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1. Construction of the lithostratigraphic column of the Boom Clay. 
Interpretation of geophysical measurements. 
 
 
1.1. Introduction 
 
The FMI's (Full bore Formation Micro Imager) performed in the Mol-1 and Dessel-1 borehole 
show clearly the alternation of silty and clayey layers in the Boom Clay formation. Based on 
these two FMI plots, together with other logs, observations during underground excavations 
and drilling projects in the HADES-URF and the correlation with the stratigraphy of the 
outcrop zone, a new lithostratigraphic column of the Boom Clay formation in the 
underground near the HADES-URF could be outlined. Together with calculations of dip and 
dip direction, a state of the art 3D model for the Boom Clay around the URF was achieved. 
 
1.2. Numbering of the Boom Clay layers. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 1: The Boom Clay formation in the outcrop sections (Vandenberghe, 1987) 
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The choise was made to adjudge even numbers to clayey layers, and uneven numbers to silty 
layers, in order to enhance clarity and simplicity. This numbering doesn't corresponds totally 
to the layer numbering of the Boom Clay formation as defined by Vandenberghe (1978, 
1987), (figure 1). In figure 2, a part of the FMI and its interpretation is shown. The alternation 
of clayey and silty layers can easily be seen on the FMI. It needs to be remarked that the layer 
thickness and defined limits was chosen arbitrarily  

 
Above S50, the numbering from the outcrop zone does not correspond any more to the 
numbering of the Boom Clay layers in the Mol-Dessel area, as correlation between the clay 
pits and the FMI higher up the formation becomes more and more difficult. The numbering, 
proposed here for the Boom Clay formation, continues till layer 122, where the transition 
between Boom Clay and Eigenbilzen Formation1 takes place.  
The septaria levels S10 till S60 can easily be located on the FMI. But above S 60, as 
correlation becomes unclear, there is proposed to further label the septaria levels as done in 
the outcrop zone, but starting with "molS" instead of "S", to indicate the fact that these levels 
are only based on observations, performed in the Mol area (molS 70, molS 80, molS 90, etc.). 
The first meters above the basis of the Boom formation in Mol-Dessel are significantly 
different from those encountered in the outcrop zone. This will be discussed in more detail in 
the next paragraph. 
 
1.3. The Belsele-Waas member of the Boom Clay in Mol and in the outcrop 

zone compared. Layer 0. The transgression 
 
Vandenberghe et al. (1999) defined the basis of the Boom Clay from resistivity and gamma 
logs from different boreholes. The basis of the Boom Clay formation is also clearly visible on 
the Mol-1 FMI (figure 3).  
                                                 
1 Vandenberghe proposes “Eigenbilzen Formation”  for all sand deposits in between the shell rich Chattian 
deposit and the stiff Boom Clay. In the future, different members in this formation might be distinguished. 

Figure 2. Interpretation of a part of the FMI from borehole Mol 1. The alternation of 
clayey and silty layers is clearly visible. The borehole passed through a septaria (S50). 
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The FMI was compressed vertically in order to correspond to the scale of the resistivity plot. 
The correspondence between FMI and resistivity is perfect. Only a translation of 50 cm is 
needed. For example: the level 290m on the FMI corresponds to the level 290.5 m on the 
resistivity plot. This problem will be discussed further on in this report.  
The description of the cores from the SCK 15 borehole is given on the right hand side of 
figure 3. It is clear that the FMI allows a more detailed subdivision of the formation than the 
visual interpretation of cores from borehole SCK 15. Big units, however, can be correlated. 
 
The numbering of the Boom Clay near its basis was difficult, because there was attempted to 
keep the outcrop numbering till S50. 
The transgression must have reached first the Mol area before reaching the area now being the 
outcrop zone. Due to this difference, the base of Boom Clay in the Mol area contains more 
layers than the base in the outcrop area. This is illustrated in figure 4, where the outcrop 
section is scaled in a way that the thicknesses of the well correlatable sections (in case layer 
6-11) gives the best fit. 
It would seem logical to correlate layer 5 on the FMI with layer 4 in the outcrop zone; layer 4 
on the FMI with layer 3 in the outcrop and layer 3 on the FMI with layer 2 in the outcrop 
zone. But this needs more verification. 
 

