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SUMMARY 

A medium site salt dome is considered as s structure in which a 

repository can be located for all radioactive wastes to be produced 

within the scope of a postulated nuclear power prograa. 

A dominating, design factor for the lay-out of such a waste repository 

is the temperature distribution in the salt done resulting fro* decay 

heat released fro» the buried solidified high-level reprocessing was«.e. 

In this report two numerical models are presented for the calculation 

of both global and local rock salt temperatures. The results of 

calculations performed with these models are demonstrated to be 

compatible. Rock salt temperatures related to several types of burial 

configurations, ranging from two layer configurations with various 

vertical distances between the layers via a three and a four layer 

repository to deep bore hole concepts varying from 100 to 600 m 

bore hole depth, can therefore be calculated with one rather simple 

unit cell model. 

The results of these calculations indicate that rock salt temperatures 

can be kept within acceptable limits to realize a repository using 

standard mining techniques. 

The temperatures at mine galery level prove to be a dominating factor 

in the selection of a repository configuration. More detailed 

calculations of these temperatures taking into account the loading 

sequence and the cooling capacity of the mine ventilation are 

recommended. 

Finally the apparent advantages of a deep bore hole concept emphasize 

the need for R ft D work with respect to advanced drilling techniques 

in order to achieve deep dry disposal bote holes that can be realized 

from a burial mine in the salt dome. 

Netherlands Energy Foundation ECN; ECN- , 57 pages, 5 tables, 

62 figures. 1978. 
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i . rantoDPCTiOH 
A salt dome can b* considered as a structure in which a repository 

could possibly be located for all radioactive wastes to be produced 

within the scope of a national nuclear power program. 

A dominating design factor for the lay-out of such a waste 

repository is the temperature distribution in the salt dome 

resulting from decay heat released from the solidified high-level 

reprocessing waste. 

In order to study the effects of several burial configurations on 

the temperature distribution a salt dome model was defined as veil 

as a number of parameters concerning the high-level reprocessing 

waste: 

- The salt dome was supposed to be cilindrical with a diameter of 

1500 m and with a flat top situated at a depth of 2i0 n, the dome 

originating from a 300 m thick mother salt layer situated below 

3000 m depth (fig. 1). 

- The initial heat source was chosen to be 30 MW and was assumed 

to decay with a half life of 30 years to a minimum value of 0.25 MW. 

This heat source is equivalent to the amount of solidified high-

level waste derived from reprocessing of spent fuel that originates 

from 4C years of operation of 25 light-water reactors of 1000 MWe 

capacity each. 

A heat source of this magnitude, stored in configurations 

comparable to the ones presented in this report, is not likely to 

affect the structural stability of the salt dome as was shown in 

previous studies |l|. 

- The total amount of high-level reprocessing waste is supposed to 

be stored in 50,000 canisters, each containing 50 I of waste. 

The external diameter of the canisters was chosen to be 200 mm, 

the required length of disposal bore hole per canister 2 m. 

This results in an initial heat source of 300 W per meter length 

of canister stack. 

- The 50,000 canisters are assumed to be buried in vertical bore 

holes within a containment shield of rock salt of at least 200 m 

thickness in any direction. 
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These parameters being set, the following burial configurations were 

studied: 

- Configuration I (fig. 2) consists out of two horizontal circular 

burial areas with a radius of 550 a, situated at a depth of 608 m 

and 686 m respectively. From each of Lhese areas 8333 burial holes 

are drilled, spaced at a pitch of about 10 m in a square pattern, 

each hole of sufficient depth to house a stack of 3 canisters. 

- Configuration II (fig. 3) shows one horizontal circular area at a 

depth of 600 m and with a radius of 550 m, provided with 167 burial 

holes spaced at a pitch of about 75 m in a square pattern. 

The depth of these holes is sufficient to house a stack of 

300 canisters. 

- Configuration III (fig. 4) was developed in consequence of the 

results of the former two configurations and consists of two 

circular layers with a radius of 550 m from which 1000 burial 

holes are drilled. Spacing these holes at a pitch of 28.5 m about 

15% of the cross sectional area of the layers was considered to be 

left unused. Each hole is to house a stack of 25 canisters. The 

upper layer being situated from 600 to 650 m depth the variants 

A through E were studied, where the top of the lower layer was 

varied from 700 m to 900 m depth. 

