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INSTITUTEof HYDROLOGY
The Ins ti tute of Hydrol ogy is a compone nt e sta b lis hment of the UK
Natura l Environme nt Rese arch Co uncil, gra nt-aid ed from Gove rnme nt
b y the Depan me nt of Educa tion and Sc ie nce . For ove r 20 ye ars the
Institu te has b e en a t the fore front of rese arc h e xplora tion of hydr ologica l
systems within comp le te ca tchme nt are as and into the p hysical
p roc esses b y wh ich ra in o r snow is transfor med Into fl ow in rive rs .
Ap plied stud ies , und e rtake n both in the UK and ove rseas , e nsures that
rese arc h activities are close ly re lated to p ractical nee ds and that ne w ly
d eve lope d me thod s and instrume nts are te sted for a wide range of
environme ntal cond itions .
The Ins titute , b ase d at Wallin gford, emp loys 140 sta f , some 100 of who m
are g raduate s . Staff stru cture is multidisc iplinar y invo lving p hysicists ,
geog ra p he rs , g eolog ists, comp uter scie ntis ts , mathe ma ticians , chemis ts ,
e nviro nme ntal sc ientists, soil sc ie ntists a nd botanists . Researc h
d e partments include catchme nt re se a rc h, re mote sens ing .
Instrume ntation, data p rocess ing, mathe matica l mode lling,
hyd rog eo log y hyd roc hemis try soil hyd rolog y, evapo ration fl ux stud ie s,
veg e tation-atmos pheric inte ractions, flood and low-fl ow p re dictions ,
ca tc hme nt res po nse and e ng me e n ng hyd rolog y.
The b udge t of the Institute comp rises £4.5 million p e r year Ab out 50
pe rce nt re late s to re search p rog ram mes fu nd ed dire c tly b y the Natur al
Environme nt Rese arch Coun cil. Exte ns ive comm iss ioned rese arc h is
also car ried out on beha lf of gove rnme nt d e partme nts (bo th UK and
ove rse as ), various intern ational age ncie s, e nvironme ntal orgams ations
and p rivate se ctor c lien ts . The Ins titute is also res pons ible for
nationally arc hived hyd rological data and for pub lis hing annua lly
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Water Level Control Measures

1. INTRODUC TI ON

•
•
•
•
•
•
•
•
•
•
•

A hydrogeological study undertaken by the Institute of Hydrology in October
1989 on the potent ial hydrological impact of the proposed A27 Westhampnett
By-pass, indicated that water levels in Church Farm Pit (Westhampne tt Water
Park) are likely to rise as a result of the proposed construction of an
embankment for the dual carriageway along the southern edge of this pit.
At present there is no satisfactory way of economically disposing of water
from Church Farm Pit without causing potentially adverse eff ects on the River
Lavant, the fl ow in local drains or pits to the south. The vehicle parking area
in the northwestern corner of the pit is at particular risk from fl ooding.
Whilst the predicted increase in water levels from the construction of a
permeable embankment is small, about 02 to 03 m, water levels in recent
years have reached critical levels such that flooding of this area could occur
more frequently or for longer periods as a result of the proposed roadline.
Following a meet ing with the Consultants on 21 November 1989 to discuss the
implications of the conclusions from the hydrogeological study, the Institute of
Hydrology were requested to examine the use of a soakaway connecte d to the
Church Farm Pit as a means of prevent ing the potential impact on water
levels resulting from the roadline.

•
•

2. SOAKA WAYS AS A PREVENTATIVE MEASURE

•
2.1 General

•
•
•
•
•
•
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•
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In the case of the Church Far m Pit, there are practical problems of
transferring water across roadlines or south into Shopwyke North Pit where
there are low level installations. Th e volumes of water involved can also be
relatively large: the natural rate of inflow to Church Farm Pit from rechar ge
derived from the River Lavant has been estimated as 21000 m3/c1 and pumps
have been operated in the past at rates of 10000 m3/d to stabilise water levels
and prevent flooding. Such fl ows would exceed the capacity of local minor
water courses, such as that along the eastern edge of Church Farm Pit, and
could result in fl ooding downstream.
Th e Southern Water Authority and its predecessor have been examining the
problem of rising water levels in the area east of Chichester for more than 20
year s, in particular to protect installations constructed on former working levels
within the Church Farm Pit and in the Sopwyke Nor th Pit immediately to the
south. The rise in regional water levels is thought to be due mainly to the
eff ects of gravel extraction and subsequent infdling, although the problem has
been exacerbated by a period of higher rainfall over the past few years