Figure 3 The resistivity and FMI near the basis of the Boom Clay in the Mol-1 
borehole. The basis of the Boom Clay is clearly visible on the FMI. On the right side, 
the interpretation of the cores from SCK-15 near the base of the Boom Clay is given. 
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Considering the resistivity plot from the boring carried out in Reet, which lies in the outcrop 
section. (figure 5a, after Vandenberghe et al., 2001) 
On the left side of the resistivity plot, a part of the column in figure 1 is plotted and scaled, so 
that it fits with the resistivity plot. A first remark which can be made is that the base of the 
Boom Clay in the column, based on the outcrop section in Sint-Niklaas, differs clearly from 
the base of the Boom Clay in Reet. 
 

Figure 4 Interpretation of the Mol-1 FMI on the left side. The scaled outcrop section 
is shown on the right side. 
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Figure 5: a. Resistivity log from the Reet borehole with a scaled outcrop section 
on the left side. b. Comparison between the resistivity logs from Reet and Mol.  
Figure is a composition derived from Vandenberghe et al. (2001) 

Sint-Niklaas 

Sint-Niklaas 
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Compared to Reet, about 2 m of Boom formation is missing in Sint-Niklaas. Despites this 
difference, clay layer number 3 from the outcrop section is still clearly distinguishable in 
Reet. 
In figure 5b the resistivity plot from the Mol-1 borehole is plotted next to the Reet resistivity. 
The two curves correspond remarkably well in the Belsele-Waas member. The numbering of 
the Reet curve corresponds with the numbering of the outcrop section. On the Mol curve, the 
newly proposed numbering is used (see also figure 4). It is now clear that the numbers 4, 3 
and 2 from the outcrop section correspond to number 5,4 and 3 in Mol. Layer 2, and a part of 
layer 1 in Mol are also present in Reet, but not in the Sint-Niklaas section. The lower part of 
layer 1 and layer 0 are extra layers in the Mol area. 
Although the problem of correlation of the bases is not very relevant for the construction of 
the 3D model, it still stays an interesting geological problem and might be further investigated 
in the future. 
 
1.4. Terhagen and Putte Member from the Outcrop zone compared with Mol. 
 
In figure 6, the cumulative thickness difference between Mol-1 and the outcrop zone 
(represented by Reet) is shown. In Reet, the Boom Clay is preserved till layer 56 (or septaria 
level S60). The thickness of internal layering is greater in Mol than in Reet. The total 
thickness of the column from basis to S60 is in Reet 21.3m and in Mol 39.8m. So compared 
to the outcrop zone, the internal layering of Mol is nearly twice as thick.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6: Cumulative thickness differences in m between Mol-1 and the outcrop section 
(Reet). Notice the nearly constant inclination in the first 40 layers and the bend around 
layer 40 (or the double band). 
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In figure 7, an interval (S10 – molS 70) of the interpretation of the FMI is compared to an 
outcrop section including septaria level S 10 till S 70 (see also figure 1). Both sections are not 
on the same scale (see begin of this section for relative thickness differences). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7: Comparison between FMI interpretation of Mol-1 and the outcrop 
section. Both sections are on a different scale. 
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As can be seen, both columns can be correlated beneath S 60. But above S 60, it becomes 
impossible to well correlate both sections. Neither visual correlation nor mathematical 
correlation (based on relative thickness of the layers) gave satisfying results.  
 
1.5 Upper section, only preserved in the underground section(s). Boeretang 
Member. 
 
Above S 60, the column of internal layering, constructed for the Mol area, is based only on 
borehole measurements and observations during excavation works in Mol, as correlation 
becomes impossible between the outcrop section and Mol (see figure 7). 
For this reason, labels of septaria levels above S60 are proposed to start with "mol", to 
indicate that their number can not be compared to the outcrop numbers. 
Above layer 98, resistivity starts to increase gradually, although the internal layering is still 
preserved. The grains become coarser and the lithology evolves towards sand. During the 
previous years, this member, above the Putte member, was called "transition layer" (or 
sometimes called: "transition layers" or "10-wiggle layer") was used to define the layers lying 
in between the Putte member and the Eigenbilzen formation. Although the top of the Putte 
member was never defined. 
We would like to propose the name of "Boeretang Member" in stead of "Transition layer" or 
"10-wiggle layer", as this name would be more acceptable for a geological use.  
 
Another problem, which will not be discussed here, is the definition of the top of the Boom 
Clay, as it appears that sedimentation was continuous between Boom and the layer above the 
Boom Clay referred to as "Eigenbilzen". The current definition in Mol is: "Consider the 
appearance of the last clear clay layer. Above this layer starts Eigenbilzen". When, however, 
the Boom Clay in Weelde is considered, the same definition would lead to the marking of 
another layer as the top. 
 
