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ABSTRACT 

Long standing s a l i n e  i n t r u s i o n  and connate s a l i n e  groundwater problems are 

being s tud ied  i n  the P e r m  T r i a s s i c  aquifers o f  North West England. 

d i s c i p l i n a r y  study i s  be ing c a r r i e d  o u t  t o  prov ide data f o r  the evaluat ion o f  

aqui fer  management opt ions f o r  t he  p r o t e c t i o n  o f  valuable water resources. 

pumped discharges are being examined i n  conjunct ion w i t h  isotope data. 

l ogg ing  and deep pene t ra t i on  sur face r e s i s t i v i t y  techniques are he lp ing  t o  

de l i nea te  s a l i n e  water bodies. 

p rov id ing  i n fo rma t ion  on a q u i f e r  p roper t i es  and s a l i n e  water movement. 

This m u l t i -  

Major and minor i o n  chemistry determined from pore waters depth samples and 

Geophysical 

Packer t e s t s  down t o  depths o f  400 metres are 

INTRODUCTION 

Arenaceous rocks o f  Permo-Triassic age form the major a q u i f e r  i n  North West 

England and are the p r i n c i p a l  source of groundwater w i t h i n  the reg ion ( r e f .  1 ) .  

Groundwater development s t a r t e d  i n  the e a r l y  1800's i n  and around the i n d u s t r i a l  

centres of L iverpool  and Manchester. I n i t i a l l y  development was concentrated along 

the  banks o f  the t i d a l  R ive r  Mersey and s a l i n e  i n t r u s i o n  was observed by 1850 

( r e f .  2 ) .  Inland, away from the t i d a l  r i v e r ,  connate s a l i n e  waters have been 

found thus adding t o  the problems o f  resource development. 

Piecemeal development continued u n t i l  1963 when l e g i s l a t i o n  was passed which 

brought development under c o n t r o l  ( r e f .  3) .  An a q u i f e r  management p o l i c y  

( r e f .  4 )  was formulated t o  con t ro l  gross over pumping and b r i n g  i t  i n t o  balance 

w i t h  recharge. Despite reduct ions i n  pumping, s a l i n i t y  values have continued t o  

r i s e  and some 40% o f  the a q u i f e r  area i s  now a f fec ted  ( f i g .  1 ) .  

on a f i v e  year programme o f  i n v e s t i g a t i o n  designed t o  prov ide the in format ion 

requ i red  t o  review the a q u i f e r  management p o l i c y  and in t roduce measures t o  

con t ro l  contamination. The paper discusses the various methods and techniques 

being used i n  the study. 

I n  1978 the A u t h o r i t y  i n  conjunct ion w i t h  the U n i v e r s i t y  o f  Birmingham embarked 
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Well discharge water 
concentration greater 
than 100 mgl-' CI. 

Fig.  1 Locat ion o f  Study Area and e x t e n t  o f  Sa l i ne  Groundwater Problems 

GEOLOGY 

As a thorough understanding o f  the geology i s  an essen t ia l  p r e - r e q u i s i t e  o f  

The study area covers the nor thern p a r t  o f  the 

any hydrogeological i n v e s t i g a t i o n  a l l  r e levan t  aspects o f  the geology i n  the  

study area have been examined. 

Cheshire Basin (ref. 5)  which was formed t e c t o n i c a l l y  i n  post  Westphalian times 

and re fo lded  i n  T e r t i a r y  t imes a f t e r  i t  had been f i l l e d  w i t h  Permian and T r i a s s i c  

s e d i m n t s  o f  a l a r g e l y  con t inen ta l  o r i g i n .  Sandstone and rnudstone o f  Permian 

age form the base o f  the sequence over  most o f  the area ( r e f .  6 ) .  