compared to the early 1970's.
•
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Recently, the National Rivers Authority (NRA) have begun to consider the
transfer of excem water from open pits by pumping or gravity drainage to
soakaways loca ted in adjacent areas of unworked gravels. It is understood that
this met hod of controlling water levels has been used recen tly to dispose of
water from the Shopwyke pits.
By ut ilising aquifer storage, soakaways can off er
pumping directly to water courses or into adjace nt
is usually requir ed when surface fl ows and pit
provide a means of "short-circuiting" the barriers
by the sealing and infi lling of gravel pits.

an attract ive alternative to
pits (particularly as pumping
water levels are high) and
to groun dwater fl ow r anse d

However, the use of soakaways to control pit water levels also has some
disadvantages:

•
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they are less fl exible in terms of water level control if only gravity drainage
is used
they may cause an unacceptable rise in gyoundwater levels elsewhere, which
may in directly give rise to higher surface water fl ows in local watercourses or
even groundwater fl ooding
the depth to water level and the aquifer properties of the gravels must be
suitable to accept the additional recharge and any overlying clays should be
thin if trenches are used
the rate of acce ptance oft en decreases with time due to clogging from fi ne
material or algal gr owth and may require occasional cleaning
- they could be affected by or prevent fu ture gravel extraction in the
immediate area or downgradient of the soakaway
the transfer of water from one drainage system to another is also
considered undesirable by SWA
- they may result in pollution of the aquifer.
Th e use, location and design of soakaways therefore needs to be carefully
planne d at both the local and more regional scale. These aspects could be
investigated in advance by the application of groundwater models.

•
•
•

The owners of the installations in Church Farm Pit could actually benefi t by
including a soakaway in the roadline proposals to dispose of water from this
pit. H owever, this preliminary appraisal has concentr ated mainly on the use of
a soakaway to prevent an unacceptable rise in water levels in Church Farm
Pit resulting from the roadline construction.

•

22 Soakaway Trench

•

Th e preliminary design of the new by-pass includes a soakaway trench on the
southern side of the road some 400m east of Church Farm Pit be tween about
chainages 1100m and 1250m. Th is will be used to dispose of run-off fro m the
road surface between the Tarmac and Maudlin roundabouts. The use of this
soak away to assist in controlling water levels in Church Farm Pit has been
considered in this report.
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The preliminary design of the ni n-off trench is base d on a rainfall intensity of

•
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21.8 mm/h for one hour and a road surface area of 6.7 ha. The trench will
be trapezoidal in section with a depth of 2m, a width of 7.5m at the top and
3.5m at the base, and a length of 133m. The trench will be open an d have a
volume of about 1500m3. It will be situated in a low topo graphic area near
the sout heastern corner of the infi lled Dairy Lane (Coach Road) Pit. Th e top
of the trench will be at about 14.5m OD and the base at 12.5m OD.

•
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Th e ground level at the site of the soakaway trench is lower than the highest
recorded water levels in Church Farm Pit, which could allow gravity drainage
to the soakaway. The gravel deposits have not bee n worked in or to the
south of this par ticular area (whilst there is an application to extr act gravel
from the area immediately south-e ast of this pit as far as Coach Road, this
will not aff ect the area of the proposed soakaway, although it may aggravate
the rise in water levels
r iii—Church Farm Pit).
Th e use and design of the soakaway trench needs to take into account the
following main factors, which are considered in more detail below:

•
•
•
•
•

the
the
the
the
the
the

thickness of su rface clays
elevations of the intake and soakaway
rate of infl ow into the pit and f uture water levels
capacity of the pipe
dimensions of the so akaway
acceptance rate of the gr avels.

The more regional aspects have not been examined at this design stage.

•
23 G round Conditions
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Several trial pits and two boreholes have been drilled in the area of the
,... soakaway. These include W A 11 and 12, W C 3 and 4, and BH 5 and 6.
j BH 5 was drilled to a depth of 10m (6.16m OD). This enco untered sandy to
very silty clay to 3.0m (13.16m OD) and Valley Gravels from 3 to at least
10m. W A 11 and 12, which are at or close to the site of the soakaway,
recorded clay to 13 and 03 m depth overlying Valley Gravels to 2.4 and 33 m,
and Marine Gravels to the pit depths of 35 and 3.8m. The borehole logs
suggest that the London Clay occurs at an elevation of abou t 5m OD beneath
the road line adjacent to the Dairy La ne Pit.