The total column is given in Appendix A (table form) and Appendix B (drawing). On the 
drawing, the position of the northern starting chamber near the second shaft is indicated. The 
position of the whole HADES-URF and the inclination of the layers will be discussed in the 
next section. 
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2. Position of the HADES-URF. Inclination of the layers 
 
Until now, mostly relative positions (relative to ground level, drilling table…) were 
considered. But to be able to construct a 3D-model, absolute positions are needed.  
 
2.1 Position of the internal layering in the HADES-URF. 
 
In figure 8, an overview of the HADES-URF is represented. The cored borehole 2001-04 is 
also indicated. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.1.1. Second shaft versus Mol-1. 
 
During the excavation of the second shaft, observations of the lithology and of special 
features as septaria levels, pyrite layers, bioturbations were noted and a scaled plot of the 
observations was made by M. De Craen (Euridice, 2001). 
In figure 9 a part of this plot is shown. On the left side of this column, a part of the Mol-1 
FMI, on the same scale, is placed in a way that it correlates with the observations. As can be 
observed, this correlation is very good. Mol-1 and the second shaft are less than 52 meters 
away from each other. This means that the lithostratigraphic column, obtained from the Mol-1 
FMI, can easily be translated to its right position in the second shaft.  
Point zero (ground level) of the second shaft lies at a height of 25.95m TAW.  
The base of layer  90 corresponds to the height of the centre of the star ting chamber  in 
the second shaft, being at -196.5 m depth TAW. 
 

Figure 8. Representation of the HADES underground research facility Mol. The boring 
2001-04 is also indicated. Total distance between the first and the second shaft is 157 m. 
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Figure 9: Correlation between the Mol-1 FMI and the litholog from the second shaft 
(observations by M. De Craen). On the left side, a part of the Dessel-1 FMI is given, 
which clearly shows septaria level molS 140. 
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A good marker which can be followed throughout the whole section is the septaria level 
molS140. This septaria layer lies at a depth of 222.0m in the second shaft, or, as point zero of 
the second shaft lies at 25.95m TAW, at -196.05 TAW. This is 45 cm above the centre of the 
second shaft. 
 
2.1.2 Excavation of the Connecting gallery 
 
During the excavation of the Connecting gallery, the septaria level molS 140 (in layer 90) 
could often be observed. In figure 10, the position of this level is plotted relatively to the 
centre of the connecting gallery. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.1.3. Boring 2001-04  
 
Between ring 11 and ring 12 of the Test Drift, a vertical borehole was drilled downwards 
(borehole 2001-4). The exact location of the borehole is 12.42 m away from the centre of the 
first shaft (M. Buyens, pers. comm.). The underground distance between the first shaft and the 
second shaft is 157.19 m. This results in 144.77 m distance between borehole 2001-4 and the 
second shaft. The borehole was cored. The relative vertical difference of the layer positions 
between the second shaft and this borehole could be calculated using different septaria levels 
(table 1).  
 

 2nd shaft (TAW) 2001-4 (TAW) D 
molS 120 204,44 205,38 0,94 
molS 110 206,06 207,15 1,09 

S 50 226,22 227,2 0,98 

S 40 233,27 234,29 1,02 

  Average 1,0075 
 Table 1 Difference between second shaft and borehole 2001-4. Unit is m. 

Figure 10: Evolution of the position of septaria level molS 140 during the 
excavation of the connecting gallery, relative to the centre of the URF gallery. 
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It is on an average 1.0 m. Linear extrapolation shows that the position of the internal layers 
around shaft 1 is about 1.1m lower than around shaft 2. 
 
2.1.4. TNO logging in freezing tube 29. 
 
In an attempt to get an extra levelling point in the axis of the HADES-URF, a 1980 TNO 
logging in freezing tube n° 29 around the first shaft is considered. The measurements 
consisted of spontaneous polarisation, resistivity and natural radioactivity (Neerdael, 1980). 
Especially the resistivity turns out to be useful for correlation purposes (Dethy & Neerdael, 
1983). In figure 11, a part of the resistivity plot around the Boeretang member is exposed.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11: Plot of the TNO logging in freezing tube 29 around the HADES shaft. 
The 6 peaks used for correlation are also indicated. 
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Point zero of the TNO measurements was 26.48 m TAW. The silty/sandy peaks of the 
transition layers are used here for correlation purposes. In table 2, the average difference 
between FMI from Mol-1 and TNO-1980 is calculated, based on 6 of the resistivity peaks (see 
figure 11). The average difference between the two is 0.85 m.  
 

