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(LLW) containers, and greater than 90 days for all mixed waste (MW) containers. Therefore,
there are no immediate flammability concerns assuming that storage times for LLW and MW
containers are limited to one year and 90 days, respectively.

" Containers that need to be stored for longer than one year (LLW) or 90 days (MW) should be
evaluated for hydrogen accumulation on a case-by-case bases using the methodology
employed in this analysis.

" Container pressures at 5 vol% hydrogen are approximately 1. 1 psig if there is no appreciable
temperature rise after the containers are sealed.

" If containers are heated by elevated ambient temperatures after sealing, pressures will be
correspondingly greater in accordance with the ideal gas law.

" Boxes should be screened to ensure that they can withstand the bounding internal pressure.

See Sections 4.0 and 5.0 for detailed discussion.
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EVALUATION OF FLAMMABLE GAS ACCUMULATION AND PRESSURE BUILDUP
IN NON-VENTED TEMPORARY STORAGE WASTE CONTAINERS AT WRPS

1.0 INTRODUCTION

1.1 Purpose

This white paper evaluates flammable gas accumulation and pressure buildup in non-vented low-
level non-transuranic (non-TRU) waste (LLW) and mixed waste (MW) drums and boxes
containing various waste materials. The subject drums and boxes are loaded and placed in
temporary storage by WRPS Waste Services & Tank Sampling (hereafter referred to as "WRPS"
for brevity).

The LLW and MW radionuclide source terms and waste characterization data used in this
evaluation were provided by WRPS. These container data sets were selected by WRPS
personnel as representative of bounding cases in terms of both radionuclide and hydrogenous
material contents.

1.1.1 Evaluation Criteria

The chosen storage time criteria for WRPS containers (drums and boxes) is one-half of the time
to reach 5 vol%. This criteria is consistent with flammable gas generation guidance given in the
Hanford Sitewide Transportation Safety Document (TSD) (Reference 6. 1), which is based on
NUREG- 1609 (Reference 6.2) and NRC Information Notice 84-72 (Reference 6.3). The focus
of this evaluation is storage rather than transportation; however, the flammable gas criteria
applied to package transport are readily transferable to container storage from a safety
standpoint.

Note that one-half of the time to reach 5 vol% hydrogen is not equivalent to the time to reach
2.5 vol%. Container hydrogen generation rates are not linear due to the non-linear depletion of
parent radionuclides and the corresponding non-linear buildup and depletion of daughter
products in decay chains. Thus, the ionizing energy source term is not constant over the time
period of interest. Deviations from linearity may be small for short times and/or containers with
relatively greater hydrogen generation rates, but the non-linearity becomes substantial over
longer times.

1.2 Scope

Table 1.2-1 shows the drum and box sizes that were evaluated, along with their radionuclide
source term category (LLW or MW) and waste content description.
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Table 1.2-1. Scope of Containers, Radionuclide Source Terms, and Waste
Descriptions Addressed in this Evaluation

Container description Radionuclide source term category' Waste content description
10-gal drum LLW Soil/fuel/hyd oil

Steel/paper
MW Soil/fuel/hyd oil

Steel/paper
30-gal drum LLW Misc debris

Soillfuel/hyd oil
MW Misc debris

Soil/fuel/hyd oil
55-gal drum LLW Misc debris

Soil/fuiel/hyd oil
MW Misc debris

________________Soil/fuellhyd oil

85-gal drum LLW Misc debris
Rocks/fuel/hyd oil

MW Misc debris
________________Rocks/fuel/hyd oil

6x2x2 box LLW Misc debris
________________MW Misc debris

6x3x3 box LLW Misc debris
________________MW Misc debris

8x4x4 box LLW Misc debris
MW Misc debris

9x5x5 box LLW Misc debris
MW Misc debris

1 2x4x4 box LLW Misc debris
MW Misc debris

16x2x2 box LLW Misc debris
_________________MW Misc debris

'TLLW =low-level waste; MW mixed waste.

Radionuclide source terms are tabulated in Section 7.1 for each container. Container waste
characterization data is tabulated in Section 7.2.

1.3 Assumptions and Inputs

The following assumptions apply to this evaluation:

0 Containers have no quantifiable leakage paths and are therefore assumed to be tightly
sealed.

* Hydrogen is the sole flammable gas of concern.

8
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* The radionuclide source term is intimately mixed with the waste contents. This
assumption is made within Radcalc 4.1 (Reference 6.4).

* Waste material volumes reported in the WRPS waste characterization data are the actual
volume occupied by the specific material and contain no interstitial void volume.

* There are no sealed inner containers within the drums and boxes, such that the 100% of
the calculated container void volume is available for hydrogen accumulation.

& 100% of alpha and beta radioactive decay energy is absorbed within the containers. This
is a valid assumption because alpha and beta energy is deposited in materials over very
short distances.

* 100% gamma absorption, the most conservative assumption, was used for the 1 0-gal
drums and all boxes because all of these containers were found to require greater than
two years to reach 5 vol% hydrogen.

0 The 30-gal, 55-gal, and 85-gal drums were evaluated in Radcalc using gamma absorption
curves specific to these drum sizes. (Radcalc contains pre-programmed gamma
absorption curves for certain containers, including these specific drum sizes.) The use of
container-specific gamma absorption curves removes some conservatism, but it provides
more precise results for these containers that have greater hydrogen buildup rates than the
boxes and the 10-gal drums.

* Radcalc contains a substantial listing of material G-values, but the list is not all-inclusive
given the wide variety of possible waste materials. Therefore, G-values were selected for
the WRPS waste based on engineering judgment and prior experience of the evaluator.
G-value selection is as follows:

o Paper/plastic/clothlrubber/woodlabsorbent were categorized as "Polyethylene
(LDPE)" using uniform alpha/beta/gamma G-values of 3.4 from TRAMPAC
(Reference 6.6) for solid organic materials with less than 0.012 W-yr of exposure.
TRAMPAC pertains to TRU waste that contains a large fraction of alpha emitters;
therefore, use of TRAMPAC G-values for low-exposure (non-matrix depleted)
waste provides a conservatively bounding analysis.

o The G-value for soil was similarly taken from TRAMPAC, where it is given a
uniform alpha/beta/gamma G-value of 1.3.

o The G-value for rocks/gravel also was taken from TRAMPAC, which lists a
uniformn alpha/beta/gamma G-value of 0.08 for homogeneous solid inorganic
materials with unbound absorbed ambient moisture.

o Fuel/hydraulic oil was modeled as Texaco Regal-A machine oil. Oils in general
have a fairly consistent range of G-values, and this particular material listed in
Radcalc was judged to be representative of generic fuel/hydraulic oil.

o All metals (steel, copper, aluminum, lead) were assigned a G-value of zero
because metals are considered non-hydrogenous materials. Any minor amounts

9
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of hydrogen that might be contained in steel alloy matrices will not be liberated
by ionizing radiation.

2.0 METHODOLOGY

The LLW and MW radionuclide source terms provided by WRPS were evaluated to determine
which were bounding for each drum and box size. This was a simple matter of examining the
source terms to determine which were largest. Since the source terms are derived using
radionuclide-specific scaling factors based on the measured Cs- 137 content, those with the
largest Cs- 13 7 value were readily identified as the bounding source terms.

The radionuclide source terms, container data, and waste data were entered into Radcalc.
Bounding G-values (molecules of H2 generated per 100 eV of absorbed ionizing radiation) were
selected as discussed in Section 1.3 above.

All containers were evaluated for the time necessary to reach 5 vol% hydrogen. That time is cut
in half (divided by 2) to determine the allowable storage time at WRPS Waste Services & Tank
Sampling.

2.1 Software and Computer Quality Assurance

Radcalc Version 4.1 (Reference 6.4), commonly referred to as Radcalc 4.1 or simply Radcalc,
was used to perform the gas generation analyses documented within this report. The Radcalc
output files are summarized in Section 7.3.

Radcalc 4.1 was validated and verified for correct installation and functionality, and is approved
for use with quality-affecting analyses (Reference 6.5).

3.0 CALCULATIONS

All calculations, with the exception of simple hand calculations, were performed in either
Microsoft Excel'8 or Radcalc 4.1. Minor arithmetic calculations, such as container void and
percent void, were performed by adding simple formulas to the WRPS-provided Excel
spreadsheets. These calculations are documented in Section 7.2, Waste Characterization Data,
and they can be readily verified with a hand calculator.

All Radcalc runs are documented in Section 7.3. Source terms were decayed in Radcalc for 30
days prior to sealing the containers. The purpose of this decay time is to allow Radcalc to build
in the decay chain daughter products and to establish secular equilibrium between parent and
daughter radionuclides as appropriate. The use of a 30-day decay time is generally-accepted
practice for Radcalc usage. In reality, essentially all radioactive waste already contains a full
complement of daughter products unless it has been recently subjected to a chemical separation

10



RPP-CALC-4223 3
Rev. 0

CALC-3 6473 -02 -NS-0001
ENERGYSOLUTIONS Rev. 0
Engineering and Technology Page I11 of 91

process. However, waste characterization data necessarily lists only the primary radioisotopes of
interest.



RPP-CALC-42233
Rev. 0

CALC-36473-02-NS-OO 1
ENERGYSOLUTIONS Rev. 0
Engineering and Technology Page 12 of 91

4.0 RESULTS

4.1 Hydrogen Buildup Times

Table 4-1 on the following page summarizes the Radcalc results for the times to 5 vol%
hydrogen in the containers, along with the allowable storage times (one-half of the time to reach
5 vol% hydrogen). Any times less than one year are also stated in terms of days.

Two 30-gal drums, two 55-gal drums, and one 85-gal drum containing the MW radionuclide
source term were found to have allowable storage times (one-half the time to reach 5 vol% H12)
of less than 1 year. These are identified in Table 4-1 by bolded print in the "Allowable storage
time" column.

It is important to note that the LLW and MW radionuclide source terms, listed in Section 7. 1,
are not identical for all containers; e.g., the LLW and MW source terms for the 10O-gal drum are
unique to that container and are not the same as those for the other drums or the boxes. LLW
and MW are general categories only, and source terms are dependent on how much and what
type of waste can fit into specific containers.

The percent void volumes shown in Table 4-1 appear to be very large, but it must be
remembered that these are true container void volumes that include interstitial void in the
packaged waste rather than "freeboard" void existing above the waste level in the container.

12
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Table 4-1. Times to 5 vol% Hydrogen and Allowable Storage Times

Allowable storage
RadTime to 5 vol% time (one-half of the

Container source Contents Pecn hyroe reore time to 5 vol%
term1  void 2 by Radcalc hdoe) 3

[yr] [r

10-gal drum LLW Soil/fuel/hyd oil 78.2 91.6 45.8
LLW Steel/paper 97.1 918 459
MW Soil/fuel/hyd oil 78.2 3.52 1.76
MW Steel/paper 97.1 23.5 11.8

30-gal drum LLW Misc debris 71.8 22.0 11.0
_______LLW Soil/fuel/hyd oil 61.7 37.6 18.8

MW Misc debris 71.8 1.16 10.579 (211 days)
_______ MW Soil/fuel/hyd oil 61.7 1.79 0.897 (327 days)

55-gai drum LLW Misc debris 72.4 11.7 5.83
_______LLW Soil/fuel/hyd oil 38.3 9.94 4.97

MW Misc debris 72.4 0.699 (255 days) 0.349 (127 days)
MW Soil/fuel/hyd oil 38.3 0.628 (229 days) 0.314 (115 days)

85-gal drum LLW Misc debris 80.8 27.5 13.8
LLW Rocks/fuel/hyd oil 81.8 349 175
MW Misc debris 80.8 1.42 0.712 (260 days)
MW Rocks/fuel/hyd oil 81.8 9.92 4.96

6x2x2 box LLW Misc debris 85.2 134 67.2
9 MW Misc debris 85.2 4.57 2.28

6x3x3 box LLW Misc debris 87.0 239 119
MW Misc debris 87.0 6.96 3.48

8x4x4 box LLW Misc debris 93.8 842 421
MW Misc debris 93.8 21.4 10.7

9x5x5 box LLW Misc debris 94.2 1473 737
7 MW Misc debris 94.2 40.8 20.4

12x4x4 box LLW Misc debris 92.2 951 475
I IMW Misc debris 92.2 24.3 12.1

16x2x2 box LLW Misc debris 81.6 255 127
______ MW Misc debris 181.6 7.39 3.69

1LLW =low-level waste; MW = mixed waste.
2oi % includes waste interstitial void, which is assumed available for hydrogen accumulation (no sealed inner
containers).
3Year values rounded to 3 significant figures from the Radcalc output. Allowable storage times shown were
determined by dividing unrounded times to 5 vol% (see Radcalc output in Section 7.3) by 2, then rounding to 3
significant figures.
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4.2 Container Pressures at 5 vol% Hydrogen

Table 4-2 shows the pressures that would be generated in sealed containers at 5 vol% hydrogen.
These pressures bound the container pressures at one-half the time to reach 5 vol% hydrogen by
a safety margin of approximately 100%. (See the discussion of hydrogen generation
non-linearity in Section 1.1.1.)

Table 4-2. Final Container Pressures at 5 vol% Hydrogen

Pressure if no 02 generated 2  Pressure if 02 generated from H2 0 2

[psi] [si]

0.736 1.10

Reported pressures do not include adjustment for temperature rise after container is sealed. Final
container pressures at a bounding elevated temperature can be calculated using the ideal gas law.2 Radcalc reports container pressure without and with 02 that would be radiolytically generated by
moisture in the container in stoichiometric ratio with H2. The bounding case exists when water is the
sole hydrogenous material in the container.

The bounding pressure at 5 vol% hydrogen for all containers is 1. 1 psig (lb/in2 gage). The
discussion in the following subsections applies to Table 4-2.

4.2.1 Water vs. No Water in Container

Radcalc calculates two container pressures for a given vol% hydrogen endpoint, depending on
the source of the radiolytic hydrogen:

(a) if no water is present; and

(b) if all hydrogen is generated by radiolysis of water.

These represent two extremes for oxygen generation that may accompany hydrogen. Due to the
stoichiometry of water (H20), one-half mole Of 02 gas will accompany every mole of H2 gas if
water is the sole hydrogenous material in a container. If a drum or box contains other
hydrogenous materials such as paper, plastic, fuel oil, etc., but no moisture, then little if any 02
would be generated since relatively few hydrogen-oxygen bonds exist in other hydrogenous
materials compared to water.

In reality, all typical containers have within them at least a trace of moisture from atmospheric
humidity, and most non-water hydrogenous materials contain some small fraction of chemical
bonds between hydrogen and oxygen. Therefore, the container pressure for a given hydrogen
concentration endpoint lies somewhere between these two extremes. A conservative approach is
to simply assume that water is present, and then use the higher package pressure from Radcalc
for safety documentation purposes.

14
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4.2.2 Independence of Pressure Results on Container Size

Note that Table 4-2 does not list pressures for individual containers (drums and boxes). This is
because the container pressure for a given hydrogen concentration endpoint is independent of

container volume. The number of moles of H2 gas needed to reach a given vol% hydrogen
concentration increases linearly with container volume. Per the ideal gas law,

PV =nRT,

where:

P = absolute pressure
V =container volume
n = moles of gas in container
R = ideal gas constant
T = absolute temperature.

Assuming that the container volume is constant (a good assumption for the relatively rigid
structure of drums and boxes at low pressures where bulging is negligible), the final container
pressure is a simple ratio of the final (condition 2) to initial (condition 1) moles of gas in the
container:

P n

P~n2

Therefore, all sealed containers have the same endpoint pressures at 5 vol% hydrogen regardless
of their dimensions.

4.2.3 Adjusting for Elevated Temperature

Radcalc assumes a constant standard temperature and pressure (STP) of 0 *C and 1 atmosphere
(101.325 kPa) when determining the container pressure. Therefore, the results shown in
Table 4-2 include no adjustment for temperature rise after containers are sealed. If containers are
loaded and sealed in a relatively cool indoor or early morning environment, and then moved to
an unshaded outdoor area for storage, their temperature will obviously increase during daytime
hours in the sun.

15
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The final container pressure can be adjusted for a bounding elevated temperature per the ideal
gas law, as follows:

where condition 1 is taken at the time of container sealing, and condition 2 is at the bounding
maximum temperature and the limiting hydrogen concentration.

A simplified correction for a bounding elevated container temperature can be made from the
Radcalc output pressure as follows:

-(ounding p
Bounding TR~cl )Radcalc

where:

PBouduing = container pressure at bounding elevated temperature, kPa absolute or psia
PRadcalc = container pressure from Radcalc output, kPa absolute or psia
TBounding = bounding elevated temperature, 'K or '
TRadcalc = Radcalc output STP temperature, 273 *K or 460 *R

Note that the pressures and temperatures in all formulas above are absolute, i.e., psia rather than
psig and *K or 'R rather than 'C or *F. Container gage pressure is then obtained by subtracting
1 atmosphere (10 1.325 kPa, 14.7 psi) from the absolute pressure.

5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

The following conclusions are drawn:

" None of the bounding LLW containers reach the hydrogen-based allowable storage time
limit (one-half the time to reach 5 vol%) in less than one year. The shortest allowable
storage time for any LLW container is I11 years, based on hydrogen buildup.

* None of the bounding MW containers reach the hydrogen-based allowable storage time
limit in less than 90 days. The shortest allowable storage time for any MW container is
115 days, based on hydrogen buildup.

* Therefore, assuming temporary storage time limits of 1 yr for LLW containers and
90 days for MW containers, none of the bounding containers stored by WRPS Waste
Services & Tank Sampling have an immediate flammability concern.

16
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*The bounding endpoint pressure at 5 vol% hydrogen for all containers is 1. 1 psig. Note
that this pressure does not include any compensation for a bounding elevated
temperature. As explained in Section 4.2.3, pressure buildup will be of greater concern if
containers are exposed to hot ambient conditions after they are filled and sealed.

*Pressure buildup is likely not a concern for drums that are generally designed to
withstand several psig of internal pressure. Boxes, due to their dimensions and large flat
side surfaces, may need be to be structurally evaluated depending on their design criteria
because even fractional psig, distributed over a large section of sheet metal, could cause
bulging. Container pressure design criteria was not available for this scoping evaluation,
therefore no judgment can be made regarding box structural integrity.

5.2 Recommendations

The following recommendations are made based on the outcome of this evaluation:

*Any containers at WRPS that may need to be stored longer than the standard temporary
storage time limits (one year for LLW, 90 days for MW) should be evaluated on a case-
by-case bases using the Radcalc hydrogen buildup methodology. Most will probably not
require any action within a reasonable time period, but some may need to be vented
through NucFil vent filters (or equivalent) to negate hydrogen flammability or container
pressure concerns.

*Although none of the boxes evaluated herein present a flammability concern, boxes in
general should be screened for design pressures. Conservatively, boxes that cannot
structurally withstand at least 2 psig internal pressure with an appropriate safety margin
should be vented. The criteria of 2 psig is suggested to accommodate additional pressure
buildup when boxes are exposed to elevated temperatures after sealing.

5.3 Further Discussion

5.3.1 Conservatism

Note that this evaluation did not apply any conservative multipliers to either the radionuclide
source terms or the hydrogenous material contents. General practice for safety analysis
documentation is to multiply the bounding data by a realistically justifiable safety factor, e.g.,
1. 1, 1. 5, 2. 0, etc., depending on the level of confidence in the bounding input data. The goal of
this evaluation was to simply determine if a hydrogen flammability concern could exist based on
actual bounding waste container data. However, the bounding radionuclide source term data
provided by WRPS is based on scaling factors relative to the Cs- 13 7 content as determined by
dose rate readings. It is likely that (a) the dose-to-curie conversion for Cs-137 readings is
conservative, and (b) the Cs- 13 7 scaling factors for other radionuclides are also conservative.
Therefore, the LLW and MW radionuclide source terms provided by WRPS may already be
defensibly conservative and bounding for all possible container contents.
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This evaluation has no basis on which to make a judgment regarding the conservatism of the
container waste characterization data with regard to the quantities and percentages of
hydrogenous materials. The hydrogen generation G-values chosen for this evaluation are
appropriately conservative. The greatest conservatism arises from the assumption built into the
Radcalc software that the radionuclide source term is intimately mixed with the hydrogenous
material. This may be true for wastes such as grouted material where radioisotopes are indeed
well-mixed in the waste form. However, unless the degree of mixing can be quantified and
bounded, it is difficult to build a case where this conservatism can be reduced. Relatively
diverse waste material such as that in the WRPS containers cannot be easily characterized in
terms of mixing. The soil/fuel/hydraulic oil waste could actually be fairly well-mixed with its
associated radionuclide source term, while the radioactive contamination associated with paper,
cloth, plastic, rubber, and wood is likely to be located on the surfaces of these materials with
minor sub-surface adsorption.

5.3.2 Risk-Based Hydrogen Limits

During the last revision of the Hanford Sitewide TSD, DOE-RIL indicated an interest in risk-
based hydrogen limits to alleviate costly and time-consuming operational restrictions for
retrieval drums and other legacy waste packages. The result was research and compilation of
hydrogen flammability and explosion data that led to the inclusion of TSD Appendix G,
Attachment A, which contains recommendations for elevated risk-based hydrogen limits.
Table 5.3-1 below is excerpted from that document.

Table 5.3-1. Hydrogen Concentration Limits for Risk-Based Packages
from Hanford Sitewide TSD, Revision 1

Normal-temperature Elevated-temperature
Package description limit (Vol%) limit (vol%*

208 L (55-gal) drums in good condition, 16.5 14.0
known to contain 90-mil liners__________
208 L (55-gal) drums in poor condition, 11.6 9.1
and/or without 90-mil liners__________
General risk-based packages other than 15.0 12.5
208 L (55-gal) drums_________ ________

. Applies to packages that (a) have been exposed to solar insolation for longer than 30 minutes immediately

prior to handling for transport and/or (b) will be exposed to solar insolation for greater than 30 minutes
during transport.

Although the lower flammability limit of hydrogen in air is widely given as 4 vol%
(Reference 6.7), multiple nuclear industry flammability studies, as well as actual drum explosion
testing at other DOE sites, have shown that a 4 vol% hydrogen-air mixture is difficult to ignite
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and bums quite poorly. Energetic flame propagation does not occur until significantly greater
hydrogen concentrations are reached. Even higher levels are required to approach the point at
which a true detonation (explosion) can occur that would rupture a container or blow the lid off a
drum. TSD Appendix G, Attachment A, contains detailed discussion on this topic.

These risk-based limits have not yet been applied anywhere at Hanford to the knowledge of this
evaluator. Nonetheless, they are brought to the attention of the reader for completeness and for
possible consideration when developing a path forward for the WRPS waste containers that are
the subject of this evaluation.
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7.0 APPENDICES

7.1 Radionuclide Source Terms

The radionuclide source terms shown in this section were provided via e-mail from M. Pascual to

R. Wagner on July 28, 2009. These source terms were subsequently decayed for 30 days in
Radcalc 4.1 prior to container sealing. (See discussion in Section 3.0.)

