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The changing nature of groundwater control for temporary works 29 
 30 
Abstract  31 
Groundwater control for temporary works uses a range of methods to allow below-ground 32 
construction in stable and workably dry conditions. Common strategies include control by 33 
pumping (dewatering), with or without physical exclusion (cut-off walls). The fundamental 34 
principles of groundwater control have been well established for many decades, with 35 
practice-led improvements in hydrogeological understanding, materials and technology 36 
driving the gradual enhancement of methods over much of the 20th century. Contractors 37 
developed considerable expertise but commonly adopted an at least partly reactive 38 
approach to managing groundwater. Over the past 30 years this has had to change, partly as 39 
a result of increased environmental regulation of groundwater abstraction and discharge but 40 
also the requirement for shorter programme timescales for deeper and larger projects with 41 
the related need to consider and where necessary mitigate any potential adverse impact on 42 
neighbouring structures. This paper discusses how traditional groundwater control 43 
strategies are evolving in response to these challenges and the increasing focus on reducing 44 
carbon emissions in construction. Consideration is also given to the range of soil 45 
permeability suitable for the application of dewatering techniques, and the related issue of 46 
sources of risk and uncertainty in design and procedures for managing these.  47 
 48 
Introduction 49 
Groundwater control for temporary works involves the application of strategies to allow 50 
below-ground construction (e.g. for basements, sub-structures and tunnels) to be made in 51 
stable and workably dry conditions. These objectives can be achieved by a range of methods, 52 
some of which exploit significantly different geotechnical processes. The nature of 53 
temporary groundwater control techniques is initially discussed in the context of other 54 
geotechnical temporary works activities. This is followed by an exploration of the 55 
environmentally-driven and project-related factors that have driven change in groundwater 56 
control strategies over the past 30 years. It is noted that the universal requirements to 57 
reduce cost, minimise risk and shorten programs have to be considered in the context of 58 
environmental concerns and associated regulation and increasingly the imperative to curb 59 
greenhouse gas emissions. While much of this discussion is in the context of the regulatory 60 
regime in UK, similar environmental regulations now apply in almost all countries. The paper 61 
then summarises some of the developments in technology and techniques that have helped 62 
designers and contractors meet project requirements for the temporary control of 63 
groundwater within the prevailing regulatory constraints. 64 
 65 
Monitoring, particularly of groundwater levels, flow rates and sometimes surface 66 
settlements, is typically an essential element of any groundwater control scheme. While 67 
developments in computing, communications and control systems have and continue to 68 
drive significant improvements in geotechnical monitoring systems, this is not the main 69 
focus of this paper. 70 
 71 
Groundwater control in the context of other temporary works 72 
Groundwater control is one of a variety of engineering methods potentially used for 73 
temporary works, with the objective of enabling construction, without necessarily forming 74 
part, of the permanent works. Pallet and Filip (2018) list a range of temporary works 75 
methods including excavation support and propping, formwork and falsework, scaffolding, 76 
temporary earthworks, and works to ensure the stability of temporary plant such as cranes, 77 
hoists and piling rigs.  78 
 79 
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Groundwater control is typically achieved via two strategies, which can be used separately 80 
or in combination. These are control by pumping (known as dewatering) and control by 81 
exclusion. Commonly used methods are summarised in Table 1. Further details are given in 82 
Cashman and Preene (2021). 83 
 84 
There is a useful distinction between pumping methods: 85 

• Open pumping methods, which allow groundwater to enter an excavation, from 86 
where it is then removed by pumping (Figure 1a). Because water is drawn directly 87 
into the excavation, this can lead to instability if particles are washed from soil or 88 
rock in the slopes and base of the excavation.  This approach has the further 89 
disadvantage that groundwater levels cannot be lowered in advance of excavation.  90 

• Pre-drainage methods, which use wells to lower groundwater levels in advance of 91 
excavation works (Figure 1b). The method draws water towards the wells, not into 92 
the excavation, avoiding troublesome seepages and reducing the risk of 93 
groundwater-induced instability.  94 

 95 
Exclusion methods can be divided into three categories: 96 

i. Cut-offs comprising very low-permeability walls or barriers physically inserted or 97 
constructed in the ground (Figure 2a). The primary purpose of many cut-offs is to 98 
provide physical support for an excavation (i.e., to act as a retaining wall), with 99 
control of groundwater a potential secondary benefit. Cut-offs can be permanent, 100 
for example secant piles, or temporary, for example sheet piles if they are removed.  101 

ii. Ground treatments that reduce the permeability of the soil or rock in-situ around an 102 
excavation (Figures 2b and 2c). Treatments can be permanent, for example 103 
permeation grouting, or temporary, for example artificial ground freezing. These 104 
techniques can be used for shaft sinking and tunnelling, or with cut-off walls to form 105 
a base plug, Figure 2c. 106 

iii. Use of a fluid pressure to counterbalance groundwater pressures in shafts and 107 
tunnels (Figure 2d). 108 

