E+03 1.24E501 3.13E+01 1.83E+02 2.05T+02 
Cs-135 C 6.58E-04 1.24E-02 6.19E+00 6.65E-01 1.89E+00 4.00E+01 1.24E-02 
Cs-137 C 5.49E+02 8.60E+03 2.07E+06 1.00E÷05 Z53E+05 5.34E+06 8.60E+03 
Eu-154 P 1.57E+01 9.08E+01 0.00E+00 1.84E+03 4.87E+03 0.005E00 9.08E+01 
Eu-155 P 7.47E+00 2.81E+01 0.00E+00 1.92E+02 4.86E+02 0.00E+00 2.81E+01 
Fe-55 P 1.29E+00 0.00+E00 0.00E+00 1.76E-01 4.45E-01 0.00E+00 0.00E+00 
H-3 G 202E+00 2.81E+01 6.09E+03 2.92E+02 7.41E+02 1.03E+04 2.61E+01 
1-129 G 1.44E-04 2.54E-03 7.20E-01 6.09E-02 1.54E-01 3.29E+00 2.54E-03 
Kr-85 G 5.48E+01 6.45E+02 5.07E+04 2.59E+03 8.56E+03 1.53E+05 6.45E+02 
Nb-93m P 2.82E-03 4.96E-02 5.72E+01 Z82E+00 7.15E+00 4.54E+02 4.96E-02 
Nb-94 P 1.37E-07 4.96E-06 0.00E+00 5.18E-02 1.31E-01 6.71E-05 4.96E-06 
Ni-59 P 243E-04 0.00E+00 0.00E+00 4.01E-02 1.02E-01 2.03E+01 0.00E+00 
NI-63 P 3.69E-02 0.00E+00 8.04E+04 4.42E+00 1.12E+01 2.21E+03 0.00E+00 
Np-237 P 1.82E-03 1.20E-02 7.06E+00 6.46E-01 1.64E+00 3.87E+01 1.20E-02 
Pa-231 P 9.79E-08 1.88E-06 1.15E-02 3.02E-05 7.65E-05 1.385E-02 1.88E-06 
Pb-210 P 1.04E-10 1.44E-11 2-71E-06 5.13E-08 1.30E-07 7.52E-08 1.44E-11 
Pd-107 P 9.52E-05 2.35E-03 1.95E+00 2.14E-01 5.42E-01 7.46E+00 2.35E-03 
Pm-147 P 4.88E+02 2.47E+03 0.00E+00 9.36E+01 2.37E+02 0.00E+00 2.47E+03 
Pu-238 P 7.65E+02 2.20E+01 8.02E+04 5.66E+02 1.18E+04 6.37E+04 2.20E+01 
Pu-239 P 1.59E+01 1.49E+01 7.55E+03 9.81E+01 2-05E+03 1.23E+05 1.49E401 
Pu-240 P 9.08E+00 1.07E+01 1.13E+04 1.70E+02 3.54E+03 7.18E+04 1.07E+01 
Pu-241 P 2.56E+03 1.22E+03 1.57E+06 9.43E+03 1.97E+05 2.06E+06 1.22E+03 
Pu-242 P 1.35E-02 1.04E-02 3.73E+01 4.84E-01 1.01E+01 3.46E+01 1.04E-02 
Ra-226 P 1.93E-09 1.53E-10 6.135-06 2,46E-07 6.22E-07 1.15E-03 1.53E-10 
Ra-228 P 1.74E-13 8.44E-12 5.85E-02 2.80E-07 7.11E-07 1.03E-06 8.44E-12 
Ru-106 P 3.64E+01 2.97E+01 1.42E+01 1.17E-03 2.97E-03 3.16E-01 2.97E+01 
Sb-125 P 1.20E+01 0.00E+00 0.00E+00 1.70E+01 4.30E+01 0.00E+00 0.00E+00 
Se-79 P 247E-03 6.93E-02 7.69E+00 7.90E-01 2.00E+00 4.48E+01 6.93E-02 
Sm-147 P 3.48E-08 8.28E-07 0.00E+00 9.01E-06 2.28E-05 0.00E+00 8.28E-07 
Srn-151 P 2.16E+00 2.67E+01 2.58E+04 5.80E+02 1.48E+03 8.55E+04 2.67E+01 
Sn-126 P 221E-03 2.72E-02 9.72E+00 1.50E+00 3.80E+00 7.83E+01 2.72E-02 
Sr-90 P 5.25E+02 8.15E+03 1.56E+06 6.87E+04 1.74E+05 4.03E+06 8.16E+03 
Tc-99 P 8.07E-02 1.44E+00 Z67E+02 2.51E+01 6.37E+01 1.51E+03 1.44E+00 
Th-229 P 3.77E-08 8.09E-10 1.57E-02 4.93E-07 1.03E-05 9.31-06 8.09E-10 
Th-230 P 3.27E-04 7.96E-08 1.08E-03 8.39E-06 1.75E-04 1.02E-03 7.96E-08 
Th-232 P 1.49E-10 1.99E-11 5.56E-03 4.58E-08 9.56E-07 1.21E-07 1.99E-11 
U-232 P 4.47E-03 1.11E-04 0.00E+00 4.23E-03 8.82E-02 0.00E+00 1.11E-04 
U-233 P 6.56E-05 1.18E-06 6.07E+00 1.70E-04 3.55E-03 5.71E-03 1.18E-06 
U-234 P 6.83E+00 1.17E-03 5.82E+00 5.70E-02 1.19E+00 4.85E+02 1.175-03 
U-235 P 1.34E-01 8.48E-03 6.58E-01 5.12E-03 1.07E-01 1.85E+01 8.48E-03 
U-236 P 5.77E-01 3.95E-02 5.50E+00 7.81E-02 1.63E+00 7*.02E+01 3.95E-02 
U-238 P 2.22E-03 1.04E-02 5.15E+00 9.65E-02 201E+00 3.82E+02 1.04E-02 
Z"-93 P 1.27E-02 1.40E-01 3.61E+01 3.72E+00 9.42E+00 2.10E+02 1.40E-01 
crud (pr canistr 

Co-60 (crud) 1.56E+01 6.37E+00 2.68E+02 1.235+02 7.70E+02 1.76E+03 6.37E+00 
Fe-55 (crud) 9.85E+01 4.01E+01 1.69E+03 7.73E+02 4.855+03 1.11E+04 4.01r+l01
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DOE SNF per Canister Source Term and Dose Calculations.xls parameters -,

Release Fractions

Release HEPA Filter 
Material Type ARF RF Fraction LPF

stable metal/intact 
G 0.3 1.0 3.00E-01 1.0 
P 2.00E-04 4.00E-03 8.00E-07 3.00.-04 
C 2.OOE-04 1.0 2.OOE-04 1.0 

stable metal/not intact 
G 0.3 1.0 0.3 I 1.0 
P 5.00E-03 04 200E-03 3.OOE-04 
C 5.00E-03 1.0 5.OOE-03 1.0 

non-metal/intact 
G 0.3 1.0 0.3 1.0 
P 2.25E-04 1.0 2.25E-04 3.OOE-04 
C 2.25E-04 1.0 2.25E-04 1.0 

non-metal/not intact 
G 0.3 1.0 0.3 1.0 
P 5.OOE-03 0.4 2.00E-03 3.00E-04 
C 5.00E-03 1.0 5.00E-03 1.0 

otherAntact 
.G 0.3 1.0 0.3 1.0 
P 1.00E-03 1.0 1.00E-03 3.00E-04 
C 1.00E-03 1.0 1.00E-03 1.0 

other/not intact 
G 0.3 1.0 0.3 1.0 
P 5.00E-03 0.4 2.00E-03 3.00E-04 
C 5.00E-03 1.0 5.00E-03 1.0 

crud 
crud 1.0 0.3 3.00E-01 3.00E-04 

ALUM CLAD SNF [411] 
stable metal 

not Intact 
Release Fractions Used In this Calculation 

G 0.3 1.0 0.3 1.0 
P 5.00E-03 4.00-E01 2.00E-03 3.00E-04 
C 5.OOE-03 1.00E+00 5.00E-03 1.00E+00 

crud 1.0 0.3 0.3 3.00E-04 

breathing rate 3.33E-04 [mA3/s] 

gound level dispersion factor 
distance [m] x/Q [sec/mA3] 

5000 4.68E-05 99.5% worst-sector 

3.70E+12 unit conversion factor 
Sv/Bq to remn/Cl
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DOE SNF per Canister Source Term and Dose Calculations.xls Inhalation DCFs

inhalation DCFs [Sv/BjJ 
isotopes gonads breast lungs red marrow bone sufaoe thyroid * remainder effective skin 

Ac-227 3.96E-04 6.66E-08 1.54E-03 2.57E-03 3.21E-02 359E-08 1.47E-03 1.81E-03 0.OOE+00 
Am-241 3.25E-05 2.67E-09 1.84E-05 1.74E-04 217E-03 1.60E-09 7,82E-05 1.20E-04 0.00E+00 
Am-242m 3.21E-05 1.38E-09 4.20E-06 1.69E-04 2.12E-03 5.64E-10 7.48E-05 1.15E-04 0.OOE+00 
Amn-243 3.26E-05 1.52E-08 1.78E-05 1.73E-04 2.17E-03 8.29E-09 7.74E-05 1.19E-04 0.OOE+00 
C-14 5.64E-10 5.64E-10 5.64E-10 5.64E-10 5.64E-10 5.64E-10 5.64E-10 5.64E-10 0.00E+00 
Cd-113m 3.32E-08 3.32E-08 4.09E-07 3.32E-08 3.32E-08 3.32E-08 1.30E-06 4.13E-07 0.00E+00 
CI-38 5.04E-10 5.04E-10 4.56E-08 5.04E-10 5.04E-10 5.042-10 5.362-10 5.93-09 0.E+00 
Cm-242 5.70E-07 9.44E-10 1.55E-05 3.90E-06 4.87E-05 9.41 E-10 2.45E-06 4.67E-06 0.00E+00 
Cm-243 2.07E-05 6.29E-09 1.94E-05 1.18E-04 1.47E-03 3.83E-09 5.76E-05 8.30E-05 0.00E+00 
Cm-244 1.59E-05 1.04E-09 1.93E-05 9.38E-05 1.17E-03 1.01E-09 4.78E-05 6.70E-05 0.009+00 
Cm-245 3.37E-05 8.69E-09 1.80E-05 1.79E-04 224E-03 3.68E-09 7.96E-05 1.23E-04. 0.00E+00 
Cm-246 3.34E-05 4.00E-09 1.82E-05 1.78E-04 2.22E-03 2.26E-09 7.94E-05 1.22E-04 0.00E+00 
Cm-247 3.07E-05 223E-08 1.67E-05 1.63E-04 2.04E-03 1.45E-08 7.30E-05 1.12E-04 0.00E+00 
Co-60 4.76E-09 1.84E-08 3.45E-07 1.72E-08 1.35E-08 1.62E-08 3.80E-08 5.91E-08 0.00E+00 
Cs-134 1.30E-08 1.08E-08 1.18E-08 1.18E-08 1.10E-08 1.11E-08 1.39E-08 1.25E-08 0.00E+00 
Cs-135 1.20E-09 1.20E-09 1.41E-09 1.20E-09 1.20E-09 1.20E-09 1.20E-09 1.23E-09 0.00E+00 
Cs-137 8.76E-09 7.84E-09 8.82E-09 8.30E-09 7.94E-09 7.93E-09 9.12E-09 8.83E-09 0.002+00 
Eu-154 1.17E-08 1.55E-08 7.92E-08 1.06E-07 5.23E-07 7.14E-09 1.13E-07 7.73E-08 0.00E+00 
Eu-155 3.51E-10 6.14E-10 1.19E-07 1.43E-08 1.52E-07 .40E-10 1.11E-08 1.12E-06 0.00E+00 
Fe-,55 5.23E-10 5.09E-10 1.06E-09 5.17E-10 5.14E-10 5.42E-10 1.21E-09 73.2E-10 0.00E+00 
H--3 1.73E-11 1.73E-14 1.73E-11 1.73E-11 1.022-07 1.982-1 1 1.73E-11 1.73E-11 0.00E+00 
1-129 8.69E-11 21.009-0 3.14E-04 1.5E-104 1.-38E10 1.56E-06 1.18E-10 4.69E-08 0.005E00 
Kr-85 3.O1E+00 9.2-E+00 3.002- OOE+00 O.61E+ 0 0 0.00582-05 1.162- 0.002+00 
N'-23 4.16E-10 4.36E-11 6.45E-08 2.85E--10 31.110 3.045-11 3.95E-10 7.90E-09 0.00E+00 
Nb-24 4.76E-09 2.24E-08 7.48E-07 3.32E-08 1.97E-08 .2E-08 4.435E-08 1.12E-07 0.00E+00 
Ni-59 3.59E-10 3.46E-10 1.20E-09 3.54E-10 2.51E-10 3.77E-10 3.63E-10 3.68E-10 0.00E+20 
Ni-63 8.22E.10 8.22E-10 3.07E-09 8.22E-10 8.22E-10 8.22E-10 8.59E-10 8.39E-10 0.00E+O0 

Np-237 2.96E-05 1.69E-08 1.61E-05 2.82E-04 3.27E-03 1.34E-08 2.34E-05 12.3E-04 0.00E+00 
Pa-231 6.90E-09 8.79E-09 7.47E-04 8.97E-04 8.70E.03 7.64E-09 2.87E-07 3.47E-04 0.00E+00 
Pb-10 3.18E-07 3.18E-07 3.18E-07 3.75E-06 5.47E-05 3.18E-07 4.69E-08 3.67E-06 0.00E+00 
Pd-107 9.45E-13 9.45E-13 2.85E-08 5.11E2E- 13E-101 9.45-103 2.152-10 3.453E-09 0.00E+00 
Pm-147 1.88E-14 3.60E-14 7.74E-08 8.16E-09 1.02E-07 1.08E-14 5.89E-09 1.06E-08 0.00E+00 
Pu-238 2.80E-05 1.49E-09 3.20E-04 1.52E-04 1.90E-03 9.62E-10 7.02E-09 8.05-04 O.00E+00 
i-12639 1.43E-05 9.22E-10 3.23E-04 1.69E-04 2.11E-03 9.03E-10 7.56E-05 1.16E-04 0.002E+00 
Pu-240 3.64E-05 9.51E-10 3.23E-04 1.69E-04 2.11E-03 9.05E-10 7.56E-05 1.16E-04 0.00E+00 
Pu-241 4.82E-07 3.06E-11 3.18E.-08 3.36E5- 4.20E-05 1.24E-1-1 1.31E-06 Z23E-06 0.00E+00 
Pu-242 3.02E-05 9.45E-10 3.07E-04 1.61E-04 2.01E-03 8.79E-10 7.18E-06 1.11E04 0.00E+00 
Ra-226 1.02E-07 1.02E-07 1.61 E-05 6.64E-07 72.15-06 1.02E-07 1.07E-07 2.32E-06 0.00E+00 
Ra-228 1.83E-07 1.84E-07 7.22E-04 7.38E-07 6.51E-06 1.43E-07 1.87E-07 1.29E-06 0.00E+00 
Ru-106 1.38E-08 1,37E-08 1.04E-06 1.37E-08 1.37E-05 7.852-08 3.11E-08 1.29E-07 0.00E+00 
Sb-125 3.60E-10 4.16E-10 2.17E-08 7.4E-10 1273E-09 3.24E-10 1.45E-09 3.30E-09 0.00E+00 
Se-79 6.79E-10 6.79E-10 9.81 E-09 6-79E-10 8.79E-10 6.79E-10 4.24E-09 2.66E-09 0.00E+O0 

Sm-147 0.00E+ 0.00E+00 7.62E-06 2.75E-05 3.44E-04 0.00E+00 1.89E-05 2.02E-05 0.00E+00 
Sm-151 4.03E-14 2.382-0 3E-09 1.10E,-08 .1.01E-05 1.32E-14 7.51E-09 8.10E-09 0.00E+00 
Sn-126 1.43E-08 1A3E-08 1.512E-07 5.62E-08 1.18E-07 1.31E-08 1.76E-07 2.69E-08 0.00E+00 
Sr-90 2.64E-09 2.64E-09 2.86E-04 3.38E-07 .7.27-07 2.264E-09 5.73E-09 3.51E-07 0.00E+00 
Tc-99 4.52E-11 4.52E-11 1.67E-08 4.52E-11 4.52E-11 1.21E-09 6.26E-10 8.25E-09 0.00E+00 "rh-229 2.781-06 2.76E-06 1.99E.03 1.15E-03 1.43E-02 2.76E-06 7.05E-06 5.680E9-04 0.00E+00 

Th-230 4.76E-07 4.08E-07 3.45E-04 1.73E-04 2.16E-03 1.62E-07 1.05E-06 8.91E-05 0.00E+00 

Th-2 2 5.232-107 5.02-107 9.06-09 5. 792-10 1.114E-02 7.44E-07 1.87E-06 4.43E-04 0.00E+00 U-232 8.00E-08 8.069-M8 1.48E-3 40E0 6.42E-05 7.85E,.08 3.11E-06 1.78E-.04 0.00E+00 
U-233 2.54E-08 2.54E-08 3.04E--0A 7.12E-07 1.12E-05 2.54E-06 9.40E.,07 3.66E-05 0.00E+00 
U-234 2.50E-08 2.50E-08 2.S.8E-04 6.98E,.07 1.09E-05 2.50E-08 9.2eE-07 3.58E-05 0.00E+00 
U-235 _ 2.37E-08 2,38E-08 2.73E-04 6.58E-07 1.01E-05 2.37E-08 8.59E-07 3.32E-05 0.00E+00 
U-236 2.37E-08 2.37E-08 2.82E-04 6.60E-07 1.0-4E9..05 2.37E-,08 8.771E-07 3.39E-05 0.OOE+00 
U-238 2.23E..08 223E.0 2.66E-04 6.58E-07 9.78E..06 2.22E-08 8.22E-07 3.20E-05 0.00E+00 
Zr-93 2.18E-11 4.68E-1 1 8.72E-08 1.77E-07 2.18E-06 1.74E-11 1.73E-10 8.67E-08 0.00E+00 
crud 
Co-60 4.76E-09 1.84E-08 3.45E..07- 1.72E-08 1.35E-08 1.62E-08 3.60E-08 5.91E-08 0.00E+00 
Fe-55 5.23E-10 5.09E-10 1.06E..09 5.17E210 5.14E-10 5.42E-10 1.21E-09 7.26E-10 0.00E+00I
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DOE. SNF per Canister Source Term and Dose Calculations.xls

Ac-227

a8r suomersios ut.,-s IpviU rT
1 gnadsI bisast I ugs Ee-d marrow I bone surfaew I

3.75E-17 I 4.45E-17 I 3.38E-17 I 2.94E-17 I 1.O4E-16 3.65h-1 7 3.1 MU:-17 I3.74i-1 I
Am-241 8.58E-16 1.07E-15 6.74E-16 5.21E-16 2.87E-15 7.83E-18 0.34E-16 8.18E-16 1.28E-15 
Am-242m 3.80E-17 6.01E-17 1.72E-17 1.72E-17 7.94E-17 2.95E-17 1.94E-17 3.172-17 1.36E-18 
Am-243 2.19E-15 2.61E-15 1.92E-15 1.55E-15 7.47E-15 2.09E-15 1.79E-15 2.18E-15 2.75E-15 
C-14 2.59E-19 3.52E-19 1.53E-19 1.21E-19 7.06E-19 2.19E-19 1.54E-19 2.24E-19 2.43E-16 
Cd-113m 7.17E-18 8.76E-18 5.93E-18 5.01E-18 210E-17 6.76E-18 5.63E-18 6.94E-18 8.48E-15 
CI-36 2.24E-17 2.66E-17 2.02E-17 1.81E-17 5.63E-17 2.19E-17 1.92E-17 2.23E-17 1.47E-14 
Cm-242 7.83E-18 1.48E-17 1.13E-18 1.89E-18 1.06E-17 4.91E-18 2.27E-18 5.69E-18 4.29E-17 
Cm-243 5.77E-15 6.68E-15 5.50E-15 5.00E-15 1.50E-14 5.76E-15 5.19E-16 5.88E-15 9.79E-15 
Cm-244 6.90E-18 1.33E-17 7.08E-19 1.46E-18 8.82E-18 4.19E-18 1.81E-18 4.91E-18 3.91E-17 
CM-245 3.88E-15 4.55E-15 3.63E-15 3.17E-15 1.18E-14 3.84E-15 3.40E-15 3.96E-15 5.36E-15 
Cm-246 6.24E-18 1.20E-17. 7.00E-19 1.35E-18 8.17E-18 3.82E-18 1.67E-18 4.46E-18 3.49E-17 
Cm-247 1.47E-14 1.68E-14 1.44E-14 1.38E-14 2.83E-14 1.49E-14 1.38E-14 1.50E-14 1.79E-14 
Co-60 1.23E-13 1.39E-13 1.24E-13 1.23E-13 1.78E-13 1.27E-13 1.20E-13 1.26E-13 1.45E-13 
Cs-134 7.40E-14 8.43E-14 7.37E-14 7.19E-14 1.20E-13 7.57E-14 7.06E-14 7.57E-14 9.45E-14 
Cs-135 6.28E-19 8.23E-19 4.19E-19 3.34E-19 1.81E-18 5.50E-19 4.09E-19 5.65E-19 9.06E-16 
Cs-137 2.67E-14 3.05E-14 2.65E-14 2.58E-14 4.38E-14 2.73E-14 2.54E-14 2.73E-14 4.39E-14 
Eu-154 8.00E-14 6.81E-14 5.99E-14 5.87E-14 9.43E-14 6.15E-14 5.75E-14 8.14E-14 8.29E-14 
Eu-155 2.49E-15 2.95E-15 2.22E-15 1.85E-15 8.09E-15 2.41E-15 2-07E-15 2.49E-15 3.392-15 
Fe-55 0.00E+00 0.0OE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.OOE40O O.OOE+00 0.0OE+00 
H-3 0.00E+00 0.00E+00 2.75E-18 0.00E+00 O.00E+00 0.00E+00 0.002E00 3.31E-19 0.00E+00 
1-129 4.83E-16 6.68E-16 2.14E-16 1.64E-16 1.10E-15 3.86E-16 2.30E-16 3o80E-16 1.10E-15 
Kr-85 1.17E-16 1.34E-16 1.14E-16 1.09E-16 2.20E-16 1.18E-16 1.09E-16 1.19E-16 1.32E-14 
Nb-93m 6.33E-18 1.31E-17 2.55E-19 1.18E-18 6.92E-18 3.43E-18 1.36E-18 4.44E-18 4.28E-17 
Nb-94 7.54E-14 8.57E-14 7.51E-14 7.34E-14 1.19E-13 7.72E-14 7.19E-14 7.70E-14 9.52E-14 
Ni-59 O.00E+00 0.00E+00 0.00E+00 O.00E+00 O.OOE+00 0.00E+00 O.00E+00 0.00E+00 0.00E+00 
N-3 0.00E+00 0.002E00 0.OOE+00 0.00E+00 0.OOE+00 0.00E+00 0.002E00 0.00E+00 0.00E+00 
Np-237 1.04E-15 1.26E-15 9.02E-16 7.69E-16 3.20E-15 9.94E-16 8.50E-16 1.03E-15 1.54E-15 
P8-231 1.71E-15 1.09E-15 1.62E-15 1.52E-15 3.64E-15 1.70E-15 1.54E-15 1.72E-15 2.44E-15 
Pb-210 6.19E-17 8.18E-17 4.25E-17 3.14E-17 1.95E-16 5.42E-17 4.09E-17 5.64E-17 1.28E-16 
Pd-107 0.00E+00 O.00E+00 0.00E+00 0.00E+00 0.00+E00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Pm-147 7.48E-19 9.56E-19 5.45E-19 4.46E-19 2.18E-18 6.75E-19 5.26E-19 6.93E-19 8.11E-16 
Pu-238 6.56E-18 1.27E-17 1.06E-18 1.68E-18 9.30E-18 4.01E-18 1.99E.18 4.88E-18 4.09E-17 
Pu-239 4.84E-18 7.55E-18 2.65E-18 2.67E-18 9.47E-18 3.88E-18 2.86E-18 4.24E-18 1.86E-17 
Pu-240 6.36E-18 1.23E-17 1.09E-18 1.65E-18 9.26E-18 3.92E-18 1.96E-18 4.75E-18 3.92E-17 
Pu-241 7.19E-20 8.672-20 6.48E-20 5.63E-20 2.19E-19 6.98E-20 6.09E-20 7.25E-20 1.17E-19 
Pu-242 5.34E-18 1.03E-17 9.69E-19 1.43E-18 7.90E-18 3.32E-18 1.68E-18 4.01E-18 3.27E-17 
Ra-226 3.08E-16 3.54E-16 2.95E-16 2.70E-16 7.95E-16 3.09E-16 2.79E-16 3.15E-16 4.79E-16 
Ra-228 O.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.00E+00 0.0OE+00 0.00+E00 0.00E+00 
Ru-106 1.01E-14 1.16E-14 1.01E-14 9.75E-15 1.72E-14 1.03E-14 9.63E-15 1.04E-14 1.09E-13 
Sb-125 1.98E-14 2.27E-14 1.95E-14 1.87E-14 3.53E-14 2.01E-14 1.86E-14 2.02E-14 265E-14 
Se-79 3.47E-19 4.67E-19 2.11E-19 1.67E-19 9.60E-19 2.96E-19 2.10E-19 3.03E-19 371E-16 
Sm-147 O.00+O00 0.00E+00 0.66U+00 O.00E+00 0.00E+00 0.00E400 O.OOE+00 0.002+00 0.00E+00 
Sm-151 5.20E-20 8.80E-20 7.08E-21 1.13E-20 7.09E-20 3.58E-20 1.49E-20 3.61E-20 1.9GE-19 
Sn-126 7.54E-14 8.62E-14 7.48E-14 7.22E-14 1.31E-13 7.69E-14 7.14E-14 7.71E-14 1.31E-13 
Sr-90 7.78E-18 9.49E-18 6.44E-18 5.44E-18 2.28E-17 7.33E-18 6.11E-18 7.53E-18 9.20E-15 
rc-99 1.74E-18 2.20E-18 1.29E-18 1.05E-18 5.17E-18 1.57E-18 1.24E-18 1.82E-18 2.74E-15 
Th-229 3.77E-15 4.42E-15 3.50E-15 3.03E-15 1.15E-14 3.70E-15 3.27E-15 3.83E-15 5.41E-15 
Th-230 1.80E-17 2.38E-17 1.43E-17 1.22E-17 5.29E-17 1.63E-17 1.37E-17 1.74E-17 4.51E-17 
Th-232 9.34E-18 1.36E-17 6.372-18 5.522-18 2.60E-17 7.90E-18 6.34E-18 8.72E-18 3.44E-17 
U-232 1.55E-17 2.32E-17 9.84E-18 8.99E-18 3.86E-17 1.29E-17 1.00E-17 1.42E-17 5.92E-17 
U-233 1.69E-17 2.22E-17 1.35E-17 1.24E-17 4.12E-17 1.55E-17 1.31E-17 1.83E-17 4.57E-17 
U-234 8.79E-18 1.44E-17 4.38E-18 4.20E-18 1.99E-17 6.69E-18 4.80E-18 7.63E-18 4.25E-17 
U-235 7.05E-15 8.11E-15 6.75E-15 6.15E-15 1.84E-14 7.05E-15 6.37E-15 7.20E-15 8.64E-15 
U-236 6.10E-18 1.10E-17 2.18E-18 2.33E-18 1.19E-17 4.19E-18 2.70E-18 5.01E-18 3.57E-17 
U-238 4.39E-18 8.54E-18 9.98E-19 1.24E-18 7.40E-18 2.72E-18 1.51E-18 3.41 E-18 291E-17 
Zr-93 0.002E+0 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.00E+00 0.00E+00 0.00E+00 0.00E+00 

Co-M0 1.23E-13 -13 2-13 1.24.-13 1.23E-13 1.78E-13 1.27E-13 1.20E-13 1.26E-13 1.45E-13 
Fe-55 0.002+E00 0.00+00 0.00E+00 0.00E+00 0.002+0 0.002+00 0.002400 0.00E+00 0.002+00
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DOE SNF per Canister Source Term and Dose Calculations.xIs

Source Tern, 
ALUM CLAD 
stable metal not intact

I 0THI 0• lIr~n Kspiraoile 0ource 

Curies (entire finv= [Cl] released to the Term [Cq released to 
isotope fuel intentory) lVnCan ARF RF LPF environment the environment 

Ac-227 2.81E-07 1.00E+00 5.00E-03 4.00E-01 1.00E+00 1.41E-09 5.52E-10 
Am-241 2.51 E+01 1.00E+00 5.00E-03 4.OOE-01 1.00E+00 1.26E-01 5.03E-02 
Am-242m 9.69E-03 1.00E+00 5.00E-03 4.OOE-01 1.00E+00 4.85E-05 1.94E-05 
Am-243 2.40E-02 1.00E+00 5.00E-03 4.00E-01 1.00E+00 1.20E-04 4.80E-05 
C-14 1.17E-05 1.00E+00 5.00E-03 4.00E-01 1.00E+00 5.86E-08 2,35E-08 
Cd-113m 7.25E-01 1.00E+00 5.00E-03 4.00E-01 1.00E+00 3.62E-03 1.45E-03 
CI-36 0.00E+00 1.00E+00 5.00E-03 4.00.-01 1.00E+00 0.00E+00 0.00E+00 
Cm-242 8.002-03 1.00E+00 5.00E-03 4.00E-01 1.OOE+00 4.OOE-05 1.80E-05 
Cm-243 3.29E-03 1.00E+00 5.00E-03 4.00E-01 1.00E+00 1.65E-05 6.58E-06 
Cm-244 4.27E-01 1.00E+00 5.00E-03 4.00E-01 1.00E+00 2.14E-03 8.55E-04 
Cm-245 1.33E-05 1.00E+00 5.00E-03 4.00E-01 1.00E+00 6.65E-08 266E-08 
Cm-248 9.83E-07 1.00E+00 5.00E-03 4.00E-01 1.00E+00 4.92E-09 1.97E-09 
Cm-247 0.00E+00 1.00E+00 5.00E-03 4.00E-01 1.00E+00 0.OOE+00 0.00E+00 
Co-60 1.81 E-09 1.00E+00 5.00E-03 4.00E-01 1.00E+00 9.06E-12 3.63E-12 
Cs-134 2.05E+02 1.00%+00 5.00E-03 1.00E+00 1.00E+00 1.02E+00 1.02E+00 
Cs-135 1.24E-02 1.00E+00 5.00E-03 1.00E+00 1.00 +00 6.21E-05 8.21E-05 
Cs-137 8.60E+03 1.00E+00 5.00E-03 1.00E+00 1.002+00 4.30E+01 4.30E+01 
Eu-154 9.08E+01 1.00E+00 5.00E-03 4.00E-01 1.00E+00 4.54E-01 1.82E.01 
Eu-155 281E+01 1.00E+00 5.00E-03 4.00E-01 1.00E+00 1.41E-01 5.62E-02 
Fe-55 0.00E+00 1.00E+00 5.00E-03 4.00E-01 1.00E+00 0.00E+00 0.00E+00 
H-3 2.61E+01 1.00E+00 3.00E-01 1.00E+00 1.00E+00 7.82E+00 7.82E+00 
1-129 2.54E-03 1.00E+00 3.00E-01 1.00E+00 1.00E+00 7.61E-04 7.81E-04 
Kr-85 6.45E+02 1.00E+00 3.00E-01 1.00E+00 1.00E+00 1.93E+02 1.93E+02 
Nb-93m 4.96E.02 1.00E+00 5.00E-03 4.00E-01 1.002E00 2.48E-04 9.92E-05 
Nb-94 4.96E-06 1.00E+00 5.00E-03 4.00E-01 1.00E+00 2.48E-08 9.92E-09 
M-59 0.00E+00 1.00E+00 5.00E-03 4.00E-01 1.004E00 0.00E+00 0.002E00 
Ni-63 0.00E+00 1.00E+00 5.00E-03 4.00E-01 1.00E+00 0.00E+00 0.00E+00 
Np-237 1.20E-02 1.00E+00 5.00E-03 4.00E-01 1.00E+00 5.98E-05 2.399-05 
Pa-231 1.88E-06 1.00E+00 5.00E-03 4.00E-01 1.00E+00 9.38E-09 3.75E-09 
Pb-210 1.44E-11 1.00E+00 5.00E-03 4.00E-01 1.00E+00 7.21E-14 2.88E-14 
Pd-107 2.35E-03 1.00E+00 5.00E-03 4.00E-01 1.00E+00 1.18E-05 4.712E-06 
Pm-147 2-47E+03 1.002+00 5.00E-03 4.00E-01 1.002+00 1.23E+01 4.94E+00 
Pu-238 220E+01 1.00E+00 5.00E-03 4.00E-01 1.00E+00 1.10E-01 4.40E-02 
Pu-239 1.49E+01 1.00E+00 5.00E-03 4.00E-01 1.00E+00 7.45S-02 298E-02 
Pu-240 1.07E+01 1.00E+00 5.00E-03 4,00E-01 1.00E+00 5.34E-02 2.14E-02 
Pu-241 1.22E+03 1.00E+00 5.00E-03 4.00E-01 1.00E+00 .122E+00 2.45E+00 
Pu-242 1.04E-02 1.00E+00 5.00E-03 4.00E-01 1.00+E00 5.20E-05 2.08E-05 
Ra-226 1.53E-10 1.00E+00 5.00E-03 4.00E-01 1.00E+00' 7.64E-13 3.05E-13 
Ra-228 8.44E-12 1.00E+00 5.00E-03 4.00E-01 1.00E+00 4.22E-14 1.69E-14 
Ru-106 2.972+01 1.00E+00 5.00E-03 4.00E-01 1.002+00 149E-01 5.94E.02 
Sb-125 0.00E+00 1.00E+00 5.00E-03 4.00E-01 1.00E+00 0.00E+00 0.00E+00 
Se-79 6.93E-02 1.00E+00 5.00E-03 4.00E-01 1.00+E00 3.40E-04 1.39E-04 
Sm-147 8,28E-07 1.00E+00 5.00E-03 4.00E-01 1.00E+00 4.14E-09 1.66E-09 
Sm-151 2.67E+01 1.00E+00 5.00E-03 4.00E-01 1.00E+00 1.34E-01 5.35E-02 
Sn-126 2.72E-02 1.00E+00 5.00E-03 4.00E-01 1.00E+00 1.38E-04 5.44E-05 
Sr-90 8.16E+03 1.00E+00 5.00E-03 4.00E-01 1.00E+00 4.08E+01 1.63E+01 
TC-99 1.44E+00 1.00E+00 5.00E-03 4.00E-01 1.OOE+00 7.22E-03 2.89E-03 
Th-229 8.09E-10 1.00E+00 5.00E-03 4.00E-01 1.00E+00 4.05E-12 1.62E-12 
Th-230 7.96E-08 1.00E+00 5.00E-03 4.00E-01 1.OOE+00 3.98E-10 1.59E-10 
"Th-232 1.99E-11 1.00E+00 5.00E-03 4.00E-01 1.00E+(0 9.93E-14 3.97E-14 
U-232 1.112-04 1.002+00 5.00E-03 4.002-01 1.00E+00 5.54E-07 2.22E-07 
U-233 1.18E-06 1.00E+00 5.00E-03 4.00E-01 1.00E+00 5.88E-09 2.352-09 
U-234 1.17E-03 1.00E+00 5.00E-03 4.00E-01 1.002+00 5.86E-06 2.35E-06 
L-235 8.48E-03 1.00E+00 5.00E-03 4.00E-01 1.00E+00 4.24E-05 1.70E-05 
U-236 3.95E-02 1.00E+00 5.00E-03 4.00E-01 1.00E+00 1.98E-04 7.91 E-05 
U-238 1.04E-02 1.00E+00 5.00E-03 4.00E-01 1.00E+00 5.22 -05 2092-05 
Zr-93 1.40E-01 1.00E+00 5.00E-03 4.00E-01 1.00E+00 6.98E-04 2.79E-04 

=A6(pcad) .,7E+00 1 1.00E+00 3.002-01 1.00E+00 6.37E+00 1.91 E+00 
Fe-05 (crd) 4.01E+01 1 1.00+00 3.002-01 1.00E+00 4.01E+01 1.20E+01

ST Calc - no HEPAs
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DOE SNF per Canister Source Term and Dose Calculations.xls

Source Term Calculatlons HEP 
ALUM CLAD SNF [411]
stable metat not intact

-4 -4

Iorta rce, o rm Kespraol orce 
[Ci] released to the Term [Cl] released 

Isoto Curies 1/nCan ARF RF LPF environment to the environment 
Ac-227 2.81E-07 1.00E+00 5.00E-03 4.OOE-01 3.00E-04 4.2213 t.69E-13 
Anm-241 2.51E+01 1.00E+00 5.00E-03 4.00E-01 3.00E-04 3.77E-05 1.51E-05 
Am-242m 9.69E-03 1.00E+00 5.00E-03 4.00E-01 3.OOE-04 1.45E-08 5.82E-09 
Am-243 240E-02 1.00E+00 5.00-E03 4.00E-01 3.00E-04 3.60E-08 1.44E-08 
0-14 1.17E-05 1.00E+00 5.OOE-03 4.OOE-01 3.00E-04 1.76E-11 7.04E-12 
Cd-113m 7.25E-01 1.00E+00 5.OOE-03 4.00E-01 3.00E-04 1.09E-06 4.35E-07 
01-36 0.00E+00 1.00E+00 5.00E-03 4.00E-01 3.OOE-04 O.00E+00 0.00E+00 
Cm-242 8.00E-03 1.OOE+00 5.00E-03 4.00E-01 3.OOE-04 1.20E-08 4.80E-09 
Cm-243 3.29E-03 1.00E+00 5.00E-03 4.00E-01 3.00E-04 4.94E-09 1.98E-09 
Cm-244 4.27E-01 1.00E+00 5.00E-03 4.00E-01 3.00E-04 6.41E-07 2.56E-07 
Cm-245 1.33E-05 1.00E+00 5.00E-03 4.00E-01 3.00E-04 Z00E-11 7.98E-12 
Cm-246 9.83E-07 1.00E+00 5.00E-03 4.00E-01 3.00E-04 1.47E-12 5.90E-13 
Cm-247 0.00E+00 1.OOE+00 5.00E-03 4.00E-01 3.00E-04 0.OOE+00 0.O0E+00 
CO-60 1.81E-09 1.00E+00 5.00E-03 4.00E-01 3.00E-04 2.72E-15 1.09E-15 
Cs-134 2.05E+02 1.00E+00 5.00E-03 1.00E+00 1.00E+00 1.02E+00 1.02E+00 
Cs-135 1.24E-02 1.00E+00 5.00E-03 1.00E+00 1.00E+00 6.21 -05 6.21E-05 
Cs-137 8.60E+03 1.00E+00 5.00E-03 1.00E+00 1.00E+00 4.30E+01 4.30E+01 
Eu-154 9.08E+01 1.002+00 5.00E-03 4.00E-01 3.00E-04 1.38E-04 5.45E-05 
Eu-155 2.81E+01 1.00E+00 5.00E-03 4.00E-01 3.00E-04 4.22E-05 1.69E-05 
Fe-55 0.00E+00 1.00E+00 5.00E-03 4.002-01 3.00E-04 0.00E+00 0.00E+00 
H-3 2.61E+01 1.00E+00 3.00E-01 1.00E+00 1.002+00 7.82E+00 7.82E+00 
1-129 2.54E-03 1.00E+00 3.00E-01 1.00E+00 1.00E+00 7.61E-04 7.81E-04 
Kr-85 6.45E+02 1.00E+00 3.00E-01 1.00E+00 1.00E+00 1.93E+02 1.93E+02 
Nb-93m 4.96E-02 1.00E+00 5.00E-03 4.00E-01 3.00E-04 7.44 -08 2.982-08 
Nb-94 4.96E-06 1.00E+00 5.00E-03 4.00E-01 3.00E-04 7.44E-12 2.98E-12 
NI-59 0.00E+00 1.00E+00 5.00E-03 4.00E-01 3.00E-04 O.00E+00 0.00E+00 
Ni-63 0.00E+00 1.00E+00 5.00E-03 4.00E-01 3.00E-04 0.00+E00 0.00+E00 
Np-237 1.20E-02 1.00E+00 5.00E-03 4.00E-01 3.00E-04 1.79E-08 7.17E-09 
Pa-231 1.88E-08 1.00E+00 5.00E-03 4.00E-01 3.00E-04 2.82E-12 1.13E-12 
Pb-210 1.44E-11 1.002+00 5.00E-03 4.00E-01 3.00E-04 2.16E-17 8.65E-18 
Pd-107 2.35E-03 1.00E+00 5.00E-03 4.00E-01 3.00E-04 3.53E-09 1.41E-09 
Pm-147 2.47E+03 1.00E+00 5.00E-03 4.00E-01 3.00E-04 3.70E-03 1.-4E-03 
Pu-238 2.20E+01 1.00E+00 5.00E-03 4.00E-01 3.00E-04 3.30E-05 1.32E-05 
Pu-239 1.49E+01 1.00E+00 5.00E-03 4.00E-01 3.00E-04 2.24E-05 8.94E-06 
Pu-240 1.07E+01 1.00E+00 5.00E-03 4.00E-01 3.00E-04 1.60E-05 6.41E-08 
Pu-241 1.22E+03 1.00E+00 5.00E-03 4.00E-01 3.00E-04 1.83E-03 7.34E-04 
Pu-242 1.04E-02 1.00E+00 5.00E-03 4.00E-01 3.00E-04 1.56E-08 6.24E-09 
Ra-226 1.53E-10 1.00E+00 5.00E-03 4.00E-01 3.00E-04 2.29E-16 9.16E-17 
Ra-228 8.44E-12 1.00E+00 5.00E-03 4.00E-01 3.00-04 1.27E-17 5.06E-18 
Ru-106 2.97E+01 1.00E+00 5.00E-03 4.00E-01 3.00E-04 4.40E-05 1.78E-05 
Sb-125 0.00E+00 1.00E+00 5.00E-03 4.00E-01 3.00E-04 0.009+-00 0.00E+00 
Se-79 6.93E-02 1.00E+00 5.00E-03 4.00E-01 3.00E-04 1.04E-07 4.16E-08 
Sm-147 8.28E-07 1.00E+00 5.00E-03 4.00E-01 3.00E-04 1.24E-12 4.97E-13 
Sm-151 2.67E+01 1.00E+00 5.00E-03 4.00E-01 3.00E-04 4.01E-05 1.60E-05 
Sn-126 2.72E-02 1.00E+00 5.00E-03 4.002-01 3.00-E04 4.08E-08 1.63E-08 
Sr-90 8.16E+03 1.00E+00 5.00E-03 4.00E-01 3.00E-04 1.22E-02 4.90E-03 
rc-99 1.44E+00 1.00E+00 5.00E-03 4.00E-01 3.00E-04 2.17E-06 8.67E-07 
Th-229 8.09E-10 1.OOE+00 5.00E-03 4.00E-01 3.00E-04 1.21E-15 4.86E-16 
Th-230 7.96E-08 1.00E+00 5.00-E03 4.00E-01 3.00E-04 1.19E-13 4.77E-14 
Th-232 1.99E-1f 1.00E+00 5.00E-03 4.00E-01 3.00E.04 2.98E-17 1.19E-17 
U.-232 1.11E-04 1.00E+00 5.00E-03 4.00E-01 3.00E-04 1.66E-10 6.65E-11 
U-233 1.18E-06 1.00E+00 5.00E-03 4.00E-01 3.00E-04 1.76E-12 7.05E-13 
LJ-234 1.17E-03 1.00E+00 5.00E-03 4.00E-01 3.00E-04 1.76E-09 7.04E-10 
L}-235 8.48E-03 1.00E+00 5.00E-03 4.00E-01 3.00-E04 1.27E-08 5.09E-09 
U-238 3.95E-02 1.00E+00 5.00E-03 4.00-E01 3.00E-04 5.93E-08 2.37E-08 
UJ-238 1.04E-02 1.00E+00 5.00E-03 4.00E-01 3.00E-04 1.57E-08 6.27E-09 
Zr-93 1.40E-01 1.00E+00 5.00E-03 4.00E-01 3.00E-04 2.10E-07 8.38E-08 

o u )6.37E+00 1 1.00E+00 3.00E-01 3-.0E-04 1.91E-03 5.73E-04 
Fe-55 (cud)1 4.01 E+01 1 1.00E+00 3.00E-01 3.00E-04 1.20E-02 3.61E-03
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DOE SNF per Canister Source Term and Dose Calculations.xls Inhalation Doses - no HEPAs

ALUM CLAD S 411. No HEPAs 
stable metal not Intact 

inhalation doses [re m] 
gonads breast lungs red marrow bone surface thyroid remainder effective skin 

Ac-227 1.28E-08 2.16E-12 4.99E-08 8.33E-08 1.04E-06 1.16E-12 4.77E-08 5.87E-08 0.00E+00 
Am-241 9.43E-02 7.74E-0 5-34E-02 5.05E-01 6.29E+00 4.64E-06 2.27E-01 3.48E-01 0.00E.00 
Am-242m 3.59E-05 1.54E-09 4.69E-06 1.89E-04 2.37E-03 6.30E-10 8.36E-05 1.29E-04 0.00E+00 
Arm-243 9.02E-05 4.21E-08 4.93E-05 4.79E-04 6.01E-03 2.29E-08 2.14E-04 3.29E-04 O.OOE+00 
C-14 7.63E-13 7.63E-13 7.63E-13 7.63E-13 7.63E-13 7.63E-13 7.63E-13 7.63E-13 0.004E+00 
Cd-113m 2.77E-06 2.77E-06 3.42E-05 2.77E-06 2.77E-06 2.77E-0W 1.09E-04 3.45E-05 0.00E+00 
CI-36 .0.00E+00 0.OOE+00 0.00E+00 0.OOE+00 0.00E+00 0.00+E00 0.00E+00 0.00E+00 O.00E+00 
Cm-242 5.26E-07 8.71E-10 1.43E-05 3.60E-06 4.49E-05 8.68E-10 2.26E-06 4.31E-06 0.009+00 
Cm-243 7.88E-06 2.39E-09 7.36E-06 4.48E-05 5.58E-04 1.45E-09 2.19E-05 3.15E-05 0.00E+00 
Cm-244 7.84E-04 5.13E-08 9.51E-04 4.62E-03 5.77E-02 4.98E-08 2.36E-03 3.30E-03 0.00E+00 
Cm-245 5.17E-08 1.03E-11 2.762-08 2.75E-07 3.44E-08 5.85E-12 1.22E-07 1.89E-07 0.00E+00 
Cm-246 3.79E-09 4.53E-13 2.06E-09 2.02E-08 2.52E-07 2.56E-13 9.00E-09 1.38E-08 0.00E.00 
Cm-247 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.0E+10 0.OOE+00 0.005+00 0.00E+00 0.00E+00 
Co-60 9.95E-16 3.85E-15 7.21E-14 3.60E-15 2.82E-15 3.39E-15 7.53E-15 1.24E-14 0.00E+00 
Cs-134 7.68E-04 6.38E-04 6.97E-04 8.97E-04 6.50E-04 6.56E-04 8.21E-04 7.38E-04 0.00E+00 
Cs-135 4.29E-09 4.29E-09 5.05E-09 4.29E-09 4.29E-09 4.29E-09 4.29E-09 4.40E-09 0.00E+00 
Cs-137 2.17E-02 1.94E-02 2-19E-02 2.06E-02 1.97E-02 1,97E-02 2.26E-02 2-14E-02 0.00E+00 
Eu-154 1.22E-04 1.62E-04 8.29E-04 1.11E-03 5.47E-03 7.47E-05 1.18E-03 8.09E-04 0.00E+00 
Eu-155 1.15E-06 1.99E-06 3.86E-05 4.64E-05 4.93E-04 7.78E-07 3.60E-05 3.63E-05 0.00E+00 
Fe-55 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
H-3 7.80E-06 7.80E-06 7.80E-06 7.80E-06 7.80E-06 7.80E-06 7.80E-06 7.80E-06 0.00E+00 
1-129 3.81E-09 9.17E-09 1.38E-08 6.15E-09 6.06E-09 6.85E-05 5.18E-09 2.06E-06 0.00E+00 
Kr-85 0.00E+00 0.00E+00 "0.00E+00 0.00E+00 0.004E00 0.005+00 0.000+00 0.002+00 0.00E+00 
Nb-93m 2.38E-09 2.49E-10 3.69E-07 1.63E-09 4.25E-09 1.74E-10 226E-09 4.52E-08 0.00E+00 
Nb-94 2.72E-12 1.28E-11 4.28--10 1.29E-11 1.13E-11 1.27E-11 2.55E-11 6.41E-11 0.00E+00 
NI-59 0.00E+00 0.00E+00 0.00E+00 O.OOE+00 0.00E+00 0.00E+00 O.OOE+00 0.00E+00 0.00E+00 
NI-e3 0.00E+00 O.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Np-237 4.08E-05 Z33E-08 2.22E-05 3.61E-04 4.51E-03 1.85E-08 3.23E-05 2.01E-04 0.00E+00 
Pa-231 1.49E-12 1.90E-12 1.82E-07 1.51E-07 1.88E-06 1.65E-12 6.21E-11 7.51E-08 0.00E+00 
Pb-210 5.29E-16 5.29E-18 5.29E-16 6.24E-15 9.10E-14 5.29E-16 7.80E-15 6.11E-15 0.00E+00 
Pd-107 2.57E-13 2.57E-13 7.74E-09 1.39E-12 3.69E-12 2.57E-13 5.84E-11 9.37E-10 0.00E+00 
Pm-147 5.35E-09 1.03E-08 2.20E-02 2.32E-03 290E-02 5.64E-09 1.68E-03 3.02E-03 0.00E+00 
Pu-238 7.10E-02 2.64E-06 8.12E-01 3.86E-01 4.82E+00 2.44E-06 1.78E-01 269E-01 0.00E+00 
Pu-239 5.47E-02 1.58E-06 5.65E-01 290E-01 3.63E+00 1.55E-06 1.30E-01 1.99E-01 0.00E+00 
Pu-240 3.92E-02 1.17E-06 3.98E-01 208E-01 2.60E+00 1.11E-06 9.31E-02 1.43E-01 0.00E+00 
Pu-241 9.62E-02 4.32E-06 4.49E-01 4.74E-01 5.92E+00 1.75E-08 1.85E-01 3.15E-01 0.00E+00 
Pu-242 3.62E-05 1.13E-09 3.68E-04 1.93E-04 2.41E-03 1.05E-09 8.61E-05 1.33E-04 0.00E+00 
Ra-226 1.80E-15 1.80E-15 2.84E-13 1.17E-14 1.34E-13 1.80E-15 1.88E-15 4.09E-14 0.00E+00 
Rk.a-228 1.78E-16 1.79E-16 7.02E-15 7.18E-18 6.33E-15 1.78E-16 1.825-16 1.25E-15 0.00E+00 
Ru-106 4.73E-05 4.70E-05 3.56E-03 4.70E-05 4.70E-05 4.70E-05 5.79E-05 4.42E-04 0.00E+00 
Sb-125 0.00E+00 0.05E+00 O.00+E00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Se-79 5.42E-09 5.42E-09 7.84E-08 5.42E-09 5.42E-09 5.42E-09 3.39E-08 2.12E-08 0.00E+00 
Sm-147 O.00E+00 0.001+00 7.27E-10 2.62E-09 3.28E-08 O.00E+00 1.80E-09 1.93E-09 0.00E+00 
Sm-151 1.24E-10 4.602-10 1.01E-05 3.39E-05 4.26E-04 4.07E-11 2.32E-05 2.50E-05 0.00E+00 
Sn-128 4.49E-08 4.42E-08 4.74E-07 1.765-07 3.702-07 4.11E-08 5.52E-08 8.44E-08 0.00E+00 
Sr-90 2.48E-03 2.48E-03 2-69E+00 3.16E-01 6.84E-01 2.48E-03 5.39E-03 3.30E-01 0.00E+00 
Tc-99 7.53E-09 7.53E-09 2.78E-06 7.53E-09 7.53E-09 2.02E-07 1.04E-07 3.75E-07 0.OOE+00 
Th-229 2758E-13 2.58E-13 1.86E-10 1.07E-10 1.33E-09 2.58E-13 6.58E-13 5.41E-11 0.00E+00 
Th-230 3.74E-12 3.74E-12 275E-09 1.69E-09 1.98E-08 3.74E-12 9.63E-12 8.07E-10 0.00E+00 
Th-232 1.75E-15 1.77E-15 Z15E-12 205E-12 2.54E-11 1.70E-15 4.28E-15 1.01E-12 0.00E+00 
U-232 1.02E-09 1.03E-09 1.89E-05 5.19E-08 8.21E-07 1.00E-09 3.98E-08 2.28E-06 0.00E+00 
IJ-233 3.44E-12 3.44E-12 4.12E-08 9.65E-11 1.52E-09 3.44E-12 1.272-10 4.96E-09 0.00E+00 
U-234 3.38E-09 3.38E-09 4.03E-05 9.44E-08 1.47E-06 3.38E-09 1.25E-07 4.84E-06 0.00E+00 
U-235 232E-08 2.33E-08 270E-04 6.44E-07 9.882-06 2.32E-08 8.40E-07 3.252-05 0.00E+00 
U-236 1.08E-07 1.08E-07 1.29E-03 3.01E-06 4.74E-05 1.08E-07 4.00E-06 1.55E-04 0.00E+00 
U-238 269E-08 2.69E-08 3.20E-04 7.93E-07 1.18E-05 2.67E-08 9.90E-07 3.86E-05 0.00E+00 
Zr-93 3.51E-10 7.54E-10 1.40E:06 2.85E-08 3.51E-05 2.80E-10 2.79E-09 1.40E-06 0.00E+00 

crud _ _ _ _ _ _ _ 

Co-60 (crud) 5.25E-04 2.03E-03 3.80E-02 1.90E-03 1.49E-03 1.79E-03 3.97E-03 6.51E-03 O.00E+00 
- 3.63E-04 3.53E-04 7.35E.04 3.59E-04 3.57E-04 3.76E-04 8.39E-04 5.04E-04 0.00E+00 

total 3.82E-01 2.522-02 5.05E+00 2.21E+00 2.41E+01 2.52E-02 8.52E-01 1.64E+00 0.00E+00
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DOE SNF per Canister Source Term and Dose Calculations.xls Air Submersion Doses - no HEPAs

ALUM CLAD SNF [4111 No 
stable metal not Intact 

air submersion doses Irem] 
gonads breast lungs red marrow bone surface yroid remainder effective skin 

!Ac-227 9.13E-18 1.08E-17 8.23E-18 7.16E-18 2.52E-17 8.89E-18 7.75E-18 9.11E-18 7.99E-17 
• m-241 1.87E-08 2-33E-08 1.47E-08 1.13E-08 6.25E-08 1.70E-08 1.38E-08 1.78E-08 2-79E-08 
Am-242m 3.19E-13 5.04E-13 1.44E-13 1.44E-13 6.66E-13 2.48E-13 1.63E-13 2.66E-13 1.14E-12 
Am-243 4.55E-11 5.42E-11 3.99 -11 3.22E-11 1.55E-10 4.34E-11 3.72E-11 4.53E-11 5.72E-11 
C-14 2.63E-18 3.57E-18 1.55E-18 1.23E-18 7.17E-18 2.22E-18 1.56E-18 2.27E-18 2.47E-15 
Cd-113m 4.50E-12 5.50E-12 3.72E-12 3.14E-12 1.32E-11 4.24E-12 3.53E-12 4.35E-12 5.32E-09 
CI-38 0.00E+00 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.OOE+00 
Cm-242 5.42E-14 1.03E-13 7.83E-15 1.31E-14, 7.34E-14 3.40E-14 1.57E-14 3.94E-14 2.97E-13 
Cm-243 1.642-11 1.90E-11 1.57E-11 1.43E-11 4.28E-11 1.84E-11 1.48E-11 1.68E-11 2.79E-11 
Cm-244 2.55E-12 4.92E-12 2.62E-13 5.40E-13 3.26E-12 1.55E-12 8.70E-13 1.82E-12 1.45E-11 
Cm-245 4.47E-14 5.24E-14 4.18E-14 3.65E-14 1.36E-13 4.42E-14 3.92E-14 4.56E-14 6.17E-14 
Cm-246 5.31E-18 1.02E-17 5.96E-19 1.15E-18 6.95E-18 3.25E-18 1.42E-18 3.80E-18 2.97E-17 
Cm-247 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00+E00 0.OOE+00 0.00E-00 0.00E+00 
CoO0 1.93E-16 2.18E-16 1.95E-18 1.93E-16 2.79E-16 1.992-16 1.88E-16 1.98E-16 2.28E-18 
Cs-134 1.31E-05 1.49E-05 1.31E-05 1.28E-05 2.13E-05 1.34E-05 1.25E-05 1.34E-05 1.68E-05 
Cs-135 6.75E-15 8.85E-15 4.50E-15 3.59E-15 1.95E-14 5.91E-15 4.40E-15 6.072-15 9.74E-12 
Cs-137 1.99E-04 2.27E-04 1.97E-04 1.92E-04 3.26E-04 2.03E-04 1.89E-04 2.03E-04 3.27E-04 
Eu-154 4.71E-06 5.35E-06 4.71 4.61E-06 7.41E-06 4.83E-06 4.52E-06 4.82E-06 6.51E-06 
Eu-155 6.06E-08 7.18E-08 5.40E-08 4.50E-08 1.97E-07 5.87E-08 5.04E-08 6.06E-08 8.25E-08 
Fe-55 0.00E+00 0.0+0 0.00E÷00 0.00E+00 0.002E00 0.O0E+00 0.00E+00 0.00E+00 0.00E+00 
H-3 0.002E00 0.002+00 3.72E-09 0.00E+00 0.002+00 0.001+00 0.002+00 4.482-10 0.002+00 
1-129 6.37E-11 8.78E-11 2.82E-11 2.16E-11 1.45E-10 5.09E-11 3.03E-11 5.01E-11 1.45E-10 
Kr-85 3.92E-06 4.492-06 3.82E-06 3.65E-06 7.37E-06 3.95E-06 3.99E-06 4.4A2-04 
Nb-93m 2.72E-13 5.83E-13 1.10E-14 5.07E-14 2.97E-13 1.47E-13 5.84E-14 1.912-13 1.84E-12 
Nb-94 3.24E-13 3.68E-13 3.23E-13 3.15E-13 5.11E-13 3.32E-13 3.09E-13 3.31E-13 4.09E-13 
Ni-59 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.002+00 0.0014-00 0.00E+00 
NI-63 0.00E+00 0.00E+00 0.00E+00 0.00+E00 O.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Np-237 1.08E-11 1.30E-11 9.34E-12 7.96E-12 3.31E-11 1.03E-11 8.80E-12 1.07E-11 1.5912-11 
Pa-231 2.78E-15 3.23E-15 2.83E-15 2.47E-15 5.91E-15 2.76E-15 2.50E-15 2.79E-15 3.96E-15 
Pb-210 7.73E-22 1.02E-21 5.31E-22 3.92E-22 2.44E-21 6.77E-22 5.11E-22 7.04E-22 1.602-21 
Pd-107 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Pm-147 1.60E-09 2.048-09 1.16E-09 9.53E-10 4.66E-09 1.442-09 1.12E-09 1.48E-09 1.73E-06 
Pu-238 1.25E-10 2.42E-10 2.02E-11 3.20E-1I 1.77E-10 7.64E-11 3.79E-11 9.29E-11 7.79E-10 
Pu-239 6.252-11 9.74E-11 3.422-11 3.45E-11 1.22E-10 5.01E-11 3.69E-11 5.47E-11 2.40E-10 
Pu-240 5.88E-11 1.14E-10 1.01E-11 1.53E-11 8.56E-11 3.62E-11 1.81E-11 4.39E-11 3.62E-10 
Pu-241 7.61 E-11 9.18E-11 5.86E-11 5.96E-11 2.322-10 7.39E-11 6.452-11 7.68E-11 1.24E-10 
Pu-242 4.81E-14 9.28E-14 8.73E-15 1.2GE-14 7.11E-14 2.99E-14 1.51E-14 3.61E-14 2.94E-13 
Ra-226 4.07E-20 4.68E-20 3.90E-20 3.57E-20 1.05E-19 4.09E-20 3.69E-20 4.16E-20 6.33E-20 
Ra-228 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Ru-106 2.60E-07 2.98E-07 2.60E-07 2.51E-07 4.43E-07 2.65E-07 2-48E-07 2.68E-07 2.80E-06 
Sb-125 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
5e-79 2.08E-14 2.80E-14 1.27E-14 1.00E-14 5.762-14 1.78E-14 1.26E-14 1.82E-14 2.22E-11 
Sm-147 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.00E+00 0.00+E00 
Sm-151 1.20E-12 2.04E-12 1.84E-13 2.62E-13 1.64E-12 -8.29-13 &45E-13 8.36E-13 4.40E-12 
Sin-126 1.78E-09 2.03E-09 1.76E-09 1.70E-09 3.08E-09. 1.81E-09 1.68E-09 1.82E-09 3.08E-09 
Sr-90 5.50E-08 6.71E-08 4.55E-08 3.84E-08 1.61E-07 5.18E-08 4.32E-08 5.32E-08 6.50E-05 
Tc-99 2.18E-12 2.75E-12 1.61E-12 1.31E-12 6.47E-12 1.96E-12 1.55E-12 Z03E-12 3.43E-09 
Th-229 2.642-18 3.102-18 2.45E-18 2.12E-18 8.06E-18 2.59E-18 2.29E-18 2.68E-18 3.79E-18 
Th-230 1.24E-18 1.64E-18 9.85E-19 8.40E-19 3.64E-18 1.12E-18 9.44E-19 1.20E-18 3.11E-18 
Th-232 1.61E-22 2.34E-22 1.10E-22 9.49E-23 4.47E-22 1.36E-22 1.09E-22 1.50E-22 5.92E-22 
U-232 1.49E-15 2.23E-15 9.45E-16 8.63E-16 3.71E-15 1.24E-15 9.60E-16 1.36E-15 5.68E-15 
U-233 1.72E-17 2.26E-17 1.37E-17 1.26E-17 4.19E-17 1.58E-17 1.33E-17 1.68E-17 4.85E-17 
U-234 8.93E-15 1.46E-14 4.45E-15 4.26E-15 2.02E.14 6.79E-15 4.87E-15 7.75E-15 4.32E-14 
U-235 5.182-11 5.96E-11 4.902-11 4.52E-11 1.35E-10 5.18E-11V 4.68E-11 5.29E-11 6.34E-11 
U-236 2.09E-13 3.77E-13 7.46E-14 7.98E-14 4.07E-13 1.43E-13 9.252-14 1.72E-13 1.22E-12 
U-238 3.97E-14 7.721-14 9.01E-15 1.12E-14 6.69E-14 2.46E-14 1.37E-14 3.08E-14 2.63E-13 
Zr-93 0.00E+00 0.00E+00 0.00E+00 0.00+E00 0.002E00 0.00E+00 0.00 +00 0.00E+00 0.002+0

Crud
Co-60 (cud) 1.30E-04
Fe-55 (crud) I 0.00E+00

total

1.53E-04 1 1.371-04
0.00E+00 0.I

1.39E-04 1.60E-04

3.49E-04 [ 5.59E-04 I 3.65E-04 3.42E-04 I 3.84E-04 1.02E-03
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DOE SNF per Canister Source Term and Dose Calculations.xls

ALUM LDS
stable metal

Inhalation Doses - HEPAs

red marrow i bone surtace i thyroid remainder 1 effective Skin I
AC-227 3.85E-12 6.48E-16 1.50E-11 2.50E-11 3.12E-10 3.49E-16 1.43E-11 1.76E-11 0.002+00 
Ain-241 2.83E-05 2.32E-09 1.60E-05 1.51E-04 1.89E-03 1.39E-09 6.80E-05 1.04E-04 0.00E+00 
AM-242m 1.08E-08 4.63E-13 1.41E-09 5.67E-08 7.11E-07 1.89E-13 2.51E-08 3.86E-08 0.00E+00 
Am-243 2.71E-08 1.26E-11 1.48E-08 1.44E-07 1.80E-06 6.88E-12 6.43E-08 9.88E-08 0.002E00 
C-14 2.29E-16 2.29E-18 2.29E-16 2.29E-16 2.29E-16 2.29E-16 2.29E-18 2.29E-16 0.00+E00 
Cd--l13m 8.32E-10 8.32E-10 1.03E-08 8.32E-10 8.32E-10 8.32E-10 3.26E-08 1.04E-08 0.00E+00 
Cl-3O 0.00E+00 0.00E+00 0.00E+00 - 0.00E+00 0.00E÷00 0.00EE00 0.00E+00 0.00E-100 
Cm-242 1.582-10 2.61E-13 4.29E-09 1.08E-09 1.35E-08 2.60E-13 6.78E-10 1.29E-09 0.00E+00 
Cm-243 2.36E-09 7.16E-13 2.21E-09 1.34E-08 1.67E-07 4.36E-13 6.56E-09 9.45E-09 0.00E+00 
Cm-244 2.35E-07 1.54E-11 2.85E-07 1.39E-06 1.73E-05 1.49E-11 7.07E-07 9.91E-07 0.00E+00 
Cm-245 1.55E-11 3.08E-15 8.29E-12 8.24E-11 1.03E-09 1.69E-15 3.66E-11 5.66E-11 0.00E+00 
Cm-246 1.14E-12 1.36E-16 6.19E-13 6.05E-12 7.55E-11 7.69E-17 2.70E-12 4.15E-12 O.00E+00 
Cm-247 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.00E+00 
Co-60 2.99E-19 1.15E-18 2.16E-17 1.08E-18 8.47E-19 1.02E-18 Z262-18 3.71E-18 0.00E+00 
Cs-134 7.68E-04 6.38E-04 6.97E-04 6.97E-04 6.50E-04 6.56E-04 8.21E-04 7.38E-04 0.00E+00 
Gs-135 4.29E-09 4.29E-09 5.05E-09 4.29E-09 4.29E-09 4.29E-09 4.29E-09 4.40E-09 0.00E+00 
Cs-137 2.17E-02 1.94E-02 2.19E-02 2.06E-02 1.97E-02 1.97E-02 2.26E-02 2.149-02 0.00E+00 
Eu-154 3.67E-08 4.87E-08 Z49E-07 3.33E-07 1,64E-06 2.24E-08 3.55E-07 2.43E-07 0.00+E00 
Eu-155 3.46E-10 5.97E-10 1.16E-08 1.39E-08 1.48E-07 2.33E-10 1.08E-08 1.09E-08 0.00+E00 
Fe-55 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.00E+00 0.00E+00 0.00E+00 0.00E+00 
H-3 7.80E-06 7.80E-06 7.80E-06 7.80E-06 7.80E-06 7.80E-08 7.80E-06 7.80E-06 0.00E+00 
1-129 3.81E-09 9.17E-09 1.38E-08 8.15E-09 6.062-09 6.85E-05 5.18E-09 2.06E-06 0.00E+00 
Kr-85 0.00E+00 0.00E+00 0.00+E00 0.00E+00 0.00E+00 0.00+E00 0.002E00 0.00E+00 0.00E+00 
Nb-93m 7.14E-13 7.48E-14 1.11E-10 4.89E-13 1.28E-12 5.22E-14 6.78E-13 1.36E-11 0.00E+00 
Nb-94 8.17E-16 3.84E-15 1.28E-13 3.88E-15 3.38E-15 3.81E-15 7.64E-15 1.92E-14 0.00E+00 
Ni-59 0.00E+00 0.00E+00 0.00+E00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
NI-83 0.00E+00 0.002+00 0.002E00 0.00E+00 0.002+00 0.002+00 0.00E+00 0.00E+00 0.00E+00 
Np-237 1.22E-08 6.99E-12 6.66E-09 1.08E-07 1.35E-06 5.54E-12 9.68E-09 6.04E-08 0.0OE+00 
Pa-231 4.48E-16 5.71E-16 4.85E-11 4.53E-11 5.65E-10 4.96E-18 1.80E-14 2.25E-11 0.002+00 
Pb-210 1.59E-19 1.59E-19 1.59E-19 1.87E-18 2.73E-17 1.59E-19 2.34E-18 1.83E-18 0.004E00 
Pd-107 7.70E-17 7.70E-17 2.32E-12 4.16E-16 1.11E-15 7.70E-17 1.75E-14 2-81E-13 0.00E+00 
Pm-147 1.812-12 3.082-12 6.61E-06 6.972-07 8.71E-06 1.69E-12 5.03E-07 9.05E-07 0.002400 
Pu-238 2.13E-05 7.612-10 2.43E-04 1.16E-04 1.45E-03 7.32E-10 5.34E-05 8.07E-05 0.00E+00 
Pu-239 1.64E-05 4.75E-10 1.67E-04 8.71E-05 1.09E-03 4.68E-10 3.90E-05 5.98E-05 0.00E+00 
Pu-240 1.17E-05 3.51E-10 1.19E-04 6.24E-05 7.79E-04 3.34E-10 2.79E-05 4.28E-05 0.002E+O 
Pu-241 2.89E-05 1.29E-09 1.352-04 1.42E-04 1.78E-03 5.25E-10 5.54E-05 9.44E-05 0.00E+00 
Pu-242 1.09E-08 3.40E-13 1.10E-07 5.79E-08 7.23E-07 3.16E-13 2.58E-08 3.99E-08 0.00E+00 
Ra-226 5.39E-19 5.39E-19 8.51E-17 3.51E-18 4.01E-17 5.39E-19 5.65E-19 1.23E-17 0.OOE+00 
Ra-228 5.34E-20 5.37E-20 2.112-18 2.15E-19 1.90E-18 5.34E-20 5.46E-20 3.76E-19 0.00E+00 
Ru-10e 1.42E-08 1.41E-08 1.07E-06 1.41E-08 1.41E-08 1.41E-08 1.74E-08 1.33E-07 0.00E+00 
Sb-125 0.002+00 0.00E+00 O.OOE+00 O.00E+00 0.002E-00 0.00E+00 0.00E+00 0.OOE+00 0.00E+00 
Se-79 1.63E-12 1.63E-12 2.35E-11 1.63E-12 1.63E-12 1.63E-12 1.02E-11 6.37E-12 0.OOE+00 
Sm-147 0.00E+00 0.00+E00 2.18E-13 7.87E-13 9.85E-12 0.00E+00 5.41E-13 5.78E-13 0.00E+00 
Sm-151 3.73E-14 1.38E-13 3.02E-09 1.02E-08 1.28E-07 1.22E-14 6.95E-09 7.50E-09 O.OOE+00 
Sn-126 1.35E-11 1.33E-11 1.42E-10 5.29E-11 1.11E-10 1.23E-11 1.662-11 2.53E-1 1 0.00E+00 
Sr-90 7.45E-07 7.45E-07 8.08E-04 9.49E-05 2.05E-04 7.45E-07 1.622-06 9.91 E-05 0.002E00 
Tc-99 2.28E-12 2.26E-12 8.35E-10 2.26E-12 2.26E-12 6.05E-11 3.13E-11 1.12E-10 0.00E+00 
Th-229 7.73E-17 7.73E-17 5.57E-14 3.22E-14 4.00E-13 7.73E-17 1.97E-16 1.62E-14 0.00E+00 
Th-230 1.12E-15 1.12E-15 8.26E-13 4.76E-13 5.95E-12 1.12E-15 2.89E-15 2.42E-13 0.00E+00 
Th-232 5.24E-19 5.31E-19 6.46E-16 6.14E-16 7.63E-15 5.11E-19 1.29E-18 3.04E-16 0.00E+00 
L-232 3.0712-13 3.09E-13 6.88E-09 1.56E-11 2.46E-10 3.01E-13 1.19E-11 8.83E-10 0.001E+00 
U-233 1.03E-15 1.03E-15 1.24E-11 2-89E-14 4.55E-13 1.03E-15 3.82E-14 1.49E-12 0.00E+O0 

