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1. Introduction

1.1. Terms of reference

1.1.1. In September 2009, Arrow Geophysics carried out a geophysical survey at 

The Level public park in Brighton.

1.1.2. The survey was commissioned by Brighton & Hove City Council with the aim 

of locating underground obstructions, and in particular disused air-raid 

shelters,  ahead of proposed site improvement.

1.1.3. Arrow Geophysics also carried out a topographic survey (via sub-contract) 

and a utility detection survey at this site. The results of these surveys are 

presented elsewhere.

1.2. Site description

1.2.1. Figure 1 shows the location of the survey area.

1.2.2. The survey took place across a public park covered mainly by grass lawn, 

but at the western end by loosely compacted cinders. The park is divided 

into four unequal quadrants by two tarmac walkways. Access was good 

throughout.

1.2.3. Sources of cultural interference included a small number of isolated lamp 

posts, and the metal hoarding that was used to cordon off the survey area 

into northern and southern blocks.

1.3. Subsurface geology

1.3.1. Bedrock geology is mapped as chalk of the White Chalk Subgroup (BGS,

1979). It is anticipated, however, that much of the site’s shallow geology 

consists of made ground of variable and unknown composition.
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2. Acquisition

2.1. Positioning

2.1.1. The survey grid was set out using conventional survey techniques. Grid 

nodes were marked out using a combination of RTK GPS and conventional 

survey techniques. The survey is coordinated to the OSGB36 National Grid.

2.2. Electromagnetic survey

2.2.1. Electromagnetic readings were collected on a nominal 2m x 2m grid. Values 

of apparent conductivity (“conductivity channel”) and in-phase magnetic ratio 

(“in-phase channel”) were recorded for N-S and E-W boom orientations. 

Values were recorded for perpendicular boom orientations in order to 

improve the resolution of linear features.

2.2.2. Signal penetration through resistive ground with this survey configuration is 

approximately six metres.

2.2.3. For more details on the EM31 survey technique, the reader is referred to the 

Appendix.

3. Processing

3.1.1. Data were gridded using a minimum curvature algorithm, and colour-shaded 

as shown in Table 1.

Figure number Grid name Colour stretch

2 Conductivity channel (N-S boom orientation) Linear on [0,50]

3 Conductivity channel (E-W boom orientation) Linear on [0,50]

4 In-phase channel (N-S boom orientation) Linear on [-13,2]

5 In-phase channel (E-W boom orientation) Linear on [-13,2]

Table 1: Colour stretches applied to survey grids
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3.1.2. Sun-shading was applied to each survey grid at an inclination of 45 degrees, 

and a declination of 0 degrees (N-S boom orientation) or 90 degrees (E-W 

boom orientation).

4. Interpretation

4.1. Graphical summary

4.1.1. The interpretation of EM31 survey results is summarised graphically in

Figure 6.

4.2. Possible air-raid shelters

4.2.1. The primary target for this geophysical survey was disused air-raid shelters 

from the Second World War. Such structures often produce a very strong 

electromagnetic response due to the significant quantity of steel 

reinforcement used in their overall construction, and particularly in their 

roofs.

4.2.2. No such very strong electromagnetic responses have been identified from 

the current dataset. Two anomalies have, however, been interpreted as

possible air-raid shelters on the basis of their location and their geometrical 

outline, as well as their mottled electromagnetic signature which may 

indicate some degree of decommissioning or degradation, or perhaps a 

reduced quantity of steel reinforcement.
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4.2.3. The corner coordinates of each anomaly are given in the following table:

Anomaly ID
National Grid X

coordinate (metres)

National Grid Y

coordinate (metres)

531519.4 105167.9

531529.2 105167.9

531529.2 105158.1
S1

531519.4 105158.1

531654.8 105176.2

531664.6 105176.2

531664.6 105166.4
S2

531654.8 105166.4

Table 2: Corner coordinates of possible air-raid shelters S1 and S2

4.3. Isolated resistive features

4.3.1. A resistive feature (i.e. a feature with low conductivity) has been identified 

from the conductivity channel grids produced for this survey. The exact 

provenance of this feature is not clear, although it may be associated with 

site drainage (a cavity or well-drained soakaway) or a cut-and-fill operation 

(e.g. the removal of an underground storage tank, replacing it with free-

draining and hence electrically resistive backfill material).

4.3.2. Note that this feature does not display an in-phase channel anomaly, 

differentiating it from the features discussed in the next section and 

indicating a low metallic content.

