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Introduction 

Soil depots require optimisation to meet national and 

local requirements for cost-efficient storage of 

polluted soil with minimal environmental impact.  

Kalvebod Miljøcenter, a major Danish Environmental 

Center located in Copenhagen, planned an expansion 

of an existing depot for polluted soil storage (Figure 

1). The site requirements included a digging depth of 

several meters, and the soil depot storage capacity is 

increased by maximizing the digging depth. 

However, the depot should be designed to avoid 

hydraulic uplift of the clay till during excavation and 

filling. 

The site ground conditions consisted of a very 

shallow primary groundwater potential (< 1 m depth) 

and a glacial clay sequence (5-12 m thick) overlaying 

a limestone with a highly irregular surface. The 

variable thickness of the glacial deposits presented 

high uncertainty with regards to the proposed digging 

depth. Therefore an integrated geotechnical and 

geophysical investigation was proposed to define the 

limestone surface and characterize the soil 

parameters.  

Clearing site for use: EM61 survey  

The planned expansion site was located on abandoned 

land adjacent to an inactive artillery firing field used 

by the Danish Army up to the 1960's. Before 

receiving clearance to use as depot the Army 

Command, who is responsible for releasing the land 

for development, requires that the site and 

surroundings be cleared of any potential unexploded 

ordnance (UXO). As a result it was determined to 

undertake an UXO survey and clearance program.  

The UXO survey consisted of high-resolution 

mapping using an EM61 metal detector. Both the 

planned depot site and its surrounding area underwent 

an UXO survey. The objective of the EM61 survey 

was to map for anomalies which indicate the presence 

of metallic objects that could be unexploded 

ordnance. The survey methodology comprised the 

following steps: 1) EM61 survey 2) anomaly 

determination from EM61 results 3) verification of 

target anomalies with follow up magnetometer and 

validation with EM61 4) demining clearance of target 

anomalies 5) re-survey to ensure area is clear of 

anomalies.  

A baseline reference line was established for daily 

use during surveying and the study area was divided 

into 50 by 50 m grids. A daily EM61 survey program 

consisted of equipment function checks, measuring 

along the reference line, and then mapping of the 

grids at 1 m spacing and 20 cm sampling rate. The 

survey was undertaken in challenging conditions 

which included swamp, vegetation and built up areas. 

The survey resulted in the discovery of unexploded 

ordnance which was cleared. The site was then made 

ready for geotechnical and geophysical surveys. 

Figure 1 Site location in southern Copenhagen 

Limestone mapping: Seismic refraction 
In order to map the limestone top surface a seismic 

refraction survey was carried out. Data acquisition 

consisted of receiver spacing of 5 m and 20 m shot 

intervals. The lines were planned to coincide with 

geotechnical drills at each line intersection. The 

results from such survey were later combined with 

geotechnical boring information to characterize the 

site lithology and its geometry. The location of the 

seismic surveys is presented in Figure 2, together 

with the resulting estimated depths to the limestone 

surface. 



 

Figure 2 Top of the limestone surface as estimated 

from the seismic refraction surveys. 

Determining optimal design parameters: 

Integrated geotechnical and geophysical 

analyses 

A geotechnical investigation comprising of 27 shell 

and auger drilled borings revealed an undulating 

limestone surface below glacial deposits of clay till 

with minor lenses of sand. The till had a specific 

gravity of 21kN/m
3
, with a clay content between 16-

23% and a plasticity index from 8-14%.   

Integrating the borehole information with geophysical 

analyses enabled a more accurate determination of the 

limestone surface and thereby the thickness of the 

overburden. 

The depth to the limestone surface required to avoid 

hydraulic uplift of the clay layer caused by 

groundwater pressure in the limestone was calculated 

on the basis of groundwater potential, p, specific 

gravity of the clay layer, γ and a safety factor, F: 

d < F p / γ   

The depth to the limestone surface - and thus 

thickness of the clay cover - hereby determined was 

also considered to be sufficient to prevent polluted 

water from reaching the primary limestone aquifer. 

 

Figure 3. Based on the integrated geotechnical and 

geophysical analyses the maximum digging elevation 

depth was determined. 

Conclusion 

The integrated refraction seismic and geotechnical 

survey provided a detailed mapping of the limestone 

surface. Such results in combination with knowledge 

of the glacial overburden and groundwater potential 

enabled accurate determination of digging depth 

within the area, and thereby optimizing extension of 

the soil depot. The mapping was made possible by a 

successful UXO survey conducted in difficult 

measuring conditions.  
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