U-234 1.01 E-12 1.0161-12 1.21E-08 2.83E-101 4.42E-10 1.01E-12 3.76E-107 1.45E-09 0.00E+00 
U-235 6.95E-12 6.98E-12 8.10E-08 1.932-10 2796E-09 6.95E-12 2.52E-10 9.74E-09 O.0OE+00 
U-236 3.24E-11I 3.24E-1 1 3.86E-07 9.03E-10 1.42E-08 3.24E-11I 1.20E-09 4.64E-08 O.00E÷00 
U-238 8.06E-12 8.06E-12 9.61E-08 2.38E-10 3.53E-09 8.02E-12 2.9712-10 1.16E-08 0.OOE:+00 
Zr-93 1.05E-13 2.26E-1 3 4.21E-10 8.55E-10 1.05E-08 8.41E-14 8.36E-13 4.19E-10 0.001E-+00 

CO-60 (crud) 1.57E-07 6.08E-.07 1.14E-05 5.69E-07 4.48E-07 5.36E-07 1.1gE-08 1.95E-06 0.00E0 
Fe-55 (mrd) 1.09E-07 1.06E-07 2.21 E-07 1.08E-07 1.07E-07 1.13E-07 2.52E-O7 1.51 E-07 0.00E+O0 

total 2.26E-02 2.01E-02 2Z41 E-02 2.19E-02 2.76E-O2 2.04E-02 2.37E-02 2.26E-02 0 .00E+O0

CAL-WPS-SE-000004 REV 00
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DOE SNF per Canister Source Term and Dose Calculations.xls Air Submersion Doses - HEPAs

ALUM CLAD SNF [4111] HEPAs I 
stable metal not intactI 

air subrnerin domesren 

o22ads breast lungs red marrow bone surface thyroid remainder effe e skin 
Ac-227 2.7021 3.25E-21 2.47E-21 2.15E-21 7.57E-21 2.67E-21 2.32E-21 2.73E-21 2.40E-20 
Am-241 5.60E-12 6.99E-12 4.40E-12 3.40E-12 1.87E-11 5.11E-12 4.14E-12 5.34E-12 8.36E-12 
Am-242m 9.57E-17 1.51E-18 4.33E-17 4.33E-17 2.00E-18 7.43E.17 4.88E-17 7.98E-17 3.42E-16 
Am,-243 1.37E-14 1.63E-14 1.20E-14 9.66E-15 4.66E-14 1.30E-14 1.12E-14 1.36E-14 1.71E-14 
C-14 7.89E-22 1.072-21 4.66E-22 &69E-22 2.15E-21 6.67E-22 4.69E-22 6.82E-22 7.40E-19 
Cd-l13m 1.35E-15 1.65E-15 1.12E-15 9.43E-16 3.95E-15 1.27E-15 1.06E-15 1.31E-15 1.80E-12 
CI-38 O.OOE400 O.OOE+00 0.002E00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00 
Cm-242 1.63E-17 3.08E-17 2.35E-18 3.93E-18 220E-17 1.02E-17 4.72E-18 1.18E-17 8.92E-17 
Cm-243 4.93E-15 5.71E-15 4.70E-15 4.28E-15 1.28E-14 4.93E-15 4.44E-15 5.03E-15 8.37E-15 
Cm-244 7.66S-16 1.48E-15 7.86E-17 1.62E-18 9.79E-18 4.85E-16 2.01E-16 5.45E-16 4.34E-15 
Cm-245 1.34E-17 1.57E-17 1.25E-17 1.109-17 4.08E-17 1.33E-17 1.17E-17 1.37E-17 1.852-17 
Cm-246 1.59E-21 3.08E-21 1.79E-22 3.45E-22 2.09E-21 9.75E-22 4.26E-22 1.14E-21 8.91E-21 
CM-247 0.00E+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.00E+00 0.00E+00 O.OOE+00 0.OOE+00 
Co-60 5.79E-20 6.55E-20 5.84E-20 5.79E-20 8.38E-20 5.98E-20 5.65E-20 5.93E-20 6.83E-20 
Cs-134 1.31E-05 1.49E-05 1.31E-05 1.28E-05 2-13E-05 1.34E-05 1.25E-05 1.342-05 1.68E-05 
Cs-135 6.75r-15 8.85E-15 4.50E-15 3.59E-15 1.95E-14 5.91E-15 4.40E-15 6.07E-15 9.74E-12 
Cs-137 1.99E-04 2.27E-04 1.97E-04 1.92E-04 3.26E-04 Z03E-04 1.89E-04 2-03E-04 3.276-04 
Eu-154 1.41E-09 1.61E-09 1.412-09 1.38E-09 2.22E-09 1.45E-09 1.38E-09 1.45E-09 1.95E-09 
Eu-155 1.82E-11 2.15E-11 1.62E-11 1.35E-11 5.91E-11 1.78E-11 1.51E-11 1.82E-11 2.48E-11 
Fe-55 O.OOE+00 0.00E+00 0.001E+00 0.00++00 0.o00+00 6.55E+00 0.00F+00 0.00E+00 O.OE+00 
H.-3 O.OOE+00 O.OOE+00 3.72E-09 O.OOE+00 O.OOE+00 O.OOE+00 0.00E+00 4.48E-10 O.OOE+00 
1-129 6.37E-11 8.78E-11 2.82E-11 216E-11 1.45E-10 5.09E-11 3.03E-11 5.01E-11 1.451E-10 
Kr-85 3.92E-06 4.49E-06 3.82E-06 3.6,5-06 7.37E-06 3.95E-06 3.65E-06 3.99E-06 4.42E-04 
Nb-93m 8.16E-17 1.69E-16 3.29E-18 1.52E-17 8.92E-17 4.42E-17 1,75E-17 5.72E-17 5.51E-16 
Nb-94 9.72E-17 1.10E-16 9.68E-17 9.46E-17 1.53E-10 9.95E-17 9.26E-17 9.92E-17 1.23E-16 
Ni-59 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 
Ni-63 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 
Np-237 3.23E-15 3.91E-15 2-80E-15 2.39E-15 9.94E-15 3.09E-15 2.64E-15 3.20E-15 4.78E-15 
Pa-231 8.34E-19 9.70E-19 7.90E-19 7.41E-19 1.77E-18 8.29E-19 7.51E-19 8.38E-19 1.19E-18 
Pb-210 2.32E-25 3.06E-25 1.59E-25 1.18E-25 7.31E-25 2.03E-25 1.53E-25 2.11E-25 4.80E-25 
Pd-107 O.OOE+00 O.OOE+00 O.OOE+00 0.00E+00 O.OOE+00 O.OOE+00 0.00E+00 O.OOE+00 O.OOE+00 
Pm-147 4.80E-13 6.13E-13 3.49E-13 Z86E-13 1.40E-12 4.33E-13 3.37E-13 4.44E-13 5.20E-10 
Pu-238 3.75E-14 7.252-14 6.05E-15 9.60E-15 5.31E-14 2.29E-14 1.14E-14 2.79E-14 2.34E-13 
Pu-239 1.87E-14 2-92E-14 1.03E-14 1.03E-14 3.87E-14 1.50E-14 1.11E-14 1.64E-14 7.20E-14 
Pu-240 1.76E-14 3.41E-14 3.02E-15 4.58E-15 2.57E-14 1.09E-14 5.43E-15 1.32E-14 1.09E-13 
Pu-241 2-28E-14 2.75E-14 Z08E-14 1.79E-14 6.96E-14 2.22r-14 1.93E-14 2.30E-14 3.72E-14 "Pu-242 1.44E-17 2.78E-17 2.62E-18 3.86E-18 2.13E-17 8.97E-18 4.54E-18 1.08E-17 8.83E-17 
Ra-226 1.22E-23 1.40E-23 1.17E-23 1.07E-23 3.15E-23 1.23E-23 1.11E-23 1.25E-23 1.90E-23 
R5-228 0.001+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.002+0 O.OOE+00 0.00E+00 O.OOE+00 
Ru-106 7.80E-11 8.95E-11 7.80E-11 7.53E-11 1.33E-10 7.95E-11 7.43E-1 1 8.03E-11 8.41E-10 
Sb-125 O.OOE+00 O.OOE+00 O.OOE0+ O.OOE+00 O.OOE0+00 0.002+00 O.OOE+00 O.OOE+00 O.OOE+00 
Se-79 6.24E-18 8.40E-18 3.80E-18 3.00E-18 1.73E-17 5.33E-18 3.78E-18 5.45E-18 6.67E-15 
Sm-147 0.00E+00 0.O0E+00 i 0.00E+00 0.00E+00 0.00:00 0.002E+00 0.00E+00 0.00E+00 0.00E+00 
Sm-151 3.61E-16 8.11E-16 4.92E-17 7.85E-17 4.93E-16 2.-49E-16 1.042-16 2.51E-18 1.32E-15 
Sn-128 5.33E-13 6.09E-13 5.28E-13 5.10E-13 9.25E-13 5.44E-13 5.05E-13 5.45E-13 9.23E-13 
Sr-90 1.65E-11 2.01E-11 1.37E-11 1.15E-11 4.83E-11 1,55E-11 1.30E-11 1.60E-11 1.95E-08 
Tc-99 6.53E-18 8.26E-16 4.84E-16 3.94E-16 1.94E-15 5.89E-16 4.65E-16 8.08E-16 1.03E-12 
Th-229 7.92E-22 9.29E-22 7.36E-22 6.37E-22 2.42E-21 7.78E-22 6.87E-22 8.05E-22 1.14E-21 
Th-230 3.72E-22 4.92E-22 2.95E-22 2.52E-22 1.09E-21 3.37E-22 2.83E-22 3.60E-22 9.32E-22 
Th-232 4.82E-26 7.02 4 ';.29E-26 2-85E-26 1.34E-25 4.08E-26 3.27E-26 4.50E-26 1.78E-25 
U-232 4.46E-19 P 68ý_- 9 •.83E-19 2-59E-19 1.11 -18 3.71E-19 2.88E-19 4.09E-19 1.70E-18 
U-233 5.18E-21 .4..78E-; ,12E-21 3.78E-21 1.26E-20 4.73E-21 4.00E-21 4.97E-21 1.39E-20 
U-234 2.8E-18 4.392-18 1.33E-18 1.28E-18 6.06E-18 2.04E-18 1.48E-18 2.32E-18 1.29E-17 
U-235 1.55E-14 1.792-14 1.49E-14 1.35E-14 4.05E-14 1.55E-14 1.40E-14 1.59E-14 1.90E-14

I .27E-17 I 1.13E-16 I 2.24E-17 2-39E-17 1.22E-16 4.30E-17 2.77E-17 5.15E-17
J-238 I 1.19E-17 2.32E-17 2.70E-18 3.38E-18 2.01E-17 I 7.38E-18 4.102-18 9.

crud

ie-,5 aun

O.OOE+00 O.OOE+00 I O.OOE+00 I O.OOE+00

CI- "C 4.7- 146E08 4.0
0.00E+uu O.uu:+u o.ooi-+0-. - ______

E-08 
4+00

0.00E+00

0.002+00

0.00E+00 I O.OOE+00

4,2015-08 3.97L-08

0A(

4.172-08
0.002+O0 I O.O0E+0O I 0.OOE+00

3.67E-18

4.80E-08
0.00E+00
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Zt-93

total 2.18 2.46E-04 2.14E-04 I 2.09E-04 [ 3.55E-04 I 2.20E-04 2.05E-04 I2.20E-04 I 7.88E-04
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DOE SNF per Canister Source Term and Dose Calculations.xls

AI I IM C+LAD• RN r4111 stable metal not intact No HEPAs
Pir 

Inhalation Submersion 
Dose @ Dose Term Dose @ Dose Term 
5000 m for 5000 m for Dose Term for 

[rem] Regulation [rem] Regulation Regulation 
Gonad 3.82E-01 3.56E-04 
Breast 2.52E-02 4.05E-04 
Lung 5.05E+00 3.56E-04 
R Marrow 2.21E+00 3.49E-04 
B Surface 2.41E+01 <CDE 5.59E-04 
Thyroid 2.52E-02 3.65E-04 
Remainder 8.52E-01 3.42E-04 
Whole Body 1.64E+00 <CEDE 3.64E-04 <DDE 1.64E÷00 <TEDE=CEDE+DDE 
Skin 0.OOE+00 <SKIN 1.02E-03 <SKIN 1.02E-03 <SKIN 
Eye Lens N/A <EYE N/A <EYE N/A <EYE 

2.41E+01 <CDE + DDE 

ALUM CLAD SNF [411] stable metal not intact HEPAs 
Air 

Inhalation Submersion 
Dose@ Dose Term Dose@ Dose Term Dose for 
5000 m for 5000 m for Regulation Dose Term for 

[rem] Regulation [rem] Regulation [rem] Regulation 
Gonad 2.26E-02 2.16E-04 
Breast 2.01E-02 2.46E-04 
Lung 2.41E-02 2.14E-04 
R Marrow 2.19E-02 2.09E-04 
B Surface 2.76E-02 <CDE 3.55E-04 
Thyroid 2.04E-02 2.20E-04 
Remainder 2.37E-02 2.05E-04 
Whole Body 2.26E-02 <CEDE 2.20E-04 <DDE 2.28E-02 <TEDE=CEDE+DDE 
Skin 0.OOE+00 <SKIN 7.86E-04 <SKIN 7.86E-04 <SKIN 
Eye Lens N/A <EYE N/A <EYE N/A <EYE 

I_ 2.78E-02 <CDE + DDE

CAL-WPS-SE-000004 REV 00

Final Results
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DOE SNF per Canister Source Term and Dose Calculationsxls TEDE & CDE+DDE

ALUM CLAD SNF [4111

Isotope 
Ac-227 
Am-241 
Am-242m 
Amn-243 
C-14 
Cd-113m 
C0-3W 
Cm-242 
Cm-243 
Cm-244 
Cm-245 
Cm-246 
Cm-247 
Co-60 
Cs-134 
Cs-135 
Cs-137 
Eu-154 
Eu-155 
Fe-55 
H-3 
1-129 
Kr-85 
Nb-93m 
Nb-94 
Ni-59 
Ni-63 
Np-237 
Pa-231 
Pb-210 
Pd-1 07 
Pm-147 
Pu-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 
Ra-228 
Ra-228 
Ru-106 
Sb-125 
Se-79 
Sm-147 
Sm-151 
Sn-126 
Sr-90 
Tc-99 
Th-229 
Th-230 
Th-232 
U-232 
U-233 
U-234 
U-235 
U-236 
U-238 
Zr-93 

crud 
Co-60 (crud) 
Fe-55 (crud)

material type 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
C 
C 
C 
P 
P 
P 

G 
G 
G 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

crud 
crud 

total

stable metal 
offsite doses with no HEPAs [mm] 

bone surface 
TEDE CDE + DDE 

5.87E-08 1.04E-08 
3.48E-01 6.29E+00 
1.29E-04 2.37E-03 
3.29E-04 6.01 E-03 
7.63E-13 7.63E-13 
3.45E-05 2.77E-06 
O.00E+00 0.00E+00 
4.31E-06 4.49E-05 
& 15E-05 5.58E-04 
3.0E-03 5.77E-02 
1.89E-07 3.44E-06 
1.38E-08 2.52E-07 

0.00E+00 0.00E+00 
1.26E-14 3.02E-15 
7.52E-04 6.63E-04 
4.40E-09 4.29E-09 
216E-02 1.99E-02 
8.14E-04 5.48E-03 
3.64E-05 4.93E-04 
0.00E+00 0.00E+00 
7.80E-06 7.80E-06 
Z06E-06 6.11E-09 
3.99E-06 3.99E-06 
4.562-08 4.25E-09 
6.44E-11 1.18E-11 
0.d0E+00 0.00E+00 
a.00E+00 O.00E+00 
2.01E-04 4.51 E-03 
7.51E-08 1.88E-06 
6.11E-15 9.10E-14 
9.37E-10 3.69E-12 
3.02E-03 2.90E-02 
2.89E-01 4.82E+00 
1.99E-01 3.63E+00 
1.43E-01 2.60E+00 
3.15E-01 5.92E+00 
1.33E-04 2.41E-03 
4.09E-14 1.34E-13 
1.25E-15 6.33E-15 
4.42E-04 4.72E-05 
0.00E+00 0.00E+00 
212E-08 5.42E-09 
1.93E-09 3.28E-08 
2.50E-05 4.26E-04 
8.62E-08 3.72E-07 
3.30E-01 6.84E-01 
3.75E-07 7.53E-09 
5.41E-11 1.33E-09 
8.07E-10 1.98E-08 
1.01E-12 2.54E-11 
2.28E-06 8.21E-07 
4.96E-09 1.52E-09 
4.84E-06 1.47E-06 
3.25E-05 9.88E-06 
1.55E-04 4.74E-05 
3.86E-05 1.18E-05 
1.40E-06 3.51E-05

6.65E-03 
5.04E-04 

1.64E+00

1.63E-03 
3.57E-04 

2.41E+01

not Intact 
offsate doses with HEPAs [rem] 

bone surface CDE 
TEDE +DDE 

1.76E-11 3.12E-10 
1.04E-04 1.89E-03 
3.86E-08 7.11E-07 
9.88E-08 1.80E-06 
2.29E-16 2.29E-16 
1.04E-06 8.32E-10 

0.00E+00 0.00E+00 
1.29E-09 1.35E-08 
9.45E-09 1.67E-07 
9.91 E-07 1.73E-06 
5.66E-11 1.03E-09 
4.15E-12 7.55E-11 
0.00E+00 0.00E+00 
3.77E-18 9.06E-19 
7.52E-04 6.63E-04 
4.40E-09 4.29E-09 
2.16E-02 1.99E-02 
244E-07 1.64E-08 
1.09E-08 1.48E-07 
0.00E+00 0.00E+00 
7.80E-06 7.80E-06 
206E-06 6.11E-09 
3.99E-06 3.99E-06 
1.36E-11 1.28E-12 
1.93E-14 3.48E-15 
0.00E+00 0.00E+00 
0.00E+00 O.OOE+00 
6.04E-08 1.35E-06 
2.25E-11 5.65E-10 
1.83E-18 2.73E-17 
2.81E-13 1.11E-15 
9.05E-07 8.71 E-06 
8.07E-05 1.45E-03 
5.98E-05 1.09E-03 
4.28E-05 7.79E-04 
9.44E-05 1.78E-03 
3.99E-08 7.23E-07 
1.23E-17 4.01E-17 
3.76E-19 1.90E-18 
1.33E-07 1.42E-08 
0.00E+00 0.00E+00 
6.37E-12 1.63E-12 
5.78E-13 9.85E-12 
7.50E-09 1.28E-07 
2-59E-11 1.12E-10 
9.91E-05 2.05E-04 
1.12E-10 2.26E-12 
1.62E-14 4.00E-13 
2.42E-13 5.95E-12 
3.04E-18 7.63E-15 
8.83E-10 2.46E-10 
1.49E-12 4.55E-13 
1.45E-09 4.42E-10 
9.74E-09 2.96E-09 
4.84E-08 1.42E-08 
1.18E-08 3.53E-09 
4.19E-10 1.05E-08

2.00E-06 
1.51 E-07 

228E-02

4.88E-07 
1.07E-07 

2.78E-02
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DOE SNF per Canister Source Term and Dose Calculations.xls

ALUM CLAD SNF [411]

TEDE (no HEPAs) 
material type 

G 
P 
C 

crud 

TEDE (HEPAs) 
material type 

G 
P 
C 

crud

stable metal not intact

subtotal [re"] 
1.38E-05 
1.61 E+00 
223E-02 
7.15E-03 

otal 1.64E+00 

subtotal [rem] 
1.38E-05 
4.84E-04 
2.23E-02 
215E-06 

ntal Z28E-02

bone surface CDE + DDE (no HEPAs) 
material type subtotal [rem] 

G 1.18E-05 
P 2.41E+01 
C 2.05E-02 

crud 1.98E-03 
total 2.41 E+01 

bone surface CDE + DDE (HEPAs) 
material type subtotal [rem] 

G 1.18E-05 
P 7.22E-03 
C 205E-02 

crud 5.95E-07 
total 2.78E-02

fraction of total [-] 
8.43E-06 
9.82E-01 
1.30E-02 
4.3GE-03 
1.00E+00 

fraction of total H 
6.06E-04 
2.12E-02 
9.78E-01 
9.40E-05 
1.00E+00 

fraction of total [-] 
4.90E.07 
9.99E-01 
8.63E-04 
8.24E-05 
1.OOE+00 

fraction of total [-I 
4.25E-04 
260E-01 
7.40E-01 
2.14E-05 
1.00E+00
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Calculation for Shippingport PWR Core II [193] DOE SNF
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DOE SNF per Canister Source Term and Dose Calculations.xls

evaluated fuel x evaluated W 
fuel type stable metal stable metal non-metal non-metal other other non-metal 
condition Intact not intact Intact not intact Intact not intact Intact 

SHIF'eirdPiNt 'O - - ,-Vw tu 

HWCTR ALUM CLAD PWR CORE l1 SAXTON METAL) LEU N REACTOR SH1PPINGPORT 

fuel name (UrTH) [112] SNF [4111 [193] (MOX) [7871 [64] [147] PWR CORE II1 [193 
# of canisters 0.17 1.00 24.00 1.00 10.50 194.95 24.00 

Isotopes material type Curies (entire fuel inventory) Curies 
Ac-227 P 9.27E-09 2.81E-07 1.24E-02 1.33E-05 3.38E-05 1.03E-02 1.24E-02 
Am,-241 P 1.22E-01 2.51E+01 7.612E+04 6.45E+03 1.63E404 Z80E+05 7.61E+04 
Am-242m P 8.87E-05 9.89E-03 1.18E+02 1.07E+01 2.712E401 7.96E+00 1.18E+02 
Am-243 P 2.85E-04 2.40E-02 3.38E+02 2.83E+01 7.18E÷01 4.10E+01 3.38E+02 
C-14 P 1.09E-06 1.17E-05 1.53E200 1.81E+00 4.59E400 3.63E+02 1.53E+00 
Cd-113M P 8.32E-02 7.25E-01 0.004E00 2.59E+01 6.56E+01 0.00E+00 0.00E+00 
CI-36 P 2.519-30 0.00E+00 0.00E+00 2.35E-02 5.96E-02 0.00E+00 0.00E+00 
Cm-242 P 2.62E-04 8.00E-03 0.00E+00 8.79E+00 2.23E+01 0.002+00 0.002E.00 
Cm-243 P 4.52E-05 3.29E-03 0.00E+00 1.60E+01 4.06E+01 0.00E+00 0.00E+00 
Cm-244 P 9.94E-03 4.27E-01 3.18E+04 9.29E+02 2.38E203 2.44E+03 3.16E+04 
Cm-245 P 5.84E-07 1.33E-05 5.82E+00 2.12E-01 5.37E-01 5.13E-01 5.82E+00 
Cm-248 P 3.99E-08 9.83E-07 9.89E-01 4.28E-02 1.08E-01 6.79E-02 9.89E-01 
Cm-247 P 4.17E-14 D.00E00 1.12E-07 2.83E-07 0.00E+00 
Co-60 P 7.30E-03 1.812-09 1.10E+04 2.12E+01 5.38E+01 4.75E+02 1.10E+04 
Cs-134 C 9.30E+01 2.05E+02 3.63E+03 1.24E+01 3.13F+01 1.63E+02 3.63E+03 
Cs-135 C 0.58E-04 1.24E-02 6.19E+00 6.65E-01 1.69E+00 4.002401 6.19E+00 
Cs-137 C 5.49E+02 8.60E+03 2.07E+06 1.00E+05 2.53E+05 5.34E+06 2.07E+08 
Eu-154 P 1.57E+01 9.08E+01 0.00E+00 1.84E+03 4.67E÷03 0.00E+00 0.00E+00 
Eu-155 P 7.47E+00 2.81E+01 0.00E+00 1.92E+02 4.86E+02 0.00E+00 0.00E+00 
Fe-55 P 1.29E+00 0.00E+00 0.00E+00 1.78E-01 4.45E-01 0.00E+00 0.00E+00 
H-3 G 2.022400 2.61E+01 5.09E+03 2.92E+02 7.41E+02 1.03E+04 5.09E+03 
1-129 G 1.44E-04 2-54E-03 7.20E-01 6.09E-02 1.54E-01 3.29E+00 7.20E-01 
Kr-85 G 5.46E+01 8.45E+02 5.07E+04 2.59E+0-3 8.56E+03 1.53E+05 5.07E+04 
Nb-93m P 2.82E-03 4.G8E-02 5.72E+01 2.82E+00 7.15E400 4.54E+02 5.72E+01 
Nb-94 P 1.37E-07 4.96E-06 0.00E+00 5.18E-02 1.31E-01 .71 E-05 0.00E+00 
Ni-59 P 2.43E-04 0.00E+00 0.00E+00 4.01E-02 1.02E-01 203E+01 0.00E+00 
Ni-63 P 3.69E-02 0.002+00 8.04E+04 4.42E+00 1.12E+01 2.21E+03 8.04E+04 
Np-237 P 1.82E-03 1.20E-02 7.06E+00 6.46E-01 1.64E+00 3.87E+01 7.06E+00 
Pa-231 P 9.79E-06 1.88E-06 1.15E-02 3.02E-05 7.65E-05 1.38E-02 1.15E-02 
Pb-210 P 1.04E-10 1.44E-11 2-71E-06 5.13E-08 1.30E-07 7.52E-08 2.71E-06 
Pd-107 P 9.52E-05 2.35E-03 1.95E+00 2.14E-01 5.422-01 7.46E+00 1.95E+00 
Pm-147 P 4.86E+02 2.47E203 0.00E÷00 9.36E+01 237E+02 0.00E+00 0.00E+00 
Pu-238 P 7.65E+02 2.20E+01 8.02E+04 5.66E+02 1.18E+04 8.37E+04 8.02E+04 
Pu-239 P 1.592+01 1.49E201 7.55E+03 9.812+01 2.05E+03 1.23E+05 7.55E+03 
Pu-240 P 9.08E+00 1.07E201 1.132+04 1.70E+02 3.54E+03 7.18E+04 1.13E+04 
Pu-241 P 2.56E+03 1.22E+03 1.57E+06 9.43E+03 1.97E+05 2.08E+06 1.57E+06 
Pu-242 P 1.35E-02 1.04E-02 3.73E+01 4.84E-01 1.01E+01 3.46E+01 3.73E+01 
Ra-226 P 1.93E-09 1.53E-10 8.13E-06 2.46E-07 6.22E-07 1.15E-03 8.13E-06 
Ra-228 P 1.74E-13 8.44E-12 5.85E-02 2.80E-07 7.11E-07 1.03E-08 5.85E-02 
Ru-106 P 3.84E+01 297E+01 1.42E+01 1.17E-03 2.97E-03 3.1GE-01 1.42E+01 
Sb-125 P 1.20E+01 0.00+E00 0.00E+00 1.70E+01 4.30E+01 0.00E+00 0.00E+00 
Se-79 P 2.47T-03 6.93E-02 7.69E200 7.90E-01 200+E00 4.48E+01 7.69E+00 
Sm-147 P 3.48E-08 8.282-07 0.00+E00 9.01E-08 2.28E-05 0.00E+00 0.00E+00 
Sm-151 P 2.16E+00 2.67E+01 2.58E+04 5.86E+02 1.48E+03 8.55E+04 2.58E+04 
Sn-128 P 221E-03 2.72E-02 9.72E+00 1.50E+00 3.80E+00 7.83E+01 9.72E+00 
Sr-90 P 5.25E+02 8.16E+03 1.56E+06 6.87E+04 1.74E+05 4.03E206 1.56E+06 
Tc-99 P 8.07E-02 1.44E+00 2.67E+02 2.51 E+01 8.37E+01 1.51 E+03 2.87E+02 
Th-229 P 3.77E-08 8.09E-10 1.57E-02 4.93E-07 1.03E-05 9.31E-06 1.57E-02 
Th-230 P 3.27E-04 7.96E-08 1.08E-03 8.39E-06 1.75E-04 1.02E-03 1.08E-03 
Th-232 P 1.49E-10 1.99E-11 5.58E-03 4.58E-08 9.56E-07 1.21 E-07 5.56E-03 
U-232 P 4.47E-03 1.11E-04 0.OOE+00 4.23E-03 8.82E-02 0.00E+00 0.00O+00 
U-233 P 6.55E-05 1.18E-06 6.07E+00 1.70E-04 3.55E-03 5.71E-03 8.07E+00 
U-234 P 6.83E+00 1.17E-03 5.82E+00 5.70E-02 1.19E+00 4.85E+02 5.82E+00 
U-235 P 1.34E-01 8.48E-03 6.58E-01 5.12E-03 1.07E-01 1.85E+01 6.58E-01 
U-236 P 5.77E-01 3.95E-02 5.50E+00 7.81E-02 1.63E+00 7.02E+01 5.50E+00

Zr-I
c= ioer canlster!

Co-5o (cnr) I

p, 2.2213 1.U4IE-02
P 1.27E-02 1.40E-01 3.61E+01 3.72E+00 9.42E+00 2.10E+02 3.81E+01

1.56F+01 1 5.37h+ou 2.58E2+Z
4- . I F --

1.23•E•Z I .70 I 1.76t+Q3
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Fuel Data

Fe-55 (crud) I 9.85E+01 [ 4.01E+01 I 1.69E+03 [ 7.73E+02 I 4.85E+03 I 1.11}+04

U-23 5.l5E-W 9.65E-02 I 2.011E+00 I 3.82E+02 5.15E+00
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DOE SNF per Canister Source Term and Dose Calculations.xls

Release Fractions
I oial 

Release HEPA Filter 
Material Type ARF RF Fraction LPF

stable metal/ intact
G 0.3 1.0 3.OOE-01 1.0 
P 2.00E-04 4.00E-03 8.00E-07 3.00E-04 
C 2.OOE-04 1.0 2.00E-04 1.0 

stable metal/not intact 
G 0.3 1.0 0.3 1.0 
P 5.00E-03 0.4 2.OOE-03 3.00E-04 
C 5.00E-03 1.0 .5.00E-03 1.0 

non-metal/Intact 
G 0.3 1.0 0.3 1.0 
P 2.25E-04 1.0 2.25E-04 3.OOE-04 
C 2.25E-04 1.0 2.25E-04 1.0 

non-metal/not Intact 
G 0.3 1.0 0.3 1.0 
P 5.00E-03 0.4 2.OOE-03 3.00E-04 
C 5.00E-03 1.0 5.00E-03 1.0 

other/intact 
G 0.3 1.0 0.3 1.0 
P 1.OOE-03 1.0 1.00E-03 3.00E-04 
C 1.OOE-03 1.0 1.00E-03 1.0 

other/not intact 
G 0.3 1.0 0.3 1.0 
P 5.00E-03 0.4 2.OOE-03 3.00E-04 
C 5.00E-03 1.0 5.00E-03 1.0 

crud 
crud 1.0 0.3 3.00E-01 3.OOE-04 

SHIPPINGPORT PWR CORE II [193] 
non-metal 

intact 
Release Fractions Used In this Calculation 

G 0.3 1.0 0.3 1.0 
P 2.25E-04 1.00E+00 2.25E-04 3.00E-04 
C 2.25E-04 1.00E+00 2.25E-04 1.00E+00 

crud 1.0 0.3 0.3 3.00E-04 

breathing rate 3.33E-04 [mA3/s] 

gound level dispersion factor 
distance [m] x/Q [sec/mA3]_ 

5000 4.68E-05 199.5% worst-sector 

3.70E+12 unit conversion factor 
Sv/Bq to rerm/Cl
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DOE SNF per Canister Source Term and Dose Calculations.xls Inhalation DCFs

inhalation DCF$ [Sv/Bq] 
Isotopes gonads breast lungs. red marrow bone surface thyroid remainder effective, skin 

Ac-227 3.965E-04 6.66E-08 1.54E-03 2.57E-03 3.21 E-02 3.59E-08 1.47E-03 1.81 E-03 0.OOE+00 
Am-241 3.25E-05 Z67E-09 1.84E-05 1.74E-04 217E-03 1.60E-09 7.82E-05 1.20E-04 0.00E+00 
Am-242m 3.21E-05 1.38E-09 4.20E-06 1.69E-04 2.12E-03 5.64E-10 7.48E-05 1.15E-04 0.00E+00 
Am-243 3.26E-05 1.52E-08 1.78E-05 1.73E-04 2.17E-03 8.29E-09 7.74E-05 1.19E-04 0.004E00 
C-14 5.64E-10 5.642-10 5.64E-10 5.64E-10 5.64E-10 5.64E-10 5.64E-10 5.64E-10 0.00E+00 
Cd-113m 3.32E-08 3.32E-08 4.09E-07 3.32E-08 3.32E-08 3.32E-08 1.30E-06 4.13E-07 0.00E+00 
CI-36 5.04E-10 5.04E-10 4.56E-08 5.04E-10 5.04E-10 5.04E-10 5.36E-10 5.93E-09 0.00E+00 
Cm-242 5.70E-07 9.44E-10 1.55E-05 3.90E-06 4.87E-05 9.41E-10 2.45E-06 4.67E-06 0.00E+00 
Cm-243 2.07E-05 6.29E-09 1.945-05 1.18E-04 1.47E-03 3.83E-09 5.78E-05 8.30E-05 O.00E+00 
Cm-244 1.59E-05 1.04E-09 1.93E-05 9.38E-05 1.17E-03 1.01E-09 4.78E-05 8.70E-05 0.00E+00 
Cm-245 3.372-05 9.69E-09 1.801-05 1.79E-04 2.24E-03 3.68E-09 7.96E-05 123E-04 0.00E+00 
Cm-246 3.34E-05 4.002-09 1.82E-05 1.78E-04 2.22E-03 2.26E-09 7.94E-05 1.22E-04 0.00E+00 
Cm-247 3.07E-05 2.23E-08 1.67E-05 1.63E-04 2.04E-03 1.45E-08 7.30E-05 1.12E-04 0.00E+00 
Co-60 4.76E-09 1.84E-08 3.45E-07 1.72E-08 1.35E-08 1.62E-08 3.602-08 5.91E-08 O.OOE+00 
Cs-134 1.30E-08 1.08E-08 1.18E-08 1.18E-08 1.10E-08 1.11E-08 1.392-08 1.25E-08 0.001+00 
Cs-135 1.20E-09 1.20E-09 1.41E-09 1.20E-09 1.20E-09 1.20E-09 1.205-09 1.23E-09 0.00E+00 
Cs-137 8.76E-09 7.84E-09 8.82E-09 8.30E-09 7.94E-09 7.93E-09 9.12E-09 8.63E-09 O.OOE+00 
Eu-154 1.17E-08 1.55E-08 7.92E-08 1.06E-07 5.23E-07 7.14E-09 1.13E-07 7.73E-08 0.00E+00 
Eu-155 3.56E-10 6.14E-10 1.19E-08 1.43E-08 1.52E-07 2,40E-10 111E-08 1.12E-08 0.00E+00 
Fe-55 5.232-10 5.092-10 1.08E-09 5.17E-10 5.14E-10 5.42E-10 1.21E-09 7.26E-10 0.00E+00 
H-3 1.73E-11 1.73E-11 1.73E-11 1.73E-11 1.73E-11 1.73E-11 1.73E-11 1.73E-11 0.00E+00 
1-129 8.69E-11 2.09E-10 3.14E-10 1.40E-10 1.38E-10 1.56E-08 1.18E-10 4.69E-08 0.00E+00 
"Kr-85 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.002+00 0.00E+00 0.00E+00 0.00E+00 0.001E00 
Nb-93m 4.16E-10 4.36E-11 6.45E-08 2.85E-10 7.43E-10 3.04E-11 3.95E-10 7,90E-09 0.00E-00 
Nb-94 4.76E-09 2.24E-08 7.48E-07 2.26E-08 1.97E-08 2.22E-08 4.45E-08 1.12E-07 0.00E+00 
NI-59 3.595-10 3.46E-10 1.20E-09 3.54E-10 3.51E-10 3.77E-10 3.63E-10 3.58E-10 0.00E+00 
Ni-63 8.22E-10 8.22E-10 3.07E-09 8.22E-10 8.22E-10 8.22E-10 8.59E-10 8.39E-10 0.00E+00 
Np-237 2.96E-05 1.69E-08 1.51E-05 2.62E-04 3.27E-03 1.34E-08 2.34E-05 1.46E-04 0.00E+00 
Pa-231 6.90E-09 8.79E-09 7.47E-04 6.97E-04 8.70E-03 7.64E-09 2.87E-07 3.47E-04 0.00E+00 
Pb-210 3.18E-07 3.185-07 3.18E-07 3.75E-06 5.47E-05 3.18E-07 4.69E-06 3.87E-06 O.00E+00 
Pd-107 9.45E-13 9.45E-13 2.85E-08 5.11E-12 1.36E-11 9.45E-13 2.15E-10 3.45E-09 0.00E+00 
Pm-147 1.88E-14 3.60E-14 7.74E-08 8.16E-09 1.02E-07 1.98E-14 5.89E-09 1.06E-08 0.00E+00 
Pu-238 2.80E-05 1.OOE-09 3.20E-04 1.52E-04 1.902-03 9.62E-10 7.02E-05 1.06E-04 0.00E+00 
Pu-239 3.18E-05 9.22E-10 3.23E-04 1.69E-04 2.11E-03 9.035-10 7.56E-05 1.16E-04 0.00E+00 
Pu-240 3.18E-05 9.51E-10 3,23E-04 1.69E-04 2.11E-03 9.052-10 7.58E-05 1.16E-04 0.00E+00 
Pu-241 6.82E-07 3.06E-11 3.18E-08 3.36E-06 4.20E-05 1.24E-11 1.31E-06 2.23E-06 0.00E+00 
Pu-242 3.02E-05 9.45E-10 3.07E-04 1.61E-04 2.01E-03 8.79E-10 7.18E-05 1.11E-04 0.OOE+00 
Ra-226 1.02E-07 1.02E-07 1.61 E-05 6.64E-07 7.59E-06 1.02E-07 1.07E-07 2.32E-06 0.00E+00 
Ra-228 1.83E-07 1.84E-07 7.22E-06 7.38E-07 6.512-06 1.832-07 1.87E-07 1.29E-06 0.00E+00 
Ru-106 1.38E-08 1.37E-08 1.04E-06 1.37E-08 1.37E-08 1.37E-08 1.69E-08 1.29E-07 0.00E+00 
Sb-125 3.60E-10 4.16E-10 2.17E-08 6.49E-10 Z73E-09 3.24E-10 1.45E-09 3.30E-09 0.00E+00 
Se-79 6.79E-10 6.79E-10 9.81E-09 6.79E-10 6.79E-10 6.79E-10 4.24E-09 2.66E-09 0.00E+00 
Sm-147 0.00E+00 0.00E+00 7.52E-08 2.75E-05 3.44E-04 0.00E+00 1.89E-05 2.02E-05 0.00E+00 
Sm-151 4.03E-14 1.49E-13 3.26E-09 1.10E-08 1.38E-07 1.325-14 7.51E-09 8.10E-09 0.00E+00 
Sn-126 1.43E-08 1.41E-08 1.51E-07 5.62E-08 1.18E-07 1.31E-08 1.76E-08 2.69E-08 0.00E+00 
Sr-90 2.64&-09 2.64E-09 2.88E-06 3.36E-07 7.27E-07 2,64E-09 5.73E-09 3.51E-07 0.005+00 
Tc-99 4.52E-11 4.52E-11 1.67E-08 4.52E-1 I 4.52E-11 1.21E-09 6.26E-10 2.25E-09 0.00E+00 
Th-229 2.76E-06 2.76E-06 1.99E-03 1.15E-03 1.43E-02 2.78E-06 7.05E-06 5.80E-04 0.00E+00 
Th-230 4.08E-07 4.08E-07 3.00E-04 1.73E-04 2.16E-03 4.08E-07 1.05E-06 8.80E-05 0.00E+00 
Th-232 7.62E-07 7.72E-07 9.40E-04 8.93E-04 1.11E-02 7.44E-07 1.87E-06 4.43E-04 0.00E+00 
U-232 8.00E-08 8.06E-08 1.48E-03 4.068-06 6.42E-05 7.85E-08 3.11E-06 1.78E-04 0.00E+00 
U-233 2.54P 2.54E-08 3.04E-04 7.12E-07 1.12E-05 2.54E-08 9.40E-07 3.66E-05 0.00E+00 
U-234 2.50 2.50E-08 2.98E-04 6.98E-07 1.09E-05 2.50E-08 9.26E-07 3.58E-05 0.00E+00 
U-235 2.37E. 2.38E-08 276E-04 6.58E-07 1.01E-05 2.37E-08 8.59E-07 3.32E-05 O.00E+00 
U-238 2.37E-G8 2.37E-08 282E-04 6.60E-07 1.04E-05 2.37E-08 8.77E-07 3.39E-05 0.00E+00 
U-238 2.23E-08 2.23E-08 2.88E-04 6.58E-07 9.78E-06 2.22E-08 8.22E-07 3.20E-05 0.00E+00 
Zr-93 2.18E-1I 4.68E-1 1 8.72E-08 1.77E-07 2.18E-06 1.74E-11 1.73E-10 8.67E-08 0.00E+00 

0-G 4.76E-09 1.84E-08 3.45E-07 1.72E-08 1.355-08 1.62E-08 3.60E-08 5.91E-08 0.00E+00 
Fe-55 5.23E-10 5.09E-10 1.06E-09 5.17E-10 5.14E-10 5.425-10 1.21E-09 7.265E-10 0.00E+00
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DOE SNF per Canister Source Term and Dose Calculations.xis

1�

Air Submersion DCFs

gonads breas lungs red marrow bon es remainder effeCe
3.75E-1 7 4.45E- I I.38E-17 2.94E-1 I 1 .qtk-1U

Am-241 8.58E-16 1.07E-15 6.74E-16 5.21E-18 2.87E-15 7.83E-16 8.34E-16 8.18E-16 1.28E-15 
Am-242m 3.80E-17 6,01E-17 1.72E-17 1.72E-17 7.94E-17 2.95E-17 1.94E-17 3.17E-17 1.36E-16 
Am-243 2.19E-15 2.61E-15 1.92E-15 1.55E-15 7.47E-15 2.09E-15 1.799-15 218E-15 2.75E-15 
C-14 2.59E-19 3.52E-19 1.53E-19 1.21E-19 7.06E-19 2.19E-19 1.54E-19 2.24E-19 2.43E-16 
Cd-113m 7.17E-18 8.76E-18 5.93E-18 5.01E-18 2.10E-17 6.76E-18 5.63E-18 6.94E-18 8.48E-15 
CI-36 2.24E-17 2.66E-17 2.02E-17 1.81E-17 5.63E-17 2.19E-17 1.92E-17 2.23E-17 1.47E-14 
Cm-242 7.83E-18 1.48E-17 1.13E-18 1.89E-18 1.06E-17 4.91E-18 2.27E-18 5.69E-18 4.29E-17 
Cm-243 5.77E-15 6.68E-15 5.50E-15 5.O0E-15 1.50E-14 5.78E-15 5.19E-15 5.88E-15 *9.79E-15 
Cm-244 6.90E-18 1.33E-17 7.08E-19 1.46E-18 8.82E-18 4.19E-18 1.81E-18 4.91E-18 3.91E-17 
Cm-245 3.88E-15 4.55E-15 3.63E-15 3.17E-15 1.18E-14 3.84E-15 3.40E-15 3.96E-15 5.36E-15 
Cm-246 6.24E-18 1.20E-17 7.00E-19 1.35E-18 8.17E-18 3.82E-18 1.67E-18 4.48E-18 3.49E-17 
Cm-247 1.47E-14 1.68E-14 1.44E-14 1.38E-14 2.83E-14 1.49E-14 1.38E-14 1.50E-14 1.79E-14 
Co-60 1.23E-13 1.39E-13 1.24E-13 1.23E-13 1.78E-13 1.27E-13 1.20E-13 1.28E-13 1.45E-13 
Cs-134 7.40E-14 8.43E-14 7.37E-14 7.19E-14 1.20E-13 7.57E-14 7.08E-14 7.57E-14 9.452-14 
Cs-135 6.28E-19 8.23E-19 4.19E-19 3.34E-19 1.81E-18 5.50E-19 4.09E-19 5.65E-19 9.06E-18 
Cs-137 2.67E-14 3.05E-14 2.65E-14 2.58E-14 4.38E-14 273E-14 2.54E-14 2_73E-14 4.39E-14 
Eu-154 6.00E-14 6.81E-14 5.99E-14 5.87E-14 9.43E-14 6.15E-14 5.75E-14 8.14E-14 8.29E-14 
Eu-155 2.49E-15 2.95E-15 2.22E-15 1.85E-15 8.09E-15 2.41E-15 2.07E-15 2.49E-15 3.392-15 
Fe-55 0.00E+00 0.00E+00 0.OOE+00 0.00E+00 0.00E400 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
H-3 0.00E+00 0.00E+00 2.75E-18 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.31E-19 0.00E+00 
1-129 4.83E-16 8.88E-16 2.14E-18 1.64E-16 1.10E-15 3.86E-18 2.30E-16 3.80E-16 1.10E-15 
Kr-85 1.17E-16 1.34E-16 1.14E-16 1.09E-16 2.20E-18 1.18E-18 1.09E-16 1.19E-16 1.32E-14 
Nb-93m 6.33E-18 1.31E-17 2.55E-19 1.18E-18 6.92 -18 3.43e-18 1.38E-18 4.44E-18 4.28E-17 
Nb-94 7.54E-14 8.57E-14 7.51E-14 7.342-14 1.19E-13 7.72E-14 7.19E-14 7.70E-14 9.52E-14 
Ni-59 0.000E+0 0.00+E00 0.00E+00 0.00E+00 0.00E200 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Wi-63 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00+E00 0.00E+00 0.00E+00 0.00E+00 
Np-237 1.04E-15 1.26E-15 9.02E-18 7.69E-16 3.20E-15 9.94E-16 8.50E-16 1.03E-15 1.54E-15 
?a-231 1.71 -15 1.99E-15 1.629-15 1.52E-15 3.64E-15 1.70E-15 1.54E-15 1.72E-15 2.44E-15 
Pb-210 6.19E-17 8.18E-17 4.25E-17 3.14E-17 1.95E-16 5.42E-17 4.09E-17 5.64E-17 1.28E-18 
Pd-107 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.00E+00 0.00E+00 O.00E+00 
2m-147 7.48E-19 9.56E-19 5.45E-19 4.40E-19 2.18E-18 6.75E-19 5.26E-19 8.93E219 8.112-18 
Pu-238 8.56E-18 1.27E-17 1.06E-18 1.68E-18 9.302-18 4.01E-18 1.99E-18 4.88E-18 4.09E-17 
Pu-239 4.84E-18 7.55E-18 2.65E-18 Z67E-18 9.47E-18 3.882-18 2.86E-18 4.24E-18 1.882-17

5.34=-15
3.08E-16
0.00E+00
1.01r:-14
1.98E-14

3e-79 3.47E-19 4
0.00E+00

7.78E-15
1.74E-18
3.77E-15
1.80E-17

1.23E-17"

1.03E-17
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0.00E+00
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2.27E-14
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1.1
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7.22E-14
5.44E-18
1.05E-18
3.03E-15
1.22E-17

h-232 9.34E-18 1.368-17 6.37E-18 5.52E-18 
U-232 1.55E-17 2.32E-17 9.84E-18 8.99E-18 
U-233 1.691-17 2.22E-17 1.35E-17 1.24E-17

8.79E-18
7.05E-15
6.10E-18

1-238 4.39E
_r-93 0.00E.i
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8.11E-15
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ST Calc - no HEPAsDOE SNF per Canister Source Term and Dose Calculations.xls

Source Term Calculations I HEPA filters? no 
SHIPPINGPORT PWR CORE II [193] 1 
noin-metal intact I________________ Tota •.Jce Trm espiraoie aounce 

Curies (entire flnv = [C01 released to the Term [CI] released to 
Isotope fuel Intentory) l/nCan ARF RF LPF environment the environment 

Ac-227 1.24E-02 4.17E-02 2.25E-04 1.00E-00 1.00E+00 1.16E-07 1.16E-07 
Am-241 7.61E+04 4.17E-02 2.25E-04 1.00E+00 1.00E+00 7.14E-01 7.14E-01 
Anm-242m 1.18E+02 4.17E-02 2.25E-04 1.00E+O0 1.00E+00 1.11E-03 1.11E-03 
Anm-243 3.38E+02 4.17E-02 2.25E-04 1.00E+00 1.00E+00 3.17E-03 317E-03 
C-14 1.53E+00 4.17E-02 2.25E-04 1.00E+00 1.00E+00 1.44E-05 1.44E-05 
Cd-113m 0.00E+00 4.17E-02 2.25E-04 1.00E+00 1.00E+00 0.001+00 0.OOE+00 
31-3w 0.00E+00 4.17E-02 2.25E-04 1.00E+00 1.00E+00 0.00E+00 O.00E+00 
Cm-242 0.00E+00 4.17E-02 2.25E-04 1.00E+00 1.002+00 0.OOE+00 0.00E+00 
Cm-243 0.00E+00 4.17E-02 2.25E-04 1.00E+00 1.00OE+00 0.002+00 0.00+E00 
Cm-244 3.16E+04 4.17E-02 2.25E-04 1.00E+00 1.00E+00 2.96E-01 2,96E-01 
Cm-245 5.82E+00 4.17E-02 2.25E-04 1.00E+00 1.00E+00 5.45E-05 5.45E-05 
Cm-246 9.89E-01 4.17E-02 2.25E-04 1.00E+00 1.00E+00 9.28E-06 9.28E-06 
Cm-247 0.00E+00 4.17E-02 2.25E-04 "1.00E+00 1.00E+00 0.00E+00 0.00E+00 
Co-60 1.10E+04 4.17E-02 2.25E-04 1.00E+00 1.00E+00 1.04E-01 1.04E-01 
Cs-134 3.63E+03 4.17E-02 2.25E-04 1.00E+00 1.00E+00 3.40E-02 3.40E-02 
Cs-135 8.192+00 4.17E-02 2.252-04 1.00O+00 1.00E+00 5.80E-05 5.802-05 
Cs-137 207E+06 4.17E-02 2.25E-04 1.00E+00 1.00E+00 1.94E+01 1.94E+01 
Eu-154 0.00E+00 4.17E-02 225E-04 1.00E+00 1.00E+00 0.00E+00 0.00E+00 
Eu-155 0.00E+00 4.17E-02 225E-04 1.00E+00 1.00E+00 0.00E+00 0.00E+00 
Fe-55 0.00E+00 4.17E-02 225E-04 1.002+00 1.00E+00 0.00E+00 0.00E+00 
H-3 5.09E+03 4.17E-02 3.00E-01 1.00E+00 1.00E+00 6.37E+01 6.37E+01 
1-129 7.20E-01 4.17E-02 3.00E-01 1.00E+00 1.00E+00 9.00E-03 9.00E-03 
Kr-85 5.07E+04 4.17E-02 3.00E-01 1.00E+00 1.00E+00 8.34E+02 6.34E+02 
Nb-93m 5.72E+01 4.17E-02 2.25E-04 1.00E+00 1.00O+00 5.36E-04 5.38E-04 
Nb-94 0.00E+00 4.17E-02 2.25E-04 1.00E+00 1.00E+00 0.00E+00 0.00E+00 
NI-59 0.00E+00 4.17E-02 2.25E-04 1.00E+00 1.00E+00 0.00E+00 0.00E+00 
NW-63 8.04E+04 4.17E-02 2.25E-04 1.00E+00 1.00E+00 7.54E-01 7.54E-01 
Np-237 7.06E+00 4.17E-02 2.25E-04 1.00E+00 1.00E+00 6.62E-05 6.62E-05 
Pa-231 1.15E-02. 4.17E-02 2.25E-04 1.00E+00 1.00E+00 1.06E-07 1.08E-07 
Pb-210 2.71E-06 4.17E-02 2.25E-04 1.00E+00 1.00E+00 2.54E-11 254E-11 
Pd-107 1.95E+00 4.17E-02 2.25E-04 1.00E+00 1.00E+00 1.83E-05 1.83E-05 
Pm-147 0.00E+00 4.17E-02 2.25E-04 1.00E+00 1.00E+00 0.00E+00 0.00E+00 
Pu-238 8.02E+04 4.17E-02 2.25E-04 1.00E+00 1.00E+00 7.52E-01 7.52E-01 
Pu-239 7.55E+03 4.17E-02 225E-04 1.00E+00 1.00E+00 7.08E-02 7.08E-02 
Pu-240 1.13E+04 4.17E-02 2.25E-04 1.00E+00 1.00E+00 1.06E-01 1.06E-01 
Pu-241 1.57E+06 4.172-02 2.25E-04 1.00+E00 1.00E+00 1.47E+01 1.47E+01 
Pu-242 3.73E+01 4.17E-02 2.25E-04 1.00E+00 1.00E+00 3.49E-04 3.49E-04 
Ra-226 6.13E-06 4.17E-02 2.25E-04 1.00E+00 1.00E+00 5.75E-11 5.75E-11 
Ra-228 5.85E-02 4.17E-02 2.25E-04 1.00E+00 1.00E+00 5.49E-07 5.49E-07 
Ru-106 1.42E+01 4.17E-02 225E-04 1.00E+00 1.009+00 1.33E-04 1.33E-04 
Sb-125 0.00E+00 4.17E-02 2.25E-04 1.00E+00 1.00+E00 0.00E+00 0.00E+00 
Se-79 7.69E+00 4.17E-02 225E-04 1.00E+00 1.00E+00 7.21E-05 7.21E-05 
Sm-147 0.00E+00 4.17E-02 2.25E-04 1.00E+00 1.00E+00 0.00E+00 0.00E+00 
Sm-151 2.58E+04 4.17E-02 2.25E-04 1.00E+00 1.00E+00 242E-01 242E-01 
Sn-126 9.72E+00 4.17E-02 2 25E-04 1.00E+00 1.00E+00 9.11E-05 9.11E-05 
Sr-90 1.56E+06 4.17E-02 2.25E-04 1.00E+00 1.00E+00 1.40E+01 1.46E+01 
TC-99 2.67E+02 4.17E-02 2.25E-04 1.00E+00 1.00E+00 2.51E-03 2.51E-03 
Th-229 1.57E-02 4.17E-02 225E-04 1.00E+00 1.00E+00 1.47E-07 ___ 

Th-230 1.08E-03 4.17E-02 2.25E-04 1.00E+00 1.002+00 1.02E-08 
Th-232 5.56E-03 4.17E-02 225E-04 1.00E+00 1.VOE+00 5.21E-08 -L8 
U-232 0.00E+00 4.17E-02 2.25E-04 1.00E+00 1.002E00 0.00E+00 0.OOE+G0 
U-233 6.07E+00 4.17E-02 2.25E-04 1.00E+00 1.00E+00 5.69E-05 5.69E-05 
U-234 5.82E+00 4.17E-02 2.25E-04 1.00E+00 1.00E+00 5.45E-05 5.45E-05 
U-235 6.58E-01 4.17E-02 2.25E-04 1.00E+00 1.005+00 6.17E-06 6.17E-06 
U-236 5.50E+00 4.17E-02 2.25E-04 1.002+00 1.00E+00 5.162-05 5.16E-05 
U-238 5.152+00 4.172-02 2,252-04 t.00+00 1.002+00 4.83E-05 4.83E-05 
Zr-93 3.61E+01 4.172-02 2252-04 1.002+00 1.00E+00 3.38E-04 3.38E-04

icfuo (Dercanister)
Co-60 (cmdl I ÷ 1 2.68E+02 

t001 1.69E+03
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DOE SNF per Canister Source Term and Dose Calculations.xis ST Calc - HEPAs

SI•Jr'rA Term Cfl4ulationsl HI=PA ?IltSfI'S'fS

3POt PWR ORE l 11931 I I
Intact

-i 1 1- 1 r

IeotrIM Cudes lI/nCan ARF RF LPF
1 y1l l lll % I KewrUt Ie I..lll [CI] released to the Term [C0 released 

environment to the environment
Ac-227 1.24E-02 4.17E-02 2.25E-04 1.00E+00 3.00E-04 3.47E-1 I 3.47E-11 
Am-241 7.61E+04 4.17E-02 2.25E-04 1.00E+00 300E-04 2.14E-04 2.14E-04 
Am-242m 1.18E+02 4.17E-02 2.25E-04 1.00E+00 3.00E-04 332E-07 3.32r-07 
Am-243 3.38E+02 4.17E-02 2.25E-04 1.00+E00 3.OOE-04 9.50E-07 9.50E-07 
5-14 1.53E+00 4.17E-02 2.25E-04 1.00E+00 3.00E-04 4.31E-09 4.31E-09 
Cd-113m O.OOE+00 4.17E-02 2.25E-04 1.00E+00 3.00E-04 0.00+E00 0.00T+00 
CI-3M 0.OOE+00 4.17E-02 2.25E-04 1.00E+00 3.00E-04 0.00E+00 0.00E+00 
Cm-242 0.00E+00 4.17E-02 2.25E-04 1.00E+00 3.00E.04 0.00E+00 0.00E+00 
Cm-243 0.002E00 4.17E-02 2.25E-04 1.00E+00 3.00E-04 0.00E+00 0.00E+00 
Cm-244 3.16E+04 4.17E-02 2.25E-04 1.00E+00 3.OOE-04 8.892-05 8.892-05 
Cm-245 5.82E+00 4.17E-02 2.25E-04 1.00E+00 3.00E-04 1.842-08 1.642-08 
Cm-248 9.89E-01 4.17E-02 2.25E-04 1.00E+00 3.002-04 2.78E-09 2.78E-09 
Cm-247 0.00E+00 4.17E-02 2.25E-04 1.00E+00 3.00E-04 0.00E+00 0.00+E00 
C3-80 1.10E+04 4.17E-02 2.25E-04 1.00E+00 3.00E-04 3.11E-05 3.11E-05 
Cs-134 3.63E+03 4.17E-02 2.25E-04 1.OOE+00 1.00E+00 3.40E-02 3.40E-02 
Cs-1 6.19E+00 4.17E-02 2.25E-04 1.00E+00 1.00E+00 5.80E-05 5.80E-05 
Cs-137 2.072+06 4.17E-02 2.25E-04 1.00E+00 1.00E+00 1.94E+01 1.94E+01 
Eu-154 0.00E+00 4.17E-02 2.25E-04 1.00E+00 3.00E-04 0.00E+00 0.00E+00 
Eu-155 0.00E+00 4.17E-02 2.25E-04 1.00E+00 3.00E-04 0.00E+00 0.00E+00 
Fe-55 0.00E+00 4.17E-02 2.25E-04 1.00E+00 3.00E-04 0.00E+00 0.00E+00 
H-3 5.09E+03 4.17E-02 3.00E-01 1.00E+00 1.00E+00 6.37E+01 6.37E+01 
1-129 7.20E-01 4.17E-02 3.00E-01 1.00E+00 1.00E+00 9.00E-03 9.00-E03 
Kr-85 5.07E+04 4.17E-02 3.00E-01 1.00E+00 1.00E+00 6.34E+02 6.34E+02 
Nb-93m 5.72E+01 4.17E-02 2.25E-04 1.00E+00 .00E-04 1.61E-07 1.61E-07 
Nb-94 0.00E+00 4.172-02 2.25E-04 1.00E+00 3.00E-04 0.00E+00 0.00E+00 
Ni-59 0.00E+00 4.17E-02 2.25E-04 1.00E+00 3.00E-04 0.00E+00 0.00E+00 
NI-63 8.04E+04 4.17E-02 2.25E-04 1.00E+00 3.00E-04 2.26E-04 226E-04 
Np-237 7.06E+00 4.17E-02 2.25E-04 1.00E+00 3.00E-04 1.99E-08 1.99E-08 
Pa-231 1.15E-02 4.17E-02 2.25E-04 1.00E+00 3.00E04 3.23E-11 3.23E-11 
Ptb-210 2.71E-06 4.17E-02 2.25E-04 1.00E+00 3,00E-04 7.63E-15 7.63-E15 
Pd-107 1.95E+00 4.17E-02 Z25E-04 1.00E+00 3.00E-04 5.49E-09 5.49E-09 
Pm-147 0.00E+00 4.17E-02 2.25E-04 1.00E+00 3.00E-04 0.00E+00 0.00+E00 
Pu-238 8.02E+04 4.17E-02 2.25E-04 1.00E+00 3.00E-04 2.26E-04 2.26E-04 
Pu-239 7.55E+03 4.17E-02 2.25E-04 1.00E+00 3.00E-04 2.12E-05 2.12E-05 
Pu-240 1.13E+04 4.17E-02 2.25E-04 1.00E+00 3.00E-04 3.18E-05 3.18E-05 
Pu-241 1.57E+06 4.17E-02 2.25E-04 1.00E+00 3.002-04 4.41E-03 4.41E-03 
Pu-242 3.73E+01 4.17E-02 2.25E-04 1.00E+00 3.00E-04 1.05E-07 1.05E-07 
Ra-226 6.13E-06 4.17E-02 2.25E-04 1.00E+00 3.00E-04 1.72E-14 1.72E-14 
Ra-228 5.852-02 4.17E-02 2.25E-04 1.00E+00 3.002-04 1.65E-10 1.65E-10 
Ru-106 1.42E+-01 4.17E-02 2.25E-04 1.00E+00 3.00E-04 4.00E-08 4.00E-08 
Sb-125 0.00E+00 4.17E-02 2.25E-04 1.00E+00 3.00E-04 0.00E+00 0.002E+0 
Se-79 7.69E+00 4.17E-02 2.25E-04 1.00E+00 3.00E-04 2.16E-08 2.162-08 
Sm-147 0.00E+00 4.17E-02 2.25E-04 1.00E+00 3.00E-04 0.00f+00 0.00E400 
Sm-151 2.58E+04 4.17E-02 2.25E-04 1.00E+00 3.00E-04 7.25E-05 7.25E-05 
Sn-126 9.72E+00 4.17E-02 2.25E-04 1.00E+00 3.00E-04 2.73E-08 2.73E-08 
SIr--90 1.56E+06 4.17E-02 2.25E-04 1.00E+00 3.00E-04 4.37E-03 4.37E-03 
Tc-99 2.87E+02 4.17E-02 2.25E-04 1.00E+00 3.00E-04 7.52E-07 7.52E-07 
Th-229 1.57E-02 4.17E-02 2.25E-04 1.00E+00 3.00E-04 4.42E-11 4.42E-11 
Th-230 1.08E-03 4.17E-02 2.25E-04 1.00E+00 3.00E-04 3.05E-12 3.05E-12 
rh-232 5.56E-03 4.17E-02 2.25E-04 1.00+E00 3.00E-04 1.56E-11 1.56E-11 
U-232 0.00E+00 4.17E-02 2.25E-04 1.00E+00 3.00E-04 0.00E+00 0.002+00 
U-233 6.07E+00 4.17E-02 2.25E-04 1.00E+00 3.00E-04 1.71E-08 1.71E-08 
1U-234 5.82E+00 4.17E-02 2.25E-04 1.00E+00 3.00E-04 1.64E-08 1.64E-08 
1U-235 6.58E-01 4.17E-02 2.252-04 1.00E+00 3.00E-04 1.86E-09 1.85E-09 
U-238 5.50E+00 4.17E-02 2 25E-04 1.00E+00 3.006-04 1.55E-08 1.55E-08 
U-238 5.159+00 4.17E-02 2.25E-04 1.00E+00 3.00E-04 1.45E-08 1.452-08 
Zr-93 3.61E+01 4.17E-02 2.25-E04 1.00E+00 3.00E-04 1.02E-07 1.02E-07

crud IDer canlstarl
X4 8.04 
34 5.07
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DOE SNF per Canister Source Term and Dose Calculations.xls Inhalation Doses - no HEPAs

No HEPAs 

inhalation doses [rermi
lungs red

2.77E-06 I 3.25E-03

7.1 aE+OO

3.16E-02

2.14M-04 I .441=-1U

3.96E-01 1 1.51E-06

9. 5E-'UM 1 .21 -" 0 U.UU0e0
322E+00 4.94E+00 O.OOE+00 
4.77E-03 7.33E-03 O.OOE+00

4.68E-10 I 4.68E-10 I 4.68E-10 I 4.68E-10 I 4.68E-10 '4.6810 4.68E-10 I O.OO+00
Cd-113m O.OOE+00 0.00E+00 0.00+00 0.00E+00 0.00E+00 O.OOE00 O.OOE+00 O.OOE+00 O.OOE+00 
C1-36 O.OOE+00 O.OOE+00 O.OOE+00 0.00E+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 
Cm-242 O.OOE+00 O.OOE+00 0.00E+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE400 O.OOE+00 O.OOE+00 
Crn-243 O.OOE+00 0.002E+00 O.OOE+00 0.00E+00 O.OOE+00 O.OOE+00 0.00E+00 0.00E+00 0.00E+00 
Cm-244 2.72E-01 1.78E-05 3.30E-01 1.60E+00 2.00E+01 1.73E-05 8.17E-01 1.15E+00 O.OOE+00 
Cm-245 1.06E-04 2.10E-08 5.66E-05 5.63E-04 7.04E-03 1.16E-08 2.50E-04 3.87E-04 O.OOE+00 
Cm-248 1.79E-05 2.14E-09 9.73E-06 9.52E-05 1.19E-03 1.21E-09 4.25E-05 0.53E.05 O.OOE+00 
Cm-247 0.00E+00 O.OOE+00 O.OOE+00 0.00E+00 O.OOE+00 O.OOE+00 0.00E+00 O.OOE+00 O.OOE+00 
Co-60 2.84E-05 1.10E-04 2.06E-03 1.03E-04 8.06E-05 9.67E-05 2.15E-04 3.53E-04 O.OOE+00 
Cs-134 2.55E-05 2.12E-05 2.32E-05 2.32E-05 2.16E-05 2.18E-05 2.73E-05 2.45E-05 O.OOE+00 
Cs-135 4.01E-09 4.01E-09 4.72E-09 4.01E-09 4.01E-09 4.01E-09 4.01E-09 4.11E-09 O.OOE+00 
ff-137 9.80E-03 8.77E-03 9.86E-03 9.28E-03 8.88E-03 8.87E-03 1.02E-02 9.65E-03 O.OOE+00 
Eu-1 54 0.008+00 O.OOE+00 O.OOE+00 O.OOE+00 0.00E+00 O.OOE+00 0.00E+00 0.00E+00 O.OOE+00 
Eu-1 55 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.00E+00 O.OOE+00 
Fe-55 O.OOE+00 O.OOE+00 0.009+00 O.OOE+00 O.OOE+00 0.00E+00 O.OOE+00 0.00E+00 O.OOE+00 
H-3 6.35E-05 6.35E-05 8.35E-05 6.35E-05 6.35E-05 6.35E-05 8.35E-05 6.35E-05 O.OOE+00 
1-129 4.51E-08 1.08E-07 1.83E-07 7.27E-08 7.16E-08 8.10E-04 0.12E-08 2.43E-05 0.00E+00 
Kr-85 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.00E+00 O.OOE+00 
Nb-93m 1.29E-08 1.35E-09 1.99E-06 8.81E-09 2.30E-08 9.40E-10 1.22E-08 244E-07 0.OOE+00 
rb-94 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.00E+00 O.OE+00 
Ni-59 0.00E+00 0.00E+00 0.00E+00 O.OOE+00 O.OOE+00 O.OOE+00 0.00E+00 0.00E+00 0.00E+00 
MM 3.57E-05 3.57E-05 1.33E-04 3.572-05 3.57E-05 357E-05 3.73E-05 365E-05 O.OOE+00 
Np-237 1.13E-04 6.45E-08 6.15E-05 1.00E-03 1.25E-02 5.122-08 8.94E-05 5.582&04 O.OOE+00 
Pa-231 4.28E-11 5.45E-11 4.63E-06 4.32E-06 5.40E-05 4.74E-11 1.78E-09 2.15E-06 O.OOE+00 
Pb-210 4.66E-13 4.66E-13 4.66E-13 5.50E-12 8.02E-11 4.66E-13 6.88E-12 5.38E-12 O.OOE+00 
Pd-107 9.97E-13 9.97E-13 3.01E-08 5.39E-12 1.43E-11 9.97E-13 2.27E-10 3.64E-09 O.OOE+00 
Pm-147 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.002+00 
Pu-238 1.21E+00 4.34E-05 1.39E+01 8.59E+00 8.24E+01 4.17E-05 3.04E+00 4.60E+00 0.00E+00 
Pu-239 1.30E-01 3.76E-06 1.32E+00 8.90E-01 8.61E+00 3.69E-06 3.09E-01 4.74E-01 0.00E+00 
Pu-240 1.94E-01 5.81E-06 1.97E+00 1.03E+00 1.29E+01 5.53E-06 4.62E-01 7.09E-01 0.00E+00 
Pu-241 5.78E-01 2.60E-05 2.70E+00 285E+00 3.56E+01 1.05E-05 1.11E+00 1.89E+00 O.OOE+00 
Plu-242 6.09E-04 1.90E-08 6.19E-03 324E-03 4.05E-02 1.77E-08 1.45E-03 2.24E-03 O.OOE+00 
Ra-226 3.38E-13 3.38E-13 5.33E-11 2.20E-12 2.51E-11 3.38E-13 3.54E-13 7.69E-12 O.OOE+00 
Ra-228 5.79E-09 5.82E-09 2.29E-07 2.34E-08 2.06E-07 5.79E-09 5.92E-09 4.08E-08 0.00E+00 
Ru-106 1.06E-07 1.05E-07 7.99E-06 1.05E-07 1.05E-07 1.05E-07 1.30E-07 9.91E-07 O.OOE+00 
Sb-125 O.OOE+00 0.0E2+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 
Se-79 2.82E-09 282E-09 4.08E-08 2-82E-09 2.82E-09 2.82E-09 1.76E-08 1.11E-08 O.OOE+00 
;m-147 O.OOE+00 O.OOE+00 0.00E+00 0.005+00 0.00E+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 