4.3.3. The centre coordinates of this anomaly are given in the following table:

Anomaly ID
National Grid X

coordinate (metres)

National Grid Y

coordinate (metres)

R1 531555.9 105169.1

Table 3: Centre coordinates of isolated resistive feature R1
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4.4. Isolated metallic features

4.4.1. Each of these features displays an anomaly on the in-phase channel grids 

produced for this survey, indicating metallic content. Whilst it is probable that 

these features represent isolated scrap metal in the shallow subsurface, the 

possibility of unexploded ordnance should not be discounted, and any 

intrusive anomaly investigation should be carried out with appropriate 

caution.

4.4.2. The centre coordinates of each anomaly are given in the following table:

Anomaly ID
National Grid X

coordinate (metres)

National Grid Y

coordinate (metres)

M1 531559.7 105199.6

M2 531596.6 105150.2

M3 531625.8 105156.8

M4 531607.4 105137.8

M5 531625.0 105141.2

M6 531580.1 105129.0

M7 531594.0 105131.6

M8 531598.8 105129.0

M9 531604.1 105120.3

M10 531659.8 105182.5

M11 531665.5 105185.9

Table 4: Centre coordinates of isolated metallic features M1 to M11

4.5. Buried services

4.5.1. Several buried services have been identified from this dataset. These are 

shown on the interpretation plan for completeness, but should be considered 

as a subset of the information provided by the separate utility detection 

survey that has been carried out by Arrow Geophysics at this site.
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5. Conclusions and recommendations

5.1.1. A geophysical survey to locate underground obstructions has produced 

fourteen electromagnetic anomalies that cannot be explained by surface 

observation. Several buried services have also been identified.

5.1.2. The fourteen anomalies have been variously interpreted as possible air-raid 

shelters, a drainage or cut-and-fill feature and isolated metallic objects

(possibly including unexploded ordnance), as discussed within the body of 

this report.

5.1.3. Each of the fourteen anomalies is recommended for cautious manual 

excavation if construction work is to be carried out in its vicinity.

5.1.4. We would also recommend that the results of the utility detection survey, 

which was carried out in conjunction with the current survey, be taken into 

consideration during the planning of any intrusive follow-up work.

6. References

British Geological Survey, 1979. Geological Map of the United Kingdom, 

South. 1:625,000.

Disclaimer: Arrow Geophysics makes no guarantee that the record of buried services 

supplied for this geophysical survey is either accurate or complete. We have however 

carried out a separate utility detection survey at this site; these results should be 

consulted as necessary.



APPENDIX: ELECTROMAGNETIC SURVEY (EM31)



Electromagnetic Survey (EM31)

The electromagnetic induction technique determines electrical properties of earth materials 

by creating electrical currents in the ground and measuring the secondary magnetic field 

produced by these currents. An alternating current is generated in a wire loop or coil above 

the ground's surface; both the primary magnetic field (produced by the transmitter coil in the 

instrument) and the secondary magnetic field (produced by currents in the earth) induce a 

corresponding alternating current in the receiver coil of the instrument. The coils are kept at 

a fixed distance and orientation to simplify handling of the data.

After compensating for the primary field (which can be computed from the relative positions 

and orientations of the two coils), the magnitude and relative phase of the secondary field 

are measured. These measurements are then converted to components in-phase and ninety 

degrees out-of-phase with the transmitted field.

Using certain simplifying assumptions, the out-of-phase (or quadrature) component is 

converted to a measure of apparent ground conductivity. This apparent conductivity 

conversion assumes a homogeneous, isotropic earth. In practice, this value is an estimate of 

the average conductivity of the ground in the proximity of the instrument. The depth of 

investigation (maximum six metres) for the EM31 is dependent on the coil spacing (3.66 

metres), coil orientation (vertical or horizontal), operating frequency (9.8 kHz), and 

conductivity distribution of the earth.

The in-phase output of the EM31 is a semi-quantitative signal representing the metallic 

nature of nearby targets; in essence it is very similar to a large metal detector. Small (less 

important) targets are effectively filtered out of the signal. For this reason, the in-phase 

signal can be a good measure of large targets such as steel drums and tanks.

Data quality of the conductivity (quadrature) signal may be degraded by the presence of 

cultural interference such as that caused by utility lines, steel fences, and large metallic 

objects whose high conductivity values may overwhelm the conductivity of the ground itself. 
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Often, very high metallic responses will cause negative values in the conductivity and in-

phase components of the recorded signal.

Using a data logger attached to the EM31, apparent conductivity and in-phase magnetic 

ratio values are digitally recorded in units of millisiemens/meter (mS/m) and parts per 

thousand of the primary magnetic field (ppt) respectively.
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