7.1.1 Source Terms for 10-gal Drum

Table 7. 1. 1 -1. Bounding 10O-gal Drum LLW Radionuclide Source Term
Radionuclide Ci Radionuclide Ci

K-40 2.25E-04 Th-232 7.78E-06
Co-60 1.02E-02 U-234 5.17E-04
Sr-90 9.71E-03 U-23 5 2.25E-05
Y-90 9.7 1E-03 Np-237 7.83E-05

Cs-137 1.71E-02 U-238 5.43E-04
Ba-137m 1.61E-02 Pu-23 8 1.46E-04
Eu-152 8.26E-05 Pu-239 7.59E-04
Eu-154 6.41 E-04 Pu-240 1.77E-04
Eu-155 4.69E-05 Pu-241 8.27E-03
Re-187 5.10E-08 Am-241 6.14E-04

Table 7.1.1-2. Bounding 10O-gal Drum MW Radionuclide Source Term

Radionuclide Ci Radionuclide Ci
H-3 1.64E-04 Ra-226 5.31E-1O
C-14 3.44E-05 Ac-227 1.20E-06
Ni-59 7.89E-06 Ra-228 4.3 1 E-07
Co-60 1 .05E-04 Th-229 1 .87E-08
Ni-63 7.52E-04 Pa-231 2.53E-06
Se-79 6.34E-06 Th-232 4.56E-08
Sr-90 4.79E-01 U-232 1.21E-06
Y-90 4.79E-0O1 U-233 4.88E-06
Zr-93 3.07E-05 U-234 3. 1OE-06

Nb-93m 2.43E-05 U-235 1.25E-07
Tc-99 2.48E-04 U-236 1 .20E-07

Ru-106 5.08E-05 Np-237 1.83E-06
Cd-I 13m 1.20E-04 Pu-238 2.43E-05
Sb-125 9.36E-04 U-238 2.73E-06
Sn- 126 1.04E-05 Pu-239 5.I11E-04
1-129 9.47E-07 Pu-240 1.04E-04

Cs-134 2.19E-04 Am-241 1. 12E-03
Cs-137 2.87E-01 Pu-241 1.23E-03

Ba-137m 2.72E-01 Cm-242 5.02E-10
SM-151 2.2 1E-02 Pu-242 1.06E-08
Eu- 152 1 .08E-05 Am-243 2 .46E-07
Eu-154 1.34E-03 Cm-243 3.2 1 E-07
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1 Eu-155 9.96E-04 Cm-244 7.23E-06

7.1.2 Source Terms for 30-gal Drum

Table 7.1.2-1. Bounding 30-gal Drum LLW Radionuclide Source Term

Radionuclide Ci Radionuclide Ci
K-40 1.04E-03 Th-232 3.61E-05
Co-60 4.74E-02 U-234 2.40E-03
Sr-90 4.50E-02 U-235 1 .04E-04
Y-90 4.50E-02 Np-237 3.63E-04

Cs-137 7.91E-02 U-238 2.5 1E-03
Ba-137m 7.48E-02 Pu-238 6.77E-04
Eu-152 3.83E-04 Pu-239 3.52E-03
Eu-154 2.97E-03 Pu-240 8.22E-04
Eu-155 2.17E-04 Pu-241 3.84E-02
Re-187 2.36E-07 Am-241 2.85E-03

Table 7.1.2-2. Bounding 30-gal Drum MW Radionuclide Source Term

Radionuclide Ci Radionuclide Ci
H-3 7.61 E-04 Ra-226 2.47E-09
C-14 1.60E-04 Ac-227 5.58E-06
Ni-59 3.67E-05 Ra-228 2.OOE-06
Co-60 4.90E-04 Th-229 8.69E-08
Ni-63 3 .50E-03 Pa-23 1 1. 1 8E-05
Se-79 2.95E-05 Th-232 2.12E-07
Sr-90 2.23E+00 U-232 5.65E-06
Y-90 2.23E+00 U-233 2.27E-05
Zr-93 1 .43E-04 U-234 1 .44E-05

Nb-93m 1. 13E-04 U-235 5.82E-07
Tc-99 1. 15E-03 U-236 5.59E-07

Ru-106 2.36E-04 Np-237 8.49E-06
Cd-i 13m 5.57E-04 Pu-238 1 .13E-04
Sb-125 4.35E-03 U-238 1.27E-05
Sn-126 4.86E-05 Pu-239 2.38E-03
1-129 4.4 1E-06 Pu-240 4.85E-04

Cs-134 1.02E-03 Am-241 5.22E-03
Cs-137 1.34E+00 Pu-241 5.70E-03

Ba-i 37m 1 .26E+00 Cm-242 2.34E-09
Sm- 151 1.03E-01 Pu-242 4.91E-08
Eu-152 5.02E-05 Am-243 1.15E-06
Eu-i54 6.23E-03 Cm-243 1.50E-06
Eu-155 4.63E-03 Cm-244 3.36E-05

22



RPP-CALC-42233
Rev. 0

CALC-36473 -02-NS-000 1
ENERGYSOLUTIONS Rev. 0
Engineering and TechnologyPae2of9

7.1.3 Source Terms for 55-gal Drum

Table 7.1.3-1. Bounding 55-gal Drumn LLW Radionuclide Source Term

Radionuclide Ci Radionuclide Ci
K-40 3.48E-03 Th-232 1.20E-04
Co-60 ___1.58E-01 U-234 8.OOE-03
Sr-90 1.50E-01 U-235 3.48E-04
Y-90 1.50E-01 Np-237 1.21E-03

Cs-137 2.64E-01 U-238 8.40E-03
Ba-137m 2.50E-01 Pu-238 2.26E-03
Eu-152 1.28E-03 Pu-239 1. 17E-02
Eu-154 9.93E-03 Pu-240 2.75E-03
Eu-155 7.26E-04 Pu-241 1.28E-01
Re-187 7.89E-07 Am-241 9.50E-03

Table 7.1.3-2. Bounding 55-gal Drum MW Radionuclide Source Term

Radionuclide Ci Radionuclide Ci
H-3 2.54E-03 Ra-226 8.23E-09
C-14 5.34E-04 Ac-227 1.86E-05
Ni-59 1 .22E-04 Ra-228 6.68E-06
Co-60 1 .63E-03 Th-229 2.90E-07
Ni-63 1. 17E-02 Pa-23 1 3 .93E-05
Se-79 9.83E-05 Th-232 7.08E-07
Sr-90 7.43E+00 U-232 1 .88E-05
Y-90 7.43E+00 U-233 7.57E-05
Zr-93 4.76E-04 U-234 4.8 1E-05

Nb-93m 3.76E-04 U-235 1.94E-06
Tc-99 3.84E-03 U-236 1.86E-06

Ru-106 7.88E-04 Np-237 2.83E-05
Cd-il 3m 1 .86E-03 Pu-23 8 3 .77E-04

Sb-125 1.45E-02 U-238 4.24E-05
Sn-126 1 .62E-04 Pu-239 7.92E-03
1-129 1 .47E-05 Pu-240 1 .62E-03

Cs-134 3.39E-03 Am-241 1.74E-02
Cs-137 4.45E+00 Pu-241 1.90E-02

Ba- 13 7m 4.2 1 E+00 Cm-242 7.79E-09
Sm-151 3.43E-01 Pu-242 1.64E-07
Eu-152 1 .67E-04 Am-243 3.82E-06
Eu-154 2.08E-02 Cm-243 4.98E-06
Eu-155 1.54E-02 Cm-244 1. 12E-04
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7.1.4 Source Terms for 85-gal Drum

Table 7.1.4-1. Bounding 85-gal Drum LLW Radionuclide Source Term

Radionuclide Ci Radionuclide Ci
K-40 3.19E-03 Th-232 1. 1OE-04

Co-60 1.45E-01 U-234 7.3 1E-03
Sr-90 1.37E-01 U-235 3.19E-04
Y-90 1.37E-01 Np-237 i.11E-03

Cs-137 2.41E-01 U-238 7.68E-03
Ba-137m 2.28E-01 Pu-238 2.07E-03
Eu-152 1. 17E-03 Pu-239 1.07E-02
Eu-154 9.08E-03 Pu-240 2.5 1E-03
Eu-155 6.64E-04 Pu-241 1. 17E-0OI
Re-187 7.22E-07 Am-241 8.69E-03

Table 7.1.4-2. Bounding 85-gal Drum MW Radionuclide Source Term

Radionuclide Ci Radionuclide Ci

H-3 2.32E-03 Ra-226 7.52E-09
C-14 4.88E-04 Ac-227 1.70E-05
Ni-59 1. 12E-04 Ra-228 6.09E-06
Co-60 1 .49E-03 Th-229 2.65E-07
Ni-63 1 .06E-02 Pa-2 3.59E-0
Se-79 8.98E-05 Th-232 6.46E-07
Sr-90 6.79E+00 U-232 1 .72E-05
Y-90 6.79E+00 U-233 6.91E-05
Zr-93 4.35E-04 U-234 4.39E-05

Nb-93m 3.44E-04 U-235 1.77E-06
Tc-99 3.5 1E-03 U-236 1.70E-06

Ru- 106 7.19E-04 Np-237 2.58E-05
Cd-i 13m 1 .69E-03 Pu-23 8 3.44E-04

Sb-125 ___1.32E-02 U-238 3.87E-05
Sn-126 1.48E-04 Pu-239 7.23E-03
1-129 1.34E-05 Pu-240 1.47E-03

Cs-134 3. 1OE-03 Am-241 1.59E-02
Cs-137 4.06E+00 Pu-241 1.73E-02

Ba-i 37m 3 .84E+00 Cm-242 7.1ii E-09
Sm-i151 3.13E-01 Pu-242 1.50E-07
Eu-i52 1.53E-04 Am-243 3.49E-06
Eu-154 1__ .90E-02 Cm-243 4.55E-06
Eu-155 ___1.41E-02 Cm-244 1.02E-04
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7.1.5 Source Terms for 6x2x2 Box

Table 7.1.5-1. Bounding 6x2x2 Box LLW Radionuclide Source Term

Radionuclide Ci Radionuclide Ci
K-40 2.35E-03 Th-232 8. 1OE-05

Co-60 1.06E-01 U-234 5.38E-03
Sr-90 1.OlE-O1 U-235 2.35E-04
Y-90 1.O1E-O1 Np-237 8.16E-04

Cs-137 1.78E-01 U-238 5.65E-03
Ba-i 37m 1 .68E-01 Pu-23 8 1 .52E-03
Eu-152 8.60E-04 Pu-239 7.9 1E-03
Eu-154 6.68E-03 Pu-240 1.85E-03
Eu-155 4.89E-04 Pu-241 8.62E-02
Re-187 5.3 1lE-07 Am-241 6.40E-0O377

Table 7.1.5-2. Bounding 6x2x2 Box MW Radionuclide Source Tenn

Radionuclide Ci Radionuclide Ci
H-3 1.71 E-03 Ra-226 5.54E-09
C-14 3.60E-04 Ac-227 1.25E-05
Ni-59 8.24E-05 Ra-228 4.49E-06
Co-60 1. 1 OE-03 Th-229 1 .95E-07
Ni-63 7.85E-03 Pa-231 2.65E-05
Se-79 6.62E-05 Th-232 4.76E-07
Sr-90 5.OOE+O0 U-232 1 .27E-05
Y-90 5.OOE+O0 U-233 5.09E-05
Zr-93 3.2 1E-04 U-234 3.24E-05

Nb-93m 2.53E-04 U-235 1.31iE-06
Tc-99 2.59E-03 U-236 ___1.26E-06

Ru-106 5.30E-04 Np-237 1.91E-05
Cd-i i13m 1 .25E-03 Pu-23 8 2.54E-04
Sb-i25 9.77E-03 U-238 2.85E-05
Sn-126 1.09E-04 Pu-239 5.33E-03
1-129 9.89E-06 Pu-240 1.09E-03

Cs-i34 2.28E-03 Am-241 1. 17E-02
Cs-137 3.OOE+O0 Pu-241 1.28E-02

Ba-i 37m 2. 83E+00 Cm-242 5 .24E-09
Sm- 151 2.3 1E-0OI Pu-242 1. 1OE-07
Eu-152 1.13E-04 Am-243 2.57E-06
Eu-154 1 .40E-02 Cm-243 3.36E-06
Eu-155 1.04E-02 Cm-244 7.55E-05
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7.1.6 Source Terms for 6x3x3 Box

Table 7.1.6-1. Bounding 6x3x3 Box LLW Radionuclide Source Term

Radionuclide Ci Radionuclide Ci
K-40 4.62E-03 Th-232 1 .60E-04

Co-60 2.10E-01 U-234 1.06E-02
Sr-90 I1.99E-01 U-235 4.62E-04
Y-90 1.99E-01 Np-237 1.61E-03

Cs-137 3.50E-01 U-238 l.11E-02
Ba-i 37m 3.31lE-01 Pu-23 8 3 .OOE-03
Eu-152 1.70E-03 Pu-239 1.56E-02
Eu-154 1.32E-02 Pu-240 3.64E-03
Eu-155 9.63E-04 Pu-241 1.70E-01
Re-187 1.05E-06 Am-241 1.26E-02

Table 7.1.6-2. Bounding 6x3x3 Box MW Radionuclide Source Term

Radionuclide Ci Radionuclide Ci
H-3 3.3 7E-03 Ra-226 1 .09E-08
C-14 7.08E-04 Ac-227 2.47E-05
Ni-59 1.62E-04 Ra-228 8.86E-06
Co-60 2.17E-03 Th-229 3.84E-07
Ni-63 1.55E-02 Pa-231 5.21E-05
Se-79 1 .30E-04 Th-232 9.39E-07
Sr-90 9.86E+00 U-232 2.50E-05
Y-90 9.86E+00 U-233 1 OOE-04
Zr-93 6.32E-04 U-234 6.38E-05

Nb-93m 4.99E-04 U-235 2.57E-06
Tc-99 5.l1OE-03 U-236 2.47E-06

Ru-106 1.05E-03 Np-237 3.75E-05
Cd-i 13m 2.46E-03 Pu-238 5.OOE-04
Sb-125 1.92E-02 U-238 5.62E-05
Sn-126 2.15E-04 Pu-239 1.05E-02
1-129 1.95E-05 Pu-240 2.14E-03

Cs-134 4.50E-03 Am-241 2.3 1 E-02
Cs-137 5.90E+00 Pu-241 2.52E-02

Ba-137m 5.59E+00 Cm-242 1.03E-08
Sm-151 4.55E-01 Pu-242 2.17E-07
Eu-152 2.22E-04 Am-243 5.07E-06
Eu-154 2.76E-02 Cm-243 6.61E-06
Eu-I 55 2.05E-02 Cm-244 1 .49E-04
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7.1.7 Source Terms for 8x4x4 Box

Table 7.1.7-1. Bounding 8x4x4 Box LLW Radionuclide Source Term

Radionuclide Ci Radionuclide Ci
K-40 7.72E-03 Th-232 2.67E-04

Co-60 3.50E-01 U-234 1.77E-02
Sr-90 3.33E-01 U-235 7.72E-04
Y-90 3.33E-01 Np-237 2.69E-03

Cs-137 5.85E-01 U-238 1.86E-02
Ba-137m 5.53E-01 Pu-23 8 5.01E-03
Eu-152 2.83E-03 Pu-239 2.60E-02
Eu-154 2.20E-02 Pu-240 6.08E-03
Eu-155 1.61 E-03 Pu-241 2.84E-01I
Re-187 1.75E-06 Am-241 2.11 E-02

Table 7.1.7-2. Bounding 8x4x4 Box MW Radionuclide Source Term

Radionuclide Ci Radionuclide Ci
H-3 5.62E-03 Ra-226 1 .83E-08
C-14 1. 18E-03 Ac-227 4.12E-05

Ni-59 2.7 1E-04 Ra-228 1.48E-05
Co-60 3.62E-03 Th-229 6.42E-07
Ni-63 2.58E-02 Pa-231 8.71E-05
Se-79 2.18E-04 Th-232 1.57E-06
Sr-90 1.65E+01 U-232 4.17E-05
Y-90 1.65E+01 U-233 1.68E-04
Zr-93 1 .06E-03 U-234 1 .07E-04

Nb-93m 8.35E-04 U-23 5 4.30E-06
Tc-99 8.5 1E-03 U-236 4.13E-06

Ru- 106 1.75E-03 Np-237 6.27E-05
Cd-1 13m 4.11 E-03 Pu-238 8.36E-04
Sb-125 3.22E-02 U-238 9.39E-05
Sn-126 3.59E-04 Pu-239 1.76E-02
1-129 3.26E-05 Pu-240 3.58E-03

Cs-134 7.52E-03 Am-241 3.86E-02
Cs-137 9.87E+00 Pu-241 4.2 1E-02

Ba-137m 9.33E+00 Cm-242 1.73E-08
Sm- 151 7.61E-01 Pu-242 3.63E-07
Eu-152 3.7 1E-04 Am-243 8.47E-06
Eu-154 4.61E-02 Cm-243 1. 1OE-05
Eu-155 3.42E-02 Cm-244 2.49E-04
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7.1.8 Source Terms for 9x5x5 Box

Table 7.1.8-1. Bounding 9x5x5 Box LLW Radionuclide Source Term

Radionuclide Ci Radionuclide Ci
K-40 1 .93E-02 Th-232 6.67E-04

Co-60 8.76E-01 U-234 4.43 E-02
Sr-90 8.32E-01 U-235 1.93E-03
Y-90 8.32E-01 Np-237 6.72E-03

Cs-137 1.46E+00 U-238 4.65E-02
Ba-137m 1.38E+00 Pu-238 1.25E-02

-152 7.8-03 P-239 6.1-02
Eu-154 5.50E-02 Pu-240 1.52E-02
Eu-155 4.02E-03 Pu-241 7. 1OE-O1I
Re-187 4.37E-06 Am-241 I 5.27E-02

Table 7.1.8-2. Bounding 9x5x5 Box MW Radionuclide Source Tenn

Radionuclide Ci Radionuclide Ci
H-3 1 .41E-02 Ra-226 4.59E-08
C-14 2.98E-03 Ac-227 1 .04E-04
Ni-59 6.82E-04 Ra-228 3.72E-05
Co-60 9.11 E-03 Th-229 1 .62E-06
Ni-63 6.50E-02 Pa-231 2.19E-04
Se-79 5.48E-04 Th-232 3.94E-06
Sr-90 4.14E+01 U-232 1.05E-04
Y-90 4. 14E+01 U-233 4.22E-04
Zr-93 2.65E-03 U-234 2.68E-04

Nb-93m 2. 1OE-03 U-235 1.08E-05
Tc-99 2.14E-02 U-236 1.04E-05

Ru-106 4.39E-03 Np-237 1.58E-04
Cd-I 13m 1.03E-02 Pu-238 2. 1OE-03
Sb-125 8.09E-02 U-238 2.36E-04
Sn-126 9.03E-04 Pu-239 4.42E-02
1-129 8.19E-05 Pu-240 9.01E-03

Cs-134 1.89E-02 Am-241 9.70E-02
Cs-137 2.48E+01 Pu-241 1.06E-01

Ba-137m 2.35E+01 Cm-242 4.34E-08
Sm-151 1.91 E+00 Pu-242 9.13E-07
Eu-152 9.33E-04 Am-243 2.13E-05
Eu-154 1. 16E-0OI Cm-243 2.78E-05
Eu-155 8.6 1E-02 Cm-244 6.25E-04
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7.1.9 Source Terms for 12x4x4 Box

Table 7.1.9-1. Bounding 1 2x4x4 Box LLW Radionuclide Source Term

Radionuclide Ci Radionuclide Ci
K-40 2.17E-02 Th-232 7.50E-04
Co-60 9.85E-01 U-234 4.98E-02
Sr-90 9.3 5E-01I U-23 5 2.17E-03
Y-90 9.35E-01 Np-237 7.55E-03

Cs-137 1.64E+00 U-238 5.23E-02
Ba-137m 1.56E+00 Pu-238 1.41E-02
Eu-152 7.96E-03 Pu-239 7.32E-02
Eu-154 6.18E-02 Pu-240 1.71E-02
Eu-155 4.52E-03 PU-241 7.97E-01

-187 4.2-06 Am-24 1 5 .92E-027

Table 7.1.9-2. Bounding 12x4x4 Box MW Radionuclide Source Tenn

Radionuclide Ci Radionuclide Ci
H-3 1.58E-02 Ra-226 5.13E-08
C-14 3.33E-03 Ac-227 1. 16E-04
Ni-59 7.63E-04 Ra-228 4.16E-05
Co-60 1.02E-02 Th-229 1.81E-06
Ni-63 7.27E-02 Pa-23 1 2.45E-04
Se-79 6.13E-04 Th-232 4.4 1E-06
Sr-90 4.63E+01 U-232 1. 17E-04
Y-90 4.63E+01 U-233 4.72E-04

Zr-93 2.97E-03 U-234 3.OOE-04
Nb-93m 2.35E-03 U-235 1.21E-05
Tc-99 2.39E-02 U-236 1. 16E-05

Ru- 106 4.91E-03 Np-237 1.76E-04
Cd-113m 1. 16E-02 Pu-238 2.35E-03
Sb-125 9.04E-02 U-23 8 2.64E-04
Sn- 126 l.OlE-03 Pu-239 4.94E-02
1-129 9.15E-05 Pu-240 1.O1E-02

Cs-134 2.I11E-02 Am-241 1.08E-01
Cs-137 2.77E+O I Pu-241 1. 18E-0OI

Ba-i 37m 2.62E+01 Cm-242 4.85E-08
Sm- 151 2.14E+00 Pu-242 1.02E-06
Eu-152 1.04E-03 Am-243 2.38E-05
Eu-154 1.30E-01 Cm-243 3.11IE 05
Eu-155 9.63E-02 Cm-244 6.99E-04
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7.1.10 Source Terms for 16x2x2 Box

Table 7.1.10-1. Bounding 16x2x2 Box LLW Radionuclide Source Term

Radionuclide Ci Radionuclide Ci
K-40 1.73E-02 Th-232 5.97E-04
Co-60 7.85E-01 U-234 3.97E-02
Sr-90 7.45E-01 U-23 5 1.73E-03
Y-90 7.45E-01 Np-237 6.01E-03

Cs-137 1.31E+00 U-238 4.17E-02
Ba-137m 1.24E+00 Pu-238 1. 12E-02
Eu-152 6.34E-03 Pu-239 5.83E-02
Eu-154 4.93E-02 Pu-240 1.36E-02
Eu-155 3.60E-03 Pu-241 6.35E-O1
Re-187 3.92E-06 Am-241 4.72E-02

Table 7.1 .10-2. Bounding 1 6x2x2 Box MW Radionuclide Source Term

Radionuclide Ci Radionuclide Ci

H-3 1 .25E-02 Ra-226 4.06E-08
C-14 2.63E-03 Ac-227 9.17E-05
Ni-59 6.03E-04 Ra-228 3.29E-05
Co-60 8.05E-03 Th-229 1 .43E-06
Ni-63 5.75E-02 Pa-23 1 1 .94E-04

Se-79 4.85E-04 Th-232 3.49E-06
Sr-90 3.66E+01 U-232 9.28E-05
Y-90 3.66E+O1I U-233 3.73E-04
Zr-93 2.35E-03 U-234 2.37E-04

Nb-93m 1 .86E-03 U-235 9.56E-06
Tc-99 1.89E-02 U-236 9.19E-06

Ru-106 3.88E-03 Np-237 1.40E-04
Cd-113m 9.15E-03 Pu-238 1.86E-03
Sb-125 7.15E-02 U-238 2.09E-04
Sn-126 7.99E-04 Pu-239 3.90E-02
1-129 7.24E-05 Pu-240 7.96E-03

Cs-134 1.67E-02 Am-241 8.5 8E-02
Cs-137 2.19E+01 Pu-241 9.37E-02

Ba-137m 2.08E+01 Cm-242 3.84E-08
Sm-151 1.69E+00 Pu-242 8.07E-07
Eu-152 8.25E-04 Am-243 1.88E-05
Eu-154 1.02E-01 Cm-243 2.46E-05
Eu-155 7.61E-02 Cm-244 5.53E-04
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7.2 Waste Characterization Data

Waste characterization data for drums and boxes was provided via e-mail from M. Pascual to

R. Wagner on July 28, 2009. The tables below summarize the relevant data for Radcalc input.

The tables also include the following calculated values based on the provided waste data:
* Cotaier (rumor ox) olue, 3
Continer(dru or ox) olum, 3

*Void and Waste volumes, mn

*Void %.

7.2.1 Waste Data for 10-gal Drum

Table 7.2. 1 -1. Waste in 1 0-gal Drum (Steel/Paper)

Material Weight [kg] Weight fraction Volume [liters]
Paper 0.49032 0.0993 0.527225806
Steel 4.449654 0.9007 0.570468462
Total 4.939974 1.00 1.0976943
Tare weight [kg 6.35
Drum volume [in]m 3.785E-02 ________

Void volume [mn3 ] 3.676E-02 ________ ________

Waste volume Win] 1 .098E-03 _________

Void % 97.1% __ _____

Table 7.2.1-2. Waste in 1 0-gal Drum (Soil/Fuel/Hyd Oil)

Material Weight [kg] Weight fraction Volume [liters]
Soil 16.13516 0.9519 7.334163636
Fuel/Oil 0.81493 0.0481 0.936701149
Total 16.95009 1.00 8.2708648
Tare weight [kg] 6.35
Drum volume [mI 3.785E-02_________
Void volume [min] 2.958E-02_________
Waste volume [in3 ] 8.27 1 E-03_________

Void % 78.2% ________________
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7.2.2 Waste Data for 30-gal Drum

Table 7.2.2-1. Waste in 30-gal Drum (Misc Debris)

Material Weight [kg] Weight fraction Volume [liters]

Paper 2.27 0.0556 2.440860215
Plastic 13.62 0.3333 14.64516129
Cloth 4.54 -0.1111 3.242857143
Rubber 8.172 0.2000 7.429090909
Wood 2.27 0.0556 2.734939759
Absorbent/Poly Pads 0.908 0.0222 0.412727273
Steel 9.08 0.2222 1.164102564
Total 40.86 1.00 32.069739

Tare weight [kg] 15.9 _______

Drum volume [in3 ] 1.13 6E-0 1 _______

Void volume [inl 8.149E-02 ________

Waste volume [in3  3 .207E-02 _________

Void % 71.8%_______ __ _____

Table 7.2.2-2. Waste in 30-gal Drum (Soil/Fuel/Iryd Oil)

Material Weight [kg] Weight fraction Volume [liters]

Soil 74.74656 0.9005 33.97570909
Fuel/Oil 8.2628 0.0995 9.497471264

Total 83.00936 1.00 43.47318
Tare weight [kg] 15.9
Drum volume [inm 1.136E-01 ________

Void volume [m'3 ] 7.009E-02 ________ ________

Waste volume Win3  4.347E-02 _________

Void % 61.7% _______ _______
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7.2.3 Waste Data for 55-gal Drum

Table 7.2.3-1. Waste in 55-gal Drum (Misc Debris)

Material Weight [kg] Weight fraction Volume [liters]

Paper 3.859 0.0500 4.149462366

Plastic 30.872 0.4000 33.19569892

Cloth 7.718 0.1000 5.512857143
Rubber 7.718 0.1000 7.016363636

Wood 3.859 0.0500 4.64939759

Steel 23.154 0.3000 2.968461538

Total 77.18 1.00 57.492241

Tare weight [kg] 21.3 ________

Drum volume [mIn3  2.082E-01
Void volume in-] 1.507E-01
Waste volume [m'] 5.749E-02 ________

Void % 72.4% ________ ________

Table 7.2.3-2. Waste in 55-gal Drum (Soil/Fuel/Hyd Oil)

Material Weight [kg] Weight fraction Volume [liters]

Soil 249.43214 0.9519 113.3782455
Fuel/Oil 12.5985 0.0481 14.99821429

Total 262.03064 1.00 128.37646

Tare weight [kg] 21.3 _________

Drum volume [im'] 2.082E-01
Void volume [Mn3  7.982E-02_________
Waste volume in]1.284E-01

Void % 38.3%
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7.2.4 Waste Data for 85-gal Drum

Table 7.2.4-1. Waste in 85-gal Drum (Misc Debris)

Material Weight [kg] Weight fraction Volume [liters]

Paper 4.086 0.0455 4.393548387

Plastic 32.688 0.3636 35.1483871

Cloth 8.172 0.0909 5.837142857

Rubber 8.172 0.0909 7.429090909

Wood 4.086 0.0455 4.922891566

Absorbent 0.8172 0.0091 0.10476923 1

Steel 31.8708 0.3545 4.086

Total 89.892 1.00 61.92183

Tare weight [kg] 35.4
Drum volume [in3 ] 3.218E-0l I________

Void volume [M' 2.598E-01 ________

Waste volume [in] 6.1 92E-02 _________

Void % 80.8% ________

Table 7.2.4-2. Waste in 85-gal Drum (Rocks/Gravel/Fuel/Hyd Oil)

Material L Weight [kg] Weight fraction Volume [liters]

Rocks/Gravel 103.74354 0.9000 47.15615455

Fuel/Oil 11.52706 0.1000 13.72269048

Total 115.2706 1.00 60.878845

Tare weight [kg] 35.4
Drum volume [in3] 3.218E-0 I ________

Void volume [in3  2.609E-0 I ________

Waste volume [in3 ] 6.088E-02 _________

Void % 81.1%__ _____
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7.2.5 Waste Data for 6x2x2 Box

