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PREFACE 

For the purpose of providing recommended design assumptions for 
TRUPACT-II, gas generation within the TRU waste containers and the 
potential effects resulting from the absence of continuous venting of the 
TRUPACT-II are considered in this report. The recommended assumptions are 
based on the best current state of knowledge to conservatively represent 
the potential gas generation loads for the TRUPACT-II. 

The work incurred with the compiling of data and study of this issue was 
provided by Science Applications International Corporation (SAIC) in 
Pleasanton, California and is support~d by the United States Department 
of Energy, Joint Integration Office. Reviews were provided by Sandia 
National Laboratory and the TRUPACT Task Force. 
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Proposed TRUPACT-11 Criteria for Gas Generation 

1. Background, and Purpose 

TRUPACT-II is an updated design for the TRUPACT shipping container 
for TRU wastes. The TRUPACT-II differs from previous designs in that the 
absence of continuous venting is anticipated as a design characteristic. 
As a result, gas generation within the vented TRU waste containers is a 
potentially important issue. TRU waste gas generation can impact the 
TRUPACT-II design for several reasons: 

Radiolytic, thermal, chemical and bacterial gas generation in an 
unvented TRUPACT-II can result in the accumulation of 
combustible gas mixtures (e.g., hydrogen and oxygen) thereby 
suggesting the use of hydrogen removal methods such as 
recombiners and/or getters. 

Gas generation in an unvented TRUPACT-II can result in the 
buildup of pressure within the TRUPACT-11 which may require 
structural enhancements and/or the use of pressure relief 
devices to increase the pressure capacity. 

High temperatures within the TRUPACT-II due to radioactive decay 
heat and external thermal loading may result in an enhanced 
level of gas generation due to thermal degradation. 

Oxygen depletion due to radiolysis as well as bacterial, 
chemical and thermal degradation may impact on the performance 
of a hydrogen recombiner. 

To ensure that the TRUPACT-II design activities can proceed 
expediti~usly in light of these issues, it is necessary to develop a set 
of recommended assumptions regarding gas generation to be used in design 
a~sessments. The intent of these gas generation design criteria inputs 
is to provide recommended assumptions reflecting the best current state 
of knowledge to conservatively represent the potential gas generation 
loads for the TRUPACT-II. 



2. Approach 

Two sets of criteria are recognized to apply to the gas generation issue 
for the TRUPACT-11 design. First, the USNRC in IE Information Notice No. 
84-72 requires that flammable gas mixtures (H2 > 5% ~ o2 > 5%) be 
avoided during a period of time up to twice the expected shipping period. For 
truck and rail shipping times of 15 and 30 days, respectively, this 
corresponds to control periods of 30 and 60 days. 

The second set of criteria relates to the requirements to design for the 
.. Maximum Normal Operating Pressure .. (MNOP) under 10 CFR 71. Although a 
pressure accumulation period of one year under continuing adverse 
environmental thermal loading appears to be highly improbable, 10 CFR 71 
indicates that this should be used in the basis for pressure design. 

Consequently, two sets of calculational assumptions have been developed 
and recommended in this document. The first of these is the 11 30-60 day worst 
realistic case 11 set of assumptions that are recommended for application 
principally during expected shipping conditions (i.e., those anticipated 
during the 30 and 60 day time periods). The second set of calculational 
assumptions is the 11 0esign Basis 11 set. These assumptions are recommended for 
application in developing the MNOP which assumes a 1 year pressure 
accumulation period. 

Due to limitations on the existing state of knowledge, a certain degree 
of engineering judgment is required in the development of appropriate 
criteria. Consequently, the format of the recommendations includes a 
statement of the recommended values followed by a discussion of the basis or 
rationale for them. 
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3. Summary of Recommended Assumptions 

The following summarizes the recommended assumptions for TRUPACT-II 
design assessments based on a 60°C temperature: 

Parameter 

Radiolytic gas generation 

G (Total) 
G (Hydrogen) 

Thermal gas (C02l 
generation 

Bacterial gas generation 

Void volume 

Water vapor 

Catalytic recombiner 

30-60 Day Worst Case 

36 drums at Gr = 2.9 
36 drums at GH = 1.9 

36 drums at 2.6 moles/ 
drum/yr 

36 drums at 4.2 moles/ 
drum/yr 

50% (average' 

saturation 

yes 

Regulatory Design Basis 

36 drums at Gr = 1.45 
36 drums at GH = 0.95 

36 drums at 2.6 moles/ 
drum/yr 

2 drums at 4.2 moles/ 
drum/yr 

50% (average) 

saturation 

yes 

Each of th~se parameters is addressed in subsequent sections with 
recommendations and corresponding discussion/justification. 