Sm-151 5.81E-10 2-07E-09 4.54E-05 1.53E-04 1.92E-03 8 - 1.05E-04 1.13E-04 0.00E+00 
Sn-126 7.51E-08 7.41E-08 7.94E-07 2.95E-07 6.20E-07 6.88E-08 9.25E-08 1.41E-07 O.O0E+00 
Fr-0 2.22E-03 2.22E-03 2.40E+00 2.83E-01 6.11E-01 Z222E-03 4.82E-03 2.95E-01 O.OOE+00 
rc-99 6.53E-09 6.53E-09 241E-06 8.53E-09 6.53E-09 1.75E-07 9.05E-08 3.25E-07 O.OOE+00 
rh:-229 2.34E-08 2.34E-08 1.69E-05 9.77E-08 1.21E-04 234E-08 5.99E-08 4.93E-06 O.OOE+00 
rh-230 2.39E-10 2.39E-10 1.76E-07 1.01E-07 1.26E-06 239E-10 6.15E-10 5.15E-08 O.OOE+00 
Th-232 2.29E-09 2.32E-09 2.83E-06 269E-06 3.34E-05 2.24E-09 5.62E-09 1.33E-06 0.00E+00 
J-232 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.00U+00 O.OOE+00 O.OOE+00 O.OOE+00 0.00E+00 
L-233 8.33E-08 8.33E-08 9.97E-04 2.34E-06 3.67E-05 8.33E-08 3.08E-06 1.20E-04 O.OO+00 
I.-234 7.86E-08 7.86E-08 9.37E-04 219E-06 3.43E-05 7.86E-08 2.91E-08 1.13E-04 0.00E+00

9.81E-05 2.34E-07
1.96E-06

s.4b1-0a

3.59E-06
3.09E-05

1.602+00 7.972-02 6.26E-02
3.10E-02 I 1.51E-02 I 1.50E-02

8.43E-09 I 3.05E-07 I 1.18E-05 I O.OOE+00
2.61E-06 I 1.01E-04 I 0.00E+00
z.E-uu .M 1 8.91EO U.UUt'i.AJ

8E-09 1.69E-06 0.00E+00

0.00E+00

7.05E-08

1.58E-02

total 3.78E+00 [ 1.12E-01 I 2.50E+01 2.04E+01 2.50E+02 I 1.03E-01 9.20E+00 1
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Ar-227
Am-241
Arn-242m

gonads

1.34E+00

Arn-243

4.45L-1D 1.03E-05

C-14

1IO101=14 I75b71E-O1

4.68E-10

U-235 8.43E-09 8.46E-09

crud
co-o (cnud)

7.05E-08

8.53E-02
Fe-55 (crud)

2.21E-02
1.53E-02 1.49E-02

jmrw bone surc thyoi renainder Ieffectiv skin

=

9EZ EaM I OSE-02 3.59E-08 ý1 * 1 1ý3ý5&01"'01 6.58E-05
8.93E+01 I•.,•P_-O0

1.4!1E-02 2.17E.1=02 O.OOE_.00

0.65-'E+00tt,

I 1



DOE SNF per Canister Source Term and Dose Calculations.xls Air Submersion Doses - no HEPAs

SIrII'tIINGPIU I IPV/r V L' II 191il

non-metal ] intac
I 1NO Mt:P. I

gonads breast lung& red marrow bone surface tyod remainder effective skin 
Ac-227 7.52E-16 8.93E-16 6.78E-16 5.90E-16 2.08E-15 7.32E-16 6.38E-16 7.50E-16 6.59E-15 
Am-241 1.06E-07 1.32E-07 8.33E-08 6.44E-08 3.55E-07 9.67E-08 7.83E-08 1.01E-07 1.58E-07 
Am-242m 7.27E-12 1.15E-11 3.29E-12 3.29E-12 1.52E-11 5.65E-12 3.71E-12 6.07E-12 2.60E-11 
Am-243 1.20E-09 1,43E-09 17059--0 8.50E-10 4.09E-09 1.15E-09 9.81E-10 1.19E-09 1.51E-09 
C-14 6.45E-16 8.77E-16 3.81E-16 3.01E-18 1.76E-15 5.45E-18 3.83E-16 5.582-16 6.05E-13 
Cd-113m 0.00E+00 O.OOE+00 O.OOE+00 0.00E+00 0.00E+00 O.OOE+00 0.00E+00 0.OOE+00 0.OOE+00 
CI-36 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Cm-242 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.002+00 0.00E+00 .O.E+O0 0.00E+00 
Cm-243 0.00E+00 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.OOE+00 0.00E+00 
5:-244 3.54E-10 6.83E-10 3.63E-11 7.49E-11 4.53E-10 2.15E-10 9.29E-11 2.52E-10 2.01E-09 
Cm-245 3.66E-11 4.30E-11 3.43E-11 2.99E-11 1.I1E-10 3.63E-11 3.21E-11 3.74E-11 5.06E-11 
Cm-246 1.00E-14 1.93E-14 1.12E-15 2.17E-15 1.31E-14 6.14E-15 2.68E-15 7.16E-15 5.61E-14 
Cm-247 0.00E-00 0.00E+00 0.00E+00 0.00E+00 0.002E00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Co-60 2.21E-06 2.49E-06 2.22E-06 2.21E-06 3.19E-06 2.28E-06 2.15E-06 2.26E-06 2-60E-06 
Cs-134 4.36E-07 4.97E-07 4.34E-07 4.24E-07 7.07E-07 4.46E-07 4.16E-07 4.46E-07 5.57E-07 
CS-135 6.312-15 8.27E-15 4.21E-15 3.35E-15 1.82E-14 5.52E-15 4.11E-15 5.67E-15 9.10E-12 
Cs-137 8.96T-05 1.02E-04 8.90E-05 8.67E-05 1.47E-04 9.15E-05 8.52E-05 9.15E-05 1.47E-04 
Eu-1 54 0.00E+00 0. .00E+00 0.00E+00 0.002+00 0.000+00 0.002+00 0.002+00 0.00E+00 
Eu-155 0.00E+00 0.00E+00 0.00E00 0.00EU00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Fe-55 0.00E+00 0.002E00 0.00E+00 0.00E+00 0.00E+00 0.002+00 0.00E+O0 0.00E+00 0.00E+00 
H-3 0.00E+00 0.00E+00 3.03E-08 0.00E+00 0.00E+00, 0.00E+00 0.00E+00 3.65E-09 0.00E+00 
1-129 7.53E-10 1.04E-09 3.34E-10 2.56E-10 1.71E-09 6.02E-10 3.59E-10 5.92E-10 1.71E-09 
Kr-85 1.29E-05 1.47E-05 1.25E-05 1.20E-05 242E-05 1.30E-05 1.20E-05 1.31E-05 1.45E-03 
Nb-93m 5.88E-13 1.22E-12 2.37E-14 1.10E-13 6.42E-13 3.18E-13 1.26E-13 4.12E-13 3.97E-12 
W5b-94 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.002+00 0.002+00 0.000+00 0.00E+00 
Rq_- _ _ 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 
Ni-63 0.00E+00 0.00+E00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.002+00 0.00E+00 
Np-237 1.19E-11 1.452-11 103E9-11 8.82E-12 3.67E-11 1.14E-11 9.75E-12 1.18E-11 1.77E-11 
Pa-231 3.19E-14 3.71E-14 3.02E-14 2-83E-14 6.78E-14 3.17E-14 2.87E-14 3.20E-14 4.55E-14 
Pb-210 2.73E-19 3.60E-19 1.87E-19 1.38E-19 8.59E-19 2.392-19 1.80T-19 2.48E-19 5.64E-19 
Pd-107 0.00E+00 0.00E+00 0.00+E00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Pm-147 0.00+E00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00U+00 0.00+E00 
Pu-238 6.54E-10 1.65E-09 1.38E-10 2.19E-10 1.21E-09 5.22E-10 259E-10 6.35E-10 5.33E-09 
Pu-239 5.932-11 9.26E-11 3.25E-11 3.27E-11 1.16E-10 4.76E-11 3.51E-11 5.20E-11 2.28E-10 
Pu-240 1.17E-10 Z26E-10 Z00E-11 3.03E-11 1.70E-10 7.19E-11 3.60E-11 8.71E-11 7.19E-10 
Pu-241 1.83E-10 221E-10 1.85E-10 1.43E-10 5.58E-10 1.782-10 1.55E-10 1.85E-10 2.98E-10 
Pu-242 3.23E-13 6.23E-13 5.86E-14 8.65E-14 4.78E-13 2.01E-13 1.02E-13 243E-13 1.98E-12 
Ra-226 3.06E-18 3.52E-18 2932-18 269E-18 7.91E-18 3.07E-18 278E-18 3.13E-18 4.772-18 
Ra-228 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.002+00 0.00E+00 0.00E+00 
Ru-106 2.33E-10 2.68E-10 Z33E-10 Z25E-10 3.97E-10 2.38E-10 2.22E-10 Z40E-10 2.51E-09 
Sb-125 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.00E+00 0.00+E00 0.00E+00 0.00E+00 0.00E+00 
Se-79 4.33E-15 5.83E-15 263E-15 2.08E-15 1.20E-14 3.69E-15 2,62E-15 378E-15 4.63E-12 
Sm-147 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.00E+00 0.00E+00 0.00E+00 0.00E+00 
Sm-151 2.17E-12 3.68E-12 296E-13 4.73E-13 2.97E-12 1.50E-12 6.23E-13 1.51E-12 7.95E-12 
Sn-126 1.19E-09 1.36E-09 1.18E-09 1.14E-09 2.07E-09 1.21E-09 1.13E-09 1.22E-09 206E-09 
Sr-90 1.96E-08 2.40E-08 1.63E-08 1.37E-08 5.76E-08 1.85E-08 1.54E-08 1.90E-08 2U329-05 
Tc-99 7.55E-13 9.55E-13 5.60E-13 4.56E-13 224E-12 8.81E-13 5.38E-13 7.03E-13 1.1GE-09 
Th-229 9.61E-14 1.13E-13 8.93E-14 7.73E-14 2.93E-13 9.44E-14 8.34E-14 9.77E-14 1.38E-13 
Th-230 3.16E-17 4.18E-17 2.51E-17 2.15E-17 9.30E-17 2-87E-17 2.41E-17 3.06E-17 7.93E-17 
Th-232 8.432-17 1.23E-16 5.75 -17 4.98E-17 2.35E-18 7.13E-17 5.72E-17 7.87E-17 3.11E-16 
U-232 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
U-233 1.87E-13 2.192-13 1.33E-13 1.22E-13 4.06E-13 1.53E-13 1.29E-13 1.61E-13 4.50E-13 
U-234 8.30E-14 1.38E-13 4.14E-14 3.97E-14 1.88E-13 6.32E-14 4.53E-14 7.20E-14 4.01E-13 
U-235 7.53E-12 8.68E-12 7.21E-12 6.57E-12 1.96E-11 7.53E-12 6.80E-12 7.69E-12 9.22E-12 
U-238 5.45E-14 9.83E-14 1.95E-14 2.08E-14 1.06E-13 3.74E-14 2.41E-14 4.48E-14 3.19E-13 
U-238 3.67E-14 7.14-14 8.33E-15 1.04E-14 8.19E-14 2,272-14 1.28E-14 2852-14 2432-13 

Zr-93 0.00E+00 0.002+00 0.00E+00 0.002E00 0.00+E00 O.OOE+00 0.00E+00 0.002+00 0.002+0 

crud 

Co-60 (crud) 5.71E-03 6.45E-03 5.75E-03 5.71E-03 8.26E-03 5.89E-03 5.57E-03 5.85E-03 6.732-03 
Fe-55 (mid) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.002+00 

total 5.81E-03 6.57E-03 5.86E-03 5.81E-03 8.44E-03 6.00E-03 5.67E-03 5.95E-03 8.35E-03
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DOE SNF per Canister Source Term and Dose Calculations.xls Inhalation Doses - HEPAs

SHIPPINGPORT PWR COREII 1931 H EPA 
"non-metal intact 

in aio do re 

gonads breast lungs red marrow bone surface thyroid remainder effective skin 
Ac-227 7.93E-10 1.33E-13 3.09E-09 5.15E-09 6.43E-08 7.20E-14 2.95E-09 3.63E-09 0.00E+00 
Am-241 4.01E-04 3.30E-08 2.27E-04 2.15E-03 2.68E-02 1.97E-08 9.65E-04 1.48E-03 0.00E+00 
Am-242m 6.14E-07. 2.64E-11 8.03E-08 3.23E-06 4.05E-05 1.08E-11 1.43E-08 2.20E-06 0.00E+00 
Am-243 1.78E-06 8.32E-10 9.75E-07 9.47E-06 1.19E-04 4.54E-10 4.24E-06 6.52E-06 0.00E+00 
C-14 1.40E-13 1.40E-13 1.40E-13 1.40E-13 1.40E-13 1.40E-13. 1.40E-13 1.40E-13 0.00E+00 
Cd-113m 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 0.002E00 0.OOE+00 0.OOE+00 0.OOE+O0 0.OOE+00 
CI-36 0.00E+00 0.00E+00 0.00E+0 0.00E+00 0.002E00 0.00E÷00 0.00E+00 O.00E+O0 0.00E+00 
Cm-242 0.00E+00 0.00E+00 0.00E+00 . 0 0.002E00 0.002+00 O.00E+00 0.00E+00 0.00+E00 
Cm-243 0.00E+00 0.00E+00 0.OOE+00 0.00E+00 0.00E.00 0.00E+00 0.00E+00 0.00+E00 0.00E+00 
Cm-244 8.15E-05 5.33E-09 9.90E-05 4.81E-04 6.00E-03 5.18E-09 2.45E-04 3.449-04 0.00E+00 
Cm-245 3.18E-08 6.31E-12 1.70E-08 1.89E-07 2.11E-0W 3.47E-12 7.51E-08 1.16E-07 0.00E+00 
Cr-248 5.38E-09 6.42E-13 2.92E-09 2.88E-08 3.58E-07 3.63E-13 1.27E-08 1,96E-08 0.00E+00 
Cm-247 .E+00 0.00E+00 .+00 0.000+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Co-SO 8.53E-09 3.30E-08 8.18E-07 3.08E-08 2.42E-08 2.90E-08 6.45E-08 1.06E-07 0.00E+00 
Cs-134 255E-05 2.12E-05 2.32E-05 2.32E-05 2.18E-05 2.18E-05 2.73E-05 245E-05 0.00E+00 
Cs-135 4.01E-09 4.01E-09 4.72E-09 4.01 E-09 4.01E-09 4.01E-09 4.01E-09 4.112E-09 0.00E+00 
Cs-137 9.80E-03 8.77E-03 9.86E-03 9.28E-03 8.88&-03 8.87E-03 1.02E-02 9.65E-03 0.00E+00 
Eu-154 0.00+E00 0.00E+00 0.00+E00 0.0 0.+00 0.00E+00 +00 0.00E+00 0.00E+00 0.00E+00 
Eu-155 0.00E+00 0.00E+00 0.002+00 0.00E+00 0.002+00 0.00E+00 ..OOE-00 0.002+00 0.00E+00 
Fe-55 0.00E+00 0.002+00 0.002+00 0.00E+00 0.002+00 0.000+00 0.000+00 0.000+00 0.00 
H-3 6.35E-05 8.35E-05 6.35E-05 6.35E-05 6.35E-05 6.35E-05 6.35E-05 8.35E-05 0.00E+00 
1-129 4.51E-08 1.08E-07 1.63E-07 7.27E-08 7.18E-08 8.10E-04 8.12E-08 243E-05 0.00E+00 
Kr-85 0.002E+00 0.002+00 o.02+00 0.00E+00 0.00E+00 0.00E+00 0.002+00 0.00E+00 0.00E+00 
Nb-93m 3.86E-12 4.04E-13 5.98E-10 2.64E-12 6.89E-12 282E-13 3.68E-12 7.33E-11 0.00E+00 
Nb-94 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.002+00 
NI-59 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.00E+00 
NI.63 1.07E-08 1.07E-08 4.00E-08 1.07E-08 1.07E-08 1.07E-08 1.12E-08 1.09E-08 O.00E+00 
Np-237 3.39E-08 1.94E-11 1.84E-08 3.00E-07 3.75E-06 1.54E-11 2.68E-08 1.67E-07 0.00E+00 
Pa-231 1.28E-14 1.84E-14 1.39E-09 1.30E-09 1.62E-08 1.42E-14 5.34E-13 6.46E-10 0.00E+00 
Pb-210 1.40E-16 1.40E-16 1.40E-16 1.65E-15 2.41E-14 1.40E-16 2.06E-15 1.61E-15 0.00E+00 
Pd-107 2.99E-16 2.99E-16 9.02E-12 1.62E-15 4.30E-15 299E-16 6.80E-14 1.09E-12 0.00E+00 
Pm-147 0.00E+00 0.000+00 0.000+00 0.002+00 0.002+00 0.002+00 0.002400 0.00E+00 0.00E+00 
Pu-238 3.84E-04 1.30E-08 4.1BE-03 1.98E-03 2.47E-02 1.25E-08 9.13E-04 1.38E-03 0.00E+00 
Pu-239 3.90E-05 1.13E-09 3.96E-04 2.07E-04 2.58E-03 1.11E-09 9.26E-05 1.42E-04 0.00E+00 
Pu-240 5.83E-05 1.74E-09 5.92E-04 3.10E-04 3.87E-03 1.86E-09 1.39E-04 213E-04 O.00E+00 
Pu-241 1.74E-04 7.79E-09 8.02E-04 8.55E-04 1.07E-02 3.16E-09 3.33E-04 5.67E-04 O.00E+00 
Pu-242 1.83E-07 5.712-12 1.88E-08 9.73E-07 1.22E-05 5.31E-12 4.34E-07 6.71E-07 0.002E00 
Ra-226 1.01E-16 1.01E-16 1.60E-14 6.60E-16 7.54E-15 1.01E-16 1.06E-16 231E-15 O.00E+00 
Ra-228 1.74E-12 1.75E-12 8.88E-11 7.01E-12 6.18E-11 1.74E-12 1.78E-12 1.22E-11 0.00E+00 
Ru-106 3.18E-11 3.16E-11 2.40E-09 3.18E-11 3.18E-11 3.12E-11 3.89E-1I 2.97E-10 0.00E+00 
Sb-125 0.00E+00 0.00E+00 0.00E+00 .+00 .00E+00 0.00E+00 0.00F+00 O.00E+00 0.00E+00 
Se-79 8.47E-13 8.47E-13 1.22E-11 8.47E-13 8.47E-13 8.47E-13 5.29E-12 3.32E-12 0.00E+00 
Sm-147 0.00+E00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Sm-151 1.68E-13 6.22E-13 1.36E-08 4.60E-08 5.77E-07 5.51E-14 3.14E-08 3.38E-08 0.00E+00 
Sn-126 2.25E-11 222E-11 2.38E-10 8.88E-11 1.86E-10 206E-11 2.78E-11 4.24E-11 0.00E+00 
Sr-0 6.66E-07 6.66E-07 7.21E-04 8.48E-05 1.83E-04 6.66E-07 1.45E-06 8.85E-05 0.00E+00 
Tc-99 1.96E-12 1.96E-12 7.242-10 1.96E-12 1.96E-12 5.25E-11 2.71E-11 9.76E-11 0.00E+00 
Th-229 7.03E-12 7.03E-12 5.07E-09 2.93E-09 3.64E-08 7.03E-12 1.80E-11 1.48E-09 0.00E+00 
Th-230 7.17E-14 7.17E-14 5.27E-11 3.04E-11 3.79E-10 7.17E-14 1.84E-13 1.55E-11 0.OOE+00 
TIh-232 6.87E-13 6.96E-13 8.48E-10 8.06E-10 1.00E-08 6.71E-13 1.69E-12 4.00 E-10 0.00E+00 
U-232 0.00t+00 0.00E+00 0.002+00 0.002+00 0.002+00 0.000+00 0.002+00 0.002+00 0.00E+00 
U-233 2.50E-11 2.50E-11 2.99E-07 7.01E-10 1.10E-08 2.50E-11 9.25E-10 3.60E-08 0.00E+00 
U-234 2.36E-1 236E-1 1 2.81E-07 8.582-10 1.032-08 2382-11 8.732-10 3.38E-08 0.00E+00 

U-235 2-53E-12 2.54E-12 2.94E-08 7.02E-11 1.08E-09 2.53E-12 9.16E-11 3.54E-09 0.00E+00 
U-236 2-12E-11 2.12E-11 2.52E-07 5.89E-10 9.28E-09 2.12E-11 7.83E-10 3.03E-08 0.00E+00 
U-238 1.86E-11 1.86E-11 2.22E-07 5.50E-10 8.17E-09 1.85E-11 6.87E-10 2.67E-08 0.00E+00 
Zr-93 1.28E-13 274E-13 5.11E-10 1.04E-09 1.28E-08 1.022-13 1.01E-12 5.08E-10 0.00E+00 

crud _ _ _ _ _ _ _ _ _ _ _ _ 

Co-60 (crd) 6.62E-06 256E-05 4.80E-04 239E-05 1.88E-05 2.25E-05 5.01E-05 8.22E-05 0.00E+00 
Fe-55 (=d) 4.59E-08 4.46E-06 9.30E-06 4.53E-06 4.51E-06 4.75E-06 1.06E-05 6.37E-06 0.00E+00 

total 1.10E-02 8.88E-03 1.75E-02 1.55E-02 18.40-02 9.79E-03 1.30E-02 1.41E-02 0.00E+00
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DOE SNF per Canister Source Term and Dose Calculations.xls

non-netal

Air Submersion Doses - HEPAs

I HEPAs _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

air su inersion oases rernl
gonads breast lungs red marrow bone surface troid remainder effective skin 

A.c-227 2.26E-19 2-08E-19 2.03E-19 1.77E-19 8.23E-19 _20E-19 1.92E-19 2.25E-19 1.GSE-18 
TAm-241 3.18E-11 3.97E-11 2.50E-11 1.93E-11 1.06E-10 2.90E-1I 2.35E-11 3.03E-11 4.74E-11 
IAM-242m 2.18E-15 3.45E-15 9.87E-16 9.87E-16 4.56E-15 1.69E-15 1.11E-15 1.82E-15 7.81E-15 
Am-243 3.60E-13 4.29E-13 3.16E.13 2.55E-13 1.23E-12 3.44E-13 2.94E-13 3.58E-13 4.52E-13 
C-14 1.93E-19 2.63E-19 1.14E-19 9.04E-20 5.27E-19 1.64E-19 1.15E-19 1.67E-19 1.82E-16 
Cd-113m 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 O.OOE+00 0.00E+00 O.OOE+00 0.00E+00 0.OOE+00 
Ct-36 0.00E+00 0.00E+00 0.00E+O0 0.00E000 0.00+000 0.00+0 0.00+00 0.00E+00 
Cm-242 0.002E00 0.00E+00 0.00E+00 0.00E+00 0.00+E00 0.00E+00 0.00E+00 0.00E÷00 0.00E+00 
Cm-243 0.00E+00 0.00E+00 0.00+E00 0.00+E00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Cm-244 1.06E-13 2.05E-13 1.09E-14 2,25E-14 1.36E-13 6.45E-14 Z79E-14 7.56E-14 6.02E-13 
Cm-245 1.10E-14 1.29E-14 1.03E-14 8.98E-15 3.34E-14 1.09E-14 9.63E-15 1.12E-14 1.52E-14 
Cm-248 3.01E-18 5.78E-18 3.37E-19 6.51E-19 3.94E-18 1.84E-18 8.05E-19 215E-18 1.68E-17 
Cm-247 0.00E÷00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00+E00 
Co-60 6.62E-10 7.48E-10 6.67F-10 6.62E-10 9.58E-10 6.83E-10 6.48E-10 8.78E-10 7.80E-10 
Cs-134 4.36E-07 4.97E-07 4.34E-07 4.24E-07 7.07E-07 4.46E-07 4.16E-07 4.46E-07 5.57E-07 
CS-135 6.31E-15 8.27E-15 4.21E-15 3.35E-15 1.822-14 5.52E-15 4.11E-15 5.67E-15 9.10E-12 

Cs-137 8.96E-05 1.02E-04 8.90E-05 8.67E-05 1.47E-04 9.15E-05 8.52E-05 9.152-05 1,472-04 
Eu-154 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Eu-155 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 

-55 0.000E.+00 0.002+00 0..0E+00 0.002+00 0.002+00 0.000+00 0.000+00 0.00E+00 
H-3 0.00EO00 0.00E+00 3.03E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.65E-09 0.002E00 
1-129 7.53E-10 1.04E-09 3.34E-10 2.56E-10 1.71E-09 6.02E-10 3.59E-10 5.92E-10 1.71E-09 
Kr-85 1.29E-05 1.47E-05 1.25E-05 1.20E-05 242E-05 1.30E-05 1.20E-05 1.31E-05 1.45E-03 
Nb-93m 1.76E-16 3.65E-16 7.10E-18 3.29E-17 1.93E-16 9.55E-17 3.79E-17 1.24E-16 1.192-15 
Nb-94 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Ni-59 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
NiW63 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00+E00 
Np-237 3.58E-15 4.34E-15 3.10E-15 2.65E-15 1.10E-14 3.42E-15 2.92E-15 3.54E-15 5.30E-15 
Pa-231 9.56E18 1.11E-17 9.05E-18 8.492-18 203E-17 9.502-lB 8.81E-18 9.61E-18 1.38E-17 
Pb-210 8.18E-23 1.08E-22 5.61E-23 4.15E-23 258E-22 7.16E-23 5.40E-23 7.45E-23 1.89E-22 
Pd-107 0.00+E00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Pm-147 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Pu-238 2.56E-13 4.96E-13 4.14E-14 6.56E-14 3.63E-13 1.57E-13 7.77E-14 1.91E-13 1,60E-12 
Pu-239 1.78E-14 2.78E-14 9.75E-15 9.82E-15 3.48E-14 1.43E-14 1.05E-14 1.56E-14 6.84E-14 
Pu-240 3.50E-14 6.77E-14 6.00E-15 9.08E-15 5.10E-14 216E-14 1.08E-14 2-61E-14 2.16E-13 
Pu-241 5.49E-14 6.63E-14 4.95E-14 4.30E-14 1.67E-13 5.33E-14 4.65E-14 5.54E-14 8.94E-14 
Pu-242 9.69E-17 1.87E-18 1.76E-17 260E-17 1.43E-18 6.03E-17 3.05E-17 7.28E-17' 5.94E-1B 
Ra-226 9.19E-22 1.06E-21 8.80E-22 8.06E-22 237E-21 9.22E-22 8.33E-22 9.40E-22 1.43E-21 
Ra-228 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 
Ru-106 6.99E-14 8.03E-14 8.9GE-14 6.75E-14 1.19E-13 7.13E-14 6.66E-14 7.20E-14 7.54E-13 
Sb-125 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Se-79 1.30E-18 1.75E-18 7.90E-19 6.25E-19 3.59E-18 1.11E-18 7.86E-19 1.13E-18 1.39E-15 
Sm-147 0.00E+00 0.00E+00 0.002E00 0.00E+00 0.00E+00 0.002E00 0.002+00 O.00E+00 0.00E+00 
Sm-151 6.52E-16 1.10E-15 8.88E-17 1.42E-16 8.90E-16 4.49E-16 1.87E-16 4.53E-16 2.38E-15 
Sn-126 3.57E-13 4.08E-13 3.54E-13 3.42E-13 6.20E-13 3.64E-13 3.38E-13 3.65E-13 6.18E-13 
Sr-90 5.89E-12 7.19E-12 4.88E-12 4.12E-12 1.73E-11 5.55E-12 4.63E-12 5.70E-12 6.97E-09 
Tc-99 227E-18 286E-16 1.68E-16 1.37E-16 6.732-16 2.04 1.61-16 211-16 3.572-13 
Th-229 2,88E-17 3.38E-17 2.68E-17 232E-17 8.80E-17 283E-17 2.50E-17 293E-17 4.14E-17 
Th-230 9.49E-21 1.26E-20 7.54E-21 6.44E-21 2.79E-20 8.60E-21 7.23E-21 9.18E-21 2.38E-20 
Th-232 2.53E-20 3.68E-20 1.73E-20 1 50E.20 7.04E-20 2.14E-20 1.72E-20 2.36E-20 9.32E-20 
U-232 0.00E+00 0.00E+00 0.002+0 2 K0_ S-0 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
U-233 5.00E-17 6.56E-17 3.99E-17 3.67E-17 1.22E-16 4.58E-17 3.87E-17 4.82E-17 1.35E-18 
U-234 2.49E-17 4.08E-17 1.24E-17 1.19E-17 5.64E-17 1.89E-17 1.36E-17 ZlE-17 1.20E-16 
U-235 2.26E-15 2.60E-15 2.16E-15 1.97E-15 5.89E-15 2_26E-15 204E-15 2-31E-15 2.77E-15 
U-236 1.63E-17 Z95E-17 5.84E-18 6.25E-18 3.19E-17 1.12E-17 7.24E-18 1.34E-17 9.57E-17 
U-238 1.10E-17 2.14E-17 Z50E-18 3.11E-18 1.86E-17 0.82E-18 3.79E-18 8.56E-18 7.30E-17 
Zr-93 0.OOE+00 O.00+E00 O.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 

crud 

Co-60 (crud) 1.71E-06 1.945-06 1.73E-06 1.71 E-06 248E-06 1.77E-06 1.67E-06 1.75E-06 2.02E-06 
Fe-65 (crud) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 

total 1.05E-04 1.19E-04 1.04E-04 1.01E-04 1.75E-04 1.07E-04 9.92E-05 1.07E-04 1.60E-03
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DOE SNF per Canister Source Term and Dose Calculations.xls

SHIPPINGPORT PWR CORE II f1931 non-metal intact No HEPAs
Air 

Inhalation Submersion 
Dose @ Dose Term Dose @ Dose Term 
5000 m for 5000 in for Dose Term for 

[rem] Regulation [rem] Regulation Regulation 
Gonad 3.78E+00 5.81E-03 
Breast 1.12E-01 6.57E-03 
Lung 2.50E+01 5.86E-03 
R Marrow 2.04E+01 5.81 E-03 
B Surface 2.50E+02 <CDE 8.44E-03 
Thyroid 1.03E-01 6.00E-03 
Remainder 9.20E+00 5.67E-03 
Whole Body 1.44E+01 <CEDE 5.95E-03 <DDE 1.44E+01 <'rEDE=CEDE+DDE 
Skin 0.00E+00 <SKIN 8.35E-03 <SKIN 8.35E-03 <SKIN 
Eye Lens N/A <EYE N/A <EYE N/A <EYE 

2.50E+02 <CDE + DDE 

SHIPPINGPORT PWR CORE II [193 non-metal Intact HEPAs 

Inhalation Submersion 
Dose @ Dose Term Dose C Dose Term Dose for 
5000 m for 5000 m for Regulation Dose Term for 

[rem] Regulation [rem] Regulation [rem] Regulation 
Gonad 1.10E-02 1.05E-04 
Breast 8.88E-03 1.19E-04 
Lung 71.75E-02 1.04E-04 
R Marrow 1.55E-02 1.01E-04 
B Surface 8.40E-02 <CDE 1.75E-04 
Thyroid 9.79E-03 1.07E-04 
Remainder 1.30E-02 9.92E-05 
Whole Body 1.41E-02 <CEDE 1.07E-04 <DDE 1.42E-02 <TEDE=CEDE+DDE 
Skin 0.OOE+00 <SKIN 1.60E-03 <SKIN 1.60E-03 <SKIN 
Eye Lens N/A <EYE N/A <EYE N/A <EYE 

I _ _ 8.41E-02 <CDE + DDE
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DOE SNF per Canister Source Term and Dose Calculations.xls

crud 
Co-60 (crud) 
Fe-55 (crud)

crud 
crud 

total

2.80E-01 
2.12E-02 

1.44E+01

6.84E-02 
1.50E-02 

250E+02

SHIPPINGPORT PWR CORE II [193] non-metal 
offite doses with no HEPAs [rem] 

bone surface 
isotope material type TEDE CDE + DDE 
Ac-227 P 1.21E-05 2.14E-04 
Am-241 P 4.94E÷00 8.93E+01 
Am-242m P 7.33E-03 1.35E-01 
Awn-243 P 2.17E-02 3.96E-01 
C-14 P 4.68E-10 4.68E-10 
Cd-i 13m P 0.OOE+00 0.00E+00 
CI-36 P 0.00E+00 0.OOE+00 
Cm-242 P 0.OOE+00 0.00E+00 
Cm-243 P 0.00E+00 0.00E-00 
Cm-244 P 1.15E+00 Z00E+01 
Cm-245 P 3.87E-04 7.04E-03 
Cm-248 P 6.53E-05 1.19E-03 
Cm-247 P 0.OOE+00 0.00+E00 
Co-80 P 3.56E-04 8.29E-05 
Cs-134 C 2.50E-05 2.20E-05 
Cs-135 C 4.11E-09 4.01E-09 
Cs-137 C 9.74E-03 8.97E-03 
Eu-154 P O.OOE+00 0.00E+00 
Eu-155 P 0.00E+00 0.00E+00 
Fe-55 P 0.00E+00 0.00E+00 
H-3 G 6.35E-05 6.35E-05 
1.129 G Z43E-05 7.22E-08 
Kr-85 G 1.31E-05 1.31E-05 
Nb-93m P 2.44E-07 2.30E-08 
Nb-94 P 0.00E+00 0.00E+00 
Ni-59 P 0.00E+00 0.00E+00 
Ni-63 P 3.65E-05 3.57E-05 
Np-237 P 5.58E-04 1.25E-02 
Pa-231 P 215E-06 5.40E-05 
Pb-2110 P 5.38E-12 8.02E-11 
Pd-107 P 3.64E-09 1.43E-11 
Pm-147 P 0.00+E00 0.OOE+00 
Pu-238 P 4.60E+00 8.24E+01 
Pu-239 P 4.74E-01 8.81E+00 
Pu-240 P 7.09E-01 1.29E+01 
Pu-241 P 1,89E+00 3.56E+01 
Pu-242 P 224E-03 4.06E-02 
Ra-226 P 7.89E-12 2.51E-11 
Ra-228 P 4.08E-08 2.06E-07 
Ru-106 P 9.911E-07 I.05E-07 
Sb-125 P 0.00E+00 0.00E+00 
Se-79 P 1.1iE-08 2.825-09 
Sm-147 P 0.00E+00 0.00E+00 
Sm-151 P 1.13E-04 1.92E-03 
Sn-i 26 P 1.43E-07 6.21E-07 
Sr-90 P 2-95E-01 6.11E-01 
Tc-99 P 3.25E-07 6.53E-09 
Th-229 P 4.93E-06 1.21E-04 
Th-230 P 5.1SE-08 1.28E-06 
Th-232 P 1.33E-06 3.34E-05 
U-232 P 0.00E+00 0.002+00 
U-233 P 1.20E-04 3.67E-05 
U-234 P 1.13E-04 3.43E-05 
U-235 P 1.18E-05 3.59E-06 
U-236 P 1.OIE-04 3.09E-05 
UL-238 P 8.91E-05 2.72E-05 
Zr-93 P 1.69E-06 4.25E-05

8.40E-05 
6.37E-06 

1.42E-02

2.05E-05 
4.51E-06 

8.41E-02

V-13

TEDE & CDE+DDE

intact 
offsito doses with HEPAs [remj 

bone surface CDE 
TEDE + DDE 

3.63E-09 8.43E-08 
1.48E-03 2.68E-02 
2.20E-06 4.05E-05 
6.52E-06 1.19E-.04 
1.40E-13 1.40E-13 

0.00E+00 O.OE+00 
0.00E+00 0.00E+00 
0.00E+00 0.00E+00 
0.00E+00 0.00E+00 
3.44E-04 6.00E-03 
1.16E-07 Z11E-06 
1.98E-08 3.58E-07 

0.00E+00 0.004E00 
1.07E-07 2.49E-08 
2.50E-05 2.20E-05 
4.11 E-09 4.01E-09 
9.74E-03 8.97E-03 
.00'E+00 0.00E+00 

0.00E+00 0.OOE+00 
0.00E+00 0.00E400 
6.35E-05 6.35E-05 
2.43E-05 7.22E-08 
1.31E-05 1.31E-05 
7.33E-1I 6.89E-12 
0.OOE+00 0.00E+00 
O.OOE+00 0.00E+00 
1.09E-08 1.07E.08 
1.67E-07 3.75E-06 
6.46E-10 1.62E-08 
1.61 E-15 2.41 E-14 
1.09E-12 4.30E-15 
0.00E+00 0.00E+00 
1.38E-03 2.47E-02 
1.42E-04 2.58E-03 
2.13E-04 3.87E-03 
5.67E-04 1.07E-02 
6.71E-07 1.22E-05 
2.31 E-15 7.54E-15 
1.22E-11 6.18E-11 
2.97E-10 3.16E-11 
0.00E+00 0.00E+00 
3.32E-12 8.47E-13 
0.00E+00 O.OOE+00 
3.38E-08 5.77E-07 
4.28E-1I 1.86E-10 
8.85E-05 1.83E-04 
9.76E-11 1.98E-12 
1.48E-09 3.64E-08 
1.55E-11 3.79E-10 
4.00E-10 1.00E-08 
0.00E+00 O.OOE+00 
3.60E-08 1.10E-08 
3.38E-08 1.03E-08 
3.54E-09 1.08E-09 
3.03E-08 9.28E-09 
267E-08 8.17E-09 
5.08E-10 1.28E-08
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SHIPPINGPORT PWR CORE II [193] non-metal intact

TEDE (no HEPAs) 
material type 

G 
P 
C 

crud 

TEDE (HEPAs) 
material type 

G 
P 
C 

crud

subtotal (rem] 
1.01 E-04 
1.41 E+01 
9.77E-03 
3.01E-01 

Dtal 1.44E+01 

subtotal [rem] 
1.011E-04 
4.22E-03 
9.77E-03 
9.03E-05 

otal 1.42E-02

bone surface CDE + DOE (no HEPAs) 
material type subtotal [rem] 

G 7.OGE-05 
P 2.50E+02 
C 8.99E-03 

crud 8.35E-02 
total 250E+02 

bone surface CDE + DDE (HEPAs) 
material type subtotal (rem] 

G 7.87E-05 
P 7.50E-02 
C 8.99E-03 

crud 2.50E-05 
total 8.41 E-02

CAL-WPS-SE-000004 REV 00

Importance

fractio of total 
7.02E-06 
9.78E-01 
6.79E.04 
2,09E-02 
1.D0E+00 

fraction of total [ 
7.12E-03 
2-98E-01 
8.89E-01 
6.37E-03 
1.00E+00 

fraction of total [-J 
3.07E-07 
1.00E+00 
3.60E-05 
3.34E-04 
1.OOE+00 

fraction of total H 
9.12E-04 
8.92E-01 
1.07E-01 
2.98E-04 
1.00E+00
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Calculations for Saxton (MOX) [787] DOE SNF
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DOE SNF per Canister Source Term and Dose Calculations.xls

evaluated fuelI Nuet type IStable Metal I
I x i evaluated fue 

Snon-meta non-netal other other non-metal
intact~ I notI• intc III ILI I intact Inot intact, II1 intac I I noritc ot Intac 

HWCTR ALUM CLAD PWR CORE 11 SAXTON METAL) LEU N REACTOR SAXTON (MOX) 
fuel name (U/TH) [112] SNF [411] [193] (MOX) V87] [64] [147] [787] 
#of canisters 0.17 1.00 24.00 1.00 10.50 194.95 1.00 

Isotopes matedal type Curies (entire fuel Inventory) Curies 
Ac-227 P 9.27E-09 2.81 E-07 1.24E-02 1.33E-05 3.38E-05 1.03E-02 1.33E-05 
Am-241 P 1.22E-01 2.51E+01 7.61E+04 6.45E+03 1.83E+04 2.80E+05 a.45E+03 
Am-242m P 8.67E-05 9.69E-03 1.18E+02 1.07E+01 2.71E+01 7.96E+00 1.07E+01 
Am-243 P 285E-04 2.40E-02 3.38E+02 2.83E+01 7.18E+01 4.10E+01 2.83E+01 
C-14 P 1.09E-06 1.17E-05 1.53E+00 1.81E+00 4.59E+00 3.63E+02 1.81E+00 
Cd-113m P 6.32E-02 7.25E-01 0.00E+00 2.59E+01 6.56E+01 0.OOE+00 2-59E+01 
CI-36 P 2.51E-30 0.00E+00 0.00E+00 2-35E-02 5.96E-02 0.00E+00 2.35E-02 
Cm-242 P 2.62E-04 8.00E-03 0.00E+00 8.79E+00 223E+01 0.00E+00 8.79E+00 
Cm-243 P 4.52E-05 3.299-03 0.00E+00 1.60E+01 4.06E+01 O.00E+00 1.60E+01 
Cm-244 P 9.94E-03 4.27E-01 3.16E+04 9.29E+02 236E+03 2+03 9.29E+02 
Cm-245 P 5.84E-07 1.33E-05 5.82E+00 2.12E-01 5.37E-01 5.13E-01 2.12E-01 
Cm-246 P 3.99E-08 9.63E-07 9.89E-01 4.28E-02 1.08E-01 6.79E-02 4.28E-02 
Cm-247 P 4.17E-14 0.00E+00 1.12E-07 2.83E-07 1.12E-07 
Co-60 P 7.30E-03 1.81E209 1.10E+04 2.122+01 5.38E+01 4.75E+02 2.12E+01 
Cs-134 C 9.30T+01 2.05E+02 3.63E+03 1.24E+01 3.13E+01 1.63E+02 1.24E+01 
Cs-135 C 6.58E-04 1.24E-02 6.19E+00 6.65E-01 1.69E+00 4.00E+01 6.85E-01 
Cs-137 C 5.49E+02 8.60E+03 207E+06 1.00E+05 2.53E+05 5.34E206 1.00E+05 
Eu-154 P 1.57E+01 9.08E+01 0.00E+00 1.84E+03 4.87E+03 0.00÷+00 1.84E+03 
Eu-155 P 7.47E+00 281E+01 0.00+E00 1.92E+02 4.86E+02 0.00E+00 1.92E+02 
Fe-55 P 1.29E+00 0.00E+00 0.00E+00 1.76E-01 4.45E-01 0.00E+00 1.76E-01 
H-3 G 2.02E+00 2.81E+01 5.09E+03 2.92E+02 7.41E+02 1.03E+04 2.92E+02 
1-129 G 1.44E-04 2.54E-03 7.20E-01 6.09E-02 1.54E-01 3.29E+00 6.09E-02 
Kr-85 G 5.46E+01 6.45E+02 5.07E+04 2.59E+03 8.56E+03 1.53E+05 2.59E+03 
Nb-93m P 2.82E-03 4.96E-02 5.72E+01 2.82E+00 7.15E+00 4.54E+02 Z82E+00 
Nb-94 P 1.37E-07 4.96E-06 0.002+00 5.18E-02 1.31E-01 6.71E-05 5.18E-02 
Ni-59 P 2.43E-04 0.002+00 0.00E+00 4.01E-02 1.02E-01 2.03E+01 4.01E-02 
Ni-63 P 3.89E-02 0.00E+00 8.04E+04 4.42E+00 1.12E+01 2.21E+03 4.42E+00 
Np-237 P 1.82E-03 1.20E-02 7.08E+00 6.48E-01 1.64E+00 3.87E+01 6.46E-01 
Pa-231 P 9.79E-08 1.88E-06 1.15E-02 3.02E-05 7.65E-05 1.38E-02 3.02E-05 
Pb-210 P 1.04E-10 1.44E-11 2.71E-06 5.13E-08 1.30E-07 7.52E-08 5.13E-08 
Pd-i07 P 9.52E-05 .2.35E-03 1.95E+00 2.14E-01 5.42E-01 7.46E+00 214E-01 
Pm-147 P 4.86E+02 247E+03 0.00E+00 9.36E+01 2.37E+02 0.00E+00 9.36E+01 
Pu-238 P 7.65E+02 2.20E+01 8.02E+04 5.66E+02 1.18E+04 6.37E+04 5.66E+02 
Pu-239 P 1.59E+01 1.49E+01 7.55E+03 9.81E+01 2.05E+03 1.23E+05 9.81E+01 
Pu-240 P 9.08E+00 1.07E201 1.13E+04 1.70E+02 3&54E+03 7.18E+04 1.70E+02 
Eu-241 P 2.56E+03 1.22E+03 1.57E+06 9.43E+03 1.97E+05 2.06E+06 9.43E+03 
Pu-242 P 1.35E-02 1.04E-02 3.73E+01 4.84E-01 1.01E+01 3.46E+01 4.84E-01 
Ra-226 P 1.93E-09 1.53E-10 6.13E-06 2.46E-07 6.22E-07 1.15E-03 2.46E-07 
Ra-228 P 1.74E-13 8.44E-12 5.85E-02 2.80E-07 7.11E-07 1.03E-06 2.80E-07 
Ru-106 P 3.64E+01 297E+01 1.42E+01 1.17E-03 2.97E-03 3.16E-01 1.17E-03 
Sb-125 P 1.20E+01 0.00E+00 0.00E+00 1.70E+01 4.30E+01 0.00+E00 1.70E+01.  
Se-79 P 2-47E-03 6.93E-02 7.69E+00 7.90E-01 2.00E+00 4.48E+01 7.90E-01 
Sm-147 P 3.48E-08 8.28E-07 0.00E+00 9.01 E-06 2.28E-05 0.00E+00 9.01E-06 
Sm-151 P 2.16E+00 2.67E+01 258E+04 5.86E+02 1.48E+03 6.55E+04 5.86E+02 
Sn-126 P 2.21E-03 2.72E-02 9.72E+00 1 ..50E+00 3.80E+00 7.83E+01 1.50E+00 
Sr-90 a5.27E+02 8.16E+03 1.56E+06 6.87E+04 1.74E+05 4.03E+06 6.87E+04 
Tc-99 8.0 .-02 1.44E+00 2.87E+02 2.51%+01 6.37E+01 1.51E+03 2.51E+01 
Th-229 ____.7_ -08 M.09E-10 1.572-02 4.932-07 1.03E-05 9.31E-06 4.93E-07

P

r
U-235 P

P
-4 - I.

4.47E-03

O. (E-0I1
2.22E.E-3

7_961E-08

- I U .• -Io
1.11E-04

1.1 1 ..-UJ

1 O3RF.OR

0.00E+00

R :OF.fl. 1 7MR.l::. 1 fYl:9:.j~

1.21E-07
1 . -

E.O §.E 7
4.23E-03 I 8.82E-02

E+00 1.70E-04 3.55E-03
5.70E-02 1.19E+00
5.121=-03 I1fl7F=.O1

00E+00 
71E-03

4.85E+02
1 R5F1+rl i

8.39E-08

1.70E.-04
5.70E-02
!i 1 •FJiVR

7 i E+ 
.  

.-02E 7.81 E-02 
211, l DI 111 1 7ýJE 02

1_04F:-02 5filF+Of OR.�F�fl9 I 9�l1�.I.flflP, . . . .

Intfer )
P 1.27E-02 I 1.40E-01 3.61E+01 3.72E+00

- - L .1 ___________
1.56E+01 I 6.37E+00
9.6E01- - I 4.0U1EI0U

268E+02

VI-2

1.23E+02
I �

7.731E402

9.42E+00
3.82E+02 9.65E-02
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Fuel Data

LU-238

I I

U-233 EP 6.56E-05 1.18E-06 6.

1.17E-03 -

; •Jqll

i r-230 3.27E-04

rh232 -i

€
U',-234 6.83E+00

U-236• v.

/ 1.69E+U3
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DOE SNF per Canister Source Term and Dose Calculations.xls

Release Fractions
Total 

Release HEPA Filter 
Material Type ARF RF Fraction LPF

stable metal intact
G 0.3 1.0 3.00E-01 1.0 
P 2.OOE-04 4.OOE-03 8.00E-07 3.00E-04 
C 2.00E-04 1.0 2.00E-04 1.0 

stable metal/not intact 
G 0.3 1.0 0.3 1.0 
P 5.00E-03 0.4 2.00E-03 3.00E-04 
C 5.00E-03 1.0 5.OOE-03 1.0 

non-metalintact 
G 0.3 1.0 0.3 1.0 
P 2.25E-04 1.0 2.25E-04 3.00E-04 
C 2.25E-04 1.0 2.25E-04 1.0 

non-metal/not intact 
G 0.3 1.0 0.3 1.0 
P 5.00E-03 0.4 2.00E-03 3.00E-04 
C 5.OOE-03 1.0 5.OOE-03 1.0 

other/Intact 
G 0.3 1 1.0 0.3 1.0 
P 1.00E-03 1.0 1.OOE-03 3.00E-04 
C 1.00E-03 1.0 1.00E-03 1.0 

other/not intact 
G 0.3 1.0 0.3 1.0 
P 5.OOE-03 0.4 2.OOE-03 3.00E-04 
C 5.00E-03 1.0 5.00E-03 1.0 

crud 
crud 1.0 0.3 3.00E-01 3.OOE-04 

SAXTON (MOX) [787] 
non-metal 

not Intact 
Release Fractions Used in this Calculation 

G 0.3 1.0 0.3 1.0 
P 5.00E-03 4.00E-01 2.00E-03 3.00E-04 
C 5.00E-03 1.00E+00 5.00E-03 1.00E+00 

crud 1.0 0.3 0.3 3.OOE-04 

breathing rate 3.33E-04 [m^3/s] 

gound level dispersion factor 
distance [m] x/Q [sec/mA3]] 

5000 4.68E-05 199.5% worst-sector 

3.70E+12 unit conversion factor 
Sv/Bq to rem/Cl
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DOE SNF per Canister Source Term and Dose Calculations.xls Inhalation DCFs

~gonads breast 
3.965-04 16.66E-08 
3.25E.05 2.67E-09
3.21E-05

1.54E-03
1 .- 4t-UO

1.38E-09 I 4.20E-06
3.26E-05 I 1.52E-08 I 1.78E-05

2.57E-03

1

:-04

remainder I effective skin
3.21E-02 I 3.59E-08 1.47E-03 I 1.81E-03 I 0.00E+00
2.17E-03

z-04 212 E-O3 7
1.73E-04

5.64E-10 5.845-10 I 5.64E-10 I 5.64E-10
2.17E-03
5.64E-10

1.60E-09 I 7.82E-05 1.20E-04 I 0.00E+00
7.48E-05 1.15E-04 O.00E+00 
7.74E-05 1.19=-04 O.0OE+00

5.64E-10 I 5.645-10 I 5.645-10 I 0.00E+00 I
Cd-113m 3.32E-08 3.32E-08 4.09E-07 3.32E-08 3.32E-08 3.32E-08 1.30E-06 4.13E-07 0.00E+00 
CI-36 5.04E-10 5.04E-10 4.56E-08 5.04E-10 5.04E-10 5.04E-10 5.38E-10 5.93E-09 0.OOE+00 
Cm-242 5.70E-07 9.44E-10 1.55E-05 3.90E-06 4.87E-05 9.41E-10 2.45E-06 4.67E-06 0.OOE+00 
Cm-243 2.07E-05 6.29E-09 1.94E-05 1.18E-04 1.47E-03 3.83E-09 5.76E-05 8.30E-05 0.OOE+00 
Crn-244 1.59E-05 1.04E-09 1.93E-05 9.38E-05 1.17E-03 1.01E-09 4.78E-05 6.70E-05 0.00E+00 
Cm-245 3.37E-05 6.69E-09 1.80E-05 1.79E-04 2.24E-03 3.68E-09 7.96E-05 1.23f-04 0.OOE+00 
C5-246 3.34E-05 4.00E-09 1.82E-05 1.78E-04 2.22E-03 2.26E-09 7.94E-05 1.22E-04 0.OOE+00 

m-247T 3.07E-05 2.23E-08 1.67E-05 1.63E-04 204E-03 1.45E-08 7.30E-05 1.12E-04 0.00E+00 
Co-60 4.76E-09 1.84E-08 3.45E-07 1.72E-08 1.35E-08 1.62E-08 3.80E-08 5.91E-08 0.OOE+00 
Cs-134 1.30E-08 1.08E-08 1.18E-08 1.18E-08 1.10E-08 1.11E-08 1.39E-08 1.25E-08 0.00E-00 
Cs-135 1.20E-09 1.20E-09 1.41E-09 1.205-09 1.2-0g 1.20E-09 1.20E-09 1.23E-09 0.00E+00 
CS-137 8.765E-09 7.84E-09 8.82E-09 8.30E-09 7.94E-09 7.93E-09 9.12E-09 8.63E-09 0.00E+00 
Eu-154 1.17E-08 1.55E-08 7.92E-08 1.06E-07 5.23E-07 7.14E-09 1.13E-07 7.739-08 0.00E+00 
Eu-155 3.56E-10 6.14E-10 1.19E-08 1.43E-08 1.52E-07 2.40E-10 1.11E-08 1.12E-08 O.00E+00 
Fe-55 5.23E-10 5.09E-10 1.06E-09 5.17E-10 5.14E-10 5.42E-10 1.21E-09 7.26E-10 O.00E+00 
H-3 1.73E-11 1.73E-11 1.73E-11 1.73E-11 1.73E-11 1.73E-11 1.73E-11 1.73E-11 0.00E+00 
1-129 8.69E-11 2.09E-10 3.14E-10 1.40E-10 1.38E.10 1.56E-06 1.185E-10 4.69E-08 0.00E+00 
Kr-85 0.00E+00 0..05+00 0..05+00 0. +00 0.00 +00 0.005+00 0.005E00 0.00E+00 0.00E+00 
Nb-93m 4.16E-10 4.36E-11 6.45E-08 Z85E-10 7.43E-10 3.04E-11 3.95E-10 7.90E-09 0.00E+00 
Nb-94 4.78E-09 2.24E-08 7.48E-07 2.26E-08 1.97E-08 222E-08 4.45E-08 1.12!-07 0.0OE+00 
Ni-59 3.59E-10 3.48E-10 1.20E-09 3.54E-10 3.61E-10 3.77E-10 3.63E-10 3.58-10 0.0E+00 
Ni-63 8.22T-10 8.22E-10 3.07E-09 8.22E-10 8.22E-10 8.22E-10 8.59E-10 8.39E-10 0.00E+00 
Np-237 2.96E-05 1.69E-08 1.81E-05 2.62E-04 3.27E-03 1.34E-08 2.34E-05 1.48E-04 0.00E+00 
Pa-231 6.90E-09 8.79E-09 7.47E-04 6.97E-04 8.70E-03 7.64E-09 2.87E-07 3.47E-04 0.00E+00 
Pb-210 3.18E-07 3.18E-07 3.18E-07 3.75E-06 5.47E-05 3.18E-07 4.69E-06 3.67E-06 0.00E+00 
Pd-107 9.45E-13 9A5E-13 2.85E-08 5.11E-12 1.36E-11 9.45E-13 2.15E-10 3.45E-09 0.00E+00 
Pm-147 1.88E-14 3.60E-14 7.74E-08 8.16E-09 1.02E-07 1.98E-14 5.89E-09 1.08E-08 0.00E+00 
Pu-238 2.80E-05 1.00E-09 3.20E-04 1.52E-04 1.90E-03 9.62E-10 7.02E-05 1.06E-04 0.00E+00 
Pu-239 3.18E-05 9.22E-10 3.23E-04 1.69E-04 2.11E-03 9.03E-10 7.56E-05 1.16E-04 0.00E+00 
Pu-240 3.18E-05 9.51E-10 3.23E-04 1.69E-04 2.11E-03 9.05E-10 7.56E-05 1.16E-04 0.00E+00 
Pu-241 6.82E-07 3.06E-11 3.18E-08 3.36E-06 4.20E-05 1.24E-11 1.31E-06 2.23E-06 0.00E+00 
Pu-242 3.02E-05 9.45E-10 3.07E-04 1.61E-04 2.01E-03 .8.79E-10 7.18E-05 1.11E-04 0.00E+00 
Ra-226 1.02E-07 1.02E-07 1.61E-05 6.64E-07 7.59E-06 1.02E-07 1.07E-07 2.32E-06 0.00E+00 
Ra-228 1.83E-07 1.84E-07 7.22E-06 7.38E-07 6.51E-06 1.83E-07 1.87E-07 1.29E-06 O.05+00 
Ru-106 1.38E-08 1.37E-08 1.04E-06 1.37E-08 1.37E-08 1.37E-08 1.69E-08 1.29E-07 0.00E+00 
Sb-125 3.60E-10 4.16E-10 2.17E-08 6.49E-10 2.73E-09 3.24E-10 1.45E-09 3.30E-09 0.00E+00 
Se-79 6.79E-10 6.79E-10 9.81E-09 6.79E-10 - 6.79E-10 6.79E-10 4.24E-09 2.66E-09 0.005+0 
Sm-147 0.00E+00 0.005E+0 7.62E-0 2.75E-05 3.44E-04 0.00E+00 1.89E-05 2.02E-05 O.00E+00 
Sm-151 4.03E-14 1.49E-13 3.26E-09 1.10E-08 1.38E-07 1.32E-14 7.51E-09 8.10E-09 0.00E+00 
Sn-126 1.43E-08 1.41E-08 1.51E-07 5.62E-08 1.18E-07 1.31E-08 1.76E-08 269E-08 0.00E+00 
Sr-90 2.45E-09 2.64E-09 2.86E-06 3.36E-07 7.27E-07 2.64E-09 5.73E-09 3.51E-07 O.OOE+00 
T.-99 4.52E-11 4.52E-11 1.67E-08 4.52E-11 4.52E-11 1.21E-09 6.26E-10 2.25E-09 0.0 00 
Wh-229 2.76E-06 2.76E-06 1.99E-03 1.15E-03 1.43E-02 2.76E-06 7.05E-08 5.80E-04 0.00E+00 
Th-230 4.085E-07 4.08E-07 3.00E-04 1.73E-04 2.16E-03 4.08E-07 1.05E-06 8.80E-05 0.00E+00 
Th-232 7.62E-07 7.72E-07 9.40E-04 8.93E-04 1.11E-02 7.44E-07 1.87E-06 4.43E-04 0.00E+00 
U-232 8.00E-08 8.06E-08 1.48E-03 4.06E-06 6.42E-05 7.85E-08 3.11E-06 1.78E-04 0.00E+00 
U-233 2.54E-08 2.54E-08 3.04E-04 7.12E-07 1.12E-05 2.54E-08 9.40E-07 3.66E-05 0.00E+00 
U-234 2.50E-08 2.50E-08 2.98E-04 6.98E-07 1.09E-05 2.50E-08 9.26E-07 3.58E-05 0.00E+00 
U-235 2.37E-58 2.38E-08 2.76E-04 6.58E-07 1.01E-05 2.37E-08 8.59E-07 3.32E-05 0.00E+00 
U-236 2.37E-08 2.37E-08 2.82E-04 6.60E-07 1.04E-05 2.37E-08 8.77E-07 3.39E-05 0.00E+00 
U-238 2.23E-08 2.23E-08 2.66E-04 8.58E-07 9.78E-06 2.22E-08 8.22E-07 3.20E-05 0.00E+00 
Zr-93 2.189-11 4.68E-11 8.72E-08 1.77E-07 2.18E-06 1.74E-11 1.73E-10 8.67E-08 0.00E+00 
crud_____________ 
Cr-uO 4.765-09 1.845-08 3.45E-07 1.72E-08 1.355-08 1.625-08 3.60E-08 5.91E-08 O.00E+00 
Fe-55 5.235-10 5.09E-10 1.06E-09 5.17E-10 5.145-10 5.42E-10 1.2154)9 7.265-10 0.005+00
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DOE SNF per Canister Source Term and Dose Calculations.xls Air Submersion DCFs

air submerson DCFs [Sv/Bq m"A31s] 
gonads breast lungs red marrow I bone surfaceI .u"ynd remainder I effective sldn

3.75E-17 4.45E-17 2.94E-17 1 1.04E-16 3.65E-17 1 3.18E-17 3.74E-17 1 3.28E-16
Arn-241 8.58E-16 1.07E-15 6.74E-16 5.21E-16 2.87E-15 7.83E-16 6.34E-16 8.18E-10 1.28E-15 
Am-242m 3.80E-17 6.01 E-17 1.72E-17 1.72E-17 7.94E-17 2,95E-17 1.94E-17 3.17E-17 1.36E-16 
Am-243 2.19E-15 2.61E-15 1.92E-15 1.55E-15 7.47E-15 2.09E-15 1.79E-15 2.18E-15 2.75E-15 
C-14 2.59E-19 3.52E-19 1.532-19 1.21E-19 7.06E-19 2.19E-19 1.54E-19 2.24E-19 2.43E-16 
Cd-113m 7.17E-18 8.76E-18 5.93E-18 5.01E-18 2.10E-17 8.7eE-18 5.63E-18 6.94E-18 8.48E-15 
01-36 2.24E-17 2.66E-17 2.02E-17 1.81E-17 5.63E-17 2.19E-17 1.92E-17 2.23E-17 1.47E-14 
Cm-242 7.83E-18 1.48E-17 1.13E-18 1.89E-18 1.06E-17 4.91E-18 2.27E-18 5.69E-18 4.29E-17 
Cm-243 5.77E-15 6.68E-15 5.50E-15 5.00E-15 1.50E-14 5.76E-15 5.19E-15 5.88E-15 9.79E-15 
Cn-244 6.90E-18 1.33E-17 7.08E-19 1.46E-18 8.82E-18 4.19E-18 1.81E-18 4.91E-18 3.91E-17 
Cm-245 3.88E-15 4.55E-15 3.63E-15 3.17E-15 1.18E-14 3.84E-15 3.40E-15 3.96E-15 5.36E-15 
Cm-246 6.24E-18 1.20E-17 7.00E-19 1.35E-18 8.17E-18 3.82E-18 1.67E-18 4.46E-18 3.49E-17 
Cm-247 1.472-14 1.682-14 1.44e-14 1.38E-14 2.83E-14 1.49E-14 1.38E-14 1.50E-14 1.79E-14 
Co-60 1.23E-13 1.39E-13 1.24E-13 1.23E-13 1.78E-13 1.27E-13 1.20E-13 1.28E-13 1.45E-13 
Cs-134 7.40E-14 8.43E-14 7.37E-14 7.19E-14 1.20E-13 7.57E-14 7.06E-14 7.57E-14 9.45E-14 
Cs-135 6.28E-19 8.23E-19 4.19E-19 3.34E-19 1.81E-18 5.50E-19 4.09E-19 5.65E-19 9.06E-16 
Cs-137 2.67E-14 3.05E-14 2.65E-14 2.58E-14 4.38E-14 2.73E-14 2.54E-14 2.73E-14 4.39E-14 
Eu-154 6.00E-14 6.81E-14 5.99E-14 5.87E-14 9.43E-14 6.15E-14 5.75E-14 6.14E-14 8.29E-14 
Eu-155 2.49E.15 2.95E-15 2.22E-15 1.85E-15 8.09E-15 2.41E-15 2.07E-15 2.49E-15 3.39E-15 
Fe-55 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.0OE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
H-3 0.00E+00 0.00E+00 2.75E-18 0.00E+00 0.00E+00 0.00E+00 0o.00E+00 3.31E-19 0.00+E00 
1-129 4.83E-16 6.66E-18 2.14-16 1.64E-16 1.10E-15 3.86E-10 2.30E-18 &80E-16 1.10E-15 
Kr-85 1.17E-16 1.34E-18 1.14E-16 1.09E-18 2.20E-16 1.18E-18 1.09E-18 1.19E-16 1.32E-14 
Nb-93m 6.33E-18 1.31E-17 2.55E-19 1.18E-18 6.92E-18 3.43E-18 1.36E-18 4.44E-18 4.28E-17 
Nb-94 7.54E-14 8.57E-14 7.51E-14 7.34E-14 1.19E-13 7.72E-14 7.19E-14 7.70E-14 9.52E-14 
NI-59 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
NI-83 0.009+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Np-237 1.04E-15 1.26E-15 9.02E-16 7.69E-16 3.20E-15 9.94E-16 8.50E-16 1.03E-15 1.54E-15 
Pa-231 1.71E-15 1.99E-15 1.82E-15 1.52E-15 3.64E-15 1.70E-15 1.54E-15 1.72E-15 2.44E-15 
Pb-210 6.19E-17 8.18E-17 4.25E-17 3.14E-17 1.95E-16 5.42E-17 4.09E-17 5.64E-17 1.28E-16 
Pd-107 0.00E.+00 0.00E+00 0.00E+00 0.00E+00 '0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Pm-147 7.48E-19 9.56E-19 5.45E-19 4.46E-19 2.18E-18 6.75E-19 5.26E-19 6.93E-19 8.11E-16 
Pu-238 6.56E-18 1.27E-17 1.06E-18 1.68E-18 9.30E-18 4.01E-18 1.99E-18 4.88E-18 4.09E-17 
Pu-239 4.84E-18 7.55E-18 285E-18 2.67E-18 9.47E-18 3.88E-18 2.88E-18 4.24E-18 1.86E-17 
Pu-240 6.36E-18 1.23E-17 1.09E-18 1.65E-18 9.26E-18 3.92E-18 1.96E-18 4.75E-18 3.92E-17 
Pu-241 7.19E-20 8.67E-20 8.48E-20 5.83E-20 2.19E-19 6.98E-20 6.09E-20 7.25E-20 1.17E-19 
Pu-242 5.34E-18 1.03E-17 9.69E-19 1.43E-18 7.90E-18 3.32E-18 1.68E-18 4.01E-18 3.27E-17 
Ra-226 3.08E-16 3.54E-16 295E-18 2.70E-16 7.95E-16 3.09E-16 2.79E-16 3.15E-16 4.79E-16 
Ra-228 0.00E+00 0.002+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.00E+00 
Ru-106 1.01E-14 1.16E-14 1.01E-14 9.75E-15 1.72E-14 1.03E-14 9.63E-15 1.04E-14 1.09E-13 
Sb-125 1.98E-14 2.27E-14 1.95E-14 1.87E-14 3.53E-14 Z01E-14 1.86E-14 2.02E-14 265E-14 
Se-79 3.47E-19 4.67E-19 2.11E-19 1.67E-19 9.60E-19 2.96E-19 2.10E-19 3.03E-19 3.71E-16 
Sm-147 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.002E00 0.00E+00 O.00E+00 0.00E+00 
Sm-151 5.20E-20 8.80E-20 7.08E-21 1.13E-20 7.09E-20 3.58E-20 1.49E-20 3.61E-20 1.90E-19 
,Sn-126 7.54E-14 8.62E-14 7.48E-14 7.22E-14 1.31E-13 7.69E-14 7.14E-14 7.71E-14 1.31E-13 
Sr-90 7.78E-18 9.40E-18 0.44E-18 5.44E-18 2.28E-17 7.33E-18 6.11E-18 7.63E-18 9.202-15 
Tc-99 1.74E-18 2.20E-18 1.20E-18 1.05E-18 5.17E-18 1.57E-18 1.24E-18 1.62E-18 274E-15 
Th-229 3.77E-15 4.42&-15 3.50E-15 3.03E-15 1.15E-14 3.70E-15 3.27E-15 3.83E-15 5.41E-15 
Th-230 1.802-17 238E-17 1.43E-17 1.22E-17 5M.2E-17 1.63E-17 1.37E-17 1.74E-17 4.51E-17 
Th-232 9.34E-18 1.36E-17 6.37E-18 5.522-18 2160E-17 7.90E-18 6.34E-18 8.72E-18 3.442-17

1.55E-17 2.32E-17 9.84E-18 8.99E-18
U-233 1 1.69E-17 222E-17 1.35E--17 1.24E-17 4.12E-17 1.55E-17 1.31E-17 1_E-17
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7.05E-15
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ST Calc - no HEPAsDOE SNF per Canister Source Term and Dose Calculations.xls