Table 7.2.5-1. Waste in 6x2x2 Box (Misc Debris)

Material Weight [kg] Weight fraction IVolume [liters]
Paper 4.6762 0.0303 5.028172043
Plastic 56.1144 0.3636 60.33806452
Cloth 9.3524 0.0606 6.680285714
Rubber 9.3524 0.0606 8.502181818
Wood 9.3524 0.0606 11.26795181
Absorbent 1.87048 0.0121 0.850218182
Steel 63.59632 0.4121 8.153374359

Total 154.3146 1.00 100.82025
Tare weight [kg] 309

Box volume [mn3] 6.796E-01I
Void volume [in3] 5.788E-01
Waste volume FmIn3  1 .008E-01 ________

Void % 85.2% ______________

7.2.6 Waste Data for 6x3x3 Box

Table 7.2.6-1. Waste in 6x3x3 Box (Misc Debris)

Material Weight [kg] Weight fraction Volume [liters]
Paper 9.1935 0.0249 9.885483871
Plastic 110.322 0.2987 118.6258065
Cloth 18.387 0.0498 13.13357143
Rubber 18.387 0.0498 16.71545455

Wood 11.0322 0.0299 13.29180723
Absorbent/Poly Pads 3.6774 0.0100 1.671545455

Steel 194.7206 0.5271 24.96417949

Lead 3.6774 0.0100 0.325433628
Total 369.3971 1.00 198.61328
Tare weight [kg] 377
Box volume [mIn3  1 .529E+00 _________

Void volume [in
3 ] 1 .330E+00 ________ ________

Waste volume rm
3' 1.986E-01 __________________

Void % 87.0% ______________
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7.2.7 Waste Data for 8x4x4 Box

Table 7.2.7-1. Waste in 8xAx Box (Misc Debris)

Material Weight [kg] Weight fraction Volume [liters]
Paper 15.37925 0.0250 16.53682796
Plastic 61.517 0.1000 66.14731183
Cloth 15.3906 0.0250 10.99328571
Rubber 30.7585 0.0500 27.96227273
Wood 36.9102 0.0600 44.47012048
Absorbent/Poly Pads 6.1517 0.0100 2.796227273
Steel 449.0741 0.7300 57.57360256
Total 615.18135 1.00 226.47965
Tare weight [kg] 523
Box volume [in 3] 3.625E+00
Void volume [inm 3.398E+00 ________ ________

Waste volume [Mn
3
] 2.265E-01 ________ ________

Void % 93.8% ________ ________

7.2.8 Waste Data for 9x5x5 Box

Table 7.2.8-1. Waste in 9x5x5 Box (Misc Debris)

Material Weight [kg] Weight fraction Volume [liters]
Paper 15.4133 0.0100 16.57344086
Plastic 77.0665 0.0502 82.8672043
Cloth 15.436 0.0101 11.02571429
Rubber 30.8266 0.0201 28.02418182
Wood 46.2399 0.0301 55.71072289
Absorbent/Poly Pads 0.7718 0.0005 0.350818182
Steel 1317.83942 0.8589 168.9537718
Copper 15.4133 0.0100 1.731831461
Aluminum 15.4133 0.0100 5.70862963
Total 1534.4201 1.00 370.94632
Tare weight [kg] 709 ________ ________

Box volume [m'] 6.3 7 1E+00. ________ ________

Void volume [m]j 6.OOOE+00 ________ ________

Waste volume [in'] 3.709E-0 I _________________

Void % 94.2% ________ ________
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7.2.9 Waste Data for 12x4x4 Box

Table 7.2.9-1. Waste in 12x4x4 Box (Misc Debris)

Material Weight [kg] Weight fraction Volume [liters]
Paper 17.28832 0.0098 18.5895914
Plastic 86.4416 0.0492 92.94795699
Cloth 34.57664 0.0197 24.6976
Rubber 5 1.86496 0.0295 47.14996364
Wood 34.5948 0.0197 41.68048193
Absorbent/Poly Pads 0.8626 0.0005 0.392090909
Steel 1478.15136 0.8419 189.5065846
Copper 34.5948 0.0197 3.88705618
Aluminum 17.28832 0.0098 6.403081481

JTotal 1755.6634 1.00 425.25441
Tare weight [kg] 1056 ________

Box volume [n]5.437E+00_________

Void volume [M'3  5.0 12E+00 ________ ________

Waste volume [mn3  4.253E-01
Void % 92.2%

7.2.10 Waste Data for 16x2x2 Box

Table 7.2. 10- 1. Waste in 1 6x2x2 Box (Misc Debris)

Material Weight [kg] Weight fraction Volume [liters]
Paper 13.7108 0.0100 14.7427957
Plastic 68.554 0.0502 73.71397849
Cloth 27.4216 0.0201 19.58685714
Rubber 41.1324 0.0301 37.39309091
Wood 27.4216 0.0201 33.03807229
Absorbent/Poly Pads 0.68554 0.0005 0.311609091
Steel 1144.8518 0.8388 146.7758718
Copper 27.4216 0.0201 3.081078652
Aluminum 13.7108 0.0100 5.078074074
Total 1364.9101 1.00 333.72143
Tare weight [kgj] 616 ________

Box volume [in] 1.812E+00 _______

Void volume [In] 1 .479E+00 ________

Waste volume [in3 ] 3.337E-01
Void % 81.6% __ _____
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7.3 Radcalc Runs

The following subsections document output from the Radcalc 4.1 runs that were performed in
the course of this evaluation. For brevity, these subsections show only the "Hydrogen/Helium
Gas Results" portion of the output.

7.3.1 Radcalc Runs for 10-gal Drum

7.3.1.1 10-gal Drum, LLW Source Term, SoilIFuelIHyd Oil, 5 vol% 112

Radcalc 4.1: U:\TOC\WRPS Gas Generation Task, 07-O9XReorganized Data & Radcalc Runs\Drum, 10-gal\Radcalc &
Text Files\5 vol%\Drum, 10-gal, [LW, Soil-Fuel-Hyd Oil (5 vol% H2).rad

Performed By: R Wagner
Checked By: B Willis

in put information

Comments:
Time to 5 vol% H2 for sealed 1 0-gal drum, bounding [LW rad source term, soil/fuellhyd oil contents.
- Hydraulic Oil & Fuel are modeled as Texaco machine oil.
- "USER" is Soil with uniform G values of 1.3 from TRAMPAC.

Initial Source Data:
Isotope Ci Gm TBq
K-40 2.252E-04 3.184E+01 8.332E-06
Co-60 1.022E-02 9.030E-06 3.781 E-04
Sr-90 9.707E-03 7.028E-05 3.592E-04
Y-90 9.707E-03 1 .785E-08 3.592E-04
Cs-1 37 1.706E-02 1.963E-04 6.312E-04
Ba-1 37m 1.614E-02 2.999E-1i1 5.971 E-04
Eu-i 52 8.257E-05 4.746E-07 3.055E-06
Eu-i 54 6.41 5E-04 2.373E-06 2.373E-05
Eu-i 55 4.692E-05 9.663E-08 1 .736E-06
Re-i 87 5.101i E-08 1.1 60E+00 1 .887E-09
Th-232 7.779E-06 7.094E+01 2.878E-07
U-234 5.169E-04 8.315E-02 1.9i3E-05
U-235 2.252E-05 1.042E+'01 8.332E-07
U-238 5.425E-04 1.614E+03 2.007E-05
Np-237 7.831iE-05 1.111E-01 2.897E-06
Pu-238 1 .460E-04 8.528E-06 5.403E-06
Pu-239 7.592E-04 1 .224E-02 2.809E-05
Pu-240 1.774E-04 7.819E-04 6.565E-06
Pu-241 8.274E-03 7.995E-05 3.061 E-04
Am-241 6.142E-04 i1.792E-04 2.272E-05

Total Activity: 7.497E-02 2.774E-03
*Radionuclides with an A1/A2 fraction of less than 0.001 will not be shown in the output.

Container Data:
Container Void Volume: 0.02958 MA3
Container Mass: 6.35 kg
Mass of solid beryllium, lead, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Gross Mass: 23.3 kg
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Waste Data:
Waste Form: Normal
Waste State: Solid
Waste Volume: 0.008271 m^3
Waste Mass: 16.95 kg
Mass of solid lead: 0 kg
Mass of solid beryllium, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Waste Void Volume: 0 m^3

Decay Time Data:
Time to decay source before sealing: 30 day
Hydrogen gas target: 5%

Gamma Absorption Model:
Gamma Abs Model: 100% Gamma Absorption

G Value Materials Data:
Wt. Fraction G Alpha G Beta G Gamma Material Name
0.0481 2.8 2.8 2.3 Texaco Regal-A machine oil
0.9519 1.3 1.3 1.3 USER

G Value Data:
G Alpha G Beta G Gamma
1.372 1.372 1.348
G values calculated from the list of materials (above).

------------ Hydrogen/Helium Gas Results

Hydrogen gas calculations are made at the end of the user-specified seal time.

Hydrogen Gas:
H2 Concentration: 5 % in 91.57 years
H2 Moles: 0.06877 moles
H2 Volume: 1541 cm'3 (0 C, 101 .325 kPa)
H2 Rate When Sealed: 0.00451 cm^3/hr (0 C, 101.325 kPa)
H2 Rate When Opened: 0.001282 cm'3/hr (0 C, 101 .325 kPa)

Helium Gas:
He Concentration: 3.8E-05 %
He Moles: 5.299E-07 moies
He Volume: 0.01188 cn,'3 (0 C, 101.325 kPa)
He Rate When Sealed: 1.421 E-08 cm'3/hr (0OC, 101.325 kPa)
He Rate When Opened: 1.48E-08 cm'3/hr (0 C, 101 .325 kPa)

Pressure When Opened:
Partial Pressure (H2): 5.018 kPa
Partial Pressure (He): 3.867E-05 kPa
Partial Pressure (02): 2.509 kPa (if H20 present in waste)
Total Pressure (H2 + He + Air): 106.3 kPa
Total Pressure (H2 + He + 02 + Air): 108.9 kPa (if H20 present in waste)

7.3.1.2 10-gal Drum, LLW Source Term, SteellPaper, 5 vol% H2

Radcalc 4.1: U:\TOC\WRPS Gas Generation Task, 07-09\Reorganized Data & Radcalc Runs\Drum, 10-gal\Radcalc &
Text Files\5 vol%\Drum, 1 0-gal, LLW, Steel & Paper (5 vol% H2).rad

Performed By: R Wagner
Checked By: B Willis
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input information

Comments:
Time to 5 vol% H2 for sealed 10-gal drum, bounding LLW rad source term, steel & paper contents.
- Paper is modeled as Cellulose.
- "USER" is Steel with zero G value.

Initial Source Data:
Isotope Ci Gm TBq
K-40 2.252E-04 3.184E+01 8.332E-06
Co-60 1 .022E-02 9.030E-06 3.781 E-04
Sr-90 9.707E-03 7.028E-05 3.592E-04
Y-90 9.707E-03 1 .785E-08 3.592E-04
Cs-137 1.706E-02 1.963E-04 6.312E-04
Ba-i 37m 1 .614E-02 2.999E-1 1 5.971 E-04
Eu-i 52 8.257E-05 4.746E-07 3.055E-06
Eu-i 54 6.4i15E-04 2.373E-06 2.373E-05
Eu-i 55 4.692E-05 9.663E-08 i1.736E-06
Re-i87 5. 101E-08 1.i160E+00 1.887E-09
Th-232 7.779E-06 7.094E+01 2.878E-07
U-234 5.169E-04 8.315E-02 1.913E-05
U-235 2.252E-05 1 .042E+01 8.332E-07
U-238 5.425E-04 1.614E+03 2.007E-05
Np-237 7.831 E-05 1. 111E-01 2.897E-06
Pu-238 1.460E-04 8.528E-06 5.403E-06
Pu-239 7.592E-04 i1.224E-02 2.809E-05
Pu-240 1 .774E-04 7.81 9E-04 6.565E-06
Pu-241 8.274E-03 7.995E-05 3.061 E-04
Am-241 6.142E-04 1.792E-04 2.272E-05

Total Activity: 7.497E-02 2.774E-03
*Radionuclides with an A1IA2 fraction of less than 0.001 will not be shown in the output.

Container Data:
Container Void Volume: 0.03676 m'3
Container Mass: 6.35 kg
Mass of solid beryllium, lead, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Gross Mass: 11.29 kg

Waste Data:
Waste Form: Normal
Waste State: Solid
Waste Volume: 0.001 098 m^3
Waste Mass: 4.94 kg
Mass of solid lead: 0 kg
Mass of solid beryllium, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Waste Void Volume: 0 m'3

Decay Time Data:
Time to decay source before sealing: 30 day
Hydrogen gas target: 5%

Gamma Absorption Model:
Gamma Abs Model: 100% Gamma Absorption

G Value Materials Data:
Wt. Fraction G Alpha G Beta G Gamma Material Name
0.0993 3.2 3.2 3.2 Cellulose
0.9007 0 0 0 USER
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G Value Data:
G Alpha G Beta G Gamma
0.3178 0.3178 0.3178
G values calculated from the list of materials (above).

-------------- Hydrogen/Helium Gas Results

*Hydrogen gas calculations are made at the end of the user-specified seal time.

Hydrogen Gas:
H2 Concentration: 5 in 918.4 years
H2 Moles: 0.08595 moles
H2 Volume: 1927 cm*3 (0 C, 101.325 kPa)
H2 Rate When Sealed: 0.001054 cm^3/hr (0 C, 101 .325 kPa)
H2 Rate When Opened: 0.0001 932 cm^3/hr (0 C, 101 .325 kPa)

Helium Gas:
He Concentration: 0.00027 %
He Moles: 4.637E-06 moles
He Volume: 0.1039 cm'3 (0 C, 101.325 kPa)
He Rate When Sealed: 1.421 E-08 cm'3/hr (0 C, 101 .325 kPa)
He Rate When Opened: 1.153E-08 cm*3/hr (0 C, 101 .325 kPa)

Pressure When Opened:
Partial Pressure (H2): 5.046 kPa
Partial Pressure (He): 0.0002722 kPa
Partial Pressure (02): 2.523 kPa (if H20 present in waste)
Total Pressure (H-2 + He + Air): 106.4 kPa
Total Pressure (H-2 + He + 02 + Air): 108.9 kPa (if H20 present in waste)

7.3.1.3 10-gal Drum, MW Source Term, Soil/Fuel/Hyd Oil, 5 vol% H2

Radcalc 4.1: U:\TOC\WRPS Gas Generation Task, 07-09\Reorganized Data & Radcalc Runs\Drum, 10-gal\Radcalc &
Text Files\5 vol%\Drum, 10-gal, MW, Soil-Fuel-Hyd Oil (5 vol% H2).rad

Performed By: R Wagner
Checked By: B Willis

----------------------- ~~nput Information--------------------

Comments:
Time to 5 vol% H2 for sealed 10-gal drum, bounding MW rad source term, soil/fuel/hyd oil contents.
- Hydraulic Oil &Fuel are modeled as Texaco machine oil.
- 'USER" is Soil with uniform G values of 1.3 from TRAMPAC.

Initial Source Data:
Isotope Ci Gm TBq
H-3 1.636E-04 1.702E-08 6.053E-06
C-14 3.444E-05 7.689E-06 1.274E-06
Co-60 1 .053E-04 9.308E-08 3.897E-06
Ni-59 7.893E-06 9.888E-05 2.920E-07
Ni-63 7.519E-04 1.332E-05 2.782E-05
Se-79 6.343E-06 1.540E-03 2.347E-07
Sr-90 4.793E-01 3.470E-03 1 .773E-02
Y-90 4.793E-01 8.814E-07 1.773E-02
Zr-93 3.071 E-05 1.221 E-02 1.136E-06
Nb-93m 2.428E-05 1.01 8E-07 8.984E-07
Tc-99 2.477E-04 1.466E-02 9.164E-06
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Ru-i 06 5.080E-05 1 .535E-08 1 .880E-06
Cd-1 13m 1.197E-04 5.329E-07 4.428E-06
Sn-i 26 1 .045E-05 8.462E-04 3.865E-07
Sb-i 25 9.356E-04 9.01 7E-07 3.462E-05
1-129 9.471 E-07 5.498E-03 3.504E-08
Cs-i 34 2.1 87E-04 i1.692E-07 8.092E-06
Cs-i 37 2.870E-01 3.302E-03 1 .062E-02
Ba-i 37m 2.715SE-01 5.045E-1 0 i1.005E-02
Sm-i 51 2.213E-02 8.407E-04 8.187E-04
Eu-152 1.079E-05 6.202E-08 3.993E-07
Eu-i 54 1 .340E-03 4.959E-06 4.959E-05
Eu-i55 9.959E-04 2.051 E-06 3.685E-05
Ra-226 5.310E-10 5.371iE-1 0 1.965E-1i1
Ra-228 4.305E-07 1.579E-09 1.593E-08
Ac-227 1 .200E-06 i1.659E-08 4.439E-08
Th-229 1.868E-08 8.786E-08 6.913E-i0
Th-232 4.563E-08 4.161 E-01 1.688E-09
Pa-231 2.534E-06 5.365E-05 9.377E-08
U-232 1.21 4E-06 5.500E-08 4.492E-08
U-233 4.879E-06 5.065E-04 1.805E-07
U-234 3.100E-06 4.986E-04 1.i147 E-07
U-235 1.251 E-07 5.790E-02 4.630E-09
U-236 1 .203E-07 1 .882E-03 4.449E-09
U-238 2.732E-06 8.129E+00 1.011 E-07
Np-237 1 .825E-06 2.590E-03 6.754E-08
Pu-238 2.431 E-05 1 .420E-06 8.994E-07
Pu-239 5.109E-04 8.237E-03 1.890E-05
Pu-240 1 .042E-04 4.59i E-04 3.855E-06
Pu-241 1.225E-03 i.184E-05 4.534E-05
Pu-242 1 .056E-08 2.67i E-06 3.908E-i10
Am-241 1.122E-03 3.275E-04 4.152E-05
Am-243 2.462E-07 1 .233E-06 9.111 E-09
Cm-242 5.023E-10 1.517E-13 1.858E-1 1
Cm-243 3.21 4E-07 6.556E-09 1.1 89E-08
Cm-244 7.232E-06 8.888E-08 2.676E-07

Total Activity: i1.547E+00 5.725E-02
*Radionuclides with an A1/A2 fraction of less than 0.001 will not be shown in the output.

Container Data:
Container Void Volume: 0.02958 m^3
Container Mass: 6.35 kg
Mass of solid beryllium, lead, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Gross Mass: 23.3 kg

Waste Data:
Waste Form: Normal
Waste State: Solid
Waste Volume: 0.008271 m'3
Waste Mass: 16.95 kg
Mass of solid lead: 0 kg
Mass of solid beryllium, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Waste Void Volume: 0 m'3

Decay Time Data:
Time to decay source before sealing: 30 day
Hydrogen gas target: 5%

Gamma Absorption Model:
Gamma Abs Model: 100% Gamma Absorption
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G Value Materials Data:
Wt. Fraction G Alpha G Beta G Gamma Material Name
0.0481 2.8 2.8 2.3 Texaco Regal-A machine oil
0.9519 1.3 1.3 1.3 USER

G Value Data:
G Alpha G Beta G Gamma
1.372 1.372 1.348
G values calculated from the list of materials (above).

--------------- Hydrogen/Helium Gas Results- - - - - - - -

*Hydrogen gas calculations are made at the end of the user-specified seal time.

Hydrogen Gas:
H2 Concentration: 5 in 3.52 years
H2 Moles: 0.06908 moles
H2 Volume: 1548 cmA3 (0 C, 101 .325 kPa)
H2 Rate When Sealed: 0.05258 cm*3/hr (0 C, 101 .325 kPa)
H2 Rate When Opened: 0.04837 cm*3/hr (0 C, 101 .325 kPa)

Helium Gas:
He Concentration: 8.8E-07 %
He Moles: 1.21 9E-08 moles
He Volume: 0.0002732 cni*3 (0 C, 101.325 kPa)
He Rate When Sealed: 8.869E-09 cm*3/hr (0 C, 101.325 kPa)
He Rate When Opened: 8.907E-09 cm^3/hr (0 C, 101 .325 kPa)

Pressure When Opened:
Partial Pressure (H2): 5.04 kPa
Partial Pressure (He): 8.891 E-07 kPa
Partial Pressure (02): 2.52 kPa (if H20 present in waste)
Total Pressure (H-2 + He + Air): 106.4 kPa
Total Pressure (H2 + He + 02 + Air): 108.9 kPa (if H20 present in waste)

7.3.1.4 10-gal Drum, MW Source Term, Steel/Paper, 5 vol% 112

Radcalc 4.1: U:\TOC\WRPS Gas Generation Task, 07-09\Reorganized Data & Radcalc Runs\Drum, 10-gal\Radcalc &
Text Files\5 vol%\Drum, 1 0-gal, MW, Steel & Paper (5 vol% H2).rad

Performed By: R Wagner
Checked By: B Willis

In put Information

Comments:
Time to 5 vol% H2 for sealed 1 0-gal drum, bounding MW rad source term, steel & paper contents.
- Paper is modeled as Cellulose.
- "USER" is Steel with zero G value.

Initial Source Data:
Isotope Ci Gm TBq
H-3 1 .636E-04 1 .702E-08 6.053E-06
C-i14 3.444E-05 7.689E-06 1 .274E-06
Co-60 1.053E-04 9.308E-08 3.897E-06
Ni-59 7.893E-06 9.888E-05 2.920E-07
Ni-63 7.519E-04 1.332E-05 2.782E-05
Se-79 6.343E-06 1 .540E-03 2.347E-07
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Sr-9O 4.793E-01 3.470E-03 1 .773E-02
Y-90 4.793E-01 8.814E-07 1.773E-02
Zr-93 3.071 E-05 1.221iE-02 1.136E-06
Nb-93m 2.428E-05 1.01 8E-07 8.984E-07
Tc-99 2.477E-04 1.466E-02 9.164E-06
Ru-i06 5.080E-05 1.535E-08 1.880E-06
Cd-il13m 1.197E-04 5.329E-07 4.428E-06
Sn-i 26 1.045E-05 8.462E-04 3.865E-07
Sb-i 25 9.356E-04 9.01 7E-07 3.462E-05
1-129 9.471 E-07 5.498E-03 3.504E-08
Cs-1 34 2.187E-04 1.692E-07 8.092E-06
Cs-137 2.870E-01 3.302E-03 1.062E-02
Ba-137m 2.715E-01 5.045E-10 1.005E-02
Sm-1 51 2.213E-02 8.407E-04 8.187E-04
Eu-i 52 1 .079E-05 6.202E-08 3.993E-07
Eu-i54 1.340E-03 4.959E-06 4.959E-05
Eu-i55 9.959E-04 2.051iE-06 3.685E-05
Ra-226 5.310OE-1 0 5.371 F-i 0 1 .965E-1 1

-228 405-07 1 .579E-09 1 .593E-08
Ac-227 1.200E-06 1.659E-08 4.439E-08
Th-229 1.868E-08 8.786E-08 6.913E-10
Th-232 4.563E-08 4.161iE-01 1.688E-09
Pa-231 2.534E-06 5.365E-OS 9.377F-08
U-232 1.21 4F-O6 5.500E-08 4.492F-08
U-233 4.879E-06 5.065E-04 1 .805F-07
U-234 3.100EF-06 4.986E-04 1 .147F-07
U-235 1 .251 F-07 5.790F-02 4.630F-09
U-236 1 .203F-07 1 .882F-O3 4.449F-09
U-238 2.732E-06 8.129F+00 1.011F-07
Np-237 1 .825F-06 2.590E-03 6.754F-08
Pu-238 2.431 F-OS 1.420E-06 8.994F-07
Pu-239 5.1 09F-04 8.237E-03 1 .890F-05
Pu-240 1 .042F-04 4.591 E-04 3.855F-06
Pu-241 1.225E-03 1.184F-05 4.534E-05
Pu-242 1.056F-08 2.671iF-06 3.908E-10
Am-241 1. 122FE-03 3.275F-04 4.1 52EF-OS
Am-243 2.462E-07 1 .233F-06 9.11 iiE-09
Cm-242 5.023E-10 1.517E-13 1.858E-1l1
Cm-243 3.2i14F-07 6.556E-09 1 .1 89E-08
Cm-244 7.232F-06 8.888F-08 2.676F-07

TotalI Activity: 1.547F+00 5.725E-62
*Radionuclides with an Ai/A2 fraction of less than 0.001 will not be shown in the output.

Container Data:
Container Void Volume: 0.03676 m^3
Container Mass: 6.35 kg
Mass of solid beryllium, lead, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Gross Mass: 11.29 kg

Waste Data:
Waste Form: Normal
Waste State' Solid
Waste Volume: 0.001 098 m^3
Waste Mass: 4.94 kg
Mass of solid lead: 0 kg
Mass of solid beryllium, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Waste Void Volume: 0 m^3

Decay Time Data:
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Time to decay source before sealing: 30 day
Hydrogen gas target: 5%

Gamma Absorption Model:
Gamma Abs Model: 100% Gamma Absorption

G Value Materials Data:
Wt. Fraction G Alpha G Beta G Gamma Material Name
0.0993 3.2 3.2 3.2 Cellulose
0.9007 0 0 0 USER

G Value Data:
G Alpha G Beta G Gamma
0.3178 0.3178 0.3178
G values calculated from the list of materials (above).

------------ Hydrogen/Helium Gas Results

*Hydrogen gas calculations are made at the end of the user-specified seal time.

