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Session 8/5

Further Notes on Ground Water Lowering by Means 

of Filter Wells

De plus amples détails sur le rabattement de la nappe aquifère au moyen de puits filtrants

by V. H. C o l l i n g r i d g e ,  A .C.G .I., M.I.C.E., and L. F. O f f e r ,  B.Sc ., A .M .I.C .E., Soil Mechanis Ltd., 6 5 A,

Old Church St. London S.W. 3, England

Summary

Some recent major examples of the application of Ground Water 

Lowering to the construction of deep foundations are reviewed, and 

the results, design and layout of the installations considered in rela

tion to the results achieved, with special reference to preliminary 

investigation and sizing analysis.

In troduction

Since 1948 (Glossop and Collingridge) the authors have been 

closely associated with a number o f major applications o f the 

process o f ground water lowering by means o f filter wells, 

among which three examples are thought to be noteworthy not 

only on account o f the magnitude o f the work, but more 

especially on account o f  several interesting aspects which they 

have served to emphasize in the practical application o f ground 

water lowering.

Examples

A t a site in Essex, a system o f deep wells was installed to 

relieve artesian uplift from the bottom  o f the excavation for 

a Cooling Water Pump House, taken down 35 ft. into soft 

impermeable clay 55 ft. thick. Artesian water pressure in the 

gravel gave a head approximately equal to the depth o f  over

burden so that an excavation more than 18 ft. deep was un

stable. A  lowering o f 15 ft. was essential to effect stability at 

the full depth o f  excavation and a lowering o f 20  ft. was con

sidered to provide a safe working margin.

The soil profile revealed by borings suggested an average 

thickness o f gravel o f 25 ft. and sizing analyses indicated a co 

efficient o f  permeability o f K  =  0.06 cm/sec.

The area o f excavation was 250 ft. x  50 ft. but the wells 

were to be set on a rectangle 50 ft. outside the periphery. The

Sommaire

Les auteurs passent en revue plusieurs récents exemples d’appli

cation du rabattement de la nappe aquifère pour la construction des 

fondations en profondeur. Les résultats obtenus sont examinés, spé

cialement sous l’angle de leurs rapports avec le dessin et la dispo

sition des installations, et une attention particulière est accordée 

aux études préparatoires et à l’analyse granulométrique.

yield was calculated from the Dupuit (1863) formula

n k ( H — h )2 M
Q =  — ---------- -------

log , RIA

in which

Q  is the yield o f the well

k  is the coefficient o f permeability o f the ground 

H  the depth from normal water level to the impermeable 

stratum

h the depth from the depressed water table to the impermeable 

layer

R  the range, or distance from the centre o f the area o f depres

sion to points at which no appreciable lowering of the 

water table has occurred 

M  the thickness o f a permeable stratum under artesian pressure 

A the effective radius o f  the wells disposed around an enclosed  

area

a yield o f 1,210  gallons per minute was calculated to achieve 

the required lowering which would require 122  ft. o f immersed 

depth o f 18" diameter wells; minimum requirements were thus 

fixed at 5 wells.

Six wells were installed with a view to applying a full scale 

pumping test, but provision was made for adding six more 

wells to the system if circumstances required.
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Fig. 2 Essex Deep Wells. Developed Section through Wells Showing Strata and Pumps

Diagramme des puits filtrants profonds en Essex montrant les couches du sol et la position des pompes
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Fig. 3 Average Recorded Water Levels

Enregistrement du niveau moyen d’eau dans les puits d’observation pendant les marées du 4 au 5 avril (Essex)

The first six wells provided only 92 ft. o f effective immersion 

and 1,20 0  gallons per minute yield on test, with a lowering o f 

only 15 ft.; from yield and capacity o f the wells it was con

cluded that the mean permeability was o f the order o f 0 .12 

cm/sec or twice that which had been anticipated.

Five more wells were installed while the depth o f excavation  

was within the safe limit allowed by the lowering o f the artesian 

head by the first six wells; safe conditions at full depth o f  

excavation were maintained by nine wells pumping. A  con

stant check on the reduced artesian head was kept at every 

six hours and all relevant information was recorded on the 

chart which is reproduced in Fig. 1. This form o f record has 

now been adopted by the authors as a standard method since 

it combines the essential physical features o f soil profile and 

ground water conditions outside and inside the influence o f  the 

pumped wells, with a chart o f construction procedure and a 

simple diagram showing conditions o f  equilibrium and o f safe

working. The discharge diagram and record o f pumps working 

are kept on the same sheet thus combining all essential in

formation.

From this account it will be appreciated that the most ela

borate sizing analysis and laboratory permeameter tests would 

not in this instance have enabled a very much closer estimate 

o f requirements to be arrived at, nor would pumping tests on  

one or two wells have proved any more reliable on account o f  

the extremely variable nature o f the ground and o f the thick

ness o f  the water bearing deposits as shown in Fig. 2.

