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INTRODUCTION

Groundwater abstraction associated with quarry
operations is frequently accused (anecdotally) of
resulting in the drying out of archaeological sites
resulting in damage to the in-situ archaeological resource
(e.g. French and Taylor, 1985). It is considered on
occasion, perhaps even often, that quarry operations are
identified as the causative factor when other mechanisms
may be the primary mechanism for damage. The
maintenance of waterlogged conditions in organic
deposits such as peat is considered important for
organic preservation (Holden et al., 2006). The results of
a hydrogeological investigation into the impact of
dewatering at a site adjacent to the River Idle in
South Yorkshire (Figure 1) indicate the importance of a
detailed geological and hydrogeological investigation
of environmental setting of archaeological assets so as
to inform appropriate management actions, rather than
developing management plans based on an incomplete
understanding of the groundwater regime at the site.

The investigation comprises the assessment of existing
site investigation data in conjunction with groundwater
and surface water monitoring data to assess the impact of
dewatering on the Quaternary drift deposits and the
underlying Sherwood Sandstone aquifer. Based on the
data assessment, a numerical groundwater flow model
was constructed using MODFLOW to facilitate an
assessment of the radius of influence of dewatering,
the likely change in groundwater levels around the
site and the principal factors controlling the impact of
dewatering.

ABSTRACT

An investigation of the impact of dewatering a sand and gravel extraction in South Yorkshire was undertaken for
the purpose of identifying the impact on an area of peat with high archaeological preservation potential. The
investigation comprised the assessment of existing site investigation data in conjunction with groundwater and
surface water monitoring data to assess the impact of dewatering on surrounding peat, sand and gravel and Sherwood
Sandstone. Based on the data assessment, a numerical groundwater flow model was constructed using MODFLOW
to facilitate an assessment of the radius of influence of dewatering, the likely change in groundwater levels
around the site and the principal factors controlling the impact of dewatering. Water levels in the peat deposits were
found to be controlled by rainfall recharge and leakage from surface drains. Dewatering was found not to have a
significant impact on groundwater levels or flows beyond the immediate vicinity of the site.
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Figure 1. Location of the quarry site near Bawtry (from Lillie and
Smith, 2007)
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drift deposits is considered to be in hydraulic continuity
with that in the Sherwood Sandstone with the general
direction of groundwater flow at the site being to the
north west towards a public water supply abstraction
situated approximately 2 km from the site (Figure 3).

ARCHAEOLOGICAL RESOURCE

In the immediate environs of the site the archaeological
resource comprises crop mark evidence for features of
probable Romano-British age and biogenic deposits
(i.e. peat) which hold the potential for the recovery of
organic remains associated with activity from the
Mesolithic period onwards (Lillie and Smith, 2007).
A Bronze Age flint concentration has been identified and
recovered from a buried soil in the vicinity of the site and
a late Mesolithic to Earlier Neolithic concentration of
worked flint has been excavated from the vicinity of the
quarry (Lillie and Smith, 2007).
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ENVIRONMENTAL SETTING

The quarry, the subject of this study, is situated in an
area of low lying agricultural land adjacent to the
River Idle near Bawtry in South Yorkshire (Figure 1).
Pleistocene sand and terrace gravel deposits are
extracted at the site. The quarry extends below the water
table and is worked dry through dewatering by pumping
from each extraction phase. The geology of the site and
the surrounding area comprises a 4 - 14 m thick sequence
of peat, silty sand and clay, sand and gravel, which
overlie, unconformably, the Triassic Sherwood
Sandstone. Where present the peat deposits vary in
thickness from 2 - 4 m.

Groundwater at the site is monitored in 60 shallow
piezometers installed in the peat and shallow drift
deposits and in 10 monitoring boreholes installed in
the sand and gravel deposits (Figure 2) and is generally
2 - 6 m below ground level (mbgl). Groundwater in the

Figure 2. Monitoring locations (from Lillie and Smith, 2007).
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the sand and gravel deposits at the site is in hydraulic
continuity with groundwater in the Sherwood Sandstone.
A detailed examination of the shallow groundwater
monitoring data indicates that groundwater does not
occur uniformly within the peat deposits and that where
it does occur the elevation is generally above that of
groundwater in the underlying sand and gravel
suggesting a downward hydraulic gradient. In addition,
there are areas of the site where the base of the water
bearing peat deposits is above the water table in the
underlying sand and gravel and an unsaturated zone
exists between the peat and the sand and gravel water
table, suggesting that the peat is relatively free draining.
It is concluded that under current conditions water in the
peat deposits is not fed by groundwater but from
precipitation infiltration and recharge from drainage
ditches. A schematic of the geological and
hydrogeological setting of the site is presented at Figure 4.
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HYDROGEOLOGICAL ENVIRONMENT

The original basic conceptual model for the site was
that shallow groundwater in the peat deposits and the
sand and gravel was in hydraulic continuity with the
underlying Sherwood Sandstone and that mineral
extraction and associated dewatering would result in a
lowering of groundwater levels not only in the sand and
gravel being extracted but also in the peat deposits.
It was considered that the lowering of water levels in the
peat deposits was not desirable due to the potential for
changes in moisture content and redox status to impact
on conditions that may be suitable for the preservation of
organic remains, should any be present.