Hydrogen Gas:
H2 Concentration: 5 % in 23.5 years
H2 Moles: 0.08592 moles
H2 Volume: 1926 cm^3 (0 C, 101 .325 kPa)
H2 Rate When Sealed: 0.01222 cm^3/hr (0 C, 101 .325 kPa)
H2 Rate When Opened: 0.00705 cm'3/hr (0 C, 101.325 kPa)

Helium Gas:
He Concentration: 4.7E-06 %
He Moles: 8.12E-08 moles
He Volume: 0.00182 cm^3 (0OC, 101.325 kPa)
He Rate When Sealed: 8.869E-09 cm^3/hr (0 C, 101 .325 kPa)
He Rate When Opened: 8.81 E-09 cm^3/hr (0 C, 101 .325 kPa)

Pressure When Opened:
Partial Pressure (H-2): 5.044 kPa
Partial Pressure (He): 4.767E-06 kPa
Partial Pressure (02): 2.522 kPa (if H20 present in waste)
Total Pressure (H2 + He + Air): 106.4 kPa
Total Pressure (H2 + He + 02 + Air): 108.9 kPa (if H20 present in waste)

7.3.2 Radeale Runs for 30-gal Drum

7.3.2.1 30-gal Drum, LLW Source Term, Misc Debris, 5 vol% H2

Radcalc 4.1: U:\TOC\WRPS Gas Generation Task, 07-O9\Reorganized Data & Radcalc Runs\Drum, 30-gal\Radcalc &
Text Files\5 vol%\Drum, 30-gal, LLW, Misc Debris (5 vol% H2).rad

Performed By: R Wagner
Checked By: B Willis

In put Information

Comments:
Time to 5 vol% H2 for sealed 30-gal drum, bounding LLW rad source term, miscellaneous debris waste contents.
- Paper/plastic/cloth/rubber/wood/absorbent are labeled "Polyethylene (LDPE)" and modeled as Solid Organic Materials, W-
hr < 0.012, with uniform G values of 3.4 from TRAMPAC

-"'USER" is Steel with Gvalues of 0.
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Initial Source Data:
Isotope Ci Gm TBq
K-40 1 .044E-03 1 .476E+02 3.862E-05
Co-60 4.737E-02 4.186E-05 1.753E-03
Sr-90 4.500E-02 3.258E-04 1.665E-03
Y-90 4.500E-02 8.275E-08 1 .665E-03
Cs-i 37 7.908E-02 9.097E-04 2.926E-03
Ba-137m 7.481iE-02 1.390E-10 2.768E-03
Eu-i52 3.827E-04 2.200E-06 1.416E-05
Eu-154 2.973E-03 1.100E-05 1.100E-04
Eu-1 55 2.175E-04 4.479E-07 8.046E-06
Re-i 87 2.364E-07 5.379E+00 8.749E-09
Th-232 3.606E-05 3.288E+'02 1 .334E-06
U-234 2.396E-03 3.854E-01 8.866E-05
U-235 i1.044E-04 4.830E+01 3.862E-06
U-238 2.51 5E-03 7.482E+03 9.305E-05
Np-237 3.630E-04 5.1i50E-01 i1.343E-05
Pu-238 6.769E-04 3.953E-05 2.505E-05
Pu-239 3.5i19E-03 5.674E-02 1 .302E-04
Pu-240 8.224E-04 3.624E-03 3.043E-05
Pu-24i 3.835E-02 3.706E-04 1.419E-03
Am-241 2.847E-03 8.308E-04 1.053E-04

Total Activity: 3.475E-01 1.286E-02
Radionuclides with an Ai/A2 fraction of less than 0.001 will not be shown in the output.

Container Data:
Container Void Volume: 0.08149 m^3
Container Mass: 15.9 kg
Mass of solid beryllium, lead, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Gross Mass: 56.76 kg

Waste Data:
Waste Form: Normal
Waste State: Solid
Waste Volume: 0.03207 m'3
Waste Mass: 40.86 kg
Mass of solid lead: 0 kg
Mass of solid beryllium, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Waste Void Volume: 0 m'3

Decay Time Data:
Time to decay source before sealing: 30 day
Hydrogen gas target: 5%

Gamma Absorption Model:
Gamma Abs Model: 30-Gal Drum

G Value Materials Data:
Wt. Fraction G Alpha G Beta G Gamma Material Name
0.2222 0 0 0 USER
0.7778 3.4 3.4 3.4 Polyethylene (LDPE)

G Value Data:
G Alpha G Beta G Gamma
2.645 2.645 2.645
G values calculated from the list of materials (above).

-------------- Hydroge n/Helium Gas Results
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Hydrogen gas calculations are made at the end of the user-specified seal time.

Hydrogen Gas:
H2 Concentration: 5 %in 22.01 years
H2 Moles: 0.1907 moles
H2 Volume: 4274 cni^3 (0 C, 101.325 kPa)
H2 Rate When Sealed: 0.03041 cm^3/hr (0 C, 101 .325 kPa)
H2 Rate When Opened: 0.01 773 cm^3/hr (0 C, 101.325 kPa)

Helium Gas:
He Concentration: 1.5E-05 %
He Moles: 5.85E-07 moles
He Volume: 0.01311 cm'3 (0 C, 101 .325 kPa)
He Rate When Sealed: 6.586E-08 cm'3/hr (0 C, 101.325 kPa)
He Rate When Opened: 6.963E-08 cm'3/hr (0 C, 101 .325 kPa)

Pressure When Opened:
Partial Pressure (H-2): 5.049 kPa
Partial Pressure (He): 1.549E-05 kPa
Partial Pressure (02): 2.525 kPa (if H20 present in waste)
Total Pressure (H2 + He + Air): 106.4 kPa
Total Pressure (H2 + He + 02 + Air): 108.9 kPa (if H20 present in waste)

7.3.2.2 30-gal Drum, LLW Source Term, Soil/uel/Hlyd Oil, 5 vol% H2

Radcalc 4.1: U:\TOC\WRPS Gas Generation Task, 07-09\Reorganized Data & Radcalc Runs\Drum, 30-gal\Radcalc &
Text Files\5 vol%\Drum, 30-gal, LLW, Soil-Fuel-Hyd Oil (5 vol% H2).rad

Performed By: R Wagner
Checked By: B Willis

Input Information

Comments:
Time to 5 vol% H2 for sealed 30-gal drum, bounding [LW rad source term, soil/fuel/hyd oil contents.
- Hydraulic Oil & Fuel are modeled as Texaco machine oil.
- "USER" is Soil with uniform G values of 1.3 from TRAMPAC.

Initial Source Data:
Isotope Ci Gm TBq
K-40 1.044E-03 1.476E+02 3.862E-05
Co-60 4.737E-02 4.186E-05 1.753E-03
Sr-90 4.500E-02 3.258E-04 1 .665E-03
Y-90 4.500E-02 8.275E-08 1 .665E-03
Cs-i 37 7.908E-02 9.097E-04 2.926E-03
Ba-i 37m 7.481 E-02 1 .390E-1 0 2.768E-03
Eu-i 52 3.827E-04 2.200E-06 1.41 6E-05
Eu-i 54 2.973E-03 1.100QE-05 1. 1 OOE-04
Eu-155 2.175E-04 4.479E-07 8.046E-06
Re-187 2.364E-07 5.379E+00 8.749E-09
Th-232 3.606E-05 3.288E+02 1 .334E-06
U-234 2.396E-03 3.854E-01 8.866E-05
U-235 1 .044E-04 4.830E+01 3.862E-06
U-238 2.51 5E-03 7.482E+03 9.305E-05
Np-237 3.630E-04 5.150E1-01 1.343E-05
Pu-238 6.769E-04 3.953E-05 2.505E-05
Pu-239 3.519E-03 5.674E-02 1.302E-04
Pu-240 8.224E-04 3.624E-03 3.043E-05
Pu-241 3.835E-02 3.706E-04 1.41 9E-03
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Am-241 2.847E-03 8.308E-04 1 .053E-04

Total Activity: 3.475E-01 1 .286E-02
*Radionuclides with an A1/A2 fraction of less than 0.001 will not be shown in the output.

Container Data:
Container Void Volume: 0.07009 m'3
Container Mass: 15.9 kg
Mass of solid beryllium, lead, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Gross Mass: 98.91 kg

Waste Data:
Waste Form: Normal
Waste State: Solid
Waste Volume: 0.0437 m'3
Waste Mass: 83.01 kg
Mass of solid lead: 0 kg
Mass of solid beryllium, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Waste Void Volume: 0 m^3

Decay Time Data:
Time to decay source before sealing: 30 day
Hydrogen gas target: 5

Gamma Absorption Model:
Gamma Abs Model: 30-Gal Drum

G Value Materials Data:
Wt. Fraction G Alpha G Beta G Gamma Material Name
0.9005 1.3 1.3 1.3 USER
0.0995 2.8 2.8 2.3 Texaco Regal-A machine oil

G Value Data:
G Alpha G Beta G Gamma
1.449 1.449 1.4
G values calculated from the list of materials (above).

------------ Hydrogen/Helium Gas Results

*Hydrogen gas calculations are made at the end of the user-specified seal time.

Hydrogen Gas:
H2 Concentration: 5 %in 37.61 years
H2 Moles: 0.1633 moles
H2 Volume: 3660 cm'3 (0 C, 101 .325 kPa)
H2 Rate When Sealed: 0.01772 cm'3/hr (0 C, 101 .325 kPa)
H2 Rate When Opened: 0.008397 cm'3/hr (0 C, 101 .325 kPa)

Helium Gas:
He Concentration: 3.1 E-05 %
He Moles: 1 .006E-06 moles
He Volume: 0.02255 cm^3 (0 C, 101 .325 kPa)
He Rate When Sealed: 6.586E-08 cm'3/hr (0 C, 101 .325 kPa)
He Rate When Opened: 7.007E-08 cm'3/hr (0 C, 101 .325 kPa)

Pressure When Opened:
Partial Pressure (H2): 5.028 kPa
Partial Pressure (He): 3.098E-05 kPa
Partial Pressure (02): 2.514 kPa (if H20 present in waste)
Total Pressure (H2 + He +Air): 106.4 kPa
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Total Pressure (H-2 + He + 02 + Air): 108.9 kPa (if H20 present in waste)

7.3.2.3 30-gal Drum, MW Source Term, Misc Debris, 5 vol% 112

Radcalc 4.1: U:\TOC\WRPS Gas Generation Task, 07-09\Reorganized Data & Radcalc Runs\Drum, 30-gal\Radcalc &
Text Files\5 vol%\Drum, 30-gal, MW, Misc Debris (5 vol% H2).rad

Performed By: R Wagner
Checked By: B Willis

In put Information

Comments:
Time to 5 vol% H2 for sealed 30-gal drum, bounding MW rad source term, miscellaneous debris waste contents.
- Paper/plasticlcloth/rubber/wood/absorbent are labeled "Polyethylene (LDPE)" and modeled as Solid Organic Materials, W-
hr < 0.012, with uniform G values of 3.4 from TRAMPAC
- "USER" is Steel with G values of 0.

Initial Source Data:
Isotope Ci Gm TBq
H-3 7.610OE-04 7.91 6E-08 2.816E-05
C-14 1 .602E-04 3.577E-05 5.927E-06
Co-60 4.899E-04 4.329E-07 1.813E-05
Ni-59 3.671 F-O5 4.600E-04 1.358E-06
Ni-63 3.498E-03 6.194E-05 1 .294E-04
Se-79 2.950E-05 7.1 64E-03 1 .092E-06
Sr-90 2.229E+00 1.614E-02 8.249E-02
Y-90 2.229E+00 4.100OE-06 8.249E-02
Zr-93 1.428E-04 5.680E-02 5.285E-06
Nb-93m 1.1 29E-04 4.733E-07 4.1 79E-06
Tc-99 1. 152 E-03 6.821 E-02 4.263E-05
Ru-i 06 2.363E-04 7.141 E-08 8.743E-06
Cd-il 13m 5.567E-04 2.479E-06 2.060E-05
Sn-i 26 4.859E-05 3.936E-03 1 .798E-06
Sb-1 25 4.352E-03 4.195E-06 1.610E-04
1-129 4.406E-06 2.557E-02 1 .630E-07
Cs-134 1.017E-03 7.869E-07 3.764E-05
Cs-i37 1.335E+00 1.536E-02 4.940E-02
Ba-i 37m 1.263E+00 2.347E-09 4.673E-02
Sm-151 1.029E-01 3.911iE-03 3.808E-03
Eu-152 5.020E-05 2.885E-07 1.857E-06
Eu-i 54 6.234E-03 2.307E-05 2.307E-04
Eu-155 4.632E-03 9.541iE-06 1.714E-04
Ra-226 2.470E-09 2.498E-09 9.1 38E-1 1
Ra-228 2.003E-06 7.345E-09 7.409E-08
Ac-227 5.580E-06 7.71 6E-08 2.065E-07
Th-229 8.691 E-08 4.087E-07 3.21 6E-09
Th-232 2.123E-07 1.936E+00 7.854E-09
Pa-231 1.i179E-05 2.496E-04 4.362E-07
U-232 5.647E-06 2.558E-07 2.089E-07
U-233 2.270E-05 2.356E-03 8.397E-07
U-234 1 .442E-05 2.31 9E-03 5.335E-07
U-235 5.821 E-07 2.693E-01 2.154E-08
U-236 5.594E-07 8.753E-03 2.070E-08
U-238 1.271 E-05 3.781 E+01 4.702E-07
Np-237 8.491 E-06 1 .205E-02 3. 142E-07
Pu-238 1. 131 E-04 6.603E-06 4.1 84E-06
Pu-239 2.376E-03 3.832E-02 8.792E-05
Pu-240 4.846E-04 2.136E-03 1 .793E-05
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Pu-241 5.700E-03 5.508E-05 2.109E-04
Pu-242 4.913E-08 1.242E-05 1.818E-09
Am-241 5.220E-03 1.523E-03 1.931 E-04
Am-243 1. 145 E-06 5.736E-06 4.238E-08
Cm-242 2.336E-09 7.056E-13 8.644E-1 1
Cm-243 1 .495E-06 3.050E-08 5.532E-08
Cm-244 3.364E-05 4.1 34E-07 1 .245E-06

Total Activity: 7.1 97E+00 2.663E-601
*Radionucl ides with an A1IA2 fraction of less than 0.001 will not be shown in the output.

Container Data:
Container Void Volume: 0.08149 m'3
Container Mass: 15.9 kg
Mass of solid beryllium, lead, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Gross Mass: 56.76 kg

Waste Data:
Waste Form: Normal
Waste State: Solid
Waste Volume: 0.03207 m^3
Waste Mass: 40.86 kg
Mass of solid lead: 0 kg
Mass of solid beryllium, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Waste Void Volume: 0 m'3

Decay Time Data:
Time to decay source before sealing: 30 day
Hydrogen gas target: 5%

Gamma Absorption Model:
Gamma Abs Model: 30-Gal Drum

G Value Materials Data:
Wt. Fraction G Alpha G Beta G Gamma Material Name
0.2222 0 0 0 USER
0.7778 3.4 3.4 3.4 Polyethylene (LDPE)

G Value Data:
G Alpha G Beta G Gamma
2.645 2.645 2.645
G values calculated from the list of materials (above).

------------- Hydrogen/Helium Gas Results

*Hydrogen gas calculations are made at the end of the user-specified seal time.

Hydrogen Gas:
H2 Concentration: 5 %in 1. 157 years
H2 Moles: 0.1897 moles
H2 Volume: 4253 cm*3 (0 C, 101 .325 kPa)
H2 Rate When Sealed: 0.4285 cm*3/hr (0 C, 101.325 kPa)
H2 Rate When Opened: 0.41 69 cm*3/hr (0 C, 101 .325 kPa)

Helium Gas:
He Concentration: 4.9E-07 %
He Moles: 1 .856E-08 moles
He Volume: 0.0004161 cm*3 (0OC, 101.325 kPa)
He Rate When Sealed: 4.125E-08 cm*3/hr (0OC, 101.325 kPa)
He Rate When Opened: 4.139E-08 cm^3/hr (0OC, 101.325 kPa)
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Pressure When Opened:
Partial Pressure (H-2): 5.025 kPa
Partial Pressure (He): 4.91 7E-07 kPa
Partial Pressure (02): 2.513 kPa (if H20 present in waste)
Total Pressure (H-2 + He + Air): 106.4 kPa
Total Pressure (H-2 + He + 02 + Air): 108.9 kPa (if H20 present in waste)

7.3.2.4 30-gal Drum, MW Source Term, SoiVfFueII~yd Oil, 5 vol% H2

Radcalc 4. 1: U:\TOC\WRPS Gas Generation Task, 07-09\Reorganized Data & Radcalc Runs\Drum, 30-gal\Radcalc &
Text Files\5 vol%\Drum, 30-gal, MW, Soil-Fuel-Hyd Oil (5 vol% H2).rad

Performed By: R Wagner
Checked By: B Willis

In put Information

Comments:
Time to 5 vol% H2 for sealed 30-gal drum, bounding MW rad source term, soillfuel/hyd oil contents.
- Hydraulic Oil & Fuel are modeled as Texaco machine oil.
- "USER" is Soil with uniform G values of 1.3 from TRAMPAC.

Initial Source Data:
Isotope Ci Gm TBq
H-3 7.610E-04 7.91 6E-08 2.81 6E-05
C-i14 1 .602E-04 3.577E-05 5.927E-06
Co-60 4.899E-04 4.329E-07 1.813E-05
Ni-59 3.671 E-O5 4.600E-04 1.358E-06
Ni-63 3.498E-03 6.1 94E-05 1 .294E-04
Se-79 2.950E-05 7.164E-03 1.092E-06
Sr-90 2.229E+00 1.614E-02 8.249E-02
Y-90 2.229E+00 4.100E-06 8.249E-02
Zr-93 1 .428E-04 5.680E-02 5.285E-06
Nb-93m 1.1 29E-04 4.733E-07 4.1 79E-06
Tc-99 1. 152 E-03 6.821 E-02 4.263E-05
Ru-i 06 2.363E-04 7.141 E-08 8.743E-06
Cd-i 13m 5.567E-04 2.479E-06 2.060E-05
Sn-i 26 4.859E-05 3.936E-03 1 .798E-06
Sb-125 4.352E-03 4.195E-06 1.610E-04
1-129 4.406E-06 2.557E-02 1.630E-07
Cs-134 1.017E-03 7.869E-07 3.764E-05
Cs-i 37 1 .335E+00 1 .536E-02 4.940E-02
Ba-137rn 1.263E+00 2.347E-09 4.673E-02
Sm-1 51 1.029E-01 3.911iE-03 3.808E-03
Eu-i 52 5.020E-05 2.885E-07 1 .857E-06
Eu-i 54 6.234E-03 2.307E-05 2.307E-04
Eu-1 55 4.632E-03 9.541iE-06 1.714E-04
Ra-226 2.470E-09 2.498E-09 9.138E-1i1
Ra-228 2.003E-06 7.345E-09 7.409E-08
Ac-227 5.580E-06 7.71 6E-08 2.065E-07
Th-229 8.691 E-08 4.087E-07 3.21 6E-09
Th-232 2.1 23E-07 1 .936E+00 7.854E-09
Pa-231 1.1 79E-05 2.496E-04 4.362E-07
U-232 5.647E-06 2.558E-07 2.089E-07
U-233 2.270E-05 2.356E-03 8.397E-07
U-234 1.442E-05 2.31911-03 5.335E-07
U-235 5.821iE-07 2.693E-01 2.154E-08
U-236 5.594E-07 8.753E-03 2.070E-08
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U-238 1.271 E-05 3.781 E+01 4.702E-07
Np-237 8.491 E-06 1.205E-02 3.142E-07
Pu-238 1. 131 E-04 6.603E-06 4.1 84E-06
Pu-239 2.376E-03 3.832E-02 8.792E-05
Pu-240 4.846E-04 2.1 36E-03 1 .793E-05
Pu-241 5.700E-03 5.508E-05 2.109E-04
Pu-242 4.913E-08 1.242E-05 1.818E-09
Am-241 5.220E-03 1.523E-03 1.931 E-04
Am-243 1.1 45E-06 5.736E-06 4.238E-08
Cm-242 2.336E-09 7.056E-1 3 8.644E-1 1
Cm-243 1 .495E-06 3.050E-08 5.532E-08
Cm-244 3.364E-05 4.1 34E-07 1 .245E-06

Total Activity: 7.1 97E+00 2.663E-601
Radionuclides with an A1/A2 fraction of less than 0.001 will not be shown in the output.

Container Data:
Container Void Volume: 0.07009 m^3
Container Mass: 15.9 kg
Mass of solid beryllium, lead, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Gross Mass: 98.91 kg

Waste Data:
Waste Form: Normal
Waste State: Solid
Waste Volume: 0.04347 m^3
Waste Mass: 83.01 kg
Mass of solid lead: 0 kg
Mass of solid beryllium, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Waste Void Volume: 0 m^3

Decay Time Data:
Time to decay source before sealing: 30 day
Hydrogen gas target: 5%

Gamma Absorption Model:
Gamma Abs Model: 30-Gal Drum

G Value Materials Data:
Wt. Fraction G Alpha G Beta G Gamma Material Name
0.0995 2.8 2.8 2.3 Texaco Regal-A machine oil
0.9005 1.3 1.3 1.3 USER

G Value Data:
G Alpha G Beta G Gamma
1.449 1.449 1.4
G values calculated from the list of materials (above).

-------------- Hydrogen/Helium Gas Results

*Hydrogen gas calculations are made at the end of the user-specified seal time.

Hydrogen Gas:
H2 Concentration: 5 %in 1.793 years
H2 Moles: 0.1642 moles
H2 Volume: 3681 cm*3 (0 C, 101 .325 kPa)
H2 Rate When Sealed: 0.2397 cm*3/hr (0 C, 101 .325 kPa)
H2 Rate When Opened: 0.2297 cm^3/hr (0 C, 101 .325 kPa)

Helium Gas:
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He Concentration: 8.8E-07 %
He Moles: 2.896E-08 moles
He Volume: 0.000649 cm^3 (0 C, 101 .325 kPa)
He Rate When Sealed: 4.125E-08 cm^3Ihr (0 C, 101 .325 kPa)
He Rate When Opened: 4.141 E-08 cm^3/hr (0 C, 101 .325 kPa)

Pressure When Opened:
Partial Pressure (H-2): 5.056 kPa
Partial Pressure (He): 8.914E-07 kPa
Partial Pressure (02): 2.528 kPa (if H20 present in waste)
Total Pressure (H-2 + He + Air): 106.4 kPa
Total Pressure (H-2 + He + 02 + Air): 108.9 kPa (if H20 present in waste)

7.3.3 Radcalc Runs for 55-gal Drum

7.3.3.1 55-gal Drum, LLW Source Term, Misc Debris, 5 vol% H2

Radcalc 4.1: U:\TOC\WRPS Gas Generation Task, 07-09\Reorganized Data & Radcalc Runs\Drum, 55-gaf\Radcalc &
Text Files\5 vol%\Drum, 55-gal, LLW, Misc Debris (5 vol% H2).rad

Performed By: R Wagner
Checked By: B Willis

In put Information

Comments:
Time to 5 vol% H2 for sealed 55-gal drum, bounding LLW rad source term, miscellaneous debris waste contents.

-Paper/plastic/cloth/rubber/wood are labeled "Polyethylene (LDPE)" and modeled as Solid Organic Materials, W-hr < 0.012,
with uniform G values of 3.4 from TRAMPAC

-"USER" is Steel with G values of 0.

Initial Source Data:
Isotope Ci Gm TBq
K-40 3.485E-03 4.928E+02 1 .289E-04
Co-60 1.581 E-01 1.397E-04 5.851 E-03
Sr-90 1.502E-01 1.088E-03 5.558E-03
Y-90 1 .502E-01 2.762E-07 5.558E-03
Cs-i 37 2.640E-01 3.037E-03 9.768E-03
Ba-1 37m 2.497E-01 4.641E-10 9.241 E-03
Eu-152 1.278E-03 7.344E-06 4.728E-05
Eu-i 54 9.926E-03 3.672E-05 3.673E-04
Eu-i 55 7.260E-04 1 .495E-06 2.686E-05
Re-i87 7.894E-07 1.796E+01 2.921 E-08
Th-232 1 .204E-04 1 .098E+03 4.454E-06
U-234 7.999E-03 1 .287E+00 2.960E-04
U-235 3.485E-04 1.61 3E+02 1 .289E-05
U-238 8.395E-03 2.498E+04 3.1 06E-04
Np-237 1.212E-03 1.719E+00 4.484E-05
Pu-238 2.260E-03 1 .320E-04 8.361 E-05
Pu-239 1.1 75E-02 1 .894E-01 4.347E-04
Pu-240 2.746E-03 1.210E-02 1.016E-04
Pu-241 1.280E-01 1.237E-03 4.737E-03
Am-24i 9.504E-03 2.774E-03 3.51 6E-04

Total Activity: 1.160E+00 4.292E-02
*Radionuclides with an A1/A2 fraction of less than 0.001 will not be shown in the output.

Container Data:
Container Void Volume: 0.1507 m^3
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Container Mass: 21.3 kg
Mass of solid beryllium, lead, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Gross Mass: 98.48 kg

Waste Data:
Waste Form: Normal
Waste State: Solid
Waste Volume: 0.05749 m^3
Waste Mass: 77.18 kg
Mass of solid lead: 0 kg
Mass of solid beryllium, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Waste Void Volume: 0 m'3

Decay Time Data:
Time to decay source before sealing: 30 day
Hydrogen gas target: 5

Gamma Absorption Model:
Gamma Abs Model: 55-Gal Drum

G Value Materials Data:
Wt. Fraction G Alpha G Beta G Gamma Material Name
0.3 0 0 0 USER
0.7 3.4 3.4 3.4 Polyethylene (LDPE)

G Value Data:
G Alpha G Beta G Gamma
2.38 2.38 2.38
G values calculated from the list of materials (above).

------------ Hydrogen/Helium Gas Results

*Hydrogen gas calculations are made at the end of the user-specified seal time.