- Configuration IV (fig. 5) is a multi layer variant of the 

preceding model, as far as the dimensions of the layers are 

concerned. 

The amount of waste buried in each layer and consequently the 

number of bore holes per layer is reduced inversely proportional 

to the number of layers in order to maintain an initial heat 

source of 30 MW. Two variants of this configuration were 

calculated: 

• configuration IV-3 : a three layer configuration where the 

layers are situated at 600, 750 and 900 m depth; 

* configuration IV-4 : a four layer version, the layers being 

situated at depths of 600, 700, 800 and 900 m. 
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- Configuration V (fif. 6) consists of one horizontal circular area 

at a depth of 600 m and with a radius of 550 a, provided with 

vertical burial holes. Six variants (A through F) are studied 

where the depth of the holes was varied from 100 to 600 m, the 

number of holes varying consequently from 1000 to 167. 

As in the configurations III and IV about 15Z of the cross 

sectional area was considered to be left unused and the pitch 

of the holes was calculated accordingly. 
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2. CALCULATION MODELS 

2^J^_General_grincip^les 

The transient temperature distributions in the rock salt surrounding 

the buried high-level reprocessing waste were calculated using the 

computer program TROTYL based on the differential method |2, 3|. For 

the configurations I and II global temperature calculations were 

performed, giving the global or large scale temperature distribution, 

where smaller local effects are left out of consideration. 

The results of these calculations gave way to the application of a 

simplified unit cell model, that is able to describe both global 

and local temperature distributions with sufficient accuracy. The 

justification and verification of this unit cell model will be 

given in chapter 6. 

The material properties applied in the calculations are assumed to 

be temperature independent and the values used are chosen at a 

temperature level of 50 C (see table I). The density of the surface 

deposits is assumed to be independent of depth. The effects of these 

simplifications are discussed in chapter 6. 

As a result of the temperature independency of the material proper

ties temperature rises due to two or more different heat sources 

calculated separately, may be superimposed. The correctness of this 

assumption was verified both analytically and through calculations 

according to the differential method. This feature allows for a 

simple incorporation of the geothermal gradient as well as for a 

more simplified unit cell model that can be applied for various 

configurations (see par. 2,3). 

The salt dome is considered to be homogeneous; the effects of 

roadways (less than 10% of the cross sectional area of a burial 

layer) and of mine ventilation are not taken into account. 

The geothermal gradient was taken to be 2.1 C per 100 m with 37.5 C 

at 1000 m depth as a reference point |1|, 
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2.2. Global temgeraturecalculations 

A preparatory study has indicated that temperature rises of any 

importance will not occur during the first 300 years after disposal 

at a distance greater than about 600 m from the buried waste. 

Therefore the boundaries of the calculation model were chosen as 

shown in fig. 7 and boundary conditions were taken to be adiabatic. 

The correctness of these statements will be demonstrated on the 

basis of the calculation results in chapter 6. 

2I3;_Unit_cell_calculations 

Due to the large number of burial holes in a regular pattern a plane 

of symmetry with adiabatic boundary conditions may be assumed to 

exist around holes in the central part of the burial area. This 

assumption allows for the use of the unit cell model. 

As stated before hardly any temperature rise is to be expected at 

the top of the unit cell, which is about 600 m from the buried waste, 

during the first 300 years after disposal. Therefore no preferent 

vertical direction for the heat flow exists and a plane of symmetry 

may be assumed half way the stack of waste canisters. Thus the 

temperature distribution due to one layer of buried waste can be 

calculated using a model of half a unit cell. The implementation of 

added layers having an identical geometry and heat generation can 

then be performed by superimposing the same temperature distribution 

at the appropriate positions. As a verification of this procedure 

a comparison between the results of the global and the unit cell 

calculations for configuration I is given in chapter 6. 

