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GROUT VAULT HEAT TRANSFER RESULTS 
FOR H-106 GROUT FORMULATION 

G. K. Allen 
March 1992 

1.0 INTRODUCTION 

Reference 1 documented the results of a heat transfer analysis of a 
grout vault filled with the M-106.3 grout formulation which provi9es 
temperature input for a structural stress analysis of the grout vault. When 
the structural analysis model was developed, ~inor dimensional differences 
between the heat transfer model in Reference 1 and the present design drawings 
were noted. In addition, the asphalt thermal properties used in Reference 1 
were different than the currently accepted values used in Table 1. To 
maintain dimensional consistency with the stress analysis models, it was 
decided to update Reference l to reflect the current design dimensions and 
asphalt thermal properties. 

The asphalt thermal conductivity was increased by a factor of seven 
(Reference 2). Revision O indicated a second thermal peak after the initial 
heat of hydration peak. Because this increased asphalt thermal conductivity 
allowed heat to be conducted out of the vault faster, there is no second 
thermal peak after the initial temperature due to the heat of hydration~ 

2.0 ASSUMPTIONS 

The assumptions are broken into three sections. The first section 
discusses physical model dimensions, the second section discusses material 
thermal properties, and the third section discusses boundary conditions. All 
assumptions for this model are identical to the assumptions of the model 
developed in Reference 1 except in the areas discussed below. The computer 
code TAPA was used to model the problem {Reference 3). 

A three dimensional model with the physical dimensions shown in Figure l 
and Figure 2 was used for this update. Figure 1 shows a two dimensional slice 
in the xy cartesian coordinate plane. Figure 2 shows the actual 
three-dimensional solid modeled. The overall vault dimensions including the 
coated gravel on the bottom and asphalt overburden is 50.4 feet high by 
75 feet wide by 129 feet long. In addition, the vaults are assumed to be in 
an infinite array of grout vaults whose side-to-side center-to-center spacing 
is 86.5 feet and whose end-to-end center-to-center spacing is 161 feet. 

An actual grout vault contains three additional layers between the 
outside concrete wall and asphalt. A geogrid material is next to the concrete 
which allows water to drain down the outer wall. The next layer is a plastic 
liner for leak sealing, and a third layer is an insulating board which 
protects the plastic liner from the hot asphalt during construction . These 

1 
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layers were not modeled because of the extra model complexity of adding the 
very narrow regions to the existing model. The thermal conductivity of these 
layers is lower than the thermal conductivity of concrete, which provides a 
thermal barrier to the concrete. By disregarding these layers, the heat will 
flow from the vault easier, causing a higher thermal gradient across the 
concrete wall.· This higher thermal gradient will give conservatively high 
estimates for stress analysis calculations. 

The physical properties used ·for this study are shown in Table I. The 
TAPA input units, ·based upon inches and seconds, are shown in addition to the 
more familtar hour and feet units. 

The physical properties are identical to those in Reference I except for 
the asphalt properties. As shown, the asphalt density has increased slightly, 
but the big difference is in the asphalt thermal conductivity, which increased 
by about a factor of seven. This thermal conductivity will make a significant 
difference in the temperature results as discussed later. 

The boundary condition·s for this model are identical to Reference 1 
except for the air temperature at the soil-air interface. The air temperature 
of the original model was set to 80°F to represent a conservatively high 
ambient air temperature. The current model air temperature was set to 80° F 
for the first three· months. At three months, the air temperature was reduced 
to the Hanford historical average , 55°F (Reference 9). The 80°F temperature 
was used to get a conservatively low heat removal rate at the soil-air 
interface during the initial vault fill period to account for possible summer 
filling. For long term temperature predictions, the average seasonal air 
temperature was judged to be appropriate. · 

The initial temperature profile before filling the vault was calculated 
by running a steady state model which imposed an isothermal boundary condition 
of 60"F at the soil-air interface at the top of the model and an isothermal 
boundary condition of 55°F at the water table. This initial temperature 
distribution was used as the starting point for the vault filling sequence. 
All other model assumptions are as indicated in Reference 1. 