Sherwood Sandstone Group ( r e f .  7), which a t t a i n s  a thickness o f  500m i n  places, 

forms the major aqu i fe r ,  and Merc ia  Mudstones occupy the centre o f  the bas in 

t o  the south o f  the study area. The a q u i f e r  has a reg ional  d i p  t o  the south 

and i s  a f f e c t e d  by normal f a u l t i n g  t rend ing  n o r t h  t o  n o r t h  west w i t h  subordinate 

eas t  west f a u l t s .  

bbreholes d r i l l e d  i n  the l a s t  4 years has helped t o  resolve many o f  the 

s t r u c t u r a l  features w i t h i n  the sandstone thus p rov id ing  a d e t a i l e d  p i c t u r e  o f  

a q u i f e r  geometry ( r e f .  8). W h i l s t  the a q u i f e r  i s ,  i n  places, exposed a t  sur face 

much o f  the outcrop area i s  covered w i t h  a wide range o f  g l a c i a l  and pos t -g lac ia l  

deposits ( r e f .  9). A comprehensive study o f  a l l  borehole data has been used 

p l o t  t he  d i s t r i b u t i o n  o f  s u p e r f i c i a l  deposits and assessed t h e i r  i n f l uence  upon 

the ra tes  o f  r a i n f a l l  recharge. 

The o v e r l y i n g  

In format ion prov ided by some 20 f u l l y  pene t ra t i ng  mineral e x p l o r a t i o n  
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AQUIFER CHARACTERISTICS 

F i e l d  and labo ra to ry  methods are being employed t o  evaluate a q u i f e r  p roper t i es  

both t o  assess t h e i r  i n f l uence  on s a l i n e  water movement and f u l f i l  numerical 

model l ing data requirements. 

Pumping Tests 

Constant r a t e  and stepped drawdown pumping t e s t s  are being c a r r i e d  o u t  a t  

pumping s t a t i o n  s i t e s  w i t h  observat ion boreholes t o  e s t a b l i s h  bu lk  pe rmeab i l i t y  

and evaluate o v e r a l l  a q u i f e r  behaviour. 

using r a d i a l  f l ow  model l ing techniques ( r e f .  10) and r e s u l t s  so f a r  i n d i c a t e  

an average bu lk  pe rmeab i l i t y  o f  2.5 m/d. 

Laboratory Tests 

w i t h  a gas permeameter ( r e f .  11). 

are being measured on samples o f  each l i t h o f a c i e s  present  i n  the sequence ( r e f .  12). 

P re l im ina ry  f i n d i n g s  suggest average ho r i zon ta l  pe rmeab i l i t i es  o f  0.7 m/d w i t h  

an average anisot ropy r a t i o  o f  about 1:5 b u t  reaching 1:lOO i n  extreme cases. 

Packer Test ing 

packer t e s t i n g  i s  be ing used t o  examine the i n f l uence  o f  f i ssu r ing .  During 

cons t ruc t i on  o f  a borehole (100m x 1lOmm) a t  Kenyon Junction (Fig. 2) water 

i n j e c t i o n  t e s t s  were c a r r i e d  ou t  every 10m. using a s ing le  packer t o  i s o l a t e  

2m. sections. Fol lowing d r i l l i n g ,  c a l i p e r  and closed c i r c u i t  t e l e v i s i o n  logging 

revealed a number o f  f i s s u r e s  most o f  which were sub-horizontal and f l ow  logging 

i n d i c a t e d  a downward movement w i t h i n  the hole. 

Data from the  t e s t s  i s  being examined 

The pe rmeab i l i t i es  o f  small plugs o f  un f i ssu red  core mater ia l  are measured 

Both v e r t i c a l  and ho r i zon ta l  pe rmeab i l i t y  

As the re  are obvious d i f f e rences  between labo ra to ry  and f i e l d  pe rmeab i l i t i es  

I n j e c t i o n  t e s t s  us ing double packers ( r e f .  13) have been c a r r i e d  o u t  over 

the f u l l  depth o f  the borehole. 

used w i t h  a depth increment of 2.85 metres. 

shown on f i g .  2 ( r e f .  14) which suggests t h a t  85% o f  the t r a n s m i s s i v i t y  value 

(90m2/d) could be a t t r i b u t a b l e  t o  f i s s u r e  f low. 

o the r  s i t e s  are confirming the importance o f  f i s s u r e  f l ow  and examining 

pe rmeab i l i t y  v a r i a t i o n s  throughout the succession. 