Fig. 8 shows the unit cell model with a canister stack of 25 m, the 

boundary conditions and a number of reference points. The tempera

tures calculated for the configurations III, IV and V were derived 

from the results of this model. 
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3. RESULTS OF THE GL01. L TEWEtATPIE CALCULATIOKS 

The results of the global tcaperature calculations are represented 

in a number of ways in order to give an idea of the transient 

t«operacure distribution during 300 years after disposal of the 

waste. 

Temperatures at the centre line of the aodel are represented in 

fig. 9 and 10 for burial configuration I and II respectively for 

8 points in tine ranging from 5 to 250 years after disposal. 

Fig. 11 and 12 show the teaperature distributions at a depth of 

605 ra, as a function of the radius for the same points in tine for 

configuration I and II respectively. Teaperature as a function of 

time is represented in fig. 13 and 14 for the reference points given 

in fig. 2 and 3 for configuration I and II respectively. 

Finally the rock salt temperatures are represented as isotherms for 

points in time of 45, 67, 145 and 250 years after disposal. 

These isotherms are given in fig. 15, 16, 17 and 18 for configuration 

I and in fig. 19, 20, 21 and 22 for configuration II. 

When comparing the temperature distributions for these two burial 

configurations, the advantage of the far greater rock salt mass 

taking part in the process of heat dissipation for configuration II 

becomes evident. The maximum global rock salt temperatures (see 

table II) are considerably lower: 70 C against 108 C for 

configuration I. Far more important however is the decrease of 

temperatures at a roadway level, 5 m above the buried waste. Whereas 

temperatures of 60 C are exceeded within less than 9 years in 

configuration I a value of only 41 C is attained in 55 years for 

configuration II, where 47 C is never exceeded (see table IV and 

fig. 14 line c). 

The requirement however that the disposal of the waste is to be 

carried out with mining practices the practical application of which 

has been demonstrated, prevents for the moment being the use of dry 

bore holes with a height of 600 m. Although burial configuration II 

seems to be most promising from the temperature point of view, it 

has therefore been necessary to study alternative configurations to 

obtain comparable results with standard techniques. 
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The test facility at the Asse II salt nine has shown that 50 m high 

dry bore holes can be obtained. This measure was therefore used as 

a standard for the height of the stack of waste canisters in further 

calculations dealing with layered mine concepts. 

The unacceptably high rock salt temperatures, especially at roadway 

level, in configuration I can be reduced in a number of ways: 

* increasing the vertical distance between the two layers; 

» increasing the number of layers, reducing the amount of waste 

per layer in order to maintain the total heat generation at 30 MU.; 

* increasing the bore hole depth, reducing the number of ho.as 

accordingly. This (on? layer) concept is based on the assumption 

that the development of an advanced drilling technique can be 

considered to be realistic; 

* increasing the distance between the roadway level and the top of 

the stacks of waste canisters. 

The temperature effects of these alternatives were studied using 

the unit cell model. 
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4. RESULTS OF THE UNIT CELL CALCULATIONS 

Unit cell calculations can provide information about both global and 

local temperature distributions in the central part of a burial 

configuration where temperatures are maximal. 

The global behaviour of configuration I being known already from the 

global calculation, a unit cell calculation of this configuration 

was performed both to compare the results of the two methods and to 

investigate the local temperature effects. The results from global 

and unit cell calculations being ir. good agreement (see chapter 6) 

the unit cell model shown in fig. 8 was applied to calculate the 

temperature distributions in the configurations III, IV and V. 

^^i.Conf iguration_I 

Fig. 23 shows the temperatures at the radial boundary of the model 

as a function of depth for 8 points in time ranging from 5 to 

250 years. 

These temperatures almost equal the average temperature in the 

corresponding cross sections of the unit cell and may therefore 

be considered to represent the global temperatures. 

Fig. 24 shows the temperatures at a vertical line at 10 mm distance 

from the waste canister wall (that is at a radius of 110 mm). The 

radial temperature gradient in this region at any time greater 

than 0.1 year amounts less than 0.1 C/mm. Therefore the values at 

r • 110 mm represent the maximum local temperatures with sufficient 

accuracy. Again the distributions at the usual 8 points in time are 

given. The radial temperature distributions at a horizontal plane 

half way the stack of waste canisters (i.e. at a depth of 611 m) 

are shown in fig. 25. The same type of distributions at roadway 

level are represented in fig. 26. 