 109 
Compared with other temporary works activities, groundwater control has some particular 110 
attributes: 111 

i. The ground, and obviously groundwater, plays a key role in groundwater control, so 112 
the success of a groundwater control strategy is highly dependent on having good 113 
(and relevant) ground and groundwater investigation information. While this is not a 114 
factor unique to groundwater control systems, the influence of groundwater 115 
conditions is often more significant than for many other temporary works activities. 116 
Each groundwater control technique has a specific range of application, particularly 117 
in relation to the permeability of the ground (Figure 3a and 3b). There are examples 118 
of groundwater control measures being ineffective when applied in the wrong 119 
conditions (Preene, 2020). 120 

ii. Many groundwater control methods are truly temporary – for example where a 121 
pumped groundwater control system is used, groundwater levels will typically 122 
recover to original levels in the days and weeks after pumping stops at the end of 123 
construction. This also means that there is an important maintenance requirement – 124 
if pumps break down, or if pumping is interrupted for other reasons, groundwater 125 
levels will rise and the stability of the excavation may be compromised.  126 

iii. Groundwater control is typically not codified in detail by national or international 127 
design standards. For example, while Eurocode 7 (BS EN 1997-1:2004) includes a 128 
section on dewatering, its requirements are limited to general comments that the 129 
design should be based on the results of ground investigations, the objective of 130 
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design should be to achieve stable excavations, and that dewatering systems should 131 
be reliable and subject to monitoring.  132 

iv. The activities involved in the control of groundwater, particularly abstraction and 133 
discharge, have the potential to impact on the environment, groundwater resources 134 
or neighbouring structures well beyond the site boundary. As a result, some 135 
groundwater control techniques are subject to national or local regulation (e.g. by 136 
the Environment Agency in England). The regulatory approval process may take 137 
several months and can impact construction programmes.  138 

 139 
This puts most groundwater control methods into a category where expertise is 140 
concentrated in a small number of specialist organisations. According to Powrie (1990), 141 
‘Dewatering is regarded by the civil engineering profession in general as something of an art, 142 
the practice of which is best left to the cognoscenti’, and this is still largely the case today. 143 
The current paper discusses some of the present and future challenges of groundwater 144 
control applications for temporary works, with the objective of sharing knowledge and 145 
experience in this field. 146 
 147 
Overview of factors driving the evolution of groundwater control methods 148 
While the fundamental principles have not changed, groundwater control methods - like 149 
many temporary works activities - have undergone a largely practice-led evolution over 150 
several decades; some examples of this evolution are given in Table 2. This has been, and 151 
continues to be, driven by: 152 

• Improvements in materials, plant and equipment and technology (including data 153 
systems, control and power supply). 154 

• Deeper understanding of hydrogeology and design methods, including better and 155 
more rapid access to groundwater monitoring data. 156 

• Demand-led need for bigger, deeper and more complex excavations with less 157 
interference with construction operations from methods to physically support the 158 
soil or rock. 159 

• Regulation, in the late 20th century relating mainly to direct environmental impacts 160 
of abstraction and discharge (such as protecting groundwater resources) but 161 
increasingly focusing on curbing greenhouse gas emissions (principally carbon 162 
dioxide, often abbreviated to “carbon”) as well.  163 

• The ever-present need to reduce costs and to complete projects more rapidly with 164 
outturn costs close to pre-construction estimates. 165 

