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Tritium Permeation Estimate from APT and TEF-CLWR Waste
Packages

Elliot A. Clark

Summary

The amount of tritium permeating out of waste containers has been estimated for the Accelerator
Production of Tritium project (APT) and for the Commercial Light Water Reactor - Trittum
Extraction Facility project (CLWR-TEF). The waste packages analyzed include the Aluminum,
Window, Tungsten, Lead, and Steel packages for the APT project, and the overpack of extracted
Trittum Producing Burnable Absorber Rods (TPBARs) for the CLWR-TEF project. All of the -
tritium contained in the waste was assumed to be available as a gas in the free volume inside the
waste container at the beginning of disposal, and to then permeate the stainless steel waste container.
- From estimates of the tritium content of each waste form, the void or free volume of the package,
disposal temperature and container geometry, the amount of tritium exiting the waste container by
permeation was calculated. Two tritium permeation paths were considered separately: through the
entire wall surface area and through the weld area only, the weld area having reduced thickness and
significantly less surface area compared to the wall area. Permeation out of the five APT waste
containers at 50° C is mainly through the welds, and at 100° C is through the permeation out of the
the entire wall surface area. The largest maximum offgas rate from an APT waste stream at 50° C
(estimated disposal temperature) was 1.8E-6 Ci/year from the weld of the Window waste package,
and the smallest maximum offgas rate was 3.7E-5 Ci/year from the weld of the Lead waste package.
Permeation from the CLWR-TEF overpack at 40° C is mainly through the entire wall surface area, .
with a maximum offgas rate of 1.3E-5 Ci/year.

Description of Calculation

To help plan waste disposal operations from the Accelerator Production of Tritium project (APT)
and the Commercial Light Water Reactor — Tritium Extraction Facility project (CLWR-TEF), the
permeation of tritium out of waste containers has been calculated using current estimates for tritium
content in the waste, the size and shape of waste containers, and the environmental conditions during
disposal. The waste packages analyzed include the Aluminum, Window, Tungsten, Lead, and Steel
waste packages for the APT project, and the overpack of extracted Tritium Producing Burnable
Absorber Rods (TPBARSs) for the CLWR-TEEF project. All packages are assumed to be made of one
of the 3XX Types of austenitic stainless steel, such as Type 304L or 316L. The five APT containers
are rectangular boxes, and the CLWR-TEF container is a right circular cylinder. All containers are
assumed to be welded closed after the waste is placed in the container. For all six packages,
permeation was analyzed through the entire wall area and separately through the weld area only. The
welds were assumed to have reduced thickness compared to the wall — if full penetration welds are
used, permeation results for the entire wall area is the appropriate quantity to use. The permeability
constants of the weld region were assumed to be the same as for the wall; the only difference
between weld and wall is the reduced thickness and lower surface area of the weld.
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An assumption made for this analysis was that all of the tritium contained in the waste in a given
package is available as tritium gas in the void space inside the container and outside the waste at the
beginning of disposal, when the package is welded shut. The partial pressure of the available tritium
gas is calculated from the estimated tritium content of the waste and the void volume estimate, and
tritium permeation through the wall is calculated using a finite difference computer program. This
assumption leads to a conservative estimate of tritium permeation, since likely much of the tritium
will remain in the waste and eventually decay to *He before it is available for permeation. Lack of
knowledge about transport of tritium out of the waste and into the void space forces the use of this
conservative assumption.

Some of the assumed values for the APT storage containers (Table I) were provided by the APT
project and others were found in the APT Pollution Protection Design Assessment [1]. Assumed
values for the CLWR-TEF TPBAR overpack (Table II) were provided by the CLWR-TEF project.
The tritium content of the four APT waste types was provided in units of Curies (Ci) per cc of waste,
and the estimated void fraction of each container was also provided. Microsoft Excel spreadsheets
were used to convert the units of some of these values to those required for the inputs to the finite
difference program used to calculate permeability (Tables III, IV). After calculating the container
volumes from their dimensions, the volume occupied by waste was found by multiplying the
container volume by one minus the void fraction, and then the total tritium content in Curies was
calculated by multiplying the volume occupied by waste times the fritium content in Ci per unit
volume. The total trititum content in each package was converted to cc tritium at Standard
Temperature and Pressure (STP, 273 K and 1 atm) by dividing by 2.589 Ci/cc T, [2]. The partial
pressure of the potentially available tritium in the void space in each container was then calculated
using

vstdcc . Tvoid

P="wid 53

where p is the pressure in atmospheres, yidee is the total amount of tritium in the waste in cc tritium
at STP, T is the temperature (K), and v"*“ is the void volume (void fraction times container
volume). This virtual partial pressure is input to the finite difference permeation program.