 TNO-Well-(TAW) Mol 1 FMI-(TAW) TNO - FMI 
1 -171,5 -170,7 -0,8 
2 -173,1 -172,3 -0,8 
3 -175,3 -174,4 -0,9 
4 -177,4 -176,5 -0,9 
5 -179,7 -178,8 -0,9 
6 -186,8 -186,0 -0,8 

  Average -0,85 
 
 
 
Let us consider now the observations made in the second shaft.  
In Mol-1: point zero lies at a TAW height of 29.729 m. Point zero of the second shaft lies at 
a TAW height of 25.95 m. (see figure 12).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Unfortunately, the exact levelling of the FMI is in reality unknown, but this problem will be 
discussed further in this report and has no influence on this calculation. We just consider now 
the FMI log. The average difference between Mol-1 and the second shaft is on an average a 
few centimetres (table 3).  
 

 Mol-1 FMI Mol-1 FMI-TAW 2nd shaft 2nd sft TAW 
molS 180 214,85 -185,12 211,1 -185,15 
molS 170 218,45 -188,72 214,75 -188,8 
molS 120 234,15 -204,42 230,4 -204,45 
molS 110 235,8 -206,07 232 -206,05 

   Daverage= 0,03 m 
 
 
 

Table 2 TNO in freezing tube 29 versus FMI. Unit is m. 

 

Figure 12: Positions of point zero in the second shaft and Mol 1, relative to 
TAW zero level (After MDC). 

Table 3 Comparison between FMI and 2nd shaft. Unit is m. 
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Combining this with table 2 gives us an average difference between the second shaft and 
TNO-1980 of around 0.8 – 0.85 m. This is less than expected (1.1m, see section 2.1.3). Two 
possibilities can be considered: the first one is the presence of a fault between borehole 2001-
4 and the HADES shaft. This is a very unlikely hypothesis, as in the observed 145 m tunnel 
through the clay, such a fracture was never observed and all other measurements are more or 
less in line. A more likely hypothesis is that the exact elevation of the reference point is 
unknown. In the TNO-prints, point zero is said to be at a height of 26.48 m above sea level. 
As it is completely out of line, this point will not be considered in further calculations here. 
 
2.1.5. Results combined. 
 
In figure 13, a composite plot is shown, with the observation of molS 140 in the second shaft, 
the connecting gallery and the calculated position of molS 140 in borehole 2001-4. The 
calculated position of the molS140 in the TNO logging is also indicated, but will not be used. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The position of molS 140 in the second shaft and in borehole 2001-4 matches very well 
with the observed positions in the Connecting gallery. 
Along the axis of the HADES-URF, going from the second shaft towards the first shaft, 
the internal layers are dipping on an average 1.1 m over  157m distance or  an average 
dip of 0.40° towards the first shaft.  
To achieve now the 3D dip and dip direction, there is a need for a third external point, which 
does not lie on the axis of the HADES-URF gallery. This is the topic of the next section. 

Figure 13: Composite plot of the molS 140 observations in the second shaft and the 
connecting gallery, as well as the calculated position of this level in borehole 2001-4. Also 
indicated is the calculated position of molS 140 in freezing tube 29 around the HADES shaft 
(TNO-logging).  
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2.2 From 2D to 3D: need for a third external point. The Mol-1 problem. 
 
2.2.1 Introduction 
 
The only available external point at this moment within a short distance around the HADES-
URF is the Mol-1 borehole. Mol 1 lies at 51.8m distance from the second shaft. Other 
possible boreholes are Dessel-1 or SCK-15, but they are already at a distance of about 2 km 
from the HADES-URF. In figure 14, a plan view of the HADES-URF is given, together with 
the location of the Mol-1 borehole. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As mentioned before, there is half a meter difference between the FMI and the resistivity plot 
of Mol-1, near the base of the Boom Clay (see section 1.3). This half a meter difference is 
present throughout the whole logging. Question is which logging has the right level 
indication?  
 
To find out, the position of the septaria level S 50 and molS 180 was determined on several 
logs from several runs (run 1- run5), and on the cores taken (table 4).  
 
 

Figure 14. Location of the HADES-URF and the Mol-1 external point. 
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 Cores Run 1 Run 2 Run 3 Run 4 Run 5 
molS 180 215,5 215 215 214,9 215,5 215 

S 50 256,35 256 256 255,9 256,4 256 
 
 
 
The depths of the septaria levels on run 4 (which includes the resistivity plot, AIT2) 
correspond more or less to the core depths. The reference level of the other runs (1, 2, 3 and 
5) lies more or less half a meter higher (run 3 includes the FMI).  
The correspondence between run 4 (resistivity) and the cores, and the difference with run 3 
(FMI) (and run 1,2 &5) is more extended illustrated in table 5. On an average, there is no 
difference between the resistivity plot and the cores. The difference between resistivity/cores 
and FMI is on an average half a meter, as mentioned before. 
 