Piezometer Tests 

A standard t e s t  sect ion o f  3.5 metres has been 

A p r o f i l e  o f  the values obtained i s  

Packer t e s t s  now t a k i n g  place a t  

I n  the Kenyon Junct ion borehole piezometers have now been i n s t a l l e d  a t  various 

depths between ben ton i te  seals t o  examine the e f f e c t s  o f  pumping from an adjacent 

borehole. 

the same hor izon as the  pump i n t a k e  i n  the adjacent borehole. 

being analysed and compared w i t h  conventional pumping t e s t  data from the same 

s i t e .  

P a r t i a l  Penetrat ion Tests 

The g rea tes t  reduct ion o f  head was observed i n  the piezometers a t  

The r e s u l t s  are 

The e f f e c t s  o f  p a r t i a l  pene t ra t i on  are being studied. Fol lowing the 

cons t ruc t i on  o f  t he  200m borehole a t  Padgate ( f i g .  2)  a second hole a t  a 
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dis tance o f  some 30m was d r i l l e d  t o  a depth o f  lOOm us ing a i r  f l u s h  r o t a r y  

methods. D r i l l i n g  f l u i d  l e a v i n g  t h e  hole, being e q u i v a l e n t  t o  a w e l l  discharge, 

was monitored continuously. 

and d i f f e r e n t i a l  temperature were measured i n  the 200m h o l e  t o  i d e n t i f y  hor izons 

where f l o w  was tak ing  place. 

the l e v e l  o f  t he  base o f  the "pumping w e l l " .  Several f i s s u r e d  zones con t r i bu ted  

t o  the f l o w  i n  the hole, however t h e i r  i n d i v i d u a l  s i g n i f i c a n c e  changed as the 

"pumping w e l l "  depth increased. 

Throughout const ruct ion,  many p r o f i l e s '  o f  conduc t i v i t y  

Flow was seen occu r r i ng  oh ly  i n  those f i s s u r e s  aboye 

J 
J 
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.Kenyon Junction 

Croft - 

Km 

0 2 4 6 8 1 0 1 2  

Permeability ( m / d )  

Fig. 2. Locat ion o f  t e s t  s i t e s  and pe rmeab i l i t y  p r o f i l e  a t  Kenyon Junction. 

HYDROCHEMICAL STUDIES 

Increas ing s a l i n i t y  o f  pumped groundwater suppl ies i s  n o t  r e s t r i c t e d  t o  s i t e s  

adjacent t o  the coast o r  along the Mersey Estuary ( f i g .  1) .  

are present a t  depth, t he re fo re  boreholes (>300m.) are being sunk t o  examine the 

l a t e r a l  and v e r t i c a l  d i s t r i b u t i o n  o f  the major and minor i o n  chemistry. 

Geophysical Logging 

Dual Latero log ( r e f .  15) has proved a most usefu l  t o o l  i n  the i d e n t i f i c a t i o n  

o f  changes i n  formation water q u a l i t y  when used i n  m u d - f i l l e d  f u l l y  pene t ra t i ng  

mineral exp lo ra t i on  boreholes being d r i l l e d  i n  the study area. These logs have 

confirmed the presence o f  s a l i n e  water i n  the Sherwood Sandstone c o n o n l y  a t  depths 

between ZOO-250111 below sur face over most the study area; t h a t  the change from 

' f r e s h '  t o  ' s a l i n e '  groundwater occurs over a v e r t i c a l  sec t i on  o f  some 30m; and 

t h a t  a t  depth the Permian sandstone genera l l y  contains h i g h l y  s a l i n e  water. 

M ine ra l i sed  waters 
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Surface Geophysics 

are being developed t o  a i d  mapping o f  the s a l i n e  water bodies w i t h i n  the 

Sherwood Sands tone ( r e f .  16 ) . 
Isotope Data 

a d d i t i o n  uranium-thorium analyses are p rov ing  usefu l  i n  d i f f e r e n t i a t i n g  between 

modern and anc ient  s a l i n e  waters. T r i t i u m  p r o f i l e s  are being measured t o  study 

recharge movement through a rg i l l aceous  s u p e r f i c i a l  deposits. 

