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ABSTRACT 

The paper  d e s c r i b e s  a water q u a l i t y  i n v e s t i g a t i o n  a t  Whitchurch, U . K . ,  where 

0.6 Ml/d o f  raw sewage have been d i scha rged  t o  a c h a l k  a q u i f e r  f o r  many y e a r s .  

P a r t i a l  removal of d i s s o l v e d  BOD, n i t r o g e n ,  phosphate ,  and o r g a n i c  carbon occur s  i n  

t h e  u n s a t u r a t e d  zone of 8-10 m depth .  P a r t i a l  removal of b a c t e r i a  and v i r u s e s  has  

a l s o  been observed. The descen t  t o  t h e  wa te r  t a b l e  has  been shown by a t r a c e r  method 

t o  t a k e  approximate ly  18  hours .  Ana lys i s  of t h e  i n t e r s t i t i a l  g a s  sugges t s  a he t e ro -  

geneous sys tem i n  which anae rob ic  and a e r o b i c  b a c t e r i a l  a c t i o n  proceed s imul taneous ly  

i n  t h e  u n s a t u r a t e d  zone. 

INTRODUCTION 

The volume of e f f l u e n t  d i scha rged  d a i l y  t o  t h e  ground i n  t h e  U.K. is  e s t ima ted  t o  

be  more than 100 M 1 ,  abou t  42% of which i s  w i t h i n  t h e  o u t c r o p  a r e a  of t h e  Chalk 

a q u i f e r .  I n  t h e  Sou the rn  Water A u t h o r i t y ' s  a r e a  over  70% of t h e  p u b l i c  wa te r  supply  

i s  groundwater and i n  t h e  Thames and Anglian Water A u t h o r i t i e s ,  abou t  50%. 

s u p p l i e s  a r e  v i t a l  b o t h  r e g i o n a l l y  and l o c a l l y  and i t  i s  e s s e n t i a l  t o  p r o t e c t  them 

from contaminat ion .  The c a p a c i t y  of a q u i f e r s  t o  improve e f f l u e n t  q u a l i t y  i s  known 

t o  b e  c o n s i d e r a b l e  under i d e a l  c o n d i t i o n s  b u t  where hydrogeo log ica l  f a c t o r s  have n o t  

been p r o p e r l y  t aken  i n t o  account  t h e  p o t e n t i a l  haza rds  are g r e a t .  There i s  a t  least  

one case  i n  t h e  U.K. where a groundwater sou rce  used f o r  p u b l i c  supp ly  has  had t o  be  

s h u t  down because  o f  t h e  e f f e c t s  of e f f l u e n t  r echa rge  on wa te r  q u a l i t y .  

These 

The programme of r e s e a r c h  c a r r i e d  o u t  by SWA s i n c e  1975 and by WRC s i n c e  1976 has  

been c a r r i e d  o u t  p r i n c i p a l l y  t o  de te rmine  t h e  long-term e f f e c t i v e n e s s  of a q u i f e r s  

f o r  improving t h e  q u a l i t y  of sewage and e f f l u e n t .  The q u a n t i t a t i v e  e f f e c t s  of 

recharge  on t h e  a q u i f e r  and " t r a v e l  times" i n  t h e  a q u i f e r  have a l s o  been s t u d i e d .  

The o v e r a l l  o b j e c t i v e  has  been t o  e s t a b l i s h  a q u i f e r  management g u i d e l i n e s  and t o  

i d e n t i f y  s i t u a t i o n s  i n  which the  r echa rge  of e f f l u e n t  is t o  be d i scouraged .  

Reprinted from The Science of the Total Enuironment, 21 (1981) 77-83 
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The world-wide extent  of the p r a c t i c e  Ls reviewed i n  a r e p o r t  by Tahal (1) i n  

which the importance of i n f i l t r a t i o n  r a t e  o r  hydraul ic  loading t o  the e f fec t iveness  

of the process i s  s t ressed .  Within the  UK, research has been r a t h e r  l imited though 

relevant  s tud ies  have been car r ied  out by Satchel1 and Edworthy (2) and Beard and 

Montgomery ( 3 ) .  Reports of work r e l a t e d  t o  t h i s  p r o j e c t  have a l s o  been prepared 

( 4 , 5 ) .  