 Cores FMI Resist D Cores-FMI D Cores-Resist  
molS 180 215,5 214,9 215,4 0,6 0,1  
molS 170 218,85 218,4 218,9 0,45 -0,05  
molS 160 221,15 220,5 221 0,65 0,15  
molS 150 223 222,6 223,1 0,4 -0,1  
molS 120 234,65 234,2 234,7 0,45 -0,05  
molS 110 236,4 235,8 236,3 0,6 0,1  

S 50 256,35 255,9 256,4 0,45 -0,05  
    0,51 0,01 Average 

 
 
 
 
As can be concluded, it was impossible to find out what the exact depth indication of the 
loggings was. The masterlog confirms the depth levelling of the cores, but nevertheless, there 
was decided to relog a part of the borehole in order to surely solve the problem.  
 
2.2.2 Relogging of a part of the Mol-1 borehole. 
 
The borehole was logged by TNO – NITG3. The report is added in Appendix C. The relogging 
took place on the 5th of July 2002. 
Due to the fact that the Mol-1 borehole is now cased with a steel casing, it was impossible to 
measure resistivity or induction. Instead, spectral gamma measurements were performed. 
They were recorded as the GR, or natural Gamma Ray (in CPS or API). Together with this, 
the Potassium (in %), Uranium (in ppm) and Thor ium (in ppm) contents were also 
measured. Logging speed was 2m/min. The frequency of the logging was 10 per meter. The 
borehole was logged between 131.5m and 229.5 m depth.  
There was decided to relog this part as some useful GR markers are present in this section and 
because the layers around the URL are also included in this section. 

                                                 
2 Array Induction Imager Tool. The logging can easily be compared with the FMI, the Full Bore Micro Imager. 
3 Geo-Data Acquisitie. Princetonlaan 6. Postbus 80015, 3508 Utrecht, The Netherlands. 

Table 4. S 50 and molS 180 on the cores and on 5 runs. Unit is m. 

Table 5. Depth of several septaria levels on cores, FMI and resistivity plot. Unit is 
m. 
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Depth was measured from the ground floor, being at a TAW height of +24,879m. The 
theoretical point zero on the original Mol-1 logging by Schlumberger was at +29,729m TAW, 
being 4,85m higher than point zero of the relogging (figure 15). The 
 
 
 
 
 
 
 
 
 
 
 
 
 
Special attention was paid to the exact levelling of the logging tool. It was needed to log twice 
the interval, as it appeared that the levelling could only be checked when the tool is switched 
on when it is drawn up back to the surface. 
 
 
2.2.3. Results and interpretation 
 
There are two ways in which the data can be compared. The first one is comparing the two 
logs and searching for comparable peaks. In this case, however, one has to take into account a 
serious scattering of the data due to the different frequency content of the data (see further in 
this report). An average value can than be taken from this data. The second one is taking the 
digital data and comparing it by cross correlation.  
One digital GR-log curve from Schlumberger is available. It is the one containing the 
resistivity logs (this should be run 4). Unfortunately, there is something wrong with this data. 
It was detected that there was a difference between the paper logs and this digital data. To 
bring some clearance into the problem, as an example, the large peak appearing in the 
Berchem formation on the GR-logs is compared on several runs and on the digital data (table 
6). 
 

 Berchem Peak 
Run 1 151.0 
Run 2 151.0 
Run 3 151.1 
Run 4 151.6 

Digital data Run 4 150.7 
 
 
 
 
Comparing some more peaks, it appeared that the difference between Run 4 (resistivity) and 
this digital data was on an average 0.90 m. This shall be taken into account when working 
with the digital data. 

Figure 15. Scheme of the reference levels 
of both loggings. Due to the height of the 
formal drill floor, the height difference 
between both reference points is 4.85 m.  

Table 6. Comparison of the Berchem Peak between the original Mol-1 runs 1-
4 and the digital data (run 4). Unit is m. 
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Peaks compared on the logs. 
 
