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1
SUMMARY OF RESULTS


Ground Penetrating Radar (GPR) and resistance survey carried out within the south eastern part of the Roman walled town at Colchester has located a number of anomalies likely to be related to archaeological features. High resistance linear and area anomalies located across the north lawn of East Hill House may relate to former Romano-British structures. Areas of discrete and complex radar response may also indicate structural debris across the north and south lawns of the house and the playing field towards the south east. A series of planar reflections within the nursery car park area have confirmed the existence of an east – west Roman street. A number of anomalies have an uncertain origin and are difficult to interpret but potentially may be of archaeological significance. These include a possible north south street, fragmented wall remains and a large ditch. The GPR has shown that the likely depth of soil build up over possible archaeological deposits is approximately 1m for most of the survey areas with the exception of the playing field where reflections are significantly shallower at around 0.5m.
2
INTRODUCTION

2.1
Background synopsis


Stratascan were commissioned by English Heritage acting on behalf of Colchester Borough Council to undertake a geophysical survey of an area outlined for development of the new Colchester Visual Arts Facility. The potential for surviving archaeological remains at Colchester is considered high due to the town’s development from a Late Iron Age proto-urban Oppidum to Roman Colonia with continuing occupation through the medieval period to the present day.     

2.2
Site location


The site is located in the centre of Colchester, Essex at OS ref. TM 001 251.

2.3
Description of site
The site compromises five separate areas: the bus station (0.54ha) to the west, the playing fields (0.51ha) to the south, East Hill House gardens split into a north and south lawn (totalling 0.4ha) to the north and the day nursery car park (0.1ha) to the east.  The bus station and car park areas currently have concrete and tarmac surfaces respectively.  The playing fields are currently scrubby unused grassland and East Hill House Gardens are comprised of two separate lawn areas (north and south lawns).
2.4 Geology and soils

The underlying geology is London Clay with overlying deposits of Quaternary sands and gravels (British Geological Survey South Sheet, Third Edition Solid, 1979, First Edition Quaternary, 1977). Due to the urban location of the survey site the soils have not been mapped   (Soil Survey of England and Wales, Sheet  6 South East England).

2.5
Archaeological background
The following synopsis has been derived from a Cultural Heritage Statement produced for Colchester Borough Council by Oxford Archaeological Associates (Johnson et al 2003) and is in no way intended to be a comprehensive documentation of archaeology within the survey areas.
Colchester Museums Urban Archaeological Database (UAD) records sites and finds of archaeological significance; relevant entries are listed below with reference to each survey area.

Bus Station Area
UAD 3365 



Observations within a sewer trench revealed walling on an east – west alignment and an east – west street.
UAD 3069 & 3070
Traces of at least five Roman stone-founded buildings with evidence of hypocausts in two buildings located generally centrally within the survey area. The structures had been extensively robbed of stone but associated demolition debris included opus signinum, flue tiles and tesserae. A house buried slightly deeper than others to the north of the area had surviving walling consisting of faced septaria blocks and a rubble core.
UAD 3577

Exploratory trenches were dug generally around the periphery of the survey area. A trench dug within the southwest corner of the bus station revealed Roman roof tile, tesserae, mortar and stone fragments at a depth of 1.1m overlying a tile-built drain running parallel with the rear of the rampart. Stone foundations of a Roman building had almost been completely robbed and associated floors destroyed. 

Playing Field Area


UAD 272
A mosaic pavement recorded by Colchester antiquarian Philip Morant, writing in 1748, is located towards the north eastern corner of the area. There is some uncertainty as to the exact position of the floor.

UAD 321
An almost complete decorated pavement at a depth of approximately 1m along with building debris was discovered in 1923. There is some confusion over the exact location of the floor but it is likely to have been found close to the north western corner of the current playing field.

 East Hill House Gardens
UAD 271
A tessellated pavement marked on the 1876 1:500 OS map is located approximately in the centre of the north lawn area (it should be stressed however, that this location cannot be accepted with a high level of certainty as 19th century Ordnance Survey mapping may be unreliable with respect to archaeological discoveries).
Day Nursery Car-park

UAD 3033
Evidence of an east-west Roman street discovered.