3 



4. Radiolytic Gas Yield 

4.1 Recommended Values: 

~Realistic Case 

G(total) = 2.9 
G(hydrogen) a 1.8 

4.2 Discussion/Justification 

Design Basis 

G(total) = 1.45 
G(hydrogen) • 0.95 

Radiolytic gas yields (G values) for a number of common waste materials 
have been extracted from the literature by Molecke [1] and are summarized in 
Table 1. The values shown for several materials were obtained from more than 
one source and, for the most part, correlate fairly well. 

The majority of matrix materials in Table 1 have Gtotal values which 
are less than 2.9 and GH values not exceeding 1.8. The most notable 
exception is PVC as repo~ted by Ryan [2] using Los Alamos data. Zerwekh [3] 
has reported that the PVC data has been misinterpreted and that RFP values are 
more reasonable. 

The data indicate that G values of 2.9 (total) and 1.8 (hydrogen) 
molecules/lOOeV are appropriate as conservative upper limits based on 
currently available data for waste t~pes expected to be shipped to WIP? and 
are recommended as a basis for the 30-60 day worst case set of assumptions. 
Exotic wastes such as oil sorbed on microcell (Gtotal = 3.1) or octane 
sorbed on vermiculite (Gtotal = 4.5) would be expected to be shipped 
concurrently with low G-value drums to maintain the TRUPACT-II average G 
values less than the assumed worst case values. Note also that waste forms 
containing large quantities of free liquids are not allowed by the waste 
acceptance criteria for WIPP. 
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Table 1 
G Values 

(based on data from Molecke [1] and Ryan [2]) 

Matrix 

Cellulosics 

PVC 

Polyethylene 

Pump Oil 

Asphalt 
Octane 
Concrete TRU Ash 
Plexiglas 
Rubber 
S. udge 

Source 

LASL 
SRL 
RFP 
LASL 
RFP 
LASL 
RFP 
LASL 
SRL 
RFP 
LASL 
SRL 
SRL 
RFP 
RFP 
RFP 

N/A = not available. 

Gtotal(molecules/lOOeV) 

1.3-2.9 
1.9 

• 31 (wet) - .63 (dry) 
8 - 11** 

0.43 - 0.96 
1.9 
0.73 

1.3 - 1.8 
2.0 
3.1*** 

0.2 - 1.0 
4.5 

0.0003 - 0.6 
1.9 
0.37 

.078 - .873 

LASL = Los Alamos Scientific Laboratory 
SRL = Savannah River Laboratory 
RFP = Rocky Flats Plant 

GH2(molecules/100eV) 

0.8- 1.7 
0.95 

0.19 (wet) - 0.38 (dry) 
7.2 .. 9.9** 

0.39 - 0.86 
1.8 
0.66 

1.0 - 1.4 
1.6 
2.5 
N/A 
N/A 
N/A 
N/A 
N/A 

0.026- 0.14 

*The G values for hydrogen were calculated from gas composition data reporte~ 
by Molecke [1] and Ryan [2] as appropriate. 

**It has been reported [3] that these values should not be relied upon for 
PVC. The RFP values should be used. 

***Reported as oil. 
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Recognizing the fact that an actual TRU waste shipment will contain a 
mixture of TRU waste containers, some of which may not generate any 
significant levels of radiolyt1c gas, and taking into consideration the very 
conservative nature of the G values discussed above, a more realistfc set of 
G-values at 50' of the worst case levels is recommended for the MNOP design 
basis. 