 166 
Developments in technology and hydrogeological understanding, combined with project-led 167 
demand, have led to a widening in the complexity and range of application, and 168 
improvement in the efficiency and effectiveness of, pumped groundwater control systems. 169 
There is also a history of technology transfer, whereby a method used in other industries 170 
(e.g. mining) is subsequently used in construction temporary works. This is one way that 171 
better groundwater control techniques may be developed in the future. 172 
 173 
Commercial pressures to control and where possible reduce costs are always present in the 174 
construction industry. Changes that impact on temporary works and groundwater control 175 
strategy also arise from several other quarters including evolving environmental regulation, 176 
societal demands relating to climate change, project scope and risk management.  177 
 178 
Examples of the influence of regulation include the banning of potentially toxic ingredients 179 
in chemical grouts, and increased control (and eventual abandonment) of compressed air 180 
tunnelling in response to identified health risks to workers. Increasing environmental 181 
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regulation of pumped groundwater control methods may also influence the future 182 
development and / or application of such methods. 183 
 184 
The remainder of this paper will review the challenges of developing appropriate schemes 185 
for temporary works groundwater control, focusing on the future challenges of increased 186 
regulation and the need to assess environmental impacts and carbon emissions between 187 
very different techniques. Project-related requirements and some recent developments in 188 
techniques and technology are also considered.  189 
 190 
Environmentally-driven factors 191 
Regulatory requirements 192 
Groundwater resources have been formally protected by regulation in parts of the UK since 193 
the Water Resources Act 1963, with later provision to license and protect abstractors. 194 
Dewatering (for construction and for mines and quarries) was formerly largely exempt from 195 
regulatory oversight but recently The Water Abstraction and Impounding (Exemptions) 196 
Regulations 2017 have removed this exemption in England and Wales. For the construction 197 
industry the consequence of this is that, with a few exceptions relating to short term 198 
pumping at very low flow rates, groundwater pumping activities now generally require 199 
consents for abstraction and discharge of groundwater. The regulations distinguish between 200 
transfer of groundwater from one source of supply (groundwater) to another (to a lake or 201 
river) and removal of water from the groundwater system (e.g. discharge to sewer).  202 
Significant exemptions to the licensing requirements may also apply where the abstracted 203 
groundwater from a dewatering system is recharged back to the aquifer. Responsibility for 204 
managing water resources was devolved away from Central Government in the UK so that 205 
the regulatory authority, exemptions, and procedures differ between different nations in the 206 
UK.  207 
 208 
Obtaining the necessary consents requires the design team to determine, in advance of 209 
construction, the abstraction flow rate required to achieve the drawdown needed to 210 
maintain stability of the excavation or structure. This information feeds into an assessment 211 
of the possible impact on groundwater-dependent features, licensed abstractors and 212 
neighbouring structures. Some precision is required in this process since an overestimate 213 
may require enhanced mitigation measures and could possibly result in denial of consent if 214 
the regulatory authority considers that water resources or groundwater dependent features 215 
may be at risk. On the other hand, an under-estimation runs the very real possibility of 216 
significant delay to the works if actual flow rates required are found to be above the licensed 217 
rate such that a new consent application is required. The precision needed, particularly in 218 
medium to low permeability soils, is often greater than that required to design the 219 
dewatering scheme. The need for precision in flow assessments has greatly expanded the 220 
requirement for pumping tests for projects where a pumped groundwater control scheme is 221 
planned. It has also spawned the development of non-standard pumping tests using short 222 
screens or multiple wells to maximise the relevance of the parameters obtained; examples 223 
are given in Roberts and Holmes (2011) and Holmes et al (2018).    224 
 225 
Internationally, regulations to protect water resources, including groundwater resources, 226 
now exist in most countries. The arrangements may differ appreciably, reflecting local 227 
conditions; but the requirement for reliable prior assessment of groundwater control flow 228 
rates and water quality together any associated potential for adverse impact on the 229 
environment or neighbouring structures is almost universal. 230 
 231 
Societal demands relating to climate change 232 
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Reduction in emissions of greenhouse gases, including embedded emissions associated with 233 
construction materials, is now a major driver for the design of both temporary and 234 
permanent works. The European Federation of Foundation Contractors (2022) notes that 235 
construction materials, particularly concrete and steel, have high embedded emissions and 236 
designers should focus on minimising their use. Controlling groundwater levels and pore 237 
water pressures can be an effective strategy to reduce material requirements, particularly 238 
for temporary works. For example, the required depth of a concrete secant pile embedded 239 
retaining wall will be partly controlled by loading from external pore water pressures and it 240 
may be feasible to reduce the depth, and corresponding material requirements, if external 241 
pore water pressures can be lowered or eliminated during construction. Once the structure 242 
is complete it will typically be designed to have sufficient weight and structural integrity to 243 
resist groundwater pressures. This may well include permanent props (e.g. floor or roof 244 
slabs) at multiple levels, not present during construction.  245 
 246 
An interesting case study is given by Casey et al (2015), which compared solutions to 247 
mitigate high groundwater uplift pressures for a large station box in East London using either 248 
concrete tension piles or groundwater pumping. This showed that the carbon emissions 249 
embedded in the tension pile solution were significantly greater than those associated with 250 
the pumping solution even if pumping is continued for the full 80-year design life of the 251 
structure. Direct comparisons are not straightforward and may change over time. For 252 
example, the carbon emissions for tension piles are almost entirely indirect emissions 253 
associated with the concrete and steel whereas for the pumping solution the emissions are 254 
dominated by the operational power to drive pumps, which would be expected to reduce 255 
over time as electricity is increasingly generated from renewable and low carbon sources. 256 
 257 
Project-related considerations - risk management 258 
Groundwater control has long been considered a high-risk construction activity for a range 259 
of reasons including: 260 

• Lowering groundwater levels increases the vertical effective stress on the strata 261 
below the initial groundwater level, which inevitably results in the compression / 262 
consolidation and settlement of the ground. While the risk of ground settlements 263 
large enough to cause damage / distress to nearby structures can be a concern in 264 
soft soils it may be overstated, particularly for dense granular soils or stiff clays 265 
where even significant lowering of groundwater levels for temporary works 266 
purposes may result in modest settlements. Screening and assessment of structures 267 
is typically required to determine the level of risk concerned. 268 

• The hydraulic gradient towards a pumping system in a granular soil is relatively 269 
shallow so that the influence of a dewatering system sometimes extends to a 270 
considerable distance beyond the site boundary. It is likely to be rather greater than 271 
the zone of direct influence generally associated with excavations, retaining walls 272 
and tunnels, where the maximum lateral extent of the settlement trough is generally 273 
equivalent to approximately the depth of the structure.   274 

• Lowering the groundwater level beyond the site boundary can adversely impact 275 
groundwater-dependent features or existing licensed abstractors, and can mobilise 276 
any existing groundwater contamination. These risks need to be considered, 277 
including mitigation measures where necessary, in the environmental consent 278 
application process. The groundwater control design process often needs to be fairly 279 
advanced before it becomes apparent whether any concerns are potentially 280 
significant.  281 

• The time to process license applications is quoted by the various regulatory 282 
authorities as several months, from when a valid application has been made. This 283 
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period does not include the time required to gather the necessary information, 284 
prepare reports and impact assessments and the time for any pre-application 285 
discussions with the regulatory authorities - all of which may considerably extend 286 
the application process.  287 