UAD 3590

Colchester Archaeological Trust carried out investigations associated with three engineering boreholes across the area. Evidence of an east-west street was discovered and the presence of building materials possibly associated with a substantial Roman building. Archaeological deposits were first encountered at a depth of 0.6m.
2.6
Survey objectives


The survey was carried out to meet the requirements set out by English Heritage within tender documentation. Primarily this consisted of definition and characterisation of detectable archaeology within the survey areas. This information would be used to inform both the design of the Visual Arts Facility building and preceding invasive geotechnical investigations. Additional information such as the location of modern services and the depth and extent of deposits is also required.
2.7
Survey methods


Resistance measurement and ground penetrating radar survey are the chosen techniques. These are effective at locating subsurface features such as the structural remains which are to be expected across the survey areas. More information regarding these techniques is included in the Methodology section below.

3
METHODOLOGY

3.1
Date of fieldwork


The fieldwork was carried out over 10 days from 12th to the 23rd of July and 3 days from the 27th to the 29th July.
3.2 Grid locations


The location of the resistance survey grids for the north and south lawns of East Hill House has been plotted in Figure 03. The grids over the two areas have been set out on the same baseline which has also been used for GPR survey across the two lawns and the nursery car park, Figure 17. The location of the resistance survey grids for the playing field area is shown in Figure 10 and the GPR survey across the area is shown in Figure 26.
3.3 Description of techniques and equipment configurations

Resistivity

This method relies on the relative inability of soils (and objects within the soil) to conduct an electrical current which is passed through them. As resistivity is linked to moisture content, and therefore porosity, hard dense features such as rock will give a relatively high resistivity response, while features such as a ditch which retains moisture give a relatively low response.


The resistance meter used was an RM15 manufactured by Geoscan Research incorporating a mobile Twin Probe Array. The Twin Probes are separated by 0.5m and the associated remote probes were positioned approximately 15m outside the grid. The instrument uses an automatic data logger which permits the data to be recorded as the survey progresses for later downloading to a computer for processing and presentation.


Though the values being logged are actually resistances in ohms they are directly proportional to resistivity (ohm-metres) as the same probe configuration was used through-out.

Radar

Two of the main advantages of radar are its ability to give information of depth as well as work through a variety of surfaces, even in cluttered environments which normally prevent other geophysical techniques being used.


A short pulse of energy is emitted into the ground and reflections are returned from the interfaces between different subsurface materials. The amplitude of these returns depends on the change in velocity of the radar wave as it crosses these interfaces. A measure of these velocities is given by the dielectric constant of that material. The travel times are recorded for each return on the radargram and an approximate conversion made to depth by calculating or assuming an average dielectric constant (see below).


Drier materials such as sand, gravel and rocks, i.e. materials which are less conductive (or more resistant), will permit the survey of deeper sections than wetter materials such as clays which are more conductive (or less resistant). Penetration can be increased by using longer wavelengths (lower frequencies) but at the expense of resolution (see 3.4.2 below).


As the antennae emit a "cone" shaped pulse of energy an offset target showing a perpendicular face to the radar wave will be "seen" before the antenna passes over it. A resultant characteristic diffraction pattern is thus built up in the shape of a hyperbola. A classic target generating such a diffraction is a pipeline when the antenna is travelling across the line of the pipe. However it should be pointed out that if the interface between the target and its surrounds does not result in a marked change in velocity then only a weak hyperbola will be seen, if at all.


The Ground Probing Impulse Radar used was a SIR2000 system manufactured by Geophysical Survey Systems Inc. (GSSI).


The radar surveys were carried out with a 400MHz antenna. This mid-range frequency offers a good combination of depth of penetration and resolution.

3.4
Sampling interval, depth of scan, resolution and data capture

3.4.1
Sampling interval

Resistivity


Readings were taken at 1.0m centres along traverses 1.0m apart. This equates to 900 sampling points in a full 30m x 30m grid. All traverses were surveyed in a “zigzag” mode.

Radar
Radar scans were carried out along traverses 0.5m apart on a parallel grid as shown in Figures 17 and 26. Data was collected at 40 scans/metre. A measuring wheel was used to put markers into the recorded radargram at 1m centres.