Hydrogen Gas:
H2 Concentration: 5 %in 11.65 years
H2 Moles: 0.3511 moles
H2 Volume: 7870 cm^3 (0 C, 101.325 kPa)
H2 Rate When Sealed: 0.09586 cm*3/hr (0 C, 101 .325 kPa)
H2 Rate When Opened: 0.06499 cm^3/hr (0 C, 101 .325 kPa)

Helium Gas:
He Concentration: 1.4E-05 %
He Moles: 1.01 6E-06 moles
He Volume: 0.02278 cm^3 (0 C, 101 .325 kPa)
He Rate When Sealed: 2.199E-07 cm^3/hr (0 C, 101 .325 kPa)
He Rate When Opened: 2.288E-07 cm^3/hr (0 C, 101 .325 kPa)

Pressure When Opened:
Partial Pressure (H2): 5.029 kPa
Partial Pressure (He): 1 .455E-05 kPa
Partial Pressure (02): 2.514 kPa (if H20 present in waste)
Total Pressure (H2 + He + Air): 106.4 kPa
Total Pressure (H2 + He + 02 + Air): 108.9 kPa (if H20 present in waste)

7.3.3.2 55-gal Drum, LLW Source Term, SoiL(FuelIHyd Oil, 5 vol% H2

Radcalc 4. 1: U:\TOC\WRPS Gas Generation Task, 07-09\Reorganized Data & Radcalc Runs\Drum, 55-gal\Radcalc &
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Text Files\5 vol%\Drum, 55-gal, LLW, Soil-Fuel-Hyd Oil (5 vol% H2).rad

Performed By: R Wagner
4Checked By: B Willis

--------------------------------------- input information

Comments:
Time to 5 vol% H2 for sealed 55-gal drum, bounding LLW rad source term, soil/fuel/hyd oil contents.
- Hydraulic Oil & Fuel are modeled as Texaco machine oil.
- "USER" is Soil with uniform G values of 1.3 from TRAMPAC.

Initial Source Data:
Isotope Ci Gm TBq
K-40 3.485E-03 4.928E+02 1.289E-04
Co-60 1.581iE-01 i.397E-04 5.851 E-03
Sr-90 1.502E-01 1.088E-03 5.558E-03
Y-90 1 .502E-01 2.762E-07 5.558E-03
Cs-i 37 2.640E-01 3.037E-03 9.768E-03
Ba-i 37m 2.497E-01 4.641 E-1i0 9.241 E-03
Eu-i 52 1 .278E-03 7.344E-06 4.728E-05
Eu-i 54 9.926E-03 3.672E-05 3.673E-04
Eu-i55 7.260E-04 1.495E-06 2.686E-05
Re-i 87 7.894E-07 i.796E+01 2.92i E-08
Th-232 1.204E-04 1.098E+03 4.454E-06
U-234 7.999E-03 1 .287E+00 2.960E-04
U-235 3.485E-04 1 .6i13E+02 i1.289E-05
U-238 8.395E-03 2.498E+04 3.106E-04
Np-237 1.212E-03 1.719E+00 4.484E-05
Pu-238 2.260E-03 1 .320E-04 8.361 E-05
Pu-239 1.1 75E-02 1 .894E-01 4.347E-04
Pu-240 2.746E-03 1.210E-02 1.016E-04
Pu-241 1.280E-01 1.237E-03 4.737E-03
Am-241 9.504E-03 2.774E-03 3.51 6E-04

Total Activity: 1.1 60E+00 4.292E-02
*Radionuclides with an Ai/A2 fraction of less than 0.001 will not be shown in the output.

Container Data:
Container Void Volume: 0.07982 m^3
Container Mass: 21.3 kg
Mass of solid beryllium, lead, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Gross Mass: 283.3 kg

Waste Data:
Waste Form: Normal
Waste State: Solid
Waste Volume: 0.1284 m^3
Waste Mass: 262 kg
Mass of solid lead: 0 kg
Mass of solid beryllium, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Waste Void Volume: 0 m^3

Decay Time Data:
Time to decay source before sealing: 30 day
Hydrogen gas target: 5%

Gamma Absorption Model:
Gamma Abs Model: 55-Gal Drum
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G Value Materials Data:
Wt. Fraction G Alpha G Beta G Gamma Material Name
0.9519 1.3 1.3 1.3 USER
0.0481 2.8 2.8 2.3 Texaco Regal-A machine oil

G Value Data:
G Alpha G Beta G Gamma
1.372 1.372 1.348
G values calculated from the list of materials (above).

---------------- ~Hydrogen/Helium Gas Results =-----------------------

*Hydrogen gas calculations are made at the end of the user-specified seal time.

Hydrogen Gas:
H2 Concentration: 5 in 9.939 years
H2 Moles: 0.1861 moles
H2 Volume: 4171 cm^3 (0 C, 101 .325 kPa)
H2 Rate When Sealed: 0.05882 cm^3/hr (0 C, 101 .325 kPa)
H2 Rate When Opened: 0.0405 cm'3/hr (0 C, 101 .325 kPa)

Helium Gas:
He Concentration: 2.3E-05 %
He Moles: 8.652E-07 moles
He Volume: 0.01 939 cm^3 (0 C, 101.325 kPa)
He Rate When Sealed: 2.199E-07 cm'3/hr (0 C, 101 .325 kPa)
He Rate When Opened: 2.278E-07 cm^3/hr (0 C, 101 .325 kPa)

Pressure When Opened:
Partial Pressure (H-2): 5.032 kPa
Partial Pressure (He): 2.339E-05 kPa
Partial Pressure (02): 2.516 kPa (if H20 present in waste)
Total Pressure (H2 + He + Air): 106.4 kPa
Total Pressure (H2 + He + 02 + Air): 108.9 kPa (if H20 present in waste)

7.3.3.3 55-gal Drum, MW Source Term, Misc Debris, 5 vol% H2

Radcalc 4.1: U:\TOC\WRPS Gas Generation Task, 07-09\Reorganized Data & Radcalc Runs\Drum, 55-gal\Radcalc &
Text Files\5 vol%\Drum, 55-gal, MW, Misc Debris (5 vol% H2).rad

Performed By: R Wagner
Checked By: B Willis

Input Information

Comments:
Time to 5 vol% H2 for sealed 55-gal drum, bounding MW rad source term, miscellaneous debris waste contents.
- Paper/plastic/cloth/rubber/wood are labeled "Polyethylene (LDPE)" and modeled as Solid Organic Materials, W-hr < 0.012,
with uniform G values of 3.4 from TRAMPAC
- 'USER" is Steel with G values of 0.

Initial Source Data:
Isotope Ci Gm TBq
H-3 2.537E-03 2.639E-07 9.385F-OS
C-i14 5.340E-04 1.1 92E-04 1 .976E-05
Co-60 1 .633E-03 1 .443E-06 6.043E-05
Ni-59 1.224E-04 1.533E-03 4.528E-06
Ni-63 1.166E-02 2.065E-04 4.314E-04
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Se-79 9.835E-05 2.388E-02 3.639E-06
Sr-90 7.432E+00 5.381 E-02 2.750E-01
Y-90 7.432E+00 1 .367E-05 2.750E-01
Zr-93 4.762E-04 1.893E-01 1.762E-05
Nb-93m 3.765E-04 1 .578E-06 1 .393E-05
Tc-99 3.840E-03 2.274E-01 1.421 E-04
Ru-i 06 7.877E-04 2.380E-07 2.914E-05
Cd-1 13m 1.856E-03 8.263E-06 6.866E-05
Sn-126 1.620E-04 1.312E-02 5.993E-06
Sb-125 1.451 E-02 1.398E-05 5.368E-04
1-129 1 .469E-05 8.525E-02 5.433E-07
Cs-1 34 3.391 E-03 2.623E-06 1.255E-04
Cs-i 37 4.450E+00 5.11 9E-02 1 .647E-01
Ba-1 37m 4.210E+00 7.822E-09 1.558E-01
Sm-i 51 3.431 E-01 1 .304E-02 1 .269E-02
Eu-152 1.673E-04 9.617E-07 6.191 E-06
Eu-i 54 2.078E-02 7.688E-05 7.689E-04
Eu-155 1.544E-02 3.180E-05 5.713E-04
Ra-226 8.233E-09 8.328E-09 3.046E-1 0
Ra-228 6.675E-06 2.448E-08 2.470E-07
Ac-227 1 .860E-05 2.572E-07 6.882E-07
Th-229 2.897E-07 1 .362E-06 1 .072E-08
Th-232 7.076E-07 6.452E+00 2.61 8E-08
Pa-231 3.929E-05 8.319E-04 1.454E-06
U-232 1 .882E-05 8.528E-07 6.965E-07
U-233 7.565E-05 7.853E-03 2.799E-06
U-234 4.806E-05 7.731 E-03 1 .778E-06
U-235 1.940E-06 8.978E-01 7.179E-08
U-236 1.865E-06 2.918E-02 6.899E-08
U-238 4.236E-05 1 .260E+02 1 .567E-06
Np-237 2.830E-05 4.01 6E-02 1 .047E-06
Pu-238 3.769E-04 2.201 E-05 1 .395E-05
Pu-239 7.921 E-03 1.277E-01 2.931 E-04
Pu-240 1.615E-03 7.119E-03 5.977E-05
Pu-241 1 .900E-02 1 .836E-04 7.03 1 E-04
Pu-242 1 .638E-07 4.141 E-05 6.059E-09
Am-241 1.740E-02 5.078E-03 6.438E-04
Am-243 3.818E-06 1.912E-05 1.413E-07
Cm-242 7.788E-09 2.352E-12 2.881 E-1i0
Cm-243 4.984E-06 1.01 7E-07 1 .844E-07
Cm-244 1. 121 E-04 1.378E-06 4.149E-06

Total Activity: 2.399E+01 8.877E-01
*Radionuclides with an Ai/A2 fraction of less than 0.001 will not be shown in the output.

Container Data:
Container Void Volume: 0.1507 m'3
Container Mass: 21.3 kg
Mass of solid beryllium, lead, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Gross Mass: 98.48 kg

Waste Data:
Waste Form: Normal
Waste State: Solid
Waste Volume: 0.05749 m'3
Waste Mass: 77.18 kg
Mass of solid lead: 0 kg
Mass of solid beryllium, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Waste Void Volume: 0 m^3
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Decay Time Data:
Time to decay source before sealing: 30 day
Hydrogen gas target: 5%

Gamma Absorption Model:
Gamma Abs Model: 55-Gal Drum

G Value Materials Data:
Wt. Fraction G Alpha G Beta G Gamma Material Name
0.3 0 0 0 USER
0.7 3.4 3.4 3.4 Polyethylene (LDPE)

G Value Data:
G Alpha G Beta G Gamma
2.38 2.38 2.38
G values calculated from the list of materials (above).

--------------- ~~Hydrogen/Helium Gas Results---------------

*Hydrogen gas calculations are made at the end of the user-specified seal time.

Hydrogen Gas:
H2 Concentration: 5 %in 0.6986 years
H2 Moles: 0.3544 moles
H2 Volume: 7943 cm'3 (0 C, 101.325 kPa)
H2 Rate When Sealed: 1.306 cm'3/hr (0 C, 101.325 kPa)
H2 Rate When Opened: 1.285 cm'3/hr (0 C, 101.325 kPa)

Helium Gas:
He Concentration: 5.3E-0%
He Moles: 3.77E-08 moles
He Volume: 0.000845 cm*3 (0OC, 101.325 kPa)
He Rate When Sealed: 1.375E-07 cm^3/hr (0 C, 101 .325 kPa)
He Rate When Opened: 1 .379E-07 cm*3/hr (0 C, 101.325 kPa)

Pressure When Opened:
Partial Pressure (H-2): 5.073 kPa
Partial Pressure (He): 5.397E-07 kPa
Partial Pressure (02): 2.537 kPa (if H20 present in waste)
Total Pressure (H-2 + He + Air): 106.4 kPa
Total Pressure (H-2 + He + 02 + Air): 108.9 kPa (if H20 present in waste)

7.3.3.4 55-gal Drum, MW Source Term, SoiUfFueIIHyd Oil, 5 vol% H2

Radcalc 4.1: U:\TOC\WRPS Gas Generation Task, 07-09\Reorganized Data & Radcalc Runs\Drum, 55-gal\Radcalc &
Text Files\5 vol%\Drum, 55-gal, MW, Soil-Fuel-Hyd Oil (5 vol% H2).rad

Performed By: R Wagner
Checked By: B Willis

Input Information

Comments:
Time to 5 vol% H2 for sealed 55-gal drum, bounding MW rad source term, soil/fuel/hyd oil contents.
- Hydraulic Oil & Fuel are modeled as Texaco machine oil.
- "USER" is Soil with uniform G values of 1.3 from TRAMPAC.

Initial Source Data:
Isotope Ci Gm TBq
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H-3 2.537E-03 2.639E-07 9.385E-O5
C-14 5.340E-04 1.192E-04 1.976E-05
Co-60 1 .633E-03 1 .443E-06 6.043E-05
Ni-59 1.224E-04 1.533E-03 4.528E-O6
Ni-63 1.166E-02 2.065E-04 4.314E-04
Se-79 9.835E-05 2.388E-02 3.639E-06
Sr-90 7.432E+00 5.381 E-02 2.750E-01
Y-90 7.432E+00 1.367E-05 2.750E-01
Zr-93 4.762E-04 1.893E-01 1.762E-05
Nb-93m 3.765E-04 1 .578E-06 1 .393E-05
Tc-99 3.840E-03 2.274E-01 1.421 E-04
Ru-i 06 7.877E-04 2.380E-07 2.914E-05
Cd-i 13m 1 .856E-03 8.263E-06 6.866E-05
Sn-i 26 1.620E-04 1.312E-02 5.993E-06
Sb-i 25 1.451 E-02 1 .398E-05 5.368E-04
1-129 1.469E-05 8.525E-02 5.433E-07
Cs-1 34 3.391 E-03 2.623E-06 1.255E-04
Cs-137 4.450E+00 5.119E-02 1.647E-01
Ba-137m 4.210E+00 7.822E-09 1.558E-01
Sm-i 51 3.431 E-01 1.304E-02 1.269E-02
Eu-1 52 1.673E-04 9.617E-07 6.191iE-06
Eu-i 54 2.078E-02 7.688E-05 7.689E-04
Eu-1 55 1.544E-02 3.180E-05 5.7i3E-04
Ra-226 8.233E-09 8.328E-09 3.046E-1 0
Ra-228 6.675E-06 2.448E-08 2.470E-07
Ac-227 i1.860E-05 2.572E-07 6.882E-07
Th-229 2.897E-07 1 .362E-06 1 .072E-08
Th-232 7.076E-07 6.452E+00 2.61 8E-08
Pa-231 3.929E-05 8.31 9E-04 1 .454E-06
U-232 1 .882E-05 8.528E-07 6.965E-07
U-233 7.565F-O5 7.853E-03 2.799E-06
U-234 4.806E-05 7.731iE-03 1.778E-06
U-235 1.940E-06 8.978E-01 7.179E-08
U-236 1.865E-06 2.918E-02 6.899E-08
U-238 4.236E-05 1 .260E+02 1 .567E-06
Np-237 2.830E-05 4.016E-02 1.047E-06
Pu-238 3.769E-04 2.201 F-OS 1 .395E-05
Pu-239 7.921 E-03 1.277E-01 2.931FE-04
Pu-24O 1.615F-03 7.119F-03 5.977F-05
Pu-241 1 .900F-02 1 .836F-04 7.031 E-04
Pu-242 1 .638F-07 4.141 F-OS 6.059F-09
Am-24i 1 .740F-02 5.078F-03 6.438F-04
Am-243 3.818E-06 1.912E-05 1.413E-07
Cm-242 7.788F-09 2.352F-12 2.881E-1i0
Cm-243 4.984E-06 1.017E-07 1.844E-07
Cm-244 1. 121 F-04 1 .378F-06 4.149F-06

Total Activity: 2.399F+01 8.877E-01
Radionuclides with an Ai/A2 fraction of less than 0.001 will not be shown in the output.

Container Data:
Container Void Volume: 0.07982 MA3
Container Mass: 21.3 kg
Mass of solid beryllium, lead, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Gross Mass: 283.3 kg

Waste Data:
Waste Form: Normal
Waste State: Solid
Waste Volume: 0.1284 m^3
Waste Mass: 262 kg
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Mass of solid lead: 0 kg
Mass of solid beryllium, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Waste Void Volume: 0 m^3

Decay Time Data:
Time to decay source before sealing: 30 day
Hydrogen gas target: 5

Gamma Absorption Model:
Gamma Abs Model: 55-Gal Drum

G Value Materials Data:
Wt. Fraction G Alpha G Beta G Gamma Material Name
0.9519 1.3 1.3 1.3 USER
0.0481 2.8 2.8 2.3 Texaco Regal-A machine oil

G Value Data:
G Alpha G Beta G Gamma
1.372 1.372 1.348
G values calculated from the list of materials (above).

------------ Hydrogen/Helium Gas Results

*Hydrogen gas calculations are made at the end of the user-specified seal time.

Hydrogen Gas:
H2 Concentration: 5 in 0.628 years
H2 Moles: 0.1878 moles
H2 Volume: 4209 cm*3 (0 C, 101 .325 kPa)
H2 Rate When Sealed: 0.7689 cm'3/hr (0 C, 101 .325 kPa)
H2 Rate When Opened: 0.7575 cm*3/hr (0 C, 101 .325 kPa)

Helium Gas:
He Concentration: 9E-07%
He Moles: 3.39E-08 moles
He Volume: 0.0007599 cm'3 (0 C, 101.325 kPa)
He Rate When Sealed: 1.375E-07 crnA3/hr (0 C, 101 .325 kPa)
He Rate When Opened: 1 .379E-07 cmA3/hr (0 C, 101.325 kPa)

Pressure When Opened:
Partial Pressure (1-2): 5.075 kPa
Partial Pressure (He): 9.163E-07 kPa
Partial Pressure (02): 2.538 kPa (if H20 present in waste)
Total Pressure (H-2 + He + Air): 106.4 kPa
Total Pressure (H-2 + He + 02 + Air): 108.9 kPa (if H20 present in waste)

7.3.4 Radcalc Runs for 85-gal Drum

7.3.4.1 85-gal Drum, LLW Source Term, Misc Debris, 5 vol% H12

Radcalc 4. 1: U:\TOC\WRPS Gas Generation Task, 07-09\Reorganized Data & Radcalc Runs\Drum, 85-gal\Radcalc &
Text Files\5 vol%\Drum, 85-gal, LLW, Misc Debris (5 vol% H2).rad

Performed By: R Wagner
Checked By: B Willis

Input Information
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Comments:
Time to 5 vol% H2 for sealed 85-gal drum, bounding LLW rad source term, miscellaneous debris waste contents.
- Paper/plasticlclothlrubber/woodlabsorbent are labeled "Polyethylene (LDPE)" and modeled as Solid Organic Materials, W-
hr < 0.012, with uniform G values of 3.4 from TRAMPAC

-"USER" is Steel with G values of 0.

Initial Source Data:
Isotope Ci Gm TBq
K-40 3.1 86E-03 4.506E+02 1.1 79E-04
Co-60 1.446E-01 1.278,E-04 5.350E-03
Sr-90 1.374E-01 9.945E-04 5.082E-03
Y-90 1 .374E-01 2.526E-07 5.082E-03
Cs-1 37 2.414E-01 2.777E-03 8.932E-03
Ba-i 37m 2.284E-01 4.243E-1 0 8.449E-03
Eu-i 52 1.1 68E-03 6.7i15E-06 4.323E-05
Eu-i 54 9.077E-03 3.358E-05 3.358E-04
Eu-i 55 6.639E-04 1 .367E-06 2.456E-05
Re-1 87 7.218E-07 1.642E+01 2.671iE-08
Th-232 1. 101 E-04 1.004E+03 4.073E-06
U-234 7.314E-03 1.177E+00 2.706E-04
U-235 3.186E-04 1.474E+02 1.179E-05
U-238 7.677E-03 2.284E+04 2.840E-04
Np-237 1.108E-03 1.572E+00 4.100E-05
Pu-238 2.066E-03 1 .207E-04 7.646E-05
Pu-239 1 .074E-02 1 .732E-01 3.975E-04
Pu-240 2.511 E-03 1.i06E-02 9.289E-05
Pu-24i 1.171 E-01 1. 131 E-03 4.332E-03
Am-241 8.690E-03 2.536E-03 3.21 5E-04

Total Activity: 1.061 E+00 3.925E-02
*Radionuclides with an AiIA2 fraction of less than 0.001 will not be shown in the output.

Container Data:
Container Void Volume: 0.2598 m'3
Container Mass: 35.4 kg
Mass of solid beryllium, lead, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Gross Mass: 125.3 kg

Waste Data:
Waste Form: Normal
Waste State: Solid
Waste Volume: 0.061 92 m^3
Waste Mass: 89.89 kg
Mass of solid lead: 0 kg
Mass of solid beryllium, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Waste Void Volume: 0 m^3

Decay Time Data:
Time to decay source before sealing: 30 day
Hydrogen gas target: 5%

Gamma Absorption Model:
Gamma Abs Model: 85-Gal Drum

G Value Materials Data:
Wt. Fraction G Alpha G Beta G Gamma Material Name
0.3545 0 0 0 USER
0.6455 3.4 3.4 3.4 Polyethylene (LDPE)

G Value Data:
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G Alpha G Beta G Gamma
2.195 2.195 2.195
G values calculated from the list of materials (above).

-------------- Hydrogen/Helium Gas Results

Hydrogen gas calculations are made at the end of the user-specified seal time.

Hydrogen Gas:
H2 Concentration: 5 in 27.54 years
H2 Moles: 0.6063 moles
H2 Volume: 13590 cm'3 (0OC, 101.325 kPa)
H2 Rate When Sealed: 0.08425 cm'3/hr (0 C, 101.325 kPa)
H2 Rate When Opened: 0.04327 cm'3/hr (0 C, 101.325 kPa)

Helium Gas:
He Concentration: 1 .8E-05 %
He Moles: 2.239E-06 moles
He Volume: 0.05019 cm'3 (0 C, 101 .325 kPa)
He Rate When Sealed: 2.01 E-07 cm'3/hr (0 C, 101.325 kPa)
He Rate When Opened: 2.134E-07 cm'3/hr (0 C, 101 .325 kPa)

Pressure When Opened:
Partial Pressure (H-2): 5.037 kPa
Partial Pressure (He): 1.86E-05 kPa
Partial Pressure (02): 2.518 kPa (if H20 present in waste)
Total Pressure (H-2 + He + Air): 106.4 kPa
Total Pressure (H-2 + He + 02 + Air): 108.9 kPa (if H20 present in waste)

7.3.4.2 85-gal Drum, LLW Source Term, Rocks/GraveIffueIIflyd Oil, 5 vol% H2

Radcalc 4.1: U:\TOC\WRPS Gas Generation Task, 07-09\Reorganized Data & Radcalc Runs\Drum, 85-gal\Radcalc &
Text Files\5 vol%\Drum, 85-gal, LLW, Rocks-Fuel-Hyd Oil (5 vol% H2).rad

Performed By: R Wagner
Checked By: B Willis

In put Information

Comments:
Time to 5 vol% H2 for sealed 85-gal drum, bounding LLW rad source term, rocks/gravel/fuel/hyd oil waste contents.
- Hydraulic Oil & Fuel are modeled as Texaco machine oil.
- "USER" is Rocks/Gravel with uniform G values of 0.08 from TRAMPAC for "Homogeneous solid inorganic materials with
unbound absorbed ambient moisture (</=6% by weight) in metal cans."

Initial Source Data:
Isotope Ci Gm TBq
K-40 3.186E-03 4.506E+02 1.179E-04
Co-60 1 .446E-01 1 .278E-04 5.350E-03
Sr-90 1 .374E-01 9.945E-04 5.082E-03
Y-90 1 .374E-01 2.526E-07 5.082E-03
Cs-1 37 2.414E-01 2.777E-03 8.932E-03
Ba-i 37m 2.284E-01 4.243E-1 0 8.449E-03
Eu-152 1.168E-03 6.715E-06 4.323E-05
Eu-i 54 9.077E-03 3.358E-05 3.358E-04
Eu-i 55 6.639E-04 1 .367E-06 2.456E-05
Re-1 87 7.218E-07 1.642E+01 2.671 E-08
Th-232 1. 101E-04 1.004E+03 4.073E-06
U-234 7.314E-03 1.177E+00 2.706E-04
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U-235 3.186E-04 1.474E+02 1.179E-05
U-238 7.677E-03 2.284E+04 2.840E-04
Np-237 1.108E-03 1.572E+00 4.100E-05
Pu-238 2.066E-03 1.207E-04 7.646E-05
Pu-239 1 .074E-02 1 .732E-01 3.975E-04
Pu-240 2.511 E-03 1.106E-02 9.289E-05
Pu-241 1.171E-01 1. 131 E-03 4.332E-03
Am-241 8.690E-03 2.536E-03 3.21 5E-04

Total Activity: 1.061 E+00 3.925E-02
*Radionuclides with an A1/A2 fraction of less than 0.001 will not be shown in the output.

Container Data:
Container Void Volume: 0.2609 m^3
Container Mass: 35.4 kg
Mass of solid beryllium, lead, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Gross Mass: 150.7 kg

Waste Data:
Waste Form: Normal
Waste State: Solid
Waste Volume: 0.06088 m^3
Waste Mass: 115.3 kg
Mass of solid lead: 0 kg
Mass of solid beryllium, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Waste Void Volume: 0 m'3

Decay Time Data:
Time to decay source before sealing: 30 day
Hydrogen gas target: 5%

Gamma Absorption Model:
Gamma Abs Model: 85-Gal Drum

G Value Materials Data:
Wt. Fraction G Alpha G Beta G Gamma Material Name
0.9 0.08 0.08 0.08 USER
0.1 2.8 2.8 2.3 Texaco Regal-A machine oil

G Value Data:
G Alpha G Beta G Gamma
0.352 0.352 0.302
G values calculated from the list of materials (above).

---------------- ~Hydrogen/Helium Gas Results- --------------

*Hydrogen gas calculations are made at the end of the user-specified seal time.