 288 
Some hydrogeological settings may present significant risks that need to be addressed but in 289 
other settings the risks may be overstated or misunderstood owing to common 290 
misconceptions. For example, Figure 4a illustrates a ground profile where lowering the 291 
groundwater levels in a sandy gravel (typical of the River Terrace Deposits in London) could 292 
result in the underdrainage of the overlying soft silty clay (of alluvial origin), with a risk of 293 
surface settlement and the potential to impact adjacent structures (if present). A case in 294 
which similar pumping from a coarse granular layer below alluvial clays and peat resulted in 295 
settlement damage to buildings in the vicinity is reported by Powrie (2014), and discussed in 296 
Preene (2020). 297 
 298 
The ground profile in Figure 4b is similar but the natural groundwater level is already within 299 
the gravels below the soft clays; hence lowering the groundwater level in this case cannot 300 
underdrain the soft alluvial clay and the risk of damaging ground settlements is likely to be 301 
minimal.  302 
 303 
The contract specification for a recent large infrastructure project in London included a 304 
requirement that groundwater pumping could only be used in the temporary works for a 305 
deep excavation providing there was no change in pore water pressure beyond the site 306 
boundary. This effectively prohibited dewatering in the Thanet Formation (formerly known 307 
as the Thanet Sand) and Chalk Group, which comprises the London Lower Aquifer. The 308 
London Lower Aquifer has been subject to very substantial changes in groundwater level 309 
over the past 150 years. Initial overexploitation of groundwater resources from the mid 19th 310 
century led to a reduction in groundwater levels of up to approximately 70 m in central 311 
London. This was followed by a period of significant recovery in groundwater levels from 312 
about 1950. Over the past 40 years it has been recognised that allowing groundwater levels 313 
to fully recover would have an adverse impact on the stability and serviceability of critical 314 
infrastructure and property in central London and a process of managed control has been 315 
implemented (Environment Agency 2018). Given this background a contractual prohibition 316 
on temporary dewatering in the Lower Aquifer made no practical, commercial or 317 
environmental sense and was largely circumvented during construction. 318 
 319 
Developments in technologies and techniques 320 
Electrically powered plant 321 
The evolution of project requirements and regulations outlined above have and will continue 322 
to drive changes in groundwater control techniques and strategies in the construction 323 
industry. There has long been a trend away from diesel towards electrically powered 324 
pumping equipment due to a range of factors including: 325 

• Reduced noise (particularly important for continuous 24 hr pumping) 326 
• Reduced maintenance down time and costs 327 
• Reduced need for fuel and oils on site, minimising risk of leakage and 328 

contamination 329 
• Improved options for system control such as automatic starting of standby pumps  330 
• Improved options for plant performance monitoring (including remote on-line 331 