As part of this study a comprehensive review of the
geological and hydrogeological data for the site and its
environs was undertaken. Based on the available data
for the site the hydrogeological data suggest that
groundwater level in the Sherwood Sandstone at the site
is controlled predominantly by abstraction from nearby
public water supply boreholes and that groundwater in

Figure 3. Location of licensed groundwater abstractions in the vicinity of Bawtry.
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Modelled groundwater heads at the site before and
during dewatering operations are presented at Figure 5.
The impact of dewatering is limited to a relatively
confined area. This is supported by the analysis of
tracked particles which clearly indicates that particles are
drawn initially towards the licensed groundwater
abstractions approximately 2 km north west of the site
before being captured by the cone of depression
associated with dewatering of the quarry (Figure 6). The
limit of influence over a 5 year period of dewatering
appears to be approximately 150 m.

Water flux calculations undertaken using the model
suggest average abstraction rates at the site of
approximately 2,273 m3/day, consistent with estimates
made based on pumping records for the site. This rate
contrasts markedly with that for the licensed abstractions
situated approximately 2 km north west of the site of
approximately 27,276 m3/day. It is conceptually perhaps
not surprising that this large abstraction, which is an
order of magnitude greater than that at the site,
dominates the surrounding hydrogeological regime.

CONCLUSIONS

Based on the geological and hydrogeological evidence
available, and contrary to common expectations based
on pre-conceptions of the impact of quarry dewatering,
the peat deposits, which were considered the main
archaeological resource, were not influenced by
dewatering at the site. The peat, where water bearing,
was determined not to be in continuity with groundwater
in the underlying sand, gravel and Sherwood Sandstone.
Numerical modelling of the impact of quarry dewatering
indicated that the influence of dewatering was limited to
a radius of approximately 150 m from the site and that
the dominant control on the local groundwater regime
was a large licensed groundwater abstraction north west
of the site.

This study highlights the benefits of undertaking a
detailed assessment of the hydrogeological regime at a
site where sensitive archaeological resources may be
present. Any management strategy adopted for the
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Figure 4. Schematic geological and hydrogeological cross section through the site.

It is noted that maintenance of water content is not
the only factor influencing preservation, but that
maintenance of favourable chemical conditions is as
important (Holden et al., 2006). In-situ monitoring data
from the site from March 2005 to December 2006 and
February 2006 to February 2007 respectively (Lillie
and Smith, 2007) supports the interpretation that
dewatering operations are not impacting the pH and
redox conditions in the peat, rather that these are
pre-dominantly influenced by infiltrating precipitation
and leakage from surface water drains.

CONTROLS ON THE WIDER HYDROGEOLOGICAL

ENVIRONMENT

Although the physical hydrogeological data supported
the conclusion that dewatering at the site was not
resulting in drying out of the peat deposits at the site, it
was decided to examine the relative impact of
dewatering compared with that of licensed groundwater
abstractions in the surrounding area. A numerical model
for the groundwater environment for the site and
surrounding area, representing the drift deposits and the
underlying Sherwood Sandstone aquifer was constructed
using the finite difference code MODFLOW (McDonald
and Harbaugh,1988) implemented through the graphical
user interface Visual MODFLOW. The model comprises
a two layer system, with one layer representing the drift
and the other the Sherwood Sandstone. The model
boundaries comprised the Sherwood Sandstone/Mercia
Mudstone contact to the east and the River Torne to the
north. The western and southern boundaries were
consistent with regional flow lines distant from the area
of interest. Details of the model parameterisation are
presented in Lillie and Smith (2007).

Steady state and transient calibration of the model was
undertaken with respect to eight Environment Agency
monitoring boreholes in the Sherwood Sandstone and
nine monitoring boreholes in the sand and gravel at the site
using data for the period 2000 to 2005. Following calibration
modelled groundwater heads were generally with 0.5 m
of observed heads which is considered satisfactory.
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Figure 5. Representative modelled groundwater contours pre (top) and post (bottom) the start of dewatering.
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Figure 6. Particle track analysis of the impact of dewatering at the site and abstractions from boreholes to the north west of the site.

protection of archaeology, with regard to dewatering,
based on the original conceptual model at this site may
have proven to be over conservative. Based on the
detailed study undertaken it was possible to demonstrate
that water in peat at the site was controlled by infiltration
of precipitation and surface water.
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