The finite difference program [3] calculated the tritium permeation per unit area per unit time from
the temperature, trittum partial pressure, wall thickness, exposure time, and material type. The
geometrical properties of each container type was used with output from the program to calculate the
total Curies permeating out of a given waste container as a function of time. Output of the finite
difference program was analyzed and graphed by converting the output to Microsoft Excel
spreadsheets. The finite difference program accounts for tritium decay inside the container and
inside the wall. The total amount of tritium permeated out of the container was calculated by
numerically integrating the permeation rate with time. The total tritium permeated out was not
corrected for tritium decay, to be consistent with the further use of results reported here to evaluate
waste disposal.

Results and Discussion

The frittum permeation rate from the outside surface increases to a maximum and then returns to
zero with time (Figure 1). Integrating this curve results in a typical curve exhibiting increasing total
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permeation until the total is reached (Figure 2). Results of all calculations, including the maximum
permeation rate and the total Curies permeated, are presented in Table V and Figure 3. Permeation
through the reduced thickness at welds was the dominant mechanism of tritium release for the five
APT packages at 50° C. For the APT packages at 100° C and for the TEF overpack package at 40°
C, permeation though the container walls is much greater than that through the weld, and so
determines the tritium offgas rate. Even though the surface area of the weld is much less than that of
the walls themselves (by a factor of typically 120 times), the reduced thickness of the weld causes
enough increased permeation per unit area for the weld permeation to dominate in the 50° C APT
packages.

Conclusions

Tritium permeation from stainless steel packages containing waste from five waste streams from the
Accelerator Production of Tritium project and from the Commercial Light Water Reactor — Tritium
Extraction Facility project has been calculated from current estimates of properties of each waste
stream and the associated packaging. All of the tritium contained in the waste was assumed to be
available for permeating the waste container wall. The reduced thickness assumed for welds can
cause the weld to account for more permeation than the rest of the wall, depending on temperature.
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Aluminum | Window | Tungsten | Lead Steel
Wall Thickness (in) 0.5 0.5 0.5 0.5 0.5
Weld Thickness (in) 0.25 0.25 0.25 0.25 0.25
Weld Width (in) 0.5 0.5 0.5 0.5 0.5
Container Length (ft) 6 12 6 6 6
Container Width (ft) 4 4 2 4 4
Container Height 4 4 2 2 2
Tritium Content of Waste
after Interim Storage 0.116 1.357 2.590 0.147 | 1.357
Period (Ci/cc)
Interim Storage Period 5 5 5 2 5
(year)
Temperatures Calculated | 50, 100 50,100 | 50,100 | 50,100 | 50,100
(Y]

Table I. Input Parameters Used for APT Waste Container Tritium Permeation Calculation.

.| Wall Thickness (in) 0.188
Weld Thickness (in) 0.1225
Weld Width (in) 0.25
Inside Diameter (ft) 1.468
Length (ft) 16
Void volume (cu. ft.) 12.9
Tritium content per rod (Ci) 133
Number of Rods per package 300
Waste Storage Temperature (° C) 40

Table II. Input Parameters Used for CLWR-TEF Waste Container Tritium Permeation Calculation.

40f10
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Container Wall thickness (in) 0.50

Minimum weld thickness (in) 0.25

Weld width (in) 0.50 1.27

Waste Type Alumin Window Tungsten Lead Steel
Container Dimensions: Ft cm| Ft cm| Ft cmj Ft cm| Ft cm
Length 6 182.88] 12 365.76] 6 182.88] 6 182.88] 6 182.88
Width 4 121.92| 4 121.92{ 2 60.96] 4 121.92 4 121.92
Height 4 121.92} 4 121,92 2 6096 2 | - -60.96] 2 60.96
Volume (cc) 2.72E+06 5.44E+06 6.80E+05 1.36E+06 1.36E+06
Container Surface Area (cm2) 118,916 208,103 52,026 81,755 81,755
Weld Surface Area (cm2) 774 1,239 619 774 774
Tritium Content of Waste 0116 1.357 2.590 0.147 1.357
(Ci/cc) after interim storage period

Void Volume Fraction 40% 50% 70% 50% 50%
Total Tritium / Container (Ci) - 1.88E+05 3.69E+06 5.28EH05 9.99E+04 9.22E+05
Total Tritium / Container (cc STP) 7.28E+04 1.43E+06 2.04E+0S 3.86E+04 3.56E+05
Temperature (°C) 50 50 50 50 50
Virtual Tritium Partial 0.079 0.620 0.507] 0.067 0.620
Pressure @ start (atm)

assumptions.

