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INSTITUTE of HYDROLOGY

The Ins titute of Hydrology is a compone nt estab lishment of the UK
Natural Environme nt Rese arch Council, g rant-aide d from Gove rnme nt

by the Depar tme nt of Educa tion and Science For ove r 20 ye ars the
Institu te has be e n at the fore front of resea rch e xplora tion of hydrolog ica l

systems within complete ca tchment areas and into the physical
p rocesse s by which rain or snow is transformed in to fl ow in rivers .

Applie d stud ies, undertake n both in the UK a nd ove rse as , e nsures tha t
rese arch activities are close ly re lated to prac tical ne eds and that new ly

d eve lop ed me thods and instru me nts are tested for a wide range of
environmental cond itions.

The Institute , ba se d at Wallingford , e mp loys 140 sta ff , some 100 of whom
are gradua tes. Staff structure is multid isciplinary involving physicists ,

geog raphe rs , geolog ists, computer scie ntists , mathe maticians , che mis ts ,
e nvironme ntal sc ientis ts, soil sc ie ntists and bo tanis ts Research

de pa rtments includ e ca tchrne nt research, re mote se nsing .
Instrume ntation, data p rocessing, mathe matica l mod e lling,

hydrogeolog y hydroche mis try soil hydrology, evaporation fl ux stud ie s.
ve ge tation-atmospheric inte rac tions, fl ood and low-fl ow pred ictions ,

ca tchme nt re sponse and e nginee ring hydrology

The budge t of the Ins titute comp rise s £4 5 million pe r year About 50
perce nt re late s to re search p rog rammes fund ed d ire ctly by the Natural

Environm e nt Rese arch Counc il Exte ns ive co mmissioned re search is
also car ried out on be half of gove rnme nt de part me nts (both UK and

ove rse as), various international agencies, e nvironm e nta l organisations
and private se ctor c lients . The Ins titute is also re sponsible for

nationa lly a rchived hyd rologica l data and for pub lis hing annually
HYDROLOGICAL DATA: UNITED KINGDO M.
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• A27 WESTHA MPNETT BY-PASS, CHICHESTER.

•
HY DROGEOLOGI CAL ST UD Y.

•
Note on Soakaways to Control Water Levels and on the Hydrological Impact

of an A lternative Route.

•

• I . INT RODUCTI ON

A hydrogeological study undertaken by the Institute of Hydrology in October

•
1989 on the potential hydrolo cal impact of the proposed A 27 Westhampnett
By-pass, indicated that water levels in Church Farm Pit (Westhampnett Water

•
Park) are likely to rise as a result of the proposed construction of an
embankment for the dual carr iageway along the southern edge of this pit .

• A t present ' there is no satisfactory way of economically disposing of water

•
from Church Farm Pit without causing potential ly 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 0.2 to 0.3rn, winter water levels now
reach critical levels such that fl ooding of this area is more l ikely to occur as

•
a result of the proposed roadline.

•
Following a meeting on 21 November 1989 with the Consultants to discuss the
implications of the conclusions from the hydrogeological study, the Insti tute of

•
Hydrology were requested to examine the following proposals:

•
- the use of a soakaway connected to the Church Farm Pit as a means

of preventing the potential impact on water levels resulting from the roadline

•
- the potential impact on water levels of an al ternat ive course for the

roadline.

• This note has been prepared as a preliminary assessment of these proposals

•
before discussions are held wi th the National Rivers A uthority, Southern
Region, regarding the hydrological impact of the roadline.

•

2. SOA KA WAYS A S A PREVENTATI VE MEA SURE

•

• 2.1 General

•
I n the case of the Church Farm Pit, there are practical problems of
transferring water across roadlines or south into Shopwyke North Pit where

•
there are low level instal lations. The volumes of water involved can also be
relatively large: the natu ral rate of infl ow to Church Farm Pit from recharge

•
derived from the River Lavant has been estimated  as  21000 m3/d and pumps
have been operated in the past at rates of 10000 m3/d to stabil ise water

• levels and prevent flooding. Such fl ows would  ei ceed  the capacity of local
minor water courses, such as that along the eastern edge of Church Farm Pi t,

• and potentially result in surface water fl ooding downstream.