Hydrogen Gas:
H2 Concentration: 5 %in 349 years
H2 Moles: 0.6097 moles
H2 Volume: 13670 cm*3 (0 C, 101 .325 kPa)
H2 Rate When Sealed: 0.01318 cm*3/hr (0 C, 101 .325 kPa)
H2 Rate When Opened: 0.003478 CMA 3/hr (0 C, 101.325 kPa)

Helium Gas:
He Concentration: 0.00022 %
He Moles: 2.724E-05 moles
He Volume: 0.6106 cm'3 (0 C, 101 .325 kPa)
He Rate When Sealed: 2.01 E-07 CMA 3/hr (0 C, 101 .325 kPa)
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He Rate When Opened: 1 .864E-07 cm^3Ihr (0 C, 101.325 kPa)

Pressure When Opened:
Partial Pressure (1-2): 5.043 kPa
Partial Pressure (He): 0.0002253 kPa
Partial Pressure (02): 2.522 kPa (if H20 present in waste)
Total Pressure (H-2 + He + Air): 106.4 kPa
Total Pressure (H-2 + He + 02 + Air): 108.9 kPa (if H20 present in waste)

7.3.4.3 85-gal Drum, MW Source Term, Misc Debris, 5 vol% H2

Radcalc 4. 1: U:\TOC\WRPS Gas Generation Task, 07-09\Reorganized Data & Radcalc Runs\Drum, 85-gal\Radcalc &
Text Files\5 vol%\Drum, 85-gal, MW, Misc Debris (5 vol% H2).rad

Performed By: R Wagner
Checked By: B Willis

Input Information

Comments:
Time to 5 vol% H2 for sealed 85-gal drum, bounding MW rad source term, miscellaneous debris waste contents.
- Paperlplasticlcloth/rubber/woodlabsorbent are labeled "Polyethylene (LDPE)" and modeled as Solid Organic Materials, W-
hr < 0.012, with uniform G values of 3.4 from TRAMPAC
- "USER" is Steel with G values of 0.

Initial Source Data:
Isotope Ci Gm TBq
H-3 2.316E-03 2.409E-07 8.569E-05
C-14 4.876E-04 1.089E-04 1.804E-05
Co-60 1.491iE-03 1.318E-06 5.517E-05
Ni-59 1.1 17E-04 1.400E-03 4.134E-06
Ni-63 1 .065E-02 1 .885E-04 3.939E-04
Se-79 8.979E-05 2.180E-02 3.322E-06
Sr-90 6.785E+00 4.913E-02 2.511 E-01
Y-90 6.785E+00 1.248E-05 2.511 E-01
Zr-93 4.347E-04 1 .729E-01 1 .609E-05
Nb-93m 3.437E-04 1.441 E-06 1 .272E-05
Tc-99 3.506E-03 2.076E-01 1 .297E-04
Ru-106 7.192E-04 2.173E-07 2.661 E-05
Cd-1 13m 1.694E-03 7.545E-06 6.269E-05
Sn-126 1.479E-04 1.198E-02 5.472E-06
Sb-125 1.325E-02 1.277E-05 4.901 E-04
1-129 1.341 E-05 7.784E-02 4.961 E-07
Cs-i34 3.096E-03 2.395E-06 1.146E-04
Cs-i 37 4.063E+00 4.674E-02 1 .503E-01
Ba-i 37m 3.844E+00 7. 142E-09 1 .422E-01
Sm-i 51 3.1 33E-01 1.1i90E-02 1.1 59E-02
Eu-i 52 1 .528E-04 8.780E-07 5.652E-06
Eu-154 1.897E-02 7.020E-05 7.020E-04
Eu-155 1.410E-02 2.904E-05 5.216E-04
Ra-226 7.517E-09 7.604E-09 2.781iE-1i0
Ra-228 6.095E-06 2.235E-08 2.255E-07
Ac-227 1.698E-05 2.348E-07 6.284E-07
Th-229 2.645E-07 1 .244E-06 9.787E-09
Th-232 6.460E-07 5.891 E+00 2.390E-08
Pa-231 3.588E-05 7.596E-04 1 .327E-06
U-232 1.71 9E-05 7.786E-07 6.359E-07
U-233 6.907E-05 7.170E-03 2.556E-06
U-234 4.388E-05 7.058E-03 1.624E-06
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U-235 1.771 E-06 8.1 97E-01 6.554E-08
U-236 1.702E-06 2.664E-02 6.299E-08
U-238 3.868E-05 1. 151E+02 1.431 E-06
Np-237 2.584E-05 3.667E-02 9.561 E-07
Pu-238 3.441 E-04 2.01 0E-05 1 .273E-05
Pu-239 7.232E-03 1.166E-01 2.676E-04
Pu-240 1 .475E-03 6.500E-03 5.457EF-05
Pu-241 1 .735E-02 1 .676E-04 6.41 9E-04
Pu-242 1 .495E-07 3.781 E-05 5.532E-09
Am-241 1 .589E-02 4.636E-03 5.878E-04
Am-243 3.486E-06 1.746E-05 1.290E-07
Cm-242 7.11 OE-09 2.148E-12 2.631 E-1 0
Cm-243 4.551 E-06 9.282E-08 1.684E-07
Cm-244 1 .024E-04 1 .258E-06 3.788E-06

Total Activity: 2.190E+01 8.105E-01
Radionuclides with an A1/A2 fraction of less than 0.001 will not be shown in the output.

Container Data:
Container Void Volume: 0.2598 m^3
Container Mass: 35.4 kg
Mass of solid beryllium, lead, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Gross Mass: 125.3 kg

Waste Data:
Waste Form: Normal
Waste State: Solid
Waste Volume: 0.061 92 m'3
Waste Mass: 89.89 kg
Mass of solid lead: 0 kg
Mass of solid beryllium, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Waste Void Volume: 0 m^3

Decay Time Data:
Time to decay source before sealing: 30 day
Hydrogen gas target: 5%

Gamma Absorption Model:
Gamma Abs Model: 85-Gal Drum

G Value Materials Data:
Wt. Fraction G Alpha G Beta G Gamma Material Name
0.3545 0 0 0 USER
0.6455 3.4 3.4 3.4 Polyethylene (LDPE)

G Value Data:
G Alpha G Beta G Gamma
2.195 2.195 2.195
G values calculated from the list of materials (above).

-------------- Hydrogen/Helium Gas Results

*Hydrogen gas calculations are made at the end of the user-specified seal time.

Hydrogen Gas:
H2 Concentration: 5 %in 1.423 years
H2 Moles: 0.6093 moles
H2 Volume: 13660 cm'3 (0 C, 101.325 kPa)
H2 Rate When Sealed: 1.115 cm'3/hr (0 C, 101 .325 kPa)
H2 Rate When Opened: 1.078 cm*3/hr (0 C, 101.325 kPa)
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Helium Gas:
He Concentration: 5.7E-07 %
He Moles: 6.995E-08 moles
He Volume: 0.001568 cm'3 (0 C, 101.325 kPa)
He Rate When Sealed: 1 .256E-07 cm'3Ihr (0 C, 101.325 kPa)
He Rate When Opened: 1 .26E-07 cm^3/hr (0 C, 101.325 kPa)

Pressure When Opened:
Partial Pressure (H-2): 5.06 kPa
Partial Pressure (He): 5.809E-07 kPa
Partial Pressure (02): 2.53 kPa (if H20 present in waste)
Total Pressure (H-2 + He + Air): 106.4 kPa
Total Pressure (H-2 + He + 02 + Air): 108.9 kPa (if H20 present in waste)

7.3.4.4 85-gal Drum, MW Source Term, Rocks/Grave/ffueIItlyd Oil, 5 vol% H2

Radcalc 4.1: U:\TOC\WRPS Gas Generation Task, 07-09\Reorganized Data & Radcalc Runs\Drum, 85-gal\Radcalc &
Text Files\5 vol%\Drum, 85-gal, MW, Rocks-Fuel-Hyd Oil (5 vol% H2).rad

Performed By: R Wagner
Checked By: B Willis

In put Information

Comments:
Time to 5 vol% H2 for sealed 85-gal drum, bounding MW rad source term, rocks/gravellfuel/hyd oil waste contents.
- Hydraulic Oil & Fuel are modeled as Texaco machine oil.
- "USER" is Rocks/Gravel with uniform G values of 0.08 from TRAMPAC for "Homogeneous solid inorganic materials with
unbound absorbed ambient moisture (</=6% by weight) in metal cans."

Initial Source Data:
Isotope Ci Gm TBq
H-3 2.316E-03 2.409E-07 8.569E-05
C-14 4.876E-04 1 .089E-04 1 .804E-05
Co-60 1.491 E-03 1.318E-06 5.517E-05
Ni-59 1.11 7E-04 1 .400E-03 4.1 34E-06
Ni-63 1.065E-02 1.885E-04 3.939E-04
Se-79 8.979E-05 2.180E-02 3.322E-06
Sr-90 6.785E+00 4.913E-02 2.511 E-01
Y-90 6.785E+00 1 .248E-05 2.511 E-01
Zr-93 4.347E-04 1 .729E-01 1 .609E-05
Nb-93m 3.437E-04 1.441 E-06 1.272E-05
Tc-99 3.506E-03 2.076E-01 1 .297E-04
Ru-1 06 7.192E-04 2.173E-07 2.661 E-05
Cd-il 13m 1 .694E-03 7.545E-06 6.269E-05
Sn-1 26 1.479E-04 1.198E-02 5.472E-06
Sb-125 1.325E-02 1.277E-05 4.901 E-04
1-129 1.341E-05 7.784E-02 4.961 E-07
Cs-1 34 3.096E-03 2.395E-06 1.146E-04
Cs-i 37 4.063E+00 4.674E-02 1 .503E-01
Ba-i 37mn 3.844E+00 7.1 42E-09 1 .422E-01
Sm-i 51 3.133E-01 1. 1 90E-02 1.1 59E-02
Eu-i 52 1 .528E-04 8.780E-07 5.652E-06
Eu-1 54 1.897E-02 7.020E-05 7.020E-04
Eu-1 55 1.410E-02 2.904E-05 5.216E-04
Ra-226 7.517E-09 7.604E-09 2.781 E-1 0
Ra-228 6.095E-06 2.235E-08 2.255E-07
Ac-227 1 .698E-05 2.348E-07 6.284E-07
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Th-229 2.645E-07 1 .244E-06 9.787E-09
Th-232 6.460E-07 5.891 E+0-0 2.390E-08
Pa-231 3.588E-05 7.596E-04 1 .327E-06
U-232 1.719E-05 7.786E-07 6.359E-07
U-233 6.907E-05 7.170E-03 2.556E-06
U-234 4.388E-05 7.058E-03 1 .624E-06
U-235 1.771 E-06 8.1 97E-01 6.554E-08
U-236 1 .702E-06 2.664E-02 6.299E-08
U-238 3.868E-05 1.151E+02 1.431 E-06
Np-237 2.584E-05 3.667E-02 9.561 E-07
Pu-238 3.441 E-04 2.010E-05 1.273E-05
Pu-239 7.232E-03 1.1 66E-01 2.676E-04
Pu-240 1 .475E-03 6.500E-03 5.457E-05
Pu-241 1 .735E-02 1 .676E-04 6.41 9E-04
Pu-242 1 .495E-07 3.781 E-05 5.532E-09
Am-241 1 .589E-02 4.636E-03 5.878E-04
Am-243 3.486E-06 1.746E-05 1.290E-07
Cm-242 7.11 OE-09 2.148E-12 2.631 E-1 0
Cm-243 4.551 E-06 9.282E-08 1 .684E-07
Cm-244 1 .024E-04 1 .258E-06 3.788E-06

Total Activity: 2.190E+01 8.105E-01
*Radionuclides with an A1/A2 fraction of less than 0.001 will not be shown in the output.

Container Data:
Container Void Volume: 0.2609 m'3
Container Mass: 35.4 kg
Mass of solid beryllium, lead, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Gross Mass: 150.7 kg

Waste Data:
Waste Form: Normal
Waste State: Solid
Waste Volume: 0.06088 m^3
Waste Mass: 115.3 kg
Mass of solid lead: 0 kg
Mass of solid beryllium, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Waste Void Volume: 0 m^3

Decay Time Data:
Time to decay source before sealing: 30 day
Hydrogen gas target: 5%

Gamma Absorption Model:
Gamma Abs Model: 85-Gal Drum

G Value Materials Data:
Wt. Fraction G Alpha G Beta G Gamma Material Name
0.9 0.08 0.08 0.08 USER
0.1 2.8 2.8 2.3 Texaco Regal-A machine oil

G Value Data:
G Alpha G Beta G Gamma
0.352 0.352 0.302
G values calculated from the list of materials (above).

-------------- Hydrogen/Helium Gas Results

*Hydrogen gas calculations are made at the end of the user-specified seal time.
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Hydrogen Gas:
H2 Concentration: 5 %in 9.921 years
H2 Moles: 0.61 08 moles
H2 Volume: 13690 cm'3 (0 C, 101.325 kPa)
H2 Rate When Sealed: 0.1771 cm^3/hr (0 C, 101 .325 kPa)
H2 Rate When Opened: 0.1402 cm^3/hr (0 C, 101 .325 kPa)

Helium Gas:
He Concentration: 4E-06%
He Moles: 4.875E-07 moles
He Volume: 0.01093 cm^3 (0 C, 101.325 kPa)
He Rate When Sealed: 1.256E-07 cm^3/hr (0 C, 101 .325 kPa)
He Rate When Opened: 1.259E-07 cm^3/hr (0 C, 101 .325 kPa)

Pressure When Opened:
Partial Pressure (H-2): 5.052 kPa
Partial Pressure (He): 4.032E-06 kPa
Partial Pressure (02): 2.526 kPa (if H20 present in waste)
Total Pressure (H2 + He + Air): 106.4 kPa
Total Pressure (H-2 + He + 02 + Air): 108.9 kPa (if H20 present in waste)

7.3.5 Radcalc Runs for 6x2x2 Box

7.3.5.1 6x2x2 Box, LLW Source Term, Misc Debris, 5 vo1% H2

Radcalc 4.1: U:\TOC\WRPS Gas Generation Task, 07-09\Reorganized Data & Radcalc Runs\Box, 6x2x2\Radcalc & Text
Files\5 vol%\Box, 6x2x2, [LW, Misc Debris (5 vol% H2).rad

Performed By: R Wagner
Checked By: B Willis

Input Information

Comments:
Time to 5 vol% H2 for sealed 6x2x2 box, bounding [LW rad source term, miscellaneous debris waste contents.

-Paper/plasticlcloth/rubber/wood/absorbent are labeled "Polyethylene (LDPE)" and modeled as Solid Organic Materials, W-
hr < 0.012, with uniform G values of 3.4 from TRAMPAC

-"USER" is Steel with Gvalues of 0.

Initial Source Data:
Isotope Ci Gm TBq
K-40 2.346E-03 3.31 7E+02 8.679E-05
Co-60 1.064E-01 9.406E-05 3.938E-03
Sr-90 1.011E-01 7.321 E-04 3.741 E-03
Y-90 1.011E-01 1.859E-07 3.741 E-03
Cs-137 1.777E-01 2.044E-03 6.575E-03
Ba-1 37m 1.681 E-01 3.124E-10 6.220E1-03
Eu-152 8.601 E-04 4.943E-06 3.182E-05
Eu-i 54 6.682E-03 2.472E-05 2.472E-04
Eu-i 55 4.887E-04 1 .007E-06 1 .808E-05
Re-187 5.313E-07 1.209E+01 1.966E-08
Th-232 8.103E-05 7.390E+02 2.998E-06
U-234 5.384E-03 8.661 E-01 1 .992E-04
U-235 2.346E-04 1.085E+02 8.679E-06
U-238 5.651 E-03 1.681 E+04 2.091 E-04
Np-237 8.156E-04 1.157E+00 3.018E-05
Pu-238 1.521 E-03 8.883E-05 5.628E-05
Pu-239 7.908E-03 1 .275E-01 2.926E-04
Pu-240 1 .848E-03 8.1 44E-03 6.838E-05
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Pu-241 8.61 8E-02 8.328E-04 3.189E-03
Am-241 6.397E-03 1.867E-03 2.367E-04

Total Activity: 7.809E-01 2.889E-02
Radionuclides with an A11A2 fraction of less than 0.001 will not be shown in the output.

Container Data:
Container Void Volume: 0.5788 m^3
Container Mass: 309 kg
Mass of solid beryllium, lead, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Gross Mass: 463.3 kg

Waste Data:
Waste Form: Normal
Waste State: Solid
Waste Volume: 0.1008 m'3
Waste Mass: 154.3 kg
Mass of solid lead: 0 kg
Mass of solid beryllium, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Waste Void Volume: 0 m^3

Decay Time Data:
Time to decay source before sealing: 30 day
Hydrogen gas target: 5%

Gamma Absorption Model:
Gamma Abs Model: 100% Gamma Absorption

G Value Materials Data:
Wt. Fraction G Alpha G Beta G Gamma Material Name
0.4121 0 0 0 USER
0.5879 3.4 3.4 3.4 Polyethylene (LDPE)

G Value Data:
G Alpha G Beta G Gamma
1.999 1.999 1.999
G values calculated from the list of materials (above).

------------- Hydrogen/Helium Gas Results

*Hydrogen gas calculations are made at the end of the user-specified seal time.

Hydrogen Gas:
H2 Concentration: 5 % in 134.3 years
H2 Moles: 1.353 moles
H2 Volume: 30330 cm^3 (0 C, 101 .325 kPa)
H2 Rate When Sealed: 0.06909 CMA 3/hr (0 C, 101 .325 kPa)
H2 Rate When Opened: 0.01715 cm'3/hr (0 C, 101.325 kPa)

Helium Gas:
He Concentration: 3E-05%
He Moles: 8.082E-06 moles
He Volume: 0.1812 cm'3 (0 C, 101.325 kPa)
He Rate When Sealed: 1.48E-07 CMA 3/hr (0 C, 101 .325 kPa)
He Rate When Opened: 1.505E-07 cm'3/hr (0 C, 101 .325 kPa)

Pressure When Opened:
Partial Pressure (H2): 5.045 kPa
Partial Pressure (He): 3.013E-05 kPa
Partial Pressure (02): 2.522 kPa (if H20 present in waste)
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Total Pressure (H-2 + He + Air): 106.4 kPa
Total Pressure (1-2 + He + 02 + Air): 108.9 kPa (if H20 present in waste)

7.3.5.2 6x2x2 Box, MW Source Term, Misc Debris, 5 vo1% 112

Radcalc 4. 1: U:\TOC\WRPS Gas Generation Task, 07-09\Reorganized Data & Radcalc Runs\Box, 6x2x2\Radcalc & Text
Files\5 vol%\Box, 6x2x2, MW, Misc Debris (5 vol% H2).rad

Performed By: R Wagner
Checked By: B Willis

In put Information

Comments:
Time to 5 vol% H2 for sealed 6x2x2 box, bounding MW rad source term, miscellaneous debris waste contents.

-Paper/plasticlcloth/rubber/wood/absorbent are labeled "Polyethylene (LDPF)" and modeled as Solid Organic Materials, W-
hr < 0.012, with uniform G values of 3.4 from TRAMPAC

-"USER" is Steel with G values of 0.

Initial Source Data:
Isotope Ci Gm TBq
H-3 1.708E-03 1.776E-07 6.319E-05
C-14 3.595E-04 8.027E-05 1 .330E-05
Co-60 1.100E-03 9.716E-07 4.068E-05
Ni-59 8.239E-05 1.032E-03 3.048E-06
Ni-63 7.850E-03 1 .390E-04 2.904E-04
Se-79 6.621 F-O5 1 .608E-02 2.450E-06
Sr-90 5.003E+00 3.623E-02 1.851 E-01
Y-90 5.003E+00 9.201 E-06 1.851 E-01
Zr-93 3.206E-04 1.275E-01 1.i186E-05
Nb-93m 2.535E-04 1.062E-06 9.378E-06
Tc-99 2.586E-03 1.531EF-01 9.567E-05
Ru-106 5.303E-04 1.603E-07 1.962E-05
Cd-il 13m 1 .249E-03 5.563E-06 4.623E-05
Sn-i26 1.091 E-04 8.834E-03 4.035E-06
Sb-125 9.767E-03 9.413E-06 3.614E-04
1-129 9.887E-06 5.739E-02 3.658E-07
Cs-i 34 2.283E-03 i1.766E-06 8.447E-05
Cs-i37 2.996E+00 3.447E-02 1.109E-01
Ba-i 37m 2.834E+00 5.266E-09 1 .049E-01
Sm-i51 2.310E-01 8.776E-03 8.547E-03
Eu-i52 i.127E-04 6.475E-07 4.i68E-06
Eu-i54 1.399E-02 5.i76E-05 5.177E-04
Eu-155 1.040E-02 2.i41 E-05 3.847E-04
Ra-226 5.543E-09 5.607E-09 2.051iE-10
Ra-228 4.494E-06 1.648E-08 1.663E-07
Ac-227 1 .252E-05 1 .732E-07 4.634E-07
Th-229 1 .950E-07 9.1 72E-07 7.21 6E-09
Th-232 4.764E-07 4.344E+00 1 .763E-08
Pa-231 2.645F-OS 5.601 F-04 9.788E-07
U-232 1 .267F-05 5.741 F-07 4.689E-07
U-233 5.093F-05 5.287F-03 1 .884E-06
U-234 3.236E-05 5.205F-03 1.197E-06
U-235 1 .306E-06 6.044F-0i 4.833E-08
U-236 1 .255E-06 i1.964F-02 4.645E-08
U-238 2.852E-05 8.486F+01 1.055E-06
Np-237 1.90SF-OS 2.704F-02 7.050F-07
Pu-238 2.538E-04 1 .482E-05 9.389F-06
Pu-239 5.333E-03 8.599F-02 1.973E-04
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Pu-240 1 .088E-03 4.793E-03 4.024E-05
Pu-241 1 .279E-02 1 .236E-04 4.733E-04
Pu-242 1.1 03E-07 2.788E-05 4.079E-09
Am-241 1. 171 E-02 3.419E-03 4.334E-04
Am-243 2.571 E-06 1 .287E-05 9.511 E-08
Cm-242 5.243E-09 1.584E-12 1.940E-10
Cm-243 3.356E-06 6.844E-08 1.242E-07
Cm-244 7.550E-05 9.278E-07 2.793E-06

Total Activity: 1.615E+01 5.976E-01
Radionuclides with an A1/A2 fraction of less than 0.001 will not be shown in the output.

Container Data:
Container Void Volume: 0.5788 m^3
Container Mass: 309 kg
Mass of solid beryllium, lead, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Gross Mass: 463.3 kg

Waste Data:
Waste Form: Normal
Waste State: Solid
Waste Volume: 0.1008 m^3
Waste Mass: 154.3 kg
Mass of solid lead: 0 kg
Mass of solid beryllium, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Waste Void Volume: 0 m^3

Decay Time Data:
Time to decay source before sealing: 30 day
Hydrogen gas target: 5%

Gamma Absorption Model:
Gamma Abs Model: 100% Gamma Absorption

G Value Materials Data:
Wt. Fraction G Alpha G Beta G Gamma Material Name
0.4121 0 0 0 USER
0.5879 3.4 3.4 3.4 Polyethylene (LDPE)

G Value Data:
G Alpha G Beta G Gamma
1.999 1.999 1.999
G values calculated from the list of materials (above).

------------- Hydrogen/Helium Gas Results

*Hydrogen gas calculations are made at the end of the user-specified seal time.

Hydrogen Gas:
H2 Concentration: 5 % in 4.567 years
H2 Moles: 1.349 moles
H2 Volume: 30240 cmA 3 (0 C, 101 .325 kPa)
H2 Rate When Sealed: 0.8026 CMA 3/hr (0 C, 101.325 kPa)
H2 Rate When Opened: 0.7205 cm3/hr (0 C, 101.325 kPa)

Helium Gas:
He Concentration: 6.1 E-07 %
He Moles: 1.648E-07 moles
He Volume: 0.003693 cm'3 (0 C, 101.325 kPa)
He Rate When Sealed: 9.258E-08 cm'3/hr (0 C, 101 .325 kPa)
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He Rate When Opened: 9.298E-08 CMA3Ihr (0 C, 101 .325 kPa)

Pressure When Opened:
Partial Pressure (1-2): 5.03 kPa
Partial Pressure (He): 6.144E-07 kPa
Partial Pressure (02): 2.515 kPa (if H20 present in waste)
Total Pressure (H-2 + He + Air): 106.4 kPa
Total Pressure (H-2 + He + 02 + Air): 108.9 kPa (if H20 present in waste)

7.3.6 Radcalc Runs for 6x3x3 Box

7.3.6.1 6x3x3 Box, LLW Source Term, Misc Debris, 5 vol% H2

Radcalc 4.1: U:\TOC\WRPS Gas Generation Task, 07-09\Reorganized Data & Radcalc Runs\Box, 6x3x3XRadcalc & Text
Files\5 vol%\Box, 6x3x3, LLW, Misc Debris (5 vol% H2).rad

Performed By: R Wagner
Checked By: B Willis

Input Information

Comments:
Time to 5 vol% H2 for sealed 6x3x3 box, bounding [LW rad source term, miscellaneous debris waste contents.

-Paper/plastic/cloth/rubber/wood/absorbent are labeled "Polyethylene (LDPE)' and modeled as Solid Organic Materials, W-
hr < 0.012, with uniform G values of 3.4 from TRAMPAC

-"USER" is Steel + Lead with G values of 0.

Initial Source Data:
Isotope Ci Gm TBq
K-40 4.624E-03 6.539E+02 1. 711E-04
Co-60 2.098E-01 1.854E-04 7.764E-03
Sr-90 1 .993E-01 1 .443E-03 7.375E-03
Y-90 1 .993E-01 3.665E-07 7.375E-03
Cs-i 37 3.503E-01 4.030E-03 1 .296E-02
Ba-i37m 3.314E-01 6.158E-10 1.226E-02
Eu-152 1.695E-03 9.745E-06 6.273E-05
Eu-154 1.317E-02 4.873E-05 4.873E-04
Eu-i 55 9.633E-04 1 .984E-06 3.564E-05
Re-i 87 1.047E-06 2.383E+01 3.875E-08
Th-232 1 .597E-04 1 .457E+03 5.910OE-06
U-234 1.061iE-02 1.707E+00 3.927E-04
U-235 4.624E-04 2.140E+02 1.711lE-05
U-238 1.114E-02 3.314E+04 4.i22E-04
Np-237 i1.608E-03 2.282E+00 5.949E-05
Pu-238 2.999E-03 1.751 E-04 1.i109E-04
Pu-239 1.559E-02 2.513E-01 5.768E-04
Pu-240 3.643E-03 1.605E-02 1.348E-04
Pu-24i1 1.699E-01 1.642E-03 6.286E-03
Am-241 1.261iE-02 3.680E-03 4.666E-04

Total Activity: 1 .539E+00 5.696E-02
*Radionuclides with an Ai/A2 fraction of less than 0.001 will not be shown in the output.