Table ITI. Spreadsheet Converting Input Values to Quantities and Units For Permeation Estimate —
APT Waste Containers.

Note: Bold quantities are input assumptions, other quantities are calculated from the
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18" Schedule 108 pipe

Container Wall 0.188

thickness (in)

Minimum Weld 0.125 [Weld Width (inch) 0.25 Weld Surface Area 91.17

Thickness (in) (cm2)

Container Inside 1.468 |[Container Outside 457

Diameter (ft) - |Diameter (cm)

Length (ft) 16 Length (cm) 487.7 Container Outside 70,016

. Surface Area (cm2)

Void Volume (cu. ft) 12.9  [Void Volume (cc) 365,287

Tritium Content per 133 [Number of Rods 300 Tritium Content of 39,900

Rod (Ci) Waste (Ci)
{Std cc T2) 15,411

Temperature (°C) 40

. T2 Partial Pressure @ | 0.04384

start (atm)

Table IV. Spreadsheet Converting Input Values to Quantities and Units For Permeation Estimate —

CLWR-TEF Overpack Waste Container.

Note:

assumptions.

60f10
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Maximum Total Maximum Time to
Surface | Permeation | Tritium Annual Maximum
Thickness | Temperature Area Rate - Outgas | Offgas Rate {Offeas Rate

Container & Path (inch) {°C) cm?2) |(cec T2/cm2/s) {Ci) (Ci/year) ear
TEF Overpack
Container 0.188 40 70,016 | 2.3E-18 1.3E-03 1.3E-05 115
TEF Overpack Weld 0.125 40 91 1.8E-16 1.1E-04 1.3E-06 80
Aluminum Container 0.5 50 118,916 6.0E-23 7.7E-08 5.8E-10 195
Aluminum Weld 0.25 50 774 6.4E-18 4.0E-05 4.1E-07 113
Lead Container 0.5 50 81,755 5.5E-23 4.9E-08 3.7E-10 195
Lead Weld 0.25 50 774| S5.9E-18 3.7E-05 3.7E-07 113
Tungsten Container 0.5 50 52,026 1.5E-22 8.5E-08 6.4E-10 195
Tungsten Weld 0.25 50 619 1.6E-17 8.2E-05 8.2E-07 113
Window Container 0.5 50 208,103 1.7E-22 3.8E-07 2.8E-09 195

. |Window Weld 0.25 50 1,239 1.8E-17 1.8E-04 1.8E-06 113
Steel Container 0.5 50 81,755 1.7E-22 1 .5E—07 1.1E-09 195
Steel Weld 0.25 50 774 1.8B-17 1.1E-04 1.1E-06 113
Aluminum Container 0.5 100 118,916 1.4E-14 1.1E+01 1.4E-01 60
Aluminum Weld 0.25 100 774 5.2E-13 2.0E+00 3.3E-02 30
Lead Container 0.5 100 81,755 1.3E-14 6.9E+00 S8E02 60
Lead Weld 0.25 100 774 4.8E-13 1.8E+00 3.1E-02 30
Tungsten Container 0.5 100 52,026 3.6E-14 1.2E+01 1.5E-01 60
Tungsten Weld 0.25 100 619 1.3E-12 4.0E+00 6.7E-02 30
Window Container 0.5 100 208,103 4.0E-14 5.3E+01 6.8E-01 60
Window Weld 025 100 1,239 1.5E-12 8.9E+00 1.5E—Oi 30
Steel Container 0.5 100 81,755 4.0E-14 2.1E+01 2.7E-01 60
Steel Weld 0.25 100 774 1.5E-12 5.6E+00 9.3E-02 30

Table V. Tritium Permeation Calculation Results.

Note:

Two container/paths labeled TEF refer to the Commercial Light Water Reactor — Tritium

Extraction Facility project, all others are for the Accelerator Production of Tritium Project
(APT). The estimated temperature in the disposal environment for the APT containers is
50° C, the 100° C calculations were performed to investigate the sensitivity of permeation
to temperature.
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Figure 1. Permeation rate of tritium out of APT Aluminum container, at 50° C (top) and 100° C
(bottom). Weld permeation much greater than through walls at 50° C, wall data too small
to be visible on graph. Note walls provide most permeation at 100° C. Other containers
exhibit similar behavior. See also Table V for maximum permeation rates, times. Graphs
typical of those for all container types. '
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Figure 2. Total Tritium Permeated from Aluminum Container, 100° C, as a function of Time. Note
that tritium permeates the weld first, but most tritium comes from the walls. Graph typical

of all container types.
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Figure 3. Total Tritium Permeating APT Waste, for the different waste containers analyzed. Note
welds permeate more at 50° C and walls more at 100° C, comparing like waste streams.
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