Source Term Calculations HEPA filters? no 
SAXTON (MOX 1Z87) 
non-metal not Intact To1talSo9rot emr tws~lraa4e •ource 

Curies (entire flnv = [CI] released to the Term [Ci released to 
Isotope fuel Intentory) lVnCan ARF RF LPF environment the environment 

AC-227 1,33E-05 1.00E+00 5.00E-03 4.OOE-01 1.00E+00 6.67E-08 2.67E-08 
Am-241 6.45E+03 1.00E+00 5.00E-03 4.0012-01 1.00E+00 3.22E+01 1.29F+01 
Am-242m 1.07E+01 1.00E+00 5.00E-03 4.OOE-01 1.00E+00 5.34E-02 2.13-02 
Am-243 2.83E+01 1.001E+00 5.00E-03 4.00E-01 1.002E00 1.42E-01 5.66E-02 
C-14 1.81E+00 1.00E+00 5.00E-03 4.00E-01 1.00E+00 9.05E-03 3.62E-03 
Cd-113m 2.59E+01 1.00E+00 5.00E-03 4.00E-01 1.00E+00 1.29E-01 5.17E-02 
CI-36 2.35E-02 1.00E+00 5.OOE-03 4.00E-01 1.00E+00 1.18E-04 4.70E-05 
Cm-242 8.79E+00 1.00E+00 5.002-03 4.00E-01 1.00E+00 4.39E-02 1.76E-02 
Cm-243 1.60E+01 1.00E+00 5.00E-03 4.00E-01 1.00E+00 8.01E-02 3.21E-02 
Cm-244 9.29E+02 1.00E+00 5.00E-03 4.OOE-01 1.001E+00 4.65E+00 1.86E+00 
Cm-245 2.12E-01 1.OOE+00 5.00E-03 4.00E-01 1.002E00 1.06E-03 4.24E-04 
Cm-246 4.28E-02 1.00E+00 5.00E-03 4.00E-01 1.00E+00 2.14E-04 8.56E-05 
Cm-247 1.12E-07 1.002+00 5.00E-03 4.00E-01 1.00E+00 5.58E-10 2.23E-10 
Co-60 2.12E+01 1.00E+00 5.00E-03 4.00E-01 1.00+E00 1.062-01 4.25E-02 
Cs-134 1.24E+01 1.00E+00 5.002-03 1.00E+00 1.002+00 6.18E-02 6.18E-02 
Cs-135 6.65E-01 1.00E+00 5.00E-03 1.00E+00 1.00E+00 3.32E-03 3.32E-03 
Cs-137 1.00E+05 1.00E+00 5.00E-03 1.00E+00 1.00E+00 5.00E+02 5.00E+02 
Eu-154 1.84E+03 1.00E+00 5.00E-03 4.00E-01 1.00E+00 9.20E+00 3.68E+00 
Eu-155 1.92E+02 1.00E+00 5.00E-03 4.00E-01 1.00E+00 9.59E-01 384E-01 
Fe-55 1.76E-01 1.00E+00 5.00E-03 4.00E-01 1.00E+00 8.79E-04 3.51E-04 
1-3 2.929+02 1.00E+00 3.00E-01 1.00E+00 1.00E+00 8.76E+01 8.76E+01 
1-129 6.09E-02 1.00E+00 3.00E-01 1.00E+00 1.00E+00 1.83E-02 1.83E-02 
Kr-85 2.59E+03 1.00E+00 3.00E-01 1.00E+00 1.00E+00 7.77E+02 7.77E+02 
Nb-93m 2.82E+00 1.00E+00 5.00E-03 4.00E-01 1.00E+00 1.41E-02 5.64E-03 
Nb-94 5.18E-02 1.00E+00 5.00E-03 4.00E-01 1.00E+00 2.59E-04 1.042-04 
Ni-59 4.01E-02 1.00E+00 5.00E-03 4.00E-01 1.00E+00 2.01E-04 8.03E-05 
Ni-63 4.42E+00 1.00E+00 5.00E-03 4.00E-01 1.00E+00 221E-02 8.85E-03 
Np-237 6.46E-01 1.00E+00 5.00E-03 4.00E-01 1.0024E00 3.23E-03 1.29E-03 
Pa-231 3.022-05 1.00E+00 5.00E-03 4.00E-01 1.00E+00 1.51E-07 6.03E-08 
Pb-210 5.13E-08 1.00E+00 5.00E-03 4.002-01 1.00E+00 2.57E-10 1.03E-10 
Pd-107 2.14E-01 1.00E+00 5.00E-03 4.00E-01 1.00E+00 1.07E-03 4.28E-04 
Pm-147 9.36E+01 1.00E+00 5.00E-03 4.00E-01 1.002+00 4.68E-01 1.87E-01 
Pu-238 5.66E+02 1.00E+00 5.00E-03 4.00OE-Ot 1.00E+00 283E+00 1.13E+00 
Pu-239 9.81E+01 1.00E+00 5.00E-03 4.00E-01 1.002+00 4.90E-01 1.96E-01 
Pu-240 1.70E+02 1.00E+00 5.00E-03 4.002-01 1.00E+00 8.48E-01 3.39E-01 
Pu-241 9.43E+03 1.00E+00 5.00E-03 4.00E-01 1.00E+00 4.71E+01 1.89E+01 
Pu-242 4.84E-01 1.00E+00 5.002E03 4.00E-01 1.00E+00 2.42E-03 9.68E-04 
Ra-226 2.48E-07 1.00E+00 5.00E-03 4.00E-01 1.00E+00 1.23E-09 4.91E-10 
Ra-228 2.80E-07 1.00E+00 5.00E-03 4.00E-01 1.00E+00 1.40E-09 5.61E-10 
Ru-106 1.17E-03 1.00E+00 5.00E-03 4.00E-01 1.00E+00 5.85E-06 2.34E-06 
Sb-1_25 1.70E+01 1.00E+00 5.00E-03 4.00E-01 1.00E+00 8.48E-02 3.39E-02 
;e-79 7.90E-01 1.00E+00 5.00E-03 4.00E-01 1.00E+00 3.95E-03 1.58E-03 

Sm-147 9.01E-06 1.00E+00 5.00E-03 4.00E-01 1.00E+00 4.50E-08 1.80E-08 
Srn-151 5.88E+02 1.00E+00 5.00E-03 4.00E-01 1.00E+00 2.93E+00 1.17E+00 
Sn-128 1.50E+00 1.00E+00 5.00E-03 4.00E-01 1.00E+00 7.50E-03 3.00E-03 
Sr-90 6.87E+04 1.00E+00 5.00E-03 4.00E-01 1.00E+00 3.44f+02 1.37E+02 
Tc-99 251E+01 1.00E+00 5.00E-03 4.00E-01 1.00E+00 1.26E-01 5.03E-02 
Th-229 4.93E-07 1.00E+00 5.00E-03 4.00E-01 1.00E+00 247E-09 9.87E-10 
Th-230 8.39E-06 1.00E+00 5.00E-03 4.00E-01 1.00E+00 4.19E-08 1.68E-08 
Th-232 4.58E-08 1.00E+00 5.0OE-03 4.00E-01 1.00E+00 229E-10 9.16E-11 
U-232 4.23E-03 1.00E+00 5.00E-03 4.002-01 1.00E+00 2.11E-05 8.45E-06 
U-233 1.70E-04 1.00E+00 5.002-03 4.00E-01 1.00E+00 8.51E-07 3.41E-07 
U-234 5.70E-02 1.00E+00 5.00E-03 4.00E-01 1.00E+00 2.85E-04 1.14E-04 
U-235 5.12E-03 1.00E+00 5.00E-03 4.00E-01 1.00E+00 2.56E-05 1.02E-05 
U-236 7.81E-02 1.00E+00 5.00E-03 4.00E-01 1.00E+00 3.90E-04 1.56E-04 
U-238 9.65E-02 1.00E+00 5.00E-03 4.00E-01 1.00E+00 4.82E-04 1.93E-04 
Zr-93 3.72E+00 1.00E+00 5.00E-03 4.00E-01 1.00E+00 1.86E-02 7.43E-03

1 11.00E+00 3.00E-01 1.00E+00 I 1.23E+02 3.69E+01 
1 1.00+E00 3.00E-01 1.00E+00 7.73E+02 I 2.32E+02
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DOE SNF per Canister Source Term and Dose Calculations.xls ST Calc - HEPAs

1 T 7 - 7

SAXTON (MOX) [787_ 
non-metal not intact _____Suc 

[Cil released to the Term [Cl] released 
Isotope Cudes l/nCan ARF RF LPF environment to the emvlromnent 

A,-227 1.33E-05 1.OE+00 5.00E-03 4.00E-01 3.OOE-04 Z00E-11 8.01E-12 
Arn-241 6.45E+03 1.OOE+00 5.00E-03 4.00E-01 3.OOE-04 9.67E-03 3.87E-03 
Am-242rn 1.07E+01 1.OOE+00 5.00E-03 4.OOE-01 3.00E-04 1.60E-05 6.40E-06 
Am-243 2.83E+01 1.00E+00 5.00E-03 4.OOE-01 3.OOE-04 4.25E-05 1.70E-05 
C-14 1.81E+00 1.00E500 5.00E-03 4.OOE-01 300E-04 2.72E-06 1.09E-06 
Cd-113m 2.59E+01 1.00E+00 5.00E-03 4.00E-01 3.00E-04 388E-05 1.55E-05 
CI-36 2.35E-02 1.00E+00 5.00E-03 4.OOE-01 3.OOE-04 3.53E-08 1.41E-08 
Cm-242 8.79E+00 1.00E+00 5.00E-03 4.00E-01 3.OOE-04 1.32E-05 5.27E-06 
Cm-243 1.60E+01 1.00E+00 5.OOE-03 4.00E-01 3.00E-04 2.40E-05 9.82E-06 
Crm-244 9.29E+02 1.00E+00 5.00E-03 4.OOE-01 3.00E-04 1.39E-03 5.57E-04 
Crm-245 2.12E-01 1.00E+00 5.00E-03 4.00E-01 3.00E-04 3.18E-07 1127E-07 
Cm-246 4.28E-02 1.00E+00 5.00E-03 4.OOE-01 3.00E-04 6.42E-08 2.57E-08 
Cm-247 1.12E-07 1.00E+00 5.00E-03 4.OOE-01 3.00E-04 1.67E-13 6.70E-14 
Co-80 2.12E+01 1.00E+00 5.00E-03 4.00E-01 3.00E-04 3.19E-05 1.27E-05 
Cs-134 1.245+01 1.00E+00 5.00E-03 1.00E+00 1.00E+00 6.18E-02 6.18E-02 
Cs-135 6.65E-01 1.00E+00 5.00E-03 1.00E+00 1.00E+00 3.32E-03 3.32E-03 
Cs-137 1.00E+05 1.00E+00 5.00E-03 1.00E+00 1.00E+00 5.00E+02 5.00E+02 
Eu-154 1.84E+03 1.00E+00 5.00E-03 4.00E-01 3.00E-04 2.76E-03 1.10E-03 
Eu-155 1.92E+02 1.00E+00 5.00E-03 4.00E-01 3.00E-04 2.88E-04 1.15E-04 
Fe-55 1.76E-01 1.00E+00 5.00E-03 4.00E-01 3.00E-04 2.64E-07 1.05E-07 
H-3 2.92E+02 1.00E+00 3.00E-01 1.00E+00 1.00E+00 8.76E+01 8.76E+01 
1-129 6.09E-02 1.00E+00 3.005-01 1.00E+00 1.00E+00 1.83E-02 1.83E-02 
"Kr-5 2.59E+03 1.00F+00 3.005-01 1.006+00 1.00E+00 7.77E+02 7.77E+02 
Nb-93m 2.82E+00 1.00E+00 5.00E-03 4.00E-01 3.00E-04 4.23E-06 1.8gE-06 
Nb-94 5.18E-02 1.00E+00 5.00E-03 4.00E-01 3.005-04 7.77E-08 3.11E-08 
Ni-59 4.01E-02 1.00E+00 5.00E-03 4.00E-01 3.00E-04 6.02E-08 241E-08 
Ni-W3 4.42E+00 1.00E+00 5.00E-03 4.00E-01 3.00E-04 6.63E-06 2.85E-06 
Np-237 6.46E-01 1.00E+00 5.00E-03 4.00E-01 3.00E-04 9.70E-07 3.88E-07 
Pa-231 3.02E-05 1.00E+00 5.00E-03 4.00E-01 3.00E-04 4.52E-11 1.81E-11 
Pb-210 5.13E-08 1.00E+00 5.00E-03 4.00E-01 3.00E-04 7.70E-14 3.06E-14 
Pd-107 214E-01 1.00E+00 5.005-03 4.00E-01 3.00E-04 3.21E-07 1.28E-07 
Pm-147 9.38E+01 1.00E+00 5.00E-03 4.00E-01 3.00E-04 1.40E-04 5.62E-05 
Pu-238 5.66E+02 1.00E+00 5.00E-03 4.00E-01 3.00E-04 8.48E-04 3.39E-04 
Pu-239 9.81E+01 1.00E+00 5.00E-03 4.OOE-01 3.00E-04 1.47E-04 5.88E-05 
Pu-240 1.70E+02 1.00E+00 5.00E-03 4.00E-01 3.00E-04 2.54E-04 1.02E-04 
Pu-241 9.43E+03 1.00E+00 5.00E-03 4.00E-01 3.00E-04 1.41E-02 5.66E-03 
Pu-242 4.84E-01 1.00r+00 5.00E-03 4.00E-01 3.00E-04 7.26E-07 2.90E-07 
Ra-226 2.45E-.07 1.00E+00 5.00E-03 4.00E-01 3.00E-04 3.88E-13 1.47E-13 
Ra-228 2.80E-07 1.00E+00 5.00E-03 4.00E-01 3.00E-04 4.21E-13 1.68E-13 
Ru-106 1.17E-03 1.00E+00 5.00E-03 4.00E-01 3.00E-04 1.78E-09 7.02E-10 
Sb-125 1.70E+01 1.00E+00 5.00E-03 4.00E-01 3.00E-04 2.54 1.02-05 
Se-79 7.90E-01 1.00E-00 5.00E-03 4.00E-01 3.00E-04 1.18E-06 4.74E-07 
Sm-147 9.01E-06 1.00E+00 5.00E-03 4.00E-01 3.00E-04 1.35E-11 5.41E-12 
Sm-151 5.86E+02 1.00E+00 5.00E-03 4.00E-01 3.00E-04 8.79E-04 3.51E-04 
Sn-126 1.50E+00 1.00E+00 5.00E-03 4.00E-01 3.00E-04 2.25E-06 9.00E-07 
SU-90 6.87E+04 1.00E+00 5.00E-03 4.005-01 3.00E-04 1.03E-01 4.!2E-02 
Tc-99 2.51E401 1.00E÷00 5.00E-03 4.00E-01 3.00E-04 3.77E-05 1.51 E-05 
Th-229 4.93E-07 1.00E+00 5.0OE-03 4.00E-01 3.00E-04 7.40E5-13 2.96E-13 

Th-230 8.39E-06 1.00E+00 5.00E-03 4.00E-01 3.00E-04 1.26E-11 5.03E-12 
Th-232 4.58E-08 1.00E+O0 5.00E-03 4.00E-01 3.00E-04 6.87E-14 2.75E-14 

U-232 4.23E-03 1.00E+00 5.00E-03 4.00E-01 3.00E-04 6.34E-09 2.54E-09 
U-233 1.70-0 1.0E+00 5.00E-03 4.00E-01 3.00E-O4 2-55E-10 1.02E-10 

U-234 5.70E-02 1.00E+00 5.00E-03 4.00E-01 3.00E,-04 8.55E-08 3.42E-08 
U-235 5.12E-03 11 .005E-03 4.00E-01 3.00E-04 7.68E-09 3.07E-09 
U-236 7.81E-02 11,00E400 5.00E-03 4.00E-01 3.00E-04 1.17E-07 4.68E-08 
U-238 g.85E-02 11.00E+00 5.00E-03 4.00E-01 3.00E-04 1.45E-07 5.79E-08 
Zr-93 3.729+-00 1,00OE÷00 5..001E-03 4.00E-01 3.00E-04 5.57E-06 2.23E-06 

Co6 cand) 1.23E+02 I 1.001E+00 3.00E-01 I3.00E-04 3.89E-02 1.11 E-02 
Fe-55 (crud) 7.73E+02 I 1.00E+00 li3.00E-01 I3.001E-04 2.32E-01 I 6.90E-02
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DOE SNF per Canister Source Term and Dose Calculations.xls Inhalation Doses - no HEPAs

WA=TON (MOX) r7871 NoHEPAs 
non-metal notintact 

inhalation doses [rem]
gonads breast lungs red marwow bone surface thyrid remainder effective skin 

Ac-227 6.10E-07 1.03E-10 2.37E-06 3.96E-06 4.94E-05 5.53E-11 2.26E-O6 2.79E-06 0.004E00 

Am-241 2.42E201 1.98E-03 1.37E+01 1.29E+02 1.61E+03 1.19E-03 5.81E+01 8.92E+01 0.00E+00 

Am-242m 3.95E-02 1.70E-06 5.17E-03 2.08E-01 2.61E+00 6.94E-07 9.21E-02 1.42E-01 0.00E+00 

Am-243 1.06E-01 4.96E-05 5.81E-02 5.65E-01 7.06E+00 2.71E-05 2.53E-01 3.89E-01 0.00E+00 

C-14 1.18E-07 1.18E-07 1.18E-07 1.18E-07 1.18E-07 1.18E-07 1.18E-07 1.18E-07 0.00E+00 

Cd-113m 9.90E-05 9.90E-05 1.22E-03 9.90E-05 9.90E-05 9.90E-05 3.88E-03 1.23E-03 0.00E+00 

CI-36 1.37E-09 1.37E-09 1.24E-07 1.37E-09 1.37E-09 1.37E-09 1.45E-09 1.61 E-08 0.00E+00 

Cm-242 5.78E-04 9.57E-07 1.57E-02 3-95E-03 4.94E-02 9.54E-07 Z48E-03 4.73E-03 0.OOE+00 

Cm-243 3.83E-02 1.16E-05 3.59E-02 2.18E-01 2.72E+00 7.08E-06 1.06E-01 1.53E-01 0.00E+00 

Cm-244 1.70E+00 1.11E-04 2.07E+00 1.00E+01 1.25E+02 1.08E-04 5.12E+00 7.18E+00 0.OOE+00 

Cm-245 8.23E-04 1.63E-07 4.40E-04 4.37E-03 5.47E-02 8.99E-08 1.94E-03 3.OOE-03 O.OOE+00 

Cm-246 1.65E-04 1.97E-08 8.98E-05 8.782-04 1.10E-02 1.12E-08 3.92E-04 6.02E-04 0.00E+00 

Cm-247 3.95E-10 2.871-13 2.15E-10 2.10E-09 2.63E-08 1.87E-13 9.40E-10 1.44E-0M 0.00E+00 

Co-60 1.17E-05 4.51E-05 8.45E-04 4.21E-05 3.31E-05 3.97E-05 8.82E-05 1.45E-04 0.00E+00 

Cs-134 4.63E-05 3.85E-05 4.202-05 4.20E-05 3.92E-05 3.96E-05 4.95E-05 4.452E-05 0.00E+00 

Cs-135 2.30E-07 2.30E-07 2.70E-07 2.30E-07 2.30E-07 2.30E-07 2.302-07 2.38E-07 0.00E+00 

Cs-137 2.52E-01 2.26E-01 2.542-01 2.39E-01 2292-01 2.29E-01 263E-01 2.49E-01 0.00E+00 

Eu-154 2.482-03 3.29E-03 1.68E-02 2.25E-02 1.11E-01 1.52E-03 2.40E-02 1.842-02 0.00E+00 

Eu-155 7.88E-06 1.36E-05 2.63E-04 3.16E-04 3.36E-03 5.31E-06 2.46E-04 2.48E-04 0.005+00 

Fe-55 1.06E-08 1.03E-08 2.15E-08 1.05E-08 1.04E-08 1.10E-08 Z45E-08 1.47E-08 0.00E+00 
1-1-3 8.74E-05 8.74E-05 8.74E-05 8.74E-05 8.74E-05 8.74E-05 8.74E-05 8.74E-05 0.00E+00 

1-129 9.15T-08 2.20E-07 3.31E-07 1.47E-07 1.45E-07 1.64E-03 1.24E-07 4.94E-05 0.00E+00 

Kr-85 0.00E+00 0.00E20 0.+00 0 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00+E00 0.00+E00 

Nb-93m 1.35E-07 1.42 -08 2.10T-05 9.27E-08 2.42E-07 9.89E-09 1.28E-07 2.57E-06 0.00+E00 
Nb-G4 2.84E-08 1.34E-07 4.47E-06 1.35E-07 1.18e-07 1.332-07 2.66E-07 6.69E-07 0.00+E00 

NI-59 1.66E-09 1.60E-09 5.55E-09 1.64E-09 1.62E-09 1.74E-09 1.68E-09 1.86E-09 0.00E+00 
NM-63 4.19E-07 4.19E-07 1.57E-06 4.19E-07 4.19E-07 4.19E-07 4.38E-07 4.28E-07 0.004E00 
Np-237 2.21E-03 1.26E-06 1.20E-03 1.95E-02 2.44E-01 9.992-07 1.742-03 1.092-02 0.002+00 
Pa-231 2.40E-11 3.06E-11 2.60E-06 2.42E-06 3.03E-05 2.66E-11 9.98E-10 1.212-06 0.00E+00 
Pb-210 1.88E-12 1.88E-12 1.88E-12 2.22E-11 3.24E-10 1.88E-12 2.78E-11 2.17E-11 0.00E+00 
Pd-107 2.332-11 2.33E-11 7.03E-07 1.26E-10 3.36E-10 2.33E-11 5.31E-09 8.51E-08 0.00E+00.  
Pm-147 2.032-10 3.89E-10 8.36E-04 8.81E-05 1.10E-03 2.14E-10 6.32E-05 1.14E-04 0.OOE+00 

Pu-238 1.83E+00 6.52E-05 2.09E+01 9.91E+00 1.24E+02 6.27E-05 4.58E+00 6.91E+00 0.00E+00 
Pu-239 3.60E-01 1.04E-05 3.65E+00 1.91E+00 2.39E+01 1.02E-05 8.55E-01 1.31E+00 0.00+E00 
Pu-240 6.22E-01 1.86E-05 6.32E+00 3.31E+00 4.13E+01 1.77E-05 1.48E+00 2.27E+00 0.00E-00 
Pu-241 7.42E-01 3.33E-05 3.46E+00 3.65E+00 4.57E+01 1.352-05 1.42E+00 2.43E+00 0.00E+00 
Pu-242 1.68E-03 5.27E-08 1.71E-02 8.98E-03 1.12E-01 4.90E-08 4.01E-03 6.19E-03 0.00+E00 

Re-229 2.89E-12 2.89E-12 4.50E-10 1.88E-11 2.15E-10 2.89E-12 3.03E-12 6.57E-11 0 00E+00 
Ra-228 5.92 5.952-12 2.33 -10 2.39E-11 2.10E-10 5.92E-12 6.052-12 4.172-11 0.002+0 
Ru-106 1.86E-09 1.85E-09 1.40E-07 1.85E-09 1.85E-09 1.85E-09 2.28E-09 1.74E-08 0.00E+00 
Sb-125 7.04E-07 8.14E-07 4.24E-05 1.27E-06 5.34E-06 6.34E-07 2.84E-06 8.40E-06 0.0012+00 
Se-79 6.18E-08 6.18E-08 8.93E-07 6.18E-08 6.18E-08 6.18E-08 3.86E-07 2.42E-07 0.00E+00 
Sm-147 0.00E+00 0.00E+00 7.92E-09 2.86E-08 3.57E-07 0.00E+00 1.96E-08 2.10E-08 0.006+0 
Sm-151 2.72E-09 1.01E-08 2.20E-04 7.43E-04 9.32E-03 8.92E-10 5.07E-04 5.47E-04 0.00+E00 
Sn-126 2-47E-06 2.44E-06 2.61E-05 9.72E-06 2.04E-05 2.27E-06 3.05E-06 4.66E-06 0.00E+00 
Sr-90 2.09E-02 2.099-02 2.279+01 2.66E+00 5.76E+00 2.09E-02 4.54E-02 2.78E+00 0.00E+00 
Tc-99 1.31E-07 1.31E-07 4.84E-05 1.31E-07 1.31E-07 3.51E-06 1.82E-06 6.52E-06 0.0E+00 
Th-229 1.57E-10 1.57E-10 1.13E-07 6.54E-08 8.14E-07 1.57E-10 4.01E-10 330E-08 0.00E+00 
Th-230 3.95E-10 3.95E-10 2.90E-07 1.87E-07 2.09E-06 3.95E-10 1.02E-09 8.51E-08 0.OOE+00 
Th-232 4.03E-12 4.08E-12 4.97E-09 4.72E-09 5.87E-08 3.932-12 9.88E-12 2.34E-09 0.00E+00 
U-232 3.90E-08 3.93E-08 7.21E-04 1.98E-06 3.13E-05 3.83E-08 1.52E-08 8.68E-05 0.00E+00 
U-233 4.99E-10 4.99E-10 5.97E-06 1.40E-08 2.202-07 4.99E-10 1.85E-08 7.19E-07 0.00E+00 
U-234 1.64E-07 1.64E-07 1.96E-03 4.59E-06 7.16E-05 1.64E-07 6.09E-06 2.35E-04 0.00E+00 
U-235 1.40E-08 1.40E-08 1.63N-04 3.88E-07 5.96E-06 1.40E-08 5.07E-07 1.96E-05 0.00E+00 
U-236 2.13E-07 2.13E-07 2.54E-03 5.94E-06 9.36E-05 2.13E-07 7.90E-08 3.05E-04 0.002+0 
U-238 2.48E-07 2.48E-07 2.96E-03 7.32E-06 1.092-04 2.47E-07 9.15E-06 356E-04 0.002+00

________ I _______ L J L --- �---------+ 4
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DOE SNF per Canister Source Term and Dose Calculations.xls Air Submersion Doses - no HEPAs

SAXTON (MO [7871 No HEPAs 
non-metal not intact 

air submersion doses [rem] 
gonads breast lungs red marrow bone surface throid remainder effective skdn 

Ac-227 4.34E-16 5.15E-18 3.91E-16 3.40E-16 1.20E-15 4.22E-16 3.68E-18 4.33E-16 3.80E-15 
Am-241 4.79E-06 5.97E-06 3.76E-06 2.91E-06 1.60E-05 4.37E-06 3.54E-08 4.56E-06 7.14E-06 
Am-242m 3.51E-10 5.55E-10 1.5gE-10 1.59E-10 7.34E-10 2.73E-10 1.79E-10 2.93E-10 1.26E-09 
Am-243 5.37E-08 6.40E-08 4.71 E-08 3.80E-08 5.12E-08 4.39E-08 5.34E.08 6.74E-08 
C-14 4.06E-13 5.52E-13 2.40E-13 1.90E-13 1.11E-12 3.43E-13 2.41E-13 &51E-13 3.81E-10 
Cd-113m 1.61E-10 1.96E-10 1.33E-10 1.12E-10 4.70E-10 1.51E-10 1.28E-10 -10 1.90E-07 
CI-3M 4.56E-13 5.41E-13 4.11E-13 3.68E-13 1.15E-12 4.46E-13 3.91E-13 4.54E-13 2.99E-10 
Cm-242 5.96E-11 1.13E-10 8.60E-12 1.44E-11 8.06E-11 3.74E-11 1.73E-11 4.33E-11 3.26E-10 
Cm-243 8.01E-08 9.27E-08 7.63E-08 6.94E-08 Z081E-07 7.99E-08 7.20E-08 8.16E-08 1.36E-07 
Cm-244 5.55E-09 1.07E-08 5.69E-10 1.17E-09 7.09E-09 3.37E-09 '1.48E-09 3.95E-09 3.15E-08 
Cm-245 7.12E-10 8.34E-10 6.66E-10 5.81E-10 2-16E-09 7.04E-10 6.24E-10 7.26E-10 9.83E-10 
Cm-246 2.31E-13 4.45E-13 2.59E-14 5.00E-14 3.032-13 1.42E-13 6.19E-14 1.65E-13 1.29E-12 
Cm-247 1.42E-15 1.62E-15 1.39E-15 1.33E-15 2.74E-15 1.44E-15 1.33E-15 1.45E-15 1.73-1 
CO-0 2.26E-06 2.5EE-06 228E-06 2.26E-06 3.27E-06 234E-06 2.21E-06 2.32E-06 2.67E-06 
Cs-134 7.92E-07 9.02E-07 7.89E-07 7.69E-07 1.28E-06 8.10E-07 7.55E-07 8.10E-07 1.01E-06 
Us-135 3.62E-13 4.74E-13 241E-13 1.92E-13 1.04E-12 3.17E-13 2.35E-13 3.25E-13 5.22E-10 
,a:-137 2.31E-03 2.64E-03 229E.03 Z24E-03 3.79E-03 236E-03 2.19E-03 Z38E-03 3.80E-03 
Eu-154 9.56E-05 1.09E-04 9.55E-05 9.38E-05 1.50E-04 9.80E-05 9.16E-05 9.79E-05 1.322-04 
Eu-155 4.14E-07 4.90E-07 3.69E-07 307E-07 1.34E-06 4.00E-07 3.44E-07 4.14E-07 5.63E-07 
Fe-55 0.00+E00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
t!4- 0.00E+00 0.00E+00 4.17E-08 0.00E+00 0.OOE+00 0.00E+00 0.00E-00 5.02E-09 O.OE+00 
1-129 1.53E-09 211E-09 6.77E-10 5.19E-10 3.48E-09 1.22E-09 7.27E-10 1.20E-09 3.48E-09 
Kr-85 1.57E-05 1.80E-05 1.53E-05 1.47E-05 296E-05 1.59E-05 1.47E-05 -179W-05 1.78E-03 
Nb-93m 1.55E-11 3.20E-11 6.23E-13 288E-12 1.69E-11 8.37E-12 3.32E-12 1.08E-11 1.05E-10 
Nb-94 3.38E-09 384E-09 3.37E-09 3.29E-09 5.33E-09 3.40E-09 3.22E-09 3.45E-09 4.27E-09 
NI-59 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.002+00 0.00E+00 0.00E+00 0.00E+00 
Ni-63 0.00E+00 0.00E+00 0.00E+00 0.002E+00 0.002+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Np-237 5.82E-10 7.05E-10 5.05E-10 4.30E-10 . 1.79E-09 5.56E-10 4.76E-10 5.76E-10 8.62E-10 
Pa-231 4.47E-14 5.20E-14 4.23E-14 3.97E-14 9.50E-14 4.44E-14 4.02E-14 4.49E-14 6.37E-14 
Pb-210 2.75E-18 3.64E-18 1.89E-18 1.40E-18 8.67E-18 2.41E-18 1.82E-18 2.51E-18 5.69E-18 
Pd-107 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Pro-147 6.08E-11 7.75E-11 4.42E-11 3.62E-11 1.77E-10 5.47E-11 4.26E-11 5.62E-11 6.57E-08 
Pu-238 3.21E-09 6.22E-09 5.19E-10 8.23E-10 4.55E-09 1.96E-09 9.74E-10 2.39E-09 2.OOE-08 
Pu-239 4.11E-10 6.41E-10 2.25E-10 2-27E-10 8.04E-10 3.29E-10 2.43E-10 3.60E-10 1.58E-09 
Pu-240 9.34E-10 1.81E-09 1.60E-10 2.42E-10 1.36E809 5.76E-10 2.88E-10 8.98E-10 5.76E-09 
Pu-241 5.87E-10 7.08E-10 5.29E-10 4.60E-10 1.79E-09 5.70E-10 4.972-10 5.92E-10 9.55E-10 
Pu-242 2.24E-12 4.31E-12 4.06E-13 5.99E-13 3.31E-12 1.39E-12 7.04E-13 1.68E-12 1.37E-11 
Ra-226 6.55E-17 7.53E-17 6.27E-17 5.74E-17 1.69E-16 6.57E-17 5.93E-17 6.70E-17 1.02E-16 
Ra-228 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.002E00 0.00E+00 0.00E+00 0.00E+00 
Ru-106 1.02E-I1 1.18E-11 1.02E-11 9.88E-12 1.74E-11 1.04E-11 9.76E-12 1.05E-11 1.10E-10 
Sb-125 2.91E-07 3.33E-07 2.86E-07 2.75E-07 5.18E-07 2.95E-07 Z73E-07 2.97E-07 3.89E-07 
Se-79 237E-13 3.19E-13 1.44E-13 1.14E-13 6.58E-13 2.022-13 1.44E-13 2.07E-13 2-54E-10 
Sm-147 0.00E+00 0.00E+00 0.002+00 0.0012+00 0.00E+00 0.00+E00 0.00E+00 0.00E+00 0.00E+00 
Sm-151 2.64E-11 4.40E-11 3.59E-12 5.73E-12 3.60E-11 1.829-11 ;.56E-12 1.83E-11 9.53E-11 
Sn-126 9.80E-08 1.12E-07 9.71E-08 9.38E-08 1.70E-07 9.99E-08 9.28E-08 1.00E-07 1.70E-07 
Sr-90 4.63E-07 5.65E-07 3.83E-07 3.24E-07 1.36E-06 4.36E-07 3.64E-07 4.48E-07 5.47E-04 
Tc-99 3.79E-11 4.79E-11 2.81E11 2.29E-11 1.13E-10 3.42E-11 2.70E-11 3.53E-11 5.96E-08 
Th-229 1.61E-15 1.89E-15 1.50E-15 1.29E-15 4.91E-15 1.58E-15 1.40E-15 1.64E-15 231E-15 
Th-230 i.31F.16 1.73E-18 1.04E-16 8.86E-17 3.84E-18 1.18E-16 9.95E-17 1.26E-16 3.28E-16 
Th-232 9 5.39E-19 253E-19 2.19E-19 1.03E-18 3.13E-19 2.51E-19 3.46E-19 1.36E-18 

U3-4 8.49E-14 3.80E-14 3.29E-14 1.41E-13 4.72E-14 3.66E-14 5.20E-14 2.17E-13 
U-233 5 3.27E-15 1.99E-15 1.83E-15 6.07E-15 2.28E-15 1.93E-15 2.40E-15 6.74E-15 
U-234 .'4E-13 7.11E-13 2.16E-13 2.07E-13 9.82E-13 3.30E-13 2.37E-13 3.77E-13 2.10E-12 
U-235 3.12E-11 3.59E-11 2.99E-11 2.72E-11 8.15E-11 3.12E-11 2.82E-11 3.19E-11 3.83E-11 
U-236 4.12E-13 7.44E-13 1.47E-13 1.57E-13 8.04E-13 2.83E-13 1.82E-13 3.39E-13 241E-12 
U-238 3.67E-13 7.13E-13 8.32E-14 1.04E-13 6.18E-13 2.27E-13 1.26E-13 2.85E-13 243E-12 
Zr-93 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00+E-00 0.00E2+0 0.0OE+00

crud
C0-60 (crud) 2I62E-03 2.96E-03 I

O.OOE+00

4.97E-03 7.79E-03 5.19E-03 4.85E-03

3.09E-03
- A n ý

5.16E-03 9.38E-03
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DOE SNF per Canister Source Term and Dose Calculations.xls Inhalation Doses - HEPAs

SAXTON (MOX [787] HEPAs IIIII 
non-metal not inlact III ihlto oe rm .  

breast lungs red marrow bone surface thyroid remainder effectlve skin 
Ar-227 1.83E-10 3.08E-14 7.11E-10 1.19E-09 1.48E-08 1.66E-14 6.79E-10 8.36E-10 0.00E+00 
An-241 7.25E-03 5.95E-07 4.10E-03 3.88E-02 4.549-01 3.57E-07 1.74E-02 2.68E-02 0.00E+00 
Am-242m 1.19E-05 5.10E-10 1.55E-06 6.24E-05 7.83E-04 2.08E-10 2.76E-05 4.25E-45 0.00E+00 
Ami-243 3.19E-05 1.49E-08 1.74E-05 1.69E-04 2.13E-03 8.12E-09 7.58E-05 1.17E-04 0.00E+00 
C-14 3.53E-11 3.53E-11 3.53E-11 3.53E-11 3.53E-11 3.53E-11 3.53E-11 3.53E-11 0.00E+00 
Cd-113m 2.97E-08 2.97E-08 3.66E-07 2.97E-08 2.97E-08 2.97E-08 1.16E-06 3.70E-07 0.00E+00 
CI-36 4.10E-13 4.10E-13 3.71E-11 4.10E-13 4.10E-13 4.10E-13 4.36E-13 4.82E-12 0.OOE+00 
Cm-242 1.73E-07 2.87E-10 4.71E-08 1.19E-08 1.48E-05 2.86E-10 7.45E-07 1.42E-08 0.OOE+00 
Cm-243 1.15E-05 3.49E-09 1.08E-05 6.54E-05 8.15E-04 2.12E-09 3.19E-05 4.60E-05 0.OOE+00 
Cm-244 5.11E-04 3.34E-08 6.20E-04 3.01E-03 3.76E-02 3.25E-08 1.54E.03 2.15E-03 0.00E+00 
Cm--245 2.47E-07 4.90E-11 1.32E-07 1.31E-06 1.64E-05 2.70E-11 5.832-07 9.012-07 0.00E+00 
Cm-246 4.94E-08 5.92E-12 2.69E-08 2.64E-07 3.29E-06 3.35E-12 1.18E-07 1.81T-07 0.00E+00 
Cm-247 1.19E-13 8.61E-17 6.45E-14 6.30E-13 7.88E-12 5.60E-17 2.82E-13 4.33E-13 0.OOE+00 
Co-60 3.50E-09 1.35E-08 2.53E-07 1.26E-08 9.92E-09 1.19E-08 2.65E-08 4.34E-08 0.00E+00 
Cs-134 4.63E-05 3.85E-05 4.20E-05 4.20E-05 3.92E-05 3.96E-05 4.95E-05 4.45E-05 0.00E+00 
fs-135 2.30E-07 2.30E-07 2.70E-07 2.30E-07 2.30E-07 230E-07 2.30E-07 2.36E-07 0.00E+00 
Ds-137 2.52E-01 2.26S-01 2.54E-01 2.39E-01 2.29E-01 2.29E-01 2.63E-01 249E-.01 0.00E+00 
Eu-154 7.45E-07 9.87E-07 5.04E-06 6.75E-06 3.33E-05 4.55E-07 7.202-06 4.92E-06 0.00E+00 
Eu-155 2.36E-09 4.07E-09 7.90E-08 9.49E-08 1.01E-06 1.59E-09 7.37E-08 7.43E-08 0.002+00 
Fe-55 3.18E-12 3.09E-12 6.44E-12 3.14E-12 3.12E-12 3.29E-12 7.36E-12 4.41E-12 0.00E+00 
4-3 8.74E-05 8.74E-05 8.74E-05 8.74E-05 8.74E-05 8.74E-05 8.74E-05 8.74E-05 0.00E+00 
-129 9.15E-08 2.20E-07 3.31E-07 1.47E-07 1.45E-07 1.64E-03 1.24E-07 4.94E-05 0.00E+00 
0r-85 0.00EU 0.00E+002 0.+00 0.000+00 0.002i00 0.00E+00 0.002E00 0.00E+00 0.OOE+00 0.00E+00 
Nb-93m 4.06E-11 4.25E-12 6.29E-09 2.78E-11 7.25E-11 2I97E-12 3.85E-11 7.71E-10 0.00+E00 
Nb-94 8.53E-12 4.01E-11 1.34E-09 4.05E-11 3.539-11 3.98E-11 7.97E-11 2.01E-10 0.00E+00 
Nl-59 4.98E-13 4.80E-13 1.67E-12 4.91E-13 4.87E-13 5.23E-13 5.04E-13 4.97E-13 0.00E+00 
NI-63 1.26E-10 1.26E-10 4.70E-10 1.26E-10 1.26E-10 1.26E-10 1.31E-10 1.28E-10 0.00E+00 
9p-237 8.62E-07 3.78E-10 3.60E-07 5.86E-06 7.31E-05 3.00E-10 5.23E-07 3.27E-06 0.00E+00 
Pa-231 7.20E-15 9.17E-15 7.79E-10 7.27E-10 9.08E-09 7.97E-15 2.99E-13 3.62E-10 0.00E+00 
2b-210 5.851-16 5.85E-16 5.65E-16 6.66E-15 9.72E-14 5.85E-16 8.33E-15 8.52E-15 0.00E+00 
Md-107 7.00E-15 7.00E-15 2.11E-10 3.78E-14 1.01E-13 7.00E-15 1.59E-12 2.55E-11 0.00E+00 
Pm-147 6.09E-14 1.17E-13 2.51E-07 2.64E-08 3.30E-07 6.41E-14 1.91E-08 3.43E-08 0.00E+00 
Pu-238 5.48E-04 1.96E-08 6.26E-03 2.97E-03 3.72E-02 1.88T-08 1.37E-03 2.07E-03 0.00E.00 
2u-239 1.08E-04 3.13E-09 1.10E-03 5.73E-04 7.16E-03 3.06E-09 2.57E-04 3.942-04 0.00E+00 
Pu-240 1.87E-04 5.58E-09 1.90E-03 9.922-04 1.24E-02 5.31E-09 4.44E-04 6.81E-04 0.00E+00 
2u-241 2.22E-04 9.98E-09 1.04E-03 1.10E-03 1.37E-02 4.05E-09 4.27E-04 7.28E-04 0.00E+00 
'u-242 5.05E-07 1.58E-11 5.14E-06 Z69E-06 3.38E-05 1.47E-11 1.20E-06 1.86E-06 0.00E+00 
Ra-226 8.672-16 8.67E-16 1.37E-13 5.64E-15 6.45E-14 8.67E-16 9.09E-16 1.97E-14 0.00E+00 
Ra-228 1.789-15 1.78E-15 7.00E-14 7.16E-15 6.31E-14 1.78E-15' 1.81E-15 1.25E-14 0.00E+00 
RW-106 5.59E-13 5.55E-13 4.21E-11 5.55E-13 5.55E-13 5.55E-13 8.84E-13 5.22E-12 0.00E+00 
ib-125 2.11r-10 2.44E-10 1.27E-08 3.81E-10 1.60E-09 1.90E-10 8.512-10 1.94E-09 0.002+00 
We-79 1.85E-11 1.85E-11 268E-10 1.85E-11 1.85E-11 1.85E-11 1.16E-10 7.27E-11 0.00E+00 Sr-147 0.00E+00 0.00E+00 2.37E-12 8.57E-12 1.07E-10 0.002+00 5.892-12 8.302-12 0.002+00 
;m-151 8.17E-13 3.02E-12 8.61E-08 2.23E-07 2.80E-06 2.67E-13 1.52E-07 1.64E-07 0.00E+00 
;n-126 7.42E-10 7.32E-10 7.84E-09 Z92E-09 6.13E-09 6.80E-10 9.14E-10 1.40E-09 0.00E+00 
;r-90 6.28E-06 6.28E-06 8.80E-03 7.99E-04 1.73E-03 6.28E-06 1.36E-05 8.35E-04 0.00E+00 
c-99 3.93E-11 3.93E-11 1.45E-08 3.93E-11 3.93E-11 1.05E-09 5.45E-10 1.96E-09 0.00E+00 
b-229 4.71E-14 4.71E-14 3.40E-11 1.96E-11 2.44E-10 4.71E-14 1.20E-13 9.90E-12 0.00E+00 
71-230 1.18E-13 1.18E-13 8.71E-11 5.02E-11 6.27E-10 1.18 E-13 3.05E-13 2.55E-11 0.00E+00 

-'h232 1.21E-15 1.22E-15 1.49E-12 1.42E-12 1.76E-11 1.18E-15 2.96E-15 7.02E-13 0.00E+00 
J-232 1.17E-11 1.18E-11 2.16E-07 5.94E-10 9.39E-09 1.15E-11 4.55E-10 2.60E-08 0.00E+00 
J-233 1.50E-13 1.50E-13 1.79E-09 4.19E-12 8.60E-11 1.50E-13 5.54E-12 2182-10 0.002+00 
J-234 4.93Y-11 4.93E-11 5.88E-07 1.38E-09 2.152-08 4.93E-11 1.83E-09 7.06E-08 0.002+00 
.- 235 4.20E-12 4.21E-12 4.89E-08 1.17E-10 1.79E-09 4.20E-12 1.52E-10 5.88E-09 0.002+00

)-238
U.'JE--1 I

7.44E-11 7.44E-11 8.88E-07 2.20E-09
Zr-93 2.80E-12 6.02E-12 1.12E-08 2.28E-( 

cMA

Co-60 (crud) 3.04E-06 1.17E-05 2-20E-04 1.1 
2.(

S-0 8 .4U-1
3.26E-08 I 7.41E-11

,-W

2-74E-09 1.07E-07
U.UU�+UU

2.88E-01 I 8.26E-01 2.30E-01 1 2.852-01 1 2.83E-01 I 0.00E+00
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Fe-55 (crud) 2.10E-06 2.04E-06 4.2 

total 1 2.61E-01 2.26E-01 2.7

ý4ý 13.40E-;11 1.78E-09• .37E-09- 9.16E:-08
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DOE SNF per Canister Source Term and Dose Calculations.xls Air Submersion Doses - HEPAs

SATN O) V87 II HPAs II7 
nion-metal not intact

air submnersion doses iremin
gonads breast lungs red marrow 

Ac-227 1 .30 E-19
1.54E-19 1.17E-19 1.02E-19

-192 1.791.30E-19 - reminder 1 siJ1 
i-19 I .27E-9 1.10E419 1.30E-1 1.14E-18

Am-241 1.44E-09 1.79E-09 1.13E-09 8.72E-10 4.80E-09 1.31E-09 1.06E-09 1.37E-09 2.14E-09 
Am-242m 1.05E-13 1.67E-13 4.77E-14 4.77E-14 2.20E-13 8.18E-14 5.38E-14 8.79E-14 3.77E-13 
Am-243 1.81E-11 1.92E-11 1.41E-11 1.14E-11 5.49E-11 1.54E-11 1.32E-11 1.60E-11 2.02E-11 
C-14 1.22S-16 1.66E-16 7.19F-17 5.69E-17 3.32E-18 1.03E-16 7.24E-17 1.05E-18 1.14E-13 
Cd-113m 4.82E-14 5.88E.14 3.98E-14 3.37E-14 1.41E-13 4.54E-14 3.78E-14 4.66E-14 5.70E-11 
CI-36 1.37E-16 1.62E-16 1.23E-18 1.10E-16 3.44E-16 1.34E-18 1.17E-16 1.36E-16 8.97E-14 
Cm-242 1.79E-14 3.38E-14 2.58E-15 4.31E-15 2.42E-14 1.12E-14 5.18E-15 1.30E-14 9.79E-14 
Cm-243 2.40E-11 2.78E-11 2.29E-11 2.08E-11 6.24E-11 Z40E-11 2.16E-11 2.45E-11 4.08E-11 
Cm-244 1.67E-12 3.21E-12 1.71E-13 3.52E-13 2.13E-12 1.01E-12 4.37r-13 1.18E-12 9.44E-12 
Cm-245 2.13E-13 2.50E-13 2.00E-13 1.74E-13 6.490-13 211E-13 1.87E-13 2.18E-13 2.95E-13 
Cm-248 6.94E-17 1.33E-16 7.78E-18 1.50E-17 9.08E-17 4.25E-17 1.86E-17 4.96E-17 3.88E-16 
Cm-247 4.26E-19 4.87E-19 4.18E-19 4.00E-19 8.21E-19 4.32E-19 4.OOE-19 4.35E-19 5.19E-19 
Co-60 8.79E-10 7.67E-10 6.84E-10 6.79E-10 9,82E-10 7.01E-10 6.62E-10 6.95E-10 8.00E-10 
Cs-134 7.92E-07 9.02E-07 7.89E-07 7.69E-07 1.28E-06 8.10E-07 7.55E-07 8.10E-07 1.01E-06 
Cs-135 3.62E-13 4.74E-13 2.41E-13 1.92E-13 1.04E-12 3.17E-13 2.35E-13 3.25E-13 5.222-10 
Cs-137 2.31E-03 2.64E-03 Z29E-03 2.24E-03 3.79E-03 Z3615-03 2.19E-03 2.36E-03 3.80E-03 
Eu-154 2.87E-08 3.28E-08 288E-08 281E-08 4.51E-08 2.94E-08 2.75E-08 294E-08 3.96E-08 
Eu-155 1.24E-10 1.47E-10 1.11E-10 9.22E-11 4.03E-10 1.20E-10 1.03E-10 1.24E-10 1.69 -10 
Fe-55 0.OOE+00 0.004E00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.00E+00 0.00E+00 O.00E+00 
H--3 0.00+00 0.00=+00 4.17E-08 0.00E+00 O.00E+00 0.00E+00 0.00E+00 5.02E-09 O.00E+00 
1-129 1.53E-09 2.11E-09 6.77E-10 5.19E-10 3.48E-09 1.22E-09 7.272-10 1.20E-09 3.48E-09 
Kr-85 1.57E-05 1.80E-05 1.53E-05 1.47E-05 2.98E-05 1.59E-05 1.47E-05 1.60E-05 1.78E-03 
Nb-93m 4.64E-15 9.60E-15 1.87E-16 8.64E-16 5.07E-15 2.51E-15 9.96E-16 3.25E-15 3.14E-14 
Nb-94 1.01E-12 1.15E-12 1.01E-12 9.87E-13 1.60E-12 1.04E-12 9.67E-13 1.04E-12 1.28E-12 
Ni-59 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.009+00 0.00E+00 
Ni-M3 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.00E200 0.00E+00 0.00E+00 0.00+E00 0.00E+00 
Np-237 1.75E-13 2.12E-13 1.51E-13 1:29E-13 5.37E-13 1.67E-13 1.43E-13 1.73E-13 2.59E-13 
Pa-231 1.34E-17 1.56E-17 1.27E-17 1.19E-17 2.85E-17 1.33E-17 1.21E-17 1.35E-17 1.91E-17 
Pb-210 8.25E-22 1.09E-21 5.67E-22 4.19E-22 2.60E-21 7.23E-22 5.45E-22 7.52E-22 1.71E-21 
Pd-107 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00+E00 0.00E+00 0.00E+00 0.00E+00 
Pm-147 1.82E-14 2.32E-14 1.33E-14 1.08E-14 5.30E-14 1.64E-14 1.282-14 1.69E-14 1.97E-11 
Pu-238 9.64E-13 1.87E-12 1.56E-13 2.47E-13 1.37E-12 5.89E-13 2.92E-13 7.17E-13 6.01E-12 
Pu-239 1.23E-13 1.92E-13 6.75E-14 6.80E-14 2.41E-13 9.88E-14 7.29E-14 1.08E-13 4.74E-13 
Pu-240 2.80E-13 5.42E-13 4.80E-14 7.27E-14 4.08E-13 • 1.73E-13 8.64E-14 2.09E-13 1.73E-12 
Pu-241 1.76E-13 12E-13 1.59E-13 1.38E-13 5.38E-13 1.71E-13 1.49E-13 1.78E-13 Z87E-13 
Pu-242 8.71E-16 1.2gr-15 1.22E-16 1.80E-18 9.93E-16 4.17E-16 2.11E-16 5.042-16 4.11E-15 
Ra-226 1.96E-20 2.26E-20 1.88E-20 1.72E-20 5.07E-20 1.97E-20 1.78E-20 2.01E-20 3.06E-20 
Ra-228 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.002400 0.00E+00 0.00+E00 0.00E+00 
Ru-106 3.07E-15 3.53E-15 3,07E-15 2.96E-15 5.23E-15 3.13E-15 2.93E-15 3.16E-15 3.31E-14 
Sb-125 8.72E-11 1.00E-10 8.59E-11 8.24E-11 1.56E-10 8.86E-11 8.19E-11 8.902-11 1.172-10 
Se-79 7.12E-17 9.58E-17 4.33E-17 3.42E-17 1.97E-18 6.07E-17 4.31E-17 6.21E-17 7.61E-14 
Sm-147 0.00E+00 0.00E+00 0.00E+00 0.0OE+00 0.00E400 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Sm-151 7.912-15 1.34E-14 1.08E-15 1.72E-15 1.08E-14 5.45E-15 2.27E-15 5.49E-15 2.89E-14 
Sn-126 2.94E-11 3.36E-11 2.91E-11 2.81E-11 5.10E-11 3.00E-11 2.78E-11 3.00E-11 5.09E-11 
Sr-90 1.39E-10 1.69E-10 1.15E-10 9.71E-11 4.07E-10 1.31 -10 1.09E-10 1.34E-10 1.64E-O7 
Tc-99 1.14E-14 1.442-14 8.42E-15 6.86E-15 3.38E-14 1.03E-14 8.10E-15 1.06E-14 1.79E-11 
Th-229 4.83E-19 5.66E-19 4.49E-19 3.88E-19 1.47E-18 4.74E-19 4.19E-19 4.91E-19 6.93E-19 
Th-230 3.92E-20 5.19E-20 3.12E-20 2.66E-20 1.15E-19 3.55E-20 2.99E-20 3.79E-20 9.83E-20 
Th-232 1.11 E-22 1,62E-22 7.58E-23 6.57E-23 3.09E-22 9.40E-23 7.54E-23 1.04E-22 4.09E-22 
U-232 1.70E-17 2.55E-17 1.08E-17 9.87E-18 4.24E-17 1.42E-1, 1.10E-17 1.56E-17 6.50E-17 
U-233 7.47E-19 9.82E-19 5.97E-19 5.48E-19 1.82E-18 .685E-19 5.79E-19 7.21E-19 2.02E-18 
U-234 1.30E-16 2.13E-18 6.482-17 6.22E-17 2.95E-16 9.90E-17 7.11E-17 1.13E-16 6.292-16 
U-235 9.37E-15 1.08E-14 8.97E-15 8.17E-15 2.45E-14 9.37E-15 8.47E-15 9.57E-15 1.15E-14 
U-236 1.24E-16 2.23E-16 4.42E-17 4.72E-17 2.41E-16 8.50E-17 5A7E-17 1'02E-16 7.24E-16 
U-238 1.10E-16 2.14E-18 2.50E-17 3.11E-17 1.85E-16 6.82E-17 3.78E-17 8.55E-17 7.29E-16 
Zr-93 0.00E+00 0.00E+00 0.002+00 O.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 

CrudII 
Co-60 (crud) 7.86E-07 8.88E-07 7.929-07 7.86E-07 1.14E-06 8.11E-07 7.67E-07 8.05E-07 9.26E-07 
Fe-55 (crud) O.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.00E+00 0.00E+00 0.00E+00 

total 2.33E-03 2.66E-03 2.31E-03 2.25E-03 3.82E-03 2-38E-03 2.21E-03 2.382-03 5.582-03
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DOE SNF per Canister Source Term and Dose Calculations.xlsF

SAXTON (MOX1 17871 non-metal not intact No HEPAs
Air 

Inhalation Submersion 
Dose @ Dose Term Dose @ Dose Term 
5000 m for 5000 m for Dose Term for 
[rem] Regulation [rem] Regulation Regulation 

Gonad 2.99E-01 5.05E-03 
Breast 2.99E-01 5.74E-03 
Lung 7.39E+01 5.05E-03 
R Marrow 1.62E+02 4.97E-03 
B Surface 1.99E+03 <CDE 7.79E-03 
Thyroid 2.96E-01 5.19E-03 
Remainder 7.25E+01 4.86E-03 
Whole Body 1.13E+02 <CEDE 5.16E-03 <DDE 1.13E+02 <TEDE--CEDE+DDE 
Skin 0.OOE+0D <SKIN 9.36E-03 <SKIN 9.36E-03 <SKIN 
Eye Lens NIA <EYE N/A <EYE N/A <EYE 

I_ ._ I_ _1.99E+03 <CDE + DDE 

SAXTON (MOX) [787] non-metal not intact HEPAs 
Air 

Inhalation Submersion 
Dose@ Dose Term Dose@ Dose Term Dose for 
5000 m for 5000 m for Regulation Dose Term for 

[rem] Regulation [rem] Regulation [rem] Regulation 
Gonad 2.61E-01 2.33E-03 
Breast 2.26E-01 2.66E-03 
Lung 2.76E-01 2.31E-03 
R Marrow 2.88E-01 2.25E-03 
B Surface 8.26E-01 <CDE 3.82E-03 
Thyroid 2.30E-01 2.38E-03 
Remainder 2,85E-01 2.21 E-03 
Whole Body 2.83E-01 <CEDE 2.38E-03 <DDE 2.85E-01 <TEDE=CEDE+DDE 
Skin 0.00E+00 <SKIN 5.58E-03 <SKIN 5.58E-03 <SKIN 
Eye Lens N/A <EYE N/A <EYE N/A <EYE 

I 8.29E-01 <CDE + DDE
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DOE SNF per Canister Source Term and Dose Calculations.xls TEDE & CDE+DDE

SAXTON (MOX) [787]

Isotope 
Ac-227 
Am-241 
Am-242m 
Am-243 
C-14 
Cd-113m 
Cl-36 
Cm-242 
Cm-243 
Cm-244 
Cm-245 
Cm-24a 
Cm-247 
Co-60 
Cs-134 
Cs-135 
Cs-137 
Eu-1 54 
Eu-155 
Fe-55 
H-3 
1-129 
Kr-85 
Nb-93m 
Nb-94 
Ni-59 
NI-63 
Np-237 
Pa-231 
Pb-210 
Pd-107 
Pm-147 
Pu-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 
Ra-226 
Ra-228 
Ru-106 
Sb-125 
Se-79 
Sm-147 
Sm-151 
Sn-126 
Sr-90 
Tc-99 
Th-229 
Th-230 
Th-232 
U-232 
U-233 
U-234 
U-235 
U-238 
U-238 
Zr-93 

crud 
Co-60 (crud) 
Fe-55 (crud)

materia twe 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
C 
C 
C 
P 
P 
P 
G 
G 
G 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

crud 
crud 

total

non-metal 
offsite doses with no HEPAs [rem) 

bone surface 
TEDE CDE + DDE 

2.79E-06 4.94E-05 
8.92E+01 1.61E+03 
1.42E-01 Z61E+00 
3.89E-01 7.08E+00 
1.18E-07 1.18E-07 
1.23E-03 9.90E-05 
1.81E-08 1.37E-09 
4.73E-03 4.94E-02 
1.53E-01 2.72E+00 

7.18E+00 1.25E+02 
3.00E-03 5.47E-02 
6.02E-04 1.10E-02 
1.44E-09 2.63E-08 
1.47E-04 3.54E-05 
4.54E-05 4.00E-05 
2.36E-07 2.30F-07 
2-51E-01 2.31E-01 
1.65E-02 1.11E-01 
2.48E-04 3.36E-03 
1.47E-08 1.04E-08 
8.74E-05 8.74E-05 
4.94E-05 1.47E-07 
1.60E-05 1.80E-05 
2.57E-06 2.42E-07 
8.72E-07 1.21 E-07 
1.68E-09 1.62E-09 
4.28E-07 4.19E-07 
1.09E-02 244E-01 
1.21 E-06 3.03E-05 
2.17E-11 3.24E-10 
8.51E-08 3.38E-10 
1.14E-04 1.10E-03 
6.91E+00 1.24E+02 
1.31E+00 239E+01 
2.27E+00 4.13E+01 
2.43E+00 4.57E+01 
6.19E-03 1.12E-01 
6.57E-11 215E-10 
4.17E-11 2.10E-10 
1.74E-08 1.86E-09 
6.75E-06 5.64E-06 
2.42E-07 6.185=-08 
2.10E-08 3.57E-07 
5.47E-04 9.32E-03 
4.76E-06 2-05E-05 
2.78E+00 5.76E+00 
6.52E-06 1.31 E-07 
3.30E-08 8.14E-07 
8.51E-08 2.09E-06 
2.34E-09 5.87E-08 
8.68E-05 3.13E-05 
7.19E-07 2.20E-07 
2.35E-04 7.16E-05 
1.96E-05 5.96E-06 
3.05E-04 9.36E-05 
3.56E-04 1.09E-04 
3.72E-05 9.34E-04

1.28E-01 
9.71E-03 

1.13E+02

3.14E-02 
6.87E-03 

1.99E+03

not intact 
offsite doses with HEPAs [rem] 

bone surface COE 
TEDE +DDE 

8.36E-10 1.48E-08 
2.68E-02 4.84E-01 
4.25E-05 7.83E-04 
1.17E-04 2.13E-03 
3.53E-11 3.53E-11 
3.70E-07 2.97E-08 
4.82E-12 4.10E-13 
1.42E-06 1.48E-05 
4.60E-05 8.15E-04 
215E-03 3.76E-02 
9.01E-07 1.64E-05 
1.81E-07 3.29E-06 
4.33E-13 7.88E-12 
4.41 E-08 1.06E-08 
4.54E-05 4.00E-05 
2.38E-07 2.30E-07 
2-51E-01 2.31E-01 
4.95E-06 3.33E-05 
7.45E-08 1.01E-06 
4.41E-12 3.12E-12 
8.74E-05 8.74E-05 
4.94E-05 1.47E-07 
1.60E-05 1.60E-06 
7.71E-10 7.25E-11 
2.02E-10 3.63E-11 
4.97E-13 4.87E-13 
1.28E-10 1.26E-10 
3.27E-06 7.31E-05 
3.62E-10 9.08E-09 
8.52E-15 9.72E-14 
2.55E-11 1.01 E-13 
3.43E-08 3.30E-07 
2.07E-03 3.72E-02 
3.94E-04 7.16E-03 
6.81E-04 1.24E-02 
7.28E-04 1.37E-02 
1.86E-06 3.36E-05 
1.97E-14 6.45E-14 
1.25E-14 6.31E-14 
5.23E-12 5.58E-13 
2.03E-09 1.69E-09 
7.27E-11 1.85E-11 
6.30E-12 1.07E-10 
1.64E-07 2.80E-06 
1.43E-09 8.16E-09 
8.35E-04 1.73E-03 
1.96E-09 3.93E-11 
9.90E-12 2.44E-10 
Z55E-11 8.27E-10 
7.02E-13 1.76E-11 
260E-08 9.39E-09 
2.165E-10 6.50E-11 
7.06E-08 2.15E-08 
5.88E-09 1.79E-09 
9.16E-08 2.81E-08 
1.07E-07 3.20E-08 
1.11E-08 2.80E-07

3.85E-05 
2.91E-06 

2.85E-01

9.42E-06 
2.06E-06 

8.29E-01
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DOE SNF per Canister Source Term and Dose Calculations.xls

SAXTON (MOX) [787]

TEDE (no HEPAs) 
matedal type 

G 
P 
C 

crud 

TEDE (HEPAs) 
material type 

G 
P 
C 

crud

non-metal not intact

subtotal [rem] 
1.53E-04 
1.13E+02 
2.51E-01 
1.38E-01 

total 1.13E+02 

subtotal [rem] 
1.53E-04 
3.38E-02 
2.51E-01 
4.14E-05 

total 2.85E-01

fraction of total H-] 
1.35E-06 
9.97E-01 
2.22E-03 
1.22E-03 
1.00E+00 

fraction of total [.] 
5.36E-04 
1.19E-01 
8.81E-01 
1.45E-04 
1.00E+O0

bone surface CDE + DDE (no HEPAs) 
material type subtotal [rem] fraction of total [-] 

G 1.04E-04 5.20E-08 
P 1.99E+03 1.OOE+00 
C 2.31E-01 1.16E-04 

crud 3.83E-02 1.92E-05 
total 1.99E+03 1.OOE+00 

bone surface CDE + DDE (HEPAs) 
material type subtotal [rem] fraction of total [-] 

G 1.04E-04 1.25E-04 
P 5.98E-01 7.21E-01 
C 2.31E-01 2.79E-01 

crud 1.15E-05 1.39E-05 
total 8.29E-01 1.00E+00 
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Attachment VII 

Calculations for EBWR (U Metal) LEU DOE SNF
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DOE SNF per Canister Source Term and Dose Calculations.xls

evaluated fuel x evaluatedtf-e_ 
fuel typ sta stable metal non-metal non-metal otiw other oother

HWCTR ALUM CLAD PWR CORE II SAXTON METAL) LEU N REACTOR EBWR (U METAL) 
fuel name (U/ITH) [112] SNF [411] [193] (MOX) [787] [84] [147] LEU [64] 
#of canisters 0.17 1.00 24.00 1.00 10.50 194.95 10.50 

Isotopes material type Curies (entire fuel inventoty) Curdes 
Ac-227 P 9.27E-09 2.811E-07 1.24E-02 1.33E-05 3.38E-05 1.03E-02 3.38E-05 
Am-241 P 1.22E-01 2.51E+01 7.61E+04 6.452+03 1.632+04 2.80E+05 1.63E+04 
Am-242m P 8.67E-05 9.e9E-03 1.18E+02 1.07E+01 2.71E+01 7.96E+00 2.71E+01 
Am-243 P 2.85E-04 2.40E-02 3.38E+02 2.83E+01 7.18E+01 4.10E+01 7.18E+01 
C-14 P 1.09E-06 1.17E-05 1.53E+00 1.81E+00 4.59E+00 3.63E+02 4.59E+00 
Cd-113m P 6.32E-02 7.25E-01 0.002+00 2.59E+01 8.58E+01 0.002+00 6.56E+01 
CI-36 P 2.51-30 0.00E+00 0.00E+00 Z35E-02 5.96E-02 0.00E+00 5.96E-02 
Cm-242 P 2.62E-04 8.00E-03 0.00E+00 8.79E+00 2.23E+01 0.00+E00 2.23E+01 
Cm-243 P 4.52E-05 3.29E-03 0.00E+00 1.50E-+01 4.08E+01 0.00E+00 4.06E+01 
Cm-244 P 9.94E-03 4.27E-01 3.16E+04 9.29E+02 236E+03 2.44E+03 2.38E+03 
Cm-245 P 5.84E-07 1.33E-05 5.82E+00 2.12E-01 5.37E-01 5.13E-01 5.37E-01 
Cm-248 P 3.99E-08 9.83E-07 9.89E-01 4.28E-02 1.08E-01 6.79E-02 1.08E-01 
Cm-247 P 4.17T-14 0.00E+00 1.12E-07 2.83E-07 2.83E-07 
Co-60 P 7.30E-03 1.81E-09 1.10E+04 2.12E+01 5.38E+01 4.75E+02 5.38E+01 
Cs-134 C 9.30E+01 2.05E+02 3.63E+03 1.24E+01 3.13E+01 1.63E+02 3.13E+01 
Cs-135 C 6.58E-04 1.24E-02 6.19E+00 6.65E-01 1.69E+00 4.00E+01 1.69E+00 
Cs-137 C 5.49E+02 8.60E+03 2.07E+06 1.00E+05 2.53E+05 5.34E+06 2-53E+05 
Eu-154 P 1.57E+01 9.08E+01 0.00E+00 1.84E+03 4.67E+03 0.00E+00 4.87E+03 
Eu-155 P 7.47E+00 281E+01 0.00E+00 1.92E+02 4.86E+02 0.00E+00 - 4.86E+02 
Fe-55 P 1.29E+00 0.00E+00 0.00E+00 1.76E-01 4.45E-01 0.00E+00 4.45E-01 
H-3 G 2.02E+00 .2-61E+01 5.09E+03 2.92E+02 7.41E+02 1.03E+04 7.41E+02 
1-129 G 1.44E-04 2.54E-03 7.202-01 6.09E-02 1.54E-01 3.29E+00 1.54E-01 
Kr-85 G 5.46T+01 8.45E+02 5.07E+04 2.59E+03 6.56E+03 1.53E+05 6.56E+03 
Nb-93m P 2.82E-03 4.96E-02 5.72E+01 2.82C+00 7.15E+00 4.54E+02 7.15E+00 
Nb-94 P 1.37E-07 4.96E-06 0.00E+00 5.18E-02 1.31E-01 6.71E-05 1.31E-01 
NI-59 P 243E-04 0.00E+00 0.00E+00 4.01E-02 1.02E-01 2.03E+01 1.022-01 
Ni-63 P 3.69E-02 0.00E+00 8.04E+04 4.42E+00 1.12E+01 221E+03 1.12+E01 
Np-237 P 1.82E-03 1.20E-02 7.06E+00 6.46E-01 1.64E+00 3.87E+01 1.64E+00 
Pa-231 P 9.79-08 1.88E-06 1.15E-02 3.02E-05 7.65E-05 1.38E-02 7.85E-05 
Pb-210 P 1.04E-10 1.44E-11 2.71E-06 5.13E-08 1.30E-07 7.52E-08 1.30E-07 
Pd-107 P 9.52E-05 2.35E-03 1.95E+00 2.14E-01 5.42E-01 7.48E+00 5.42E-01 
Pm-147 P 4.86E+02 247E+03 0.00E+00 9.36E+01 2.37E+02 0.00E+00 2.37E+02 
Pu-238 P 7.65E+02 Z20E+01 8.02E+04 5.68E+02 1.18E+04 6.37E+04 1.18E+04 
Pu-239 P 1.59E+01 1.49E+01 7.55E+03 9.81E+01 205E+03 1.23E+05 2.05E+03 
Pu-240 P 9.08E+00 1.07E+01 1.13E+04 1.70E+02 3.54E+03 7.18E+04 3.54E+03 
Pu-241 P 2.56E+03 1.22E+03 1.57E+06 9.43E+03 1.97E+05 2.06E+06 1.97E+05 
Pu-242 P 1.35E-02 1.04E-02 3.73E+01 4.84E-01 1.01E+01 3.46E+01 1.01E+01 
Ra-226 P 1.93E-09 1.53E-10 6.13E-06 2.46E-07 6.22E-07 1.15E-03 6.22E-07 
Ra-228 P 1.74E-13 8.44E-12 5.85E-02 Z80E-07 7.11E-07 1.03E-06 7.11E-07 
Ru-106 P 3.64E+01 297E+01 1.42E+01 1.17E-03 2.97E-03 3.16E-01 2.97E-03 
Sb-125 P 1.20E+01 0.00E+00 0.00E+00 1.70E+01 4.30E+01 0.00E+00 4.30E+01 
Se-79 P 2.47E-03 8.93E-02 7.69E+00 7.90E-01 2.00E+00 4.48E+01 2.00E+00 
Sm-147 P 3.48E-08 8.28E-07 0.00E+00 9.01E-06 228E-05 0.00E+00 2.28E-05 
Sr-151 P 2.16E+00 2.67E+01 2.58E+04 5.86E+02 1.48E+03 8.55E+04 1.48E+03 
Sn-126 P 2.21E-03 2.72E-02 9.72E+00 1.50E+00 3.80E+00 7.83E+01 3.80E+00 
Sr-90 P 5.25E+02 8.16E+03 1.56E+06 6.87E+04 1.74E+05 4.03E+06 1.74E+05 
Tc-99 P 8.07E-02 1.44E+00 2.67E+02 2.51E+01 6.37E+01 1.51E+03 6.37E+01 
Th-229 P 3.77E-08 8.09E-10 1.57E-02 4.93E-07 1.03E-05 9.31E-06 1.03E-05 
Th-230 P 3.27E-04 7.96E-08 1.08E-03 8.39E-06 1.75E-04 1.022-03 1.752-04 
Th-232 P 1.49E-10 1.992-11 5.58E-03 4.58E-08 9.56E-07 1.21 E-07 9.56E-07 
J-232 P 4.47E-03 1.112E04 0.00E+00 4.23E-03 8.82E-02 0.00E+00 8.82E-02 
LJ-233 F 8.568-05 1.18E-06 6.07E+00 1.70E-04 3.55E-03 5.71E-03 3.55E-03

U-235
P"
P 1.34E-01 I 8.48E-03

LU-236 P 5.77E-01 3.95E-02 • 
M2-238 P! 2.222-03 1.04E-02
Zr-93
crud (oew canister)
Co-0 (crud) I

P

I-e-ýbmlmJd) I

1.27E-02 1 1.40E-01

5.o82+u
6.58E-01 5.125-03

9.