Container Data:
Container Void Volume: 1.33 m^3
Container Mass: 377 kg
Mass of solid beryllium, lead, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Gross Mass: 746.4 kg
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Waste Data:
Waste Form: Normal
Waste State: Solid
Waste Volume: 0.1986 m'3
Waste Mass: 369.4 kg
Mass of solid lead: 0 kg
Mass of solid beryllium, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Waste Void Volume: 0 m^3

Decay Time Data:
Time to decay source before sealing: 30 day
Hydrogen gas target: 5%

Gamma Absorption Model:
Gamma Abs Model: 100% Gamma Absorption

G Value Materials Data:
Wt. Fraction G Alpha G Beta G Gamma Material Name
0.5371 0 0 0 USER
0.4629 3.4 3.4 3.4 Polyethylene (LDPE)

G Value Data:
G Alpha G Beta G Gamma
1.574 1.574 1.574
G values calculated from the list of materials (above).

------------- Hydrogen/Helium Gas Results

*Hydrogen gas calculations are made at the end of the user-specified seal time.

Hydrogen Gas:
H2 Concentration: 5 % in 238.5 years
H2 Moles: 3.112 moles
H2 Volume: 69750 cm^3 (00C, 101.325 kPa)
H2 Rate When Sealed: 0.1072 cm^3/hr (00C, 101 .325 kPa)
H2 Rate When Opened: 0.02379 cm^3/hr (0C, 101.325 kPa)

Helium Gas:
He Concentration: 4.4E-05 %
He Moles: 2.769E-05 moles
He Volume: 0.6206 cm'3 (0 C, 101.325 kPa)
He Rate When Sealed: 2.917E-07 cm^3/hr (00C, 101 .325 kPa)
He Rate When Opened: 2.821 E-07 cm*3/hr (0C, 101.325 kPa)

Pressure When Opened:
Partial Pressure (H2): 5.049 kPa
Partial Pressure (He): 4.492E-05 kPa
Partial Pressure (02): 2.525 kPa (if H20 present in waste)
Total Pressure (H2 + He + Air): 106.4 kPa
Total Pressure (H2 + He + 02 + Air): 108.9 kPa (if H20 present in waste)

7.3.6.2 6x3x3 Box, MW Source Term, Misc Debris, 5 vol% H12

Radcalc 4.1: U:\TOC\WRPS Gas Generation Task, 07-09\Reorganized Data & Radcalc Runs\Box, 6x3x3\Radcalc & Text
Files\5 vol%\Box, 6x3x3, MW, Misc Debris (5 vol% H2).rad

Performed By: R Wagner
Checked By: B Willis
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-------------- input information

Comments:

Time to S vol% H2 for sealed 6x3x3 box, bounding MW rad source term, miscellaneous debris waste contents.
-Paper/plasticlcloth/rubberlwood/absorbent are labeled "Polyethylene (LDPE)' and modeled as Solid Organic Materials, W-

hr < 0.012, with uniform G values of 3.4 from TRAMPAC
-"USER" is Steel + Lead with G values of 0.

Initial Source Data:
Isotope Ci Gm TBq
H-3 3.365E-03 3.501 E-07 1 .245E-04
C-14 7.085E-04 1.582E-04 2.621iE-05
Co-60 2.167E-03 1.915E-06 8.017E-05
Ni-59 1.624E-04 2.034E-03 6.007E-06
Ni-63 1.547E-02 2.739E-04 5.723E-04
Se-79 1.305E-04 3.168E-02 4.828E-06
Sr-90 9.860E+00 7.139E-02 3.648E-01
Y-90 9.860E+00 1.813E-05 3.648E-01
Zr-93 6.317E-04 2.512E-01 2.337E-05
Nb-93m 4.995E-04 2.093E-06 1.98E-O5
Tc-99 5.095E-03 3.017E-01 1.885E-04
Ru-i 06 1 .045E-03 3.1 58E-07 3.867E-05
Cd-il 13m 2.462E-03 1 .096E-05 9.1 09E-05
Sn-126 2.149E-04 1.741 E-02 7.952E-06
Sb-125 1.925E-02 1.855F-O5 7.121 E-04
1-129 1.948E-05 1.131E-01 7.209E-07
Cs-134 4.499E-03 3.480E-06 1.665E-04
Cs-137 5.904E+00 6.792E-02 2.184E-01
Ba-137m 5.585E+00 1.038E-08 2.067E-01
Sm-151 4.552E-01 1.729E-02 1.684E-02
Eu-152 2.220E-04 1.276E-06 8.214E-06
Eu-i 54 2.757E-02 1 .020E-04 1 .020E-03
Eu-i 55 2.049E-02 4.220E-05 7.580E-04
Ra-226 1.092E-08 1.i1O5E-08 4.041iE-1i0
Ra-228 8.856E-06 3.248E-08 3.277E-07
Ac-227 2.468F-O5 3.4i12E-07 9.131 E-07
Th-229 3.844E-07 1.807E-06 1.422E-08
Th-232 9.387E-07 8.561 E+00 3.473E-08
Pa-23i 5.21 3E-05 1.1 04E-03 1 .929E-06
U-232 2.497E-05 i. 131E-06 9.240E-07
U-233 1 .004E-04 1 .042E-02 3.71 4E-06
U-234 6.376E-05 1 .026E-02 2.359E-06
U-235 2.574E-06 1.191E+00 9.524E-08
U-236 2.474E-06 3.871FE-02 9.153E-08
U-238 5.621 F-O5 1 .672F+02 2.080E-06
Np-237 3.75SF-OS 5.328E-02 1.389E-06
Pu-238 5.001 E-04 2.920E-05 1 .850E-05
Pu-239 1.051 E-02 1 .694E-01 3.888E-04
Pu-240 2.143E-03 9.445E-03 7.930E-05
Pu-241 2.521 F-02 2.436E-04 9.328E-04
Pu-242 2.173E-07 5.49SF-OS 8.039E-09
Am-241 2.308E-02 6.737E-03 8.541 E-04
Am-243 5.066E-06 2.537E-05 1 .874E-07
Cm-242 1.033E-08 3.121FE-1 2 3.823E-10
Cm-243 6.61 2E-06 1 .349E-07 2.447F-07
Cm-244 1 .488E-04 1 .828E-06 5.505F-06

Total Activity: 3.1 83F+01 1.1 78F+00
*Radionuclides with an Ai/A2 fraction of less than 0.001 will not be shown in the output.
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Container Data:
Container Void Volume: 1.33 m'3
Container Mass: 377 kg
Mass of solid beryllium, lead, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Gross Mass: 746.4 kg

Waste Data:
Waste Form: Normal
Waste State: Solid
Waste Volume: 0.1986 m^3
Waste Mass: 369.4 kg
Mass of solid lead: 0 kg
Mass of solid beryllium, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Waste Void Volume: 0 m^3

Decay Time Data:
Time to decay source before sealing: 30 day
Hydrogen gas target: 5%

Gamma Absorption Model:
Gamma Abs Model: 100% Gamma Absorption

G Value Materials Data:
Wt. Fraction G Alpha G Beta G Gamma Material Name
0.5371 0 0 0 USER
0.4629 3.4 3.4 3.4 Polyethylene (LDPE)

G Value Data:
G Alpha G Beta G Gamma
1.574 1.574 1.574
G values calculated from the list of materials (above).

------------- Hydrogen/Helium Gas Results

*Hydrogen gas calculations are made at the end of the user-specified seal time.

Hydrogen Gas:
H2 Concentration: 5 % in 6.957 years
H2 Moles: 3.118 moles
H2 Volume: 69890 cm*3 (0 C, 101 .325 kPa)
H2 Rate When Sealed: 1.245 cm^3/hr (0 C, 101.325 kPa)
H2 Rate When Opened: 1.056 cm^3/hr (0 C, 101.325 kPa)

Helium Gas:
He Concentration: 8E-07%
He Moles: 4.975E-07 moles
He Volume: 0.01115 cm^3 (0 C, 101.325 kPa)
He Rate When Sealed: 1.824E-07 cm^3/hr (0 C, 101 .325 kPa)
He Rate When Opened: 1.831 E-07 cm*3/hr (0 C, 101.325 kPa)

Pressure When Opened:
Partial Pressure (H-2): 5.059 kPa
Partial Pressure (He): 8.071 E-07 kPa
Partial Pressure (02): 2.529 kPa (if H20 present in waste)
Total Pressure (H-2 + He + Air): 106.4 kPa
Total Pressure (H12 + He + 02 + Air): 108.9 kPa (if H20 present in waste)

75



R-PP-CALC-4223 3
Rev. 0

CALC-36473-02-NS-OO01
ENERGYSOLUTIONS Rev. 0
Engineering and Technology Page 76 of 91

7.3.7 Radcalc Runs for 8x4x4 Box

7.3.7.1 8x4x4 Box, LLW Source Term, Misc Debris, 5 vo1% H2

Radcalc 4.1: U:\TOC\WRPS Gas Generation Task, 07-09\Reorganized Data & Radcalc Runs\Box, 8x4x4\Radcalc & Text
Files\5 vol%\Box, 8x4x4, LLW, Misc Debris (5 vol% H2).rad

Performed By: R Wagner
Checked By: B Willis

Input Information

Comments:
Time to 5 vol% H2 for sealed 8x4x4 box, bounding LLW rad source term, miscellaneous debris waste contents.

-Paper/plastic/cloth/rubber/wood/absorbent are labeled "Polyethylene (LDPE)" and modeled as Solid Organic Materials, W-
hr < 0.012, with uniform G values of 3.4 from TRAMPAC

-"USER" is Steel with G values of 0.

Initial Source Data:
Isotope Ci Gm TBq
K-40 7.722E-03 1 .092E+03 2.857E-04
Co-60 3.504E-01 3.096E-04 1 .297E-02
Sr-90 3.329E-01 2.410E-03 1.232E-02
Y-90 3.329E-01 6.121 E-07 1.232E-02
Cs-137 5.850E-01 6.730E-03 2.165E-02
Ba-137m 5.534E-01 1.028E-09 2.048E-02
Eu-152 2.831 E-03 1.627E-05 1.048E-04
Eu-154 2.200E-02 8.138E-05 8.139E-04
Eu-1 55 1.609E-03 3.314E-06 5.952E-05
Re-i 87 1 .749E-06 3.979E+01 6.472E-08
Th-232 2.668E-04 2.433E+03 9.870E-06
U-234 1 .773E-02 2.851 E+00 6.558E-04
U-235 7.722E-04 3.573E+02 2.857E-05
U-238 1 .860E-02 5.535E+04 6.883E-04
Np-237 2.685E-03 3.810OE+00 9.935E-05
Pu-238 5.008E-03 2.924E-04 1 .853E-04
Pu-239 2.603E-02 4.1 97E-01 9.632E-04
Pu-240 6.084E-03 2.681 E-02 2.251 E-04
Pu-241 2.837E-01 2.742E-03 1.050E-02
Am-241 2.1 06E-02 6.1 46E-03 7.792E-04

Total Activity: 2.571 E+00 9.512E-02
*Radionuclides with an A1/A2 fraction of less than 0.001 will not be shown in the output.

Container Data:
Container Void Volume: 3.398 m'3
Container Mass: 523 kg
Mass of solid beryllium, lead, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Gross Mass: 1138 kg

Waste Data:
Waste Form: Normal
Waste State: Solid
Waste Volume: 0.2265 m^3
Waste Mass: 615.2 kg
Mass of solid lead: 0 kg
Mass of solid beryllium, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Waste Void Volume: 0 m^3
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Decay Time Data:
Time to decay source before sealing: 30 day
Hydrogen gas target: 5

Gamma Absorption Model:
Gamma Abs Model: 100% Gamma Absorption

G Value Materials Data:
Wt. Fraction G Alpha G Beta G Gamma Material Name
0.73 0 0 0 USER
0.27 3.4 3.4 3.4 Polyethylene (LDPE)

G Value Data:
G Alpha G Beta G Gamma
0.918 0.918 0.918
G values calculated from the list of materials (above).

----------------~Hydrogen/Helium Gas Results- - - - - - - -

*Hydrogen gas calculations are made at the end of the user-specified seal time.

Hydrogen Gas:
H2 Concentration: 5 % in 842.4 years
H2 Moles: 7.944 moles
H2 Volume: 178100 cmA3 (0 C, 101.325 kPa)
H2 Rate When Sealed: 0.1045 cm*3/hr (0 C, 101 .325 kPa)
H2 Rate When Opened: 0.01 939 cm^3/hr (0 C, 101.325 kPa)

Helium Gas:
He Concentration: 9.2E-05 %
He Moles: 0.0001472 moles
He Volume: 3.3 cm*3 (0OC, 101 .325 kPa)
He Rate When Sealed: 4.872E-07 cm^3/hr (0 C, 101 .325 kPa)
He Rate When Opened: 4.003E-07 cm^3/hr (0 C, 101 .325 kPa)

Pressure When Opened:
Partial Pressure (H-2): 5.045 kPa
Partial Pressure (He): 9.349E-05 kPa
Partial Pressure (02): 2.522 kPa (if H20 present in waste)
Total Pressure (H2 + He + Air): 106.4 kPa
Total Pressure (H2 + He + 02 + Air): 108.9 kPa (if H20 present in waste)

7.3.7.2 8x4x4 Box, MW Source Term, Misc Debris, 5 vo1% H2

Radcalc 4.1: U:\TOC\WRPS Gas Generation Task, 07-09\Reorganized Data & Radcalc Runs\Box, 8x4x4\Radcalc & Text
Files\5 vol%\Box, 8x4x4, MW, Misc Debris (5 vol% H2).rad

Performed By: R Wagner
Checked By: B Willis

Input Information

Comments:
Time to 5 vol% H2 for sealed 8x4x4 box, bounding MW rad source term, miscellaneous debris waste contents.
- Paper/plastic/cloth/rubber/wood/absorbent are labeled "Polyethylene (LDPE)" and modeled as Solid Organic Materials, W-
hr < 0.012, with uniform G values of 3.4 from TRAMPAC

-"USER" is Steel with G values of 0.
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Initial Source Data:
Isotope Ci Gm TBq
H-3 5.624E-03 5.850E-07 2.081 E-04
C-14 1.184E-03 2.643E-04 4.381iE-05
Co-60 3.621 E-03 3.200E-06 1 .340E-04
Ni-59 2.713E-04 3.399E-03 1.004E-05
Ni-63 2.585E-02 4.577E-04 9.564E-04
Se-79 2.1 80E-04 5.295E-02 8.067E-06
Sr-90 1.648E+01 1.193E-01 6.096E-01
Y-90 1 .648E+01 3.030E-05 6.096E-01
Zr-93 1.056E-03 4.197E-01 3.906E-05
Nb-93m 8.347E-04 3.498E-06 3.088E-05
Tc-99 8.514E-03 5.041 E-01 3.150E-04
Ru-i 06 1 .746E-03 5.277E-07 6.461 E-05
Cd-il 13m 4.11 4E-03 1 .832E-05 1 .522E-04
Sn-i26 3.591 E-04 2.909E-02 1.329E-05
Sb-i25 3.216E-02 3.100E-05 1.190E-03
1-129 3.256E-05 1.890E-01 1.205E-06
Cs-134 7.518E-03 5.815E-06 2.782E-04
Cs-1 37 9.866E+00 1.135E-01 3.650E-01
Ba-i 37m 9.333E+00 1 .734E-08 3.453E-01
Sm-i 51 7.607E-01 2.890E-02 2.814E-02
Eu-1 52 3.710E-04 2.132E-06 1.373E-05
Eu-i 54 4.607E-02 1 .705E-04 1 .705E-03
Eu-155 3.424E-02 7.051 E-05 1.267E-03
Ra-226 1 .825E-08 1 .846E-08 6.753E-1 0
Ra-228 i.480E-05 5.428E-08 5.476E-07
Ac-227 4.1 24E-05 5.702E-07 1 .526E-06
Th-229 6.423E-07 3.020E-06 2.376E-08
Th-232 1.569E-06 1.431 E+0i 5.804E-08
Pa-23i 8.712E-05 1.844E-03 3.223E-06
U-232 4.173E-05 1.891 E-06 1.544E-06
U-233 1.677E-04 1.741 E-02 6.206E-06
U-234 1.066E-04 1.714E-02 3.942E-06
U-235 4.302E-06 1.990E+00 1.592E-07
U-236 4.134E-06 6.469E-02 1.530E-07
U-238 9.392E-05 2.794E+02 3.475E-06
Np-237 6.275E-05 8.904E-02 2.322E-06
Pu-238 8.357E-04 4.880E-05 3.092E-05
Pu-239 1 .756E-02 2.832E-01 6.498E-04
Pu-240 3.581 E-03 1 .578E-02 1 .325E-04
Pu-241 4.213E-02 4.071 E-04 1.559E-03
Pu-242 3.631iE-07 9.182E-05 1.343E-08
Am-241 3.858E-02 i1.1 26E-02 1 .427E-03
Am-243 8.465E-06 4.239E-05 3.i32E-07
Cm-242 1.727E-08 5.215E-i2 6.388E-10
Cm-243 1.105SE-05 2.254E-07 4.088E-07
Cm-244 2.486E-04 3.055E-06 9.199E-06

Total Activity: 5.31 9E+01 1 .968E+00
*Radionuclides with an Ai/A2 fraction of less than 0.001 will not be shown in the output.

Container Data:
Container Void Volume: 3.398 m'3
Container Mass: 523 kg
Mass of solid beryllium, lead, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Gross Mass: 1138 kg

Waste Data:
Waste Form: Normal
Waste State: Solid
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Waste Volume: 0.2265 m^3
Waste Mass: 615.2 kg
Mass of solid lead: 0 kg
Mass of solid beryllium, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Waste Void Volume: 0 m'3

Decay Time Data:
Time to decay source before sealing: 30 day
Hydrogen gas target: 5%

Gamma Absorption Model:
Gamma Abs Model: 100% Gamma Absorption

G Value Materials Data:
Wt. Fraction G Alpha G Beta G Gamma Material Name
0.73 0 0 0 USER
0.27 3.4 3.4 3.4 Polyethylene (LDPE)

G Value Data:
G Alpha G Beta G Gamma
0.918 0.918 0.918
G values calculated from the list of materials (above).

------------- Hydrogen/Helium Gas Results

*Hydrogen gas calculations are made at the end of the user-specified seal time.

Hydrogen Gas:
H2 Concentration: 5 % in 21.39 years
H2 Moles: 7.951 moles
H2 Volume: 178200 cm'3 (0 C, 101 .325 kPa)
H2 Rate When Sealed: 1.214 cm^3/hr (0 C, 101 .325 kPa)
H2 Rate When Opened: 0.7349 cm*3/hr (0 C, 101.325 kPa)

Helium Gas:
He Concentration: 1 .6E-06 %
He Moles: 2.545E-06 moles
He Volume: 0.05704 cm^3 (0 C, 101 .325 kPa)
He Rate When Sealed: 3.049E-07 cm'3/hr (0 C, 101 .325 kPa)
He Rate When Opened: 3.033E-07 cm'3/hr (0 C, 101 .325 kPa)

Pressure When Opened:
Partial Pressure (H2): 5.049 kPa
Partial Pressure (He): 1.616E-06 kPa
Partial Pressure (02): 2.525 kPa (if H20 present in waste)
Total Pressure (H2 + He + Air): 106.4 kPa
Total Pressure (H2 + He + 02 + Air): 108.9 kPa (if H20 present in waste)

7.3.8 Radcalc Runs for 9x5x5 Box

7.3.8.1 9x5x5 Box, LLW Source Term, Misc Debris, 5 vol% 112

Radcalc 4. 1 : U:\TOC\WRPS Gas Generation Task, 07-09\Reorganized Data & Radcalc Runs\Box, 9x5x5\Radcalc & Text
Files\5 vol%/\Box, 9x5x5, LLW, Misc Debris (5 vol% H2).rad

Performed By: R Wagner
Checked By: B Willis
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-------------- input information

Comments:
Time to 5 vol% H2 for sealed 9x5x5 box, bounding LLW rad source term, miscellaneous debris waste contents.
- Paper/plasticlcloth/rubberlwood/absorbent are labeled "Polyethylene (LDPE)" and modeled as Solid Organic Materials, W-
hr < 0.012, with uniform G values of 3.4 from TRAMPAC
- "USER" is Steel + Copper + Aluminum with G values of 0.

Initial Source Data:
Isotope Ci Gm TBq
K-40 1.931 E-02 2.731 E+03 7.145E-04
Co-60 8.763E-01 7.744E-04 3.242E-02
Sr-90 8.324E-01 6.027E-03 3.080E-02
Y-90 8.324E-01 1.531 E-06 3.080E-02
Cs-137 1.463E+00 1.683E-02 5.413E-02
Ba-137m 1.384E+00 2.572E-09 5.121 E-02
Eu-i 52 7.081 E-03 4.070E-05 2.620E-04
Eu-154 5.501 E-02 2.035E-04 2.035E-03
Eu-i 55 4.023E-03 8.287E-06 1 .489E-04
Re-1 87 4.374E-06 9.951 E+01 1.619E-07
Th-232 6.671 E-04 6.084E+03 2.468E-05
U-234 4.433E-02 7.1 30E+00 1 .640E-03
U-235 1.931 E-03 8.936E+02 7.145F-O5
U-238 4.652E-02 1.384E+05 1.721 E-03
Np-237 6.715E-03 9.529E+00 2.485E-04
Pu-238 1.252E-02 7.313E-04 4.634E-04
Pu-239 6.510OE-02 1 .050E+00 2.409E-03
Pu-240 1 .522E-02 6.705E-02 5.630E-04
Pu-241 7.096E-01 6.856E-03 2.625E-02
Am-241 5.267E-02 1 .537E-02 1 .949E-03

Total Activity: 6.429E+00 2.379E-01
*Radionuclides with an A1IA2 fraction of less than 0.001 will not be shown in the output.

Container Data:
Container Void Volume: 6 m^3
Container Mass: 709 kg
Mass of solid beryllium, lead, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Gross Mass: 2243 kg

Waste Data:
Waste Form: Normal
Waste State: Solid
Waste Volume: 0.3709 m'3
Waste Mass: 1534 kg
Mass of solid lead: 0 kg
Mass of solid beryllium, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Waste Void Volume: 0 m'3

Decay Time Data:
Time to decay source before sealing: 30 day
Hydrogen gas target: 5%

Gamma Absorption Model:
Gamma Abs Model: 100% Gamma Absorption

G Value Materials Data:
Wt. Fraction G Alpha G Beta G Gamma Material Name
0.8789 0 0 0 USER
0.1211 3.4 3.4 3.4 Polyethylene (LDPE)
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G Value Data:
G Alpha G Beta G Gamma
0.4117 0.4117 0.4117
G values calculated from the list of materials (above).

-------------- Hydrogen/Helium Gas Results

*Hydrogen gas calculations are made at the end of the user-specified seal time.

Hydrogen Gas:
H2 Concentration: 5 in 1473 years
H2 Moles: 14.04 moles
H2 Volume: 314800 cm'3 (0 C, 101 .325 kPa)
H2 Rate When Sealed: 0.1172 cm^3Ihr (0 C, 101 .325 kPa)
H2 Rate When Opened: 0.02018 cm*3/hr (0 C, 101 .325 kPa)

Helium Gas:
He Concentration: 0.00021 %
He Moles: 0.000605 moles
He Volume: 13.56 cm'3 (0 C, 101 .325 kPa)
He Rate When Sealed: 1.218E-06 cm^3/hr (0OC, 101 .325 kPa)
He Rate When Opened: 9.323E-07 cm^3/hr (0 C, 101 .325 kPa)

Pressure When Opened:
Partial Pressure (H-2): 5.051 kPa
Partial Pressure (He): 0.0002176 kPa
Partial Pressure (02): 2.525 kPa (if H20 present in waste)
Total Pressure (H-2 + He + Air): 106.4 kPa
Total Pressure (H2 + He + 02 + Air): 108.9 kPa (if H20 present in waste)

7.3.8.2 9x5x5 Box, MW Source Term, Misc Debris, 5 vol% 112

Radcalc 4.1: U:\TOC\WRPS Gas Generation Task, 07-09\Reorganized Data & Radcalc Runs\Box, 9x5x5\Radcalc & Text
Files\5 vol%\Box, 9x5x5, MW, Misc Debris (5 vol% H2).rad

Performed By: R Wagner
Checked By: B Willis

------------------- nput Information

Comments:
Time to 5 vol% H2 for sealed 9x5x5 box, bounding MW rad source term, miscellaneous debris waste contents.

-Paper/plasticlcloth/rubber/wood/absorbent are labeled "Polyethylene (LDPE)" and modeled as Solid Organic Materials, W-
hr < 0.012, with uniform G values of 3.4 from TRAMPAC

"USER" is Steel + Copper +Aluminum with Gvalues of 0.