Porewater Chemistry 

cores (usua l l y  S.F. s i z e )  have been recovered us ing a double core b a r r e l  w i t h  

f resh  water o r  foam d r i l l i n g  f l u i d .  

ex ten t  t o  which d r i l l i n g  f l u i d s  have invaded cores. 

are be ing e x t r a c t e d  using c e n t r i f u g e  techniques ( r e f .  17). Conduct iv i ty  o f  

crushed core and d i s t i l l e d  water mixes ( r e f .  18) are being used t o  draw up 

porewater s a l i n i t y  p r o f i l e s  and have proved a more r e l i a b l e  i n d i c a t o r  than 

e i t h e r  moni tor ing o f  d r i l l i n g  re tu rns  o r  p e r i o d i c  f l u i d  logging. The p r o f i l e s  

are used t o  s e l e c t  cores f o r  porewater e x t r a c t i o n  as c r i t i c a l  horizons can be 

q u i c k l y  i d e n t i f i e d  thus reducing the number o f  samples r e q u i r i n g  f u l l  chemical 

analys is .  

Sal ine Water Movement i n  Response t o  Pumping 

two s i t e s .  A t  Padgate, ( f i g .  2 )  three t e s t  boreholes have been const ructed t o  

depths o f  30, 100 and 200m. w i t h  s a l i n e  water being penetrated a t  140m. 

pumping the 100m. borehole changes i n  the minera l ised water l e v e l s  are monitored 

i n  the adjacent 200m. borehole. 

vary the  e f f e c t i v e  depth o f  the hole t o  determine the factors  which con t ro l  the 

movement o f  s a l i n e  groundwater. 

i s  necessary t o  in t roduce packers i n  the 200m. borehole t o  prevent minera l ised 

water  f l ow ing  up the borehole i t s e l f  and re-enter ing the aqui fer  a t  h ighe r  l eve l s .  

D i f f e r i n g  l e v e l s  o f  m ine ra l i sed  waters i n  the a q u i f e r  and boreholes have been 

observed i n  the C r o f t  area ( r e f .  19) where over-pumping i n  the past  15 years has 

drawn up m ine ra l i sed  water some 100m. i n t o  pumping we l l s .  

chemistry and h y d r o s t a t i c  l e v e l  o f  h i g h l y  sa l i ne  waters i n  the under ly ing Permian 

Sandstone are being examined by means o f  a standpipe i n s e r t e d  t o  a depth o f  

500111. w i t h  a packer se t  a t  410m. i n  a nearby mineral e x p l o r a t i o n  borehole. 

E l e c t r i c a l  r e s i s t i v i t y  sounding techniques us ing d ipo le -d ipo le  con f igu ra t i on  

Carbon 14 and t r i t i u m  analyses have prov ided data on reg ional  f low rates.  I n  

Boreholes const ructed f o r  t he  study have been d r i l l e d  by r o t a r y  methods and 

Rhodamine dye has been used t o  i n d i c a t e  the 

Uncontaminated porewaters 

The in f l uence  o f  pumping w e l l s  on deep s a l i n e  water i s  being i n v e s t i g a t e d  a t  

Whi ls t  

Tests are being c a r r i e d  ou t  us ing packers t o  

A1 though incomplete, the t e s t s  i n d i c a t e  t h a t  i t  

The changes i n  
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FURTHER WORK 

There are many o the r  aspects t o  the study i n c l u d i n g  catchment analys is ,  Hele 

Shaw modell ing o f  f resh  and s a l i n e  groundwater bodies and numerical model l ing of 

reg ional  groundwater f low. A l l  aspects w i l l  be drawn together  t o  form a bas is  fo r  

evaluat ion o f  a q u i f e r  management opt ions t o  complete the study by 1984. 