1.1JU 14.I
1.85E+01

3.JW41=H 9.421:+UU I 2.1U.+U2

1.2.3E+02 I 7.7OE+02 I 1.76E+03

1.1Y1+U0
1.07E-01 
1.63E+00" 
2.01E+00
9.42F+00

7.70E+02
4.01E+01 1.69E+03 7.73E+02 4.85E+03 1 1.11E+04 4.85E+03
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DOE SNF per Canister Source Term and Dose Calculations.xls parameters

Release Fractions 
Total 

Release HEPA Filter 
Material Type ARF RF Fraction LPF 

stable metal/intact 
G 0.3 1.0 1 3.00E-01 1.0 
P 2.OOE-04 4.00E-03I 8.OOE-07 3.00E-04 
C 2.0E-04 1.0 2.00E-04 1.0 

stable metal/not Intact 
G 0.3 1.0 0.3 1.0 
P 5.00E-03 0.4 2.OOE-03 3.00E-04 
C 5.00E-03 1.0 5.00E-03 1.0 

non-metalfIntact 
G 0.3 1.0 1 0.3 1.0 
P 2.25E-04 1.0 2.25E-04 3.00E-04 
C 2.25E-04 1.0 2.25E-04 1.0 

non-metal/not intact 
G 0.3 1.0 0.3 1.0 
P 5.OOE-03 0.4 2.OOE-03 3,OOE-04 
C 5.OOE-03 1.0 5.00E-03 1.0 

otherfintact 
G 0.3 1.0 0.3 1.0 
P 1.00E-03 1.0 1.00E-03 3.OOE-04 
C 1.00E-03 1.0 1.00E-03 1.0 

other/not intact 
G 0.3 1.0 0.3 1.0 
P 5.OOE-03 0.4 2.OOE-03 3.OOE-04 
C 5.OOE-03 1.0 5.00E-03 1.0 

crud 
crud 1.0 0.3 3.OOE-01 3.OOE-04 

EBWR (U METAL) LEU [64] 
other 
Intact 

Release Fractions Used in this Calculation 
G 0.3 1.0 0.3 1.0 
P 1.0OE-03 1.OOE+00 1.00E-03 3.00E-04 
C 1.00E-03 1.00E+00 1.00E-03 1.00E+00 

crud 1.0 0.3 0.3 3.OOE-04 

breathing rate 3.33E-04 [mA3/s] 

gound level dispersion factor 
distance [m] x/Q [sec/m^3 

5000 4.68E-05 99.5% worst-sector 

3.70E+12 unit conversion factor 
Sv/Bq to rem/Ci
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DOE SNF per Canister Source Term and Dose Calculations.xls

Isotopes
Ac-227

7-

4 -.--
lun'

Inhalation DCFs

inhalafon DCFs [Sv/Bq] 
Sred marrow Iboe surface thyrid Iremainder I efe sidn

I 1.M�-03 2.S7E-4J3 I 3.212-02 I 3.59E-08 1.47E-03 1.81E-03 I 0.00E+00
Am-241 3.25E-05 2.67E-09 1.84E-05 1.74E-04 2-17E-03 1.60E-09 7.82E-05 1.20E-04 0.OOE+00 
AM-242m 3.21E-05 1.38E-09 4.20E-06 1.89E-04 2.12E-03 5.64E-10 7.48E-05 1.15E-04 0.00E+00 
Am-243 3.26E-05 1.52E-08 1.78E-05 1.73E-04 217E-03 8.29E-09 7.74E-05 1.192-04 0.OOE+00 
C-14 5.64E-10 5.64E-10 5.64E-10 5.64E-10 5.64E-10 5.84E-10 5.64E-10 5.64E-10 0.OOE+00 
Cd-113m 3.32E-08 3.32E-08 4.09E-07 3.32E-08 3.32E-08 3.32E-08 1.30E-06 4.13E-07 0.00E+O0 
CI-36 5.04E-10 5.04E-10 4.56E-08 5.04E-10 5.04E-10 5.04E-10 5.38E-10 5.93E-09 0.002+00 
Cm-242 5.70E-07 9.44E-10 1.55E-05 &90E-06 4.87E-05 9.41E-10 2.45E-06 4.67E-06 0.00E+00 
Cm-243 2.07E-05 6.29E-09 1.94E-05 1.18E-04 1.47E-03 3.83E-09 5.76E-05 8.30-05 0.OOE+00 
Cm-244 1.59E-05 1.04E-09 1.93E-05 9.38E-05 1.17E-03 1.01E-09 4.78E-05 6.70E-05 0.00+O00 
Crn-245 3.37E-05 6.69E-09 1.80E-05 1.79E-04 224E-03 3.68E-09 7.9GE-05 1.23E-04 0.00 +00 
Cm-248 3.34E-05 4.00E-09 1.82E-05 1.78E-04 222E-03 2.26E-09 7.94E-05 1.22E-04 0.00E+00 
Cm-247 3.07E-05 223E-08 1.67E-05 1.63E-04 2.04E-03 1.45E-08 7.30E-05 1.12E-04 0.00E+00 
Co-80 4.76E-09 1.84E-08 3.45E-07 1.72E-08 1.35E-08 1.62E-08 3.60E-08 5.91E-08 O.00E+00 
Cs-134 1.30E-08 1.08E-08 1.18E-08 1.18E-08 1.10E-08 1.11E-08 1.39E-08 1.25E-08 O.OOE+00 
Cs-135 1.20E-09 1.20E-09 1.41E-09 1.20E-09 1.20E-09 1.20E-09 1.20E-09 1.23E-09 O.OOE+00 
Cs-137 8.76E-09 7.84E-09 8.82E-09 8.30E-09 7.942-09 7.93E-09 9.122-09 8.63E-09 0.002E+0 
Eu-154 1.17E-08 1.55E-08 7.92E-08 1.06E-07 5.23E-07 7.14E-09 1.13E-07 7.73E-08 0.00E+00 
Eu-155 3.56E-10 6.14E-10 1.19E-08 1.43E-08 1.52E-07 2.40E-10 1.11E-08 1.12E-08 0.002+00 
IFe-55 5.23E-10 5.09E-10 1.06E-09 5.17E-10 5.14E-10 5.42E-10 1.21E-09 7.262-10 0.0OE400 
W-3 1.73E-11 1.73E-11 1.73E-11 1.73E-11 1.73E-11 1.73E-11 1.73E-11 1.73E-11 0.002E+0 
1-129 8.69E-11 2.09E-10 3.14E-10 1.40E-10 1.38E-10 1.56E-06 1.18E-10 4.69E-08 0.0OE+00 
IKr-85 0.00E+00 0.002+00 0.00E+00 0.002+00 0.00S+00 0..OO+00 0.00E+00 0.002+00 0.002+00 
Nb-93m 4.16E-10 4.36E-11 6.45E-08 285E-10 7.43E-10 3.04E-11 3.95E-10 7.90E-09 0.00E+00 
Nb-94 4.76E-09 2.24E-08 7.48E-07 2.26E-08 1.97E-08 2.22E-08 4.45E-08 1.12E-07 0.OOE+00 
NI-59 3.59E-10 3.46E-10 1.20E-09 3.54E-10 3.51E-10 3.77E-10 3.63E-10 3.58 -10 0.00E+00 
Ni-63 8.22E-10 8.22E-10 3.07E-09 8.22E-10 8.22E-10 8.22E-10 8.59E-10 8.39E-10 0.00E+00 
Np237 2.96E-05 1.69E-08 1.61 E-05 282E-04 3.27E-03 1.34E-08 2.34E-05 1.48E-04 0.0OE+00 
Pa-231 6.90E-09 8.79E-09 7.47E-04 6.97E-04 8.70E-03 7.64E-09 2.87E.07 3.47E-04 0.00E+00 
Pb-210 3.18E-07 3.18E-07 3.18E-07 3.75E-06 5.47E-05 3.18E-07 4.69E-06 3.67E-06 0.00E+00 
Pd-107 9.452-13 9.45E-13 2.85E-08 5.11E-12 1.36E-11 9.45E-13 2-15E-10 3.45E-09 0.00E+00 
Pm-147 1.88E-14 3.80E-14 7.74E-08 8.16E-09 1.02E-07 1.98E-14 5.89E-09 1.06E-08 0.002E00 
Pu-238 2.80E-05 1.00E-09 3.20E-04 1.52E-04 1.90E-03 9.62E-10 7.02E-05 1.06E-04 O.00E+00 
Pu-239 3.18E-05 9.22E-10 3.23E-04 1.69E-04 2-11E-03 9.03E-10 7.56E-05 1.18E-04 O.00E+00 
Pu-240 3.18E-05 9.51E-10 3.23E-04 1.69E-04 2.11E-03 9.05E-10 7.56E-05 1.18E-04 0.0OE+00 
Pu-241 6.82E-07 3.06E-11 3.18E-08 3.36E-06 4.20E-05 1.24E-11 1.31E-06 223E-06 O.0OE+00 
Pu-242 3.02E-05 9.45 -10 3.07E-04 1.61E-04 2.01E-03 8.79E-10 7.18E-05 1.11E-04 O.0OE+00 
Ra-226 1.02E-07 1.07 1.81E-05 6.64E-07 7.59E-06 1.02E-07 1.07E-07 232E-06 0.00E+00 
Ra-228 1.83E-07 1.84E-07 7.22E-06 7.38E-07 6.51E-06 1.83E-07 1.87E-07 1.29E-06 0.00E+00 
Ru-106 1.38E-08 1.37E-08 1.04E-06 1.37E-08 1.37E-08 1.37E-08 1.69E-08 1.29E-07 O.0OE+00 
Sb-125 3.0E2-10 4.16E-10 2-17E-08 6.49E-10 2.73E-09 3.24E-10 1.45E-09 3.30E-09 0.0OE+00 
S-79 6.79E-10 6.79E-10 9.81E-09 6.79E-10 6.79E-10 6.79E-10 4.24E-09 266E-09 0.00E+00 
Sm-147 0.00E+00 .0bb0+00 7.62E-06 2.75E-05 3.44E-04 0.00E+00 1.89E-05 2.02E-05 0.00E+00 
Sm-151 4.03E-14 1.49E-13 3.28E-09 1.10E-08 1.38E-07 1.32E-14 7.51E-09 8.10E-09 0.00E+00 
Sn-126 1.43E-08 1.41E-08 1.51E-07 5.62E-08 1.18E-07 1.31E-08 1.76E-08 2.69E-08 O.OOE+00 
Sr-90 2.64E-09 2.64E-09 288E-06 3.36E-07 7.27E-07 2.64E-09 5.73E-09 3.51E-07 O.00E+00 
Tc-99 4.52E-11 4.52E-11 1.67E-08 4.52E-11 4.52E-11 1.21E-09 6.26E-10 2-25E-09 0.00E+00 
Th-229 2.76E-06 276E-06 1.99E-03 1.15E-03 1.43E-02 276E-06 7.05E-06 5.80E-04 0.00E+00 
"Th-230 4.08E-07 4.08E.07 300E-04 1.73E-04 2.16E-03 4.08E-07 1.05E-06 8.80E-05 0.00E+00 
Th-232 7.62E-07 7.72E-07 9.40E-04 8.93E-04 1.11E-02 7.44E-07 1.87E-06 4.43E-04 O.002E00 
U-232 8.00E-08 8.06E-08 1.48E-03 4.06E-06 6.42E-05 7.85E-08 3.11E-06 1.78E-04 O.0OE+00 
U-233 2.54E-08 2.54E-08 3.04E-04 7.12E-07 1.12E-05 2.54E-08 9.40E-07 3.66E-05 O.00E+00 
U-234 2.50E-08 2.50E-08 2.98E-04 6.98E-07 '.0SE-05 2.50E-08 9.26E-07 3.58E-05 0.00E+00 
U-235 2.37E-08 2.38E-08 2.75E-04 6.58E-07 1.01 E-05 2.37E-08 8.59E-07 3.32E-05 0.00E+00 
U-236 2.37E-08 2.37E-08 2.82E-04 6.60E-07 1.04E-05 2.37E-08I 8.77E-07 3.39E-05 O.00E+00

2.3E0 2.23-08 96P0 9i. ftP-OU L2.7I:-4r I,2PO 3.2IP-'Jb U.UO(_.÷U

I 1. - I -Uf I . I.C-uO I .OZEO I O. OU•-UO I 0 IE O U.II5J.91E-0

CAL-WPS-SE-000004 REV 00

2.18E-11 4.68E-1 I 8.72E-08 1.77E-0 18E-6 1.74E-11 K.7E-10 67E-08 0.00E+OO

-- 5.23E-10 ] 5.09E-10 I 1.06E-09 [ 5.17E-10 I5.14E-10 I 5.42E.10 I1.21E-09 I 7.282-10 0 .002+00
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DOE SNF per Canister Source Term and Dose Calculations.xls Air Submersion DCFs

air submerslon DCFs [Sv/Bq m^3Is] 
nads breast lungs red marnow bone surface thyroid remainder effecive skin 

Ac-227 3.75E-17 4.45E-17 3.38E-17 2.94E-17 1.04E-16 3.65E-17 3.18E-17 3.74E-17 3.28E-16 
Amn-241 8.58E-16 1.07E-15 6.74E-16 5.21E-16 2.87E-15 7.83E-16 6.34E-16 8.18E-16 1.28E-15 
Am-242m 3.80E-17 6.01E-17 1.72E-17 1.72E-17 7.94E-17 2.95E-17 1.94E-17 3.17E-17 1.36E-16 
Amn-243 2.19E-15 2.61E-15 1.92E-15 1.55E-15 7.47E-15 2.09E-15 1.79E-15 2.18E-15 2.75E-15 
C-14 2.59E-19 3.52E-19 1.53E-19 1.21E-19 7.06E-19 2.19E-19 1.54E-19 2.24E-19 2.43E-18 
Cd-113m 7.17E-18 8.76E-18 5.93E-18 5.01E-18 2.10E-17 6.76E-18 5.83E-18 6.94E-18 8.48E-15 
CI-36 2.24E-17 2.66E-17 2.02E-17 1.81E-17 5.63E-17 2.19E-17 1.92E-17 2.23E-17 1.47E-14 
Cm-242 7.83E-18 1.48E-17 1.13E-18 1.89E-18 1.06E-17 4.91E-18 2.27E-18 5.69E-18 4.29E-17 
Cm-243 5.77E-15 6.68E-15 5.50E-15 5.00E-15 1.50E-14 5.76E-15 5.19E-15 5.88E-15 9.79E-15 
Crn-244 6.90E-18 1.33E-17 7.08E-19 1.46E-18 8.82E-18 4.19E-18 1.8IE-18 4.91E-18 3.91E-17 
Cm-245 3.88E-15 4.55E-15 3.63E-15 3.17E-15 1.18E-14 3.84E-15 3.40E-15 3.96E-15 5.36E-15 
Cm-248 6.249-18 1.20E-17 7.00E-19 1.35E-18 8.17E-18 3.82E-18 1.67E-18 4.46E-18 349E-17 
Cm-247 1.47E-14 1.68E-14 1.44E-14 1.38E-14 2.83E-14 1.49E-14 1.38E-14 1.50E-14 1.79E-14 
Co-60 1.23E-13 1.39E-13 1.24E-13 1.23E-13 1.78E-13 1.27E-13 1.20E-13 1.26E-13 1.45E-13 
Cs-134 7.40E-14 8.43E-14 7.37E-14 7.19E-14 1.20E-13 7.57E-14 7.06E-14 7.57E-14 9.45E-14 
Cs-135 6.285-19 8.23E-19 4.19E-19 3.34E-19 1.81E-18 5.50E-19 4.09E-19 5.65E-19 9.06E-16 
Cs-137 2.67E-14 3.05E-14 Z65E-14 2.58E-14 4.38E-14 2.73E-14 2.54E-14 2.73E-14 4.39E-14 
Gu-154 6.002-14 6.812-14 5.99E-14 5.87E-14 9.43E-14 6.15E-14 5.75E-14 6.14E-14 8.29E-14 
Eu-155 2 49E--15 2.95E-15 222E-15 1.85E-15 8.09E-15 241E-15 2.07E-15 2,49E-15 3.39E-15 
Fe-55 0.00E+00 O.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
H-3 0.00E+00 0.00E+00 2.75E-18 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.31E-19 0.00E+00 
1-129 E4.83-16 6.662-16 2.142-16 1.64E-16 1.10E-15 3.86E-16 2.30E-16 3.80E-16 1.10E-15 
Kr-85 1.17E-16 1.34E-16 1.14E-16 1.09E-16 2.205-16 1.18E-16 1.09E-16 1.19E-16 1.32E-14 
Nb-93m 6.33E-18 1.31E-17 2.55E-19 1.18E-18 6.922-18 3.43E-18 1.36E-18 4.44E-18 4.28E-17 
Nb-94 7.54E-14 8.57E-14 7.51E-14 7.34E-14 1.19E-13 7.72E-14 7.19E-14 7.70E-14 9.52E-14 
Ni-59 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.00E+00 
Ni-63 0.00E+00 0.00E+00 O.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Np-237 1.04 -15 1.26E-15 9.02E-16 7.69E-16 3.20E-15 9.94E-16 8.50E-16 1.03E-15 1.54E-15 
Pa-231 1.71E-15 1.99E-15 1.62E-15 1.52E-15 3.64E-15 1.70E-15 1:54E-15 1.72E-15 2.44E-15 
Pb-210 6.19E-17 8.18E-17 4.25E-17 3.14E-17 1.95E-16 5.42E-17 4.09E-17 5.64E-17 1.28E-16 
Pd-1 07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Pm-147 7.48E-19 9.56E-19 5.45E-19 4.46E-19 2.18E-18 6.75E-19 5.26E-19 6.93E-19 8.11E-16 
Pu-238 6.56E-18 1.27E-17 1.06E-18 1.68E-18 9.302-18 4.01E-18 1.99E-18 4.88E-18 4.09E-17 
Pu-239 4.842-18 7.55E-18 265E-18 2.67E-18 9.47E-18 3.88E-18 2.86E-18 4.24E-18 1.86E-17 
Pu-240 6.36E-18 1.23E-17 1.09E-18 1.65E-18 9.26E-18 3.92E-18 1.96E-18 4.75E-18 3.92E-17 
Pu-241 7.19E-20 8.67E-20 6.48E-20 5.63E-20 2.19E-19 6.98E-20 6.09E-20 7.25E-20 1.17E-19 
Pu-242 5.34E-18 1.03E-17 9.69E-19 1.43E-18 7.90E-18 3.32E-18 1.68E-18 4.01E-18 3.27E-17 
Ra-226 3.08E-18 3.54E-16 2.95E-16 2.70E-16 7.95E-16 3.0GE-16 2.79E-16 3.15E-16 4.79E-16 
Ra-228 0.00E+00 O.00E+00 O.00E+00 0.00E+00 0.00E+00 0.00E+00 O.00E+00 O.00E+00 0.00E+00 
Ru-106 1.01E-14 1.16E-14 1.01E-14 9.75E-15 1.72E-14 1.03E-14 9.63E.15 1.04E-14 1.09E-13 
Sb-125 1.98E-14 2.27E-14 1.95E-14 1.87E-14 3.53E-14 2.01E-14 1.86E-14 2.02E-14 2.65E-14 
Se-79 3.47E-19 4.67E-19 2.11E-19 1.67E-19 9.60E-19 2.96E-19 2.102-19 3.03E-19 3.71 E-16 
Sm-147 0.009+00 0.00E+00 0.00E+00 0.00E+00 0.002+00 0.02+00 0.00E+00 0.00E+00 0.00E+00 
Sm-151 5.20E-20 8.80E-20 7.08E-21 1.13E-20 7.09E-20 3.58E-20 1.49E-20 3.61E-20 1.90E-19 
Sn-125 7.54E-14 8.62E-14 7.48E-14 7.22E-14 1.31E-13 7.69E-14 7.14E-14 7.71E-14 1.31E-13 
Sr-90 7.78E-18 9.49E-18 6.44E-18 5.44E-18 2.28E-17 7.33E-18 6.112-18 7.53E-18 9.20E-15 
Tc-99 1.74E-18 2.20E-18 1.29E-18 1.05E-18 5.17E-18 1.57E-18 1.24E-18 1.62E-18 2.74E-15 
Th-229 3.77E-15 4.42E-15 3.50E-15 3.03E-15 1.15E-14 3.70E-15 3.27E-15 3.83E-15 5,41E-15 
"Th-230 1.80E-17 2.38E-17 1.43E-17 1.22E-17 5.29E-17 1.632-17 1.37E-17 1.74E-17 4.51E-17 
Th-232 9.349-18 1.36E-17 6.37E-18 5.52E-18 2.60E-17 7.906-18 6.342-18 8.72E-18 3.44E-17 
U-232 1.55E-17 Z32E-17 9.84E-18 8.99E-18 3.86E-17 1.29E-17 1.00E-17 1.42E-17 5.92E-17 
U-233 1.69E-17 2.22E-17 1.35E-17 1.24E-17 4.12E-17 1.55E-17 1.312-17 1.632-17 4.575-17 
U-234 8.79E-18 1.44E-17 4.38E-18 4.20E-18 1.99E-17 6.69E-18 4.80E-18 7.63E-18 4.25E-17 
U-235 7.05E-15 8.11E-15 1 6.75E-15 6.1SE-15 1.84E-14 7.05E-15 6.37E-15 7.20E-15 8.64E-15 
U-236 . 6.10E-18 1.10E-17 1 2.18E-18 2.33E-18 1.19E-17 4.19E-18 2.70E-18 5.01E-18 3.57E-17 
U-238 4.39E-18 8.54E-18 9.96E-19 1.24E-18 7.40E-18 2.72E-18 1.515-18 3.41E-18 2.91E-17 
Zr-93 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.002E+0 0.00E+00 0.00E+00 
cnid 
Co-60 1.23E-13 1.39E-13 1.24E5-13 1.23E-13 1.78E-13 1.27E-13 1.20E-13 1.26E-13 1.45E-13 
Fe-55 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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DOE SNF per Canister Source Term and Dose Calculations.xls ST Calc - no HEPAs

Source Term Calculations HEPA filters? no 
EBWR (U METAL) LEU [641 
other Intact =oa__u ITerm _SPIrAe Mor 

Curies (entlre finv= [Ci released to the Term [C44 released to 

Isotpe fuel Intentory) 1/nCan ARF RF LPF environment the environment 
Ac-227 3.38E-05 9.525-02 1.00E-03 1.0oE+00 1.00E+00 3.22E-09 3.22E-09 
Am-241 1.03E+04 9.52E-02 1.00E-03 1.00E+00 1.00E+00 1.56E+00 1.56E+00 
Am-242m 2,71E501 9.52E-02 1.00E-03 1.00E+00 1.00E+00 258E-03 2.58E-03 
Arn-243 7.18E+01 9.52E-02 1.00E-03 1.00E+00 1.00E+00 6.83E-03 6.83E-03 
C-14 4.59E+00 9.52E-02 1.00E-03 1.00E+00 1.00E+00 4.37E-04 4.37E-04 
Cd-113m 6.56E+01 9.52E-02 1.00E-03 1.00E+00 1.00E+00 6.24E-03 6.24E-03 
CI-36 5.96E-02 9.52E-02 1.00E-03 1.00E+00 1.00E+00 5.67E-06 5.67E-06 
Cm-242 2.23E+01 9.52E-02 1.00E-03 1.00E+00 1.00E+00 2.12E-03 2.12E-03 
Crm-243 4.06E+01 9.52E-02 1.00E-03 1.00E+00 1.00E+00 3.87E-03 3.87E-03 
"Cm-244 2.386E03 9.52E.02 1.00E-03 1.00E+00 1.00E+00 2.24E-01 2.24E-01 
Cm-245 5.37E-01 9.52E-02 1.00E-03 1.00E+00 1.00E+00 5.11E-05 5.11E-05 
Cm-246 1.08E-01 9.52E-02 1.00E-03 1.00E+00 1.00E+O0 1.03E-05 1.03E-05 
Cm-247 2.83E-07 9.52E-02 1.00E-03 1.00E+00 1.00E+00 2.69E-11 269E-1 I 
Co-60 5.38E+01 9.52E-02 1.00E-03 1.OOE+00 1.00E+00 5.13E-03 5.13E-03 
Cs-134 3.13E+01 9.52E-02 1.00E-03 1.00E+00 1.00E+00 2.98E-03 2.98E-03 
Cs-135 1.69E+00 9.52E-02 1.00E-03 1.00E+00 1.00E+00 1.61E-04 1.61E-04 
Cs-137 2.53E+05 9.52E-02 1.00E-03 1.00E+00 1.00E+O0 2.41E+01 2.41E+01 
Eu-154 4.87E+03 9.52E-02 1.00E-03 1.00E+00 1.00E+00 4.44E-01 4.44E-01 
Eu-155 4.86E+02 9.52E-02 1.00E-03 1.00E+00 1.00E+00 4.63E-02 4.63E-02 
Fe-55 4.45E-01 9.52E-02 1.00E-03 1.00E+00 1.00E+00 4.24E-05 4.24E-05 
H-3 7.41E+02 9.52E-02 3.00E-01 1.00E+00 1.00E+00 2.12E+01 2.12E+01 
1-129 1.54E-01 9.52E-02 3.00E-01 1.00E+00 1.00E+00 4.41E-03 4.41E-03 
Kr-85 6.56E+03 9.52E-02 3.00E-01 1.00E+00 1.0012+00 1.88E+02 1.88E+02 
Nb-93m 7.15E+00 9.52E-02 1.00E-03 1.00E+00 1.00E+00 6.81E-04 0.81E-04 
Nb-94 1.31E-01 9.52E-02 1.00E-03 1.00E+00 1.00E+00 1.25E-05 1.25E-05 
Ni-59 1.02E-01 9.52E-02 1.00E-03 1.00E+00 1.00E+00 9.69E-08 9.89E-06 
Ni-63 1.12E+01 9.52E-02 1.00E-03 1.00E+00 1.00E+00 1.07E-03 1.07F-03 
Np-237 1.64E+00 9.52E-02 1.00E-03 1.00E+00 1.00E+00 1.56E-04 1.56E-04 
Pa-231 7.85E-05 9.52E-02 1.00E-03 1.00E+00 1.005E+0 7.28E-09 7.28E-09 
Pb-210 1.30E-07 9.52E-02 1.00E-03 1.00E+00 1.00E+00 1.24E-11 1.24E-11 
Pd-107 5.42E-01 9.52E-02 1.00E-03 1.00E+00 1.00E+00 5.17E-05 5.17E-05 
Pm-147 2.37E+02 9.52E-02 1.00E-03 1.00E+00 1.00E+00 226E-02 2.28E-02 
Pu-238 1.18E+04 9.52E-02 1.00E-03 1.005+00 1.00E+00 1.12E+00 1.12E+00 
Pu-239 2-05E+03 9.52E-02 1.00E-03 1.005+00 1.00E+00 1.95E-01 1.95E-01 
Pu-240 3.54E+03 9.52E-02 1.00E-03 1.00E+00 1.00E+00 3.37E-01 3.37E-01 
P)u-241 1.97E+05 9.52E-02 1.00E-03 1.00E+00 1.00E+00 1.87E+01 1.87E+01 
Pu-242 1.01E+01 9.522-02 1.005-03 1.001+00 1.00E+00 9.61E-04 9.61E-04 
Ra-226 8.22E-07 9.52E-02 1.00E-03 1.00E+00 1.00E+00 5.93E-11 5.93E-11 
Ra-228 7.11E-07 9.52E-02 1.00E-03 1.00E+00 1.00E+00 6.77E-11 6.77E-11 
Ru-106 2.97E-03 9.52E-02 1.00E-03 1.00E+00 1.00E+00 2.83E-07 2.83E-07 
Sb-125 4.30E+01 9.52E-02 1.00E-03 1.00E+00 1.00E+00 4.09E-03 4.09E-03 
Se-79 2.00E+00 9.52E-02 1.00E-03 1.00E+00 1.00E+00 1.91E-04 1.91E-04 
Sm-147 2.28E-05 9.52E-02 1.00E-03 1.00E+00 1.00E+00 217E-09 2.17E-09 
Sm-151 1.48E+03 9.52E-02 1.00E-03 1.00E+00 1.00E+00 1.41E-01 1.41E-01 
Sn-126 3.80E+00 9.52E-02 1.00E-03 1.00E+00 1.00E+00 3.82E-04 3.82E-04 
Sr-90 1.74E+05 9.52E-02 1.00E-03 1.00E+00 1.00E+00 1.66E+01 1.66E+01 
Tc-99 6.37E+01 9.52E-02 1.00E-03 .1.00E+00 1.00E+00 6.07E-03 6.07E-03 
Th-229 1.03E-05 9.52E-02 1.00E-03 1.00E+00 1.00E+00 9.81E-10 9.81E-10 
Th-230 1.75E-04 9.529-02 1.0-03 1.005+00 1.00E+00 1.67E-08 1.67E-08 
Th-232 9.56E-07 9.52E-02 1.00E-03 1.00E+00 1.00E+00 9.11E-11 9.11E-11 
U-232 8.82E-02 9.52E-02 1.00E-03 1.00E+00 1.00E+00 8.40E-06 8.40E-06 
U-233 3.55E-03 9.52E-02 1.00E-03 1.00E+00 1.00E+00 3.38E-07 3.38E-07 
U-234 1.19E+00 9.52E-02 1.00E-03 1.00E+00 1.00E+00 1.13E-04 1.13E-04 
U-235 1.07E-01 9.52E-02 1.00E-03 1.00E+00 1.00E+00 1.02E-05 1.02E-05 
U-236 1.63E+00 9.52E-02 1.00E-03 1.00E+00 1.00E+00 1.55E-04 1.55E-04 
U-238 2.01E+00 9.52E-02 1.00E-03 1.00E+00 1.00E+00 1.92E-04 1.92E-04 
Zr-93 9.42E+00 9.52E-02 1.00E-03 1.00E+00 1.005+00 8.97E-04 8.97E-04 

c:rud (per canister) _________ ________ _______ ________ 

m ( I 7.70E+02 1+ 1.00E+00 3.00E-01 1.00E+00 7.70E+02 2.31 E+02 
Fe-5 (crd) I4.85E+03 1 1.00E+00 3.00E-01 1.00E+00 4.85E+03 1.40E+03

CAL-WPS-SE-000004 REV 00 VII-6 September 1999



DOE SNF per Canister Source Term and Dose Calculations.xls .ST Calc - HEPAs

HEPAfittersTyes
EBWR (U METAL) LEU [641 
other intact TaIM Soure .erm ResqWao Source 

[C1 reeased Wo the Term [Oil released 

isotope Curies lInCan ARF RF LPF environment to the environment 
Ac-227 3.38E-05 9.52E-02 1.00E-03 1.00E+00 3.00E-04 9.67E-13 9.67E-13 
Ain-241 1.63E+04 9.52E-02 1.OOE-03 1.00E+00 3.00E-04 4.67E-04 4.87E-04 
Am-242m 2.71E+01 9.52E-02 1.00E-03 1.00E+00 3.00E-04 7.73E-07 7.73E-07 
Am-243 7.18E+01 9.52E-02 1.OOE-03 1.00E+00 3.00E-04 2.05E-08 2-05E-06 
C-14 4.59E+00 9.52E-02 1.00E-03 1.00E+00 3.006-04 1.31E-07 1.31E-07 
Cd-1 13m 6.56E+01 9.52E-02 1.00E-03 1.00E+00 3.00E-04 1.87E-06 1.87E-08 
CI-38 5.96E-02 9.52E-02 1.00E-03 1.00E+00 3.00E-04 1.70E-09 1.70E-09 
Cm-242 223E+01 9.52E-02 1.00E-03 1.00E+00 3.00E-04 6.36E-07 6.36E-07 
Cm-243 4.06E+01 9.52E-02 1.002-03 1.00E+00 3.OOE-04 1.16E-06 1.16E-06 
Cm-244 2.38E+03 9.52E-02 1.00E-03 1.00E+00 3.00 -04 6.73E-05 6.73E-05 
Cm-245 5.37E-01 9.52E-02 1.00E-03 ,1.00E+00 &OOE-04 1.53E-08 1.53E-08 
Cm-248 1.082-01 9.52E-02 1.00E-03 1.002+00 3OOE-04 3.10E-09 3.10E-09 
Cm-247 2.83E-07 9.52E-02 1.00E-03 1.00E+00 3.00E-04 8.08E-15 8.08E-15 

5.38E+01 9.52E-02 1.00E-03 1.00E+00 3.002-04 1.54E-06 1.54E-06 
Cs-134 3.13E+01 9.52E-02 1.00E-03 1.00E+00 1.0OE+00 2-98E-03 2.98E-03 
Cs-135 1.69E+00 9.522-02 1.00-E03 1.00E+00, 1.00E200 1.61E-04 1.61E-04 
Cs-137 2.53E+05 9.52E-02 1.00E-03 1.00E+00 1.00E+00 2.41E-01 241E+01 
Eu-154 4.67E203 9.52E-02 1.00E-03 1.00E+00 3.00E-04 1.33E-04 1.33E-04 
Eu-155 4.8GE+02 9.52E-02 1.002-03 1.00E+00 3.002-04 1.39E-05 1.39E-05 
Fe-55 4.45E-01 9.52E-02 1.OOE-03 1.00E+00 3.00E-04 1.272-08 1.27E-08 
H-3 7.41E+02 9.52E-02 3.00E-01 1.OOE+W0 1.00E+00 2.12E+01 2.122+01 
1-129 1.54E-01 9.52E-02 3.00E-01 1.00E+00 1.00E+00 4.41E-03 4.41E-03 
K-.85 6.56E+03 9.52E-02 3.00E-01 1.00E+00 1.00E+00 1.88E+02 1.88E+02 
Nb-93m 7.15E+00 9.52E-02 1.00E-03 1.00E+00 3.00E-04 2.04E-07 2.04E-07 
Nb-94 1.31E-01 9.52E-02 1.00E-03 1.00E+00 3.00E-04 3.75E-09 3.75E-09 
Ni-59 1.02E-01 9.52E-02 1.00E-03 1.00E+00 3.00E-04 2.91E-09 2.91E-09 
NI-63 1.12E+01 9.52E-02 1.00E-03 1.00E+00 3.00E-04 3.20E-07 3.20E-07 
Np-27 1.64E+00 9.52E-02 1.00E-03 1.00E+00 3.00E-04 4.68E-08 4.68E-08 
Pa-231 7.65E-05 9.52E-02 1.00E-03 1.00E+00 3.00E-04 2.18E-12 2.18E-12 
Pb-210 1.30E-07 9.52E-02 1.0OE-03 1.00E+00 3.00E-04 3.72E-15 3.72E-15 
Pd-107 5.42E-01 9.52E-02 1.00E-03 1.00E+00 3.00E-04 1.55E-08 1.55E-08 
Pm-147 2.37E+02 9.52E-02 1.002-03 1.00E+00 3.00E-04 6.76E-06 6.78E-06 
Pu-238 1.18E+04 9.52E-02 1.00E-03 1.00E+00 3.00E-04 3.37E-04 3.37E-04 
Pu-239 2.05E+03 9.52E-02 1.00E-03 1.00E+00 3.002-04 5.85E-05 5.85E-05 
Pu-240 3.54E+03 9.52E-02 1.00E-03 1.00E+00 3.00E-04 1.01E-04 1.01r-04 
Pu-241 1.97E+05 9.52E-02 1.00E-03 1.00E+00 3.00E-04 5.62E-03 5.62E-03 
Pu-242 1.01E+01 9.52E-02 1.00E-03 1.00E+00 3.00E-04 2.88E-07 2.88E-07 
Ra-226 6.22r-07 9.52E-02 1.00E-03 1.00E+00 3.00E-04 1.78E-14 1.78E-14 
Ra-228 7.11E-07 9.52E-02 1.00E-03 1.00E+00 3.00E-04 2.03E-14 2.03E-14 
Ru-106 2.97E-03 9.52E-02 1.002-03 1.00E+00 3.00E-04 8.48E-11 8.48E-11 
Sb-125 4.30E201 9.52E-02 1.00E-03 1.00E+00 3.00E-04 1.23E-06 1.23E-06 
Se-79 2.00E+00 9.52E-02 1.00E-03 1.00E+00 3.00E-04 5.72E-08 5.72E-08 
Sm-147 2.28E-05 9.52E-02 1.00E-03 1.00E+00 3.00E-04 6.52E-13 6.52E-13 
Sm-151 1.48E203 9.52E-02 1.00E-03 1.00E+00 3.00E-04 4.24E-05 4.24E-05 
Sn-126 3.802+00 9.52E-02 1.00E-03 1.00E+00 3.00E-04 1.09E-07 1.09E-07 
Sr-90 1.74E+05 9.52E-02 1.00E-03 1.00E+00 3.00E-04 4.98E-03 4.98E-03 
Tc-99 6.37E+01 9.52E-02 1.00E-03 1.00E+00 3.00E.04 1.82E-06 1.82E-06 
"rh-229 1.03E-05 9.52E-02 1.00E-03 1.00E+00 3.00E-04 2.94E-13 2.94E-13 
Th-230 1.75E-04 9.52E-02 1.OOE-03 1.00E+00 3.00E-04 5.00E-12 5.00E-12 
Th-232 9.56E-07 9.52E-02 1.00E-03 1.00E+00 3.002-04 2.73E-14 2.73E-14 
LJ-232 8.82E-02 9.52E-02 1.00E-03 1.00E+00 3.00E-04 2.52E-09 252E-09 
UI-233 3.55E-03 9.52E-02 1.002-03 1.00E+00 3.00E-04 1.02E-10 1.02E-10 
LU-234 1.19E+00 9.52E-02 1.002-03 1.00E+00 3.00E-04 3.40E-08 3.40E-08 
LU-235 1.07E-01 9.52E-02 1.00E-03 1.00E+00 3.002-04 3.05E-09 3.05E-09 
LI-236 1.63E+00 9.52E-02 1.00E-03 1.00E+00 3.002-04 4.65E-08 4.65E-08 
LU-238 2.012E+00 9.52E-02 1.00E-03 1.0OE+00 3.00E-04 5.75E-08 5.75E-08 
Zr-93 9.42E+00 9.52E-02 1.00E-03 1.00E+00 3.002-04 269E.07 2.69E-07 

= cud pe cn •s sr) 

-(o-60 le~ud 7.70E+02 1 1.00E+00 3.00E-01 3.00E-04 2.31E-01 6.93E-02 
Fe-55 (cud) 4.85E+03 1 1.00E+00 3.00E-01 3.00E-04 1.46E+00 4.37E-01
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DOE SNF per.Canister Source Term and Dose .Calculations.xls Inhalation Doses - no HEPAs

CAL-WPS-SE-000004 REV 00 VII-8

EBWR (U METAL) LEU 864 1ol HEPAs 
other Intact 

inhalation doses [re] m 
gonads breast lungs red marrow bone surface &yri remainder effective skin 

Ac-227 7.36E-08 1.24E-1I 2.86E-07 4.78E-07 5.97E-06 6.68E-12 2.73E-07 3.36E-07 0.OOE+00 
Am-241 2.92E+00 2.40E-04 1.65E+00 1.56E+01 1.95E+02 1.44E-04 7.02E+00 1.08E+01 0.00E+00 
Am-242m 4.77E-03 2.05E-07 6,24E-04 2.51E-02 3.15E-01 8.38E-08 1.11E-02 1.71E-02 0.00E+00 
Am-243 1.28E-02 5.99E-06 7.01E2-03 6.82E-02 8.55E-01 3.27E-06 3.05E-02 4.69E-02 0.00E+00 
C-14 1.42E-08 1.42E-08 1.42E-08 1.42E-08 1.42E-08 1.42E-08 1.42E-08 1.42E-08 0.00E+00 
Cd-113m 1.20E-05 1:20E-05 1.47E-04 1.20E-05 1.20E-05 1.20E-05 4.68E-04 1.49E-04 0.00E+00 
CI-36 1.65E-10 1.65E-10 1.49E-08 1.65E-10 1.65E-10 1.65E-10 1.75E-10 1.94E-09 0.00E+00 
Cm-242 6.97E-05 1.15E-07 1.90E-03 4.77E-04 5.96E-03 1.15E-07 3.OOE-04 5.71E-04 0.OOE+00 
Cm-243 4.62E-03 1.40E-06 4.33E-03 263E-02 3.28E-01 8.54E-07 1.29E-02 1.85E-02 0.00E400 
Cm-244 2.06E-01 1.35E-05 2.50E-01 1.21E+00 1.51E+01 1.31E-05 8.18E-01 8.67E-01 0.00E+00 
Cm-245 9.94E-05 1.97E-08 5.31E-05 5.28E-04 6.61E-03 1.09E-08 2.35E-04 3.03E-04 0,00E+00 
Cm-246 1.99E-05 2.38E-09 1.08E-05 1.08E-04 1.32E-03 1.35E-09 4.73E-05 7.27E-05 0.OOE+00 
Cm-247 4.776-11 3A7E-14 2.60E-11 2.53E-10 3.17-9 Z25E-14 1.13E-10 1.74E-10 0.00E+00 
Co-60 1.41 E-06 5.44E-06 1.02E-04 5.09E-08 3.99E-06 4.79E-08 1.08E-05 1.75E-05 0.OOE+00 
Cs-134 2.24E-06 1.86E-06 2.03E-06 2.03E-06 1.89E-06 1.91E-08 2.Y9E-06 2.15E-06 0.00E+00 
C-135 - 1.11E-08 1.11E-08 1.31E-08 1.11E-08 1.11E-08 1.11E-08 1.11E-08 1.14E-08 0.00E+00 
Cs-137 1.22E-02 1.09E-02 1.23E-02 1.15E-02 1.10E-02 1.10E-02 1.27E-02 1.20E-02 0.00E400 
Eu-154 3.00E-04 3.97E-04 2.03E-03 2.72E-03 1.34E-02 1.83E-04 290E-03 1.98E-03 0.00E÷00 
Eu-155 9.51E-07 1.64E-06 3.18E-05 3.82E-05 4.06E-04 8.41E-07 2-96E-05 2.99E-05 0.00E+00 
Fe-55 1.28E-09 1.25E-09 2.59E-09 1.28E-09 1.26E-09 1.33E-09 2.98E-09 1.78E-09 0.00E+00 
H-3 2.11E-05 2.11E-05 2.11E-05 2.11E-05 211E-05 2.11E-05 211E-05 2.11E-05 0.00E+00 
1-129 2.21E-08 5.31E-08 7.98E-08 3.56E-08 3.51E-08 3.97E-04 300E-08 1.19E-05 0.00E+00 
Kr-85 0.00E+00 0.004E00 0.00E+00 O.00E+00 O.00E+00 0.00E+00 O.00E+00 0.002E00 O.00E+00 
Nb-93m 1.63E-08 1.71E-09 2.53E-06 1.12E-08 2.92E-08 1.19E-09 1.55E-08 3.10E-07 0.00E+00 
Nb-94 3.43E-09 1.61E-08 5.39E-07 1.83E-08 1.42E-08 1.60E-08 3.21E-08 8.07E-08 0.00E+00 
Ni-59 2.01E-10 1.93E-10 8.7E-10 1.98E-10 1.96E-10 Z11E-10 Z03E-10 Z00E-10 0.002E00 
NI-63 5.06E-08 5.06E-08 1.89E--07 5.06E-08 5.06E-08 5.06E-08 5.29E-08 5.17E-08 0.00E+00 
Np-237 2.66E-04 1.52E-07 1.45E-04 2.38E-03 2.94E-02 1.21E-07 2.11E-04 1.31E-03 O.004E00 
Pa-231 2.90E-12 3.69E-12 3.14E-07 2.93E-07 3.65E-06 3.21E-12 1.20E-10 1.45E-07 0.00E+00 
P5:210 ' 227E-13 227E-13 Z27E-13 2.68E-12 3.91E-11 Z27E-13 3.35E-12 2.26-12 0.002400 
Pd-107 2.82E-12 282E-12 8.49E-08 1.52E-11 4.05E-11 2.82E-12 0.41E-10 1.03E-08 0.00+E00 
Pm-147 2.45E-11 4.69E-11 1.01E-04 1.06E-05 1.33E-04 Z58E-11 7.68E-06 1.38E-05 0.00+E00 
Pu-238 1.81E+00 6.48E-05 2.07E+01 9.85E+00 1.23E+02 6.23E-05 4.55E+00 6.87E+00 0.00E+00 
Pu-239 3.57E-01 1.04E-05 3.63E+00 1.90E+00 2.37E+01 1.01E-05 8.50E-01 1.30E+00 O.00E+00 
Pu-240 0.18E-01 1.85E-05 6.28E+00 3.29E+00 4.10E+01 1.76E-05 1.47E+00 225E+00 0.00E+00 
Pu-241 7.37E-01 3.31 E-05 3.44E+00 3.63E+00 4.54E+01 1.34E-05 1.42E+00 2.41E+00 0.00E+00 
Pu-242 1.67E-03 5.24E-08 1.70E-02 8.93E-03 1.11E-01 4.87E-08 3.98E-03 6.15E-03 0.002+E0 
Ra-226 3.49E-13 3.49E-13 5.50E-11 Z27E-12 2.59E-11 3.49E-13 3.86E-13 7.93E-12 0.00E+00 
Ra-228 7.14 -13 7.18E-13 2.82E.11 2.88E-12 2.54E-11 7.14-13 7.30E-13 5.04E-12 0.00E+00 
Ru-106 2.25E-10 Z23E-10 1.69E-08 223E-10 2.23E-10 2.23E-10 2.75E-10 2.10E-09 0.00E+00 
Sb-125 8.50E-08 9.82E-08 5.12E-06 1.53E-07 6.45E-07 7.65E-08 3.42E-07 7.79E-07 0,00E+00 
Se-79 7.46E-09 7.46E-09 1.08E-07 7.46E-09 7.46E-09 7.46E-09 4.66E-08 2.92E-08 0.00E+00 
Sm-147 0.00E+00 0.00E+00 9.56E-10 3.45E-09 4.31E-08 O.004E00 2.37E-09 2.53E-09 O.002+00 
SM-151 3.29E-10 1.21E-09 266E-05 8.97E-05 1.13E-03 1.08E-10 6.12E-05 6.60E-05 0.00E+00 
Sn-126 2.99E-07 2-94E-07 3.16E-06 1.17E-06 2.46E-08 Z74E-07 3.68E-07 5.62E-07 0.00E+00 
Sr-G0 253E-03 2-53E-03 2.74E+00 3.21E-01 6.96E-01 Z53E-03 5.48E-03 3.36E-01 0.00E+00 
"T1-99 1.58E-08 1.5BE-08 5.85E-06 1.58E-08 1.58E-08 4.24E-07 2.19E-07 7.88E-07 0.00E+00 
Th-229 1.56E-10 1.56E-10 1.13E-07 6.50E-08 8.09E-07 1.56E-10 3.99E-10 3.28E-08 0.00E+00 
Th-230 3.92E-10 3.92E-10 2.88E-07 1.66E-07 2-08E-06 3.92E-10 1.01E-09 8.46E-08 0.00E+00 
Th-232 4.00E-12 4.05E-12 4.94E-09 4.69E-09 5.83E-08 3.91 E-12 9.82E-12 2.33E-09 0.00E+00 
U-232 3.87E-08 3.90E-08 7.17E-04 1.97E-06 3.11:.205 3.&0E.-08 1.51E-06 8.62E-05 0.00E+00 
U-233 4.96E-10 4.98E-10 5.93E-06 1.39E-08 2.19E-07 4.968-10 1.83E-08 7.142-07 0.002400 
U-234 1.63E-07 1.63E-07 1.95E-03 4.56E-06 7.12E-05 1.63E-07 6.05E-06 2.34E-04 0.00E+00 
U-235 1.39E-08 1.40E-08 1.62E-04 3.88E-07 5.92E-06 1.39E-08 5.04E-07 1.95E-05 0.00E+00 
U-236 212E-07 2-12E-07 2.52E-03 5.90E-06 9.30E-05 212E-07 7.85E-06 3.03E-04 0.00E+00 
U-238 2.47E-07 247E-07 2.94E-03 7.27E-06 1.08E-04 245E-07 9.09E-06 3.54E-04 0.00E+00 
Zr-93 1.13E-09 2.42E-09 4.512-08 9.16E-06 1.13E-04 9.00E-10 8.95E-09 4.48E-06 O.002E+0 

crud _ _6 -E0 1_48E01 78E01_OE0 
Co-60 (crud) 6.34E-02 2.45E-01 4.60E+00 2.29E-01 1.80E-01 2162-01 4.802-01 7.872-01 0.002+00 
F-% (cnud) 4.39E-02 4.27E-02 8.89E-02 4.34E-02 4.31E-02 4.55E-02 1.02E-01 6.09E-02 0.00E+00 

total 6.80E+00 3.02E-01 4.35E+01 3.62E201 4.46E+02 2.76E-01 1.66E+01 2.58E+01 O.002+00
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DOE SNF per Canister Source Term and Dose Calculations.xls Air Submersion Doses - no HEPAs

EBWR (U METAL) LEU 164 1 No HEPAs IIIII 
_______ ______ _ I__I __ I ar su mersion doses I _em]_ II 

_ gonads breast lungs red marrow bone surface throid remainder effective skin 
Ac-227 2.09E-17 2.48E-17 1.89F-17 1.64E-17 5.78E-17 2.04E-17 1.78E-17 2.09E-17 1.83E-16 
AM-241 2.31E-07 2.88E-07 1.82E-07 1.40E-07 7.73E-07 2.11E-07 1.712E-07 2.20E-07 3.45E-07 
Am-242m 1.70E-11 Z68E8-11 7.68E-12 7.88E-12 3.54E-11 1.32E-11 8.66E-12 1.41E-11 8.07E-11 
Am-243 2.59E-09 3.09E-09 2.27E-09 1.83E-09 8.84E-09 2.47E-09 2.129=-09 2.58M-09 3.25E-09 
C-14 1.96E-14 2.66E-14 1.16E-14 9.16E-15 5.34E-14 1.66E-14 1.17E-14 1.70E-14 1.84E-11 
cd-113m 7.75E-12 9.47E-12 6.41E-12 5.42E-12 2.27E-1 1 7.31E-12 8.09E-12 7.50E-12 9.17E-09 
d1-3 2.20E-14 2.01E-14 1.98E-14 1.78E-14 5.53E-14 2.15E-14 1.89E-14 2.19E-14 1.44E-11 

Cm-242 2.88E-12 5.44E-12 4.15E-13 6.94E-13 3.89E-12 1.80E-12 8.34E-13 2.09E-12 1.58E-11 
Cm-243 3.87E-09 4.48E-09 3.68E-09 3.35E-09 1.00E-08 3.88E-09 3.48E-09 3.94E-09 8.58E-09 
Cm-244 2.68E-10 5.17E-10 2.75E-11 5.67E-11 3.43E-10 1.63E-10 7.03E-11 1.91E-10 1.52E-09 
Cm-24,5 3.44E-11 4.03E-11 3.21E-11 2.81E-11 1.04E-10 3.40E-11 3.01E-11 3.51E-11 4.75E-11 
Cm-246 1.12E-14 2.15E-14 1.25E-15 2.41E-15 1.46E-14 6.83E-15 2.99E-15 7.98E-15 6.24E-14 
Cm-247 6.86E-17 7.84E-17 6.72E-17 6.44E-17 1.32E-16 8.95E-17 6.44E-17 7.00E-17 8.35E-17 
Co-60 1.09E-07 1.23E-07 1.10E-07 1.09E-07 1.58E-07 1.13E-07 1.07E-07 1.12E-07 1.29E-07 
Cs-134 3.82E-08 4.36E-08 3.81E-08 3.72E-08 6.20E-08 3.91E-08 3.65E-08 3.91E-08 4.88E-08 
Cs-135 1.75E-14 229E-14 1.16E-14 9.29E-15 5.03E-14 1.53E-14 1.14E-14 1.57E-14 2.52E-11 
Cs-137 1.12E-04 1.27E-04 1.11E-04 1.08E-04 1.83E-04 1.14E-04 1.06E-04 1.14E-04 1.84E-04 
Eu-154 4.62E-06 5.24E-06 4.61E-06 4.52E-06 7.28E-06 4.73E-06 4.43E-06 4.73E-06 6.38E-00 
Eu-155 2.00E-08 2.37E-08 1.78E-08 1.48E-08 8.49E-08 1.93E-08 1.66E-08 2.00E-08 2.72E-08 
Fe-55 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 
H-3 0.00E+00 0.00E+00 1.01E-08 0.00E+00 0.002+00 0.00E+00 0.00E+00 1.21E-09 0.00E+00 
1-129 3.69E-10 5.08E-10 1.63E-10 1.25E-10 8.40E-10 295E-10 1.78E-10 2.90E-10 8.40E-10 
Kr-85 3.80E-06 4.35E-06 37E6fW 3.54E-06 7.14E-06 3.83E-06 3.54E-06 3.86E-06 4.29E-04 
Nb-93m 7.40E-13 1.54E-12 3.01E-14 1.39E-13 8.18E-13 4.04E-13 1.60E-13 5.23E-13 5.05E-12 
Nb-94 1.83E-10 1.85E-10 1.63E-10 1.59E-10 2.58E-10 1.67E-10 1.568-10 1.67E-10 2.06E-10 
Ni-59 0.00E+00 0.00E+00 0.002+00 0.000+00 0.002+00 0.002+00 0.002+00 0.00+00 0.002E+00 
Ni-63 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Np-237 2.81E-11 3.40E-11 2.44E-11 2.08E-11 8.65E-11 2.69E-11 2.30E-11 2.78E-11 4.16E-11 
Pa-231 2.1-6E15 2.51E-15 Z04E-15 1.92E-15 4.59E-15 Z14E-15 1.94E-15 217E-15 3.08E-15 
Pb-210 1.33E-19 1.78E-19 9.122-20 8.74E-20 4.19E-19 1.16E-19 8.78E-20 1.21E-19 2.75E-19 
Pd-107 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Pm-147 2.93E-12 3.74E-12 213E-12 1.75E-12 8.53E-12 2.84E-12 2.08E-12 2.71E-12 3.17E-09 
Pu-238 1.28E-09 Z47E-09 206E-10 3.27E-10 1.81E-09 7.80E-10 3.87E-10 9.50E-10 7.96E-09 
Pu-239 1.63E-10 2.55E-10 8.94E-11 9.01E-11 3.20E-10 1.31E-10 9.65E-11 1.43E-10 6.28E-10 
Pu-240 3.71E-10 7.18E-10 6.36E-11 9.63E-11 5.41E-10 2.29E-10 1.14E-10 2.77E-10 2.29E-09 
Pu-241 2.332-10 2.81E-10 2.102-10 1.83E-10 7.11E-10 2.27E-10 1.98E-10 2.35E-10 3.80E-10 
Pu-242 8.89E-13 1.71E-12 i.61E-13 2.38E-13 1.32E-12 5.53E-13 2.80E-13 6.68E-13 5.44E-12 
Ra-226 3.182-18 &63E-18 3.03E-18 2.77E-18 8.16E-18 3.17E-18 2.86E-18 3.23E-18 4.92E-18 
Ra-228 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E4-00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Ru-106 4.94E-13 5.68E-13 4.94E-13 4.77E-13 8.42E-13 5.04E-13 4.71E-13 5.09E-13 5.33E-12 
Sb-125 1.40E-08 1.61E-08 1.38E-08 1.33E-08 2.50E-08 1.43E-08 1.32E-08 1.43E-08 1.88E-08 
Se-79 1.15E-14 1.54E-14 8.98E-15 5.51E-15 3.17E-14 9.77E-15 6.93E-15 1.002-14 1.22E-11 
Sm-147 0.00E+00 0.002+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Sm-151 1.27E-12 2.15E-12 1.73E-13 2.77E-13 1.74E-12 8.77E-13 3.65E-13 8.84E-13 4.65E-12 
Sn-126 4.73E-09 5.40E-09 4.69E-09 4.53E-09 8.21E-09 4.83E-09 4.48E-09 4.84E-09 8.19E-09 
Sr-90 2.24E-08 2.73E-08 1.85E-08 1.56E-08 6.55E-08 2.11E-08 1.76E-08 218E-08 2.84E-05 
Tc-99 1.83E-12 231E-12 1.36E-12 1.10E-12 5.43E-12 1.65E-12 1.30E-12 1.70E-12 288E-09 
Th-229 8.40E-16 7.50E-16 5.94E-16 5.14E-16 1.95E-15 6.28E-16 5.55E-18 6.50E-16 9.19E-18 
Th-230 5.20E-17 6.87E-17 4.13E-17 3.52E-17 1.53E-16 4.71E-17 3.96E-17 5.02E-17 1.30E-16 
Th-232 1.47E-19 2.14E-19 1.00E-19 8.70E-20 4.10E-19 1.25E-19 1.00E-19 1.37E-19 5.42E-19 
U-232 2.25E-14 3.37E-14 1.43E-14 1.31E-14 5.61E-14 1.88E-14 1.45E-14 2.07E-14 8.61E-14 
U-233 9.90E-16 1.30E-15 7.91E-16 7.27E-16 2.412-15 9.08E-16 7.88E-16 9.55E-16 2688-15
U-234
J-235

1.72E-13
1.24E-11

2.82E-13 I 8.59E-14 8.24E-14
1.43E-11 I 1.19E-11 I 1.08E-11

J-238 1.84E-13 2.96E-13 5.86E-14 6.26E-14
J-238 1.4GE-13 2.84E-13 I 3.31E-14 I 4.12E-14
!r-93 1 0.00E+00 0.00E+00 0.00E+00 L

Co-60 (aud)
Fe-55 (cndlJ

1.64E-02 1.85F-02
.Lf f E f'lflr.flfl'

4 +UU
1.541-U2
U.O.E+00

3.90E-13 I 1.31E-13
3.24E-11

O.0E+00

1.24E-11

1.69L-02
0.00E+00

9.42E-14
1.12E-11

1.O0E-02
0.00E+00

1.50E-13
1.27E-11

L1UL+UU

8.34E-13 
1.52E-11 
9.59E-13 
9.66E-13 
0.00E+00

1.68E-02 I 1.93E-02
0.00E+00 I 0.OOE+00

CAL-WPS-SE-000004 REV 00

crud

b~tal E-02 1.87E-02 1.87E-02 1.65E-02 2.39E-02 1.71E-02 j 1.61E-02 1 1.69E-02 2.00E-02
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DOE SNF per Canister Source Term and Dose Calculations.xls

HE s 

inhalation doSeS [reMi

Inhalation Doses - HEPAs

gonads breast lungs red marrow bone surface thyroid remainder effective skin 
Ac-227 2.21E-11 3.71E-15 8.59E-11 1.43E-10 1.79E-09 2.002E15 8.20E-11 1.01E-10 0.OOE+00 
Am-241 8.75E-04 7.19E-08 4.95E-04 4.68E-03 5.84E-02 4.31 E-08 2.10E-03 3.23E-03 0.002+00 
Am-242m 1.43E-06 6.15E-11 1.87E-07 7.53E-06 9.45E-05 2.51E-11 3.33E-06 5.13E-06 0.OOE+00 
Am-243 3.85E-06 1.80E-09 2.10E-06 2.05E-05 2.57E-04 9.80E-10 9.15E-06 1A1E-05 0.00E+00 
C-14 4.26E-12 4.28E-12 4.26E-12 4.26E-12 4.26E-12 4.26E-12 4.26E-12 4.26E-12 0.OOE-00 
Cd-1 13m 3.59E-09 3.59E-09 4.42E-08 3.59E-09 3.59E-09 3.59E-09 1.40E-07 4.46E-08 0.00E.00 
CI-36 4.95E-14 4.95E-14 4.48E-12 4.95E-14 4.95E-14 4.95E-14 5.26E-14 5.82E-13 0.00E+00 
Cm-242 2.09E-08 3.46E-11 5.69E-07 1.43E-07 1.79E-06 3.45E-11 8.99E-08 1.71 E-07 0.00E+00 
Cm-243 1.39E-06 4.21E-10 1.30E-06 7.90E-06 9.84E-05 2.56E-10 3.88E-06 5.56E-06 0.00E+00 
Cm-244 6.17E-05 4.04E-09 7.49E-05 3.64E-04 4.54E-03 3.92E-09 1.85E-04 2.80E-04 0.OOE+00 
Cm-245 2.98E-08 5.92E-12 1.592-08 1.58E-07 1.98E-06 3.26E-12 7.04E-08 1.09E-07 0.00E+00 
Cm-248 5.97E-09 7.15E-13 3.25E-09 3.18E-08 3.97E-07 4.04E-13 1.42E-08 2.18E-08 0.00E+00 
Cm-247 1.43E-14 1.04E-17 7.79E-15 7.60E-14 9.51E-13 6.76E-18 3.40E-14 5.22E-14 0.OOE+00 
Co-60 4.22E-10 1.63E-09 3.06E-08 1.53E-09 1.20E-09 1.44E-09 3.19E-09 5.24E-09 0.00E+00 
Cs-134 2.24E-06 1.86E-06 2.03E-06 2.03E-08 1.89E-08 1.91E-08 2.39E-06 2.15E-06 O.OOE+00 
Cs-135 1.11E-08 1.11E-08 1.31E-08 1.11E-08 1.11E-08 1.11E-08 1.11E-08 1.14E-08 0.00E+00 
Cs-137 1.22E-02 1.09E-02 1.23E-02 1.15E-02 1.10E-02 1.10E-02 1.27E-02 1.20E-02 0.00E+O0 
Eu-154 9.00E-08 1.19E-07 6.09E-07 8.15E-07 4.02E-06 5.49E-08 8.69E-07 5.94E-07 0.00E+00 
Eu-155 2.85E-10 4.92E-10 9.53E-09 1.15E-08 1.22E-07 1.92M-10 8.89E-09 8.97E-09 0.00E+00 
F-55 3.84E-13 3.74E-13 7.78E-13 3.79E-13 3.77E-13 3.98E-13 8.882-13 5.33E-13 0.00E+00 
H-3 2.11E-05 2.11E-05 2.11E-05 2.11E-05 2.11E-05 2.11E-05 2.11E-05 2.11E-05 0.00E+00 
1-129 2.21E-08 5.31E-08 7.98E-08 3.56E-08 3.51E-08 3.97E-04 3.002-08 1.19E-05 0.00E+00 
Kr-85 0.00E+00 0.00+E00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E400 
Nb-93m 4.90E-12 5.13E-13 7.60E-10 3.36E-12 8.75E-12 3.58E-13 4.659-12 9.30E-11 0.O0E+00 
Nb-94 1.03E-12 4.84E-12 1.62E-10 4.89E-12 4.26E-12 4.80E-12 9.62E-12 2.42E-11 0.00E+O 
Ni-S9 6.02E-14 5.80E-14 2.01E-13 5.93E-14 5.88E-14 8.32E-14 8.08E-14 6.00E-14 D.009+O0 
Ni-63 1.52E-11 1.52E-11 5.67E-11 1.52E-11 1.52E-11 1.52E-11 1.59E-11 1.55E-11 O.00E+00 
Np-237 7.99E-08 4.56E-1 1 4.35E-08 7.07E-07 8.83E-06 3.62E-11 6.32E-08 3.94E-07 0.00E+00 
Pa-231 8.69E-16 1.11E-15 9.41E-11 8.78E-11 1.10E-09 9.62E-16 3.61E-14 4.37E-11 0.00E+00 
Pb-210 6.82E-17 6.82E-17 6.82E-17 8.04E-16 1.17E-14 6.82E-17 1.01E-15 7.87E-16 0.00E+00 
Pd-107 8.45E-16 8.45E-16 2.55E-11 4.57E-15 1.22E-14 8.45E-16 1.92E-13 3.08E-12 0.00E+00 
Pm-147 7.35E-15 1.41E-14 3.03E-08 3.19E-09 3.99E-08 7.74E-15 2.30E-09 4.14E-09 0.00E+00 
Pu-238 5.44E-04 1.94E-08 6.22E-03 2.96E-03 3.69E-02 1.87E-08 1.36E-03 2.06E-03 0.00E+00 
Pu-239 1.07E-04 3.11E-09 1.09E-03 5.70E-04 7.11E-03 3.04E-09 2.55E-04 3.91E-04 0.002+00 
Pu-240 1.85E-04 5.55E-09 1.88E-03 9.86E-04 1.23E-02 5.28E-09 4.41E-04 6.76E-04 0.00E+00 
Pu-241 2.215-04 9.92E-09 1.03E-03 1.09E-03 1.36E-02 4.02E-09 4.25E-04 7.23E-04 0.00E+00 
Pu-242 5.02E-07 1.57E-11 5.11E-06 Z68E-06 3.34E-05 1.48E-11 1.19E-06 1.85E-06 0.00E+00 
Ra-226 1.05E-16 1.05E-16 1.65E-14 6.81E-16 7.78E-15 1.05E-18 1.102-16 2.38E-15 0.00E+00 
Ra-228 2.14E-18 2.15E-16 8.45E-15 8.64 -16 7.62E-15 2.14E-16 2.19E-16 1.51E-15 0.00E+00 
Ru-106 6.75E-14 8.70E-14 5.08E-12 8.70E-14 6.70E-14 6.70E-14 8.26E-14 6.31E-13 0.00E+00 
Sb-125 2.55E-11 2.95E-11 1.54E-09 4.60E-11 1.932-10 Z30E-11 1.03E-10 2.34E-10 0.00E+00 
Se-79 2.24E-12 2.24E-12 3.23E-11 2.24E-12 2.24E-12 2.24E-12 1.402-11 8.772-12 0.00E+00 
Sm5-147 0.00E+00 0.00E+00 2.87E-13 1.03E-12 1.292-11 0.00E+00 7.11E-13 7.60E-13 0.00E+00 
Sm-151 9.86E-14 3.4E-13 7.97E-09 2.69E-08 3.38E-07 3.23E-14 1.84E-08 1.98E-08 0.00E+00 
Sn-126 8.96E-11 8.83E-11 9.47E-10 3.52E-10 7.39E-10 8.21E-11 1.10E-10 1.69E-10 0.00E+00 
Sr-90 7.58E-07 7.58E-07 8.212-04 9.64E-05 2.09E-04 7.58E-07 1.64E-06 1.01E-04 0.00E+00 
Tc-99 4.75E-12 4.75E-12 1.75E-09 4.75E-12 4.75E-12 1.27E-10 6.57E-11 2.36E-10 0.00E+00 
Th-229 4.68E-14 4.68E-14 3.38E-11 1.95E-11 2.43E-10 4.68E-14 1.20E-13 9.84E-12 O.O0E+00 
Th-230 1.18E-13 1.18E-13 8.65E-11 4.99E-11 6.23E-10 1.18E-13 3.03E-13 2.54E-11 O.00E+00 
Th-232 1.20E-15 1.22E-15 1.48E-12 1.41E-12 1.75E-11 1.17E-15 2.95E-15 6.98E-13 0.00E+00 
U-232 1.16E-11 1.17E-11 2.15E-07 5.90E-10 9.33E-09 1.14E-11 4.52E-10 2.59E-08 0.00E+00 
U-233 1.49E-13 1.49E-13 1.78E-09 4.17E-12 6.56E-11 1.49E-13 5.50E-12 2.14E-10 0.O0E+00 
U-234 4.90E-11 4.90E-11 5.84E-07 1.37E-09 2.14E-08 4.90E-11 1.81E-09 7.02E-08 0.00E+00 
U-235 4.17E-12 4.19E-12 4.86E-08 1.16E-10 1.78E-09 4.17E-12 1.51E-10 5.84E-09 0.00E+00 
U-238 0.38E-11 6.36E-11 7.57E-07 1.77E-09 2.79E-08 6.36E-11 2.35E-09 9.10E-08 0.002+00 
U:-38 7.40E-11 7.40E-11 8.82E-07 2.18-E09 3.24E-08 7.36E-11 2.73E-09 1.062-07 0.00E+00 
Zr-93 3.38E-13 7.26E-13 1.35E-09 2.75E-09 3.38E-08 2.70E-13 Z68E-12 1.35E-09 0.00E+00 

crud 
Co-60 (cud) 1.90E-05 7.35E-05 1.38 -03 6.87E-05 5.39E-05 6.47E-05 1.44E-04 2.36E-04 0.00E+00 
Fe-55 (crud) 1.32E-05 1.28E-05 2.67E-05 1.30E-05 1.29E-05 1.36E-05 3.05E-05 1.83E-05 0.00E+00 

total 1.42E-02 1.10E-02 2.53E-02 2.24E-02 1.45E-01 1.15E-02 1.77E-02 1.98E-02 0.00E+00
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DOE SNF per Canister Source Term and Dose Calculations.xls Air Submersion Doses - HEPAs