•
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The 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
years, in par ticular to protect instal lations constructed on former working levels

•
within the Church Farm Pit and in the Sopwyke North 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 infi lling,  al though the  problem  has
been exacerbated by a period of higher rainfall over the past few years

•
compared to the early 1970's.

Recently, the NRA have begun to consider the transfer of excess Water from
• open pits by pumping or gravity drainage to soakaways located in adjacent

areas of unworked gravels. is method of controlling water levels has
•

Thapparently been applied recently with some success to dispose of excess water

from the Shopwyke pits. By making use of aquifer storage, soakaways off er an
• attr active alternative to pumping directly to water courses or into adjacent pits,

par ticularly since pumping is usually required when surface flows and pit water
• levels are high, and provide a means of "short-circuiting" the barriers to

groundwater fl ow caused by the sealing and infi lling of gravel pits.
•

However, there are also some disadvantages in using soakaways to control pit
• water levels:

• - they are less flexible in terms of water level control if only gravity drainage

•
is used

- they may cause an unacceptable rise in groundwater levels elsewhere, which

•
may indirectly 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 acceptance oft en decreases with time due to clogging from fine

•
material or algal growth and may require occasional cleaning

- they could be aff ected by or prevent future 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 pollut ion of the aquifer.

The use, location and design of soakaways therefore needs to be carefully

.111
planned at both the local and more regional scale.

2.2 Soakaway Trench

The 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 between about
chainages 1100 and 1250m. This will be used to dispose of rainfal l run-off
along the by-pass between the Tarmac and Maudlin roundabouts. The use of
this soakaway to assist in controlling water levels in Church Farm Pit has

•
been considered in this report.

•
The prel iminary design of the nm-off trench is based on a rainfall intensity of
21.8 mm/h 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

•
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base, and a length of 133m. The trench m il be open and have a volume of
about 1500m3. It will be situated in a low topographic area near the
southeastern corner of the infilled Dairy Lane (Coach Road) Pit. The top of
the trench will be at about 145 m OD and the base at 123 m OD.

The 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 been worked in or to the
south of this particular area (whilst there is an application to extract gravel
from the area immediately south-east of this pit as far as Coach Road, this
will not affect the area of the proposed soakaway, although it may aggravate
the rise in water levels in Church Farm Pit).

The use and design of the soakaway trench needs to take into account the
following main factors, which are considered in more detail below:

- the thickness of surface d ays
- the elevations of the intake and soakaway
- the rate of inflow into the pit and future water
- the capacity of the pipe
- the dimensions of the soakaway
- the acceptance rate of the gravels.

2.3 Ground Conditions

4

levels

At this stage the wider regional aspects have not been examined. The owners
of the installations in Church Farm Pit would be likely to benefi t by including
a soakaway in the roadline proposals to dispose of water from this pit.
However, the soakaway may only be required to prevent an unacceptable rise
in water levels in Church Farm Pit resulting from the roadline construction.

Several trial pits and two boreholes have been drilled in ihe area of the
soakaway. These include TP A 11 and 12, TPC 3 and 4, and BH 5 and 6.

131-I 5 was drilled to a depth of 10m (6.16m OD). This encountered sandy to
very silty clay to 3.0m (13.16m OD) and Valley Gravels from 3 to at least
l Orn. TPA 11 and 12, which are at or close to the site of the soakaway,
recorded clay to 13 and 0.3m depth . overlying Valley Gravels to 2.4 and 3.3m,
and Marine Gravels to the pit depths of 3.5 and 3.8m. Th e borehole logs
suggest tha t the London Clay occurs at an elevation of about 5m OD beneath
the road line adjacent to the Dairy La ne Pit.