•
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Th e presence of Marine Gravels, which are usually more clayey, at shallow
depth recorded in the trial pits contrasts with the thick se quence of Valley
Gravels recorded at the boreholes. It is possible that a buried valley cut into
the Marine Gravels paqses south or south-east through BH 5. If so, this
would provide a distinct advantage for a soakaway in this area. However, the
sequence at either the boreholes or the trial pits may have been identifi ed
incorrectly.

•
•
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In the area of W 12 a trench 2m deep will be in contact with the Valley
Gravels, which occu r to a depth of 33 m (or more if the Mar ine Gravels have
been ident ifi ed incorrectly). Th e surface clays increase in thickness further west
until at BH5 they excee d the planned depth of the soakaway.

0
•

•
•

Water levels
thickness of
data for the
south easterly

show an annual fl uctuation of about 1 to 2m and the saturate d
gravels above the London Clay is abou t 7 to 8m. Th e borehole
Dairy La ne Pit indica te a hydraulic gradient of about 1:200 in a
direction.

•
•

The water level data for the soakaway are a provide differing values for the
depth to water in this area. The monitoring data from BH5 and 8 H6 suggest
level in
is
13.5m OD (2.3

seas onal low.
Th e thickness of the unsaturated zone below the likely pipe entry level in the
soakaway is small an d restricts the amount of available aquifer storage. This
will need to be off set by a high transmissivity to ensure that the soakaway
can cope with the likely infl ows.
Permeability tests have been carr ied out at depths of 15 and 3.0m at BH5
within the surface d ay deposits. Despite the clayey sequence, falling head tests
could not be performed due to the high acce ptance rate and consta nt hea d
tests were used with an assumed head of 0.1m. A volume of 1.125 m3 was.
accepted in about 2.5 minutes (0.073 m3/s). Th e tests at both depths gave a
permeability value of 15500 m/d, which is so exceptionally high for the
sequence that the test results must be considered as doubtful , even though the
acceptance rate was high.
In contrast, pumping tests at the Pulverisation Plant site gave a permeability
value of 180 m/d. This is much more consistent with sand and gravel deposits,
which typically have permeabilities of between 10 and 300 m/d. Th is would
suggest a tr ansmissivity of about 1500 m2/d for the aquifer thickness at BH5
and a natural groundwater fl ow of about 1000 m3/d over a width of 130m
(the length of the soakaway trench) with a gr adient of 1:200.
The contrasting permeabilities derived from the constant head tests and the
available pumping test results su ggest that fu rther tests should be undertaken
to check the results of the constant head tests.

2.4 Volume and Discharge Rate
A permeable embankment will reduce the pit storage by about 45000 to
65000m3 for the present seasonal range in water levels of about 13 to 15m
O D, respectively. Whilst this represents a loss in total storage of only 4% , the
embankment could increase the rate of water level rise by 10 to 15%
(assuming an annual rise of 2m) and increase the seasonal maximum water
level elevation by 0.2 to 03 m. Th e rate at which water needs to be removed
to avoid this increase is at least abou t 2000 to 3000 m3/d.
Without some form of control on the pipe intake leading to the soakaway,
more water will be removed than would be required to off set the eff ects of
an embankment. This, however, would benefi t local interests.
Th e critical elevation for water level control will depend on a variety of
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factors, such as the elevation of the drains and vehicle park apron in the
north-west area or to meet the needs of local users of the water park.
Disn iesions with local interests are required to determine an acceptable water
level. However, direct fl ooding of the car park area could occur if water levels
exceed about 15m OD and this has been adopted for this preliminary
assessment. No discharge would take place (unless pumped) when water levels
are less than 15m OD but a lower elevation may be desirable for other
reasons and, in addition, no account is taken of any future regional rise in
water levels.
Water levels will rise more quickly than in the past due to the loss in storage
volume. The rate at which water would have to be removed once the
elevation of the intake is reached would have to be greater to maintain water
levels at this elevation. Without a form of contr ol the discharge rate would
depend mainly on the pipeline capacity.
When the water level reaches the intake level, water would be continuously
discharged to the soakaway wil ess the rate of discharge is controlled. If
uncontrolled, the discharge could then exceed the acceptance rate of the
soakaway and cause fl ooding in the soakaway area as the ground level at the
soakaway is about 14.5m.
The highest water level observed was about 153 m in May 1987. This
represents a volume of about 105000 m3 above an elevation of 15m OD. Pit
water level records indicate that the initial rise in water level at the start of
the winter takes place at about 0.1 m/d, or 21000 m3/d. Hence, without a
controlled discharge, this volume of infl ow becomes more important than the
increase in the volume caused by the roadline if water levels are to be
prevented from exceeding the critical level. A s there would be no eff ect of the
pipeline until an elevation of 15m was reached, the discharge requir ed would
also have to remove a further 3000 m3/d to prevent a rise to 15.8m OD,
which is also about the lowest ground elevation of the sides of the pit