In figure 16, as an example, a part of the newly obtained TNO data is plotted next to the 
original Schlumberger data from run 4. Peaks were compared. In table 7, the result from the 
comparison of 30 peaks is shown, together with the calculated average value. In figure 17, 
this is represented on a plot. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TNO-
relogging Run 4 D 

146.3 151.6 -0.45 
164.65 170 -0.5 
166.4 171.4 -0.15 
171.5 176.7 -0.35 
171.7 177.05 -0.5 
172.3 177.35 -0.2 
173 178.4 -0.55 

174.4 179.5 -0.25 
174.9 180 -0.25 

Figure 16. Comparison between a part of the logs by TNO and Schlumberger. 
Notice the frequency content difference between both signals. Depth scale is 
1m. 
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175.75 181 -0.4 
176.1 181.5 -0.55 
177.8 183 -0.35 
178.7 183.95 -0.4 
180.7 185.75 -0.2 
183.65 188.85 -0.35 
184.8 189.95 -0.3 
187 192.3 -0.45 

188.1 193.2 -0.25 
190.9 196.2 -0.45 
194 199.3 -0.45 

197.4 202.6 -0.35 
204.1 209.4 -0.45 
210.3 215.5 -0.35 
213.9 218.9 -0.15 
214.3 219.4 -0.25 
216.8 222 -0.35 
221.15 226.3 -0.3 
223.95 229 -0.2 
224.7 229.65 -0.1 
225 230.2 -0.35 

 Average value  -0.34 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The calculations show that the difference between the TNO and Schlumberger log is -0.34 m 
(�  0.1 m, as scattering is large). As the difference between the resistivity plot from run 4 and 

Table 7. Values of the compared peaks. D is corrected with 4.85 m in 
order to compensate the different reference points. 

Figure 17. Plot of the calculated differences between peaks on the TNO data and 
peaks on the old Schlumberger data. Average value is -0.34m. 
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the FMI plot is 0.5 m, and the difference between the FMI and the second shaft is close to 0 
(0.03), the difference between Mol-1 and the second shaft can be estimated to be -0.2 m 
(� 0.1m).  
The layers in Mol-1 are located 0.2m deeper  (�  0.1 m) than the layers in the second 
shaft. A better way, however, to calculate the difference is by using cross-correlation. 
 
Cross correlation of the two data sets.4 
 
In figure 18, the results of the two loggings are shown. The first logging shows the data 
originally obtained by Schlumberger. The plot below shows the new data from TNO-NITG. 
The depth is a relative depth.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
4 The authors are very grateful to G. Cuypers from the ESAT department of electronics of the KULeuven 
University for his help with the data analysis. 

Figure 18. Signal from the TNO logging (bottom) and part of the signal from the 
Schlumberger logging (top). Notice the difference between both. The depths are relative.  
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The difference between both signals can be explained by the different frequency content. Both 
signals have a rather large DC (Direct Current) component which is filtered out first. Then, 
the Schlumberger data was resampled in order to be comparable with the TNO data. The 
result of the cross-correlation is shown in figure 19.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
When the highest peak is reached, the correlation between both signals is the best. In this 
case, there is one clear high peak, marked with the red circle. This peak corresponds to sample 
index 6016, which corresponds to a difference of 4.32m (value of the 2 in this number might 
be insignificant) 
When taking the 4.85 m of reference level difference into account, and combining this with 
the 0.90m difference between the digital data and run 4, this gives-0.37m difference between 
new TNO data and the resistivity plots of run number 4. This corresponds to -0.13m when 
taking the FMI as a reference. This corresponds to -0.16m compared to the second shaft. 
Again, the last value in this number is doubtful due to the scattering of all data and the 
comparing we went through. It would be better to round this number to - 0.2m �  0.1m. 
 
Figure 17 might suggest that there can be some drift on the differences between the TNO  

Figure 19. Cross-correlation of the two signals. The clearly highest peak is reached at 
sample index 6016 which corresponds to a difference of 4.32m (although the value of 
the 2 in this number might be insignificant). 
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log and the Schlumberger logs. To check this, a 20-taps FIR (finite impulse response) filter X 
of length 20 was chosen, in order to be able to write the TNO data as Schlumberger data. The 
filter was developed in such a way that the convolution of the TNO data and the filter gives 
the Schlumberger data as the result. The filter taps can be calculated using least square fitting. 
The TNO data is set into a toeplitz-matrix (T) and the problem TX= Schlumberger is solved.  
The solution was not calculated on the whole signal, but on overlapping windows of 80 
samples. By studying now the succeeding values of X, a drift should be visible. In figure 20, 
the coefficients of X are visualised. The vertical axis represents the evolution through the 
signal in samples. When drift would be present, the pale centres of the filter coefficients 
would not form a vertical zone, but an inclinated one. As can be observed, this isn't the case.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Taking - 0.2 m as the difference between the second shaft and the Mol-1 borehole, this result 
in a local dip and dip direction of the Boom Clay internal layers of N42E, 0.55°N. This means 
that the Boom Clays largest dip is in the direction N, 42° towards the east; and that the dip in 
this direction is 0.55° towards the north. 