3.4.2
Depth of scan and resolution

Resistivity


The 0.5m probe spacing of a twin probe array has a typical depth of penetration of 0.5m to 1.0m The collection of data at 1m centres with a 0.5m probe spacing provides an optimum resolution for the technique.

Radar
The average velocity of the radar pulse is calculated to be 0.09m/nsec which is typical for the type of sub-soils on the site. With a range setting of 80nsec this equates to a maximum depth of scan of 3.6m respectively but it must be remembered that this figure could vary by ± 10% or more.  A further point worth making is that very shallow features are lost in the strong surface response experienced with this technique.

Under ideal circumstances the minimum size of a vertical feature seen by a 200MHz (relatively low frequency) antenna in a damp soil would be 0.1m (i.e. this antenna has a wavelength in damp soil of about 0.4m and the vertical resolution is one quarter of this wavelength). It is interesting to compare this with the 400MHz antenna, which has a wavelength in the same material of 0.2m giving a theoretical resolution of 0.05m. A 900MHz antenna would give 0.09m and 0.02m respectively.

3.4.3
Data capture
Resistivity


The readings are logged consecutively into the data logger which in turn is daily down- loaded into a portable computer whilst on site. At the end of each job, data is transferred to the office for processing and presentation.


Radar

Data is displayed on a monitor as well as being recorded onto an internal hard disk. The data is later downloaded into a computer for processing.

3.5
Processing, presentation of results and interpretation

3.5.1
Processing

Resistivity


The processing was carried out using specialist software known as Geoplot 3 and involved the 'despiking' of high contact resistance readings and the passing of the data though a high pass filter. This has the effect of removing the larger variations in the data often associated with geological features. The nett effect is aimed at enhancing the archaeological or man-made anomalies contained in the data.

The following schedule shows the processing carried out on the processed resistance plots.
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Radar

The radar plots included in this report have been produced from the recorded data using Radan software. Basic processing was carried out in Radan using a vertical boxcar high pass filter with a frequency cut off at 215MHz in order to remove noise and assist in the abstraction of data.
3.5.2
Presentation of results and interpretation

Resistivity


The presentation of the data for the survey areas involves a print-out of the raw data as greyscale plots (Figures 4, 7, 11 and 14), together with greyscale plots of the processed data (Figures 5, 8, 12 and 15). Anomalies have been identified and plotted onto the ‘Abstraction and Interpretation of Anomalies’ drawings (Figures 6, 9, 13 and 16).


Radar manual abstraction

Each radargram has been studied and those anomalies thought to be significant were noted and classified as detailed below. Inevitably some simplification has been made to classify the diversity of responses found in radargrams. Radar abstractions are shown in Figures 22-24 and 31.
i.
Strong and weak discrete reflector. 

These may be a mix of different types of reflectors but their limits can be clearly defined. Their inclusion as a separate category has been considered justified in order to emphasise anomalous returns which may be from archaeological targets and would not otherwise be highlighted in the analysis. 

ii.
Complex reflectors.
These would generally indicate a confused or complex structure to the subsurface. An occurrence of such returns, particularly where the natural soils or rocks are homogeneous, would suggest artificial disturbances. These are subdivided into both strong and weak giving an indication of the extent of change of velocity across the interface, which in turn may be associated with a marked change in material or moisture content.

iii.  
Point diffractions.

These may be formed by a discrete object such as a stone or a linear feature such as a small diameter pipeline being crossed by the radar traverse (see also the second sentence in 4. below).

iv.
Convex reflectors and broad crested diffractions. 

A convex reflector can be formed by a convex shaped buried interface such as a vault or very large diameter pipeline or culvert. A broad crested diffraction as opposed to a point diffraction can be formed by (for example) a large diameter pipe or a narrow wall generating a hybrid of a point diffraction and convex reflector where the central section is a reflection off the top of the target and the edges/sides forming diffractions.

v.
Planar returns.


These may be formed by a floor or some other interface parallel with the surface. These are subdivided into both strong and weak giving an indication of the extent of change of velocity across the interface which in turn may be associated with a marked change in material or moisture content.