A comparison of global and local behaviour (see fig. 23 and 24 as 

well as table V) shows that the temperature curves for the same 

point in time are practically identical except for the area at waste 

canister level. The area in which the local temperatures are 

significantly higher then the global ones is therefore restricted to 

a small percentage of the unit cell. 
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This statement is underlined by the radial temperature distributions 

at roadway level (at 605 m depth) that show hardly any variation of 

temperature over the radius (fig. 26). 

From table III it can be seen that the maximum rock salt temperature 

(next to the vaste canisters) amounts 117 C and will be reached 

after 50 years. The maximum global rock salt temperature (table II) 

is calculated to be 108 C and will be reached after 65 years (see 

also fig. 25). 

The area in which at any time the local temperature will be 2 C or 

more in excess of this maximum average temperature will be restricted 

to less than 2% of the cross section of the unit cell. 

Both vertical and radial temperature curves calculated for the global 

model indicate that the total volume of rock salt in which the 

temperature will exceed 110 C will even be far less than 27. of the 

volume of the overall burial area. 

The unit cell model was applied for the calculation of the effect of 

variation of the vertical distance between two burial layers. For 

this purpose configuration III (see fig. 4) was developed existing 

out of two burial layers having a height of 50 m each. 

Configurations III A through E represent the various versions of 

this model where vertical distances between the layers are 50, 100, 

150, 200 and 250 m respectively. These configurations were calculated 

using the unit cell as shown in fig. 8 and applying the method of 

superimposing. The results of these calculations are shown in fig. 

27, 28, 29, 33 and 34 as global temperature distributions and in 

fig. 30, 31, 32, 36 and 37 as local ones. The maximum global and 

local temperatures are stated in table II and III respectively. 

The radial temperature distribution in the unit cell at a horizontal 

plane half way the stack of waste canisters (i.e. at a depth of 

625 m) is shown in fig. 35. A similar type of temperature 

distribution at roadway level is shown in fig. 38. In order to be 

able to calculate rock salt temperatures at every roadway level 

that exists in the various configurations III a number of reference 

points was chosen as shown in fig. 8. 
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The temperature rise with regard to the initial temperature at each 

point is demonstrated as a function of time in fig. 39. 

These curves can be used to calculate temperatures at roadway level 

taking into account an arbitrary delay in time for the filling of 

each successive burial layer. In these calculations neither the 

presence of a roadway above the stacks of waste canisters nor 

the cooling capacity of mine ventilation through these roadways 

is taken into account. The results of these calculations for the 

5 versions of configuration III are shown in fig. 40 through 44. 

These figures show the temperatures at both roadway levels as well 

as the temperature variation at the upper level due to the waste 

buried in the lower layer only. Furthermore these figures give 

the temperature variation at 545 m depth, being the deepest 

accessible point for the low-level waste excavation, overlying the 

high-level waste repository. 

The first layer was assumed to be filled instantaneously at t » 0, 

the second one at t » 25 years. 

The upper roadways are supposed to be accessible during 30 years 

after disposal in the second layer, i.e. until t » 55 years. The 

excavation for low-level waste will remain operative until t • 120 

years. The maximum temperatures at the various levels during the 

respective times of operation are summarized in table IV. Although 

the effect of the cooling capacity of a ventilation system was left 

out of consideration, the temperatures stated are obviously excessive 

with regard to forking conditions. 

The effect of an increase in vertical distance between the two 

layers brings hardly any relief once the distance surpasses 150 m. 

Therefore the two layer mine concept with 50 m high waste stacks is 

assumed to be unacceptable to dispose of 50,000 canisters containing 

50 1 high-level waste. 
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4i3i_Configur»tion_IV 

In order to take advantage of a greater rock salt mass taking part 

in the process of heat dissipation, a thrae layer repository was 

studied, using the unit cell model described before. 

In this configuration IV-3 (see fig. 5) the burial layers were 

positioned at the depths of 600-650 m, 750-800 m and 900-950 m. 

The depth of 600 m is considered to be the minimum depth for 

containment reasons and 900 m is assumed to be the deepest level 

for underground mining. 