641] HEPAs 
tact

gonads
flIR2RE-2I 7'51=o21 I5.66E-21

ast ungs red rmarrw bone surface thyrod Iremainder I effective sin

Am-241 6.94E-11 8.65E-11 5.45E-11 4.21E-11 2.32E-10 6.33E-11 5.12E-11 6.61E-11 1.03E-10 
Am-242m 5.09E-15 8.05E-15 2.30E-15 2.30E-15 1.06E-14 3.95E-15 2.80E-15 4.24E-15 1.82E-14 
Am-243 7.78E-13 9.27E-13 6.82E-13 5.O0E-13 2.65E-12 7.42E-13 6.36E-13 7.74E-13 9.76E-13 
C-14 5.88E-18 7.99E-18 3.47E-18 2.75E-18 1.80E-17 4.97E-18 3.50E-18 5.09E-18 5.522-15 
Cd-113m 2.33E-15 2.84E-15 1.92E-15 1.62E-15 6.81E-15 2.19E-15 1.83E-15 2.25E-15 2.75E-12 
CI-36 6.60E-18 7.84E-18 5.95E-18 5.33E-18 1.88E-17 6.45E-18 5.66E-18 6.57E-18 4.33E-15 

Cm-242 8.63E-16 1.63E-15 1.25E-16 2.08E-16 1.17E-15 5.41E-16 2.50E-16 6.27E-16 4.73E-15 

Cm-243 1.16E-12 1.34E-12 1.11E-12 1.00E-12 3.012-12 1.18E-12 1.04E-12 1.18E-12 1.97E-12 
Cm-244 8.04E-14 1.55E-13 8.25E-15 1.70E-14 1.03E-13 4.88E-14 2.11E-14 5.72E-14 4.56E-13 

Cm-245 1.03E-14 1.21E-14 9.64E-15 8.42E-15 3.13E-14 1.02E-14 9.03E-15 1.05E-14 1.42E-14 

Cm-246 3.35E-18 6.44E-18 3.76E-19 7.242-19 4.38E-18 205E-18 8.96E-19 Z39E-18 1.87E-17 
Cm-247 2.06E-20 2.35E-20 2.02E-20 1.93E-20 3.96E-20 2.09E-20 1.932-20 2.10-20 2.51E-20 
Co-80 3.28E-11 3.70E-11 3.30E-11 3.28E-11 4.74E-11 3.38E-11 3.20E-11 3.36E-11 3.86E-11 
Cs-134 3.82E-08 4.36E-08 3.81E-08 3.72E-08 6.20E-08 3.91E-08 3.65E-08 3.91E-08 4.88E-08 

Cs-135 1.75E-14 2.29E-14 1.16E-14 9.29E-15 5.03E-14 1.53E-14 1.14E-14 1.57E-14 2.52E-11 
Cs-137 1.12E-04 1.272-04 1.11E-04 1.08E-04 1.83E-04 1.14E-04 1.06E-04 1.14E-04 1.84E-04 

Eu-154 1.39 1.579-09 1.38E-09 1.36E-09 2.18E-09 1.42E-09 1.33E-09 1.42E-09 1.91E-09 

Eu-155 5.99E-12 7.10E-12 5.34T-12 4.45E-12 1.95E-11 5.80E-12 4.98E-12 5.99E-12 8.16E-12 

Fe-55 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.0OE+00 
H-3 0.00E+00 0.00E+00 1.01E-08 0.00E+00 0.00E+00 0.002+00 0.002+00 .TT21-.w0 0.00E+00 
1-129 3.69E-10 5.08E-10 1.63E-10 1.25E-10 8.40E-10 2-95E-10 1.76E-10 290E-10 8.40E-10 
Kr-85 3.80E-06 4.35E-06 3.70E-06 3.54E-06 7.14E-06 3.83E-06 3.54E-06 3.88E-06 4.29E-04 
Nb-93m 2.249-16 4.63E-16 9.02E-18 4.17E-17 2.45E-16 1.21E-16 4.81E-17 1.57E-16 1.51E-15 
Nb-94 4.90E-14 5.56E-14 4.88E-14 4.77E-14 7.73E-14 5.01E-14 4.67E-14 5.00E-14 6.18E-14 

NI-59 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Ni-63 0.00E+00 0.OOE+00 0.00E+00 0.002E00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Np-237 8.43E-15 1.02E-14 7.31E-15 6.23E-15 2.59E-14 8.06E-15 6.89E-15 8.35E-15 1.25E-14 
Pa-231 6.47E-19 7.53E-19 6.13E-19 5.75E-19 1.38E-18 6.43E-19 5.82E-19 6.51E-19 9.23E-19 
Pb-210 3.99E-23 5.27E-23 2.74E-23 2.02E-23 1.26E-22 3.49E-23 2.63E-23 3.63E-23 8.24E-23 
Pd-107 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Pm-147 8.78E-16 1.12E-15 6.40E-16 5.24E-16 2.56E-15 7.93E-18 6.18E-15 8.14E-16 9.52E-13 
Pu-238 3.83E-13 7.41E-13 8.19E-14 9.81E-14 5.43E-13 2.34E-13 1.16E-13 Z85E-13 2.39E-12 
Pu-239 4.90E-14 7.64E-14 2-68E-14 2.70E-14 9.59E-14 3.93E-14 2.90E-14 4.29E-14 1.88E-13 
Pu-240 1.11E-13 2.15E-13 1.91E-14 2.89E-14 1.62E-13 6.86E-14 3.43E-14 8.32E-14 6.86E-13 
Pu-241 7.00-E14 8.44E-14 6.31E-14 5.482-14 2.13E-13 8.80E-14 5.93E-14 7.06E-14 1.14E-13 
Pu-242 2.67E-16 5.14E-16 4.84E-17 7.14E-17 3.95E-16 1.66E-16 8.39E-17 2.00E-16 1.63E-15 
Ra-226 9.49E-22 1.09E-21 9.09E-22 8.32E-22 2.45E-21 9.52E-22 8.59E-22 9.70E-22 1.48E-21 
Ra-228 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00+E0-0 0.00E+00 0.00E+00 0.00E+00 
Ru-106 1.48E-16 1.70E-16 1.48E-16 1.43E-16 2.53E-16 1.51E-18 1.41E-16 1.53E-16 1.60E-15 
Sb-125 4.21E-12 4.83E-12 4.15E-12 3.98E-12 7.51E-12 4.28E-12 3.96E-12 4.30E-12 5.64E-12 
Se-79 3.44E-18 4.62E-18 2-09E-18 1.65E-18 9.51E-18 2.93E-18 2.08E-18 3.00E-18 3.67E-15 
San-147 0.00E+00 0.000+00 0.002+00 0.002+00 o 0.002+60 0.002+00 0.0.0+00 0.002+00 
Sm-151 3.82E-16 6.46E-16 5.20E-17 8.30E-17 5.21E-16 2.63E-16 1.09E-16 265E-16 1.40E-15 
n2-16 1.42E-12 1.62E-12 1.41E-12 1.38E-12 2.46E-12 1.45E-12 1.34E-12 1.45E-12 2.46E-12 

Sr- 6.71E-12 8.18E-12 5.55E-12 4.69E-12 1.97E-11 6.32E-12 5.27E-12 6.49E-12 7.93E-09 

Tc-99 5.49E-16 6.94E-18 4.07E-16 3.31E-16 1.63E-15 4.95E-16 3.91E-16 5.11E-16 8.64E-13 
Th-229 1.92E-19 2252-19 1.78E-19 1.54E-19 5.86E-19 1.88E-19 1.67E-19 1.95E-19 2.76E-19 

1h-230 1.56E-20 2.08E-20 1.24E-20 1.06E-20 4.58E-20 1.41E-20 1.19E-20 1.51E-20 3.91E-20 
Th-232 4.42E-23 6.43E-23 3.01E-23 2.61E-23 1.23E-22 3.74E-23 3.00E-23 4.12E-23 1.63E-22 
U-232 6.76E-18 1.01E-17 4.29E-18 3.92E-18 1.68E-17 5.63E-18 4.35E-18 6.20E-18 2.58E-17 
U-233 2.97E-19 3.90E-19 2.37E-19 '.;E-19 7.24E-19 2-72E-19 2.30E-19 Z87E-19 8.03E-19 
U-234 5.17E-17 8.47E-17 2.58E-17 2.47E-17 1.17E-16 3.94E-17 2.82E-17 4.49E-17 2.50E-16 
U-235 3.72E-15 4.28E-15 3.57E-15 3.25E-15 9.72E-15 3.72E-15 3.37E-15 3.80E-15 4.56E-15 
U-236 4.92E-17 8.87E-17 1.76E-17 1.88E-17 9.59E-17 3.38E-17 2.18E-17 4.04E-17 2.88E-16

4.37E-17

4.92h-06 1 I .- 00

8.51E-17 I 9.92E-18 I 1.24E-17 I 7.37E-17
0.00E+00 0.002+E,00 I 0.00E+00

4.�2�4Jt�
ILZ 71. - +
0.OUF+0U

(.1 J11-uJ 
O00OE+00

O.00÷OF0

0.00E+00

Fe-55 (crud) I 0.002+00 I O.OOE+00

2.71L-17 1.50E-17
0.00E+00 I 0.00E+00 I 0.OOE+00 I 0.O0E+00

5.08E-06 I 4.80E-06 I 5.04E-06 I 5.80E-06
UO.. .+00 0.00E+00 0.00E+00 

;-04 1.23E-04 6.18E-04

CAL-WPS-SE-000004 REV 00

oBWR (U IV 
other

Ar�..997

-4-

U-238 
.r-93

crud
G.o-0 (Cruld)

total 1.20E-04 I 1.37E-04 1.19E-04 1.18E2-04 L1.97E-04 1.;

i

ai" Suberio closes01 [rem] i!nl

4.93r=-21

3.40F-1l7

492E--06

VI1-1 1

6.11E2 I:* 5.33E,•I-21 I .27E •-21 I 5.50E-20
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DOE SNF per Canister Source Term and Dose Calculations.xls

EBWR (U METAL) LEU [641 other intact No HEPAs
Air 

Inhalation Submersion 
Dose @ Dose Term Dose @ Dose Term 
5000 m for 5000 m for Dose Term for 

[rem] Regulation [rem) Regulation Regulation 
Gonad 6.80E+00 1.65E-02 
Breast 3.02E-01 1.87E-02 
Lung 4.35E+01 1.67E-02 
R Marrow 3.62E+01 71.65E-02 
B Surface 4.46E÷02 <CDE 2.39E-02 
Thyroid 2.76E-01 1.71 E-02 
Remainder 1.66E+01 1.61E-02 
Whole Body 2.58E+01 <CEDE I .69E-02 <DDE 2.58E+01 <TEDE=CEDE+DDE 
Skin 0.OOE+00 <SKIN 2.OOE-02 <SKIN 2.OOE-02 <SKIN 
Eye Lens N/A <EYE N/A <EYE N/A <EYE 

I I 4.46E+02 <CDE + DDE 

EBWR (U METAL) LEU [64] other Intact HEPAs 
Air 

Inhalation Submersion 
Dose @ Dose Term Dose @ Dose Term Dose for 
5000 m for 5000 m for Regulation Dose Term for 
[rem] Regulation [remi] Regulation [rem] Regulation 

Gonad 1.42E-02 11.20E-04 
Breast 1.10E-02 1.37E-04 
Lung 2.53E-02 1.19E-04 
R Marrow 2.24E-02 1.16E-04 
B Surface 1.45E-01 <CDE 1.97E-04 
Thyroid 1.15E-02 1.23E-04 
Remainder 1.77E-02 1.14E-04 
Whole Body 1.98E-02 <CEDE 1.23E-04 <DDE 1.99E-02 <TEDE=CEDE+DDE 
Skin 0.OOE+00 <SKIN 6.18E-04 <SKIN 6.18E-04 <SKIN 
Eye Lens N/A <EYE N/A <EYE N/A <EYE 

1.45E-01 <CDE + DDE

CAL-WPS-SE-000004 REV 00

., . 3,. , • *

September 1999
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DOE SNF per Canister Source Term and Dose Calculations.xls

EBWR (U METAL

isotope 
Ac-227 
Am-241 
Am-242m 
Am-243 
C-14 
Cd-113m 
Cl-38 
Cm-242 
Cm-243 
Cm-244 
Cm-245 
Cm-248 
CM-247 
Co-60 

Cs-134 
Cs-135 
Cs-1 37 
Eu-I 54 
Eu-I 55 
Fe-55 
H-3 
1-129 
Kr-85 
Nb-93m 
Nb-94 
Ni-59 
Ni-63 
Np-237 
Pa-231 
Pb-210 
Pd-107 
Pm-147 
Pu-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 
Ra-228 
Ra-228 
Ru-1 0D 
Sb-125 
Se-79 
Sm-147 
Sin-151 
Sn-i 28 
Sr-90 
Tc-99 
Th-229 
"Th-230 
Th-232 
U-232 
U-233 
U-234 
U-235 
U-238 
U-238 
Zr-93 

crud 
Co-60 (crud) 
Fe-55 (crud)

)LEU {64] other 
offslte doses with no HEPAs [rem] 

bone surface 
material type TEDE CDE + DDE 

P 3.36E-07 5.97E-06 
P 1.08E+01 1.95E+02 
P 1.71E-02 3.15E-01 
P 4.69E-02 8.55E-01 
P 1.42E-08 1.42E-08 
P 1.49E-04 1.20E-05 
P 1.94E-09 1.65E-10 
P 5.71E-04 5.98E-03 
P 1.85E-02 3.28E-01 
P 8.67E-01 1.51E+01 
P 3.83E-04 6.81E-03 
P 7.27E-05 1.32E-03 
P 1.74E-10 3.17E-09 
P 1.76E-05 4.10E-08 
C 219E-06 1.93E-06 
C 1.14E-08 1.11E-08 
C 1.21E-02 1.122-02 
P 1.99E-03 1.34E-02 
P Z99E-05 4.06E-04 
P 1.78E-09 1.28E-09 
G 211E-05 2.11E-05 
G 1.19E-05 3.54E-08 
G 3.86E-06 3.86E-06 
P 310E-07 2.92E-08 
P 8.09E-08 1.44E-08 
P Z00E-10 1.96E-10 
P 5.17E-08 5.06E-08 
P 1.31E-03 2.94E-02 
P 1.46E-07 3.65E-06 
P 2.62E-12 3.91E-11 
P 1.03E-08 4.05E-1 1 
P 1.38E-05 1.33E-04 
P 8.87E+00 1.23E+02 
P 1.30E+00 2.37E+01 
P 2.25E+00 4.10E+01 
P 2.41E+00 4.54E+01 
P 6.15E-03 1.11E-01 
P 7.93E-12 259E-11 
P 5.04E-12 2.54E-11 
P 2.10E-09 Z24E-10 
P 7.94E-07 8.59E-07 
P 2.92E-08 7.46E-09 
P 2.53E-09 4.31E-08 
P 6.60E-05 1.13E-03 
P 5.67E-07 2.47E-06 
P 3.36E-01 6.96E-01 
P 7.88E-07 1.58E-08 
P 3.28E-08 8.09E-07 
P 8.48E-08 2.08E-06 
P 2.33E-09 5.83E-08 
P 8.62E-05 3.11E-05 
P 7.14E-07 2.19E-07 
P 2.34E-04 7.12E-05 
P 1.95E-05 5.922-06 
P 3.03E-04 9.30E-05 
P 3.54E-04 1.08E-04 
P 4.48E-06 1.13E-04

crud 
crud 

total

8.04E-01 
6.09E-02 

2-58E+01

1.97E-01 
4.31E-02 

4.46E+02

CAL-WPS-SE-000004 REV 00

TEDE & CDE+DDE

intact 
offsite doses with HEPAs [rem] 

bone surface 5DE 
TEDE +DDE 

1.01E-10 1.79E-09 
3.23E-03 5.84E-02 
5.132-06 9.45E-05 
1.41 E-05 2.57E-04 
4.26E-12 4.26E-12 
4,46E-08 &59E-09 
5.82E-13 4.95E-14 
1.71E-07 1.79E-06 
5.56E-06 9.84E-05 
260E-04 4.54E-03 
1.09E-07 1.98E-06 
2.18E-08 3.97E-07 
5.22E-14 9.51E-13 
5.28E-09 1.23E-09 
219E-06 1.93E-06 
1.142-08 1.11E-08 
1.21E-02 1.12E-02 
5.96E-07 4.02E-06 
8.98E-09 1.22E-07 
5.33E-13 3.775-13 
2.11E-05 211E-05 
1.19E-05 3.54E-08 
3.86E-06 3.86E-06 
9.30E-11 8.75E-12 
2.43E-11 4.31 E-12 
6.00E-14 5.88E-14 
1.55E-11 1.52E-11 
3.94E-07 8.83E-06 
4.37E-11 1.10E-09 
7.87E-16 1.17E-14 
3.08E-12 1.22E-14 
4.14E-09 3.99E-08 
206E-03 3.89E-02 
3.91E-04 7.11E-03 
6.76E-04 1.23E-02 
7.23E-04 1.38E-02 
1.85E-06 3.34E-05 
2.38E-15 7.78E-15 
1.51F-15 7.62E-15 
6.31E-13 8.71E-14 
238E-10 1.98E-10 
8.77E-12 2.24E-12 
7.80E-13 1.29E-11 
1.98E-08 3.38E-07 
1.70E-10 7.41E-10 
1.01E-04 2.09E-04 
2.36E-10 4.75E-12 
9.84E-12 2.43E-10 
2.54E-11 6.23E-10 
8.98E-13 1.75E-11 
2-59E-08 9.33E-09 
2.14E-10 6.56E-11 
7.02E-08 2.14E-08 
5.84E-09 1.78E-09 
9.10E-08 2.79E-08 
1.06E-07 3.24E-08 
1.35E-09 3.38E-08

2.41E-04 
1.83E-05 

1.99E-02

5.90E-05 
1.29E-05 

1.45E-01

VII-1 3 September 1999

- - -: -�-�ia-- -



DOE SNF per Canister Source Term and Dose Calculations.xfs

EBWR (U METAL) LEU [64] other intact

TEDE (no HEPAs) 
material type 

G 
P 
C 

crud 
cIi 

TEDE (HEPAs) 
material type 

G 
P 
C 

crud

subtotal [rem] 
&69E-05 
2.49E+O1 
1.21E-02 
8.e5E-01 

3tal 2.58E+O1 

subtotal [rem] 
3.69E-06 
7.47E-03 
1.21E-02 
2.59E-04 

otal 1.99E-02

bone surface CDE + DDE (no HEPAs) 
material type subtotal [rem] 

G Z50E-05 
P 4.45E+02 
C 1.12E-02 

crud 2.40E.01 
total 4.46E+02 

bone surface CDE + DDE (HEPAs) 
material type subtotal [remn] 

G Z50E-05 
P 1.34E-01 
C 1.12E-02 

crud 7.19E-05 
total 1.45E-01

CAL-WPS-SE-000004 REV 00

Importance

fraction of total [-] 
1.43E-06 
9.66E-01 
4.70E-04 
3.38E-02 
1.OOE+00 

fraction of total H 
1.85E-03 
3.76E-01 
6.10E-01 
1.30E-02 
1.00E+00 

fraction of total [-] 
5.61E-08 
9.99E-01 
Z50E-05 
5.38E-04 
1.OOE+00 

fraction of total H 
1.73E-04 
9.22E-01 
7.70E-02 
4.98E-04 
1.OOE+00
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DOE SNF per Canister Source Term and Dose Calculations.xls

valuated fuel x 
p stable metal stable metal non-metal non-metal other other

'"-fl.'.,,, I *"'-'-- **�'**--- ...--.. . . --- I I

Firol n~nmn
HWCTR ALUM CLAD PWR CORE l1 SAXTON METAL) LEU N REACTOR 

fLI/TH f 11121 SNF 4t1 r1931 (MOX) [7871 r`41 [147t N REACTOR r1471
#of canisters 0.17 1.00 24.00 1.00 10.50 194.95 1 194.95 

isotopes material type Curies (entie fuel inventory) Curies 
Ac-227 P 9.27E-09 2.81E-07 1.24E-02 1.33E-05 3.38E-05 1.03E-02 1.03E-02 
Am-241 P 1.22E-01 251E+01 7.61E+04 6.45E+03 1.63E+04 2.80E+05 2.80E+05 
Arn-242m P 8.67E-05 9.69E-03 1.18E+02 1.07E+01 2.71E+01 7.96E+00 7.96E+00 
Am-243 P 2.85E-04 Z40E-02 3.38E+02 2.83E+01 7.18E+01 4.10E+01 4.10E+01 
C-14 P 1.09E-08 1.17E-05 1.53E+60 1.81E+00 4.59E+00 3.63E+02 3.63E+02 
Cd-1 13m P 6.32E-02 7.25E-01 0.00E+00 2.59E+01 6.56E+01 0.00E+00 0.00E+00 
CI-36 P 2.51 E-30 0.00E+00 0.00E+00 2.35E-02 5.96E-02 0.OOE+00 0.00+E00 
Cm-242 P 2.62E-04 8.OOE-03 0.00E+00 8.79E+00 .23E+01 0.00E+00 0.00E+00 
Cm-243 P 4.52E-05 3.29E-03 0.00E+00 1.60E+01 4.06E+01 0.OOE+00 0.00E+00 
Cm-244 P 9.94E-03 4.27E-01 3.16E+04 9.29E+02 2.36E+03 2.44E+03 2.44E+03 
Cm-245 P 5.84E-07 1.33E-05 5.82E+00 2.12E-01 5.37E-01 5.13E-01 5.13E-01 
Cm-246 P 3.99E-08 9.83E-07 9.89E-01 4.28E-02 1.08E-01 6.79E-02 6.79E-02 
Cm-247 P 4.17E-14 0.00E+00 1.12E-07 2.83E-07 0.00E+00 
Co-60 P 7.30E-03 1.81E-09. 1.10E+04 2.12E+01 5.38E+01 4.75E+02 4.75E+02 
Cs-134 C 9.30E+01 2.058+02 3.63E+03 1.24E+01 &13E+01 1.63E+02 1.63E+02 
Cs-135 C 8.58E-04 1.24E-02 6.19 +00 6.65 -01 1.69E+00 4.00E+01 4.00E+01 
Cs-137 C 5.49E+02 8.60E+03 2.07E+06 1.00E+05 2.53E+05 5.34E+06 5.34E+06 
Eu-154 P 1.57E+01 9.08E+01 0.00E+00 1.84E+03 4.67E+03 0.00E+00 0.00E+00 
Eu-155 P 7.47E+00 2.81E+01 0.002+00 1.92E+02 4.86E+02 0.00E+00 0.00E+00 
Fe-55 P 1.29E+00 0.00E+00 0.00E+00 1.76E-01 4.45E-01 O.00E+00 0.00E+00 
H-3 G 2.02E+00 2.61E+01 5.09E+03 2.92E+02 7.41E+02 1.03E+04 1.03E+04 
1-129 G 1.44E-04 2.54E-03 7.202-01 .092E-02 1.54E-01 3.29E+00 3.29E+00 
Kr-85 G 5.46E+01 8.45E+02 5.07E+04 2.59E+03 6.56E+03 1.53E+05 1.53E+05 
Nb-93m P 2.82E-03 4.96E-02 5.72E+01 2.82E+00 7.15E+00 4.54E+02 4.54E+02 
Nb-94 P 1.37E-07 4.96E-06 0.00E+00 5.18E-02 1.31E-01 6.71E-05 6.71E-05 
NI-59 P 2.43E-04 0.00E+00 0.00E+00 4.01E-02 1.02E-01 2.03E+01 2.03E+01 
Ni-63 P 3.69E-02 0.00E+00 8.04E+04 4.42E+00 1.12E+01 2.21E+03 2.21E+03 
Np-237 P 1.82E-03 1.20E-02 7.06E+00 6.46E-01 1.64E+00 3.87E+01 3.87E+01 
Pa-231 P 9.79E-08 1.88E-06 1.15E-02 3.02E-05 7.65E-05 1.38E-02 1.38E-02 
Pb-210 P 1.04E-10 1.44E-11 2.71E-06 5.13E-08 1.30E-07 7.52E-08 7.52E-08 
Pd-107 P 9.52E-05 2.35E-03 1.95E+00 2.14E-01 5.42E-01 7.46E+00 7.46E+00 
Prn-147 P 4.86E+02 2.47E+03 0.00E+00 9.36E+01 2-37E+02 0.00E-00 0.00E+00 
Pu-238 P 7.652+02 2.20E+01 8.02E+04 5.66E+02 1.18E+04 6.37E+04 6.37E+04 
Pu-239 P 1.59E+01 1.49E+01 7.55E+03 9.81E+01 2.05E+03 1.23E405 1.23E+05 
Pu-240 P 9.08E+00 1.07E+01 _ 1.13E+04 1.70E+02 3.54E+03 7.18E+04 7.18E+04 
Pu-241 P 2.56E+03 1.22E+03 1.57E+06 9.43E+03 1.97E+05 2.06E+06 2.06E+06 
Pu-242 P 1.35E-02 I 1.04E-02 3.73E+01 4.84E-01 1.01E+01 3.46E+01 3.46E+01 
Ra-226 P 1.93E-09 1.53E-10 8.13E-06 2.48E-07 6.22E-07 1.15E-03 1.15E-03 
Ra-228 P 1.74E-13 8.44E-12 5.85E-02 2.80E-07 7.11E-07 1.03E-06 1.03E-06 
Ru-106 P 3.64E+01 297E+01 1.42E+01 1.17E-03 2972-03 3.162-01 3.182-01 
Sb-125 P 1.20E+01 0.00E+00 0.00E+00 1.70E+01 4.30E+01 0.00E+00 0.00E+00 
Se-79 P 2.47E-03 6.93E-02 7.69E+00 7.90E-01 Z00E+00 4.48E+01 4.48E+01 
Sm-147 P 348E-08 8.28E-07 0.0OE+00 9.01E-06 2.28E-05 0.00E+00 0.00+E00 
Sm-151 P 2.16E+00 2.67E+01 2.58E+04 5.86E+02 1.48E+03 8.552+04 8.55E+04 
Sn-128 P 2.21E-03 2.72E-02 9.72E+00 1.50E+00 3.80E+00 7.83E+01 7.83E+01 
Sr-90 P 5.25E+02 8.16E+03 1.56E+06 8.87E+04 1.74E+05 4.03E+06 4.03E+06 
Tc-99 P 8.07E-02 1.44E+00 2.67E+02 2.51E+01 6.37E+01 1.51E+03 1.51E+03 
Th-229 P 3.77E-08 8.09E-10 1.57E-02 4.93T-07 1.03E-05 9.31E-06 9.31 E-06 
Th-230 P 3.27E-04 7.96E-08 1.08E-03 8.39E-06 1.75E-04 1.02E-03 1.02E-03 
Th-232 P 1.49E-10 1.99E-11 5.56E-03 4.58E-08 9.56E-07 1.21E-07 1.21E-07 
U-232 P 4.47E-03 1.11 E-04 0.00E+00 4.23E-03 8.82E-02 0.00E+00 0.00E+00 
U-233 P 6.56E-05 1.182.-06 6.07E+00 1.70E-04 3.55E-03 5.71E-03 5.71E-03 
U-234 P 6.83E+00 1.17E-03 5.82E+00 5.70E-02 1.19E+00 4.85E+02 4.85E+02 
U-235 P 1.34E-01 8.48E-03 6.58E-01 5.12E-03 1.07E-01 1.85E+01 1.85E+01 
U-238 P 5.77E-01 3.95E-02 5.50E+00 7.81E-02 1.63E+00 7.02E+01 7.02E+01 
U-238 P 2.22E-03 1.04E-02 5.15E+00 9.65E-02 2.01E+00 3.82E+02 3.82E+02 
Zr-93 P 1.27E-02 1.40E-01 3.61E+01 3.72E+00 9.42E+00 2.10E+02 2.10E+02 
crud (pe can os•r) 

Co-60 coud 1.56E+01 6.37E+00 2.68E+02 1.23E+02 7.70E+02 1.76E+03 1.76E+03 
Fe-55 crud 9.85E+01 4.01E+01 1.69E+03 7.73E+02 4.85E+03 1.11E+04 1.11E+04

CAL-WPS-SE-000004 REV 00
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DOE SNF per Canister Source Term and Dose Calculations.xls 

Release Fractions 
Total 

Release HEPA Filter 
Material Type ARF RF Fraction LPF 

stable metal/ intact 
G 0.3 1.0 3.OOE-01 1.0 
P 2.00E-04 4.00E-03 8.00E-07 3.00E-04 
C 2.00E-04 1.0 2.OOE-04 1.0 

stable metal/not Intact 
G 10.3 .a 0.3 1.0 
P 5.00E-03 0.4 2.OOE-03 3.00E-04 
C 5.OOE-03 1.0 5.OE-03 1.0 

non-metal/intact 
G 0.3 1 1.0 0.3 1.0 
P 2.25E-04 1.0 2.25E-04 3.OOE-04 
C 2.25E-04 1.0 2.25E-04 1.0 

non-metaVnot Intact 
G 0.3 1.0 0.3 1.0 
P 5.00E-03 0.4 2.OOE-03 3.OOE-04 
C 5.00E-03 1.0 5.00E-03 1.0 

otherfintact 
G 0.3 1.0 0.3 1.0 
P 1.0OE-03 1.0 1.OOE-03 3.00E-04 
C 1.00E-03 1.0 1.OOE-03 1.0 

other/not intact 
G 0.3 1.0 0.3 1.0 
P 5.00E-03 0.4 2.OOE-03 3.OOE-04 
C 5.00E-03 1.0 5.00E-03 1.0 

crud 
crud 1.0 0.3 3.OOE-01 3.OOE-04 

N REACTOR [147] 
other 

not intact 
Release Fractions Used in this Calculation 

G 0.3 1.0 0.3 1.0 
P 5.OOE-03 4.OOE-01 2.00E-03 3.00E-04 
C 5.OOE-03 1.OOE+00 5.OOE-03 1.OOE+00 

crud 1.0 0.3 0.3 3.OOE-04 

breathing rate 3.33E-04 [mA3/s] 

gound level dispersion factor 
distance [m] x/Q [sec/mA3]I 

5000 4.68E-05 99.5% worst-sector 

3.70E+12 unit conversion factor 
Sv/Bq to rem/Ci

CAL-WPS-SE-000004 REV 00
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DOE SNF per Canister Source Term and Dose Calculations.xls Inhalation DCFs

inhalation DCFs [Sv/Bqj 
Isotpes gonads breast lugs red marow bone surface I hyrod remainder effective skin 

Ac-227 3.96E-04 6.66E-08 1.54E-03 2.57E-03 3.21E-02 3.59E-08 1.47E-03 1.81E-03 O.OOE+00 
Am-241 3.25E-05 2.67E-09 1.84E-05 1.74E-04 2.17E-03 1.60E-09 7.82E-05 1.20E-04 O.OOE+00 
Am-242m 3,21E-05 1.38E-09 4.20E-06 1.69E-04 2.12E-03 5.64E-10 7.48E-05 1.15E-04 0600E-+O0 
Am-243 3.26-5 1.52E-08 1.78E-05 1.73E-04 2.17E-03 8.29E-09 7.74E-05 1.19E-04 O.OOE+00 
C-14 5.64E-10 5.64E-10 5.642-10 5.64E-10 5.64E-10 5.64E-10 5.64E-10 5.64E-10 O.OOE+00 
Cd-113m 3.32E-08 332E-08 4.09E-07 3.32E-08 3.32E-08 3.32E-08 1.30E-08 4.13E-07 OOOE+00 
Cl-36 5.04E-10 5.04E-10 4.56E-08 5.04E-10 5.042-10 5.04E-10 5.36E-10 5.93E-09 0.00E+00 
Cm-242 5.70E-07 9.44E-10 1.55E-05 3.90E-06 4.87E-05 9.41E-10 2.45E-06 4.672-06 0.002E00 
Cm-243 2-07E-05 6.29E-09 1.94E-05 1.18E-04' 1.47E-03 3.83E-09 5.769-05 8.30E-05 O.OOE+00 
Cm-244 1.59E-05 1.04E-09 1.93E-05 9.38E-05 1.17E-03 1.01E-09 4.78E-05 6.70E-05 0.00f-00 
Cm-245 3.37E-05 6.69E-09 1.80E-05 1.79E-04 Z24E-03 3.68E-09 7.96E-05 1.23E-04 O.OOE+00 
Cm-246 3.34E-05 4.00E-09 1.829-05 1.78E-04 2.22E.03 2.26E-09 7.942-05 1.22E-04 0.00E+00 
Cm-247 3.07E-05 2.23E-08 1.67E-05 1.63E-04 2.04E-03 1.45E-08 7.30E-05 1.12E-04 0.00E+00 
CO-60 4.76E-09 1.84E-08 .3.45E-07 1.72E-08 1.35E-08 1.62E-08 3.60E-08 5.91E-08 O.OOE+00 
Cs-134 1.30E-08 1.08E-08 1.18E-08 1.18E-08 1.10E-08 1.11E-08 1.39E-08 1.25E-08 O.OOE+O0 
CS-135 1.20E-09 1.20E-09 1.41E-09 1.20E-09 1.20E-09 1.20E-09 1.20E-09 1.23E-09 0.00E+00 
Cs-137 8.76E-09 7.84E-09 8.82E-09 8.30E-09 7.94E-09 7.93E-09 9.12E-09 8.632-09 O.OOE200 
Eu-154 1.17E-08 1.55E-08 7.92E-08 1.06E-07 5.23E-07 7.14E-09 1.13E-07 7.73E-08 O.OOE+00 
Eu-155 3.56E-10 6.14E-10 1.19E-08 1.43E-08 1.52E-07 2.40E-10 1.11E-08 1.12E-08 O.OOE+00 
Fe-55 5.23E-10 5.09E-10 1.06E-09 5.17E-10 5.14E-10 5.42E210 1.21E-09 7.26E-10 0.OOE+00 
H-3 1.73E-11 1.73E-11 1.73E-11 1.73E-11 1.73E-11 1.73E-11 1.73E-11 1.73E-11 O.OOE+00 
1-129 8.69E-11 2.09E-10 3.14E-10 1.40E-10 1.38E-10 1.56E-06 1.18E-10 4.69E-08 O.OOE+00 
Kr-85 O.OOE+00 O.OOE+00 0.00E+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.00E+00 
Nb-93m 4.16E-10 4.36E-11 6.45E-08 2.85E-10 7.43E-10 3.04E-11 3.952-10 7.90E-09 O.OOE+00 
Nb-94 4.76E-09 2.24E-08 7.48E-07 2.26E-08 1.97E-08 2.22E-08 4.45E-08 1.12E-07 O.OOE+00 
NI-59 3.59E-10 3.46E-10 1.20E-09 3.54E-10 3.51E-10 3.77E-10 3.632-10 3.58E-10 O.OOE.00 
NI-63 8.22E-10 8.22E-10 3.07E-09 8.22E-10 8.22E-10 8.22E-10 8.59E-10 8.39E-10 O.OOE+00 
Np-237 2.96E-05 1.69E-08 1.61E-05 2.62E-04 3.27E-03 1.34E-08 2.34E-05 1.46E-04 O.OOE+00 
Pa-231 6.90E-09 8.79E-09 7.47E-04 6.97E-04 8.70E-03 7.64E-09 2-87E-07 3.47E-04 O.OOE+00 
Pb-210 3.18E-07 3.18E-07 3.18E-07 3.75E-06 5.47E-05 3.18E-07 4.69E-06 3.87E-06 O.OOE+00 
Pd-107 9.45E-13 9.45E-13 2.85E-08 5.11E-12 1.36E-11 9.45E-13 2.15E-10 3.452-09 O.OOE+00 
Pm-147 1:88E-14 3.60E-14 7.74E-08 8.16E-09 1.02E-07 1.98E-14 5.89E-09 1.06E-08 O.OOE+00 
Pu-238 2.80E-05 1.00E-09 3.20E-04 1.52E-04 1.90E-03 9.62E-10 7.02E-05 1.08E-04 0.00E+00 
Pu-239 3.18 -05 9.22E-10 3.23E-04 1.69E-04 2.11E-03 9.03E-10 7.562-05 1.162-04 0.00E+00 
Pu-240 3.18E-05 9.51E-10 3.23E-04 1.69r-04 2.11E-03 9.05E-10 7.56E-05 1.16E-04 O.OOE+00 
Pu-241 6.82E-07 3.06E-11 3.18E-06 3.36E-08 4.20E-05 1.24E-11 1.31E-06 2.23E-06 O.OOE+00 
Pu-242 3.02E-05 9.45E-10 3.07E-04 1.61E-04 201E-03 8.79E-10 7.189-05 1.112E-04 O.OOE+00 
Ra-228 1.02E-07 1.02E-07 1.61E-05 6.84E-07 7.59E-06 1.02E-07 1.07E-07 2.32E-06 0.00E+00 
Ra-228 1.83E-07 1.84E-07 7.22E-06 7.38E-07 6.51E-06 1.83E-07 1.87E-07 1.29E-06 0.00E+00 
Ru-106 1.38E-08 1.37E-08 1.04E-06 1.37E-08 1.37E-08 1.37E-08 1.69E-08 1.29E-07 O.OOE+00 
Sb-125 3.60E-10 4.16E-10 2.17E-08 6.49E-10 2.73E-09 3.24E-10 1.45E-09 3.30E-09 0.002+00 
Se-79 6.79E-10 6.79E-10 9.81E-09 6.79E-10 6.79E-10 6.79E-10 4.24E-09 266E-09 0.00E+00 
Sm-147 O.OOE+00 O.OOE+00 7.62E-06 275E.05 3.44E-04 O.OOE+00 1.89E-05 202E-05 O.OE+00 
Sm-151 4.03E-14 1.49E-13 3.26E-09 1.10E-08 1.38E-07 1.32E-14 7.51E-09 8.10E-09 O.OOE+00 
Sn-126 1.43E-08 1.41E-08 1.51E-07 5.62E-08 1.18E-07 1.31E-08 1.76E-08 2.69E-08 O.OOE+00 
Sr-90 2.64E-09 2.64E-09 288E-06 3.36E-07 7.27E-07 2.64E-09 5.73E-09 3.51E-07 O.OOE+00 ~c-99 4.52-4.522-11 4.52-11 4.52-11 4.52E-11 1.21E-09 6.262-10 2.25E-09 0.002+0 

75:229 2.76E-06 2.76E-06 1.99E-03 1.15E-03 1.43E-02 2.76E-06 7.05E-06 5.80E-04 O.OOE+00 
Th-230 4.08E-07 4.08E-07 3.00E-04 1.73E-04 2.16E-03 4.08E-07 1.05E-06 8.80E-05 O.OOE+00 
Th-232 7.62E-07 7.72E-07 9.40E-04 8.93E-04 1.11E-02 7.44E-07 1.87E-06 4.43E-04 0.00E+00 
U-232 8.00E-08 8.06E-08 1.48E-03 4.06E-06 6.42E-05 7.85E-08 3.11E-06 1.78E-04 O.OOE+00 
U-233 2.54E-08 2.54E-08 3.04E-04 7.12E-07 1.12E-05 2.54E-08 9.40E-07 &60E-05 O.OOE+00 
U-234 2.50E-08 2.50E-08 298E-04 6.98E-07 1,09E-05 2.50E-08 9.26E-07 358E-05 0.00E+00 
U-235 2.37E-08 2.38E-08 276E-04 6.58E-07 1.01E-05 2.37E-08 8.59E-07 3.32E-05 O.OOE+00 
U-236 237E-08 2.37E-08 2.82E-04 6.60E-07 1.04E-05 2.37E-08 8.77E-07 3.39E-05 O.OOE+00 
U:-238 2.23E-08 2.23E-08 2.66E-04 6.58E-07 9.78E-06 2.22E-08 8.22E-07 3.20E-05 O.OOE+00 
Z2-93 2.18E-11 4.88E-11 8.72E-08 1.77E-07 2.18E-06 1.74E-11 1.73E-10 8.67E-08 O.OOE+00 
crud 
Co-80 4.76E-09 1.84E-08 3.45E-07 1.722-08 1.352-08 1.62E-08 3.60E-08 5.91E-08 0.00E+00 
Fe-55 5.23E-10 5.09E-10 1.06E-09 5.172-10 5.14E-10 5.422-10 1.212-09 7.262-10 0.002+00
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DOE SNF per Canister Source Term and Dose Calculations.xls

I gonads I breast lungs
R7•F:.17 4.5F1-17 a3aE1-17 294E-1 7 1 .04E-1 B

aJ.1

3.6b1-1 7 3.18E-1 3.74--17 3.28E-16

Arn-241 8.58E-16 1.07E-15 6.74E-16 5.21E-16 2.87E-15 7.83E-16 6.34E-16 8.18E-16 1.28E-15 
Am-242m 3.80E-17 6.01E-17 1.72E-17 1.72E-17 7.94E-17 2.95E-17 1.94E-17 3.17E-17 1.36E-16 
Am-243 2.19E-15 2.61 E-15 1.92E-15 1.55E-15 7.47E-15 2.09E-15 1.79E-15 2.18E-15 275E-15 
C-14 2.59E-19 3.52E-19 1.53E-19 1.21E-19 7.06E-19 2.19E-19 1.54E-19 2.24E-19 2.43E-16 
Cd-113m 7.17E-18 8.76E-18 5.93E-18 5.01E-18 ZIOE-17 6.76E-18 5.63E-18 6.94E-18 8.48E-15 
CI-36 2.24E-17 2.66E-17 2.02E-17 1.81E-17 5.63E-17 2.19E-17 1.92E-17 2.23E-17 1.47E-14 
Cm-242 7.83E-18 1.48E-17 1.13E-18 1.89E-18 1.08E-17 4.91E-18 2.27E-18 5.69E-18 4.29E-17 
Cm-243 5.77E-15 6.68E-15 5.50E-15 5.00E-15 1.50E-14 5.76E-15 5.19E-15 5.88E-15 9.79E-15 
Cm-244 6.90E-18 1.33E-17 7.08E-19 1.46E-18 8.82E-18 4.19E-18 1.81E-18 4.91E-18 3.91E-17 
Can-245 3.88E-15 4.55E-15 3.63E-15 3.17E-15 1.18E-14 3.84E-15 3.40E-15 3.96E-15 5.36E-15 
Cm-246 6.24E-18 1.20E-17 7.00E-19 1.35E-18 8.17E-18 3.82E-18 1.67E-18 4.46E-18 3.49E-17 
Cm-247 1.47E-14 1.68E-14 1.44E-14 1.38E-14 283E-14 1.49E-14 1.38E-14 1.50E-14 1.79E-14 
Co-60 1.23E-13 1.39E-13 1.24E-13 1.23E-13 1.78E-13 1.27E-13 1.20E-13 1.26E-13 1.45E-13 
Cs-134 7.40E-14 8.43E-14 7.37E-14 7.19E-14 1.20E-13 7.57E-14 7.06E-14 7.57E-14 9.45E-14 
Cs-135 6.28E-19 8.23E-19 4.19E-19 3.34E-19 1.81E-18 5.50E-19 4.09E-19 5.65E-19 9.06E-16 
Cs-137 2.67E-14 3.05E-14 2.65E-14 2.58E-14 4.38E-14 2.73E-14 2.54E-14 2.73E-14 4.39E-14 
Eu-154 6.00E-14 6.81E-14 5.99E-14 5.87E-14 9.43E-14 6.15E-14 5.75E-14 6.14E-14 8.29E-14 
Eu-155 249E-15 2.95E-15 2.22E-15 1.85E-15 8.09E-15 2.41E-15 2.07E-15 2.49E-15 3.39E-15 
Fe-55 0.002+00 0.00e+00 0.00E+00 O.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
H-3 0.00E+00 0.00E+00 2.75E-18 0.00E+00 0.00E+00 0.00E+00 0.002E00 3.31E-19 O.OOE+00 
1-129 4.83E-16 6.66E-16 2-14E-16 1.64E-16 1.10E-15 3.86E-16 2.30E-16 3.80E-18 1.10E-15 
Kr-85 1.17E-16 1,34E-16 1.14E-16 1.09E-16 2.20E-16 1.16E-16 1.09E-16 1.19E-16 1.32E-14 
Nb-93m 6.33E-18 1.31E-17 2.55E-19 1.18E-18 6.92E-18 3.43E-18 1.36E-18 4.44E-18 4.28E-17 
Nb-94 7.54E-14 8.57E-14 7.51E-14 7.34E-14 1.19E-13 7.72E-14 7.19E-14 7.70E-14 9.52E-14 
Ni-,5 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00+E00 0.00E+00 0.002+00 0.00E+00 0.00E+00 
NIW63 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00+E00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Np-237 1.049-15 1.26E-15 9.02E-16 7.69E-18 3.20E-15 9.94E-16 8.50E-18 1.03E-15 1.54E-15 
Pa-231 1.71E-15 1.99E-15 1.822-15 1.52E-15 3.64E-15 1.70E-15 1.54E-15 1.72E-15 2.44E-15 
Pb-210 6.19E-17 8.10E-17 4.25E-17 3.14E-17 1.95E-16 5.42E-17 4.09E-17 5.64E-17 1.28E-16 
Pd-107 0.00E+00 0.00E+00 0.0OE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Pm-147 7.48E-19 9.56E-19 5.45E-19 4.46E-19 2.18E-18 8.75E-19 5.26E-19 6.93E-19 8.11E-16 
Pu-238 6.56E-18 1.27E-17 1.06E-18 1.68E-18 9.30E-18 4.01E-18 1.99E-18 4.88E-18 4.09E-17 
Pu-239 4.84E-18 7.55E-18 2.85E-18 2.67E-18 9.47E-18 3.88E-18 2.86E-18 4.24E-18 1.88E-17 
Pu-240 6.36E-18 1.23E-17 1.09E-18 1.65E-18 9.26E-18 3.92E-18 1.96E-18 4.75E-18 3.92E-17 
Pu-241 7.19E-20 8.67E-20 6.48E-20 5.83E-20 2.19E-19 6.98E-20 6.09E-20 7.25E-20 1.17E-19 
Pu-242 5.34E-18 1.03E-17 9.69E-19 1.43E-18 7.90E-18 3.32E-18 1.68E-18 4.01E-18 3.272-17 
Ra-226 3.08E-16 3.54E-16 2.95E-16 270E-16 7.95E-16 3.09E-16 2.79E-16 .15E-18 4.79E-16 
Ra-228 0.002E00 0.00E+00 0.00+E00 0.00E+00 0.00E+00 0.002+00 0.00E+00 0.00E+00 0.00E+00 
Ru-106 1.01E-14 1.16E-14 1.01E-14 9.75E-15 1.72E-14 1.03E-14 9.63E-15 1.04E-14 1.09E-13 
Sb-125 1.982-14 2.27E-14 1.95E-14 1.87E-14 3.53E-14 2.012-14 . 1.86E-14 2.02E-14 2.65E-14 
Se-79 3.47E-19 4.67E-19 2.11E-19 1.67E-19 9.60E-19 2.96E-19 2.10E-19 3.03E-19 3.71E-16 
Sm-147 0.00E+00 0.002+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.002+00 0.00E+00 
Sm-151 5.20E-20 8.80E-20 7.082-21 1.13E.20 7.09E-20 3.58E-20 1.49E-20 3.61E-20 1.90E-19 
Sn-1226 7.54E-14 8.62E-14 7.48P-14 7.22E-14 1.31E-13 7.69E-14 7.14E-14 7.71E-14 1.31E-13 
Sr-90 7.78E-18 9.49E-18 6.44E-18 5.44E-18 2.28E-17 7.33E-18 6.11E-18 7.53E-18 9.20E-15 
Tc-99 1.74E-18 2.20E-18 1.29E-18 1.05E-18 5.17E-18 1.57E-18 1.24E-18 1.62E-18 2.74E-15 
Th-229 3.77E-15 4.42E-15 3.50E-15 3.03E-15 1.15E-14 3.70E-15 3.27E-15 3.839-15 5.41E-15 
Th-230 1.802-17 2.38E-17 1.43E-17 1.22E-17 5.29E-17 1.83E-17 1.37E-17 1.74E-17 4.51E-17 
Th-232 9.34E-18 1.36E-17 6.37E-18 5.52E-18 2.60E-17 7.90E-18 6.34E-18 8.72E-18 3.44E-17 
U-232 1.55E-17 2.32E-17 9.84E-18 8.99E-18 3.86E-17 1.29E-17 1.00E-17 1.42E-17 5.92E-17 
U-233 1.69E-17 2.22E-17 1.35E-17 1.24E-17 4.12E-17 1.55E-17 1.31E-17 1.63E-17 4.57E-17 
U-234 8.79E-18 1.44E-17 4.38E-18 4.20E-18 1.99E-17 6.69E-', 4.80E-18 7.83E-18 4.25E-17 
U-235 7.05E-15 8.11E-15 6.75E-15 6.15E-15 1.84E-14 7.05E-,. 6.37 -i5 7.20E-15 8.64E-15 
U-236 6.10E-18 1.10E-17 2.18E-18 2.33E-18 1.19E-17 4.19E-18 2.70E-18 5.01E-18 3.57E-17 
U-238 4.39E-18 8.54E-18 9.96E-19 1.24E-18 7.40E-18 2-72E-18 1.51E-18 3.41E-18 2.91E-17 
Zr-93 0.00E+00 0.00E+00 0.00E+00 0.00 0.002+00 0.E+00 OE00E+00 0.002+00 0.00+E00 

CO-SO 1.23E-13 1.39E-13 1.24E-13 1.23E-13 1.78E-13 1 27E-13 1.20E-13 1.26E-13 1.45E-13 
Fe-55 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.00-+00
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DOE SNF per Canister Source Term and Dose Calculations.xls

oir not intac

_s HEPA filters? no I 

ct

Curies (entire 
fiuml inf-nfýl

fitly = flnv•.•
ARF I PF

[C0 released to the Term [Ct] released to 
nnvimnnw•n thA Afnuirnrm~nt

Ac-227 1.03E-02 5.13E-03 5.00E-03 4.00E-01 1.00E+00 Z65E-07 1.06E-07 
Am-241 2.80E+05 5.13E-03 5.OOE-03 4.OOE-01 1.OOE+00 7.19E+00 2.88E+00 
Am-242m 7.96E+00 5.13E-03 5.00E-03 4.00E-01 1.00E+00 2.04E-04 8.17E-05 
Am-243 4.10E+01 5.13E-03 5.00E-03 4.00E-01 1.00E+00 1.05E-03 4.21E-04 
C-14 3.63E+02 5.13E-03 5.OOE-03 4.00E-01 1.00E+00 9.31E-03 3.73E-03 
Cd-113m 0.00E+00 5.13E-03 5.00E-03 4.00E-01 1.00E+00 0.00E+00 0.00E+00 
CI-38 0.00E+00 5.13E-03 5.00E-03 4.00E-01 I1.00E00 0.00E+00 0.00E+00 
Cm-242 0.00E+00 5.13E-03 5.00E-03 4.00E-01 1.00E+00 0.00E+00 0.00E+00 
Cm-243 O.OOE+00 5.13E-03 5.00E-03 4.00-E01 1.00E+00 0.OOE+00 0.00E+00 
Cm-244 2.44E+03 5.13E-03 5.OOE-03 4.OOE-01 1.00E+00 6.25E-02 2.50E-02 
Cm-245 5.13E-01 5.13M-03 5.00E-03 4.00E-01 1.00E+00 1.31E-05 5.26E-06 
Cm-246 6.79E-02 5.13E-03 5.005.03 4.00E-01 1.00E+00 1.74E-06 6.97E-07 
Cm-247 0.00E+00 5.13E-03 5.00E-03 4.00E-01 1.00E+00 0.00E+00 0.00E+00 
Co-60 4.75E+02 5.13E-03 5.00E-03 4.00E-01 1.00E+00 1.22E-02 4.87E-03 
Cs-134 1.63E+02 5.13E-03 5.00E-03 1.00E+00 1.00E+00 4.19E-03 4.19E-03 
Cs-135 4.00E+01 5.13E-03 5.00E-03 1.00E+00 1.00E+00 1.03E-03 1.03E-03 
Cs-137 5.34E+06 5.13E-03 5.00E-03 1.00E+00 1.00E+00 1.37E+02 1.37E+02 
Eu-154 0.00+E00 5.13E-03 5.00E.03 4.00E-01 1.00E+00 0.00E+00 0.00E+00 
Eu-155 0.00E+00 5.13E-03 5.00E-03 4.00E-01 1.00E+00 0.00E+00 0.00E-00 
Fe-55 0.005+00 5.13E-03 5.00E-03 4.00-E01 1.00E+00 0.00+E00 0.00E+00 
H-3 1.03E+04 5.13E-03 3.00E-01 1.00E+00 1.00E+00 1.59E+01 1.59E+01 
1-129 3.29E+00 5.13E-03 3.00E-01 1.00E+00 1.00E+00 5.06E-03 5.06E-03 
Kr-85 1.53E+05 5.13E-03 3.00-E01 1.00E+00 1.00E+00 Z35E+02 2.35E+02 
Nb-93m 4.54E+02 5.13E-03 5.00-E03 4.00E-01 1.00E+00 1.16E-02 4.66E-03 
Nb-94 6.71E-05 5.13E-03 5.00E-03 4.00E-01 1.00E+00 1.72E-09 6.89E-10 
Ni-59 2.03E+01 5.13E-03 5.00E-03 4.00E-01 1.00E+00 5.22E-04 2.09E-04 
Ni-63 ?T21E+03 5.13E-03 5.00-E03 4.00E-01 1.00E+00 5.66E.02 Z26E-02 
Np-237 3.87E+01 5.1.3E-03 5.00E-03 4.00E-01 1.00E+00 9.93E-04 3.97E-04 
Pa-231 1.38E-02 5.13E-03 5.00-E03 4.00E.01 1.00E+00 3.54E-07 1.41E-07 
Pb-210 7.52E-08 5.13E-03 5.00E-03 4.00E-01 1.00E+00 1.93E-12 7.71E-13 
Pd-107 7.46E+00 5.13E-03 5.00E-03 4.00E-01 1.00E+00 1.91E-04 7.65E-05 
Pr-147 0.00E+00 5.13E-03 5.00E-03 4.00-E01 1.00E+00 0.00E+00 0.00E+00 
Pu-238 6.37E+04 5.13E-03 5.00E-03 4.00-E01 1.00E+00 1.63E+00 6.53E-01 
Pu-239 1.23E+05 5.13E-03 5.00-E03 4.00-E01 1.00E+00 3.15E+00 1.28E+00 
Pu-240 7.18E+04 5.13E-03 5.00E-03 4.00-E01 1.00E+00 1.84E+00 7.37E-01 
Pu-241 2.06E+06 5.13E-03 5.00E-03 4.00E-01 1.00E+00 5.28E+01 2:11E+01 
Pu-242 3.48E+01 5.13E-03 5.00E-03 4.00E-01 1.00Y+00 8.87E-04 3.55E-04 
Ra-226 1.15E-03 5.13E-03 5.00E-03 4.00E-01 1.00E+00 295E-08 1.18E-08 
Ra-228 1.03E-08 5.13E-03 5.00E-03 4.00E-01 1.00E+00 2-63E-11 1.05E-11 
Ru-106 3.16E-01 5.13E-03 5.00E-03 4.00-E01 1.00E+00 8.11E-06 3.24E-06 
Sb-125 0.00E+00 5.13E-03 5.00E-03 4.00E-01 1.00E+00 0.00E+00 0.00E+00 
Se-79 4.48U+01 5.13E-03 5.00E-03 4.00E-01 1.00E+00 1.15E-03 4.60E-04 
Sm-147 0.00E+00 5.13E-03 5.00E-03 4.00E-01 1.00E+00 '0.00E+00 0.00E+00 
Sm-151 8.55E+04 5.13E-03 5.00E-03 4.00E-01 1.00E+00 2.19E+00 8.77E-01 
Sn-126 7.83E+01 5.13E-03 5.00E-03 4.00E-01 1.00E+00 201E-03 8.03E-04 
Sr-90 4.03E+06 5.13E-03 5.00E-03 4.00E-01 1.00E+00 1.03E+02 4.14E+01 
Tc-99 1.51E+03 5.13E-03 5.00E-03 4.00E-01 1.00E+00 388E-02 1.54E-02 
Th-229 9.31E-06 5.13E-03 5.00E-03 4.00E-01 1.00E+00 2.39E-10 9.55E-11 
Th-230 1.02E-03 5.13E-03 5.005-03 4.00E-01 1.00E+00 Z62E-08 1.05E-08 
Th-232 1.21E-07 5.13E-03 5.00E-03 4.00E-01 1.00E+00 3.09E-12 1.24E-12 
U-232 0.00E+00 5.13E-03 5.00E-03 4.00E-01 1.00E+00 0.005E00 0.00E+00 
U-233 5.71E-03 5.13E-03 5.00E-03 4.00E-01 1.00E+00 1.48E-07 5.-8E-08 
U-234 4.85E+02 5.13E-03 5.00-E03 4.00E-01 1.00E+00 1.24E-02 4.98E-03 
U-235 1.85E+01 5.13E-03 5.00E-03 4.00E-01 1.00E+00 4.75E-04 1.90E-04 
U-238 7.02E+01 5.13E-03 5.00E-03 4.00E-01 1.00E+00 1.80E-03 7.20E-04 
U-238 3.82E+02 5.13E-03 5.00-E03 4.00E-01 1.00E+00 9.79E-03 3.91E-03 
Zr-93 2.10E+02 5.13E-03 5.00E-03 4.00E-01 1.00E+00 5.39E-03 2-16E-03 

cad (per canisl r 

Co-60 (crud) 1.76E+03 1 1.00E+00 3.005-01 1.00E+00 1.76E+03 5.28E+02 
Fe-55(cu) I.1E+04 1 1.00E+00 3.00E-01 1.00E+00 1.11E+04 3.33E+03

ST Calc - no HEPAs
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Source Term Calculations HEPA fitters? yes 
N REACTOR ['147 

oter not intact II

Curies 1/nCan ARF RF LPF
[C•l] released to the Term [Cl] released 

A~nvmilmnnt tn thnA fnvimnrm~nt

Ac-227 1.03E-02 5.13E-03 5.00E-03 4.00E-01 3.00E-04 7.94E-11 3.18E-1 1 
Am-241 2`80E+05 5.13E-03 5.0012-03 4.00E.01 3.00E04 2.16E-03 8.83E-04 
Am-242mn 7.96E+00 5.13E-03 5.00E-03 4.00E-01 3.00E-04 6.13E-08 2.45E-08 
Am-243 4.10E+01 5.13E-03 5.00E-03 4.00E-01 3.002E04 3.16E-07 1.26E-07 
C-14 3.63E+02 5.13E-03 5.00E-03 4.00E-01 300E-04 2.79E-08 1.12E-06 
Cd..113m 0.00E+00 5.13E-03 5.OOE-03 4.00E-01 3.00E-04 0.00E+00 0.00E+00 
CI-36 0.OOE+00 5.13E-03 5.00E-03 4.00E-01 3.00E-04 0.00E+00 0.00E+00 
Cm-242 O.OOE+00 5.13E-03 5.00E-03 4.00E-01 3.00E-04 0.00E+00 0.00E÷00 
Cm-243 0.00E+00 5.13E-03 5.00E-03 4.00E-01 3.00E-04 0.00E+00 0.00+E00 
Cm-244 2.44E+03 5.13E-03 5.OOE-03 4.005-01 3.O0E-04 1.87E-05 7.505-08 
Cm-245 5.13E-01 5.13E-03 5.00E-03 4.00E-01 3.00E-04 3.94E-09 1.58E-09 
Cm-246 6.79E-02 5.13E-03 5.00E-03 4.00E-01 3.00E-04 5.235-10 2.09E-10 
Cm-247 0.00E+00 5.13E-03 5.00E-03 4.00E-01 3.00E-04 0.00E+00 0.00E+00 
Co-60 4.75E+02 5.13E-03 5.00E-03 4.00E-01 3.00E-04 3.65E-06 1.48E-06 

s-134 1.63E+02 5.13E-03 5.00E-03 1.00E+00 1.00E+00 4.19E-03 4.19E-03 
Cs-135 4.00E+01 5.13E-03 5.00E-03 1.00E+00 1.00E+00 1.03E-03 1.03E-03 
Cs-137 5.34E+06 5.13E-03 5.00-E03 1.00E+00 1.00E+00 1.37E+02 1.37E+02 
Eu-154 0.00E+00 5.13E-03 5.005-03 4.00-M01 3.00E-04 0.00E+00 0.00E+00 
Eu-155 0.00E+00 5.13E-03 5.00E-03 4.00E-01 3.00E-04 0.00E+00 0.00E+00 
Fe-55 0.00E+00 5.135.03 5.00E-03 4.00E-01 3.00E-04 0.00E+00 0.00E+00 
I--3 1.03E+04 5.13E-03 3.00E-01 1.00E+00 1.00+E00 1.595+01 1.59E+01 
1-129 3.29E+00 5.13E-03 3.00E-01 1.00E+00 1.00E+00 5.06E-03 5.06E-03 
Kr-85 1.53E+05 5.13E-03 3.00E-01 1.00E+00 1.00E+00 2.35E+02 2.35E+02 
Nb-93m 4.54E+02 5.135E-03 5.00E-03 4.00E-01 3.00E-04 3.49E-06 1.40E-06

0.71 E-U0

2.21 E+03
3.87E+01
1.38E-02 
7.52E-08 
7.46E+00
O.00F5+U

5.13E-03
5.13E-03 
5.135-03 
5.13E-03 
5.13E-03

. 13E-U03 I.UOE-Q- 4.UUI-U1

5.1350-3 OUUIJ;-U3
5.00E-03

4.00E-01 
4.00E-01 
4.00E-01 
4.00E-01
4.005-01

5.00E-03 1 4.00E-01
5.13E-03 I 5.00E-03

Pu-238 6.37E+04 5.13E-03 
Pu-239 1.23E505 5.13E-03 
2u-240 7.18E+04 5.13E-03 
7u-241 206E+06 5.13E-03 
5u-242 3.46E+01 5.13E-03

1.15E-03
1.03E-06
3.168-01

Sb-125 0.00E+00 
Ve-79 4.48E+01

0.O0u.'+0

5.131-03
5.13E-03
5.1 
5.1

5.00E-03 
5.00E-03 
5.009-03 
5.00E-03 
5.00E-03

4.00E-01

3.005-04
3.005-04 
3.00E-04 
-3.009E-04 
3.00E-04

3.00E-04
3.00E-04
3.00E-04

__5.16E--13 2.07E-13 
1.57E-07 6.26E-08 
1.70E-05 6.79E-06
2.98F-07
1.06E-10
5.78E-16
5.74E-08
0.00E+00

1.19=-07
4.24E-11
231E-16
230E-08
0.00E+00

4.00E-01 I 3.00E-04 4.90E-04 1.96E-04
4.00E-01 I 3.00E-04
4.00E-01
4.00E-01
4.00E-01
4.00E-(

4.005-01

3.00E-04
3.00E-(

3.U0.-04
3.00.-.04
3.00E-04

4.00E-01 I 3.00E-04
O-ODE+00 . . . .  I
8.55E+04 5.13E-03 5.00E-03 I 4.00E-01 I 3.00E-04

in-126 7.83E+01 5.13E-03 5.00E-03 4.00E-01 
)r-90 4.03E+06 5.13E-03 5.00-E03 4.00E-01 
'C-99 1.51E+03 5.13E-03 5.00E-03 4.00E-01 
I'h-229 9.31E-06 5.13E-03 5.00E-03 4.00E-01

1.02E-03 5.13E-03 5.00E-03 I 4.00E-01
Th-232 1.21E-07 5.13E-03 5.00E-03 4

crud (Der canister)

0.00E+00
5.71 E-03 
4.85t;02

"+01

5.13E-03
5.13E-( 
5.13E-

5.00E-03 4
-- I..