ACKNOWLEDGEMENTS 

The authors wish t o  thank the North West Water A u t h o r i t y  f o r  permission t o  

present t h i s  paper. We g r a t e f u l l y  acknowledge the he lp  and encouragement o f  

M r .  B. Alexander, Ac t i ng  D i r e c t o r  o f  Resource Planning and D r .  J.W.,Lloyd of 

the Un ive rs i t y  o f  Birmingham, together  w i t h  our  col leagues a t  the A u t h o r i t y  and 

the Univers i ty .  

REFERENCES 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 
16 

17 

18 

19 

North West Water, F i r s t  Report o f  Survey o f  ldater Management and Use (1978) 

Stephenson R., Report on the Supply o f  Water t o  the Town o f  L iverpool  (1850) 

Brassington F.C. , Con t ro l l ed  and Uncontro l led Groundwater Development. B r i t .  
Assoc. Sa l fo rd  (1980)51. 
Mersey & Weaver R ive r  Au tho r i t y ,  Statement o f  P o l i c y  f o r  Groundwater Yanagement, 
Warrington (1973)17pp. 
Co l te r  V.S. & Ba r r  K.W., Recent Developnents i n  the Seology o f  the I r i s h  Sea 
and Cheshire Basin, i n  Woodland A.W. (Ed) Petroleum and the Cont inenta l  Shel f  
o f  North West Europe, Vol. I Geology Appl ied Sci Pub London (1975)61-73. 
Smith D.B. e t  a l ,  A Cor re la t i on  o f  Permian Rocks o f  the B r i t i s h  I s l e s ,  JL Geol. 
SOC. Lond., 130 (1974)l-45. 
Warrington G. e t  a l .  A c o r r e l a t i o n  o f  T r i a s s i c  Rocks o f  the B r i t i s h  I s l e s ,  
Geol. SOC. Lond., Sp. Rep. No. 13 (198O)l-77. 
Campbell J.E., Geological St ructure o f  I n v e s t i g a t i o n  Area, i n  Sal ine Groundwater 
I n v e s t i g a t i o n  Phase I Seminar Report, Warrington (198O)lO-15. 
Grayson R.F., The Bur ied Bedrock Topography between Manchester and the Mersey 
Estuary 'MSc. Thesis, Univ. Manchester (1972). 
Rushton K.R. and Redshaw S.C., Seepage and Groundwater Flow, Wiley (1979) 

American Petroleum I n s t i t u t e ,  Recomnended Prac t i ce  No. 27. A.P. I .  Washington 
(1957)27pp. 
Thompson D.B., Sedimentation o f  the T r i a s s i c  (Scythian) Red Pebbly Sandstones 
i n  the Cheshire Basin and i t s  Margins. Geol J. 7 (1970)183-261. 
Pearson R. and Money M . S . ,  Improvements i n  the.Lugeon o r  Packer Permeabi l i ty  
Test. Q JL Eng. geol. 10 (1977)221-241. 
Wal tha l l  S. & Ingram J.A. F i e l d  Permeabi l i ty  Test ing a t  Kenyon Junction, i n  
Sal ine Groundwater Inves t i ga t i on  Phase I Seminar Report, Warrington (1980) 
33-44. 
Schlumberger. Log I n t e r p r e t a t i o n  Vol . l  P r inc ip les ,  Par is ,  (1972)19-25. 
Acworth R. I., The Development o f  Deep Penetrat ion R e s i s t i v i t y  Survey Techniques 
i n  Sal ine Groundwater I n v e s t i g a t i o n  Phase I Seminar Report, Warrington (1980) 
26-32. 
Barber C., Groundwater Sampling: The Ex t rac t i on  o f  I n t e r s t i t i a l  water  from 
Cores o f  Rock and Sediment by High Speed Centr i fuge.  W.R.C. TR54 (1977)17pp. 
American Petroleum I n s t i t u t e ,  Recommended Prac t i ce  f o r  Core Analysis, A P I  

41 -47. 

1-89. 

231 -293. 

RP40 (1960)52p. 
Rushton K.R., D i f f e r i n g  Pos i t i ons  o f  Sal ine In te r faces  i n  Aquifers and 
Observation Boreholes, J. Hydrol. 48 (1980)185-189. 