•
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A correspondingly greater volume would be removed with an intake set at a
lower elevation than 15m OD, although a constraint would be the discharge
level into the soakaway. The minimum intake elevation would be about 13.5m
OD.
Since an uncontrolled, gravity fed scheme would remove a greater quantity of
water than is required to prevent the additional rise in water level caused by
the embankment and even lead to flooding in the area of the soakaway, a
means of controlling the discharge would need to be installed to ameliorate
only the eff ects of the embankment. Whilst a sluice gate or other means of
discharge control could be incorporated, there may be some practical diffi culties
in operating the control device over a long period. A n automatic method of
control could be a way of overcoming such diffi culties.

•
•

•
•

•
•

The volume of water to be removed and whether this shoul d be a controlled
amount needs to be examined in more detail as this involves local interests,
more regional considerations, as well as the design of the soakaway itself.
For preliminary design purposes, the abil ity of the proposed run- off soakaway
to accept three alternative discharge rates has been examined:

0
•

•

(a) a rate of 3000 m3/d, related to the potential impact of the roadline
only

•

(b) a rate of 10000 m3/d, being the rate of pumping that is believed to have
been required to stabilise water levels in the past (probably aft er the fi rst,
main rise in water levels has taken place)

•
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(c) a ra te of 25000 m3/d, being that needed to reduce the rate of wate r
level rise during the initial, main recharge event if water levels during this
time rise above 15m OD and to offset the eff ects of the roadline.
Th e discharge level at the soakaway for m n-off from the road can be set
close to ground level allowing the full storage capacity of the soakaway to be
used. However, the outlet level of the pipe from the pit would have to be set
at least 0.5m bgl, or about 14m OD, to provide a suffi cient gradien t for the
pipe. This reduces the eff ective storage volume for controlling water levels to
1000 m3 and reduce s the total infiltration area of the soakaway trench for pit
water level control to about 900m2.
Discharge from the pit and run-off from the road surface into the soakaway
are likely to occur at the same time. For example, a pit water discharge of
3000 m3/d would, without a similar rate of infi ltration, utilise the so ak away
storage below the pipe outlet within 8 hours and reduce th e ability to accept
run-off from the road to a volume of 500m3, or only 20 minutes. Similarly, if
run- off has utilised the soakaway storage prior to water levels reaching the
intake elevation then flooding of the soakaway could occu r or prevent the
control of pit water levels.
It is not possible at this stage to examine the various combinations of run -off
and fl ows from the pit in relation to the so akaway design or whether it may
be desirable to use separate soakaways. This would need to be considered at a
more detailed design stage and will require more detailed information than is
presently available on aspects such as rainfall intensity and return periods, pit
water level changes in response to rainfall and river rechar ge, and the aquifer
conditions.
As a preliminary estimate for design purposes, it has been assumed that the
intake would be at an elevat ion of 15m OD in the southeastern corner of the
Church Farm Pit. The distance to the western end of the planned soakaway
would be abou t 375m and the head diff erence would be about lm. A water
level of 12m OD, or 2.5m bgl, has been assumed: this is only about 05 m
below the base of the soakaway.

•
3. ACCEP TANCE RATE

•

3.1 Discharge rate of 3000 m3/d

•

A pipe diameter of 9 inches would be required to remove the minimum
quant ity of pit water of 3000 m3/d (125 m3/h) nece ssary to off set the
emplacement of a permeable embankment with a head diff erence of l m. The
pipe velocity would be about 0.75m1s. Without infi ltrat ion • the soakaway could

•
0

•
•
•
•

accommodate 8 hours of fl ow from the pit at this rate.