3.0 RESULTS 

Maximum model temperatures are summarized in Figures 3 and 4. Figure 3 
shows temperatures to 30 years; Figure 4 expands the time scale to show the 
details of the first year. The original base case curve on each of the 
figures shows the maximum temperatures for the model in Reference 1. This is 
used to give a base case comparison to the present results. The new base case 
curve shows the maximum temperatures for the current model . As seen, this 
curve is significantly different from the original results·. To check to see 
if this difference was due to the different thermal properties or the new 
model dimensions, the original asphalt thermal properties were substituted in 
the new model. The results of this substitution are shown as the new model, 
original asphalt properties curve in Figures 3 and 4. Since this curve 
matches almost identically to the original model temperature curve, the 

2 



··, 

w 

(2) 

(4) 

(5) 

(6) 

(7) 
{8) 

Table 1. Model Physical Properties 

DENSITY THERMAL CONDUCTIVITY HEAT C.APAC ITV 

Material Lbs/Ft3 Lbs/In3 (Btu/(Hr·Ft·°F) Btu/(Sec· In· °F) Btu/llb· °F} 
. ' 

Concrete<4 > 144 0.08333 O :·7 1.62 X 10"5 0.21 

Grout<5> 104.2 0.0603 0.5314 1. 23 X 10-5 0.49 

Asoha1t<6> 131.33 0.076 0.0994 2.3 X 10-6 0.22 
Asoha 1t<2> 149.99 0.0868 0.6996 1.62 X 10·5 0. 22 

Gra~el m 100.22 0.058 0 .1382 3.2 X 10-6 0.2 

Soil <B> 126.14 0.073 0.2894 6.7 X 10·6 0. 22 
Ai r< 4> 0.0651 0.000035 0.0167 3.3 X 10·7 0 . 241 

KEH-88 -:- 28, Rev 1, ER90B9, 11 Engineering Report, Vault .Design, 11 Appendix N, January 1991. Updated 
asphalt properties used for this document. . 
11 Fundamentals of Momentum , Heat, and Mass Transfer", Welty, Wicks, Wilson, 1969, John Wiley 
and Sons, Inc. 
WHC-SD-WM-ER-064, Rev. O, "Grout Vault Heat Transfer Results for M-106 Grout Formulation", G. K. 
Allen, October 1990. 
WHC-SD-WM-ER-082, "Asphalt Diffusion Break and Barrier Material Properties'\ W. J. Powell, 
Augu_st 31, 1990. Values used in Reference 1. 
Marks Standard Handbook for Mechanical Engineers, 8th Edition, McGraw Hill. 
J. C. Petrie, et.al., 11 Radiative and Convective Heat Transfer Within Vertical Annular Spaces 
Open at the Ends", INEL Report Number IN-1110 (December 1967). 
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temperature differences between the original and the present model are entirely due to the 
different asphalt thermal properties used. By raising the asphalt thermal conductivity, 
the asphalt no longer acts as a thermal barrier against heat removal, so there is no 
second temperature peak due to the radiolytic heat generation rate. As seen, the 
increased asphalt thermal conductivity has little affect on the short term temperature, 
but the temperatures after about five years are approximately 20°F lower. 

Figures 5 through 13 show contour plots of temperatures in the xz plane of the 
model. The temperatures shown are for a slice through the vault. centerline and they 
represent the maximum temperatures the vault struc~ure and g~out will be subjected to 
during the first 30 years of time. As seen from these figures, the maximum temperatures 
are near the bottom of the vault during the fill stages and as time progresses; the 
temperatures throughout the vault and surrounding soil equilibrate to a more uniform 
temperature. At 30 years after the fill, there is very little temperature differences 
between the inside of the vault and its surroundings. 
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Asphalt Barrier Grout Vault 2-Dimensional Hodel. 
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Asphalt Barrier Grout Vault 3-Dimensional. 
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Figure 5. Half Full Grout Vault. 
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Figure 6. Full Grout Vault, 400 Hours. 
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Figure 7. 3 Months After Start. 
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Figure 8. 1 Year After St art. 
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Figure 9. 5 Years After Start. 
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Figure 10. 10 Years After Start. 
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Figure 11. 15 Years After Start. 
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Figure 12. 20 Years After Start . 
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Figure 13 . 30 Years After Start. 
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