The presence of Marine Gravels, which are usually more clayey, at shallow
depth recorded in the trial pits contrasts with the thick sequence of Valley
Gri vels recorded at the boreholes. It is possible that a buried valley cut into
the Marine Gravels passes south or south-east thr ough 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.

In the area of TP 12 a trench 2m deep will be in contact with the Valley
Gravels, which occur to a depth of 3.3m (or more if the Marine Gravels have
been identifi ed incorrectly). The surface clays increase in thickness further west



until at BH5 they  exceed  the planned depth of the soakaway.

Water levels occur at a depth of abou t 33 m in winter (Feb 1987) and show
an annual fl uctuation of abou t 1 to 2m. Th e satur ated thickness of gravels
above the Lo ndon Clay is abou t 7 to 8m. Earlier boreho le data for the
Dairy Lane Pit indicates a hydraulic gradient of about 1:200 in a sou theasterly
direction.

Permeability tests have been car ried out at depths of 1.5 an d 3.0m at 8 H5
within the surface clay deposits. Despite the clayey sequence, falling head tests
could no t be performed due to the high acceptance rate an d const ant head
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). The tests at both depths gave a
pe rmeability value of 15500 m/d, which is so exceptionally high for the
sequence that the test results must be considered as doubt ful, even though the
acceptance rate was high.

In contrast, pumping tests at the Pu lverisation Plant site gave a permeability
value  of 180  m/d.  Th is  is m uch more consistent with sand and gravel deposits,
which typically would have permeabilit ies of between 10 an d 300 m/d. This
would suggest a T of abou t 1500 m2/d for the aquifer thickness at BH5 and
a natural groundwater fl ow of abou t 1000 m3/d over a width of 130m (the
proposed length of the soakaway trench) with a gr adient of 1:200. Fur ther
tests are required to confi rm the apparently very high permeabilty in the
soakaway area indicated by the constan t head tests.

2.4 Volume and Discharge Rate

A permeable embankment will reduce the pit sto rage by about 45000 to
65000m3 over ' the present seasonal range in water levels of about 13 to 15m
O D respectively. Whilst this represe nts a loss in total storage of only 4%, the
reduction in sto rage could cause an increase in the rate of water level rise by
10 to 15% (assuming an annual rise of 2m) and an overall rise of 0.2 to
03 m. The rate at which water needs to be removed to avoid this increase is
at least about 2000 to 3000 m3/d.

The critical elevation for water level cont rol will depend on a variety of
factors, such as the elevat ion of the drains and vehicle park apron in the
north-west area or to mee t the needs of local users of the water par k.
Discussions with local interests are required to determine an acceptable water
level. However , direct fl ooding of the car park area could occu r if water levels
exceed about 15m OD and this level has been adopted for th is preliminary
ascessment.

Obviously, no discharge would take place (unless pumped) wit h water levels
less than 15m OD. However, a lower elevat ion may be de sirable for other
reasons and, in add ition, no account is taken of any future region al rise in
water levels.

Water levels will rise more qu ickly than in the past due to the loss in sto rage
vo lume. Th e rate at which water would have to be removed once the
elevation of the intake is reached would have to be greater to maint ain water
levels at this elevation. Withou t a form of contro l the discharge rate  wo uld
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depend mainly on the pipeline capacity.

A correspond ingly 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. Th e minimum intake elevation would be about 13.5m
O D.

When the water level reaches the intake level, wate r would be continuously
dischar ged to the so akaway as it would be impractical to cont rol the rate of
dischar ge. If the discharge exceeds the acceptance rate of the soakaway then
fl ood ing of the soakaway area could result as the groun d level at the
soakaway is abou t 14.5m.

It is likely therefore that a gravity fed scheme would actually remove a greater
quant ity of water than is required to prevent the addit ional rise in water level
caused by the embankment and even lead to fl ood ing in the area of the
soakaway. It may therefore be necesgary to install a control valve on the
pipeline as an emergency measure to prevent any such fl ooding.