Timeslice plots

In addition to a manual abstraction from the radargrams, a computer analysis was also carried out. The radar data is interrogated for areas of high activity and the results presented in a plan format known as timeslice plots (Figures 18 – 21 and 27 - 30). In this way it is easy to see if the high activity areas form recognisable patterns.


[image: image2.wmf]
The GPR data is compiled to create a 3D file. This 3D file can be manipulated to view the data from any angle and at any depth within range. The data was then modelled to produce activity plots at various depths. As the radar is actually measuring the time for each of the reflections found, these are called "time slice windows". Plots for various time slices have been included in the report. Based on an average velocity calculations have been made to show the equivalent depth into the ground. The data was sampled between different time intervals effectively producing plans at different depths into the ground.

The weaker reflections in the time slice windows are shown as dark colours namely blues and greens. The stronger reflections are represented by brighter colours such as light green, yellow, orange, red and white. 

Reflections within the radar image are generated by a change in velocity of the radar from one medium to another. It is not unreasonable to assume that the higher activity anomalies are related to marked changes in materials within the ground such as foundations or surfaces within the soil matrix.

4
DISCUSSION OF RESULTS


The following discussion of results should be considered in combination with the appropriate A3 plots. Radargrams are used within the text to demonstrate and illustrate characteristic GPR reflections. Variable results were obtained from each of the survey areas for both resistivity and GPR; this may reflect a range of differing ground conditions related to former land use. GPR survey carried out across the bus station area failed to penetrate surface materials probably due to reinforcing of concrete.

Resistance survey: East Hill House north and south lawns

A number of linear and area anomalies were abstracted from both the 1m and 0.5m probe separation surveys. There is a good correlation between several anomalies for the different probe separations although in general 0.5m has given improved resolution over 1m; this may suggest a relatively shallow depth for some of the anomalies within the survey area.

Linear anomalies
Close to the western limit of the north lawn a high resistance linear anomaly has been located in both the 0.5m and 1m probe separation surveys, feature coded 1 (Figure 06) and 10 (Figure 09). The anomaly has a north – south orientation and there is some evidence that the feature extends further in both directions than has been confidently abstracted. A similar anomaly, 12 (Figure 09), runs parallel to 1 with a separation of approximately 18m. Possible, though poorly defined, linear or rectilinear anomalies, 11 (Figure 09), are also visible towards the northern end of anomaly 1 and due to their position and orientation may be associated features. The origin of these high resistance anomalies is likely to be wall foundations. The proximity of these features to other high resistance area anomalies, discussed below, and a Colchester Museum Urban Database entry, UAD 271 – tessellated pavement, suggests the origin of these anomalies could be foundations of Romano-British structures.

Other high resistance linear anomalies within the north lawn area include a very faint feature located by the 1m separation survey (anomaly coded 2), poorly defined linear or rectilinear anomalies grouped within the western half of the survey area and located with 0.5m probe spacing (anomalies coded 29) and a poorly defined linear located towards the north western corner of the area (anomaly coded 16). The origin of these anomalies is uncertain although it is notable that they possess a similar orientation that would not conform to that expected for Roman features.

A well-defined high resistance linear anomaly cuts through the far north western corner of the survey area (coded 3 in 1m separation plot, Figure 06, and coded 24 in 0.5m separation plot, Figure 09). The orientation of the feature suggests a possible link to East Hill House in the north and the interpretation of a possible service would therefore seem justified. A poorly defined high resistance linear anomaly within the eastern part of the north lawn (anomaly 23, Figure 09) coincides with the position of a service clearly defined by the GPR survey.
Area anomalies
Area anomalies have been defined in both the north and south lawns of East Hill House for both 0.5m and 1m separation surveys. These have been separated into two categories; areas of high resistance indicative of possible structural remains and areas of high resistance of uncertain origin. The former category is used where the weight of evidence is considered high enough to allow an interpretation of structural remains. 
High resistance area anomalies, coded 4, 13, 14 and 15, are located adjacent to high resistance linear anomalies 1, 10 and 12, see above. The close proximity of these anomalies to UAD 271 (assumed to be somewhere in the vicinity) would tend to suggest an association. The area response may be associated with structural debris or remains but could also be caused by more recent ground disturbance from excavation. UAD 271 appears to be derived from the 1876 Ordnance Survey map and was therefore presumably related to some 19th century excavation activities.
An area of high resistance in the central southern part of the north lawn appears in the 1m and 0.5m probe separation surveys, anomalies coded 6 and 17. A similar response in the central northern part of the north lawn, anomalies 5 and 19, may be an extension of the same feature. The response to this feature from the 1m probe separation survey is somewhat broader than the response in the 0.5m survey suggesting that it may become more extensive at depth. The anomaly has been interpreted as having an uncertain origin but there is tentative evidence to suggest a former track or street. The anomaly may have an approximately north – south orientation and there is a correlation to planar GPR responses, see Figures 22 and 25, which may indicate a metalled surface. A cautious approach is adopted due to the diffuse nature of the resistive anomalies.

