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TEMPERATURERISE AROUND A WELLBORE FILLED
WITH NUCLEAR WASTE
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SUMMARY - A simple empirical equation is used to approximate the rate of heat generation as a
function of time for two types of nuclear spent fuel. This equation is utilized to determine the
temperature rise around a wellbore filled with nuclear waste. It is assumed that (prior to placing the
nuclear waste into wellbore) several insulating layers (casing) were used to protect the nuclear waste. An
effective radius concept is introduced to evaluate the effect of casing's thermal resistance on temperature
rise in the wellbore.

1. INTRODUCTION

At present storage of the nuclear waste in the
subsurface cavities is the most effective
technique to avoid the pollution of the man's
environment. Several types of rock (rock salt,
granite, shale, basalt) have been considered as
candidates of repository rocks (Blesh et al.,
1983; Kappelmeyer and Haenel, 1974; Mufti,
1971). It seems that rock salt because of its
impenetrability to water can be consideredas an

ideal repository rocks candidate. However, at
high temperatures rock salt becomes very
plastic and in addition rock salt has a low
melting temperature (about 770°C). For this
reason, as was mentioned by Mufti any
attempt to dispose nuclear waste (a
heat source) into a salt cavity must be preceded
by an evaluation of the transient temperature
field in an around the cavity. General
mathematical solutions have been obtained to
evaluate the temperature rise around cavities of
spherical, cylindrical and other shapes (Mufti,
1971). solutions are expressed through
complex integrals (with Bessel functions for a
cylindrical cavity) and numerical evaluation of
these integrals should be used. The major
benefits of a numerical solution are the exibility
provided for complex geological features and
non-linear problems. At the same time the
numerical analysis does not reveal basic
relations between thermal properties of
formations and the temperature field. An
analytical approach can mitigate this
disadvantage of a numerical solution and will
allow estimates of variations in thermal
conductivity, specific heat, and density of
formations on temperature field. For example,
the thermal conductivity of a generic salt at 50°C
and at is 5.02 and 2.49 W/m "C et
al., 1983). An analytical solution is obtained for
a spherical cavity when the nuclear waste
(which contains mainly long half-life isotopes)
can be considered as a constant source of heat
(Kappelmeyer and Haenel, 1974).
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Below we will consider a long cylindrical cavity
(with a large ratio) filled with
nuclear waste. In this case the cavity (wellbore)
can be considered as an infinite cylindrical
source of heat.

Calculations conducted by Mufti (1971)
revealed that for practical purposes a cylinder
whose length is 5 times or more its diameter can
be treated as an infinite cylinder.

For this simple case the temperature field and
around the wellbore is a function of time, radial
distance, thermal diffiivity of formations,
wellbore thermal resistance (skin), and time
dependent heat production.

A simple empirical equation is used to
approximate the rate of heat generation as
function of time for two types of nuclear spent
fuel. This equation is utilized to determine the
temperature rise in and around a wellbore. It is
assumed that (prior to placing the nuclear waste
into wellbore) several insulating layers (casing)
were used to protect the nuclear waste.
effective radius concept is introduced to
evaluatethe effect of casing's thermal resistance
on temperature rise in the wellbore.

2. DIMENSIONLESSPARAMETERS

The dimensionlesstime and dimensionlessdistance
are definedby:

--,
2

where is the thermal of the

formation, is the inside radius of the casing

(insulating ring), time, and is the radial

distance (atthe well axis =0).
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The dimensionless temperature is defined by

The values of b and a are listed in Table 2
where k is the thermal conductivity of the

formation and is the undisturbed formation Table 1. Constants of source terms for
CANDU and spent Fuel
(Beyerleinand Claiborne, 1980).

temperature. The reference heat output per unit

length per unit time, is below.

3. APPROXIMATION OF THE HEAT
SOURCE
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In a nuclear waste repository the temperature 
rises are a result of the heat generation
radioactive decay. Usually the heat generation 
at the source plane is modelled with a of
exponential decay terms (Blesch et al., 1983).
Thismodel is given by the expression
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where is the decay heat source, is the

nuclide exponential decay constant (n 2,
is the coefficient of decay heat source

(n =1, N), is the initial areal thermal
loading of decay heat source, and is time. Now
we can define the reference heat output per unit
length per unit time
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4. THERMAL RESISTANCE OF THE
WELLBORE

Below we consider the CANDU and spent
fuels (Blesch et al., 1983). CANDU spent fuel 
can be represented with nine terms and
spent fuel can be presented with five terms.The
fitted constants for both spent fuel types were 
obtained by Beyerlein and Claiborne (1980) and
are presented in Table 1.