monitoring) 332 
• Improved options for warning and alarm systems 333 
• Improved air quality (particularly in tunnels, shafts and other confined spaces). 334 
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The increasing use of renewable sources to generate mains electrical power and the 335 
overriding requirement to reduce greenhouse gas emissions has added impetus to this trend 336 
and a new focus on electrification of installation plant, particularly for in-tunnel installations 337 
(Figure 5).  338 
 339 
One of main drive shafts for the Tideway Project in central London was located 70 m away 340 
from a major public water supply well abstracting from the chalk, which forms the major 341 
part of the Lower Aquifer (Figure 6). Abstraction flows for the supply well were 342 
approximately 60 l/s, but subject to demand and frequently interrupted. Groundwater levels 343 
in the Lower Aquifer at the shaft fluctuated in response to the public water supply well 344 
stopping and starting. When operating continuously the supply well achieved a drawdown 345 
(relative to unpumped water levels) at the shaft of approximately 12 m, which was just 346 
sufficient to allow construction of the TBM (tunnel boring machine) launch adits from the 347 
shaft using sequential excavation methods (SEM) and sprayed concrete lining (SCL) 348 
techniques.  349 
 350 
The traditional approach would have been to design a dewatering scheme capable of 351 
achieving 12 m of drawdown at the shaft and to run this continuously so that, when 352 
pumping from the public water supply was interrupted, groundwater levels would remain 353 
below the target level for safe adit construction. This would have resulted in approximately 354 
24 m of drawdown when the public water supply pump was operational, with groundwater 355 
of drinking water quality being discharged to the Thames, wasted energy consumption for 356 
the dewatering system operation and the risk of adverse impact on other licensed 357 
groundwater abstractors in the vicinity. The solution was to use variable speed drive 358 
dewatering pumps, programmed to respond to changes in groundwater level in a 359 
piezometer at the site boundary.  360 
 361 
Figure 7 shows the Lower Aquifer groundwater level at the shaft, the target groundwater 362 
levels and the dewatering system abstraction flow rate. The dewatering system flow rate can 363 
be seen to be near zero, rising to 40-50 l/s when the public water supply pumping is 364 
interrupted.  Periods of excessive drawdown occurred when the public water supply was 365 
operated at elevated flow rate; and the prolonged period of continuous dewatering 366 
pumping in January to March 2019 corresponded to the cessation of pumping from the 367 
public water supply well following the mechanical failure of the pump. This is an interesting 368 
example of how operation of a resource that is protected by regulation (the public water 369 
supply well) can adversely impact construction works, and how modern electrical pumping 370 
systems can be controlled to mitigate the risk. 371 
 372 
In-tunnel/shaft dewatering techniques and strategies 373 
Tunnelling and shaft sinking using the sequential excavation method (SEM) with sprayed 374 
concrete lining (SCL) support has several advantages over other techniques including speed 375 
of construction and flexibility in shape. The technique exploits the inherent strength of the 376 
ground to allow rapid sequential excavations, each of which is supported by SCL before the 377 
next advance. Conventional dewatering techniques for SEM tunnels involve vertical or 378 
inclined wells installed from the ground surface in advance of the face, avoiding both the 379 
artesian conditions and logistical challenges inherent with the installation of in-tunnel wells 380 
that penetrate out through the tunnel lining. Over the last 30 years, however, in-tunnel and 381 
in-shaft dewatering techniques have been applied, both to control groundwater where 382 
surface access is difficult and to gain direct access to the water bearing strata at tunnel level 383 
(Figure 8). The most efficient approach is often a combination of surface and below ground 384 
dewatering techniques. 385 
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 386 
Roberts et al (2015) and Soler et al (2016) give examples of in-tunnel wellpoints that are 387 
particularly appropriate when targeting thin or intermittent granular beds of water-bearing 388 
soils where a closer well spacing of 1 to 3 m may be required. Prior to the mid-1990s, 389 
standard surface dewatering and installation equipment was taken underground but over 390 
the last 25 years specialist in-tunnel and in-shaft systems, equipment and techniques have 391 
been developed. Figure 9 shows a compact in-shaft ejector station with inclined ejector 392 
wells drilled inclined through the concrete secant pile wall shaft lining to reduce external 393 
hydrostatic loads and to control seepage into the base of the shaft. Surface access 394 
restrictions meant that a conventional vertical well system outside of the shaft was not an 395 
option. Installation of wellpoints or ejector wells from a tunnel or shaft into pressurised 396 
granular soils (with a groundwater head significantly above the level of the drill rig) requires 397 
the use of a specialist insert grouted into the tunnel or shaft structural lining. The insert is 398 
fitted with a blowout preventer (BOP) to control ground loss and water flow during 399 
installation. Lost bit drilling is then used to drill through the insert to place casing to the 400 
target depth; the well screen and liner are then installed as the casing is withdrawn. 401 
 402 
An example of an in-tunnel dewatering scheme for a cross passage between two running 403 
tunnels (previously driven by TBM) is illustrated in Figure 10a and 10b. A water-bearing 404 
granular bed had been identified at and below the tunnel invert, which was targeted with an 405 
array of downward inclined wellpoints installed from one of the TBM drives. The dewatering 406 
strategy involved installation of the initial wellpoint array with procedures for monitoring 407 
and ‘toolbox’ measures (a term used in tunnelling to describe specific additional 408 
groundwater control measures, applied in response to observed conditions). Here these 409 
toolbox measures comprised supplementary wellpoint installations, only installed if 410 
required. Probe drilling, shown in red, would then be carried out to prove stable conditions 411 
in advance of the cross-passage excavation. 412 
 413 
Artificial recharge systems 414 
Artificial recharge of groundwater back to the ground has become an increasingly important 415 
groundwater control strategy for several reasons, including as an environmental risk 416 
mitigation measure (e.g. Holmes et al 2018); as a settlement risk mitigation measure (e.g. 417 
Roberts and Holmes 2011; Powrie and Roberts 1995); and as a means of disposal where 418 
other options are not available or have a high cost. In Tel Aviv, Israel, discharge of 419 
groundwater to sewer is prohibitively costly so that almost all discharge from construction 420 
dewatering systems in the shallower aquifer is recharged. This is a deliberate policy to 421 
preserve groundwater resources. Access and space constraints in the city mean that water 422 
from dewatering systems is generally recharged to a deeper aquifer 50 to 200 m below the 423 
site.   424 
 425 
Successful design of an artificial recharge system usually requires a data from a relatively 426 
detailed  hydrogeological investigation supported by appropriate, often numerical, 427 
modelling. The investigation is required to provide the ground profile, groundwater levels, 428 
basic hydrogeological modelling parameters, realistic values for well yields, and to assess the 429 
risk of loss of recharge capacity due to clogging.  In addition to investigating the design of 430 
the abstraction system, the modelling also needs to provide a good understanding of the risk 431 
and extent of any feedback (between artificial recharge flows and the pumping wells), and of 432 
the extent and potential impact of any local increases in groundwater level around the 433 
location of recharge wells, trenches or infiltration ponds. Successful implementation and 434 
operation of an artificial recharge system requires real-time monitoring of flows and 435 
groundwater levels to identify any capacity loss in the system and allow development of a 436 
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strategy and programme for the redevelopment and cleaning of the recharge wells to 437 
recover capacity. 438 
 439 
Vacuum deepwells  440 
As noted in Table 2, ejector wells have been in regular use in North America since the 1950s. 441 
The first major use of ejectors in the UK was for the Conwy crossing in North Wales (Powrie 442 
and Roberts 1990). Ejector wells are an effective technique for providing vacuum assisted 443 
drainage in fine granular soils with permeability in the range 10-7 to about 10-5 m/s. Ejectors 444 
are based on the venturi effect, whereby water is pumped through the constriction of a 445 
nozzle to reduce pressure and provide suction according to Bernoulli's Principle. Ejectors can 446 
pump both air and water hence, if the well head and annulus are sealed, when the well is 447 
emptied of water a vacuum will develop, which assists the drainage of water from fine-448 
grained soils. An important benefit of ejector wells is that they do not require a flow of 449 
groundwater and can be run ‘dry’ for extended periods without damage. Ejector wells have 450 
several drawbacks, however: 451 