Since the dominating thermal problem appears to result from the 

temperatures at roadway level the calculation of the global 

temperature distribution only was considered to be sufficient. 

A specified loading density of the burial layer can be achieved 

by various combinations of unit cell radius and linear heat source 

magnitude. This combination influences the local temperature 

distribution only, whereas th* global temperature is governed by 

the loading density. The heat generation of the uni' cell of 

configuration III could therefore be reduced to 66.7% of its 

original value to calculate the global temperature distribution of 

a three layer repository. 

The results of these calculations are shown in fig. 45; the 

maximum global temperature is mentioned in table II. 

Roadway level temperatures were calculated, assuming instantaneous 

disposal at t • 0 for the deepest layer, at t • 20 years for the 

middle layer and at t * 35 years for the upper layer. The resulting 

temperature curves are shown in fig. 46. The upper roadway level is 

supposed to be accessible during 20 years, after which the ultimate 

closure of the burial area will take place, i.e. until t * 55 years. 

The low-level waste disposal overlying the high-level wast» 

repository must however remain operative until t • 120 years. 

The maximum temperatures at the various levels during the respective 

times of operation are summarized in table IV. 

A good estimation of the difference between local and global 

temperatures for this configuration can be found from an analytical 

calculation. 
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The temperature rise at time t at a radial distance r from a 

continuous line source in an infinite solid follows from |4|: 

T ( r ' t ) - 4 7 3 r / — — — — * - d T 

0 

where : $ (T) : heat generation per unit time per unit length of 

centerline. 

t : time. 

X 
K : 

o c 

where : A : heat conductivity coefficient 

o : specific mass 

c : specific heat capacity. 

Substitution of the function for heat production: 

$ (T) - Ae"aT 

where A and a are constants, gives : 

t 

-at / exp (at 

T(r.O - fa J 
0 

Numerical evaluation of this expression for the outer radii of waste 

canister and unit cell can be used to calculate the temperature 

difference between these location as a function of time. 

The two main discrepancies between this theoretical model and the 

unit cell are : no adiabatic boundary at the outer radius cf the 

cell and no vertical heat transport. 

A comparison of this approximation and the unit cell calculations 

of figuration III~C shows that the effects of these discrepancies 

remain well below 15% of the difference between local and global 

temperatures at any time less than 75 years. 

r^ 
4KT 

d t 5 
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The theoretical model including a 15T upward correction was therefore 

used to estimate the local temperatures for configuration II 

calculated globally and configurations IV and V calculated with the 

unit cell of configuration III. 

Local temperatures thus calculated are indicated in table III 

by • ) . 

Ir. an attempt to achieve a significantly closer approximation to the 

temperature distributions resulting from configuration II, a four 

layer repository was studied. The burial layers of this configuration 

IV-4 (see fig. 5) are assumed to be situated at depths of 6P0-650 m, 

700-750 m, 800-850 m and 900-950 m. The unit cell model of 

configuration III was applied, the heat generation per layer being 

reduced to 50Z of the original value. 

The results of the temperature calculations for this concept are 

represented in the same way as used for the preceding configuration: 

global temperatures versus depth in fig. 47, roadway level 

temperatures in fig. 48, maximum global and local temperature in 

table II and III respectively. 

The layers are assumed to be filled instantaneously at t * 0, 

t * 15, t * 25 and t = 35 years, the upper layer and excavations for 

low-level waste remaining accessible until t * 55 and t = 120 years 

respectively. The maximum temperatures at roadway levels reached 

during these respective times of operation are mentioned in table III. 
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4^4^ Conf igïfi'ftion̂ V 

The favourable results of configuration II, especially with regard 

to temperatures at roadvay level, indicate that the development of 

techniques for Baking deep dry bore holes from a roadway might be 

worth-while. Therefore the effect of bore hole depths ranging from 

100 to 600 m on the temperature distribution was studied applying 

once more the unit cell model to calculate the configurations V-A 

through F (see fig. 6). 

The resulting global temperatures versus depth are shown in fig. 49 

through 54. The maximum global and local temperatures are mentioned 

in table II and III respectively. 