5. Gas Generation Due to Thermal Breakdown 

5.1 Recommended Values 

< 40°C: 
4oor: 
60°C: 
70°C: 

1 00°C: 
>100°C: 

essentially 0 
.2 moles/drum/year 

2.6 moles/drum/year 
5.2 moles/drum/year 
44 moles/drum/year 

undefined; for scoping purposes, use the 
following relationship: 

(T-lOO)ln 2 
R = 44e -rrr-
where T is temperature in °C 

Hydrogen Ft·acti on: 14% 
Oxygen Fraction: 7% 

5.2 Discussion/Justification 

Information on gas generation due to thermal breakdown is very limited. 
The recommended values are based on data summarized by Molecke [1]. Tables 2· 

and 3 present the relevant data. From Table 2 the maximum values observed/ 
estimated at 40°, 70°, and 100° are recommended as conservative design 
values. The relationship given above is based on the assumption that thermal 
degrada- tion reactions will double for each l0°C increment of temperature 
increase [1]. This relationship allows for interpolation of rates that might 
be expected below the 100°C level, and should be used with caution for 
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Matrix 

Paper 

Composite 

Polyethylene 

Cotton 

Table 2 

TENTATIVE GAS GENERATION RATES FROM THERMAL DEGRADATION* 
(Average drum= 51.4 kg of waste matrix) 

Gas Generation Rate (moles/year/drum) 

1.3 

44 

1.9 

5.2 

*Data obtained from laboratory experiments with simulated wastes. 

**Estimated at 0.02-0.2 mole/year/drum 

Taken from Molecke [1]. 
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projections above that level. Note that. for temperatures less than 100°C, 
the relation- ship gives results that are somewhat greater than the specific 
values recom- mended for 40°C, 60°C, and 70°C. The value given for 60°C is 
based on a factor of 2 reduction from the 70°C value. The value given at 
100°C is based on a single data point for a composite waste form. Chemical 
breakdown of organics, dewatering of cements, and volatilization of water and 
organic absorbed liquids are components of thermal gas generation, and can be 
expected to take place at differing rates depending on the waste fonms 
present. Above 70°C, these reactions become increasingly important and are 
difficult to predict in a 11 generic 11 waste fonn. Note that bacterial 
generation may also be included in the experimental measured thermal 
generation rates for 40°C and 70°C. 

Table 3 presents data on gas compositions from thermal degradation at 
70°/l00°C. The recommended value for hydrogen fraction is the maximum 
reported value. The recommended value for oxygsn fraction is the value that 
corresponds to the hydrogen maximum. 

Table 3 
APPROXIMATE GAS COMPOSITIONS FROM THERMAL DEGRADATION AT 70°C 

(mole percent) 

C02 co Hz 

Paper 801 1~ 

Cotton 31' 1a (11) 

Composite (100°C) 76' 31 141 

Polyethylene 31 a 3,; 

Taken from Molecke [1]. 
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6. Gas Generation Due to Bacterial Breakdown 

6.1 Recommended Values 

Aerobic Conditions: 
Anaerobic Conditions: 

Composition: 

30-60 day worst case assumption: 
Regulatory Design basis: 

6.2 Oiscussion/Just~fication 

4.2 moles/year/drum 
7.3 moles/year/drum 

36 drums at maximum aerobic generation level 
2 drums at maximum aerobic generation level 

Molecke [1] summarizes data for bacterial gas generation for various 
environments, temperatures, and conditions with regard to available oxygen 
(Table 4). The gas generation rates were collected in laboratory experiments 
with simulated waste matrices under ideal conditions. The recommended values 
are based on the maximum generation rates reported for aerobic and anaerobic 
conditions for environments other than brine. For temperatures up to 70°C, 
these values appear to be appropriate for design assumptions for anticipated 
waste forms. Above 70°C, the bacterial generation term is expected to drop 
rapidly and become much less important than thermal generation at 100°C. The 
values reported for bacterial breakdown were corrected for thermal effects by 
the subtraction of thennal generation 11 background 11 measured with experimental 
control samples. 