Th e highest water level observed was abou t 15.5m in May 1987. This
represents a volume of abou t 105000 m3 above an elevation of 15m OD. Pit
water level records indicate that the initial rise in water level at the star t of
the win ter takes place at about 0.1 m/d, or 21000 m3/d. Hence, withou t a
cont rolled discharge, th is volume of inflow becomes more important than the
increase in the volu me caused by the road line if water levels are to be
prevented fr om exceeding the critical level. As there would be no eff ect of the
pipe line until an elevation of 15m was reached, the discharge required would
also have to remove a further 3000 m3/d to prevent a rise to 15.8m OD,
which is also abou t the lowest grou nd elevat ion of the sides of the pit.

For design purposes, th ree alternative discharge rates have been examined :

(a) a rate of 3000 m3/d, relate d 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 after the
first, main rise in water levels has taken place )

(c) a rate of 25000 m3/d, being that needed to reduce the rate of water
level rise during the in itial, mS recharge event if wate r levels during this
time r ise above 15m OD and to offset the eff ects of the roadline.

As a preliminary estimate for design purposes it has been assumed tha t the
int ake would be at an elevation of 15m O D in the southeas tern corner of the
Church Farm Pit. The distance to the western end of the planned soakaway
would be abou t 375m.

The rainfall run-off discharge level into the soakaway ca n be set close to
ground level. This would make use of the full volume of the soakaway (the
dimensions are capable of storing one hour of rainfall n m-off at an intensity
of 21.8mm/h from a paved area of 6.68ha withou t any infi ltr ation through the
soakaway). However, the pipe from the pit would have to be set at leas t 0.5m
below ground  level to overcome a head  loss  of about lm ,  or  at about 14m
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OD.  This reduces the effective storage volume to 1000 m3 for the pit water

•
and the total infi ltration area of the soakaway trench below the pipe entry
level of 14m OD is about 900m2.

• Th e water level data for the soakaway area provide diff ering values for the
depth to water in this area. The monitoring data from BH5 and 8H6 suggest
that the maximum water level in the soakaway area is about 13.5m OD (2.3

• to 3.3m bgl), which is consistent with water level data from the boreholes
drilled in Dairy Lane Pit. Water was struck at a depth of 33 m (11.4m  OD)

• at TPAl 2 in November 1986, when perhaps water levels were close to their
seasonal low. For design purposes we have assumed a water level of 12m  OD,
or 2.5m bgl at the soakaway location. Th is is about 05 m below the base of

• the soakaway and restricts the available aquifer storage.

Since, without a form of control, more water is like ly to be removed than

O
would be required to off set the eff ects of an embankment, the owners of the
installations at Church Farm Pit would benefi t from a soakaway. A shared

•
cost of the soakaway and pipeline would therefore seem justifi ed.

0

O 3. ACCEPTANCE RATE

3.1 Discharge rate of 3000 m3/d

• A pipe diameter of 9 inches would be required to remove the minimum
quantity of pit water of 3000 m3/d (125 m3/h) nececgary to off set the
emplacement of an impermeable embankment with a head diff erence of l m.
The pipe velocity would be about 0.75m/s. Withou t infi ltration the soakaway
could 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 accep t an infl ow rate
of 3000 rn3/d, or 7.5m/d infi ltrat ion rate, assuming a T of 1500 m2d, a
specifi c yield of 0.15 and a retention time of 8 hours, or 0.33 days.

Using n = U (4Tt/S) = 20/ (4x1500x0.33/0.15) = 0.17

The head increase at the edge of the basin x/L = 0.5 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 = 0.05x7.5x03 3/0.15 = 0.82m

With these conditions the water level elevation below the edge of the basin
would be 12.8m, or 03 m above the base of the soakaway. The difference
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 18.2 m/d,
or 7300 m3/d and that with an input rate of 75 m/ d it would take 0.8 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 0.5m with an
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assumed water table elevat ion of 12.0m O D. In this case the acceptance rate
would have to be reduced to 4.5m/d, or 1800 m3/d. The shallow water levels
limit the use of soakaways by restr icting the amount of available storage. Th is
has to be offset by a high transmissivity.