00W-03
5.13E-03 1 5.00:-03

9.46E-04

7.90F.-15
2`43E-09
0.00E+00
3.45E-07

6.58E-04 
8.02E-07

0.00L+00

3.73E-06
1.42E-07

3.78E-04

'-0!"
3.545-12
3.16E-15
9.73E-10
0.00E+00
1.38E-07

O.OOE+00 
2.63E-04 
241E-07 
1.24E-02

2.87Y=-14 
3.14E-12
3.71E-16
0.00E+00

1.49E-06
5.69E-08

4
I..

4.005-01 3.00E-04
3.005-044.00E-01

"-+01 5.13E-03 5.00E-03 I 4.00E-01 3.00E-04 5.40E-07 2.16E-07

210E+02
5. I3E-03 I.UUIJ-03
5.13E-03 5.00E-03 

1.00E÷00

3.UJO-.U4 245-0a 1.1,(5-0U
)0E-04 1.62E-06 6.47E-07

3.00E-04 5.28E-01 1.58E-01

4.00E-01 

3.00E-01
1.00E+00 3.00E-01 3.00E-04 3.33E+00 9.99E-01

ST Calc - HEPAs
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Isotooe

104MU

'I-59

NI-63
N1D-237
Pa-231
Pb-210 
2d-107 
Pm-147

?a-225
?a-228
Ru-106

lm.-14W

Th-230

U-232
U-233
U-234
U-235 
U-236 
LU-238
Zr-93

Co-0 (czd)I 1.7I76E+03 
Fm-5 , (rud) 1.1E+-04

.54 4.39E-11I 1.78E-11

•UII•U• •UUI•

k
2. U,3I::0'U

11 I II ] blll Itl I

WE01-3

3.82E+02 4.UOOE-U1
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DOE SNF per Canister Source Term and Dose Calculations.xls Air Submersion Doses - no HEPAs 

N REACTOR F1 471 No HEPAsI 
oter riot intact 

air su mersion doses [rem] 

gonads breast lungs red marrow bone surface tr remainder effective sldn 
Ac-227 1.72E-15 204E-15 1.55E-15 1.35E-15 4.75E-15 1.67E-15 1.46E-15 1.72E-15 1.51E-14 
Am-241 1.07E-06 1.33E-06 8.39E-07 5.49E-07 3.57E-06 9.75E-07 7.90E-07 1.02E-06 1.59E-06 
Am-242m 1.34E-12 Z13E-12 6.08E-13 8.08E-13 2.81E-12 1.04E-12 6.86E-13 1.12E-12 4.81E-12 
Am-243 3.99E-10 4.76E-10 3.50E-10 2.82E-10 1.36E-09 3.81E-10 3.26E-10 3.97E-10 5.01E-10 
C-14 4.18E-13 5.68E-13 2.47E-13 1.95E-13 1.14E-12 3.53E-13 2.48E-13 3.B1E-13 3.92E-10 
Cd-113m O.OOE+00 0.00E+00 0.OOE+00 0.OOE+00 0,00E+00 O.OOE+00 O.OO+00 0.00E+00 0.00E+00 
CI-36 0.00E+00 O.OOE+00 0.00E+00 O.OOE+00 Q.OOE+00 O.OOE+00 O.OOE+00 0.00E+00 O.OOE+00 
Cm-242 0.00E+00 O.OOE+00 0.00E+00 0.OOE+00 O.OOE+00 0.00E+00 0.00E+00 0.00E+00 O.OOE+00 
Cm-243 O.00E+00 O.OOE+00 0.00E+00 0.0012+00 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 
Cm-244 7.47E-11 1.44E-10 7.66E-12 1.58E-11 9.54E-11 4.53E-11 1.96E-11 5.31 E-11 4.23E-10 
Cm-245 8.83E-12 1.04E-11 8.26E-12 7.22E-12 2.69E-11 8.74E-12 7.74E-12 9.01E-12 1.22E-11 
Cm-248 1.88E-15 3.62E-15 2.11E-16 4.07E-16 21466-15 1.15E-15 5.04E-18 1.35E-15 1.05E-14 
Cm-247 O.OOE+00 0.00E+00 O.OOE+00 O.OOE+00 0.00E+00 O.OOE+00 0.00E+00 O.O +00 O.OOE+0 
Co-60 2.59E-07 2.93E-07 2.61E-07 259E-07 3,75E-07 2.68E-07 2.53E-07 Z66E-07 3.06E-07 
Cs-134 5.36E-08 8.11E-08 5.34E-08 5.21E-08 8.70E-08 5.49E-08 5.12E-08 5.49E-08 6.85E-08 
Cs-135 1.12E-13 1.48E-13 7.44E-14 5.93E-14 &21E-13 9.77E-14 7.26E-14 1.00E-13 1.61E-10 
ts-137 6.33E-04 7.23E-04 6.29E-04 6.13E-04 1.04E-03 6.47E-04 6.02E-04 0.47E-04 1.04E-03 
Eu-154 0.002+00 O.OE+O0 0.00+00 O.OOE+00 O.OOE+00 O.OOE+00 0.00E+00 O.OOE+00 0.OOE+00 
Eu-155 O.OOE+00 0.00E+00 0.02E+00 0.002+00 O.OOO0 O.OOE+00 O.OOE+00 O.OOE+00 0.00 
re-55 O.OOE+00 O.OOE+00 O.OOE+00 O.00E+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.00E+00 

H-3 O.OOE+00 O.OOE+00 7.56E-09 O.OOE+00 O.OOE+00 0.00E+00 O.OOE+00 9.10E-10 0.002+0 
1-129 4.23E-10 5.83E-10 1.87E-10 1.44E-10 9.63E-10 &38E-10 Z01E-10 3.33E-10 9.63E-10 
Kr-85 4.77E-08 5.46E-06 4.64E-08 4.44E-06 8.96E-06 4.81E-06 4.44E-06 4.85E-06 5.38E-04 
Nb-93m 1.28E-11 2-64E-11 5.14E-13 238E-12 1.40E-11 6.92E-12 2.74E-12 8.95E-12 8.63E-11 
Nb-94 2.25E-14 2.55E-14 2.24E-14 2.19E-14 3.55E-14 230E-14 2.14E-14 230E-14 2.84E-14 
Ni-59 0.00E+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.00E+00 0.00E+00 
NI-63 0.00E+00 O.OOE+00 0.002+00 0.00E+00 0.00E+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 
Np-237 1.79E-10 2.17E-10 . 1.55E-10 1.32Ef-0 5.50E-10 1.71E-10 1.46E-10 1.77E-10 2.65E-10 
Pa-231 1.05E-13 1.22E-13 9.92E-14 9.31E-14 2.23E-13 1.04E-13 9.43E-14 1.05E-13 1.49E-13 
Pb-210 2.07E-20 2.73E-20 1.42E-20 1.05E-20 6.51E-20 1.81E-20 1.37E-20 1.88E-20 4.27E-20 
Pd-107 O.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.OOE+00 0.00E+00 0.00E+00 0.00E+00 
Pm-147 0.00E+00 0.00E+00 0.00E+00 O.OOE+00 O.OOE+00 0.00E+00 0.00E+00 O.OOE+00 0.00E+00 
Pu-238 1.85E-09 3.59E-09 3.00E-10 4.75E-10 .283E-09 1.13E-09 5.63E-10 1.38E-09 1.16E-08 
Pu-239 2.64E-09 4.12E-09 1.45E-09 1.46E-09 5.17E-09 Z12E-09 1.56E-09 2.32E-09. 1.02E-08 
Pu-240 2.03E-09 3.92E-09 3.48E-10 5.26E-10 2.95E-09 1.25E-09 6.25E-10 1.52E-09 1.25E-08 
Pu-241 6.57E-10 7.92E-10 5.92E-10 5.14E-10 2.00E-09 6.38E-10 5.56E-10 6.622-10 1.07E-09 
Pu-242 8.20E-13 1.58E-12 1.4GE-13 2.20E.13 1.21E-12 5.10E-13 2.58E-13 8.18E-13 5.02E-12 
Ra-226 1.57E-15 1.81E-15 1.51E-15 1.38E-15 4.06E-15 1.58E-15 1.42E-15 1.61E-15 2.44E-15 
Ra-228 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.00E+00 O.OOE+00 0.00E+00 O.OOE+00 0.00E+00 
Ru-106 1.42E-11 1.63E-11 1.42E-11 1.37E-11 2.41E-11 1.45E-11 1.35E-11 1.46E-11 1.53E-10 
Sb-125 O.O0f O.OOE+00 0.00E+00 0.00E+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 
Se-79 6.91F-14 9.30E-14 4.20E-14 3.32E-14 1.91E-13 5.89E-14 4.18E-14 6,03E-14 7.39E-11 
Sm-147 0.00E+00 O.OOE+00 0.00E+00 O.OOE+00 O.OOE+00 O.OOE+00 0.00E+00 O.OOE+00 0.00E+00 
Sm-151 1.97E-11 3.34E-11 2I69E-12 4.29E-12 2-69E-11 1.36E-11 5.66E-12 1.37E-11 7.22E-11 
Sn-126 2.62E-08 299E-08 2-60E-08 2.51E-08 4.55E-08 267E-08 2.48E-08 2.68E-08 4.54E-08 
Sr-90 1.39E-07 1.70E-07 1.15E-07 9.75E-08 4.08E-07 1.31E-07 1.09E-07 1.35E-07 1.65E-04 
Tc-99 1.18E-11 1.47E-11 8.63E-12 7.02E-12 3.46E-11 1.05E-11 8.29E-12 1.08E-11 1.83E-08 
Th-229 1.569-16 1.83E-16 1.45E-16 1.25E-16 4.75E-16 1.53E-16 1.35E-16 1.58E-16 2.24E-16 
Th-230 8.162-17 1.08E-16 6.48E-17 5.53E-17 2.40E-16 7.39E-17 6.21E-17 7.89E-17 2.04E-16 
Th-232 5.01 E-21 7.29E-21 3.41E-21 2.96E-21 1.39E-20 4.23E-21 3.40E-21 4.67E-21 1.84E-20 
U-232 O.OOE+00 0.0++00 0.001E+00 0. 0 .O+O0 0.002E+00 0.00E+00 O.OOE+00 0.00E+00 
U-233 4.292-16 5.63E-16 3.42E-16 3.15E-16 1.05E-15 3.93E-16 3.32E-16 4.13E-16 1.16E-15 
U-234 1.89E-11 3.10E-11 9.43E-12 9.05E-12 4.29E-11 1.44E-11 1.03E-11 1.64E-11 9.15E-11 
U-235 5.79E-10 8.68E-10 5.55E-10 5.05E-10 1.51E-09 5.79E-10 5.23E-10 5.92E-10 7.10E-10 
U-236 1.90E-12 3.43E-12 6.80E-13 7.27E-13 3.71E-12 1.31E-12 8.42E-13 1.58E-12 1.11E-11 
U-238 7.44E-12 1.45E-11 1.69E-12 2.10E-12 1.25E-11 4.61E-12 2.56E-12 5.78E-12 4.93E-11 
Zr-93 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.002E+0 O.OOE+00 O.OOE+00 O.OOE+00 

crud 
Co-60 (crud) 3.75E-02 4.24E-02 3.78E-02 3.75E-02 5.42E-02 3.87E-02 3.66E-02 3.84E-02 4.42E-02 
Fe-55 (crud) 0.00E+00 O.OOE+00 0.00E+00 O.OOE+00 0.002+00 0.00E+00 0.00E+00 O.OOE+00 O.OOE+00 

total 3.81E-02 4.31E-02 3.84E-02 3.81E-02 5.53E-02 3.94E-02 3.72E-02 3.91E-02 4.59E-02
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DOE SNF per Canister Source Term and Dose Calculations.xis

N REACTOR [147] 1 HE 
other Inot intact

Inhalation Doses - HEPAs .

I-
breast lungs reda mrow

1 •" =-I 7 R2E4-f I 4 71E:-09 5I 1•
bone suface myrIoo reai effective s

Am-241 1.62E-03 1.33E-07 9.16E-04 8.6GE-03 1.08E-01 7.96E-08 3.89E-03 5.97E-03 O.OOE+00 
Am-242M 4.54E-08 1.95E-12 5.94E-09 2.39E-07 3.00E-06 7.97E-13 1.06E-07 1.63E-07 0.00E+00 

Am-243 2.37E-07 1.11E-10 1.30E-07 1.26E-06 1.58E-05 6.04E-11 5.64E-07 8.66E-07 0.OOE+00 

C-14 3.64E-11 3.64E-11 3.64E-11 3.64E-1-1 3.64E-11 3.64E-11 3.64E-11 3.84E-11 0.00E+00 
Cd-113m 0.00E+00 0.00E+00 0.OOE+00 0.00E+00 0.OOE+00 0.00E+00 0.OOE+00 0.OOE+00 0.00E+00 
CI-36 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 

Cm-242 0.00E+00 0.00E+00 0.00E+00 0.OOE÷0 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Cm-243 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 .OOE+00 0.00E+000..OOE+00 0.00t+00 0.00E÷00 

Cm-244 6.88E-06 4.50E-10 8.35E-06 4.06E-05 5.06E-04 4.37E-10 2.07E-05 2.90E-05 0.0OE+00 
Crm-245 3.07E-09 6.09E-13 1.64E-09 1.63E-08 2.04E-07 3.35E-13 7.24E-09 1.12E-08 0.00E+00 
Cm-248 4.039-10 4.82E-14 2.19E-10 2.15E-09 2.68E-08 2-72E-14 9.57E-10 1.47E-09 0.00E+00 

Cm-247 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.002+00 0.002+00 0..0E+00 0.002+00 0.002400 

Co-60 4.01E-10 1.55E-09 2.91E-08 1.45E-09 1.14E-09 1.38E-09 3.03E-09 4.98E-09 0.00E+00 

Cs-134 3.14E-06 281E-06 2.85E-06 2.85E-0 2.65E-06 2.68E-06 3.35E-06 3.02E-06 0.00E+00 

Cs-135 7.10E-08 7.10E-08 8.34E-08 7.10E-08 7.10E-08 7.10E-08 7.10E-08 7.28E-08 0.00 +00 

Cs-137 6.92E-02 6.20E-02 6.97E-02 6.56E-02 6.28E-02 6.27E-02 7.21E-02 6.82X-02 0.00E+00 
Eu-I54 0.002E+00 0.002+00 0.002+00 0.002+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 

Eu-155 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 

Fe-55 0.00E+00 0.0OE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
H-3 1.58E-05 1.58E-05 1.58E-05 1.58E-05 1.58E-05 1.58E-05 1.58E-05 1.58E-05 0.00E+00 
1-129 253E-08 6.10E-08 9.16E-08 4.08E-08 4.02r-08 4.55E-04 3.44E-08 1.37E-05 O.00E+00 
Kr-85 0.00E+00 0.00E+00 O.00E+00 O.OOE+00 0.00E+00 0.00E+00 0.00E+00 O.00E+00 0.00E+00 
Nb-93m 3.35E-11 3.51E-12 5.20E-09 230E-11 5.99E-11 2.45E-12 3.18E-11 6.30E-10 0.00E+00 
Nb-94 5.67E-17 267E-16 8.91E-15 269E-16 2.35E-16 2.4E-16 5.30E-16 1.33E-15 0.00E+00 

Ni-59 1.30E-12 1.25E-12 4.33E-12 1.28E-12 1.27E-12 1.38E-12 1.31E-12 1.29E-12 0.00E+00 
NI-63 3.22E-10 3.22E-10 1.20E-09 3.22E-10 3.22E-10 3.22E-10 3.36E-10 3.29E-10 0.00E+00 

Np-23 2.03E-07 1.16E-10 1.11E-07 1.80E-06 2.25E-05 9.21E-11 1.61E-07 1.00E-06 0.00E+00 
Pa-231 1.69E-14 2.15E-14 1.83E-09 1.71E-09 213E-08 1.87E-14 7.02E-13 8.49E-10 0.00E+00 
Pb-210 4.24E-18 4.24E-18 4.24E-18 5.00E-17 7.30E-16 4.24E-18 6.26E-17 4.90E-17 0.00E+00 
Pd-107 1.25E-15 1.25E-15 3.77E-11 8.76E-15 1.80E-14 1.25E-15 2.85E-13 4.57E-12 0.00E+00 

Pm-147 0.00E+00 0.00E+00 0.00+E00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Pu-238 3.18E-04 1.13E-08 3.62E-03 1.72E-03 2.15E-02 1.09E-08 7.93E-04 1.20E-03 0.00E+00 
Pu-239 6.94E-04 201E-08 7.05E-03 3.69E-03 4.60E-02 1.97E-08 1.65E-03 2.53E-03 0.00E+00 
Pu-240 4.05E-04 1.21E-08 4.12E-03 215E-03 2.69E-02 1.15E-08 9.64E-04 1.48E-03 0.00E+00 
Pu-241 2.49E-04 1.12E-08 1.16E-03 1.23E-03 1.53E-02 4.53E-09 4.78E-04 8.14E-04 0.00+E00 
Pu-242 1.85E-07 5.80E-12 1.88E-06 9.88E-07 1.23E-05 5.40E-12 4.41E-07 6.81E-07 0.00E+00 
Ra-226 2.08E-14 208E-14 3.28E-12 1.35E-13 1.55E-12 2.08E-14 2.18E-14 4.73E-13 0.00E+00 
Ra-228 3.33E-17 3.35E-17 1.32E-15 1.34E-16 1.19E-15 3.33E-17 3.41E-17 2.352-16 0.00E+00 
Ru-106 7.74E-13 7.68E-13 5.83E-11 7.68E-13 7.68E-13 7.68E-13 9.48E-13 7.24E-12 0.00+E00 

Sb-125 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00+E00 
Se-79 5.40E-12 5.40E-12 7.80E-11 5.40E-12 5.40E-12 5.40E-12 3.37E-11 2.12E-11 0.00+E00 
Sm-147 0.00E+00 0.002+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00+E00 0.00E+00 0.00+O00 
Sm-151 6.12E-13 2.28E-12 4.95E-08 1.67E-07 2.09E-06 Z00-E13 1.14E-07 1.23E-07 0.00E+00 
Sn-126 1.99E-10 1.98E-10 2.10E-09 7.81E-10 1.64E-09 1.82 -10 2.45E-10 3.74E-10 0.00E+00 
St-90 1.89E-06 1.89E-06 205E-03 241E-04 5.20E-04 1.89E-06 4.10E-06 2.51E-04 0.00E+00 
Tc-99 1.21E-11 1.21E-11 4.46E-09 1.21E-11 1.21E-11 3.23E-10 1.67E-10 6.01 -10 0.00E+00 
Th-229 4.56E-15 4.56E-15 3.29E-12 1.90E-12 2.38E-11 4.56E-15 1.16E-14 9.58E-13 0.00 +00 
Th-230 7.39E-14 7.39E-14 5.43E-11 3.13E-11 3.91E-10 7.39E-14 1.9OE-13 1.59E-11 O.OOE÷+0 
Th-232 1.63E-17 1.65E-17 2-01E-14 1.91E-14 2.38E-13 1.59E-17 4.00E-17 9.49E-15 O.OOE+00 
U-232 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00+E00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
U-233 2.57E-14 2.57E-14 3.08E-10 7.22E-13 1.14E-11 2.57E-14 9.53E-13 3.71 E-11 0.002E00 
U-234 2.15E-09 2.15E-09 256E-05 6.01E-08 9.38E-07 2.15E-09 7.97E-08 3.08E-06 0.0OE+00 
U-235 7.78E-11 7.82E-11 9.06E-07 2-18E-09 3.32E-08 7.78E-11 2.82E-09 1.09E-07 0.00E+00 
U-238 2.95E-10 2.95E-10 3.51E-06 8.22E-09 1.30E-07 2.95E-10 1.09E-08 4.22E-07 0.00E+00 
U-238 1.51E-09 1.51E-09 1.80E-05 4.48E-08 6.62E-07 1.50E-09 5.57E-08 2.17E-06 0.00+E00 
Zr-93 8.14E-13 1.752-12 325E-09 6.612-09 8.142-08 6.492-13 8.482-12 3.24E-09 0.00E+00 

crud 
Co-60 (Crud) 4.35E-05 1.68E-04 3.15E-03 1.57E-04 .T23E-04 1.48E-04 3.29E-04 5.40E-04 0.00E+00

9.19E-02 I 8.35E-02 2.82E-01 1 6.33E-02 8.03E-02 I 8.11E-02 I0_.00E+00

CAL-WPS-SE-000004 REV 00
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DOE SNF per Canister Source Term and Dose Calculations.xls Air Submersion Doses - HEPAs

N REACTOR [147 1 HEPAs I 
other not intact

gonads breast lungs red marrow bone surface thyoid remainder effective skdn 

Ac-227 5.16E-19 6.12E-19 4.65E-19 4.05E-19 1.42E-18 5.02E-19 4.38E-19 5.15E-19 4.52E-18 

Am-241 3.21E-10 4.00E-10 2.52E-10 1.95E-10 1.07E-09 293E-10 2.37E-10 3.062-10 4.78E-10 

Am-242m 4.03E-16 6.38E-16 1.83E-16 1.83E-16 8.43E-16 3.13S-18 206E-16 3.36E-16 1.44E-15 

Arn-243 1.20E-13 1.43E-13 1.05E-13 8.47E-14 4.08E-13 1.14E-13 9.78E-14 1.19E-13 1.502-13 

C-14 1.25E-16 1.70E-18 7.40E-17 5.85E-17 3.42E-18 1.06E-18 7.45E-17 1.08E-18 1.182-13 

Cd-113m 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0,00E+00 0.OOE+00 0.00a+00 0.00E+00 0.00E+00 

U1-30 0.OOE+00 0.00E+00 0.06E+00 O.OOE+00 0.00E+00 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 

Cm-242 0.00E+00 0.00E+00 O.00E+00 0.00+E00 0.00E+00 0.00E+00 O.00E+00 0.002+00 0.00E+00 

Cm-243 0.00E+00 0.002E00 0.00E+00 0.00+E00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 

Cm-244 2.24E-14 4.32E-14 230E-15 4.74E-15 2.86E-14 1.36E-14 5.88E-15 1.59E-14 1.27E-13 

Cm-245 2.65E-15 3.11E-15 248E-15 2.16E-15 8.06E-15 2.62E-15 2.32E-15 270E-15 3.66E-15 

Cm-248 5.65E-19 1.09E-18 6.33E-20 1.22E-19 7.39E-19 3.48E-19 1.51E-19 4.04E-19 3.16E-18 

Cm-247 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+ 0 .0020 E+00 0.00E+00 0.00E+00 0.00E+00 

Co-60 7.78E-11 8.79E-11 7.84E-11 7.78E-1I 1.13E-10 8.03T-11 7.592-11 7.97E-11 9.17E-11 

Cs-134 5.36E-08 6.11E-08 5.34E-08 5.21E-08 8.70E-08 5.492-08 5712E-08 5.49E-08 6.85E-08 

Cs-135 1.12E-13 1.46E-13 7.44E-14 5.93E-14 3.21E-13 9.T7E-14 7.26E-14 1.00E-13 1.61E-10 

Cs-137 6.33E-04 7.23E-04 6.29E-04 6.13E-04 1.04E-03 8.47E-04 6.02E-04 6.47E-04 1.04E-03 

Eu-154 0.00E+00 0.002E00 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 

Eu-155 0.00E+00 0.00E+00 0.002+E00 0.00E+00 0.00E+00 0.00E+00 0.00+E00 0.00E+00 0.002+00 

Fe-55 0.00E000 0 0.00 0.00E+00 0 0.00E+00 0.00E+00 0.00E+00 0.0OE+00 0.00E+00 

H-3 0.00E+00 0.00E+00 7.56E-09 0.009+00 0.00E+00 0.00E+00 0.00E+00 9.10E-10 0.00E+00 
1-129 4.23E-10 5.83E-10 1.87E-10 1.44E-10 9.63E-10 3.382-10 2.01E-10 3.33E-10 9.63E-10 

Kr-85 4.77E-06 5.46E-O6 4.64E-06 4.44E-06 8.96E-06. 4.81E-06 4.44E-06 4.85E-06 5.38E-04 

Nb-93m 3.83E-15 7.92E-15 1.54E-18 7.14E-16 4.19E-15 2.07E-15 8.23E-18 2.69E-15 2.59E-14 

Nb-94 8.74E-18 7.66E-18 8.72E-18 6.56E-18 1.06E-17 6.90E-18 6.43E-18 6.89E-18 8.51E-18 

NI-59 0.00E-+0 0.00E+00 0.00+E00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 

NI-63 0.00E+00 0.00E+00 0..00+00 0.002+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Np-237 5.37E-14 6.50E-14 4.65E-14 3.97E-14 1.55E-13 5.13E-14 4.39E-14 5.32E-14 7.95E-14 

Pa-231 3.14E-17 3.66E-17 2.98E-17 2.79E-17 6.89E-17 3.12E-17 283E-17 3.16E-17 4.48E-17 

Pb-210 6.20E-24 8.19E-24 4.26E-24 3.14E-24 1.95E-23 5.43E-24 4.10E-24 5.65E-24 1.28E-23 
Pad-107 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Pm-147 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.00E+00 

Pu-238 5.56E:.13 1.08E-12 8.99E-14 1.43E-13 7.89E-13 3.40E-13 1.69E-13 4.14E-13 3.47E-12 
Pu-239 7.93E-13 1.24E-12 4.34E-13 4.37E-13 1.55E-12 6.36E-13 4.89E-13 8.95E-13 3.05E-12 

Pu-240 6.09E-13 1.18E-12 1.042-13 1.58E-13 8.88E-13 3.75E-13 1.88E-13 4.55E-13 3.75E-12 
Pu-241 1.97E-13 2.38E-13 1.78E-13 1.54E-13 6.00E-13 1.91E-13 1.87E-13 1.99E-13 3.21E-13 

Pu-242 2.46E-16 4.75E-16 4.47E-17 8.59E-17 3.64E-16 1.53E-16 7.74E-17 1.85E-16 1.51E-15 

Ra-226 4.72E-19 5.42E-19 4.52E-19 4.13E-19 1.22E-18 4.73E-19 4.27E-19 4.82E-19 7.33E-19 
Ra-228 0.00E+00 0.00E+00 0.002+00 0.00E+00 0.00E+00 0.00+E00 0.00E+00 0.00E+00 0.00E+00 
Ru-106 4.25E-15 4.86E-15 4.25E-15 4.11E-15 7.24E-15 4.34E-15 4.06E-15 4.38E-15 4.59E-14 
Sb-125 0.00+E00 0.00E+000 0.002+00 0.00E+00 0.00E+00 0.002E00 0.00E+00 0.00E+00 0.00E+00 
Se-79 2.07E-17 279E-17 1.26E-17 9.97E-18 5.73E-17 1.77E-17 1.25E-17 1.81E-17 2.22E-14 
Sm-147 0.00E+00 0.00E+00 0.002+00 0.00E+00 0.00E+00 0.00E+00 O.00E+00 0.00E+00 0.00E+O0 
Sni-151 5.92E-15 1.00E-14 8.07E-16 1.29E-15 8.08E-15 4.082-15 1.70E-15 4.11E-15 2.16E-14 
Sn-126 7.87E-12 8.98E-12 7.79E-12 7.53E-12 1.36E-11 8.02E-12 7.45E-12 8.04E-12 1.36E-11 
Sr-90 4.18E-11 5.10E-11 3.48E-11 2.92E-11 1.23E-10 3.94E-11 3.28E-11 4.05E-11 4.94E-08 
Tc-99 3.49E-15 4.41E-15 259E-15 211E-15 1.042-14 3.15E-15 Z49E-15 3.25E-15 5.50E-12 
Th-229 4.62E-20 5.48E-20 4.34E-20 3.76E-20 1.43E-19 4.59E-20 4.08E-20 4.75E-20 6.71E-20 
Th-230 2.45E-20 3.24E-20 1.942-20 1.88E-20 7.19E-20 222E-20 1.86E-20 2.37E-20 6.13E-20 
Th-232 1.502-24 219E-24 1.022-24 8.872-25 4.18E-24 1.27E-24 1.02E-24 1.402-24 5.53E-2V 
U-232 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.002+00 0.00E+00 0.00E+00 0.00E+00 0.OOE-'" 

U-233 1.29E-19 1.69E-19 1.03E-19 9.44E-20 3.14E-19 1.18E-19 9.97E-20 1.24E-19 34.  
U-234 5.68E-15 9.30E-15 2.83E-15 2.71E-15 1.29E-14 4.32E-15 3.10E-15 4.93E-15 2.75E-14 

U-235 1.74E-13 2.00E-13 1.66E-13 1.52E-13 4.54E-13 1.74E-13 1.572-13 1.77E-13 2.13E-13 
U-236 5.71E-16 1.03E-15 2.04E-16 218E-16 1.11E-15 3.92E-16 253E-16 4.69E-16 3.34E-15 
U2 2.23E-15 4.34E-15 5.06E-16 6.30E-16 3.76E-15 1.38E-15 7.68E-16 1.73E-15 1.48E-14 

Zr-93 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 

crud 

C.o-6 (cud) 1.12E-05 1.27E-05 1.13E-05 1.12E-05 1.832-05 1.16E-05 1.10E-05 1.15E-05 1.33E-05

e-55 (lrud)
-�---.-�-.- + O.OO._+u

CAL-WPS-SE-000004 REV 00

total I 8.50E-04 1E-04 I 6.45E-04 6.29E-04 1.07E-03 I8.63E-04 6.172-04 6.63E-04 1.59E-03

0 U )-.00+0 U.UOE+t OO+ 00 U.U(JE::÷U IU:=U U.UOt-'mm' I U.UUOE_' u.uu.1u U.W•Im•
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DOE SNF per Canister Source Term and Dose Calculations.xls

N REACTOR [1471 other not intact No HEPAs

Inhalation Submersion 
Dose @ Dose Term Dose @ Dose Term 
5000 m for 5000 m for Dose Term for 

[rem] Regulation [rem] Regulation Regulation 
Gonad 1.13E+01 3.81E-02 
Breast 7.27E-01 4.31 E-02 
Lung 7.40E+01 3.84E-02 
R Marrow 5.98E+01 3.81E-02 
B Surface 7.30E+02 <CDE 5.53E-02 
Thyroid 6.67E-01 3.94E-02 
Remainder 2.74E+01 _3.72E-02 

Whole Body 4.29E+01 <CEDE 3.91 E-02 <DDE 4.30E+01 <TEDE=CEDE+DDE 
Skin O.OOE+00 <SKIN 4.59E-02 <SKIN 4.59E-02 <SKIN 
Eye Lens N/A <EYE N/A <EYE N/A <EYE 

7.30E+02 <CDE + DDE 

N REACTOR [147) other not intact HEPAs 

Inhalation Submersion 
Dose @ Dose Term Dose @ Dose Term Dose for 
5000 m for 5000 m for Regulation Dose Term for 

[rem] Regulation [rem] Regulation [rem] Regulation 
Gonad 7.26E-02 6.60E-04 
Breast 6.22E-02 7.41E-04 
Lung 9.1 9E-02 6.45E-04 
R Marrow 8.35E-02 6.29E-04 
B Surface 2.82E-01 <CDE 1.07E-03 
Thyroid 6.33E-02 6.63E-04 
Remainder 8.03E-02 6.17E-04 
Whole Body 8.11 E-02 <CEDE 6.63E-04 <DDE 8.18E-02 <TEDE=CEDE+DDE 
Skin O.OOE+00 <SKIN 1.59E-03 <SKIN 1.59E-03 <SKIN 
Eye Lens N/A <EYE N/A <EYE N/A <EYE 

2.82E-01 <CDE + DDE

CAL-WPS-SE-000004 REV 00 VIII-12
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DOE SNF per Canister Source Term and Dose Calculations.xls TEDE & CDE+DDE

N REACTOR [147]

isotope 
Ac-227 
Am-241 
Am-242m 
AM-243 
C-14 
Cd-113m 
CI-36 
Cm-242 
Cm-243 
Cm-244 
Cm-245 
Cm-248 
Cm-247 
Co-60 
Cs-134 
Cs-135 
Cs-137 
Eu-154 
Eu-155 
Fe-55 
H-3 
1-129 
Kr-85 
Nb-93m 
Nb-94 
Ni-59 
NI-63 
Np-237 
Pa-231 
Pb-210 
Pd-107 
Pm-147 
Pu-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 
Ra-225 
Ra-228 
Ru-106 
Sb-125 
Se-79 
Sm-147 
Sn-1 51 
Sn-126 
Sr-90 
Tc-99 
Th-229 
Th-230 
Th-232 
U-232 
U-233 
U-234 
U-235 
U-236 
U-238 
Zr-93 

crud 
Co-6o (crud) 
Fe-55 (crud)

material type 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
C 
C 
C 
P 
P 
P 
G 
G 
G 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

crud 

crud 

tota

oter 
offsite doses with no HEPAs [remn] 

bone surface 
TEDE CDE + DDE 

1.11E-05 1.96E-04 
1.99E+01 3.60E+02 
5.42E-04 9.99E-03 
2.89E-03 5.27E-02 
1.21E-07 1.21 E-07 

0.00E+00 0.00E+00 
0.OOE+00 0.00E+00 
0.00E+00 0.00E+00 
0.00E+00 0.00E+00 
9.66E-02 1.69E+00 
3.73E-05 6.79E-04 
4.90E-06 8.92E-05 
0.00E+00 0.OOE+00 
1.69E-05 4.06E-06 
3.07E-06 2.71 E-06 
7.28E.08 7.10E-08 
6.89E-02 6.34E-02 
0.OOE+00 0.OOE+00 
0.00E+00 0.00E+00 
0.00E+00 0.00E+00 
1.58E-05 1.58E-05 
1.37E-05 4.06E-08 
4.85E-06 4.85E-06 
2.12E-06 2.00E-07 
4.47E-12 8.05E-13 
4.31 E-09 4.22E-09 
1.10E-06 1.07E-06 
3.35E-03 7.49E-02 
2.83E-06 7.10E-05 
1.63E-13 2.43E-12 
1.52E-08 6.00E-11 

0.00E+00 0.00E+00 
3.99E+00 7.16E+01 
8.44E+00 1.53E+02 
4.93E+00 8.97E+01 
2.71E+00 5.11E+01 
2.27E-03 4.11 E-02 
1.58E-09 5.16E-09 
7.83E-13 3.95E-12 
2.41E-08 2.58E-09 

0.00E+00 0.00E+00 
7.05E-08 1.80E-08 
0.00E+00 0.00E+00 
4.10E-04 6.98E-03 
1.27E-06 5.49E-06 
8.38E-01 1.73E+00 
2.00E-06 4.03E-08 
3.19E-09 7.87E-08 
5.31E-08 1.30E-06 
3.16E-11 7.92E-10 
0.00E+00 0.00E+00 
1.24E-07 3.78E-08 
1.03E-02 3.13E-03 
3.63E-04 1.11E-04 
1.41 E-03 4.32E-04 
7.22E-03 2.21E-03 
1.08E-05 2.71E-04

1.84E+00 
1.39E-01 

4.30E+01

4.49E-01 
9.87E-02 

7.30E+02

not intact 
offsite doses with HEPAs [remn 

bone surface CDE 
TEDE +DDE 

3.32E-09 5.88E-08 
5.97E-03 1.08E-01 
1.63E-07 3.00E-06 
8.66E-07 1.58E-05 
3.64E-11 3.64E-11 
0.00E+00 O.OOE+00 
0.00E+00 0.00E+00 
0.00E+00 0.00E+00 
0.00E+00 0.00E+00 
2.90E-05 5.06E-04 
1.12E-08 2.04E-07 
1.47E-09 2.68E-08 

0.00E+00 0.00E+00 
5.06E-09 1.22E-09 
3.07E-06 2,71E-06 
7.28E-08 7.10E-08 
6.89E-02 6.34E-02 
0.00E+00 0.00E+00 
O.00E+00 O.OOE+00 
0.00E+00 0.00E400 
1.58E-05 1.58E-05 
1.37E-05 4.06E-08 
4.85E-06 4.85E-06 
6.36E-10 5.99E-11 
1.34E-15 Z42E-16 
1.29E-12 1.27E-12 
3.29E-10 3.22E-10 
1.00E-06 2.25E-05 
8.49E-10 2.13-08 
4.90E-17 7.30E-16 
4.57E-12 1.80E-14 

0.00E+00 0.00E+00 
1.20E-03 2.15E-02 
Z53E-03 4.60E-02 
1.48E-03 2.69E-02 
8.14E-04 1.53E-02 
6.81 E-07 1.23E-05 
4.73E-13 1.55E-12 
2.35E-16 1.19E-15 
7.24E-12 7.73E-13 
0.00E+00 0.00E+00 
2.12E-11 5.40E-12 
0.00E+00 0.00E+00 
1.23E-07 2.09E-06 
3.82E-10 1.65E-09 
2.51E-04 5.20E-04 
6.01E-10 1.21E-11 
9.58E-13 Z36E-11 
1.59E-11 3.91E-10 
9.49E-15 2.38E-13 
0.O0E+00 0.00+E00 
3.71E-11 1.14E-11 
3.08E-06 9.38E-07 
1.09E-07 3.32E-08 
4.22E-07 1.30E-07 
2.17E-06 6.62E-07 
3.24E-09 8.14E-08

5.51E-04 
4.18E-05 

8.18E-02

1.35E-04 
2.96E-05 

2.82E-01
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DOE SNF per Canister Source Term and Dose Calculations.xls

N REACTOR [147) 

TEDE (no HEPAs) 
material type 

G 
P 
C 

crud 

TEDE (HEPAs) 
material type 

G 
P 
C 

crud

other not intact

subtotal [rem) 
3.44E-05 
4.09E+01 
6.89E-02 
1.98E+00 

otal 4.30E+01 

subtotal [rem] 
3.44E-05 
1.23E.02 
6.89E-02 
5.93E-04 

otal 8.18E-02

fraction of total [-] 
8.00E-07 
9.52E-01 
1.60E-03 
4.80E-02 
1.00E+00 

fraction of total H 
4.20E-04 
1.50E-01 
8.42E-01 
7.25E-03 
1.00E+00

bone surface CDE + DDE (no HEPAs) 
materialtype subtotal [rem] fraction of total [-] 

G 2.07E-05 2.84E-08 
P 7.29E+02 9.99E-01 
C 6.34E-02 8.69E-05 

crud 5.48E-01 7.51 E-04 
total 7.30E+02 1.00E+00 

bone surface CDE + DDE (HEPAs) 
material type subtotal [rem] fraction of total [-] 

G 2-07E-05 7.34E-05 
P 2.19E-01 7.75E-01 
C 6.34E-02 2.25E-01 

crud 1.64E-04 5.82E-04 
total 2.82E-01" 1.00E+00 
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DOE SNF Crud Calculations.xls

ONFIDI Fuel Name

480 JFFI

490

- I - I .- CI SDOC Bars 
Mats I Fu rlCondi.l .MTHI2035 17X10 I1X15 24X10 24X15 I-C MS O Fuel I canisters

Non-Melal

Non-Metals

MI MWcar
S 8.38E-02 1.80 0.00 0.003 0.00 0.003 0.001 NO 01.8000 4.66-02 

I 4.66E-02 1 0.75 0.00 0.001 0.00 1 0.00 0.001 NO 1 0.7520 14.65E-02

Intact 3.74E-02 
Intact 225E�-01 
Intact 3.74E-02 
lntad 5.962-01

Non-MetALs Intac 7.49E-02 
No-Meals j Intact 3.74E-02 
Non-Metals Intact 3.74E-O2 
Non-Metals Intact 3.74E-02 
Non-Metals Intact 7.49E.-02 
Non-Metals Intact 1.12E-01 
Non-Metals Intact 1.50E-01 
Non-Metals Intact 7.40E-02 
Non-Metals Intact 3.74E-02

0.00 1 1.00
0.00 1 1.003
0.00 200

U.-O
0.00
0.00
0.u1
0.00

0.00 1 200 1 0.00

0. 00 0.*00 0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.0 
0.D00 0.00 
0.00 0.0

3.74E.02
(4•-tz
74E-02
74E-02

74-.02
0.00 NO 10000 [2742-02 
0.00 NO 10000 [ 374E-02 
0.00 [NO I oZo I 3.74E-02

0.00 0.00 1 0.00 I NO 1 &0000
0.0 0.0 0.0 0 
0.00 1 0.00 0.00 0.00 
0.00 1 0.00 0.00 0.00

0.71 10.00 10.00 0.00 1

SNon-Metal Intact [ 1.86'-02 10. 0.4 0. - . 0. 00 
Non-M etals [ Intact 181 2. 0.00010 400.0 0 . 0 00.  
_ Non-Metals t ntact [ 1.72-U2 000 . 0 04.000.  
Non-MetaIlI Intact 1.71E-02 0. 0 0.401 0. 00 .• O .D 0.00

NO 1 1.0000

NO
NO
NO
NO

3.74E-02
3.(41-.,Z
374E,02
3.74E-02 
3.74E-02 
3.48E-02 
3.33E-02 
3.27'-02 
&19E-02 
3.06E-02 
&04E-02

284E-02
Z73E-02

0.4350 1 1.86E-02

?I
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DOE SNF Crud Calcatilons.xls

5DC 5Sm SDG 3DC Bae #Of 

SNRD Fuel Name Matrx FuelCondition MTHr.M42051 17X 17515 24X10 24XI I M Fu canisters MT-IM-cr 
485 SHIPPINGPORT PWR BLANKET 11891 Non-Mels Intact 1.81E-02 0.00 0.00 0.00 0.00 1.00 0.00 NO 1 0000 1.61602 
267 TRIGAL(FIP)OSU [240] Non-Metals Intact 1.80E-02 0.00 0.40 0.00 0.00 0.00 0.00 NO 0.4044 1.60E-02 
737 TRIGA (FUP LEU-l) THAILAND [4961 Non-Metals Intact 1.568-02 0.26 0.00 0.00 0.00 0.00 0.00 NO 0.2500 1.56E-02 
25 -CR8 [7451 Non-Mels Intact 5.13E-02 0.00 0,00 0.00 0.00 4.00 0.00 NO 4.0000 1.538-02 
464 TRIGA (ST) ZAIRE [481] Non-Metals Intact 1.53E-02 0.00 0.53 0.00 0.00 0.00 0.00 NO 0.5333 1.53E-02 
483 SHIPPINGPORT PWR-C2-S2 1196] Non-Metals Intact 3.02E-01 20.00 0.00 0.00 0.00 0.00 0.00 NO 20.0000 1.51E-02 
488 TRIGA M30/20) MNRC [704] Non-Metsal Intact 1.50E.02 0.00 0.08 0.00 0.00 0.00 0.00 NO 0.0844 1.50E-02 
757 TRIGA ISTM) TURKEY [4601 Non-Metals Intact 1.40E-02 0.00 0.35 0.00 0.00 0.00 0.00 NO 0.3511 1.49E-02 
240 PATHFINDER (SUPERHEATER) [1681 Non-Metal, Intact 5826E-02 3.67 0.00 0.00 0.00 0.00 0.00 NO 3.5738 1.47E-02 
462 ML-11 1371 Non-Mets Intact 5.88E-02 4.00 0.00 0.00 0.00 0.00 0.00 NO 4.0000 1.45E-02 
702 TRIGA (FUP) TEXAS A&M 12411 Non-Metals Intact 1.46E-02 0.00 0.43 0.00 0.00 0.00 0.00 NO 0.4267 1.48E-02 
280 rRIGA (ALUM) ARRR 1238] Non-Metals Intact 1.45E-02 0.00 0.34 0.00 0.00 0.00 0.00 NO 0.3378 1.45E-02 
819 TRIGA (51T) U OF LUTAH [2811 Non-Metals Intact 1.45E-02 0.00 0.38 0.00 0.00 0.00 0.00 NO 0.3778 1.45E-02 
447 RIGA (P ) TEXAS A&M [258] Non-Metals Intact 1.43E-02 0.00 0.38 0.00 0.00 0.00 0.00 NO 0.3778 1.43E-02 
501 TRIGA (STD) DOW [2511 Non-Metals Intact 1.41E-02 0.00 0.35 0.00 0.00 0.00 0.00 NO 0.3467 1.41E-02 
354 TRIGA (ST) JAPAN 1479] Non-Metals Intact 1.40E-02 0.00 0.32 0.00 0.00 0.00 0.00 NO 0.3244 1.,40-0)2 
468 "RIGA (STD) JAPAN 14811 NonMetals Intact 1.38E-02 0.00 0.32 0.00 0.00 0.00 0.00 NO 0.3156 1.38E.02 
370 TRIGA (570) INOONESIA14761 Non-Metals Intad 1.36E-02 0.00 0.32 0.00 0.00 0.00 0.00 NO 0.3156 1.36E-02 
268 . RIGA (ALUM) GERMANY L3031 Non-Metals Intact 1.3414-02 0.00 0.32 0.00 0.00 0.00 0.00 NO 0.3188 1.34E-02 
493 "rRJGA (=UP) WSU 12431 Non-Metals Intact 1.33E-02 0.00 0.35 0.00 0.00 0.00 0.00 NO 0.3487 1.33E.02 
495 TRIGA(ALUM)S0. KOREA [483] Non-Metals Intact 1.30E-02 0.00 0.31 0.00 0.00 0.00 0.00 NO 0.3007 1.301-02 
804 PEACH BOTrOM UNIrT I CORE 11 TESTS 12061 Non-Metals Intact Z566-02 0.00 2.00 0.00 0.00 0.00 0.00 NO 2.00W0 1.28E-02 
281 TRIGA (ALUM)TALY [4671 Non-Metds Intact 127E-02 0.00 0.31 0.00 0.00 0.00 0.00 NO 0.3111 1.278-02 

STRIGA (1) [314 Non-Metals Intra 1.25E-02 0.00 0.29 0.00 0.00 0.00 0.00 NO 0.2933 1.25E-02 
2 TRIGA (ALUM) FINLAND 'A3l Non-Metals Intact 1.24E-02 0.00 0.31 0.00 0.00 0.00 0.00 NO 0.3067 1.24E802 
242 TRIGA (ALUM) GERMANY [4851 Non-Metals Intact 1.17E-02 0.00 0.29 0.00 0.00 0.00 0.00 NO 0.2589 1.17E-02 
243 TRIGA (ALUM) GERMANY 148] NonMetals Intact 1.16E-02 0.00 0.29 0.00 0.00 0.00 0.00 NO 0.2889 1.16E-02 
353 TRIGA (ALLM : A TRIA 862] Non-Metals Intact 1.10E.02 0.00 0.29 0.00 0.00 0.00 0.00 NO 0.2933 1.16E.02 
25 TRIGA (FUP) ANL-W (3541 Non-Metals Intact 1.16E-02 0.00 0.30 0.00 0.00 0.00 0.00 NO 0.2978 1.16E-02 
464 SHIPPINGPORT PWR-C2-S1 (1951 Non-Metals Intact 2.20E-01 19.00 0.00 0.00 0.00 0.00 0.00 NO 1.000 1.16E-02 
317 TRIGA (ALLIM) SOLVENIA [4681 Non-Metals Intact 1.16E-02 0.00 0.30 0.00 0.00 0.00 0.00 NO 0.2978 1.16E-02 
31B TRIGA (ALUM) BRAZIL $4711 Non-Mtals Intac 1.110E-2 0.00 0.26 0.00 0.00 0.00 0.00 NO 0.2622 1.11E-02 
319 TRIGA (ALUM) REED COLLEGE [258] Non-Metal Intact 1.06E-02 0.00 0.26 0.00 0.00 0.00 0.00 NO 0.2578 1.06E-02 
320 EBWR W02) HEU [M50 Non-Metafs Intact 2.88E-02 2.67 0.00 0.00 0.00 0.00 0.00 NO 2.6687 1.06E-02 
322 "RIGA [.UM) ITALY [4681 Non-Metals Intact 1.07E-02 0.00 0.27 0.00 0.00 0.0 0.00 0NO 0.2687 1.07E-02 
w TRIGA ALUM 5T0) U OF tTAH [869] Non-Metals Intact 1.07E-02 0.00 0.28 0.00 0.00 0.00 0.00 NO 1 0.2800 1.07E-02 

3 " t (ALUM) ZARE 487 oM s Intact* 1.06E-02 0.00 0.25 0.00 0.00 0.00 0.00 NO 0.2488 1.06E.02 
325 BORAX V [22] Non-Metals Intact 2.08E-02 2.00 0.00 0.00 0.00 0.00 0.00 NO 2.0000 1.04E-02 
328 nTGA (ALUM) VA 1267] Non-Metals Intact 1.01E-02 0.00 0.25 0.00 0.00 0.00 0.00 NO 0.2489 1.01E-02 
320 TRIGA (ALUM) U OF IL 1447] Non-Metals Intac 1.01E-02 0.00 0.26 0.00 0.00 0.00 0.00 NO 0.2578 1.01E-02 
333 TRIGA (ALUM) MNRC [7371 Non-Metats Intact 9.32E-03 0.00 0.23 0.00 0.00 0.00 0.00 NO 0.2311 9.32E-03 
334 BER-II (GERMAY) (2361 Non-Metals Intact 9.19E-03 0.50 0.00 0.00 0.00 0.00 00 NO 0.5000 9.19E-03 335 RIGA(S ) ITALY (477] Non-Mets Intac 9.17E-03 0.00 0.21 0.00 0.00 0.00 0.00 NO 0.2133 9.17E-03 
338 RGA (0) MNRC (2541 Non-Metas Intact 9.00E-03 0.00 0.22 0.00 0.00 0.00 0.00 NO 0.2 9.06E-03 
492 FFTF CARBIDE FUEL EXPER. [347] Non-Metals Intac I 7.38E-03 0.08 0.00 0.00 0.00 0.00 0.W0 NO 0.0798 7.36E-03 
844 BR-3 FUEL (340] Non-Metals Intact 7.06E-03 0.0 0.00 0.00 1 1.00 0.00 NO 1.0000 7.06E-03 
734 TRIGA (STD) ANL-W [370] Non-Metals Intact 6.85E-03 0.00 0.18 0.00 0.00 0.00 0.00 NO 0.1778 6.86E-03 
241 rRIGA (STD) [316] Non-Metals Intact .27E-03 0.00 0.15 0.00 0.00 0.00 0.00 NO 0.1487 6.27E-03 
729 rRIGA (FUP) MEX)CO 1493 Non-Metals Intact 5.998-03 0.00 0.16 0.00 0.00 0.00 0.00 NO 0.1500 5.6E-03 
71 TRIGA (S7) AUSTRIA [4W Non-Metals Intact 5.84E-03 0.00 0.13 0.00 0.00 0.00 0.00 NO 0.1333 5.848-03 

158 TRIGASTD. L)NTV. OF WI•C• IN s 202 Non-Metals Intact 2.22E-02 4.54 0.00 0.00 0.00 0.00 0.00 NO 4.5357 4.868-03 
815 TRIGA (SD 220) SOLVENIA 1311 i Non-Metals Intact 4.75E-03 0.07 0.00 0.00 0.00 0.00 0.00 NO 0.0800 4.758-03
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- DOE SNF Crud Calculationsxds

5 SC SOC SDG I -I Ful o 

SNF1D Fuel Name Mat x Fuel Condtion MTHM 203 X10 17X15 24XIO 24X1 I MCO Fael arlaws MTI-can 
486 1 RIGA (PUP) SV2IA (49q1 Non-Metas fIntac 4.45E-03 0.00 0.12 0.00 0.00 0.00, 0.00 NO 0.1158 4.45E-03 
315 TRIGA (HIGH POWER) ROMANIA [3021 Non-Metals Iltd ZO01-02 0.00 5.88 0.00 0.00 0.00 0.00 NO 5.880 343E-03 

'RIGA (STD) SOLVENIA [4881 Non-MeWS fled 3.56-03 0.00 0.01 000 0.00 0.00 0.00 NO 0.080W 35E-03 

3 A RERTR [901 Non-Metals Ined 3.07E-03 0.00 0.00 000 0.00 0.50 0.00 NO 0.5000 3.07E-03 
732 FRR TARGET ARGENTINA [297] Non-Metas Intact 397-03 1.33 0.00 0.00 0.00 0.00 0.00 NO 1.333 2.98E-03 
735 RIGA [STD) GERMANY (305] Non-Metals Intact 2 88E-03 0.00 007 000 0.00 0.00 0.00 NO 0.0867 2.88003 
730 rRIGA (STO) ARR [780] Non-MWals Intact 287E-03 0.00 0.07 0.00 0.00 0.00 0.00 NO 0.0867 Z.87-03 
703 TREAT DRNER [232) Non-Metals Int 1.49E-02 8.11 0.00 0.00 0.00 0.00 0.00 NO 0.1004 244E-03 
171 GA HTGR FUEL [89) Non-meWs Int ZD8E-03 0.00 0.00 0.00 0.00 1.00 0.00 NO 1.0000 2.08-03 

l HPPINGPORT PWR-C1-S4 (1941 Non-Mets I=ntac 020-03 1.00 O.00 0.00 0.00 O.00 0.00 NO 1.0000 2 02-3 
3U_ ,RIGA (ISM) BRAZIL [738M Non-Mets In 1.72E-03 0.00 0.04 0.00 0.00 10.00 0.00 NO 0.0400 1.72E03 
236 RIGA (STO) REED COLLEGE [775] Non-Mets Intact 1.71E-03 0.00 0.04 0.00 0.00 0.00 0.00 NO 0.0400 1.71E-03 
7 TRIGA (FFCR) MNRC [703] Non-M4etma tact 1.70E03 0.00 0.07 0.00 D.00 0.00 0.00 NO 0.0733 1.70E-03 
188 RIGA (FLIP) AUSTRIA [492 Non-MeWS Inac 1.86-03 0.00 0.04 0.00 0.00 0.00 0.00 NO 0.0444 1.86E-03 
745 TRIGA (FFCR) PENN. STATE UNIV. j8151 Non-MeWs Intact 1.38E-03 0.00 0.00 0.00 0.00 0.00 0.00 NO 0.0487 1382-03 
19 .RJGA (FLIP) [2391 No-Metal Intc 1198.0 0.00 0.03 0.00 0.00 0.00 0.00 NO 0.0311 1.198-03 
188 7RIGA (SMD) GERMANY [473] Non-Metal Intact 9.61E-04 0.00 0.02 0.00 0.00 0.00 0.0 NO o02 0.61004 
137 - RIGAAmAGED) so. KOREAj(818 Non-eWS Iad 8.76E-04 0.00 0.02 0.00 0.00 0.00 0.00 NO 0.02N- 8.76E-04 
;W RtGA (P.p) TEXAS AM - DAMAGE (8441 Non-MOWS Intact 8.016-04 0.0 1 0.02 0.00 0.00 0.00 0.00 NO 0.02 8.01E-04 
195 TRIGA (FýCR) U OF IL [448] Non-Meas Intact 7.51E-04 0.00 0.03 0.00 0.0 0.00 0.00 NO 0.0287 7.51E-04 
80 1RIGA (FLIP) FFCR OSU 17021 Non-Metals Intact 7.04E-04 0.00 0.02 0.00 0.00 0.00 0.00) NO 0.178 7.04E-04 

rRIGA (FFCR) ENGLAND 732NIntact 6.41-04 0.00 0.03 0.00 0.00 10.00 0.00 NO 60.07 6.41E-04 
340 rRtIGA(SPF Z M NOn-e_ Intact 8.308-04 0.00 0.03 0.00 0.00 10.00 0.0 NO 0.0287 6_8E-04 
90 1RIGA (FLUP FFCR) SO. KOREA [733] Non-MOWS Intact 5.01E-04 0.00 0.03 0.00 00.032D 5.618

M 1RGA (ALUM) KANSAS STATE UNIV [8041 Non-Metals Mad 5.130-04 0.00 0.01 0.00 0.00 0.00 0.00 NO 0.0133 5.130-04 
302ORR MDEDO=Ef1. Non-MOWS Mad 4.75E-04 0.18 0.00 0.00 0.00 0.00 0.00 NO 0.1808 4.75E-04 
297 TRIGAj).Tr FrCR) s. KEOREA [3 Non-Metals Iled 4.72E-04 0.00 0.01 0.00 0.00 0.00 0.00 NO 00133 4,72E04 
18 TRIGAOT-CR)[315] NonMetal. Intact 3.88-04 0.00 0.01 0.00 0.00 0.00 0.00 NO 0.0133 380-04 
40 PNL MOX STAR 7 [4221 Non-MOis nad 3.48E-04 0.00 0.00 0.00 0.00 1.00 0.00 No 1.0000 3.48E.04 
232 TRfGA ISMO)ANL-W P3)3 Non-Metals Intact 3.408-04 0.00 10.01 0.00 F0002W 0.00 0.00 NO 0.0089 3.40E-04 
89 FRA - FFCR) ITALY [730]Non-MOW. Mad 3.18E-04 0.00 0.01 0.00 0.00 0.00 0.00 NO 0.0133 o.185-04 
184 lFrF-TFA-MFF-IA [331] Non-Metals Mad 3.14E-02 0.00 129.00 0.00 0.00 0.00 0.00 N 129.0000 2430-04 

-FrF-TFA-MFF-1 [330] Non-Metals Intact &V2E-02 0.00 163.0. 0.00 0.00 0.00 0.00 NO 18&0000 228 
TRIGA(ALUM) U OF IL 501] Non-MOas Intact 1.73E-04 0.00 0.00 0.00 0.00 0.00 0.00 NO 0.0044 1.73.04 

'P NL MOX STAR 5 [435 Non-Metals Intact 1.39E-04 0.00 0.00 0.00 0.00 1.00 0.00 NO 1.0000 1.390-04 
435 IOX STAR 1 & 2 [W8 Non-Metals Mad 2.04 0.00 000 000 000 ZO 0.00 NO 2.0000 1.25E-04 
8m3- (. ]) (409] Non-MeOtWs Mad 1.0-04 0.08 000 000 000 0.00 0.00 NO 0.0476 1.19E-04 
434 PNL MOX STAR 44341 Non-Metals Intact 6.000-05 0.00 0.00 0.00 0.00 1.00 0.00 NO 1.0000 6.00E-05 
433. PNL MOX STAR 3[4331 Non-M0tals Intact 5.50E-05 0.00 0.00 0.00 0.00 1.00 0.00 NO 1.0000 5.50-05 

DRESDEN THO2IUO2 (IEU) (44] Non-Metals Not 11.66+00 0.00 250 0.00 0.00 0.00 0.8 NO 2.5= SA3-01 
S'HIPPINGPORT LWBR R SCRAP [3771 Non-Metals Not Ind 1.26E+00 0.00 2.00 0.00 0.00 0.00 10.00 NO Z0000 6.30E-01 

379 SHPPINGPORT LWBR SCRAP 1379] Non-Metals Nt Inac 4. 0.00 1.00 0.00 0.00 0.00 0.00 NO 1.0000 4.630-01 
49 DRESOEN THO2-U2 (LEU) [491 Non-MOWs Not Intact 8.788-01 2.O 0.00 0.00 0.00 0.00 0.00 YES 2.0000 4.39E-01 

373 SHIPPINGPORT LWBR BLKTSCRAP [373] Non-Metals Not Intact 1.86E+00 0.00 4.00 0.00 0.00 0.00 0.00 NO 4.0000 4.15E-01 
128 LOOSE FUEL ROD STOR BASKET .FRSB) 120] Non-etals NoInac 2.11-01 0.00 1.00 0.00 0.00 0.00 0.00 NO 1.000 3.11E-01 
787 SAXTON OX) ( 871 Nonv-Mtals Nd Intact Z800-01 1.00 0.00. 0.00 0.0 0.00 0.00 No 1.0000 2 
178 PLLSTAR-SUNY-BUFFALO [176] Non-Metals Ndo Iad .55E-01 2.27 0.00 0.00 0.00 0.00 -. 00 _N 2 7 80-01 
20 TIV-2 CORE DEBRIS[229] Non-Metal Not Intact 8.18801 0.00 344.00 0.00 0.0 0.00 0.00 NO 344.0000 2372-01 
37 IPPINGPORTaLWR S SCRAP I3781 Non-Metals Not Mnad 2O00-01 0.00 1.00 000 0.00 0.00 0.00 NO 1.0000 2.OE-01 
1 HWCTR (U02) LEU [1151 Non-Metals Ndt 1.42E-01 0.75 0.00 0.00 0.00 0.00 0.00 NO 0.75W 1.42E-01 
174 PU.STAR - BUFFALO [1741 Non-Metals Nd IacI 2520-01 1.87 0.00 0.00 0.00 .0.00 0.00 NO 1.8687 1.30-01 

I388 PEACH BOTTOM (SCRAP) r388 Non-Metals NotInactd 7.1110-02 0.00 0.00 0.00 0.00 1.00 0.00 NO 1.0000 7.11E-02
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DOE SNF Crud Calculations.xse

SUCI SOC FuCel -

SNF1D Fuel Name Matrix FuelCondit.i 357X10 7X1 5 24X 24X15 C O carlta MTNM 
130 LWR COMMERCIAL FUEL [1301 Non-Metals Not kited 6.39E-02 000_0.00_0.00 0.00 1.00 0.00 NO 1.0000 6.39E02 
412 SST& ZR CLAD SNF [4121 Nm-Metals Not Intact 1.18-01 0.00 0.00 0.00 0.00 1.93 0.00 NO 1.9= 6.098-42 
39 P SCRAP ]Non-M s Not ted 4.93E02 000 0.00 0.00 0.00 1.00 0.00 NO 1.000 4.93E-02 

SF SCRAP [4041Nones Not kited 4.02E-02 000 0.00 0.00 0.00 1.00 0.00 NO 1.000 4.02E-02 
3 GE VALLECITOS SCRAP [309] Nor~etals Not kited 3.8-02 0.00 0.00 0.00 0.00 1.00 0.00 NO 1.0000 3.98E02 
244 TRIGA (STD) [2441 NonMetals Not kaitd 5.03E.02 000 1.32 0.00 0.00 0.00 0.00 NO 1.3158 2.2-02 
31 K B. ROBINSON 310] Not kited 3.05602 0.00 0.00 0.00 0.00) 1.00 0.00 NO 1.0000 2.09-02 
170 PEACH BOTTOM UNIT I COREl [1701 Non-Meta Not kited 1.61E+00 0.00 58.86 0.00 0.00 0.00 0.00 1NO 56.8571_ Z84-02 

356 PNL MIXED MA-h EXP.DCC-14M] Non-Mals Not Ited 2.369-02 0.00 0.00 0.00 0.00 1.00 0.00 1]NO 1.0000 z38-02 
45F IMA SCRAP [396 N-Metals Not kited 230-02 0.00 0.00 0.00 0.00 1.00 0.00 NO 1.0000 Z309-02 

_W GE TEST [96 Nm-Metals Not ntatd 4.52E-02 0.00 0.00 0.00 0.00 2.00 0.00 NO 2.0000 Z2E.-02 
98 H. B. RO1INSON (RODS) [3831 Nm-Metals Not Intat 2.091-02 0.00 0.00 0.00 0.00 11.00 0.00 NO I1.0000 20E-02 

383 PNL MIXED MATNoneta Not Intact 2.06E-02 0.00 0.00 0.00 0.00 1.00 0.00 NO 11.0000 E .06E-02 
431 XED MAT EXP.DCC-3 [432] I Non-Metals Not Itat 2.04E-02 0.00 0.00 0.00 000 1.00 0.00 NO 1.0000 Z049-02 
432 O)PTRAN SCRAP [397] Non-Metals Not Intact 1.98E-02 0.00 0.00 0.00 0.00 1.00 0.00 -NO 1.00 18-2 
39 DRES.. HBR, BR-3. BRP. TMI [50] No-Metals Not Intact 1.96E-02 0.00 0.00 0.00 0.00 1.00 0.00 NO 1.0000 1.966-02 
00 DRESDEN SCRAP [38 Non-Metals Not Intact 1.87E.02 0.00 0.00 0.00 0.00 1.00 0.00 NO 1.0000 1.87E-02 

38 SM-1A [201) Non-Metals Not Intact 6.98-02 0.00 4.04 0.00 0.00 0.00 0.00 NO 4.0435 1.63E-02 
1 TORY-2 A [2301 Non-Metals Not Intad 4.86-02 0.00 0.00 0.00 0.00 2.5 0.00 NO 250 1.326-02 

2 WR SAAM'.ES [1341 Non-Metals Not Intact 1.27E-02 0.00 0.00 0.00 0.00 1.00 0.00 NO 1.0000 1.27E-02 
VBWR (GENEVA) [I25] Non-Metals Not Intact 1.24-02 0.00 0.00 0.00 0.00 1.00 0.00 NO 1.0000 1.24E-02 

265 PEACH BOTTOM UNIT I CORE 19110] Non-Metalsl Not Intact 3.55E-02 0.00 2.00 0.00 0.00 0.00 0.00 N 0000 122E-02 
169 RKANSAS [7 Non-Metal Not kited 1.19E-02 0.00 0.00 0.00 10.00 1.00 0.00 NO 1.0000 1.1990 

387 GAP CONDUCTANCE (GC) SCRAP [IW1 Non-Metals Not kitea 1.15E-02 0.00 0.00 0.00 10.00 1.00 0.00I NO 1.00 1.156-02 
7 SCRAP (403] Non-Metask Not kited 1.13E-02 0.00) 0.00 0.00 0.00 1.00 0.00 1NO 1.0000O 1.13E-02 

389 EST TRAIN [2271 Non-Metals Not kited 2.24E02 2.0 0.00 0.00 0.00 0.00 0.00 1NO ZO000 1.12E-02 
403 IEACH BOTTOM SCRAP [4001 Non-Metals Not kited 9.38E-03 000 000 0.00 0.00 1.00 0.00 1NO 10 0 .36-0 
227 USAJK FUEL PINS [3561 Non-Metals Not kIted 8.04E-03 0.32 0.00 0.00 0.00 0.00 000 NO 0.3300 8.04E-03 
58 LOSS OF COOLANT SCRAP [395- Non-Metals Not kited 7.779-03 0.00 0.00 0.00 0.00 1.00 0.00 NO 10000 7.77E-03 

400 LWR COMMERCIAL FUEL [1331 Non-Metals Not kited 7.909-03 0.00 0.00 000 0.00 1.00 0.00 NO 1.0000 7.50E-03 
0 SODIUM LOOP SAFETY FAG. [387] Non-Metsla Not kIted 7.179.03 0.00 0.00 0.00 0.00 0.90 0.00 NO 0.0 7.17E-03 
39 SIAXTON SCRAP[4M2 Nmn-Meals NOtIntact 7.15E-03 10.00 0.00 0.00 0.00 1i.00 0-.0-0 NO0 1.0000 7.199-03 
133 .OYIC131Non-Metals Not Itacte 5.91E-02 0.00 0.00 0.00 0.00 8.73 0.00 NO~ 5.7333 0.77E03 
402- m = B.RBNO M0 Non-Metals Not Itocte 6.35E-03 0.00 0.00 0.00 10.00 1.00 0.00 NO 1.0000 6.359.03 
231 IIE a0 Non-Metals NotT toted T99EU - 0.00 0.00 0.00 10.00 32.00 0.00 NO 32.00W00.623E-03 
300 I IRADtA11ON EFFECTS CE) SCRAP [32 Non-Meals Not Itocte 6.09E-03 0.00 0.00 0.00 0.00 1.00 0.00 NO 1.0000 6.096-03 
40 RI ASCRAP [401] Nmn-Metals Not Itocte 8.079-03 0.00 0.00 0.00 0.00 1.00 0.00 NO 1.0000 6.079-03 
392 STERLING FOREST OXIDE [2251 Nmn-Metals Not Itocte 9.849-02 0.00 0.00 0.00 0.00 16.93 0.00 N!O 16.939 5.819E-03 
401 LWR COMMERCIAL FUEL [1321 NonM41etals Not ntotd: 5.51E-03 0.00 0.00 0.09 0.00 1.00 0.00 NO 1.0000 5.919-03 
22 PCM SCRAP 39]Non-Metals Not Intadt 5.409-03 0.00 0.00 0.00 0.09 1.00 0.00 NO 1.0000 5.40E-03 

132 SNAP 12303 Nmn-Maetls Not totedt 2.109-02 0.00 0.00 0.00 0.09 4.00 0.00 NO 4.0000 5.248-03 
399 DO09 & COMMERCIAL [DO[ Nm-ýMetals Not Itocte 4.909-03 0.00 0.00 0.00 0.00 1.00 0.00 NO 1.0000 4.90E-03 
f303 MI SCELLAN4EOtUS FUEL [7251 Nmn-Metals Not Intact 4.719E-03 1.00 0.00 0.00 0.09 0.00 0.09 NO 1.0000 4.719-03 
39 T.C. SCRAP L4061 Nmn-Metals Not Intact 4.08E-03 10.00 0.00 0.00 0.00 1.00 0.00 NO 11.0000 4.089-03 

725 lITRE AP 15 Non-Metals Not Intact 4.049-03 1.00 0.00 0.09 10.00 0.00 0.00 NO 11.0000 4.04E-03 
4W 08 IOIT8 ARNPECES)[P121 Nm-MealsW Not Intacd 4.009-03 0.00 0.00 0.00 0.00 1.00 00 NO 11.0000 4.009--03 
105 S ODIUM LOOP SAFETY FAQ. [3M2 Nmn-Metals Not Intact 3.97E-03 0.00 0.00 0.00 -0.00 1.090.0 O 100 3.07E-03 
312 M [93 Nmn-Metals Not Itocte 7.859-03 0.00 0.00 0.00 0.00 2.00 000 NO 2.0000 32E2-03 
352 IL O LEAD ROD SCRAP [3J41 Non-Mtetls Not Itocte 3.519-03 0.00 0.00 0.00 0.00 1.00 0.09 NO 1.0000 3.519-03 

83 FRt MX) 1501 Non-Metals Not Intacd 2349-03 0.38 .0 0.0 00 0.00 0.00 NO 0.3550 3.j349-03 

394 J' 41 TARGE9TCANADA [871) Non-Metale Not kited 4.93E-01 1865.33 0.00 0.00 0.00 0.00 0.00 NO 195.3333 M2.989-03 
1671 1 4R TARGET INDONESIA 16721 1 Nmn-Metals Not kited 3.97E-03 1.33 0.00 0.00 0.00 0.00 0.N01.33 2.990
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DOE SNF Crud Calculations.xls

50C SW -O -C Sam #O 

SNF1D Fuel Name Matrx Fuel Condron MTHM2035 17X10 17X15 24X10 24X15 HC MOO Fuel canisters MTHM/0n 

198 SINGLE PASS REACTOR FUEL [1981 0te Not Intact Z588000 0.00 0.00 0.00 0.00 0.00 0.88 NO 0.8579 3880.0( 
197 SINGLE PASS REACTOR FUEL [187] Other Not Intact 4.00E0 0.00 0.00 0.00 0.00 0.00 0.14 NO 0.1421 4. -01 

791 HWCTR (U METAL) LEU V911 Othe Not Int 4.38E.01 0.00 1.33 0.00 0.00 0.00 0.00 NO 1.3333 2DE-O 
368 TRU SCRAP SNF r_38 0iw Not Inc 713E-01 0.00 0.00 0.00 5000 1.00 0.00 NO 1.0000 2.136-01 
770 HWCTR (U METAL) LEU [70 Olwer Not Intact ZO00-01 0.00 1.08 0.00 D.00 0.00 000 NO 1.0833 185E-01 
790 HWCTR (U METAL) LEU [790] Other Not Intact 7.108-02 0.00 0.92 0.00 D.00_0.00 0.00 NO 0.9187 7.10-02 
42 DOE TEST & EXPERIMENTAL [421 Cothr Not Intact 8.21E.02 0.00 0.00 0.00 0.00 1.00 0.00 NO 1.0 21E-02 
4r4 FERMI CORE I & 2 (SECTIONED) [454] 08w Not Intact 1.2SE-01 5.00 0.00 0.00 0.00 0.00, 0.00 NO I5.800 2-23E2 
4 F3 ER CORE I &2 (ECLAD[[45q 0tw Not Intec liIE-Ol 558 000 0.00 0.00 0.00 0.00 NO 5.5771 1.99.0h2 
41 DOE TEST 1411 Olivw Net Intact 1.888402 0.00 0.00 0.00 0.00 1.00 0.00 NO 1.0000 1.68E-02 
208 SPECIORME)2o8[ Other NotIntact 2.390-03 0.00 0.00 0.00 0.00 1.00 0.00 NO 1.0000 Z39E-03 

740 EBWR SCRAP f740] Other NotIfnt 1.73E-03 0.00 0.00 0.00 0.00 1.00 0.0) NO 1.0000 1.735-00 
388 MISCELLANEOUS FUEL [39] Other Not Intact 2-40E04 0.00 0.00 0.00 0.00 1.00 0.0 NO 1.0000 .40E-04 

71i -15 i4 TARGETr1 Other Not Iled 1.72E-04 1.00 0.00 0.00 0.00 0.00 0.00 N 1.0000 1.72E-4 

778 AMERICIUM TARGETS [7768 Other Not Iled 7.44E-05 0.00 0.00 0.00 0.00 12.0 .00 NO 120000 02E5 
112 FRR PIN CLUSTER U312J-lEU CANADA [I0 Stable Metals Intac 323E+00 36.18 0.00 0.0 0 0.00 0.00 NO 31.1750 @A5E42 

880HWCTR (UTH) [1 21 Stable Metak s Iact 7.86E-02 0.00 0.17 0.00 0.00 0.00 0.00 NO 0.1867 7.86E-02 
ON FRR PIN CLUSTER U3SI24.EU SO. KOREA [858] Stable Metals Intact 227E-01 3.00 0.00 0.00 0.00 0.00 0.00 NO 3.0000 7.55E42 

185 ORR (LEU) 1753 StableMetals lntad 1.03E-01 1.78 0.00 0.00 0.00 0.00 0.00 1 NO 1.8 5.78E.02 
ORR (LEU) 11] Stable Metals Intac 5.200-02 0.89 0.00 0.00 0.00 0.00 0.00 1NO 0.8889 5-2-02 

07 JMTR [5071 StableMetals Intact 1.11E+00 23.92 0.00 0.00 0.00 0.00 0.00 NO 23.9187 4.62E-02 
528FRR MTR-S (U3S12 LEU) TURKEY (528] Stable Metals rIled 5.91002 1.33 0.00 0.00 0.00 0.00 0.00 NO 1.3333 4.4402 

525 RR MTR-s (U3S12 LEU) ISRAEL [525) StableMetals Iled 5.02 129 0.00 0.00 0.00 0.00 0.00 NO 1.2817 4.38E.02 

443 SAPHR LEU (SWITZERLAND) [44 Stale Metals Intact 7.12152 1.83 0.00 0.00 0.00 0.00 0.00 NO 1.80 4.38E42 
523 FRR MTR.C tU3•12 LEU) SWEDEN [523] Stable Metalls Itc 1.02E+00 24.17 0.0 0.00 0.00 0.00 0.00 NO 24.1887 4.22E02 
568FRR TUBES 0S12 LEU) GERMANY [675 Stae Metals Intact 1.37E01 &38 0.00 0.00 0.00 0.00 0.00 NO 3,3750 40.02 
17a FRR PIN CLUSTER U3SI2-LEU SO. KOREA [2931 stablreMs I 5.21E02 1.33 0.00 0.00 0.00 0.00 0.00 NO 1.3333 3,91E02 
678 FRR ASTRA (U3S12 LEU) AUSTRIA [515] Stable Metals Intact 1.08E041 2OO 0.00 0.00 0.00 0.00 0.00 N 953 13.8 
293 FRR TUBES WLX LEU) AUSTRAUA I[M] Stable metals Intact 2Z.8001 7.23 0.00 0.00 0.00 10.00 0.00 NO 7.2350 3.00-02 
515 FRR MTR WgALXALEU) TAIWAN [566) Stable Metals Intact 3.48E-02 0.88 0.00 000 0.00 0.00 0.00 NO 0.9683 3.4802 
W68FRR MTR-4 U3SI2 LEUGERMANY [52] Stable Metals Intact 1.34E-1 4.00 0.00 0.00 0.00 0.00 0.00 NO 4.0000 3350.02 