Roadway temperatures were calculated for the usual depths of 595 m 

and 545 m. A one-level deep bore hole concept however offers a 

greater flexibility with regard to roadway depth and distance 

between roadway and waste than the (multi) layered ones. As an 

alternative a roadway at a depth of 580 m was therefore considered 

in order to study t.ie effect of an increased distance to the stacks 

of waste from 5 to 20 m. Moreover the distance between the high-

level waste and the deepest accessible point in the excavations for 

low-level waste might be increased from 55 to e.g. 100 m. 

The temperatures at a depth of 500 m were calculated to see whether 

this alternative would be useful1. 

Temperatures versus time are shown in fig. 55 through 58 for the 

depths of 595, 580, 545 and 500 m respectively. 

In each of these figures the configurations V-A through F are 

represented. Obviously the temperatures depend on time, level and 

bore hole depth. The effect of the last variable is shown in fig. 59 

through 62 for the depth mentioned before. 

Temperatures are shown at 25, 35, 45 and 55 years after disposal for 

the roadway levels from which the high-level waste is to be stored 

(595 or 580 m). The excavations for low-level waste being operative 

for 120 years the temperatures at the depths of 545 and 500 m are 

given at 60, 80, 100 and 120 years after disposal of the high-level 

waste. The maximum temperatures at roadway levels reached during 

the applicable times of operation are mentioned in table IV. 
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5. COMPARISON OF THE VARIOUS CONFIGURATIONS 

The complex nature of the temperature distributions in the salt dome 

resulting from high-level vaste disposal, requires a number of 

characteristic parameters to be defined for reasons of comparison and 

qualification : 

- the maximum global temperature. 

This parameter was calculated for each of the configurations 

presented and summarized in table II. 

From this table it can be seen that temperatures below about 

IOO°C can be realized with two- (III-B chrough III-E), three-

(IV-3) and four-layer (IV-4) configurations as well as with deep 

bore hole configurations with bore hole depths of 300 m and more 

(V-C through F and II). The large number as well as the variety of 

configurations that result in values of this magnitude indicate 

that the maximum global temperature will not be the limiting 

factor in the repository design. 

- tne maximum local temperature. 

Local temperatures were calculated for the configurations I and III 

applying the unit cell model. The maximum values, mentioned in 

table III, indicate that local temperatures below 120 C can be 

realized. 

In the three and four layer configurations as well as the deep 

bore hole concepts II and V_B through F the loading density is 

significantly lower than in the two-layer configurations. The 

unit cell radius will thus be larger which decreases the 

volumetric loading density. 

The local temperatures for these configurations were estimated 

according to the analytical method described in 4,3. 

As can be seen from table III local temperatures rot exceeding 

120 C can be obtained with configurations I, II, III-B through E, 

IV-3 and 4, V-C through F. The values calculated for configuration 

IV-4 and V-D indicate that significantly lower maxima are within 

reach, should this be judged to be desirable. 



- 20 -

- the maximum temperatures at roadway level during time of operation. 

Temperatures at roadway level are an important parameter with 

regard to working conditions. 

All calculations presented in this report leave the cooling 

capacity of mine ventilation out of consideration. 

Since ventilation can reduce roadway temperatures significantly, 

a maximum value of 60 C in the calculations is considered to be 

realistic. As can be seen from table IV this maximum will not be 

exceeded at any roadway level of the configurations II, IV-1 and 

4 and V-C through F. 

Again considerably lower maximum temperature are within reach 

if necessary, as is demonstrated by configurations IV-4 and V-D 

through F as well as configurations V-C through F using the 

alternative roadway levels. 

- the maximum temperatures in the containment shield surrounding 

the waste repository. 

Temperatures in the containment shield can only be found from 

global calculations. Therefore these values are known for 

configurations I and II only. 

As can be seen from fig. 15 through 22 temperatures in the 

containment & 'eld (top rock salt to a depth of 500 m in vertical 

direction; from r » 550 m to outer radius sc]t dome (750 m) in 

radial direction) don't exceed 60 C. 

As can be seen from the preceding parameters, the configurations 

I1I-A and V-A are to be left out of consideration. 