Such conditions are usual rather than exceptional and in 

laying out a water-lowering system o f any magnitude, it is 

usually found best to instal the minimum anticipated require

ments making provision for at least 100% expansion. Full scale 

pumping tests will then reveal the true performance o f the 

system and any additions can usually be made during pre

liminary stages o f construction work if found necessary (Fig. 3).
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Fig. 4 Norfolk Shallow Wells. Developed Section

Diagramme des puits filtrants aspirants en Norfolk
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Fig. 5 Ground Water Lowering for 

an Excavation in Norfolk  

Rabattement de la nappe aqui- 

fère autour d’une excavation 

en Norfolk

In two more recent instances in Norfolk and Hampshire 

essèntial features were early and assured success o f  water 

lowering installations required to reduce standing water level 

for large scale excavation and concrete construction in the dry.

A t the N orfolk site, the N orwich Crag consists o f  inter

calated beds o f sand, gravel, partially cemented sandstone and 

laminated clay shown in Fig. 4.

Sizing curves from preliminary trial holes indicated permea-

Enregistrement du niveau moyen d’eau dans des puis d’obser- 

vation en Norfolk

bility o f 0 .02-0.06 cm/sec, but laboratory permeameter tests on 

samples from the site showed much lower permeability at 0 .01 

cm/sec.

A  ring o f 31 shallow wells 18" diameter was formed and brought 

into use in groups progressing as installations proceeded as 

shown in Fig. 5. The depression o f the water table was slower 

than anticipated due in principal to the minute stratifications 

o f the sand and silt in the body o f  the laminated clay. This 

effect can be appreciated by reference to Fig. 6 , a photograph  

o f a sample taken from a nearby site showing the structure o f  

the soil preserved.

Construction requirements demanded accelerated lowering  

after 10  weeks pumping, and the speed o f the pumps was in

creased by 10 %; the increased yield and consequent additional 

drawdown showed an appreciable effect on the general rate o f  

drainage.

A drawdown o f 21 ft. 9 in. was maintained while pumping 

steadily at 350 gallons/minute (Fig. 7) from which the Dupuit 

formula gives a value o f  mean permeability o f 0.023 cm/sec, 

if the depth to the base o f the wells, 33.25 ft. is used for H, as 

a first approximation.

Fig. 6 Typical Sample o f  Laminated Clay

Echantillon de sable et d’argile lamellae
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Fig. 8 Hampshire Deep Wells. Developed Section

Diagramme des puits filtrants profonds en Hampshire montrant les couches du sol et les positions des filtres et des pompes

It is seen that the mean permeability o f the ground as 

measured in the only effective way, by lowering the water table 

over the whole area, is found to be substantially lower in this 

case than the initially assumed value; this is a reversal o f the 

experience gained in the Essex example.

A t the site in Hampshire, the Bracklesham beds consist o f  

som e 60 ft. o f medium-fine sand with numerous layers o f lignite 

and clay in the upper 10 to 15 ft., and are covered with 20 ft. 

o f sand and gravel as shown in Fig. 8 . Firm clay lies below the 

sand o f the Bracklesham beds at a depth o f about 80 ft.

The water table at a depth o f 8 ft. in the sand and gravel had 

to be lowered for construction purposes by 50 ft.

A  permeability o f  0.1 to 0.2 cm/sec was estimated for the 

sand and gravel and o f 0.002 cm/sec for the upper part o f the 

sand and 0.01 cm/sec for the lower. These were based on the 

mechanical analyses o f  samples from the preliminary borings 

with due allowance for the fairly dense natural packing. 

Laboratory permeameter tests on undisturbed samples gave 

confirmatory mean values o f 0.004 and 0.014 cm/sec for the 

upper and lower sand.

Site conditions demanded as small a ring o f wells as could  

reasonably be arranged, and to this end the ring main was laid 

in a trench excavated to the base o f the gravel which was 

drained by a sump at each comer.

Fig. 9 Ground Water Lowering 

for an Excavation in 

Hampshire

Rabattement de la nappe 

aquifère autour d’une ex

cavation en Hampshire
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The 21 deep wells o f 24" diameter were drilled from ground 

level and were connected by ring mains, when the excavation 

to the base o f  the gravel had been completed.

When the deep wells were brought into comm ission the 

quantity o f water entering the sumps from the overlying gravel 

diminished steadily from 100  gallons/minute to zero over a 

period o f 10  weeks.

Pumping a total yield o f 1,250 gallons/minute from 20 wells, 

a lowering o f 50 ft. was obtained which provided a safe margin

Fig. 10 Hampshire Deep Wells. Average Recorded Water Levels

Enregistrement du niveau moyen d’eau dans les puits d’obser

vation en Hampshire

below minimum construction requirements. The value o f the 

mean permeability o f the ground derived by the Dupuit formula 

from the water-lowering operation is 0.017 cm/sec, giving close 

agreement with the preliminary assumptions.

In conclusion, the three examples described briefly above 

show that in the application o f the ground water lowering pro

cess, close agreement between preliminary estimate o f per

formance and the actual result cannot be expected owing to  

the vagaries o f the medium in which the work is carried out.

Economy in installation and operation can be achieved by 

installing wells for the minimum probable requirement but 

allowing for expansion o f the system to deal with the maximum  

which can reasonably be anticipated.
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