29 INSO 11811 Stable MtAWS Intact 8.058402 1.83 0.00 0.00 0.0 0.00 0.00 NO 1.&=3 3.30E042 
674 FRR MTR-S W3S12 LEU) GERMANY [519] Stable Metals kte 1.32E-01 4.04 0.00 0.00 0.00 0.00 000 NO 4.0417 326E-02 
520 -FRR MTR.S WALX.U) JAPAN [53 Stable Metals Intact 8.83-01 21.08 0.00 0.00 0.00 0.00 0.00 NO 21.0833 3.24E-02 
181 :FRRTUBES (U3SI2 LEU) GERMANY [6731 Stable Metals kIntacd 1.08E-01 3.3 0.00 0.00 0.00 0.00 0.00 NO 3.3750 3.24E-02 
WT UNIV OF MASS-L.OWELL(M)[251 Stable Meal Intact 5.8042 1.71 0.00 0.00 0.00 0.00 0.00 NO 1.7063 3.21E-2 

FW RR TU8ES (U3S2 LU) OENMARK[296] stable Metals Intact 4.43E-01 13.90 0.00 0.00 0.00 0.0) 0.00, NO 13000 3.19E-02 
553 FRR MTR-S (U3S12 LEU) NETnERLANMS [510] stable Met Intact 5.68E42 1.78 0.00 0.00 0.00 0.00 0.00 NO 1.7917 317E.02 
873 FRR MTR-S [U35t2 LEU] CA•AA [513] Ste Metals Intact 4.570E2 1.48 0.00 0.00 0.00 0.00 0.00 1NO 1.453 3.1E042 
524 FRR MTR-S [512 LEU) JAPAN []Stable Metals Intact 1.9301 8.21 0.00 0.00 0.00 0.00 0.00 NO 8.2083 3.1102 
759 UNIV OF VIRGINIA (LEU) [2810 Stable Mals Intact 407E02 1.38 0.00 0.00 0.00 0.00 0.00 NO 1.3750 29E882 
275 FRR MTR-S (U306-LEU)Stable Metals Intact 2.8002 0. 0.00 0.00 0.00 0.00 0.00 NO 0.83 0-02 
288FRR MTR-S U0&LEU) INDONESIA Stable Metals Intact 1.8801 6.68 0.00 0.00 0.00 .00 00 NO 8.8700 2.708.02 
510 FRR MTR-C (U3S12 LEU] SWEDEN [5221 stabl metals Intact 8.8002 2.42 0.00 0.00 0.00 0.00 0.00 NO &4147 2.570-02 
513 FRR MTR-S (U3S12 LEU) GREECE [53 stable metals Iled 6.4002 2.8 0.00 0.00 0.00 0.00 (100 NO 5 2. 4Z8-02 
508 FRR ASTRA 0U30e4.EU) AUSTRIA [5W] Stable Intact 2-4402 0.88 0.00_0.00 0.00 0.00 0.00 NO 0.533 2.448-02 

741 HFIiR 76)stable metals Intc 3.84 .33 0.0 0.00 0.00 0.00 0.00 NO 3.3333 244E342 
557 FRR MTR-S (U3S12 LEU) JAPAN [5081 Stable Metalm Intd 7.048-02 2.92 0.00 0.00 0.00 0.00 1000 NO 2.9167 2.41 E02 
5 FRR MTR-C (U312 LEU) GERMANY [517] Stable Metals Intact 2.81 02 1.08 0.00 0.00 0.00 0.00 0 

FRR M'R (UALX-LEU) BRAZIL [54] Stable Metals Intact 2.802 1.17 0.00 0. 0 2.408-02 

28 FR 1 Stable Metals Intact4.7 0.00 0.00 0.00 0.00 0.00 NO 4.87 2 -02 
52 Stabl-ed N= Intac GEMNYV1 0.75 0.00 10.00 10.00 0.00 0.00 NO 0.7500 2302
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DOE SNF Crud Calculaiorts.xls

SNFID Fuel Name Matrix Fuel Contion MTHM 2038 17X10 17X15 24X10 20115 H Fuel antstr I MTHMcan 
502 IRR MTR (U3S12 LEU) JAPAN [5051 Stable Metals Intact 4.47E.02 1.98 0.00 0.00 0.00 0.00 0.00 No 1.959 2.28E-02 
522 LAMRR (LEU) [140] Stable Metals Intact 265E-02 1.17 0.00 0.00 0.00 0.00 0.00 NO 1.1867 27-02 
532 UMRR (LEU) [84 Stable Metals Intact Z65E-02 1.17 0.00 0.00 0.00 0.00 0.00 NO I.157 227E.02 
M ENEA (rIALY) LU LILX [60] Stable Metals Intact 2.1E-02 0.92 0.00 0.00 0.00 0.00 0.00. NO 0.9187 2 1E-02 
WS UNrV OF MICHIGAN (MTR-S) [2781 Stable Metels Irma 3.55E-01 18.50 0.00 0.00 0.00 0.00 0.00 NO 16.5000 2-15-02 

51 FIR [103) Stable Metas Intact 2.729.00 128.33 0.00 0.00 0.00 0.00 0.00 NO 128.3333 2 12E-02 
54 WORCESTER POLY INSTITUTE [287] Stable= he Intact Z225-02 1.08 0.00 0.00 0.00 0.00 0.00 NO 1.0833 2.109-02 
780 MURR (UALX) [14] Stable hMe Intact 6.9M-01 33.33 10.00 0.00 0.00 10.00 0.00 NO 33.3333 2.080-02 

7 RR MTR-S (UALX-4.EU) PORTUGAL [5421 StableMels Intact 3880-02 U8 0.00 0.00 0.00 0.00 0.00 NO 1.5700 2.06E-02 
FRR MTR-C (UALX-LEU) JAPAN [5021 Stable Metals Intact 8.48-02 4.13 0.00 0.00 0.00 0.00 0.00 NO 4.1280 2.080-02 

46 MURR (UALX) [4ZI Stable Metals Intact 3.509-02 1.87 0.00 0.00 0.00 0.00 0.00 NO 1.8667 104E-02 
803 IOWA STATE UNIVERSITY (U3SI2 LEU) [1221 Stable Metal Intact Z029-02 1.00 0.00 0.00 0.00 0.00 0.00 NO 1.0000 2 
849JMTR (UALX HEU 45%)JAPAN 1561] Stable Metels Intact 8.069-02 4.17 0.00 0.00 0.00 0.00 0.00 NO 4.1867 1.94E-02 
514 FR MTR-C (U308-LEU) NDONES[8 peal StableMetals Intact Z88902 1.38 0.00 0.00 0.00 0.0 0.0 NT 1T3750 11.93E02 

278 NEREIDE(FRANCE) U7511 Stable Metals Intact 3.5412-02 1.92 0.00 0.00 0.00 0.00 0.00 NO 1.9167 1.880-02 
1 PJRDUE UINIVERSITY-MTR-SI [1781 Stale Metals Intact 1.82E-02 0.44 0.00 0.00 0.00 0.00 0.00 NO 0.4444 1.82E-02 
287 IATR [181] Stable, metals Irtac I 2.44E400 137.50 0.00 0.00 0.00 0.00 0.00 _NO 137.5000 1.77E-02 

IEA-Rl (UALX LEU) BRAZIL [5451 Stable Metals Ina I.19E-02 250 0.00 0.00 0.00 0.00 0.00 NO 25000 1.77E-02 
542 FRR MTR X-MEU) JAPAN [M8 Stable Metals Intact 2 18E-02 1.25 0.00 0.00 0.00 0.00 0.00 NO 1.250 1.72E-02 

FRR ASTRA (Ls2 LOU) ALSITRIA [5261 Stable Metals Intact 1.89E-02 0.63 0.00 0.00 0.00 0.00 0.00 NO O0 0 1.69-02 
142 ATE [15] stable metals .Intact 9.43E-01 56.40 0.00 0.00 0.00 10.00 0.00 NO 56.4000 1.678-02 
122 RV-1 PALXLEU) VENEZUELA [816) Stable Mels Intac 387E-02 233 0.00 0.00 0.00 0.00 0.00 NO 23333 1.660-02 
561 MLjItR (143] StableMetas Intact 1.49E-01 9.00 0.00 0.00 0.00 0.00 0.00 NO 9.0000 1.651202 
28 FRR TUBES (L312 LEU) GERMANY 74 Stable Meta Intect 1.62E-02 0.45 0.00 0.00 0.00 0.00 0.00 NO 0.4500 1.52E-02 
751 RU-I (LXALEU) URAGUAY 571 Stable Metals Intact 1.8102 0.53 0.00 0.00 0.00 0.00 000 NO 0.527 1619.02 
18 FRR MTR UA-LEU PHLUPPINES [5M Stable mews Intact 1.979-02 1.25 0.00 0.00 0.00 0.00 0.00 NO 1.2500 1.569-02 

545 FRR MTR[WX-LEU VENBZUEWEA[5] Stable Mels Intact 268-02 200 0.00 0.00 0.00 0.00 0.00 NO 25900 1.56-02 
512 FRR MTR -LEU) JAPAN 15511 Stable Metals Intact 1.780-02 1.13 0.00 0.00 0.00 0.00 0.00 NO 11.120 1.86E02 
798 ATA[18431 StableMetals Intact 9.639-02 8.40 10.00 0.00 0.00 0.00 0.00 No 6.4000 1.55E-02 
748 JRR-2 (UALX-NY U 45%) JAPAN [ StableMetals Iact 3.190-02 256 0.00 0.00 0.00 0.00 0.00 NO 2856 1.529-02 
664i I R MTR-S [IAXUUJAPAN [W6t Stabl Metals Intact 4.25601 28.13 0.00 0.00 0.00 0.00 0.00 NO 20.1250 1.51E-02 ~H M I SA[79 Stable metals Intact 9.21E-01 81.25 0.00 0.00 0.00 0.00 0.00 NO 61.2500 1.509-02 
.15 FRR-MTR T.- WU) AN Intact 2199-02 1.46 0.00 0.00 0.00 0.00 0.00 NO 1.4583 1.5002 

50 R AMTRREUTLX.LOU[ARGONINA [5471 Stablemetals Intact 187E-02 1.28 0.00 0.00 0.00 0.00 0.00 NO 12500_ 1.00-02 
666 NrVERSrY OF CHIGAN r Stable Moetls Intact 1.139-01 7.80 0.00 0.00 0.00 10.0 0.00 NO 7.8000 1.45E02 

7 FRG-1 UALX (GERMANY] [7'93 Stable Metals Intc 1.9-02 1.38 0.00 0.00 0.00 0.00 0.00 NO 1.3750 1.2E-02 
668 NIVOF MICHI-UAN [27j Stable Metals Intact 3.400-02 240 0.00 0.00 0.00_0.00 0.00 NO 24000 1.42-02 
6 FRR MTR-CYLINDER (UALX-MEU) JAPAN [5814 Stable etals Intac 5.320-02 283 0.00 0.00 0.00 0.00 0.00 NO 2853 1.39E-02 
SIB IMRR (HEU) 442] Stable Metals Intact 364E-02 2.6 0.00 0.00 0.00 0.00 0.00 NO 260 1.37F-02 
143 RHF [1791 Stable Metals Intact 256602 200 0.00 0.0 0.00 0.00 0.00 NO 20000 1.280-02 
56 FRR MTR-C2 (U3SI2 LEU) TURKEY [527] Stable Metels Intact 1.23E-02 038 0.00 0.50 0.00 0.00 0.00 tN 0.-37 1.2 02 
865 FRR (UALX-HEU 45%) JAPAN [17j] Stable Metals Intact 1.106-02 0.72 0.00 0.00 0.00 O.0 0.00 NO 0.7222 1.101-02 
50 FRR MTR•C (U22 LEL) ISRAEL. [524] Stable Metals Iftact 1.08E-02 0.33 0.00 0.00 0.00 0.00 0.00 NO 0.3333 I.089-02 
81 HFBR [7061 Stable Metals Intact &5.502 5.28 0.00 0.00 0.00 0.00 0.00 NO .2500 1.08602 

843 HFBR 7461 Stable Metals Intact Z226-01 21.00 0.00 0.00 0.00 10.00 0.00 NO 21.000 1.088-02 
53 MIT 1351 Stable Metls Intact 1.62E-01 14.17 0.00 0.00 0.00 0.00 0.00 NO 114.167 1.07 
817 FRR MTR-S WU.X-MEU) GERMANY [5601 Stable Metals Intact 288E-02 Z71 0.00 0.00 0.00 0 27 .080-02 

64 IHFBR [102] Stable Metal - ta 8.349-02 00 0.00 0. . 0 .0 0 .009-02 
8 FR MTR-C (U3St2 LE9) GREECE [5311 Stbbe = t 1-03E-02 0.78 0.00 0.00 .00 0.00 0.00 NO 10.750 1.035-02 

MIT 136 Stabl Metal- T 000 000 0. 0.00 NO 1.8657 1.020-02 
847 FRR PIN CLUSTER UALX IEU CANADA "3j Stable MelslI Intact 324E-02 22 0.00 0.00 0.00 0.00 0.00 NO 32780 9.899-0 
286 TSR FUEL 1270] Stable Metals I Intact I920E-03 0 0.00 0.00 NO 000op
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SoQ bc 50C 50C I H -MC we xo 

SNFI FuPd Name Matix Fud Condion MT1M 2036 17X10 17XIS 2010 24X15 FueI Manutems MTt-8an 

277 FRG-I (UJOS LEU) GERMANY [5811 SUae Metals Intact &64E-03 0.29 0.00 0.00 0.00 0.00 0.00 NO 0.2917 8.64E-03 
793 FRR MTRR (U3S]2 LEU)JAPAN 129] Stable Metals Intact 8.90E-03 0.71 0.00 0.00 0.00 0.00 0.00 NO 0.7063 8.60E-03 

27 FRR MTR-C (U AX-MEU) GERMANY [292 Stable Metals Intact 9.17E-03 1.17 0.00 0.00 0.00 0.00 0.00 1NO 1.167 7.88E-03 

5 FRR TUBES PNALX-IEU) AUSTRALt [9841 Stable Metals Intact 3.27E-02 423 0.00 0.00 0.00 000 0.00 NO 4.2250 7.73E-03 

442 jEN-1 - JALXHEU 40%)SPAIN 7491 Stable Metals Intact 1.01E-02 1.33 0.00 0.00 0.00 0.00 0.00 NO 1.3333 7.59E.03 

531 ORRDFW-U[1631 Stable Metals Intact .12E-02 2.81 0.00 0.00 0.00 0.00 0.00 NO 2.8056 7.57E-03 
1 'SAPR MEU Dwn-Z.RtA0) [4441 Stable Meta Ittact 3.94E-02 533 0.00 0.00 0.00 0.00 0.00 NO 5.3333 7.35F-03 

5 FRR M R U .ALX-HEU) JAPAN [1'61 Stable Metals - ted 9.15-03 11.25 0.00 0.00 0.00 0.00 0.00 NO 1-2500 7.34-03 

'STERLNG FOREST a .-L) =I- Stable Met"a Intat 2.65-02 0.00 0.00 0.00 0.00 4.00 0.00 NO 4.0000 7.12E03 
8 N. MEDICAL RX (EMRR) [211 Stable Metas tntact 9.42E-03 1.42 0.00 0.00 0.00 0 

41 FRR PIN CLUSTER UALX HEU CANADA 10511 Stable Metals tat 3.48F.02 5.83 0.00 0.00 0.00 0.00 0.00 NO 5620 9.168-03 
7W NIST 541 Stable Metals Intact 1.43F-01 24.44 0.00 0.00 0.00 0.00 0.00 NO 24.4444 568-03 

748 FRR ITR-C (L=12 LEU) CANADA [5121 Stable Metal$ Intact 587E-03 0.33 0.00 0.00 0.00 0.00 0.00 NO 03333 5.87E03 
- 135 TRM (JAPAN)S[1231 Stable Metals tat 1.72E-02 296 0.00 0.00 0.00 0.00 0.00 NO 29583 5.82E-03 

- JATR (UALX 6EU) JAPAN (7w] Stable Metal Intact 1.45E-02 250 0.00 0.00 0.00 0.00 0.00 NO 200 5.0-03 
- FRR TU (UALX.iEU) GERMANY 11851 Stable Metals tntac Z39E-02 5.00 0.00 0.00 0.00 0.00 0.00 NO 5.0000 5.78E-03 

54 -RR MTRC (U30LEU) PERU [503 Stable Metals tat 5.67E-03 0.25 0.00 0.00 0.00 0.00 0.00 NO 0.2500 567E.03 

HIFAR (ULX-H-EU)AUSTRALIA [8451 Stable Metals Intact 1.698-02 3.00 0.00 0.00 0.00 0.00 0.00 NO a 5.83E-03 

9 FARfJL.S-HEU)AUSTRAIJA [80] Stable Metals Intact 1.68-02 3.00 0.00 0.00 0.00 0.0 0.00 NO 3.0000 51-03 

72 NEA HEU) ITALY [5741 Stae Metals Intact 1.77E-02 3.19 0.00 0.00 0.00 0.00 0.00 NO 1944 8.55E-03 

66 JMR (LX HEU)JAPAN 18121 Stable Metals Intac &49-03 0.59 0.00 0.00 0.00 0.00 0.00 NO 0.58 5.49E-03 

12 f M 8 0stabem metals Intact 8.483-03 0.53 0.00 0.00 0.00 0.00 0.00 NO 0.5333 5.486-03 
2 RR PiN CLUSTER UALX HEU CANADA [6621 Stable Metals Intact 9.76E-02 18.53 0.00 0.00 0.00 0.00 0.00 NO 1&5250 527E.03 

1 JEN-I (UALX LEU) SPA•N S748weMetsu Intact 5.13E-03 0.29 0.00 0.00 0.00 0.00 0.00 NO 0.2917 5.13E03 
7W FRR UIX-SEU)GER Y[3] stable Me"a ntte 2.56.02 _5.00 0.00 0.00 0.00 0.00 0.00 NO 50 5.1063 

292 RRMTR (UALX-HiEU) ITALY 1762 StableMet tact 5.1E-03 0.50 0.00 0.00 0.00 0.00 0.00 .tNO 0.500 501-03 

015 (GGREECE) [4401 Stable Metals Itt 8.819.03 1.81 000 0.00 0.00 0.00 0.00 1NO 1.056 4.888-03 

6"1 G3P0EECX E[7 i~t~r971 StableMetasu tIntact 5.69643 1.17 0.00 0.00 0.00 0.00 0.00 NO 1.1667 4.87E803 
749 RINSC 11801 Stabe Metal Itactl 8.44 .8 .0 00 .00 00 0.0 NO 1.0500 -4.87E-03 
183 FRR MTR.C U LGUR NETHERLANS[ Stable Metals tat 4.87E-03 0.29 0.00 0.00 0.00 0.00 0.00 NO 0.2917 4.879-U3 
818 SRR S U -X-EU)AUSTRLA 17381 stabe Metals InaW 4.863-03 0.58 0.00 0.00 0.00 0.00 0.00 NO 05833 4.088-03 

W ARMF ' MARK I [9 Stabe metal$s ttact 1.12•2-02 Z33 0.00 0.00 0.00 0.00 0.00 NO 2.3333 4.  

65 DR ASTRA 12 NLUAUSTRIA [514 Stable Metals tat 4.6333 0.21 000 0.00 0.00 0.00 0.00 NO 0. 4.63E-03 

GTRR [87ow Stat Met tntact 447E03 0.66 0.00 0.00 0.00 0.00 0.00 NO 05944 4.47-03 
3 - MM LX-HEU 45%) GERMANY 809 Stable Metals Intact 4.28-05 0.38 0.00 0.00 0.00 0.00 0.0 NO D.3750 426E-03 

S 7.0043 1.71 0.00 0.00 0.00 0.00 0.00 NO 1.7083 4.10643 
21 TR- S t LXHEU)NARl91 INA1 Stable Metals Intact 5 1.48 0.00 0.00 0.00 0.00 0.00 NO 1.4500 4000-03 

"a ET [7 Stable metals Intac 3.98E843 0.00 0.00 0.00 0.00 1.00 0.00 NO 1.0000 2.9815-03 

'7FRR MTR (UALX-&EU) JAPA [ 02o Stable Metals Intact 3.93E43 000 0.00 0.00 0.00 0.00 0.00 NO 0.5000 3.93E40 
764 FRR MTR-S (UALX-4-EU) PORTUGEINAL 1632 Stable Metals Intact 3.92E43 0.92 0.00 0.00 0.00 0.00 0.00 NO 0.9167 3.92E-03 

806 RR MT-C EALX-_EU) PORA UGAL [5401 Staoe Metals Intact 2.91E043 0.38 0.00 0.00 0.00 0.00 0.00 NO 0.3750 3.91E843 
681 UNIV• W .SIN ON 1C Staoe Metals Intact 390E03 0.72 000 0.00 0.00 0.00 0.00 NO 0.7222 3.90E43 
i5 O EGAWS 20 48 Stable metals Itntact 5.20E843 1.25 0.00 0.00 0.00 0.00 0.00 NO 1.3500 3.85E-03 

123 MR MTRS ULff4KIU) RGENTINA [6371 Stable Metals Intlact 9.338403 2.48 0.00 0-00 0.00 0.00 0.00 NO 2.4583 2.800-03 
ng ASTRA4(AL3TRIA) [7121 staow metals Intact 3.658-03 0.72 0.00 0.001 0.00 0.00 0.00 NO D.7222 3.65E-03 

17 -RR MTR (U-X.EU) JAPAN [6021 stal Metals Intact 3.298E2 9.08 0.00 0.0 
6_ oJRRS2A• xHEU) JAPAN Is" Stae Mats Intact 421043 1.17 0.00 00 . 0.00 0.00 NO 1.1807 3.61843 
294 -RR MTR-S (UALX-NEU) ARGENTINA [838 Stable Metals Intact 2.14E-02 6.00 00 .0 0.00 00 0.00 NO 6.0000 3.568-03 

-I 845 RR MTR (UALX-HEU)) JAPAN [803 Stable Metals Intact 3.558-03 0.50 0.00 0.00 0.00 0.00 0.0 N6 0.5000 3.55E-03 
66 ,RR MTR (tALX-HEU) JAPAN[96011 StbeMetals Intact 7.85E043 2.25 0.00 0.00 0.00 0.00 0.0 NO Z.50 3.49E-03 

574. 1MO STATE (HEU] VZTflMetablels Intact 3160 1.0 000 0.00 0.00 0.00 0.00 NO 1.0000 &.4194-3 

-a IFR MTR-S (IJALX-4EU) BRAZIL [59b5! StaleMetl Ina 40-0 1.8 .0 000 .0 000 .0 NO 13750 3.35E-03
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SNFID Fuel Name Mabix Fuel Codition TMT 2035 liXIG IiXI1 294,X 24X15 .1 MCO Fuel cajIulet MTHMcan 

281 RECH-1 (CHILE) [708] Stable Metals I t 0E-0 1.17 0.00 0 . 0.00 0.00 NO 1 .ie41 &35E-03 

682R-2 SVTR (UALX HEU) SWEDEN (807] Stable Metals Intact S.W2E-03 287 0.00 0.00 0.00 0.00 000 NO 28867 &34E-03 
11 FRR MTR ALX HEU) AUSTRALIA [848! Stable Metals Intact 3.32-03 050 000 0.00 0.00 0.00 .00 

683 ORR (411 Stable Metals Intact 3.32E-03 047 0.00 0.00 0.00 0.00 0.00 NO 0.4722 &32E.03 
712 FRR TUBES (UALX-NHEU) AISTRALIA [300 Stable Metals Intact 220E-02 8.85 0.00 0.00 0.00 0.00 0.00 NO 6.880 31E-03 

OM.EGA WEST (M3)14071 Stable Metals Intact 7.27E-03 Z22 0.00 0.00 0.00 0.60 0.00 NO 2.2000 30E-03_ 
787 FRR MMR 0JA .X-NEU) TAILAN [&833 Stable Metals Intact 4.23E-0 1.29 0.00 0.00 0.00 0.00 0.00 NO 1.2917 2270.03 
180 FRR WR-S ULMX4IEU) CANADA tt14] Stable MetaW Intact 7.320E-03 2.21 0.00 0.00 0.00 0.00 0.00 NO 2.2053 3.27E-03I 

FRR MTR (UALX-HEU) TAIWAN 628 Stable Metals Intact 4.78E-03 1.46 0.00 0.00 0.00 0.00 0.00 NO 1.4653 3-28E-03 

792.TSR Stale Metals Intact 3.220-03 10.5 0.00 0.00 0.00 0.00 0.00 NO 0I.506 22E003 

7w R (CANADA) [7061 Stbe Metals Intact 5.49E-03 1.71 0.00 0.00 0.00 0.00 0.00 NO 1.7063 3.21E-03 

76-3 FA wr M AI~ ~~xHELJ NETHERLAN4DS [69) stable metals Intact &19E-03 0.88 0.00 0.00 0.00 0.00 0b.0-0 NO 0.5833 3.19E-03 
R-2 (SWEDEN) [710] Stable Meta Intact 22E-02 7.00 0.00 0.00 0.00 0.00 0.0 NO 7.0000 2.18-03 

31 R-2 SVTR (UALX HEU) SWEDEN (8011 Stable Metals Intact I.80-02 5.67 00 0.00 0.00 0.00 .00 

I7ITNI OF VIRGINIA [2791 Stable Metals Intact 6.86E-03 220 0.00 0.00 0.00 0.00 0.00 NO 22000 &12E-03 
79- R R [GERMANY) (77M Stable Metals [nt 1.17002 3.3 0.00 O.00 0.00 0.00 0.00 NO 38333 2O05-03 

97 DR-3 (UALX HEU)(DENMARK) (7141 Stable Metals Intact 2000.03 0.75 0.00 0.00 0.00 0.00 0.00 NO 0.7500 3.00-03 
" UNIJV OF MASS-LOWELL [2741 Stable Mftal Intact 6.740-03 225 0.00 0.00 000 000 NO Z220 2000.031 

40 O6 (NETH~lIA0)73 -stable Metals Intact 4.02E.03 11.36 0.00 0.00 0.00 0.00 0.00 1NO 1.3750 292E-03 
637 I NUTRMt-59UAM-MIU N1UREY[441 Stable mew$t Intact 20000C3 10.75 0.00 0.00 0.00 0.00 10.00 NO 0.7000 2900-03 

SFRR MTR-S WUALX-HOEU] CAN A (72o Stable etals Inta 288E-03 0.88 0.00 0.00 0.00 0.00 00 NO 10,8750 2860.03 
I 0ALX HEU) GERMANY (8061 Stable Metals Intac 286E-03 1.00 0.00 0.00 0.00 0.00 0.00 NO 1.0000 288003 

W0 NIST [4j ] Stable Metals Intact 8.60003 300 0.00 0.00 0.00 0.00 00 3.055 82203 
63 FRR MTR-C (I.LX-HEU) ARGEqnNA (6341 Stable Metals Intact 4.20-03 1.50 0.00 0.00 0.00 0.00 0.00 NO 1.8000 2.810-03 
- lEA-Ri WJIlX HEU) BRAZIL [P11_ Stable Metals Intact 4.8-03 1.79 0.00 0.00 0.00 0.00 0.00 NO 1.7917 2780-03 

157FRG- (ALX HEU) GERMANY (7421 Stable mets Intact 1.150-2 4.17 0.00 0.00 0.00 0.00 0.00 NO 4.1887 2760-03 
SFRR ASTRA (I .X-H4U AUSTRIA [6461 Stable Metals Intact 2880-03 0.92 0.00 0.00 0.00 0.00 0.00 NO 0.9167 209803 

595 I 41-JL ALX MEL, GERMANY (7581 Stable Metals Intact 733E-03 275 0.00 0.00 0.00 0.0 0.00 NO 27000 267E-03 
706 RR RM4 (UALX-HOU) TAWAN [l21 Stable MetaS Intact 3.74-03 1.42 0.00 0.00 0.00 0.00 0.00 NO 1.4107 2640-03 
8 FRR I4rR-S UAL.X-HEU) NETHERLANDS [8081 Stable Metals Intact 6.870-03 254 0.00 0.00 0.00 0.00 0.00 NO 25417 2628-03 

30 R MTR-S (tX-NEU) SWrIZERLAND (658] S i s Intac . 29 0.00 0.00 0.00 0.00 0.00 NO 22917 2610-03 
FY tRR RN StableMetal t 28E-03 0.63 0.00 0.00 0.00 0.00 0.00 NO 0.83 2586-03 

50 FRR ASTRA (LX-8U AUSTRA (F566 Stable Metals Intact 253•-03 0.21 0.00 0.00 0.00 0.00 0.00 No 02•2063 2 -03 
588 OMEGA WEST (204) (4061 Stabl Meta Intact 2530-03 0.80 000 0.00 000 000 0.00 NO 0.8000 2530-03 
( FRR MTR-S RMX HEU) ISRAEL (6481 Stable Metals Intact 1.25602 5.08 0.00 000 0.00 0.00 0.00 NO .0833 2450-03 

720 UR-3( HFU'ENMA ) EN ] Stable Metals Intact 242E-03 0.D8 0.00 0.00 0.00 0.00 0.00 NO 0.0700 2420.03 
14 IRRMTR-S (UALX4iEU) SWEDEN [6191 Stable Metafl Int 2360-03 0.8 0.00 0.00 0.00 0.00 0.00 NO 0.8700 2360-03 
628-RR MTR-S (UAL.X-EU) GERMANY [W89 Stable Metal Intact 0.58E-03 28 0.00 0.00 0.00 0.00 0.00 NO 29W 222-03 
584FRR I M fLt HEU CANADA [294] Stable metals Intact Z19-3 0.38 0.00 0.00 0.00 0.00 000 NO 0-3889 219E-03 

7 N-1coLuMA) (156 Stable Metals Intact 2190-03 0.67 0.00 0.00 0.00 0.00 0.00 NO 0.6667 219-03 
710 FRR MTR-C (UALX-HEU) JAPAN [600] Stable metals Intact 4.160-03 Z25 0.00 0.00 0.00 0.00 0.00 NO 22500 1.8503 

S rR-C (U .X-NU) ISRAEL 18391 Stable metals Intact 2348-03 1.29 01.81E-03 
46 RRMTR-C (UALX-HEU)CANADAI812] Stable Metals Intact 1.76E-03 0.96 0.00 000 0.00 0.00 0.00 NO 0.95 1.76E-03 

279 Stable Metals Intact 278003 1.58 0.00 0.00 0.00 0.00 0.00 NO 1.863 1.760-03 
;Z M& S I(UIALX-HEU) GR-d {l ý 

63ARMn- UL-E)GR=AN 1[R84 Stable Metals Intact 1.780.03 0.54 0.00 0.00 0.00 0.00 0.00 NO 0.5417 1.768-03 
577 FRRM R-C NALX-lEU) ARGEN-NA [ Stable Metals tntact 1.75E-03 0.58 0.00 0.00 0.00 0.0 000 1.75 
5 w2 WA ST. UNIV. (HEU U -ALX) (72 Stable Metals Intact 1.74E-03 0.37 0.00 0.00 0.00 0.00 0.00 NO 0.3667 1.740-03 
19 WA STUMV. (HEU UALX) []941 Stable Metal In 1.740-03 0.37 000 0.00 0. 0 0.00 NO 0.3667 1.740-03 

274 jFR RMrR.C(UALX4 FEU).GERMANYI580[ StableMetals Intact 1.71E-03 1.04 0.00 0.00 0.00 0.00 0.0 NO 1.0417 1.640-03 
3 RRlMT'R-C (ALX-N1U] GERMANY [578! Stalwe Metals Intact z06E-03 11.36 .00 0.00 0.00 0.00 0.00 N 17.37 1.51E-03 

F713 R (U ALX-EU JAPAN [8181 Stable Metals Intact 1.47E-03 0.19 00.00 .00 0 0.00 000 1.470-03
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SNFID FulNm arx Fuel Cordtlloil MTHM 2035 17X10 17X15 24X10 24X15 HIC MCO Fuel 1alntr MTH0t 

10 FRRAT.OI(UALX-LEU)POI 'UGAL[541I -St Metals Intact 1.35E-03 0.13 0.00 0.00 0.00 0.00 0.00 NO 0.1250 1.35E-03 

043 FRR MTR-S (L-U) GERMANY E191 Metals Intact 11.25603 0.42 0.00 0.00 0.00 0.00 0.00 NO 0.4167 

am NIST[U7521 Stable metals Intact 1.25E-03 0.4 0.00 0.00 0.00 0.00 0.00 NO 0.4444 1.255-03 

717AMFCFRMF MARKO f11il Stable Metals Intact 1.102-03 0.22 0.0 0.00 0.00 0.0 0.00 NO . 1.16E-05 

848 FRR TUBES IUALX.HEU) DENMARK 16821 Stable Metals Intact 1.11E-03 0.30 0.00 0.00 0.00 0.00 0.00 NO 0.3000 1.lE-03 

834 FRR MTRS (ULX-HEU) NETHERLANDS [6071 Stable Met Intact 1.09E-03 0.79 0.00 0.00 0.00 0.00 40.00 O 0.7917 1.09E-03 

.-RR MTR-C2 (UALX-HEU) SWfl ,RLANO [Sl e Intact 9.95E-04 0.46 0.00 0.00 0.00 000 0.00 NO 0.4553 9.652-04 

742 'FR MTR.C VUALX.H2U) GERMANY 7181D St.l Metal jw Intact 9.58E-04 0.617 0.00 10.00 _i0.0 0.00 0.00 NO 0.5667 9.582-04 

8 -4 'RR MTR-C (UALX-HEU) TURKEY 1M3 Stawe metals Intact 9.53204 0.33 0.00 0.00 0.00 0.00 0.00 NO 0.3333 9.532-04 

F SLOWPOKE (H2U) CANADA ] Stable Metals Intact 9SE-04 0.08 0.00 0.00 0.00 0.00 0.00 NO 0.0555 9.2-04 

820 'FR POK2 (1'U) MwNTREAL (8871 Stal MAls Intact 928E.04 0.08 0.00 0.00 0.00 0.00 0.00 NO 0.0558 9.282-04 

g78 6 R SLOWPOE (HEUIo CANAIJA [6881 Stable metas Intact .22-E-04 -60.06 160.00 -60.00 0.00 0.00 - 0.00 NO 0.0858e 9.282-04 
-75 FR sL5,• m6700- -UA6.00 P-'n90,U 0.055 9.2E-0 

--RR SLOWPOKE (HEU) CANADA 18851 Stable metas Intact 9.28E04 0.06 0.00 0.00 0.00 0 

829 .rRR MTR-C (UAX-HEU) PORTUGAL 18311 Stable Metas Intact 8.942-04 0.38 0.00 0.00 0.00 0.00 0.00 NO 0.3750 8.94E-04 

WOFRR SLOWPOKE (lIEU) C ANAD [88 Stable Metals Intact 8.71E-04 0.06 0.00 0.00 0.00 0.00 0.00 No D.0588 8.716-04 

-ON FRR SLOWPOKE (HEU) JAMAICA (8641 Stable Metals Intact 8.652-04 0.00 0.00 0.00 0.00 0.00 0.00 NO 0.0000 8.868-04 

848 FRR TUBES (UALX-HEU) DENMARK W86 Stable Metals Ina 8.482-04 0.25 0.00 0.00 0.00 0.00 0.00 NO 02500 1.482-04 

831 FR SLOWPOKE (HEU) CANADA [298 Stable Metals Intact 8.18E-04 0.06 10.00 0. 0.00 0.00 NO 0.08 8.182-04 

842 FRR ASTRAtI 4 AL-EU) AUSTRIA 1845] stableMetals Intact 7.602-04 0.38 0.00 10.0 0.00 0W.00 0.00 NO 0.3750 7.608-04 

585g JMT MEUUALI(, IN) [(SP 95I Staile Metals Intac 7.332-04 0.04 0.00 0.00 0.00 0.00 0.00 NO 0.0417 7.332-04 

657 FR MR C .EU) SWEDE I820 Stable Metal Intact 6.74E-04 0.25 0.00 0.0 0.00 -0.00 0.00 ND 0.2500 8.742-04 

U4 IOWA STATE UNI / RS-U)Y IUA "by) 11211 Stble Metals Intact 8.722-4 0.08 0.00 0.00 0.00 0.00 0.00 ND 0.0600 0.72E-04 

600 ,URDUE UNLINSAErY (U.ALx HEUI [1771 Stable Metals Intact 222203 3.44 0.00 0.00 0.00 0.00 0.00 N 4444 6.44204 

612 UNV OF FLORJDA IARGONAUT) HIEU (2721 Stable Metals Intact 4.01E-03 7.19 0.00 0.00 0.00 0.00 0.0 NO 7.1944 5.812-04 

839FRR MTR-Cl PJA -2U) SWI17ERLAND 6 Sae Metas Intact 5.15E-04 028 0.00 0.00 0.00 0.00 0.0102917 6.182-04 

858 FRR MTR-fO UA.X.HEU) BRA23L 54 Stable Metals Intact 4.862-04 0.17 0.00 0.00 0.00 . 0.00 NO 0.1887 4.55E-04 

_ FRR MR-C ,HEU) BRAZIL 53] Stable Metals In 4.19-04 0.25 0.00 0.00 0.00 0.00 0.00 NO 0.252 4.19E04 

93FRR TUBES (IUALX4-1EU) DENMARK [8783 Stable Metals Intact 337E.04 0.13 0.00 0.00 0.00 0.00 0.00 NO 0.1380 3.372-04 
80lRR MTR-S ALXEU) GERMANY73-04 0.0 0.00 0.00 0.00 10.00 0.00 NO 0.0633 2732-04 

158 FRR MTR (UALX-HEU) SPiN Stable Metals Intact 268E-04 0.04 0.00 0.00 0.00 0.00 0.00 NO 0.0417 22-04 

-57 JEN-1 (UALX HEU 50%) SPAIN 13051 Stable Meal Intact 2.88-04 0.04 0.0 0.00 0.00 0.00 0.00 NO 0.0417 2682-04 

854 RMF/CFRMF MARK I LL [101 Sbl Metals Intact 2402-04 0.08 0.00 0.00 0.00 0.00 0.00 NO 0.0833 240E-04 

718 ATR PLATES V71 Stable Metals Intact 201E-04 0.00 0.00 0.00 0.00 1.00 0.00 NO 1.0000 ZOIE-04 

1WT .-lR MTR-O -1411 6 Stable Metals Intact 1.95E-04 0.08 0.00 0.00 0.00 0.00 0.00 NO 0.0833 1.952-04 

778 FRR M (UALX-MEU) ITALY 3[731 Stable Metals Intact 1.86E-04 0.04 0.00 0.00 0.00 0.00 0.00 NO 0.0417 1.88-04 

177 FRR MTR-S (UALX4-EU) GERMANY [521" Stable Metals tntact 1.26-04, 0.04 0.00 0.00 0.00 0.00 0.00 NO 0.0417 1.282-04 

72 FRR ASTRA (tJALX-41U) AUSTRIA 6] Stable Metals Mac 105 0.00 0.00 0.00 0.00 0.00 NO 0.0833 1.202-04 

12 .IIIV OF WASHINGTON [r7861 Stable metal Intact 8.40E-00 0.00 0.06 0.00 0.00 0.00 0.00 NO 0.0882 5.40E-05 

m A.R'FICFRMF MARK 1111121 Stable metals Intact 8.02-08 0.17 0.00 0.00 0.00 0.00 0.00 N .1817 5.00E-08 

" S RIM fur" 12189 Stable Mel No t 2.17+00 9N. 2 00 iAC 0.0 i 1 82887 &1E401 
1ALUM CLAD SNF [411 Stable Metals Not Intact 3448-02 . 0 0.00 1.0 00 NO 1.0000 3.442-02 

413 IMARK 42 TARGETS PIU) [4131 Stable Metals Not Intact 1.01E-03 0.00 0.00 0.00 0.00 1.00 0.00 NO 1.0000 1.01E-03 

& JARMF 181 StbeMtas N-Intact 1.582-04 0.00 0.00 10.00 0 .00 1.00 0.00 1NO 1.10000 1.98E-04
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DOE SNF Crud Calculations.xlsb

Bounding Crud Inventory for each Fuel Fuel Group 
Fuel MTHM Curies Co-60 Curies Fe-55 

SNFID FuelName Matrix Condition per can per can percan 
30 SHIPPINGPORT LWBR BLKT III [376] Non-Metals Intact 1.45E+00 2.68E+02 1.69E+03 
44 DRESDEN THO2/U02 (HEU) [441 Non-Metals Not Intact 6.63E-01 1.23E+02 7.73E+02 
366 MISCELLANEOUS FUEL [366] Other Intact 4.16E+00 7.70E+02 4.85E+03 
438 EBR-I1 (U-METAL DE-CLAD) [438] Other Not Intact 9.50E+00 1.76E+03 1.11E+04 
112 FRR PIN CLUSTER U3SI2-LEU CANADA [660] Stable Metals Intact 8.45E-02 1.56E+01 9.85E+01 
411 ALUM CLAD SNF [411] Stable Metals Not Intact 4.11E-01 7.60E+01 4.79E+02

185.1 Curies Co-60 per MTHM 
1166 Curies Fe-55 per MTHM 

Curies *x* per can = [Curies 'x" per MTHM] * [MTHM per can]
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bounding crud inventories
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Attachment X 

Calculations for Navy SNF
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Calculations for Navy SNF.xls Input Parameters

Curies released to Curies released to 
Curies released the environment the environment 

Isotopes per canister [CIJ w/o HEPAs [Cil w/ HEPAs [Cil 
Am-241 1.30E-07 1.30E-07 3.90E-11 
C-14 2.62E-03 2.62E-03 7.86E-07 
Co-58 8.84E-02 8.84E-02 2.65E-05 
Co-60 2.40E-01 2.40E-01 7.20E-05 
Cs-137 1.03E-04 1.03E-04 1.03E-04 [note: HEPA LPF= 1.0] 
Fe-55 4.40E-01 4.40E-01 1.32E-04 
Fe-59 1.28E-03 1.28E-03 3.84E-07 
Mn-54 1.49E-02 1.49E-02 4.47E-08 
Nb-84 5.24E-05 5.24E-05 1.57E-08 
Nb-95 1.95E-03 1.95E-03 5.85E-07 
N14-3 7.82E-02 7.82E-02 235E-05 
Pu-239 1.04E-07 1.04E-07 3.12E-11 
Pu-240 1.04E-07 1.04E-07 3.12E-11 
Plu-241 7.60E-06 7.60E-06 2.28E-09 
Sr-90 ZOE6-04 208E-04 6.18E-08 
Zr-95 1.70E-03 1.70E-03 5.10E-07 

Breathing Rate 3.33E-04 [mA3/s] 

Dispersion factor 4.8SE-05 [swmA3] 

unit conv. Factor 3.70E+12 [(remn Bqy(Ci Sv)j 

[-eaK pain00ac:r 3.uu_4-u4 1H
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Calculations for Navy SNF.xls

inhalation DCFs [Sv/Bq]_ 
Isotope gonads breast lungs red marrow bone surface thyrod remainder effecive skin 

Am-241 3.25E-05 2.67E-09 1.84E-05 1.74E-04 2.17E-03 1.60E-09 7.82E-05 1.20E-04 0.00E+00 
C-14 5.64E-10 5.64E-10 5.64E-10 5.64E-10 5.64E-10 5.64E-10 5.64E-10 5.64E-10 0.00E+00 
Co-58 6.52E-10 9.37E-10 1.60E-08 9.23E-10 6.93E-10 8.72E-10 1.89E-09 2.94E-09 0.00E400 
Co-60 4.76E-09 1.84E-08 3.45E-07 1.72E-08 1.35E-08 1.62E-08 3.60E-08 5.91E-08 0.00E+00 
Cs-137 8.76E-09 7.84E-09 8.82E-09 8.30E-09 7.94E-09 7.93E-09 9.12E-09 8.63E-09 0.00E+00 
Fe-55 5.23E-10 5.09E-10 1.06E-09 5.17E-10 5.14E-10 5.42E-10 1.21E-09 7.26E-10 0.OOE+00 
Fe-59 3.32E-09 3.01E-09 1.38E-08 3.18E-09 2.91E-09 2.95E-09 5.81E-09 4.00E-09 0.00E+00 
Mn-54 8.85E-10 9.13E-10 6.66E-09 1.66E-09 2.56E-09 7.40E-10 2.09E-09 1.81E-09 0.00E+00 
Nb-94 4.76E-09 2.24E-08 7.48E-07 2.26E-08 1.97E-08 2.22E-08 4.45E-08 1.12E-07 0.00E+00 
Nb-95 4.84E-10 4.07E-10 8.32E-09 6.72E-10 2.42E-09 3.58E-10 1.07E-09 1.57E-09 0.00E+00 
Ni-63 8.22E-10 8.22E-10 3.07E-09 8.22E-10 8.22E-10 8.22E-10 8.59E-10 8.39E-10 0.OOE+00 
Pu-239 3.18E-05 9.22E-10 3.23E-04 1.69E-04 2.11E-03 9.03E-10 7.56E-05 1.16E-04 0.00E+00 
Pu-240 3.18E-05 9.51E-10 3.23E-04 1.69E-04 2.11E-03 9.05E-10 7.56E-05 1.16E-04 0.00E+00 
Pu-241 6.82E-07 3.06E-11 3.18E-06 3.36E-06 4.20E-05 1.24E-11 1.31 E-06 2.23E-06 0.OOE+00 
Sr-90 2.64E-09 2.64E-09 2.86E-06 3.36E-07 7.27E-07 2.64E-09 5.73E-09 3.51 E-07 0.OOE+00 
Zr-95 1.88E-09 1.91E-09 4.07E-08 1.30E-08 1.03E-07 1.44E-09 2.77E-09 6.39E-09 0.00E+00
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Calculations for Navy SNF.xls

air submersion DCFs [Sv Bq mA3/s] 
gonads breast lungs red marrow bone surface thyroi remainder effective skin 

Am-241 8.58E-16 1.07E-15 6.74E-16 5.21E-16 2.87E-15 7.83E-16 6.34E-16 8.18E-16 1.28E-15 
C-14 2.59E-19 3.52E-19 1.53E-19 1.21E-19 7.06E-19 2.19E-19 1.54E-19 2.24E-19 2.43E-16 
Co-58 4.66E-14 5.30E-14 4.64E-14 4.53E-14 7.41E-14 4.77E-14 4.44E-14 4.76E-14 5.58E-14 
Co-60 1.23E-13 1.39E-13 1.24E-13 1.23E-13 1.78E-13 1.27E-13 1.20E-13 1.26E-13 1.45E-13 
Cs-137 2.67E-14 3.05E-14 2.65E-14 2.58E-14 4.38E-14 2.73E-14 2.54E-14 2.73E-14 4.39E-14 
Fe-55 0.00E+00 0.OOE+00 0.00E+00 0.O0E+00 0.00E+00 0.OOE+00 O.00E+00 0.OOE+00 0.00E+00 
Fe-59 5.83E-14 6.59E-14 5.85E-14 5.79E-14 8.51E-14 6.00E-14 5.64E-14 5.97E-14 7.13E-14 
Mn-54 4.01E-14 4.55E-14 4.OOE-14 3.91E-14 6.23E-14 4.11E-14 3.83E-14 4.09E-14 4.67E-14 
Nb-94 7.54E-14 8.57E-14 7.51E-14 7.34E-14 1.19E-13 7.72E-14 7.19E-14 7.70E-14 9.52E-14 
Nb-95 3.66E-14 4.16E-14 3.65E-14 3.56E-14 5.79E-14 3.75E-14 3.49E-14 3.74E-14 4.30E-14 
M-63 0.00E+00 0.00E+00 0.00E+00 O.OOE+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Pu-239 4.84E-18 7.55E-18 2.65E-18 2.67E-18 9.47E-18 3.88E-18 2.86E-18 4.24E-18 1.86E-17 
Pu-240 6.36E-18 1.23E-17 1.09E-18 1.65E-18 9.26E-18 3.92E-18 1.96E-18 4.75E-18 3.92E217 
Pu-241 7.19E-20 8.67E-20 6.48E-20 5.63E-20 2.19E-19 6.98E-20 6.09E-20 7.25E-20 1.17E-19 
Sr-90 7.78E-18 9.49E-18 6.44E-18 5.44E-18 2.28E-17 7.33E-18 6.11E-18 7.53E-18 9.20E-15 
Zr-95 3.53E-14 4.01E-14 3.51E-14 3.43E-14 5.62E-14 3.61E-14 3.36E-14 3.60E-14 4.50E-14
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Calculations for Navy SNF.xls

Inhalation Dose - no HEPAs [rem/canister] 
Isotopes gonads breast lungs red marrow bone surface thyroid remainder effective skin 
Am-241 2.44E-07 2.00E-11 1.38E-07 1.30E-06 1.63E-05 1.20E-1 1 5.86E-07 9.00E-07 0.00E+00 
C-14 8.52E-08 8.52E-08 8.52E-08 8.52E-08 8.52E-08 8.52E-08 8.52E-08 8.52E-08 0.00E+00 
Co-58 3.32E-06 4.78E-06 8.16E-05 4.70E-06 3.53E-06 4.44E-06 9.63E-06 1.50E-05 0.00E+00 
Co-60 6.59E-05 2.55E-04 4.77E-03 2.38E-04 1.87E-04 2.24E-04 4.98E-04 8.18E-04 0.00E+00 
Cs-1 37 5.20E-08 4.66E-08 5.24E-08 4.93E-08 4.72E-08 4.71E-08 5.42E-08 5.13E-08 0.00E+00 
Fe-55 1.33E-05 1.29E-05 2.69E-05 1.31E-05 1.30E-05 1.38E-05 3.07E-05 1.84E-05 0.00E+00 
Fe-59 2.45E-07 2.22E-07 1.02E-06 2.35E-07 2.15E-07 2.18E-07 4.29E-07 2.95E-07 0.OOE+00 
Mn-54 7.60E-07 7.84E-07 5.72E-06 1.43E-06 2.20E-06 6.36E-07 1.80E-06 1.56E-06 0.00E+00 
Nb-94 1.44E-08 6.77E-08 2.26E-06 6.83E-08 5.95E-08 6.71E-08 1.34E-07 3.38E-07 0.00E+00 
Nb-95 5.44E-08 4.58E-08 9.36E-07 7.56E-08 2.72E-07 4.03E-08 1.20E-07 1.77E-07 0.00E+00 
M-63 3.71E-06 3.71E-06 1.38E-05 3.71E-06 3.71E-06 3.71E-06 3.87E-06 3.78E-06 0.00E+00 
Pu-239 1.91E-07 5.53E-12 1.94E-06 1.01E-06 1.27E-05 5.422-12 4.53E-07 6.96E-07 0.00E+00 
Pu-240 1.91E-07 5.70E-12 1.94E-06 1.01E-06 1.27E-05 5.43E-12 4.53E-07 6.96E-07 0.OOE+00 
Pu-241 2.99E-07 1.34E-11 1.39E-06 1.47E-06 1.84E-05 5.43E-12 5.74E-07 9.77E-07 0.00E+00 
Sr-90 3.14E-08 3.14E-08 3.40E-05 3.99E-06 8.64E-06 3.14E-08 6.81E-08 4.17E-06 0.002E00 
Zr-95 1.84E-07 1.87E-07 3.99E-06 1.27E-06 1.01E-05 1.41E-07 2.72E-07 6.26E-07 0.00E+00 

8.85E-05 2.78E-04 4.95E-03 2.72E-04 2.89E-04 2.47E-04 5.47E-04 8.66E-04 0.002+00
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Air Submersion Doses - no HEPAs

Air Submersion Dose - no HEPAs [rem/canister] 
Isotopes gonads breast lungs red marrow bone surface thyroid remainder effective skin 
Am-241 1.93E-14 2.41E-14 1.52E-14 1.17E-14 6.46E-14 1.76E-14 1.43E-14 1.84E-14 2.88E-14 
C-14 1.18E-13 1.60E-13 6.94E-14 5.49E-14 3.20E-13 9.94E-14 6.99E-14 1.02E-13 1.10E-10 
Co-58 7.13E-07 8.11E-07 7.10E-07 6.93E-07 1.13E-06 7.30E-07 6.80E-07 7.29E-07 8.54E-07 
Co-60 5.11E-06 5.78E-06 5.15E-06 5.11E-06 7.40E-06 5.28E-06 4.99E-06 5.24E-06 6.03E-06 
Cs-137 4.76E-10 5.43E-10 4.72E-10 4.61E-10 7.82E-10 4.86E-10 4.52E-10 4.86E-10 7.83E-10 
Fe-55 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 0.00E+00 0.OOE+00 0.00E+00 0.OOE+00 0.00E+00 
Fe-59 11.29E-08 1 .46E-08 1.30E-08 1.28E-08 1.89E-08 1.33E-08 1.25E-08 1.32E-08 1.58E-08 
Mn-54 1.032-07 1.17E-07 1.03E-07 1.01E-07 1.61E-07 1.06E-07 9.88E-08 1.06E-07 1.20E-07 
Nb-94 6.84E-10 7.78E-10 6.81E-10 6.66E-10 1.08E-09 7.OOE-10 6.52E-10 6.99E-10 8.64E-10 
Nb-95 1.24E-08 1.40E-08 1.23E-08 1,20E-08 1.96E-08 1.27E-08 1.18E-08 1.26E-08 1.45E-08 
NI-63 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 
Pu-239 8.72E-17 1.36E-16 4.77E-17 4.81E-17 1.71E-16 6.99E-17 5.15E-17 7.64E-17 3.35E-16 
Pu-240 1.15E-16 2.22E-16 1.96E-17 2.97E-17 1.67E-16 7.06E-17 3.53E-17 8.55E-17 7.06E-16 
Pu-241 9.46E-17 1.14E-16 8.53E-17 7.41E-17 2.88E-16 9.19E-17 8.01E-17 9.54E-17 1.54E-16 
Sr-90 2.78E-13 3.39E-13 2.30E-13 1.94E-13 8.13E-13 2.61E-13 2.18E-13 2.69E-13 3.28E-10 
Zr-95 1.04E-08 1.18E-08 1.03E-08 1.01E-08 1.65E-08 1.06E-08 9.89E-09 1.06E-08 1.32E-08 

5.97E-06 6.75E-06 6.00E-06 5.94E-06 8.75E-06 6.15E-06 5.80E-06 6.11E-06 7.05E-06
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Calculations for Navy SNF.xls

Inhalation Dose - HEPAs [remdcanisterl 
Isotopes gonads breast lungs red marrow bone surface thyroid remainder effective skin 
Am-241 7.31E-11 6.00E-15 4.14E-11 3.91E-10 4.88E-09 3.60E-15 1.76E-10 2.70E-10 0.OOE+00 
C-14 2.56E-11 2.56E-11 2.56E-11 2.56E-11 2.56E-11 2.56E-11 2.56E-11 2.56E-11 0.00E+00 
Co-58 9.97E-10 1.43E-09 2.45E-08 1.41E-09 1.06E-09 1.33E-09 2.89E-09 4.50E-09 0.00E+00 
Co-60 1.98E-08 7.64E-08 1.43E-06 7.14E-08 5.60E-08 6.73E-08 1.49E-07 2.45E-07 0.OOE+00 
Cs-137 5.20E-08 4.66E-08 5.24E-08 4.93E-08 4.72E-08 4.71E-08 5.42E-08 5.13E-08 0.00E+00 
Fe-55 3.98E-09 3.87E-09 8.07E-09 3.94E-09 3.91E-09 4.13E-09 9.21E-09 5.53E-09 0.00E+00 
Fe-59 7.35E-11 6.66E-11 3.06E-10 7.04E-11 6.44E-11 6.53E-11 1.29E-10 8.86E-11 0.00E+00 
Mn-54 2.28E-10 2.35E-10 1.72E-09 4.28E-10 6.60E-10 1.91E-10 5.39E-10 4.67E-10 0.00E+00 
Nb-94 4.31E-12 2.03E-11 6.78E-10 2.05E-11 1.79E-11 2.01 E-11 4.03E-11 1.02E-10 0.00E+00 
Nb-95 1.63E-11 1.37E-11 2.81E-10 2.27E-11 8.16E-11 1.21E-11 3.61E-11 5.30E-11 O.00E+00 
NI-63 1.11E-09 1.11E-09 4.15E-09 1.11E-09 1.11E-09 1.11E-09 1.16E-09 1.13E-09 0.00E+00 
Pu-239 5.72E-11 1.66E-15 5.81E-10 3.04E-10 3.80E-09 1.62E-15 1.36E-10 2,09E-10 0.00E+00 
Pu-240. 5.72E-11 1.71E-15 5.81E-10 3.04E-10 3.80E-09 1.63E-15 1.36E-10 2.09E-10 0.00E+00 
Pu-241 8.97E-11 4.02E-15 4.18E-10 4.42E-10 5.52E-09 1.63E-15 1.72E-10 2.93E-10 0.00E+00 
Sr-90 9.41E-12 9.41 E-12 1.02E-08 1.20E-09 2.59E-09 9.41E-12 2.04E-11 1.25E-09 0.00E+00 
Zr-95 5.53E-11 5.62E-11 1.20E-09 3.82E-10 3.03E-09 4.23E-11 8.15E-11 1.88E-10 0.00E+00 

7.86E-08 1.30E-07 1.54E-06 1.31E-07 1.34E-07 1.21E-07 2.18E-07 3.11E-07 0.00E+00
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Air Submersion Doses - HEPAs

Air Submersion Dose - HEPAs [rem/canister] 
Isotopes gonads breast lungs red marrow bone surface thyroid remainder effective skin 
Am-241 5.79E-18 7.23E-18 4.55E-18 3.52E-18 1.94E-17 5,29E-18 4.28E-18 5.52E-18 8.64E-18 
C-14 3.53E-17 4.79E-17 2.08E-17 1.65E-17 9.61E-17 2.98E-17 2.IOE-17 3.05E-17 3.31E-14 
Co-58 2.14E-10 2.43E-10 2.13E-10 2.08E-10 3.40E-10 2.19E-10 2.04E-10 2.19E-10 2.56E-10 
CO-60 1.53E-09 1.73E-09 1.55E-09 1.53E-09 2.22E-09 1.58E-09 1.50E-09 1.57E-09 1.81E-09 
Cs-137 4.76E-10 5.43E-10 4.72E-10 4.61E-10 7.82E-10 4.86E-10 4.52E-10 4.86E-10 7.83E-10 
Fe-55 0.O0E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 0.OOE+00 

Fe-59 3.88E-12 4.38E-12 3.89E-12 3.85E-12 5.66E-12 3.99E-12 3.75E-12 3.97E-12 4.74E-12 
Mn-54 3.10E-1I 3.52E-11 3.10E-11 3.03E-11 4.82E-11 3.18E-11 2.96E-11 3.17E-11 3.61E-11 
Nb-94 2.05E-13 2,33E-13 2.04E-13 2.00E-13 3.24E-13 2.10E-13 1.96E-13 2.10E-13 2.59E-13 
Nb-95 3.71E-12 4.21E-12 3.70E-12 3.61E-12 5.87E-12 3.80E-12 3.54E-12 3.79E-12 4.36E-12 
NI-63 0.00E+00 0.002E00 0.00E+00 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Pu-239 2.61 E-20 4.08E-20 1.43E-20 1.44E-20 5.12E-20 2.102-20 1.55E-20 2.29E-20 1.00E-19 
Pu-240 3.44E-20 6.65E-20 5.89E-21 8.91E-21 5.00E-20 2.12E-20 1.06E-20 2.57E-20 2.12E-19 
Pu-241 2.84E-20 3.42E-20 2.56E-20 2.22E-20 8.65E-20 2.76E-20 2.40E-20 2.86E-20 4.62E-20 
Sr-90 8.33E-17 1.02E-16 6.89E-17 5.82E-17 2.44E-16 7.84E-17 6.54E-17 8.06E-17 9.85E-14 
Zr-95 3.12E-12 3.54E-12 3.10E-12 3.03E-12 4.96E-12 3.19E-12 2.97E-12 3.182-12 3.97E-12 

2.27E-09 2.57E-09 2.27E-09 2.24E-09 3.41E-09 2.33E-09 2.19E-09 2.32E-09 2.90E-09
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Calculations for Navy SNF.xls

Naw Fuel No HEPAs

Inhalation Submersion 
Dose @ Dose Term Dose @ Dose Term 
5000 m for 5000 m for Dose Term for 

[rem] Regulation [rem] Regulation Regulation 
Gonad 8.85E-05 
Breast 2.78E-04 
Lung 4.95E-03 <CDE 
R Marrow 2.72E-04 
B Surface 2.89E-04 
Thyroid 2.47E-04 
Remainder 5A47E-04 
Whole Body 8.66E-04 <CEDE 6.11E-06 <DDE 8.72E-04 <TEDE=CEDE+DDE 
Skin O.OOE+00 <SKIN 7.05E-06 <SKIN 7.05E-06 <SKIN 
Eye Lens NIA <EYE N/A <EYE NIA <EYE.  

4.96E-03 <CDE + DDE 

Navy Fuel HEPAs 
Air 

Inhalation Submersion 
Dose @ Dose Term Dose @ Dose Term Dose for 
5000 m for 5000 m for Regulation Dose Term for 

[rem] Regulation [rem] Regulation [rem] Regulation 
Gonad 7.86E-08 
Breast 1.30E-07 
Lung 1,54E-06 <CDE 
R Marrow 1.31 E-07 
B Surface 1.34E-07 
Thyroid 1.21 E-07 
Remainder 2.18E-07 
Whole Body 3.11 E-07 <CEDE 2.32E-09 <DDE 3.13E-07 <TEDE=CEDE÷DDE 
Skin 0.00E+00 <SKIN 2.90E-09 <SKIN 2.90E-09 <SKIN 
Eye Lens N/A <EYE N/A <EYE N/A <EYE 

1.54E-06 <CDE + DDE
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Attachment XI

Identification of Isotopes with Short-Lived Daughter Products and 
. the Calculation of Their Total Air Submersion DCF
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DCFs for Parent-imnplicit Daughter lsotopes-xls ioels

DOE SNF Isotopes and Their I1st Generation Daughter Products 
parens hal daughter decay fraction daughters daugtr decay dagte 

paetstp iffe prdc (Q haftlife produc fraction (1) half-Wfe 
Ac-227 21.773y Fr-223 1.380E-02 -21.8mn Th-227 9.862E-01 18.718d 
Amn-241 43.2 Np2 1.000E+00 87.74y _ ____ ____ 

Amn-242rn 152Y N 4.800E-03 2.117d Ani-242 9.952E-01 16.02h 
Amn-243 730 Np-239. 1.000E+00 2.355d ____ 

C-14 _____ none ____ 

-- M-1ln ___3m_ none ____ ____ 

CI-38 ____ none _____ ____ 

Crn-242 162.8d Pu-238 1.05 0 87._ _____4y__ 

Cmn-243 285 Pu-239 9.980E-01 2465 Am-243 2.400E-03 730 
Cmn-244 19.4m Pu-240 1.O0OE+00 q537y________ ___ 

Cmn-245 80Y Pu-241 1.OOOE+OO 14.4y 
Cm-248 470 Pu-242 1.000E+00 3.763E+5y 
Crm.247 1.56E+07 Pu-243 1.000E+00 4.956h 
CO-60 ___ _ none _________ ____ 

Cs-I 34 _____ none
Cs-1 35 __ _ _ none _______ ___ 

Cs-137 30O Ba-137m 9480E-01 2.522M ________ 

Eu-1 54 none ____ ____ 

Eu-16 _____ none____ ____ 

Fe-SO none I___ ____ 

H-3 ____ none____ ____ _ ___ ____ 

1-129 none__ _ _ __ _ _ 

Kr-OS none____ _____ ____ 

Nb-93m none ________ ___ 

Nb-94 none _____ ________ ____ 

N1,59 none ____ _ _ __ _ _ _ _ _ _ 

Ni-83 _____ none _____ ____ ____ ____ 

Np-237 2.1 4E+By Pa-233 1.000E+00 27.0d _________ 

Pa-231 32760 Ac-227 1.000E+00 2 1.773y_________ 
Pb-210 223v B-210 1.0005+00 5.012d _________ 

Pd-i 07 _____ none _____ __ ______ ____ 

PM-147 2.623E+4y Sm-147 1.000E+00 l.O6ellyV 
Pu-238 87.7vy U-234 I .0005+00 Z445e+5y I___ 
Pu-239 24065y UJ-235 I .000E400 703.8e+0y ____ 

Pu-240 6537 U-238 1.0005+00 2.3415e+7 ____ 

Pu-241 14.4y U-237 2450E-05 6.75d Amn-241 1.0OOE+00 422 
Pu-242 37e5yU-238 1.0005.00 4.488e+ _____ 

Ra-226 10Y Rn-222 I .000E+00 3&8235d ________ 

Ra-228 5.75y Ac-228 1.000E+00 6.13h ____ 

Ru-10G 3.682d Rh-lOG 1.0005+00 29.9, 8__ 
Sb-i 25 2.77y ITe-125m 2.2805-01 S8d____ 
Sg;-79 _____ none ________ 

Sm-U? _____ none ____ ___ 

Sm-151 _____ nne ____ ___ ___ 

Sn-128 1 .0e+5 Sb-126m 1.000E400 19.0m ___ ___ 

Sr-go 29.2y gzO 1.0005+00 64.Oh ___ 

TC-99 none _____ _____ ____ 

Th-22g 730 Ra-225 1.0005+00 14.8d 
Th-230 7.7e+4y Ra-226 1.000E+00 1 __________ 

Th-232 1.405e+10y Ra-228 1.000E+00 5.75y ________ 

U-232 72 I Th-228 1.0005+00 1.9131y ___ ____ ___ 

U-233 1.585e+5y Th-229 1.000E+00 7340 __ ___ ___ 

U-234 Z445r+5y Th-230 I1.0005+00 7.7&+4 ___ ______ 

U 235 703.8e+6y Th21 100+0 25.5h ________ ___ 

U26 2.3415e+y Eh+21.0500 1.405e+10y _______ 

U28 4.468e49y Eh24 100+00 24.1d _______ 

Z-3 1.53a+6y Nb-93nI 1.000E+00 I13.6y ____ ____ ___
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DCFs for Parent-Implicit Daughter Isotopes.xis

Total Air Submersion DCF Calculations 
daughte decay 

parent isotope isotope frcon 
Ac-227 Fr-223 1.380E-02 t 

submersion 
air sub. DCF air sub. DCF DCF 

gonad 5.78E-18 2.30E-15 3.75E-17 
breast 8.98E-18 2.72E-15 4.45E-17 
lung 5.22E-18 2.07E-15 3.38E-17 
red manow 4.59E-18 1.80E-15 2.94E-17 
bone surface 1.68E-17 8.29E-15 1.041-16 
thyroid 5.60E-18 224E-15 3.65E-17 
remainder 4.92E-18 1.95E-15 3.18E-17 
effective 5.82E-18 2.29E-15 3.74E-17 
skin 1.1OE-17 2.30E-14 3.28E-16 

daughter decay 
parent isotope Isotope fraction 

Cs-137 Ba-137m 9.460E-01 

air 
submersion 

air sub. DCF air sub. DCF DCF 
gonad 7.96E-18 2.82E-14 2.67E-14 
breast 9.67E-18 3.22E-14 3.05E-14 
lung 6.68E-18 280E-14 2-65E-14 
red marrow 5.40E-18 2.73E-14 2.582-14 
bone surface 2.29E-17 4.63E-14 4.38E-14 
thyroid 7.55E-18 2.88E-14 2.73E-14 
remainder 6.34E-18 2.682-14 2.54E-14 
effective 7.74E-18 2.88E-14 2.73E-14 
skin 8.63E-15 3.73E-14 4.39E-14 

daughter decay 
parent isotope isotope fraction 

Ru-106 Rh-1 06 1.00E+00 
JOTal eMRMuv 

air 
submersion 

air sub. DCF air sub. DCF DCF 
gonad 0.00E+00 1.O1E-14 1.01E-14 
breast 0.00E+00 1.16E-14 1.16E-14 
lung 0.00E+00 1.01E-14 1.O1E-14 
red marrow 0,00E+00 9.75E-15 9.752-15 
bone surface 0.OOE+00 1.72E-14 1.72E-14 
thyroid 0.00;+00 1.032-14 1.032-14 
remainder 0.00E+00 9.63E-15 9.83E-15 
effective 0.00E+00 1.04E-14 1.04E-14 
skin 0.OOE+00 1.09E-13 1.09E-13 

daughter decay 
parent isotope iso fraction 

Sn126 Sb-126m 1.  Sn-126O•1 4 ZeTE0 L ecu[Ive 

air 
submersion 

air sub. DOCF air sub. DOCF DCF 
gonad 2.13E-15 7.33E.14 7.54E-14 
breast 2.55E-15 8.38E-14 8.62E-14 
lung 1.85E-15 7.29E-14 7.48E-14 
red marrow 1.53E-15 7.07E-14 7.222-14 
bone surface 6.94E-15 1.24E-14 1.93E-14 
thyroid 2.03E-15 7.49E-14 7.89E-14 
remainder 1.73E-15 6.972-14 7.14E-14 
effective 2.11E-15 7.50E-14 7.71E-14 
skin 6.65E-15 1.24E-13 1.31E-13 

total DCF = parent DCF + (decay fraction x daughter DCF)
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