•

In the following calculations a square basin with sides of 20m has been used
for simplicity to examine the ability of the soakaway to accept an infl ow rate
of 3000 m3/d, or 7.5rn/d infi ltration rate, assuming a T of 1500 m2d, a specifi c
yield of 0.15 and a retention time of 8 hours, or 03 3 days.

•
•

Using n = L/ K 4T t/S) = 201F x1500x03 3/0.15) = 0.17
•
•

The head increase at the edge of the basin x/L = 03 and from plots of x/L
against hS/Wt for values of n, then hS/Wt = 0.05 and the head increase at
x/L is:

•
h = (hS/Wt)Wt/S = 0.05x7.5x0.33/0.15 = 0.82m
•
•
•
•
•
•
•

With these conditions the water level elevation below the edge of the basin
would be 12.8m, or 0.3m above the base of the soakaway. The diff erence
between the pipe inlet level and the rest water level is 2m. This indicates that
the maximum acceptance rate using the above equations would be 182 m/d,
or 7300 m3/d and that with an input rate of 73 m/d it would take 02 days
before the water level rose by 2m.
Conversely if the water table is to be kept lower than the base of the basin,
then the rise in water level would need to be limited to 03 m with an
assumed water table elevati on of 12.0m OD. In this case the acceptance rate
would have to be reduced to 43m/d, or 1800 m3/d. The shallow water levels
limit the use of soakaways by restricting the amount of avai lable storage. This
has to be offset by a high transmissivity.

•
•
•
•
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These estimates are based on the permeability value derived from the pumping
test at the Pulverisation Plant, which, whilst consistent with the type of
deposits, is considerably less than the permeabili ty values obtained from the
constant head tests. Th e total infi ltrati on area of the proposed soakaway
trench is also about 900m2 compared to the area of 4001112 used in the above
calculations, which represents only the fl oor ar ea of the soakaway. Hence, even
with rather conservative values, the proposed soakaway trench should be
capable of removing the rise in water level resulting from the embankment
construction. Th e rate of acceptance would, however, decrease with time due
to clogging, perhaps by as much as 50%.

•
3.2 Discharge Rates of 10000 and 25000 m3/d
•
•
•

A pipeline diameter of 12 inches could accommodate a fl ow of 10000 m3/d
with a head diff erence of l m. The pipe velocity would be about 1m/s.
However, unless the permeabilit ies are really as high as indicated from the
constant head tests, the above estimates indicate that the acceptance rate of
the proposed soakaway would not be capable of removing this discharge rate.

•
•

The diameter of the pipeline required to remove 25000 m3/d would be
excessive and the acceptance rate of the proposed soakaway would not be
suffi cient to cope wi th this high discharge rate.

•
The storage volume of the soakaway would be fully utilised within 2.5 hours
•

•
•
•

at 10000 m3/d and within 1 hour at 25000 m3/d. The inflow may also take
place when ni n-off is occuring into the soakaway from the road itself.
Consequently, the size of the soakaway would have to be considerably
increased to accommodate these discharge rates. Th e area of high
permeabilities was considered from the resu lts of the roadline investigations to
be limited to the south side of the roadline between chainages 700m and
1400m. Even so, the surface clays extend to depths of 2 to 3m in part of
this area which would reduce the availability of sites for a soakaway trench.
However, given the doubts concerning the permeabilty estimates in particular, it
would be advisable to undert ake further investigations before more detailed
designs can be examined.

4. CONCLUSIONS AND RECOMM ENDATIO NS
1. Th is preliminary assessment suggests that one or more soakaways could be
used to prevent or ameliorate the potential impact of the proposed roadline
on water levels in Church Farm Pit.
2. Existing site information indica tes .that, subject to more detailed design, the
soakaway trench proposed for the disposal of run-off from the road could be
used to remove the volume of water resulting from the loss in storage caused
by a permeable embankment. This will require a control on the intake,
ot herwise a much greater volume of wate r will be removed than would be
ne esgary simply to overcome the additional rise in water levels caused by the
roadline and the soakaway trench would be unable to cope with this
additional discharge.
3. Th e use of soakaways to control pit water levels in exce ss of that required
to offset the impact of the proposed roadline would benefi t local interests but
needs to be examined in a more regional planning context, for which
numerical models would be appropriate. However, to undertake a more
deta iled appraisal of the ability of the aquifer to accept higher fl ows or to
prepare alternative soalcaway designs requires further information on the
permeabilities of the gravel deposits, water levels in the area of the proposed
soakaway and on rainfall and pit water level changes.
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