WHITCHURCH RECHARGE SITE 

The s i t e  (Fig.1) i s  located on t h e  s i d e  of a dry va l ley  1 .5  km south-east of 

Whitchurch i n  Hampshire and has been operated f o r  over 50 years .  

l i e s  on a 12% slope running towards the River Test 1 . 7  km d i s t a n t .  Screened dom- 

e s t i c  sewage i s  d i s t r i b u t e d  v i a  a c e n t r a l  t ransverse main t o  a system of 33 l i n e a r  

lagoons excavated along the contours of the slope. Each lagoon i s  1-2 m deep and 

covers an a rea  of about 190 m2. 
half the system being used w h i l s t  the remainder i s  mechanically desludged. Daily 

throughput i s  0.6 Ml/d and t h e  mean i n f i l t r a t i o n  r a t e  i s  40 m / d .  

The recharge area 

The lagoons a r e  used i n  f o r t n i g h t l y  r o t a t i o n  with 

EXPERIMENTAL 

Nineteen boreholes have been d r i l l e d  i n t o  and down-gradient of the s i t e  ( F i g . l ) ,  

and cores of the Chalk have been obtained from ten of them a t  1 m i n t e r v a l s .  

Groundwater samples were taken using a 300 m l  s t e r i l i z a b l e  conta iner ,  and by 

i n  s i t u  samplers (6) i n s t a l l e d  i n  some of the boreholes. Gas samples were oktained 

using a hand-held vacuum pump connected t o  a Casagrande tensiometer sealed i n t o  

the unsaturated zone. 
of chemical q u a l i t y  above and below the water t a b l e ,  bu t  the r e s u l t s  cannot be 

shown i n  t h i s  paper. 

I n t e r s t i t i a l  waters have a l s o  been analysed t o  give p r o f i l e s  

Chemical ana lys i s  was c a r r i e d  out by standard Autoanalyser techniques and by a 

TOC analyser. The membrane f i l t r a t i o n  procedure was used f o r  coliform b a c t e r i a ,  

and viruses  were determined by the Thames Water Authority using the method of 

Slade ( 7 ) .  Gas ana lys i s  was by chromatography on Porapak-Q. 

TRACER TEST 

One lagoon was kept dry f o r  6 weeks and 5 1 of 40% Rhodamine WT were then added 

during f i l l i n g  with sewage. 

sampler a t  the water tab le  i n  borehole 7 through a f luorimeter  measuring a t  590 nun. 

Tracer was detected by pumping water from an i n  s i t u  



II il 
II II 

C
ontouro oh4w

n o
r0 w

ater Iq
v

o
k

 la
 m

.A
O

0 



248 

NITROGEN BALANCE 

I n  f o u r  s e p a r a t e  e x e r c i s e s  i n t e n s i v e  sampl ing  was c a r r i e d  o u t  o v e r  p e r i o d s  up  

t o  9h. I t  was e s t a b l i s h e d  s e p a r a t e l y  t h a t  mix ing  and r e t e n t i o n  i n  t h e  sewage 

lagoons  were s u f f i c i e n t  t o  overcome d i u r n a l  and o t h e r  f l u c t u a t i o n s  i n  sewage 

s t r e n g t h  and t h u s  p r o v i d e  a l i q u i d  of s u b s t a n t i a l l y  c o n s t a n t  c o m p o s i t i o n  f o r  re- 

charge .  Sewages were f i l t e r e d  b e f o r e  a n a l y s i s  i n  t h e s e  e x p e r i m e n t s .  