Th ese estimates are based on the pe rmeability value derived from the pumping
test at the Pulverisation Plant, which, whilst consistent with the type of
deposits, is considerably less than the permeability values ob tained fro m the
const ant head tests. Th e total in fi ltrat ion area of the proposed soakaway
trench is also about 1000m2 compared to the area of 400m2 used in the
above calculations which represents only the fl oor area of the so akaway.
Hence, even with rather conservative values, t he proposed soakaway trench
shou ld be capable of removing the rise in water level resulting from the
embankment construction.

The rate of acceptance is likely to decrease with time due to clogging. 'This
may be as much as 50%.

3.2 Discharge Rates of 10000 and 25000 m3/d

A pipe line 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 l m/s.
However , unless the permeabilities are rea lly as high as indicated fro m the
const an t 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 requ ired to remove 25000 m3/d would be
excessive an d the acceptance rate of the proposed so akaway would not be
sufficient to cope with this high discharge rate .

Th e sto rage volu me of the soakaway would be fully utilised within 25 hours
at 10000 m3/d and within 1 hour at 25000 m3/d. The inflow may also take
place when run-off is occuring into the soakaway from the road itself.

Co nsequent ly, the size of the soakaway would have to be considerably
increased to accommodate these discharge rates. The area of high
permeabilities was considered from the results of the roadline investigations to
be limited to the sou th side of the roadline between chainages 700 and
1400m. Even so, the surface d ays extend . to depths of 2 to 3m in par t of
th is area which would reduce the availability of sites for •a soakaway trench.
Alternative methods, such as large diameter wells, may have to be considered.

However, given the doubts concerning the permeabilty estimates in par ticular, it
would be advisable to undertake further invest igations before more detailed
designs can be examined.

4. ALTE RNAT IVE ROAD LINE ROU TE

An alte rnat ive route has been considere d for the causeway are a which
se pa rates Ch urch Farm Pit from Shopwyke North Pit. This includes an
embankment on the sou th side of the causeway into Shopwyke North Pit but
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only int rudes into the southwestern part of Church Farm Pit. The proposed
route is shown in Figure 1.

Th e emban kment const ructed into Church Farm Pit would have a volume of
abou t 12000 m3. This represents a loss of sto rage of under 1%, assuming a
water level of 15m OD and an average bed level of 83 m OD. If the
emb ankme nt is constructed of permeable material with an assumed porosity of
30%, the loss in storage reduces to abou t 03 %. This would have no
discernible eff ect on water levels in Church Farm Pit.

The nor theastern corner of Shopwyke Nor th Pit is presently used as a silt
lagoon. It would seem to be close to being fi lled, although a new bund has
been constructed on its western side which may be in tended partly to provide
add itional storage

A permeable or impermeable embankment on the sou th side of the causeway
wou ld have no significant eff ect on water levels in Shopwyke North Pit or on
the seepage from Church Farm Pit, since the seepage  is  cont rolled by the
made ground and silts on the base and sides of Church Farm Pit, which
would no t be dist urbed, and by the silts and industr ial fi ll  in  Shopwyke North
Pit.

A nother advantage of the more southerly rou te would be the reduced impact
on seepage from Church Farm Pit, which is though t to take place
preferentially from the sou theastern corner of this pit . A planning applica tion
has been submitted to extract gravel from the area immedia tely east of the
northeastern corner of Shopwyke North Pit. Th e northern edge of this new pit
would be close to the sou theastern corner of Church Farm Pit. As th is edge
would possibly be sealed, the seepage taking place in this parti cular area would
be reduced with potential effects on the water levels in Church Farm Pit. If
the roadline is const ructed before the gravel is extracted fro m this area, then
the nor thern boundary of the new pit would have to be moved at least 75m
south. Th is would then still allow seepage to move so utheast into the
undeveloped area east of the lower part of Coach Road an d therefore reduce
the impact on water levels that would otherwise result from the gravel
ext ract ion .