Other areas of high resistance with an uncertain origin have been located by the 1m probe separation survey, anomalies labelled 7, 8 an 9. Although a geological or pedological origin is likely, an archaeological origin should not be fully dismissed. Area anomaly 9 shows some correlation to a planar response located in the GPR survey results, see Figures 23 and 25, which may be associated with a possible track mentioned in the previous paragraph.  

High resistance areas with an uncertain origin located within the 0.5m separation survey include those labelled 18, 20, 21, 22, 25 and 26. Some of these areas, in particular 18, 20, 21 may have been caused by spreads of structural debris. Anomalies 25 and 26 are likely to relate to landscaping or former structures within the south lawns. High resistance areas around the southern perimeter of the south lawns, anomalies 27 and 28, are related to garden landscaping.

Resistance survey: playing field area

In general there is little difference between the 1m and 0.5m probe separation survey results. Relatively high and low resistance areas have been abstracted; some of the abstracted areas appear to form wide linear anomalies.

Low resistance anomalies
Anomalies 29 and 35 (Figures 13 and 16), abstracted from the 1m and 0.5m probe separation surveys respectively, indicate a response to a 6.5m wide feature likely to be a ditch or channel. The anomaly appears to ‘cut’ high resistance areas suggesting an anthropogenic origin rather than a fluvial feature. The width of the response would favour an archaeological interpretation rather than modern services although the latter should also be considered. The approximate northeast – southwest orientation of the anomaly tends to preclude a Romano-British interpretation. Anomaly 34 (Figure 13) represents a possible right angle turn towards the south east for the above feature at its north-western end. The evidence for this is tentative due to the close proximity of these features to the northern and eastern limits of the survey area.


High resistance anomalies 
High resistance areas form possible linear elements in both 1m and 0.5m probe separation surveys, anomalies labelled 30, 36 and 37 (Figures 13 and 16). The high resistance response is generally somewhat diffuse creating difficulties for abstraction and interpretation. Structural remains and debris may be represented by the high resistance readings although geological and pedological features may account for the variation in measurements. 
High resistance area anomalies labelled 31, 32, 38, 39 and 40 (Figures 13 and 16) do not form patterns allowing confident interpretation. These anomalies may represent spreads of structural material although a geological or pedological origin should be considered. 
A discrete high resistance anomaly (labelled 33 in Figure 13 and 41 in Figure 16) located at the western edge of the survey area is likely to extend further than the area surveyed. There is a correlation between this anomaly and high energy discrete reflections noted from the GPR survey, see Figures 27, 31 and 32. The radar reflections appear to indicate a relatively shallow feature at approximately 0.2m – 0.4m in depth and it is therefore likely that this is a relatively modern feature.
GPR survey: East Hill House north lawns
The radar survey across this area produced a complex series of reflections that have been abstracted and interpreted into a number of zones and linear features. The complexity within each radargram probably represents the heterogeneous nature of the subsurface make-up.

 Possible structural debris or remains
Areas of discrete and complex response, labelled 42 and 43 on Figure 25, are interpreted as possible zones containing structural debris or remains. Example Radargram 1 indicates complex response close to the assumed location of UAD271 (tessellated pavement).
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Example Radargram 1. Complex responses possibly indicative of structural debris or remains (File 140 collected across the north lawn area at 15E from 10.5N to 46N).
Approximate depths are shown in Figure 22 for the reflections associated with discrete features and areas of complexity. Although the range for reflections is around 0.4m to over 2m, the majority fall within 0.8m to 1.5m range which may be considered as a useful indication of depth to archaeological deposits.