Figure 20. Evolution of the coefficients of X with moving sample window. No real 
deflection from a vertical shaped, light zone, expected when no drift occurs, can be 
observed.  
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As a conclusion, it can be stated that due to the Schlumberger levelling problems of the Mol-1 
borehole, a lot of effort and valuable data was lost. Fortunately, the relogging of the borehole 
could bring some more clearance into the exact level of the borehole. But the error on the 
value enlarges when the comparison with the second shaft is made.  
 
2.2.4. 3D seismic around the HADES-URF. 
 
In the late seventies, a 3D seismic campaign proceeded by 2 tests were made on the 
SCK•CEN nuclear site. The HADES-URF lies underneath the Test2 area5. 
That the Boom Clay layers cannot be seen as uniformly straight surfaces, with a certain dip 
and strike, can be concluded from this 3D seismic data: In figure 21, a plan view from the 
seismic depth6 of the base of the Boeretang member is given (closest defined horizon near 
URF, see figure 11).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
On the right side of the HADES-URF, a local flattening can be observed.  
As a conlusion: a 3D model with layers showing one strike and one dip should always be 
approached with some caution.  

                                                 
5 See "Seismic campaigns by NIRAS / ONDRAF in the Mol-Dessel area" Report expected mid 2003. 
6 Seismic depth: TWT=Two Way Travel time 

Figure 21: Seismic TWT map of the base-Boeretang-member reflector. On this 
figure, the position of the HADES-URF and the Mol 1 borehole are also indicated. 
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Although not much value can be set on deduced height differences from this section due to 
the seismic resolution and processing errors, it might be a good indicator and a check for the 
obtained results. The difference between second shaft and first shaft is 1 ms, corresponding 
more or less to 0.93m. The difference between Mol-1 and the second shaft is 0.2 ms, or 0.19 
m. These numbers roughly fit the model. 
 
2.2.5. Sensitivity analysis of the shaft2-Mol-1 difference. 
 
In figure 22, the sensitivity of the shaft 2-Mol-1 difference on the resulting dip and dip 
direction is shown. As can be observed, small changes in the difference cause large variations 
in the value of dip and dip direction. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 22. Sensitivity of the Shaft2-Mol-1 difference on the resulting dip and dip 
direction is quite large.  
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In this paragraph, there will be investigated what the importance is of the possible errors, 
made on the Mol-1 levelling. We will consider values of the shaft 2 – Mol-1 difference 
between 0.1 and 0.3 meter (section 2.2.3) . A simplified, rough estimation is presented here. 
The positions, in the lithostratigraphic column, of points above and below the URF are, due to 
the well known layer inclination in the HADES URF, well determined. When approaching the 
inclination using a straight line (see also figure 13), the error on the exact position can be 
estimated to be less than 0.05 m.  
 
But considering the position of points in horizontal boreholes e.g. transverse on the HADES-
URF, the dependence on the Mol-1 levelling becomes significant. But not only this, also the 
fact that the layers are not exactly straight planes (see figure 21) causes errors. The further 
away from the HADES-URF, the higher these possible errors.  
To give an idea, we will consider here one example of the calculations of the error. The point 
lies at the end of a 20m long horizontal borehole in the middle between the first and the 
second shaft in eastern direction. In figure 23, the sensitivity of the level of the calculated 
position to changes in the Mol-1 level, expressed in the distance above the base of layer 90, is 
plotted. Changes (average value from Mol-1 level � 0.1m) in Mol-1 level give rise to a change 
in level position of � 0.05m for the point at the end of the borehole.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Estimating the other error, concerning the undulation of the layers, is far more difficult, as one 
can not rely on the seismic results to obtain absolute values. A rough estimation can be an 
error of 0.05m each 10 m distance from the HADES-URF.  

Figure 23. Sensitivity to changes in Mol-1 level of a point in a horizontal, east wise 
directed borehole located in the middle between shaft 1 and shaft 2. Variations of 
0.1m in Mol-1 create variations of 0.05m on the level position at the end of the 
borehole. 
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As the covariance between both errors is 0 (independent from each other), values of the errors 
can be added to become a global estimation. This means for the example an expected error of 
� 0.15m on the level position.  
 