Then the configuration I (two thin burial layers with a high 

loading density at a relatively short vertical distance) and II 

(600 m deep bore holes, low loading density) may be considered to 

represent the extremes of the range of burial configurations 

presented in this report. 

Therefore the calculated maximum temperature in the containment 

shield of 60 C is considered to be a realistic value. 
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6. VERIFICATION OF ASSUMPTIONS 

The teaperaturc calculations have been based on a number of 

assumptions and simplifications that are mentioned in the preceding 

paragraphs. These presuppositions can be checked against the 

calculation results as follows : 

- Material properties are taken to be temperature independent. 

Apart from configuration V-A, all calculations described in this 

report result in rock salt temperatures between 20 and 130 C. The 

heat conductivity coefficient of rock salt varies in this range 

from 5.65 to 3.85 W/m°C, where 5.02 W/m°C (the value for 50°C) was 

applied in the calculations. The maximum discrepancy in this 

coefficient that can have occurred therefore amounts to about 23Z. 

The specific heat of rock salt varies in this temperature range 

about 32; the density about 1.2Z. 

These deviations however occur mainly in relatively small areas 

in configuration I, III, V-A and V-B where global temperatures in 

excess of 100 C occur. 

The remaining configurations (II, IV-3, IV-4, and V-C through F) 

showing lower temperatures, the deviations in material properties 

are even less significant. 

From verification calculations as well as from literature [6J it 

can be demonstrated that the temperatures presented in this report 

will not deviate more than 10 C due to the application of 

temperature independent material properties. Since the variation 

in material properties that can be found from literature is of the 

same order of magnitude as the variations mentioned above, a more 

accurate calculation method will hardly offer a significant 

improvement .n the reliability of the results. 

- Temperature rises on the boundaries of the calculation models 

(other than planes of symmetry) are negligible during the period 

of time under consideration. 

All calculations were carried out for a period of 300 years. 
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The maximum temperature rises found at the boundaries of the models 

amount to : 

Configuration I 0.9 C 

Configuration II 0.2 C 

Configurations III 0.1 °C 

Configuration IV-3 0.08°C 

Configuration IV-4 0.06 C 

Configurations V 0.2 C 

These rises in temperature are indeed sufficiently small, to justify 

the dimensions of the models and the boundary condition. 

- Different models are used to calculate local and global temperature 

distributions. The results of these models are compatible. 

The radial temperature distributions calculated for configurations 

I and II using the global model shov ta almost constant 

temperature in radial direction in the central part of the salt 

dome, especially during the first 100 years after disposal 

(see fig. II and 12). 

The temperature difference at any point in time calculated over a 

radius of 240 m amounts less than 0.5 C during this period. This 

indicates that for a long time hardly any heat flow will occur in 

radial direction. Consequently the heat flux in this region is 

almost completely directed vertically as can also be seen from 

the isotherms in fig. 15, 16, 19 and 20. For canister stacks in the 

central region of the dome this means that hardly any heat flow 

occurs perpendicular to the planes of synnetry that exist for 

geometric reasons between the stacks. Thus a square unit cell 

can be formed with adiabatic boundary conditions. This unit cell 

is transformed into an axisymmetric one having the same cross 

sectional area (see fig. 8). The use of temperature independent 

material properties allowing the superimposition of temperature 

rises due to various heat sources, this method was applied to 

calculate configuration I for comparing purposes. 

The radial temperature distributions in this unit cell (see fig. 

25) indicate that at any time only a small (central) portion of 

the cross sectional area is subjected to temperatures that deviate 

significantly from the average value at that time. 
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Consequently this average value is alaost equal to the temperature 

at the radial boundary of the unit cell. 

This radial boundary temperature as a function of depth (see fig. 23) 

can therefore be compared to the results calculated vith the global 

model (see fig. 9), as is demonstrated in table V. 

From this table it can be seen that deviations between the results 

of both calculations remain within a few degrees centigrade. 

Radial boundary temperatures being demonstrated to be almost 

equivalent to the average value over the cross section a variation 

of the unit cell radius will hardly influence the global temperature 

distribution thus calculated, provided the heat generation is 

adjusted to arrive at the appropriate loading density. The application 

of a unit cell having a radius that differs significantly from the 

actual value is therefore permissible as long as global temperatures 

are desired to be calculated. 