Possible ground make-up and landscaping

An area of predominantly complex reflections occurs along the southern edge of the survey area and encroaches approximately 5 – 10m into the north lawn (area labelled 44 in Figure 25). The response may be to similar material as mentioned for areas 42 and 43 above although the northern edge of the response in each radargram is well defined and there is obvious continuity between each radargram suggesting that the origin may be less heterogeneous. This may represent some form of ground make-up associated with landscaping.
Area 48, Figure 25, is associated with inclined and convex or broad crested reflections, see Example Radargram 2 below. The GPR response would suggest a highly variable subsurface in this area possibly resulting from ditches or depressions that have been in-filled. Although this may be consistent with buried archaeological features it is possible that dumping or ground make-up is responsible. 
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Example Radargram 2. Inclined event with broad crested reflections (File 119 collected across the north lawn area at 4.5E from 10.5N to 24N).

Buried surfaces
An area of planar response, likely to represent a buried former land surface, occurs towards the north eastern corner of the survey area (labelled 47 in Figure 25). The surface is shown in Example Radargram 3 below and occurs at approximately 0.8m below the present surface. 
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Example Radargram 3. Planar response and broad crested anomaly associated with a service pipe (File 20 collected across the north lawn area at 42.5E from 10N to 36N)
Strong planar reflections associated with some additional complexity, see Example Radargram 4 below, form an area with an approximate north – south orientation (labelled 46 in Figure 25). There is a general correlation between this area and a high resistance anomaly as mentioned above (see Figures 06 and 09) which may indicate a former track or street with a metalled surface.
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Example Radargram 4. Strong planar response and areas of complexity (File 164 collected across the north lawn area at 27E from 16.5N to 45.5N).
Linear and discrete features
Anomaly 45 located close to the northern boundary of the survey area consists of a combination of complex, broad crested and discrete reflections. The timeslice plot for 1.1m depth, Figure 19, shows the reflections as a coherent linear feature and this may represent a former boundary or pipeline. This may be a continuation of a pipeline, anomaly 49, clearly visible as a series of broad crested anomalies running north west from the south east corner of the survey area. It is of note that pipeline anomaly 49 is barely visible in the timeslice plots for the area due to its increasing depth towards the south east.
There are few areas in the GPR survey where discrete reflections link from transect to transect to form linear features. Where this has occurred for more than three adjacent transects a line has been plotted. Although this may provide a basic indication of possible linear elements there is inevitably a bias towards east – west features due to the north – south orientation of the survey transects. 
GPR survey: East Hill House south lawn
The GPR results from the south lawn area are similar in complexity to the results obtain from the north lawn. Complex and planar reflections tend to dominate the GPR abstraction suggesting a variable subsurface make-up. The south lawn area is likely to have been lowered as part of landscaping to create a former sunken garden; no information is available to allow an accurate assessment of the depth of material removed and the likely impact on archaeological deposits. Timeslice plots for the area give little extra value to the abstraction and interpretation.
Possible buried surfaces
Strong planar reflections across the western and eastern parts of the survey are associated with complex returns and occur at around 1m in depth (areas labelled 50 and 51, Figure 25).
The eastern area (50) may have some association with similar planar reflections abstracted in the north lawn area and may be a continuation of the same feature. With a similar range of depths to these anomalies within the north and south lawns, a better understanding of changes in surface level would be required in order to make a more accurate assessment of whether a possible street or track is the origin of the reflections. An interpretation of a possible former street is offered for the planar reflections within the north lawn area due to some correlation with a high resistance linear area. A similar correlation exists in the south lawn area, to a lesser extent, with an area of high resistance located using the 1m probe separation. It is possible that the reflections and resistive response relate to natural subsurface features although it is of note that UAD 3590 just off the south east corner of the survey area refers to an east west street and Roman building materials. 
Strong planar and complex reflections in the western area (51) suggest subsurface variation from around 1m in depth. The origin of these reflections is uncertain and may represent structural debris or be associated with surface level changes within the sunken area.
Inclined reflections

A series of inclined reflections (areas labelled 52, 53 and 54, Figure 25) have been abstracted from the radargrams along the northern edge of the survey area and to a lesser extent close to the southern end of the survey, see Example Radargram 5. These reflections would be consistent with changing surface levels due to garden landscaping. 
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Example Radargram 5. Complex, planar and inclined reflections (File 34 collected across the south lawn area at 30E from -23N to -1.5N).