• They have low mechanical efficiency, hence high energy consumption relative to the 452 
abstraction flow rate. 453 

• The system requires priming, which effectively prevents the implementation of an 454 
automatic restart if leakage causes loss of the recirculating water. 455 

• A single high pressure supply pump will operate 40 or more ejector wells, so that a 456 
fault with the supply pump immediately leads to the outage of many wells (the same 457 
is true for a wellpoint system). 458 

 459 
The centrifugal borehole submersible pumps used in deepwells do not suffer these 460 
drawbacks but cannot pump air and rely on the flow of groundwater for cooling, lubrication 461 
and hydrodynamic stability. If the well head and annulus are sealed, however, a surface 462 
vacuum pump can be used to apply a vacuum to the well liner to achieve vacuum assisted 463 
drainage. A simple assessment of well yields using the empirical methods from Preene and 464 
Powrie (1993) gives the results in Table 3, as an aid to the selection of such systems at the 465 
design stage.  466 
 467 
The minimum yield for a submersible pump is approximately 0.15 m3/hr, which from Table 3 468 
suggests that flow rates may be viable for vacuum deepwells in aquifers >5 m thick with 469 
permeability >2 x 10-6m/s. Apart from the significant difficulty in reliably assessing 470 
permeability and well yield in such fine-grained soils there are also other factors in play, such 471 
as redundancy or conservatism in design which results in a greater number of wells for a 472 
scheme and a corresponding reduction in individual well yield. A lower practical permeability 473 
limit for vacuum deepwells in a 5 m thick aquifer is approximately in the range 2 x 10-6 to 5 x 474 
10-6 m/s. 475 
 476 
The range of applications of groundwater control pumping methods in granular soils, 477 
Figure 3a, which dates from the mid-1990s, has been updated to reflect some of the 478 
developments noted in this paper, see Figure 11. The key changes are,  479 

• Inclusion of vacuum deepwells as a recognised technique which covers some of the 480 
range which was formerly the exclusive preserve of ejector wells, 481 

• Recognition that, for shallow drawdowns, single stage wellpoints are typically 482 
effective and more efficient than ejector wells at targeting soils with a permeability 483 
<1 x 10-5 m/s, and 484 

• Recognition that sumps and drains are effective for drawdowns of 1 or 2 m providing 485 
the permeability is not so low that vacuum assisted drainage is required. 486 



 Page 11 

Note that Figure 11 is an aide to understanding the range of application of the various 487 
pumping methods for groundwater control rather than a primary design tool. It also gives 488 
some guide to risk in situations where the range of permeability values at a site are close to 489 
or reach across one or more boundaries. Drawdowns greater than the 20 m vertical scale 490 
used in Figure 11 can be achieved but invariably require high quality geotechnical and 491 
hydrogeological information and expert advice to confirm that conditions are suitable. 492 
Techniques which have depth limitations, such as suction lift for wellpoints, require the 493 
pumps to be installed at the standing groundwater level to achieve the maximum 494 
drawdowns shown.  495 
 496 
Figure 11 does not of course apply for cemented soils or rock where open pumping is often 497 
significantly more widely applicable although other factors, such as poor discharge water 498 
quality due to entrainment of fine particles, can be a factor in selection of methods.  499 
 500 
Conclusions 501 
Groundwater control strategies for temporary works have evolved as a result of 502 
improvements in materials, equipment and techniques. The need for new equipment and 503 
strategies for groundwater control have also been driven by advances in other construction 504 
techniques, for example the increased use of SEM and SCL methods for shafts and tunnels. 505 
In the UK and many other countries environmental regulation, which aims to protect 506 
groundwater resources, groundwater-dependent ecology and the water quality of ponds, 507 
watercourses and the sea, has become a major driver for changes in working practices 508 
particularly over the last 30 years. Improvements in hydrogeological understanding have led 509 
to enhancements and an increased range of applicability of some dewatering techniques.  510 
 511 
The principal driver for change in construction industry practices over the coming years is 512 
likely to be the requirement to curb greenhouse gas emissions. Cement and steel are both 513 
carbon intensive to produce and their use is typically the largest contribution to the carbon 514 
emissions of a construction project. Minimising their use is now a guiding principle for 515 
designers. and is an increasingly significant factor in the selection and design of temporary 516 
works groundwater control measures. Temporary groundwater cut-offs, such as sheet-piles 517 
that can be removed, should minimise emissions with the added benefit of preserving 518 
groundwater flow paths in the long term. The use of groundwater cut-offs incorporating 519 
concrete/cement or steel that are not required for the permanent works and that will 520 
remain as a permanent barrier to flow, will need much greater scrutiny of carbon emissions 521 
in future. The same applies to temporary anchors or tension piles that are used to resist 522 
hydrostatic uplift or lateral loads. Groundwater pumping systems have relatively low carbon 523 
emissions, which makes then an attractive alternative method for temporary control of 524 
groundwater ingress or excess pore pressures. 525 
 526 
There can be tension between minimising greenhouse gas emissions on the one hand and 527 
short-term environmental protection and construction risk on the other. Over the last 30 528 
years there has been increasing focus by clients and contractors on restricting the use of 529 
groundwater pumping systems (dewatering systems) in favour of groundwater exclusion 530 
methods (cut-offs) with the aim of reducing risk of off-site impacts. The complex and 531 
sometimes lengthy regulatory regime for obtaining environmental permits for pumping 532 
methods has served to further drive this trend, but an increasing focus on reducing 533 
greenhouse gas emissions may go some way towards reversing it.  534 
 535 
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Table 1: Groundwater control methods commonly used in temporary works 608 
Method Applications Example methods 
Pumping methods (also known as dewatering methods) 
Open pumping Can be used for control of surface water run-off 

and shallow groundwater (including perched 
water and residual seepages into excavation) in 
rock and coarse-grained soils, where the flow of 
groundwater into the excavation is unlikely to 
cause instability. May generate silt or sediment 
laden discharge water, causing environmental 
problems if pumped water is not adequately 
treated prior to discharge 