Initial Source Data:
Isotope Ci Gm TBq
H-3 1.41 4E-02 1.471 E-06 5.232E-04
C-14 2.977E-03 6.647E-04 1.102E-04
Co-60 9.105E-03 8.046E-06 3.369E-04
Ni-59 6.823E-04 8.548E-03 2.524E-05
Ni-63 6.500E-02 1. 151 E-03 2.405E-03
Se-79 5.483E-04 1.331 E-01 2.029E-05
Sr-90 4.143E+01 3.OOOE-01 1.533E+00
Y-90 4.143E+01 7.61 9E-05 1.53311+00
Zr-93 2.655E-03 1.056E+00 9.822E-05
Nb-93mn 2.09911-03 8.796E-06 7.766E-05
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Tc-99 2.141 E-02 1.268E-'00 7.922E-04
Ru-106 4.391 E-03 1.327E-06 1.625E-04
Cd-il 13m 1 .035E-02 4.607E-05 3.828E-04
Sn-126 9.031 E-04 7.315E-02 3.341 E-05
Sb-125 8.088E-02 7.795E-05 2.993E-03
1-129 8.1 87E-05 4.753E-01 3.029E-06
Cs-i 34 1 .891 E-02 1 .462E-05 6.995E-04
Cs-1 37 2.481 E+01 2.854E-01 9.180E-01
Ba-1 37m 2.347E+01 4.361 E-08 8.684E-01
Sm-1 51 1.913E+00 7.268E-02 7.078E-02
Eu-i 52 9.329E-04 5.362E-06 3.452E-05
Eu-1 54 1.159E-01 4.287E-04 4.287E-03
Eu-i55 8.609E-02 1.773E-04 3.185E-03
Ra-226 4.590E-08 4.643E-08 1 .698E-09
Ra-228 3.722E-05 1.365E-07 1.377E-06
Ac-227 1 .037E-04 1 .434E-06 3.837E-06
Th-229 1.615E-06 7.595E-06 5.976E-08
Th-232 3.945E-06 3.597E+01 1.460E-07
Pa-231 2.191lE-04 4.638E-03 8.106E-06
U-232 1 .049E-04 4.755E-06 3.883E-06
U-233 4.218E-04 4.378E-02 1.561 E-05
U-234 2.679E-04 4.31 OE-02 9.914E-06
U-235 1 .082E-05 5.005E+00 4.002E-07
U-236 1 .040E-05 1 .627E-01 3.846E-07
U-238 2.362E-04 7.027E+'02 8.739E-06
Np-237 1 .578E-04 2.239E-01 5.838E-06
Pu-238 2.1i01 E-03 1 .227E-04 7.775E-05
Pu-239 4.416E-02 7.121 E-01 1.634E-03
Pu-240 9.006E-03 3.969E-02 3.332E-04
Pu-241 1 .059E-01 1 .024E-03 3.920E-03
Pu-242 9.1 30E-07 2.309E-04 3.378E-08
Am-241 9.701 E-02 2.831 E-02 3.589E-03
Am-243 2.129E-05 1.066E-04 7.876E-07
Cm-242 4.342E-08 1.311 E-1 1 1.606E-09
Cm-243 2.779E-05 5.668E-07 1 .028E-06
Cm-244 6.252E-04 7.683E-06 2.31 3E-05

Total Activity: 1.338E+02 4.949E+00
*Radionuclides with an A1/A2 fraction of less than 0.001 will not be shown in the output.

Container Data:
Container Void Volume: 6 m^3
Container Mass: 709 kg
Mass of solid beryllium, lead, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Gross Mass: 2243 kg

Waste Data:
Waste Form: Normal
Waste State: Solid
Waste Volume: 0.3709 m^3
Waste Mass: 1534 kg
Mass of solid lead: 0 kg
Mass of solid beryllium, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Waste Void Volume: 0 m'3

Decay Time Data:
Time to decay source before sealing: 30 day
Hydrogen gas target: 5%

Gamma Absorption Model:

82



RPP-CALC-42233
Rev. 0

CALC-3 6473-02-NS-OO 1
ENERGYSOLuIoNS Rev. 0
Engineering and Technology Page 83 of 91

Gamma Abs Model: 100% Gamma Absorption

G Value Materials Data:
Wt. Fraction G Alpha G Beta G Gamma Material Name
0.8789 0 0 0 USER
0.1211 3.4 3.4 3.4 Polyethylene (LDPE)

G Value Data:
G Alpha G Beta G Gamma
0.4117 0.4117 0.4117
G values calculated from the list of materials (above).

------------ Hydrogen/Helium Gas Results

*Hydrogen gas calculations are made at the end of the user-specified seal time.

Hydrogen Gas:
H2 Concentration: 5 % in 40.79 years
H2 Moles: 13.98 moles
H2 Volume: 313400 cm^3 (0 C, 101.325 kPa)
H2 Rate When Sealed: 1.369 cm*3/hr (0 C, 101 .325 kPa)
H2 Rate When Opened: 0.5315 cm^3/hr (0 C, 101 .325 kPa)

Helium Gas:
He Concentration: 4.3E-06 %
He Moles: 1 .207E-05 moles
He Volume: 0.2706 cm^3 (0 C, 101.325 kPa)
He Rate When Sealed: 7.667E-07 cm'3/hr (0 C, 101.325 kPa)
He Rate When Opened: 7.501 E-07 cm'3/hr (0 C, 101 .325 kPa)

Pressure When Opened:
Partial Pressure (H-2): 5.03 kPa
Partial Pressure (He): 4.343E-06 kPa
Partial Pressure (02): 2.515 kPa (if H20 present in waste)
Total Pressure (H-2 + He + Air): 106.4 kPa
Total Pressure (H-2 + He + 02 + Air): 108.9 kPa (if H20 present in waste)

7.3.9 Radcalc Runs for 12x4x4 Box

7.3.9.1 12x4x4 Box, LLW Source Term, Misc Debris, 5 vol% H2

Radcalc 4.1: U:\TOC\WRPS Gas Generation Task, 07-09\Reorganized Data & Radcalc Runs\Box, 12x4x4\Radcalc &
Text Files\5 vol%\Box, 12x4x4, LLW, Misc Debris (5 vol% H2).rad

Performed By: R Wagner
Checked By: B Willis

In put Information

Comments:
Time to 5 vol% H2 for sealed 12x4x4 box, bounding LLW rad source term, miscellaneous debris waste contents.

-Paper/plasticlcloth/rubber/wood/absorbent are labeled "Polyethylene (LDPE)' and modeled as Solid Organic Materials, W-
hr < 0.012, with uniform G values of 3.4 from TRAMPAC
- "USER" is Steel +Copper +Aluminum with Gvalues of 0.

Initial Source Data:
Isotope Ci Gm TBq
K-40 2.1 70E-02 3.069E+03 8.029E-04
Co-60 9.848E-01 8.702E-04 3.644E-02
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Sr-90 9.354E-01 6.773E-03 3.461 E-02
Y-90 9.354E-01 1 .720E-06 3.461 E-02
Cs-i 37 1 .644E+00 1.891 E-02 6.083E-02
Ba-i 37m 1 .555E+00 2.890E-09 5.754E-02
Eu-i 52 7.957E-03 4.573E-05 2.944E-04
Eu-i 54 6.181 E-02 2.287E-04 2.287E-03
Eu-155 4.52i E-03 9.312E-06 1.673E-04
Re-1 87 4.916E-06 1.118E+02 i.819E-07
Th-232 7.497E-04 6.836E+03 2.774E-05
U-234 4.981iE-02 8.013E+i00 1.843E-03
U-235 2.1 70E-03 1 .004E+03 8.029E-05
U-238 5.228E-02 1 .555E+05 1 .934E-03
Np-237 7.546E-03 i.071E+01 2.792E-04
Pu-238 1 .407E-02 8.218E-04 5.207E-04
Pu-239 7.316E-02 i.180E+00 2.707E-03
Pu-240 1.71 0E-02 7.535E-02 6.326E-04
Pu-24i 7.973E-01 7.704E-03 2.950E-02
Am-24i 5.918E-02 1.727E-02 2.190E-03

Total Activity: 7.224E+00 2.673E-01
*Radionuclides with an A1/A2 fraction of less than 0.001 will not be shown in the output.

Container Data:
Container Void Volume: 5.012 m^3
Container Mass: 1056 kg
Mass of solid beryllium, lead, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Gross Mass: 2812 kg

Waste Data:
Waste Form: Normal
Waste State: Solid
Waste Volume: 0.4253 m'3
Waste Mass: 1756 kg
Mass of solid lead: 0 kg
Mass of solid beryllium, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Waste Void Volume: 0 m'3

Decay Time Data:
Time to decay source before sealing: 30 day
Hydrogen gas target: 5%

Gamma Absorption Model:
Gamma Abs Model: 100% Gamma Absorption

G Value Materials Data:
Wt. Fraction G Alpha G Beta G Gamma Material Name
0.8714 0 0 0 USER
0.1286 3.4 3.4 3.4 Polyethylene (LDPE)

G Value Data:
G Alpha G Beta G Gamma
0.4372 0.4372 0.4372
G values calculated from the list of materials (above).

------------- Hydrogen/Helium Gas Results

*Hydrogen gas calculations are made at the end of the user-specified seal time.

Hydrogen Gas:
H2 Concentration: 5 % in 950.8 years
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H2 Moles: 11.72 moles
H2 Volume: 262700 cm'3 (0 C, 101.325 kPa)
H2 Rate When Sealed: 0.1398 cm^3Ihr (0 C, 101 .325 kPa)
H2 Rate When Opened: 0.02549 cm^3/hr (0 C, 101 .325 kPa)

Helium Gas:
He Concentration: 0.0002%
He Moles: 0.0004609 moles
He Volume: 10.33 cm'3 (0 C, 101 .325 kPa)
He Rate When Sealed: 1.369E-06 cmn'3/hr (0 C, 101 .325 kPa)
He Rate When Opened: 1.106E-06 cm^3/hr (0 C, 101 .325 kPa)

Pressure When Opened:
Partial Pressure (H-2): 5.046 kPa
Partial Pressure (He): 0.0001 984 kPa
Partial Pressure (02): 2.523 kPa (if H20 present in waste)
Total Pressure (H2 + He + Air): 106.4 kPa
Total Pressure (H-2 + He + 02 + Air): 108.9 kPa (if H20 present in waste)

7.3.9.2 12x4x4 Box, MW Source Term, Misc Debris, 5 vo1% H12

Radcalc 4. 1: U:\TOC\WRPS Gas Generation Task, 07-09\Reorganized Data & Radcalc Runs\Box, 12x4x4\Radcalc &
Text Files\5 vol%\Box, 12x4x4, MW, Misc Debris (5 vol% H2).rad

Performed By: R Wagner
Checked By: B Willis

Input Information

Comments:
Time to 5 vol% H2 for sealed 12x4x4 box, bounding MW rad source term, miscellaneous debris waste contents.
- Paper/plastic/cloth/rubber/wood/absorbent are labeled "Polyethylene (LDPE)" and modeled as Solid Organic Materials, W-
hr < 0.012, with uniform G values of 3.4 from TRAMPAC

-"USER" is Steel + Copper + Aluminum with G values of 0.

Initial Source Data:
Isotope Ci Gm TBq
H-3 1.581 E-02 1.645E-06 5.850E-04
C-14 3.329E-03 7.432E-04 1 .232E-04
Co-60 1.018E-02 8.996E-06 3.767E-04
Ni-59 7.629E-04 9.558E-03 2.823E-05
Ni-63 7.268E-02 1.287E-03 2.689E-03
Se-79 6.131 E-04 1 .489E-01 2.268E-05
Sr-90 4.633E+01 3.354E-01 1.714E+00
Y-90 4.633E+01 8.519E-05 1.714E+00
Zr-93 2.968E-03 1.1 80E+00 1 .098E-04
Nb-93m 2.347E-03 9.835E-06 8.683E-05
Tc-99 2.394E-02 1.417E+00 8.858E-04
Ru-106 4.910E-03 1.484E-06 1.817E-04
Cd-1 13m 1.157E-02 5.151E-05 4.280E-04
Sn-1 26 1.O1OE-03 8.179E-02 3.736E-05
Sb-i 25 9.043E-02 8.71 6E-05 3.346E-03
1-129 9.154E-05 5.314E-01 3.387E-06
Cs-134 2.114E-02 1.635F-OS 7.821 E-04
Cs-1 37 2.774E+01 3.191 E-01 1.026E+00
Ba-137rn 2.624E+01 4.876E-08 9.710E-01
Sm-1 51 2.139E+00 8.126E-02 7.913E-02
Eu-i 52 1 .043E-03 5.995E-06 3.859E-05
Eu-154 1.295E-01 4.793E-04 4.793E-03
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Eu-i 55 9.626E-02 1 .983E-04 3.562E-03
Ra-226 5.132E-08 5.191 E-08 1.899E-09
Ra-228 4.161 E-05 1.526E-07 1.540E-06
Ac-227 1.160E-04 1.603E-06 4.290E-06
Th-229 1 .806E-06 8.492E-06 6.682E-08
Th-232 4.411 E-06 4.022E+01 1 .632E-07
Pa-231 2.449E-04 5.186E-03 9.063E-06
U-232 1.173E-04 5.316E-06 4.342E-06
U-233 4.716E-04 4.895E-02 1.745E-05
U-234 2.996E-04 4.819E-02 1.108E-05
U-235 1.209E-05 5.597E+00 4.475E-07
U-236 1.162E-05 1.819E-01 4.301 E-07
U-238 2.641 E-04 7.857E+02 9.771 E-06
Np-237 1.764E-04 2.503E-01 6.528E-06
Pu-238 2.350E-03 1 .372E-04 8.693E-05
Pu-239 4.938E-02 7.962E-01 1 .827E-03
Pu-240 1 .007E-02 4.438E-02 3.726E-04
Pu-241 1.184E-01 1.145E-03 4.383E-03
Pu-242 1.021 E-06 2.582E-04 3.777E-08
Am-241 1.085E-01 3.165E-02 4.013E-03
Am-243 2.380E-05 1.1 92E-04 8.806E-07
Cm-242 4.855E-08 1 .466E-1 1 1 .796E-09
Cm-243 3.107E-05 6.337E-07 1.150E-06
Cm-244 6.990E-04 8.590E-06 2.586E-05

Total Activity: 1.496E+02 5.533E+00
*Radionuclides with an A1/A2 fraction of less than 0.001 will not be shown in the output.

Container Data:
Container Void Volume: 5.012 MA3
Container Mass: 1056 kg
Mass of solid beryllium, lead, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Gross Mass: 2812 kg

Waste Data:
Waste Form: Normal
Waste State: Solid
Waste Volume: 0.4253 m'3
Waste Mass: 1756 kg
Mass of solid lead: 0 kg
Mass of solid beryllium, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Waste Void Volume: 0 m^3

Decay Time Data:
Time to decay source before sealing: 30 day
Hydrogen gas target: 5%

Gamma Absorption Model:
Gamma Abs Model: 100% Gamma Absorption

G Value Materials Data:
Wt. Fraction G Alpha G Beta G Gamma Material Name
0.8714 0 0 0 USER
0.1286 3.4 3.4 3.4 Polyethylene (LDPE)

G Value Data:
G Alpha G Beta G Gamma
0.4372 0.4372 0.4372
G values calculated from the list of materials (above).
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----------- Hydrogen!/Helium Gas Results

*Hydrogen gas calculations are made at the end of the user-specified seal time.

Hydrogen Gas:
H2 Concentration: 5 %in 24.29 years
H2 Moles: 11.71 moles
H2 Volume: 262500 cm*3 (0 C, 101 .325 kPa)
H2 Rate When Sealed: 1.625 cm^3/hr (0 C, 101 .325 kPa)
H2 Rate When Opened: 0.9208 cm*3/hr (0 C, 101.325 kPa)

Helium Gas:
He Concentration: 3.4E-06 %
He Moles: 8.107E-06 moles
He Volume: 0.1817 cm^3 (0 C, 101 .325 kPa)
He Rate When Sealed: 8.572E-07 cm*3/hr (0 C, 101.325 kPa)
He Rate When Opened: 8.51 E-07 cm*3/hr (0 C, 101.325 kPa)

Pressure When Opened:
Partial Pressure (H-2): 5.042 kPa
Partial Pressure (He): 3.491 E-06 kPa
Partial Pressure (02): 2.521 kPa (if H20 present in waste)
Total Pressure (H-2 + He + Air): 106.4 kPa
Total Pressure (H-2 + He + 02 + Air): 108.9 kPa (if H20 present in waste)

7.3.10 Radcalc Runs for 16x2x2 Box

7.3.10.1 16x2x2 Box, LLW Source Term, Misc Debris, 5 vo1% H2

Radcalc 4.1: U:\TOC\WRPS Gas Generation Task, 07-09\Reorganized Data & Radcalc Runs\Box, 16x2x2\Radcalc &
Text Files\5 vol%\Box, 16x2x2, LLW, Misc Debris (5 vol% H2).rad

Performed By: R Wagner
Checked By: B Willis

------------------- Input Information

Comments:
Time to 5 vol% H2 for sealed 16x2x2 box, bounding LLW rad source term, miscellaneous debris waste contents.

-Paper/plastic/cloth/rubber/wood/absorbent are labeled "Polyethylene (LDPE)" and modeled as Solid Organic Materials, W-
hr < 0.012, with uniform G values of 3.4 from TRAMPAC

-"USER" is Steel + Copper + Aluminum with G values of 0.

Initial Source Data:
Isotope Ci Gm TBq
K-40 1 .729E-02 2.445E+03 6.398E-04
Co-60 7.847E-01 6.934E-04 2.903E-02
Sr-90 7.454E-01 5.397E-03 2.758E-02
Y-90 7.454E-01 1.371 E-06 2.758E-02
Cs-137 1.310E+00 1.507E-02 4.847E-02
Ba-1 37m 1.239E+00 2.303E-09 4.585E-02
Eu-i 52 6.340E-03 3.644E-05 2.346E-04
Eu-i 54 4.926E-02 1 .822E-04 1 .822E-03
Eu-1 55 3.603E-03 7.420E-06 1.333E-04
Re-1 87 3.917E-06 8.910E+01 1.449E-07
Th-232 5.974E-04 5.448E+03 2.210E-05
U-234 3.969E-02 6.385E+00 1 .469E-03
U-235 1 .729E-03 8.002E+02 6.398E-05
U-238 4.166E-02 1.239E+05 1.541 E-03
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Np-237 6.01 3E-03 8.532E+00 2.225E-04
Pu-238 1. 121 E-02 6.548E-04 4.149E-04
Pu-239 5.830E-02 9.399E-01 2.157E-03
Pu-240 1 .362E-02 6.004E-02 5.041 E-04
Pu-241 6.354E-01 6.139E-03 2.351 E-02
Am-241 4.716E-02 1.376E-02 1.745E-03

Total Activity: 5.757E+00 2.130E-01
Radionuclides with an A1/A2 fraction of less than 0.001 will not be shown in the output.

Container Data:
Container Void Volume: 1.479 MA3
Container Mass: 616 kg
Mass of solid beryllium, lead, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Gross Mass: 1981 kg

Waste Data:
Waste Form: Normal
Waste State: Solid
Waste Volume: 0.3337 m^3
Waste Mass: 1365 kg
Mass of solid lead: 0 kg
Mass of solid beryllium, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Waste Void Volume: 0 m'3

Decay Time Data:
Time to decay source before sealing: 30 day
Hydrogen gas target: 5%

Gamma Absorption Model:
Gamma Abs Model: 100% Gamma Absorption

G Value Materials Data:
Wt. Fraction G Alpha G Beta G Gamma Material Name
0.8689 0 0 0 USER
0.1311 3.4 3.4 3.4 Polyethylene (LDPE)

G Value Data:
G Alpha G Beta G Gamma
0.4457 0.4457 0.4457
G values calculated from the list of materials (above).

------------- Hydrogen/Helium Gas Results

*Hydrogen gas calculations are made at the end of the user-specified seal time.

Hydrogen Gas:
H2 Concentration: 5 % in 254.6 years
H2 Moles: 3.437 moles
H2 Volume: 77040 cmA3 (0 C, 101 .325 kPa)
H2 Rate When Sealed: 0.1136 cmA3/hr (0 C, 101.325 kPa)
H2 Rate When Opened: 0.02499 cmA3/hr (0 C, 101 .325 kPa)

Helium Gas:
He Concentration: 0.00016 %
He Moles: 0.0001 094 moles
He Volume: 2.453 CMA3 (0 C, 101 .325 kPa)
He Rate When Sealed: 1.091 E-06 cm'3/hr (0 C, 101 .325 kPa)
He Rate When Opened: 1.049E-06 cm'3/hr (0 C, 101.325 kPa)
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Pressure When Opened:
Partial Pressure (H2): 5.016 kPa
Partial Pressure (He): 0.0001 597 kPa
Partial Pressure (02): 2.508 kPa (if H20 present in waste)
Total Pressure (H2 +- He + Air): 106.3 kPa
Total Pressure (H2 + He +-02 + Air): 108.8 kPa (if H20 present in waste)

7.3.10.2 16x2x2 Box, MW Source Term, Misc Debris, 5 vol% 112

Radcalc 4.1: U:\TOC\WRPS Gas Generation Task, 07-09\Reorganized Data & Radcalc Runs\Box, 16x2x2\Radcalc &
Text Files\5 vol%\Box, 16x2x2, MW, Misc Debris (5 vol% H2).rad

Performed By: R Wagner
Checked By: B Willis

------------------ In put Information

Comments:
Time to 5 vol% H2 for sealed 16x2x2 box, bounding MW rad source term, miscellaneous debris waste contents.

-Paper/plastic/cloth/rubber/wood/absorbent are labeled "Polyethylene (LDPE)" and modeled as Solid Organic Materials, W-
hr < 0.012, with uniform G values of 3.4 from TRAMPAC

-"USER" is Steel + Copper + Aluminum with G values of 0.

Initial Source Data:
Isotope Ci Gm TBq
H-3 1.250E-02 1.301 E-06 4.627E-04
C-1 4 2.633E-03 5.878E-04 9.740E-05
Co-60 8.051 E-03 7.115E-06 2.979E-04
Ni-59 6.033E-04 7.559E-03 2.232E-05
Ni-63 5.748E-02 1.018E-03 2.127E-03
Se-79 4.848E-04 1.1 77E-01 1 .794E-05
Sr-90 3.664E+01 2.653E-01 1.356E+00
Y-90 3.664E+01 6.737E-05 1 .356E+00
Zr-93 2.347E-03 9.333E-01 8.685E-05
Nb-93m 1 .856E-03 7.778E-06 6.867E-05
Tc-99 1.893E-02 1.121 E+00 7.005E-04
Ru-i 06 3.883E-03 1.1 73E-06 1 .437E-04
Cd-1 13m 9.148E-03 4.074E-05 3.385E-04
Sn-i 26 7.985E-04 6.468E-02 2.955E-05
Sb-125 7.152E-02 6.893E-05 2.646E-03
1-129 7.240E-05 4.203E-01 2.679E-06
Cs-134 1.672E-02 1.293E-05 6.185E-04
Cs-1 37 2.194E+01 2.524E-01 8.117E-01
Ba-i 37m 2.075E+01 3.856E-08 7.679E-01
Sm-i 51 1 .69i E+00 6.426E-02 6.258E-02
Eu-i 52 8.249E-04 4.741 E-06 3-052E-05
Eu-i54 1.025E-01 3.790E-04 3.791iE-03
Eu-i55 7.612E-02 1.568E-04 2.817E-03
Ra-226 4.059E-08 4.1 06E-08 1 .502E-09
Ra-228 3.291 E-05 1.207E-07 1.218E-06
Ac-227 9.170E-05 1.268E-06 3.393E-06
Th-229 1 .428E-06 6.71 6E-06 5.284E-08
Th-232 3.488E-06 3.181E+01 1.291iE-07
Pa-231 1.937E-04 4.101E-03 7.167E-06
U-232 9.280E-05 4.204E-06 3.434E-06
U-233 3.729E-04 3.872E-02 i1.380E-05
U-234 2.369E-04 3.811iE-02 8.766E-06
U-235 9.565E-06 4.426E+00 3.539E-07
U-236 9.192E-06 1.438E-01 3.401iE-07
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U-238 2.089E-04 6.214E+02 7.727E-06
Np-237 1 .395E-04 1 .980E-01 5.1 62E-06
Pu-238 1.858E-03 1.085E-04 6.875E-05
Pu-239 3.905E-02 6.296E-01 1 .445E-03
Pu-240 7.963E-03 3.509E-02 2.946E-04
Pu-241 9.368E-02 9.051 E-04 3,466E-03
Pu-242 8.073E-07 2.042E-04 2.987E-08
Am-241 8.578E-02 2.503E-02 3.1 74E-03
Am-243 1 .882E-05 9.425E-05 6.964E-07
Cm-242 3.839E-08 1.160E-11 1.420E-09
Cm-243 2.457E-05 5.012E-07 9.091 E-07
Cm-244 5.528E-04 6.794E-06 2.046E-05

Total Activity: 1.183E+02 4.376E+00
*Radionuclides with an A1IA2 fraction of less than 0.001 will not be shown in the output.

Container Data:
Container Void Volume: 1.479 m^3
Container Mass: 616 kg
Mass of solid beryllium, lead, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Gross Mass: 1981 kg

Waste Data:
Waste Form: Normal
Waste State: Solid
Waste Volume: 0.3337 m^3
Waste Mass: 1365 kg
Mass of solid lead: 0 kg
Mass of solid beryllium, graphite, and hydrogenous

material enriched with deuterium: 0 kg
Waste Void Volume: 0 m'3

Decay Time Data:
Time to decay source before sealing: 30 day
Hydrogen gas target: 5

Gamma Absorption Model:
Gamma Abs Model: 100% Gamma Absorption

G Value Materials Data:
Wt. Fraction G Alpha G Beta G Gamma Material Name
0.8689 0 0 0 USER
0.1311 3.4 3.4 3.4 Polyethylene (LDPE)

"GValue Data:
G Alpha G Beta G Gamma
0.4457 0.4457 0.4457
G values calculated from the list of materials (above).

------------- Hydrogen/Helium Gas Results

*Hydrogen gas calculations are made at the end of the user-specified seal time.

Hydrogen Gas:
H2 Concentration: 5 % in 7.387 years
H2 Moles: 3.467 moles
H2 Volume: 77710 cm'3 (0 C, 101 .325 kPa)
H2 Rate When Sealed: 1.31 cm*3/hr (0 C, 101 .325 kPa)
H2 Rate When Opened: 1.1 cm'3/hr (0 C, 101 .325 kPa)

Helium Gas:
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He Concentration: 2.8E-06 %
He Moles: 1 .963E-06 moles
He Volume: 0.04399 cm'3 (0 C, 101 .325 kPa)
He Rate When Sealed: 6.779E-07 cm^3/hr (0 C, 101.325 kPa)
He Rate When Opened: 6.804E-07 cm^3/hr (0 C, 101 .325 kPa)

Pressure When Opened:
Partial Pressure (H2): 5.058 kPa
Partial Pressure (He): 2.863E-06 kPa
Partial Pressure (02): 2.529 kPa (if H20 present in waste)
Total Pressure (H2 +4 He + Air): 106.4 kPa
Total Pressure (H2 + He + 02 + Air): 108.9 kPa (if H20 present in waste)
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