Linear and discrete features
Although a number of discrete reflections were abstracted from the radargrams there is little coherence between transects to allow an interpretation to be made. Discrete reflections abstracted from the central area of the lawn at a depth of over 1m do suggest linear features associated with a structure possibly relating to a former garden feature.
GPR Survey: nursery car park
Strong reflections are associated with the current car park surface and subsurface make-up. This is clearly visible on timeslice plots for 0.5m and 1.1m depths, see Figures 18 and 19 respectively. The high energy reflections within the 1.1m timeslice are not exclusively associated with the car park make-up as a number of features are apparent at this depth within the radargrams. Probable archaeological features occur at approximately 0.7m below the surface.

Roman street  
A series of planar reflections form a linear feature approximately 7m in width running east - west parallel to the southern boundary of the survey area (anomaly 55, Figure 25), see Example Radargram 6.
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Example Radargram 6. A planar reflection associated with a Roman street and a broad crested anomaly caused by a service pipeline (File 189 collected across the Nursery car park at 50E from -29N to -15N).
Trial trenches dug by Colchester Archaeological Trust (CAT) in 1983 in advance of the construction of the Day Nursery immediately to the east of the survey area revealed Roman archaeology including an east – west street. Observations by CAT of three engineering boreholes (UAD 3590, Figure 25) associated with further development of the nursery in 1995 revealed archaeological deposits at a depth of 0.6m. Further trial trenching again revealed evidence of the east – west street  and other remains probably related to a substantial Roman building. The weight of evidence would strongly suggest that the series of planar reflections across the survey area originate from the surface of the same east – west street as revealed by the CAT observations. The planar response appears as an upper surface to more complex reflections suggesting an intact street surface overlying made ground. The planar reflections along some transects may suggest some cambering of the surface with abrupt down turns along the northern and southern edges hinting at lateral ditches. A service pipeline would appear to cut through the surface along almost the entire length of the street visible in the survey.
Possible archaeological features 
An area of discrete reflections towards the north eastern corner of the survey area (56) possibly represents structural debris or remains. Most reflections occur in the range of 0.7m to 1m deep which would be consistent with the depth to archaeology as revealed by CAT in adjacent areas.

Linear features
Several linear features are located within or traverse the survey area. Although a single linear formed from discrete reflections may be associated with structural remains, other linear features are formed by a combination of broad crested, complex, discrete and planar reflections. These are interpreted as probable services due to their orientation, depth and probable links to current buildings outside the survey area.
GPR Survey: playing field area (see Addendum)
A complex series of radar reflections was collected across the survey area. Little coherence between discrete reflections in adjacent transects has allowed only a basic and broad interpretation to be produced. 
Complex reflections
Broad areas of complex response are shown in Figure 32. Generally the reflections occur from a depth of 0.5m to 1.5m and there is an approximate correlation with areas of high resistance. The depth of these anomalies and the general complexity within the plots could be consistent with structural debris across the site.
Discrete and linear features
Although a number of discrete reflections have been located across the survey area there is little evidence of linear features from the radar abstraction and timeslices. A single linear anomaly has been plotted in Figure 32 with a north east to south west orientation. Similar north east to south west trends exist within complex anomalies in other parts of the survey area but it is uncertain as to the origin of these responses. 
A strong discrete feature at the western edge of the survey area correlates with a high resistance anomaly revealed in both 0.5m and 1m probe separation resistance surveys (labelled 33 in Figure 13 and 41 in Figure 16). The likely depth of this feature is around 0.2m to 0.4m. Although an archaeological origin should be considered, due to the depth indicated by the GPR it is likely that it is a relatively modern feature.
Inclined reflections
Several areas showing inclined reflections occur close to the northern and southern limits of the site. The origin of these anomalies is uncertain and may relate to ground disturbance or make-up; deep inclined reflections towards the north west corner are likely to be related to geological variation.
5
CONCLUSION