Local temperatures can be estimated with sufficient accuracy in 

these cases using the analytical method described in 4.3. including 

a I5Z upward correction as appeared from a comparison carried out 

for configuration III-C. 

Due to the effect of radial heat flow through the burial area that 

increases slowly with time, the temperatures calculated with the 

unit cell model (insulated radially) tend to exceed the global 

ones as time advances. 

This effect however remains sufficiently small to avoid significant 

deviations during the period of 300 years that has been chosen for 

the calculations presented. Moreover the results of the unit cell 

calculations tend to be conservative, thus justifying the application 

of this model. 
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7. CONCLUSIONS 

A rather simple unit cell model in combination with an analytical 

approximation can be applied to calculate both global and local 

rock salt temperatures for a variety of configurations 

for disposal of high-level reprocessing waste in vertical bore 

holes in a salt dome. 

Global temperature distributions calculated with the unit cell 

model are compatible with the results of calculations according 

to a global model. 

The results of the temperature calculations presented can be 

converted for initial heat generations other than the specified 

value of 30 MW provided that parameters for waste canister diameter, 

height of canister stack and vertical distance between layers are 

not changed. As far as global temperatures are concerned even the 

pitch of the bore holes may be varied. 

The most significant results of the temperature calculations for 

the given disposal volume, initial heat source and assumed 

geothermal gradient are : 

- Global rock salt temperatures can be kept below a limit of 100 C 

in burial configurations consisting of two, three or four layers 

with a bore hole depth of SO m as well as in deep bore hole 

concepts with bore holes longer then about 300 m. 

- Local rock salt temperatures will net exceed 120 C in a variety 

of burial configurations. Lower maximum temperatures can be 

obtained if necessary, applying multi-layered or deep bore hole 

concepts. 

- Temperatures at roadway level during the time of operation are 

strongly dependent on the burial configuration. Ignoring the 

cooling capacity of the mine ventilation, a temperature of 60 C 

will not be exceeded in the majority of the burial configurations. 

Lower maximum temperatures are within reach, especially with the 

multi-layered and the deep bore hole concepts. 

- Temperatures in the containment shield surrounding the waste 

repository will not exceed 60 C. 
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From the results of the temperature calculations presented a number 

of conclusions can be drawn with respect to the disposal of high-

level reprocessing waste in canisters in a salt dome. Moreover these 

results provide an indication for future investigation and 

development. 

- The temperatures at roadway level during the time of operation 

represent a limiting factor in the repository design. From this 

point of view any of the two layer burial configurations seems 

to be unacceptable for the specified loading density. 

The multi-layered configurations presented offei more realistic 

perspectives. 

- The roadway level temperature calculations are based on an 

instantaneous filling of each individual burial layer. As the 

major part of temperature rise at a roadway level results from the 

heat generated in the layer directly below, the calculated 

temperatures may be regarded to be conservative. Detailed 

calculation taking a more realistic loading scheme into account 

are therefor? recommended to present more accurate predictions 

about (lower) rock salt temperatures that will be decisive for 

the working conditions during the period of operation for disposal. 

Furthermore calculations with respect to the effects of mine 

ventilation might result in more optimistic predictions about 

working conditions in the roadways. 

- The application of the deep bore hole configurations II and 

V-C through F, especially the concepts with increased distance 

between roadway levels and waste, offers the advantages of a 

smaller excavated mine volume as well as significantly 

reduced problems in achieving acceptable working conditions. 

Since drilling techniques allowing the realization of deep dry 

disposal bore holes are not yet available it might therefore 

be worth while stimulating R & D efforts in this field. 
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- The temperatures in the various regions of the salt done 

calculated on the basis of conservative assumptions lead to the 

conclusion that from the thermal point of view a repository for 

the high-level reprocessing waste produced within the scope of 

a nuclear power program can be realized in a relatively small 

salt dome. 

Moreover the variation of temperatures that can be achieved 

applying the various configurations underlines the flexibility 

of the burial concept. This permits adaptation of the design to 

a great number of requirements from physical, technical, social, 

economical or regulatory origin. 
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