The very  limited eff ects  on water levels in Church Farm Pit of the altern ative
route would not require water level control measures and the costs of
constructing a pipeline to the soakaway.

j le CONCLUSIONS AND RE COMMENDATIO NS

Th e following conclusions are drawn from this brief initial appraisal of the use
of a soakaway to prevent the pre dicted rise in water level resulting from the
proposed rou te of the Westhampnett By-pass and in regard to the potent ial
hydrolorpcal impact of an alternative route.

1. It should be possible to use the proposed rainfall run-off soakaway trench
to rem ove the vo lume of water resu lting from the loss in st orage caused by a
pe rmeable embankment.

9



2. However, due to the practical constraints of controlling the intake of water.
the pipeline and soakaway would inevitably remove far more water than would
be required to simply overcome the additional rise in water levels caused by
the roadline. Th e amount of water involved is likely to exceed the acceptance
rate of the soakaway trench.

3. Due to doubts concerning, in particular, the est imates of permeability of the
gravel deposits and of water levels in the area of the proposed soakaway, a
reliable appraisal of the ability of the aquifer to accept higher flows or to
prep are an alternative preliminary soakaway design is not possible unt il such
information has been obtained. At th is stage, it is considered unlikely that
soakaways off er a practical, economic means of controlling particular ly high
water level condit ions.

4. The use of a soakaway shou ld be examined in a more regional plan ning
context. A numerical mo delling approach would be appropriate .

5. As there would be a benefi t to others if water levels in Church Farm Pit
are cont rolled by a soakaway scheme, the costs of implementing such a
scheme would not necessarily need to be funded solely by DoT.

6. The alternative roadline route would have an insignifi can t eff ect on water
levels and the embankme nt wou ld no t need to be constructe d with permeable
material.
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'11
The d e mand for long-te rm sc ie ntifi c ca p a bilities conc e rning the

1 10  re sources of the land and its fre shwate r s is rising sharp ly as the
powe r of man to cha nge his e nvironm e n t is g rowing, and with

11/ it the sca le of his im pact. Co mprehe ns ive re search facilities
(labo ra tories , fi e ld stud ies, com puter mo d e lling, ins trume ntation,

111 re mote se nsing) a re nee d e d to pro v id e so lutions to the
c ha llenging prob le ms of the mode rn w o rld in its conce rn for

1 111 app rop riate and sympa the tic ma nage me n t of the fragile systems of
the land s surfac e .

The Terres tria l and Freshw ater Sc ie n c es Directorate of the
Natural Environme nt Resea rc h Coun c il b rings toge the r an

e xce p tiona lly wide range of ap p ropriate d isciplines (che mis try,
b iology, e ng inee ring , physics , g eology, g e og rap hy, mathematics

and comp ute r sc ience s) comp ris ing o n e of the world s larg est
bo dies of estab lished e nvironme ntal e x p e rtise . A sta ff of 550.

large ly grad uate and p rofess iona l, from fo ur Institutes a t e leven
labora tories and fi e ld s tations a nd two U n ive rsity units provide

the spe cialise d knowledge and e xpe rie n c e to me e t national and
inte rnationa l need s in three m a jor area s!

Land Use and Na tural Re s o urc es

<I 110 *

al l
Environm e ntal Qua lity and P ollution

*

17. - Ecology and Co nserva t ion
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• FRE SHWA TE R B I O L OG IC A I ASSO C IAT ION

T he R i v er L a bo r a t o r y

• IN ST EP: 1T 0 1 H Y LI R O LO CY

Pl o i l u na r O ffi c e
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• Erlenb o r g h H e s t o n t o ne,

B i i h e , R e s e a r e S m o u n
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Ban g o r Re s e a r c le Mar en
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• IN ST IT I TI E O P V I R OG Y
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