For purposes of 30-60 day worst case assessment, the recommended 
assumption is that all 36 drums in a loaded TRUPACT-II are generating gas at 
the maximum rate for aerobic conditions. For the regulatory design basis 
assumption, it is recognized that current waste management experience 
indicates that. at most. only a small fraction of TRU waste containers 
experience significant continuous bacterial gas generation. Thus. 2 drums per 
TRUPACT-II (or 6% of the load) are assumed to generate gas by bacterial 
breakdown . 
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Table 4 I 

NET BACTERIAL C02 GAS GENERATION FOR VARIOUS ENVIRONMENTS I 
(Moles/Year/Container) 

I 
·I 

25°C 40°C 70°C 25°C 40°C 70°C I Environment Aerobic Anaerobic 

LASL Comeosite ( 51.4 kg/drum) I 
I 

Water, Sat.: 1.6 1.8 3.1 4.2 0.6 3.4 

~ 
Brine (0) 5.2 5.5 1.2 7.8 (0) I 
Nutrient 3. 1 1.5 (0) 3.6 1.4 7.3 I 

I 
Water, 1 't (0) 1.3 4.2 0.3 2.6 2.5 

I 
I 
I 

Taken from Molecke [1]. 
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7. Radiolytic Oxygen Depletion 

i.1 Recommended Values 

Go = -1.o 
2 

Depletion of oxygen should be considered only when it fs conservative to do so. 

7.2 Discussion/Justification 

The radfolytfc oxygen depletion G factors have been calculated from data 
reported by Kazanjian [4] and are found to vary from -.28 to -4.7 
molecules/lOOeV for a variety of waste materials. Individual values for 
GH and G0 determined for several materials are given in Table 5. 

2 2 

Since a typical TRU waste container will contain several materials, an 
organic composite waste form consisting of 35% cellulosics, 23% polyethylene, 
12% polyvinyl chloride, and 30% rubber [1] was evaluated. The composite 
G0 ranges from -.49 to -.97. 

2 

For purposes of design conservatism, a value of G0 = -1.0 is 
recommended where oxygen depletion is a detriment. The2oxygen depletion term 
should be considered to be includrd in the total gas generation rate. 
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Table 5 
RADIOLYTIC HYDROGEN PRODUCTION/OXYGEN CONSUMPTION* 

Material** 

Dry cellulosics (Kimwipes) 

Wet cellulosics (Kimwipes) 

Polyethylene 

PVC 

Gloves, rubber 

Oil 

CCl4 

Chloroethene VG 

IX Resin 

Plexiglass 

.55 

.32 

.75 

.35 - .81 

• 26 - • 39 

2.9 

0 

• 24 

.077 

.49 

Go 
2 

-.69 

-.28 

-.28 

-1.0 -2.3 

-.69 -1.3 

-.59 

-2.0 

-2.8 

-.53 

-4.7 

*G \alues were calculated from gas generation data reported by Kazanjian [4]. 

**Some of these materials may not be acceptable for disposal at WIPP without 
processing/solidification. 
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8. Container Void Volume and Residual Water Content 

8.1 Recommended Values 

Void Volume: 50~ (baseline) 
15~- 90~ (range) 

Water Content: sufficient to maintain saturation at 60°C 

8.2 Discussion/Justification 

Observed void volumes generally fall within the given range for a single 
container and are highly dependent on the waste material type. For a 
TRUPACT-II shipment. the baseline 50~ void volume assumption is recommended as 
an average over the entire load for both the 30-60 day worst case and th~ 
regulatory design basis case. 

Specifications (acceptance criteria) for water and other free liquids are 
very restrictive. but liquids absorbed in materials such as vermiculite can be 
substantial. The assumption that water is present in sufficient quantity to 
maintain saturated conditions at 60°C is recommended so that pressurization 
due to water vaporization is accounted for in design assessments. 

9. Recombiner 

9,1 Recommended values: 

H2 is removed as soon as it reaches the recombiner medium. The 
reaction proceeds as long as both H2 and o2 are present. 1 ml of 
catalyst is required to remove 1 ml H2 + o2 per hour at STP. 
Catalyst bed should be 1 em thick. 

9.2 Discussion 

The above recommendations are based on information developed at Rockwell 
Hanford [5] for catalytic recombfners. 
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