To take into account the effect of casing (the
thermal resistance of the ring) on the
transient temperature inside the wellbore, we
will use effective radius concept. This approach
is widely used in transient pressure and flow
well testing (Matthews and Russell, 1967) to
evaluate the effect of formation damage
(improvement) around the wellbore on the
sandface pressure (at = Firstly, we
introduce skin factor - a parameter which
allows to determine the extent of well’s thermal
resistance.

Equation 3 can be written in the form:

N

=

We have found that the function can by

approximatedby the following formula 

1

a +bt
-

where is the effective thermal conductivity
of casing and is the effective inside radius of
the casing. The dimensionlesstime (for = )

is based the effective inside radius of the
casing

or
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5. DIMENSIONLESS
TEMPERATURE

It is known that the solutions of the diffisivity
equations for a cylindrical and linear source will
converge at large dimensionless times
1962). In our case the dimensionless time is
large 100) and the cylindrical source
(borehole) can be substituted by a line source.
Thus the exponential integral solution (Ei-
function) can be used. It is also well known that
the superposition theorem integral)
can be utilized to derive solutions for time-
dependent boundary conditions (Carslaw and
Jaeger, 1959). In our case forR 1:

where , ) is the dimensionlessradial

temperature for a constant linear heat flow rate
case.

Using the substitution

we obtained (R

4(a+

It is not difficult to conduct integration
(Equation 12) for time intervals of 40-100 and
100-200 years (spent fuel CANDU,Table 2).
We also note that Maple V can be
used for integration of Equation 12 and
numerical calculations. To determine values of

in the last equations the

dimensionless time should be used

instead of .

6. EXAMPLES OF CALCULATIONS

The computer program Maple V was used to
calculate the radial dimensionless temperature
for cavities filled with and CANDU spent
fuels. The results of calculations are presented
in Tables 3 and 4 and Figures 1and 2.
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Figure 1. Dimensionlessradial temperature.
CANDU spent

We assumed that the inside radius of casing is
0.20 m and the thermal diffusivity of formations
is 35.0 (0.0040

From Figures 1 and 2 one can see that the
temperature rise sharply reduces with distance.
For example, after 10 years the value of

for the distance of m (Fig. is

reduced 12.0 to 5.9, while approximately
the same reduction in the dimensionless
temperature canbe observed for the distance of
39 m Table 1).The thermal
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Table 2. Coefficientsa and b forCANDU and Spent Fuel.

Spent
Fuel

Time b a

years Y O

0 200 0.03466 0.90583 3.8

CANDU 0-40

40 100

100 - 200

0.03231 0.86056 2.4

0.06580 -0.58326 3.7
0.08623 -2.26560 1.6

Table 3. Dimensionless radial temperature, CANDU spent fuel,

Table 4. Dimensionless radial temperature, spent fuel.
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Figure2. Dimensionless radial temperature,
spent fbel.

sistance of casing (expressed through the skin
factor) significantly increases the temperature
inside the cavity. (Fig. 1, m). At each
radial distance the dimensionless temperature
has a maximum. For a cavity filled with
CANDU spent fbel this at R=2
m) occurs after approximately 5 years (Table 3).
From Tables 3 and 4 follows that the
temperature field around the cavity changes
very slowly with time. Thus the conclusion that
the temperature rise resulting the
deposition of radioactive waste underground is
limited to small zones around cavities (Mufti,
1971; Kappelmeyer and Haenel, 1974) is
confirmedby our calculations.

7. CONCLUSIONS

An empirical equation is suggested to
approximate the rate of heat generation as a
function of time for two types of nuclear spent
fuel. This equation is used to determine the
dimensionless temperature distribution around a
cylindrical cavity (wellbore) filled with nuclear
waste. An effective radius concept is introduced
to evaluate the effect of casing's thermal
resistance on temperature rise in the wellbore. It
is shown that the temperature rise resulting fiom
the deposition of radioactive waste underground
is limited to small zones around the cavity.
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