• Sump pumping 
• Drainage ditches 
• French drains 

Pre-drainage 
pumping 

Applicable to a wide range of soils and rocks, 
including cases where ensuring stability of the 
excavation is a key factor. Artificial recharge may 
be used to return some or all of the pumped 
water back to the ground 

• Wellpoints and suction wells  
• Horizontal wellpoints laid by 

trenching machine 
• Deepwells with submersible pumps 
• Ejector wells 
• Electro-osmosis 

Exclusion methods 
Cut-off walls Cut-off walls are typically vertical. Some methods 

can be used to form structural elements of the 
permanent works (e.g. concrete diaphragm walls 
or secant pile walls used to form basement walls). 
Other methods are temporary only and can be 
removed at the end of construction so that no 
permanent groundwater barrier remains. 

Permanent methods 
• Vibrated beam walls 
• Cement-bentonite slurry trench walls 
• Soil-bentonite slurry trench walls 
• Concrete diaphragm walls 
• Concrete secant pile walls 

Temporary methods (if removed at end of 
construction) 

• Steel sheet-pile walls 
• Steel combi-pile walls 

Ground 
treatment 

Specialist methods reduce the permeability of the 
in-situ soil or rock; often there is a corresponding 
increase in strength. Some methods can be used 
to form non-vertical elements including barriers to 
enclose tunnels and other underground spaces or 
to form basal plugs below excavations. 

Permanent methods 
• Permeation grouting 
• Rock fracture grouting 
• Jet grouting 
• Mix-in-place grouting methods 

Temporary methods 
• Artificial ground freezing 

Application of 
fluid counter 
pressures 

Applicable to confined excavations (typically 
tunnels and shafts) which can be isolated so that 
fluid counter pressure can be applied 

• Compressed air tunnelling and shaft 
sinking 

• Earth pressure balance (EPB) tunnel 
boring machines (TBMs) 

• Slurry tunnel boring machines (TBMs) 
• Caisson sinking by the wet caisson 

method 

 609 
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Table 2: Historical development of selected groundwater control methods (based on information from: Cashman and Preene, 2021; Preene and Chrimes, 610 
2021) 611 

Method Key principles of the 
method 

First reported applications Later improvements in methods 

Pumping 
methods 

   

Wellpoint 
systems 

Closely-spaced small 
diameter wells pumped by a 
suction system, installed in 
rings around or lines 
alongside excavations. 

Abyssinian tube wells (also known as Norton tube wells) 
were developed and used by the British Military from the 
1860s onwards. 

Modern wellpoint systems typically install wells by water jetting, a method that was developed by 
Thomas Moore in 1925 in New Jersey, USA. 

Plastic materials, used for wellpoint risers and pipework, were introduced in the 1960s and 1970s 

Installation of wellpoints from inside tunnels was perfected on the Storebaelt project in Denmark 
in the 1990s 

From the 2000s onwards energy efficiency and emissions controls promote the use of electrically 
driven pumps and lower emission diesel units 

Deepwell 
systems 

Widely spaced wells, 
pumped by electric 
submersible pumps in 
modern practice. 

Very early applications were by Marc Isambard Brunel 
when sinking the Rotherhithe Shaft on the Thames 
Tunnel in 1824 and by Robert Abraham in 1830, during 
foundation construction for the Westminster New 
Bridewell prison. The first large scale application was by 
Robert Stephenson in 1835–6 for the Kilsby Tunnel on 
the London to Birmingham Railway. 

Electrical submersible pumps were first used in dewatering wells in Germany from 1896, including 
for the Berlin U-Bahn underground railway. 

Plastic materials, used for well screens and pipework, were introduced in the 1960s and 1970s 

Developments in electronic equipment allowed automation of temporary pumping systems to be 
introduced from the 1980s 

Improved field sensors, internet connectivity and wireless data networks led to a dramatic 
expansions of remote monitoring and control systems in the early 2000s 

Ejector well 
systems 

Arrays of wells pumped by a 
water-driven nozzle and 
venturi system. 

Jet pumps (the basis of the method) were developed in 
the 1850s, but were first applied for groundwater control 
in the United States in the 1950s, with jet pumps as used 
in water supply wells. 

 
 

Exclusion 
methods 

   

Steel sheet-
piling 

Interlocking steel sections 
driven or pushed into the 
ground to form a continuous 
wall 

Cast-iron sheet piles were first used in the early 1820s on 
the North Pier of Bridlington Harbour. 