The average thickness of the layers around the HADES-URF was calculated: 0.9m on an 
average.  
The chance of placing a point in the wrong layer above and below the HADES-URF can be 
calculated as (2 × (0.05m / 2)) / 0.9m �  5%, which is acceptable. 
The chance of placing a point in the wrong layer in the example of the 20m long horizontal 
borehole, is in this case 2 × (0.15m / 2) / 0.9m �  17%, which is rather on the large size. 
 
2.2.6. Other possible errors. 
 
Unknown irregularities such as fractures might cause complementary errors, but at this 
moment, such fractures are probably absent in the immediate vicinity of the HADES-URF. 
Another existing problem is that of the Mol-1-Dessel-1 difference. 
In figure 24, the difference between Mol-1 and Dessel-1 is shown. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 24. Difference, counted from base, between Dessel-1 and Mol-1 borehole. The 
position of the HADES-URF and the base and top of the Boom Clay is also shown. 
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The observed difference variation appears to be a small scale representation of a huge effect 
noticed over the whole Campine area (Mertens et al., 2002). It was noticed that there was an 
almost linear relationship between the difference Mol-1 – Dessel-1 and e.g. the difference 
Mol-1 – Poppel, a borehole being about 30 km north of Mol. The thickness difference 
between the HADES-URF position and a layer in the Boom Clay below or above this point, 
can range up to 2m between Dessel-1 and Mol-1 (see figure 24). As the direction of the 
HADES-URF gallery is more or less comparable to the direction Mol-1–Dessel-1, a linear 
estimation can be made. 
The distance between Mol-1 and Dessel-1 is only 2037m. The distance between Shaft 1 and 
Shaft 2 is 157.09m. So the difference for example, between the thickness in between the pink 
layer and the HADES-URF in shaft 1 and shaft2 is estimated to be 15 cm. Compared to the 
previous error estimation, this one might be corrected. 
 
2.3. Conclusions. 
 
As a conclusion, at this moment, the strike and dip of the Boom Clay layer is set at :  
N42E, 0.55°N. 
The errors, made when estimating the position of a point in the lithostratigraphic column, are 
least when points above and below the HADES-URF are considered (� 0.05m). When points 
outside this plane are considered, errors rise with increasing distance from the HADES-URF, 
resulting in for example an estimated error of � 0.15m for a point at the end of a horizontal 
20m long borehole in between the two shafts. 
 
There is clearly a problem with the levelling of the Mol-1 borehole logs. The levelling, 
achieved by TNO, carrying out a relogging of the borehole, will be considered as the right 
one.  
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3. Future possibilities to enhance this model. 
 
Three possibilities are given here which might decrease the uncertainty on the levelling of 
points in the future. 
 

·  A borehole, drilled from the HADES-URF into the clay body, with a dip direction 
perpendicular to the tunnel axis and a dip of e.g. 45° could be logged / cored in order 
to determine the layer boundaries and local inclination of the layers. 

·  A new borehole, drilled from the surface and placed on a strategic position with 
respect to the HADES-URF could be logged with FMI and correlated. 

·  A very high resolution 3D-seismic campaign with target depth 200 m would be an 
expensive, but very useful tool to get information on the undulation of the layers in the 
vicinity of the HADES-URF.  

 
 

4. Construction of the AUTOCAD 3D-model. 
 
In appendix D, some views are given from the 3D model in AUTO-CAD. The model 
contains, besides the two shafts and the galleries, a lot of boreholes present around the URF. 
The layers are entered into the program as individual entities. In the future, the position of 
septaria layers and other encountered inhomogenities in the clay as there are pyrite layers and 
large pyrite nodules might be entered into the model. 
This model can be changed, updated every time new data is obtained or new boreholes are 
drilled. 
 
 

5. The included computer program. 
 
Included at the end of this report is a floppy containing the program M3D-BCLC-2.0, a 3D 
Boom Clay level calculator. This program can be used to calculate the exact position of a 
point around the underground research facility HADES in the provisional stratigraphic 
column. It uses the current strike & dip of the layer, derived in this report. 
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Appendix A: Table of 
distinguished layers in 

the Boom Clay 
formation, based on the 

Mol 1 FMI. 
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Appendix B: Boom 
Clay formation in the 

Mol-Dessel area. 
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Appendix C: Report by 

TNO-NITG on the 
relogging of Mol-1 
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Appendix D: Some 
views on the 

AUTOCAD 3D-model. 
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