GPR and resistance survey has located a number of anomalies across each survey area. Interpretation of these anomalies has proved problematic due to fragmented or diffuse responses in the case of resistivity and the complex range and density of reflections from GPR.
The geophysical evidence for archaeological features becomes stronger when used in conjunction with the archaeological evidence. Linear and area anomalies within the north lawn area of East Hill House are probably related to UAD 271 (a tessellated pavement) and therefore offer evidence of possible Roman structural remains. Planar GPR reflections located beneath the nursery car park are most likely to be a response to an east – west Roman street noted in excavations by Colchester Archaeological Trust ahead of further development at the nursery. Where evidence from the UAD or excavation is lacking, interpretation becomes more tentative ultimately resulting in broad generalisations. 
The large number and heterogeneous nature of GPR reflections within the 0.6m to 2m depth range, observed across all survey areas, would support an interpretation of widespread anthropogenic disturbance and sporadic structural remains. These depths would be consistent with evidence from excavation in adjacent areas. Due to post medieval and modern landscaping it is not possible to understand fully the changes in surface level and this may have consequences for interpretation of the radar reflections.
Within East Hill House north lawns the finding of a tessellated pavement (UAD 271) suggests that Roman layers possibly remain relatively undisturbed; with many discrete, complex and planar reflections visible from approximately 1m in depth, it would seem likely that this represents a build up of soil that remains relatively undisturbed by later occupation. Applying a similar analysis to the south lawn of East Hill House, it would seem that many reflections also occur at depth of approximately 1m or deeper. As the area is known to have been a sunken garden feature and the surface lowered significantly, the interpretation of the reflections is problematic and may be associated with former garden features rather than intact Romano-British layers. Clear evidence exists from the nursery car park for a Roman east – west street and as suggested for East Hill House north lawn there would appear to be a fairly ‘clean’ build up of material of around 1m. Reflections from the playing field area are significantly shallower, typically around 0.6m to 0.7m, although there is little evidence to suggest that these anomalies are related to Romano-British archaeological layers. As the reflections are consistent with structural debris and if it presumed that this may be from Romano-British occupation levels, the shallower responses could have resulted from lowering of the surface. It is known that the playing field has been levelled and lowered particularly along the northern side but it appears that there is little variation in the depth of reflections across the whole area. 
Although there is some correlation between complex GPR reflections and areas of high resistance across the playing field, a large ditch-like anomaly located by the resistance survey is not at all apparent within the GPR data.  As the orientation of resistance anomalies is not orthogonal to the layout of the Romano-British town and subsequent urban development, further investigation may be necessary in order to understand better the nature of the geophysical results in this area. 
6
ADDENDUM

The initial results of intrusive trial pitting carried out within the playing field area were made available to Stratascan. Roman layers were discovered at depths as shallow as 15cm in places and within the first metre in all cases (Philip Wise – Colchester Museums pers comm.). Reassessment of the GPR data for this area in light of the additional information was carried out.
Surface coupling effects are a characteristic of all radar surveys and tend to obscure anomalies close to the ground surface due to very strong reflections. In the playing field area this coupling effect has obscured any subtle reflections occurring within the first 0.3 to 0.4m and probably relates to relatively poor contact between the radar antenna and the ground surface due to uneven grass tufts.  

The radargrams produced from the playing fields data tend to show most complex and discrete reflections, referred to in the above results, occurring in between 0.5 and 1m in depth. Starting at approximately 1m in depth the strongly banded response would be consistent with a distinct change to undisturbed natural geology or subsoils, see Example Radargram 7.
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Example Radargram 7. The image is fairly representative of the results obtained across the playing field area. Zones within the radargram have been shown along with a basic definition on the left.
With the additional trial pit evidence it is now possible to suggest a basic model that would fit the data collected across the playing fields and this is indicated by the three zones defined in Example Radargram 7. However, due to the complexity within the reflections, the initial abstraction and interpretation cannot be further refined and is not consistent with substantial surviving masonry footings although it is consistent with structural debris. 
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