In the early 1900s the method of steel sheet-piles connected by interlocks (clutches) was 
developed by Tryggve Larssen, in Germany. 
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Method Key principles of the 
method 

First reported applications Later improvements in methods 

Permeation 
grouting and 
rock grouting 

Injection of fluid grouts to 
block water pathways 
without disturbing the soil or 
rock structure 

The first applications of cement grouting were in France 
between 1797 and 1818, and the method was first 
applied in the UK in the 1850s. 

Chemical grouts were developed in the 1920s. These have a lower viscosity, allowing penetration 
of smaller soil pores and rock fissures. The first reliable method was the Joosten process, patented 
in Germany in 1925. 

Artificial 
ground 
freezing 

Low temperature refrigerant 
is circulated in closely-
spaced freezeholes, to create 
a wall of frozen groundwater 
and soil/rock. 

The method was first used in the UK for shaft sinking at a 
colliery in South Wales in 1862. 

From the 1960s onwards liquid nitrogen was used on some projects as an alternative to chilled 
brine. 

Compressed 
air tunnelling 

Tunnels and shafts under 
construction are pressurised 
with air to approximately 
balance groundwater 
pressures. 

A system for compressed air tunnelling was patented in 
1830 by Sir Thomas Cochrane. 

From the mid 20th century the health risks to workers in compressed air environments gained 
greater attention. By the Millennium the use of compressed air methods in most countries was 
limited to carefully controlled conditions with specialist medical supervision. 

 612 
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Table 3: Assessment of well yields in fine soils using empirical methods from Preene and 613 
Powrie (1993) with shading indicating viable deepwell flow rates. 614 

 Permeability 
 5.0 x 10-7m/s 1.0 x 10-6 m/s 2.0 x 10-6 m/s 1.0 x 10-5 m/s 
Screen Length Well yield Well yield Well yield Well yield 
1 m 0.008 m3/hr 0.017 m3/hr 0.034 m3/hr 0.170 m3/hr 
5 m 0.042 m3/hr 0.085 m3/hr 0.017 m3/hr 0.848 m3/hr 
10 m 0.085 m3/hr 0.170 m3/hr 0.339 m3/hr 1.696 m3/hr 

 615 
  616 
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 617 

 618 
a) Open pumping (example shown is a sump pumping system) 619 

 620 
b) Pre-drainage pumping (example shown is a deepwell system) 621 

 622 
Figure 1: Examples of groundwater control by pumping (reproduced from Cashman and 623 
Preene, 2021, with permission) 624 
  625 
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 626 
a) Groundwater exclusion using vertical barriers sealed into a low permeability stratum 627 

below the excavation 628 

 629 
b) Horizontal barrier elements of ground treatment used to exclude groundwater from 630 

a tunnel under construction 631 

 632 
c) Vertical barriers used in combination with a low permeability base plug formed by 633 

ground treatment methods 634 
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 635 
d) Shaft construction by the wet caisson method, where water inside the flooded 636 

caisson provides a fluid counter pressure to balance groundwater inflows  637 
 638 

Figure 2: Examples of groundwater control by exclusion (reproduced from Cashman and 639 
Preene, 2021, with permission) 640 
  641 



 Page 21 

 642 
 643 

 644 
a) Range of application of groundwater control pumping methods in granular soils 645 

(from Preene et al., 2016; reproduced courtesy of CIRIA: www.ciria.org) 646 

 647 
b) Tentative economic ranges for groundwater exclusion methods in soils (from Preene 648 

et al., 2016; reproduced courtesy of CIRIA: www.ciria.org) 649 
 650 
Figure 3: Guidance on the range of application of groundwater control methods 651 
  652 

http://www.ciria.org/
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 653 

 654 
 655 

a) High risk of dewatering-related settlement if groundwater level is lowered – soft silty 656 
clay will be underdrained and hence will consolidate 657 

 658 

 659 
b) Low risk of dewatering-related settlement if groundwater level is lowered – soft silty 660 

clay is above the natural groundwater level and will not be affected by groundwater 661 
lowering 662 

 663 
Figure 4: Examples of the impact of hydrogeological setting on risk of settlement due to 664 
lowering of groundwater levels 665 
  666 
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 667 

 
 
Figure 5: Installation of in-tunnel wellpoints in a tunnel heading (constructed by SEM/SCL 
methods) using an electrically driven drilling rig (Image courtesy of WJ Group) 

 668 
  669 
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 670 

 671 
 672 
Figure 6: Plan view of Tideway project drive shaft and adit located 120 m distant to a public 673 
water supply well 674 
  675 
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 676 

 677 
 678 
Figure 7: Ground profile and plot of groundwater levels and dewatering system abstraction 679 
flow 680 
  681 
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 682 

 
 
Figure 8: Groundwater control for tunnels: surface dewatering compared with in-tunnel 
dewatering techniques 

 683 
  684 
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 685 
 686 

 687 
 688 
Figure 9: Compact ejector pumping station for use in shafts or tunnels with inclined ejector 689 
wells installed through a concrete secant pile wall to control external hydrostatic pressures 690 
and base seepage inflow (Image courtesy of WJ Group) 691 
  692 
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 693 

 694 
a) Cross section 695 

 696 
 697 

 698 
b) Plan view 699 

 700 
Figure 10: Layout for in-tunnel dewatering for a cross passage with a water bearing granular 701 
horizon below invert 702 
  703 
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 704 

 705 
Figure 11: Revised range of application of groundwater control pumping methods in granular 706 
soils (updated from guidance in CIRIA Report C750 (Preene et al, 2016) 707 


