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Subject
The subject of our integrated geophysical/geological urban study was 
a dislocated and basically stationary plume of chlorinated hydro-
carbons (CHC) in Hannover, Germany. The CHC plume is situated 
within a permeable unconsolidated aquifer above a lower Cretaceous 
clay aquiclude. Because the primary source is sealed now, the 
polluted buried glacial channel in the vicinity of the pollution source 
has been proposed to currently act as a secondary pollution reservoir. 
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Figure 1: Location of CHC plume in Hannover, Germany. The pollution source was 
active for decades after World War 2. The plume has been mainly shaped by ground-
water drawdown for underground construction works.  

The morphology of the channel and likely corresponding flow paths 
could not be mapped based on boreholes alone, because of dense 
housing in the area and locally strongly varying subsurface struc-
tures, possibly including ice-wedges. Therefore, the aquifer structure 
was additionally mapped with direct push and shear-wave seismics
(Beilecke et al. 2006), utilizing a specially-developed mobile land 
streamer (Polom 2005) and a small horizontal vibrator source (Polom
et al. 2008). A grid of 2D profiles was gathered, yielding the sub-
surface structure down to about 30 m depth, with roughly 1 m vertical 
resolution, depending on shear-wave velocity.

Figure 2: Direct push (left) and 
land streamer for S-wave 
seismics (right). S-waves are 
especially useful on sealed 
urban terrain because of the 
absence of (Love) surface 
waves. In the near surface they 
can provide a 10-fold higher 
resolution than P-waves. 

Shear Waves and Direct Push

Figure 3: SH-vibrator serving 
as seismic source.

Figure 4: Example of glacial 
deposits with encrustration in a 
building pit.
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Figure 9: Cross correlation of seismic 
traces and calculated spatial derivative 
of the direct-push feed velocity of Figure 
8. The correlation is best (large ampli-
tude at shift = 0, few small side-lobes) at 
about 187 m distance, where DP and 
seismics were closest in the field.

The seismic measurements were calibrated with borehole informa-
tion (geology and shear wave velocities) and direct-push measure-
ments (resistivity log and feed velocity). The combination of shear-
wave seismic and direct-push methods serves well, especially under 
urban conditions because of their handiness and the inherent 
absence of Love wave noise. Although it could be expected that a
quantitative correlation of seismic and cone penetration measure-
ments would be more reliable, the correlation with the direct-push 
feed-velocity seems promising. Besides, the bulk density or per-
meability can be estimated point-wise from direct push probing and 
can be extrapolated with the aid of seismic information.

Sh
ift

 (m
)  

   

Distance (m)

Conclusions

Figure 8: Detail from Figure 7. Higher 
conductivity marks the aquifer base (clay). 
The seismic reflection amplitudes show 
similarities with the shape of the direct-
push feed-velocity (after Hoffman et al., 
2008).
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The aquifer consists of layers of sand, silt and gravel. Typically, the 
sand/gravel contact shows large seismic amplitudes, whereas sand
and silt could not always be distinguished. Usually, a certain internal 
stratigraphy could be detected within the sand layers. The internal 
structure of the aquifer could be mapped well but turned out to be 
complicated. In some locations the 2D seismic geometry might have 
reached its imaging limits. Because of its weathered morphology the 
clay aquiclude could be mapped with less confidence. At this point, 
borehole and direct-push data were necessary for the interpretation 
(Hoffmann et al. 2008).

Aquifer Mapping

Figure 7: Stacked S-wave profile (top), depth-converted profile (center), and time-
migrated and depth-converted profile (bottom). The S-wave velocities were determined 
with a vertical seismic profile (VSP) in the borehole, close to the center of the profile 
(after Hoffman et al., 2008). The red rectangle marks the detail shown in Figure 8.
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