RESULTS 

The main s e r i e s  of  chemica l  r e s u l t s  i s  shown a s  a v e r a g e s  i n  T a b l e  1. B a c t e r i a  

and v i r u s e s  are shown i n  Ref.8.  R e s u l t s  of t h e  f o u r  n i t r o g e n  b a l a n c e  e x p e r i m e n t s  

a r e  g i v e n  i n  T a b l e  2 ,  d i l u t i o n s  b e i n g  c a l c u l a t e d  from compar isons  of t h e  c h l o r i d e  

c o n t e n t  of  t h e  raw sewage, t h e  u n p o l l u t e d  groundwater ,  and t h e  samples  t h e m s e l v e s .  

TABLE I 

Mean v a l u e s  f o r  chemica l  a n a l y s i s  of groundwater  ( a l l  as mg/ l )  

DOC+ VOCS (ATU) BORE NH3 (N) TON NO2 (N) PO4 (P) C 1  

1 
2 
3 
6 

*7 
*8 
*A(bottom) 
*A(middle) 
*A(top) 
* 10 

11 
12 
4 
1 3  
14  
15 
16 
5 

* B (bottom) 
*B(top) 
SEWAGE 

15.8  
1 1 . 5  
1 7 . 8  

6 .4  
13 .2  
22.6 

0.012 
0.012 

0 .044  
0.018 
0.015 
0 .031  
0.021 
0.349 
0.017 
0.011 
0.018 
0.009 
0.009 

1 4 . 8  

22.2 

3.33 
3.86 
1 . 4 3  
4 .76  
3 .01  
0 . 1 5  
6 .31  
6 .30  
0.18 
6.54 
7.29 
7 .01  
6 .30  
8 .55  
9 .60  
7.45 
7.87 
7.42 
6 .89  
8.29 
0 .65  

0 . 2 7  
0 .088  
0 .064  
0 .053  
0 .14  
0 . 0 3  
0.005 
0 .004  
0 .005  
0.018 
0.003 
0.004 
0.007 
0.004 
0 . 0 3 1  
0 . 0 0 3  
0 .005  
0.006 
0 .004  
0 .004  
0.31 

6 .39  46.0 
3.69 44 .3  
3.46 45.6 
4.26 45.6 
4.20 41.9 
1 .29  51.4 
0 .058  13.7 
0.037 1 2 . 3  
0 .980  46 .8  
0.037 15.7 
0.030 14.2 
0.048 1 3 . 3  
0.046 12 .3  
0.033 15.0 
0.054 27.7 
0.029 16 .6  
0.017 12.4 
0 .038  13 .4  
0.033 14.7 
0.020 19 .2  
7.38 57.2 

0 . 5 8  
0 . 5 3  
0.79 
0 . 9 3  
0 .45  
0 . 7 5  
0 .035  
0.047 
0 .74  
0.11 
0 .04  
0.04 
0 .04  
0 .04  
0 .24  
0 .04  
0 .04  
0.03 
0 . 0 3  
0 .04  
2.10 

30.8 7.2 
18.8 16 .8  
5 . 4  24.9 
6 . 8  28.0 
9.3 4 .4  

1.1 3.4 
1 . 3  2.7 
5 .6  4.7 
2.9 6.2 
1.8 1 .7  
1 . 3  1 . 5  
1.1 2.6 
1 . 5  1 . 7  
1.1 1 . 9  
1 . 3  1 . 4  
1.1 2.2  
2 . 3  
1 . 3  2.2 
1.8 1.7 

221 66.8 

1 5 . 0  

0 . 4  
0 . 8  
2.3 
0 . 9  
0.6 

0 . 0 4  
0 .09  
9.7 
0 .02  
0.007 
0.004 
0.009 
0.004 
0 .005  
0 .004  
0 . 1 5  

0.8 
0 .02  

* u s i n g  i n  s i t u  s a m p l e r s  +Disso lved  c a r b o n  a f t e r  { V o l a t i l e  o r g a n i c  
s t r i p p i n g  of VOC c a r b o n  removed by 

N2 s t r i p p i n g  
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TABLE 2 

R e s u l t s  of n i t r o g e n  ba lance  exper iments  

LAGOON BORE 2 N N 
D i l u t i o n  P r e d i c t e d  Los t  No. TDN* TOC TDN* TOC 

(mg/l) (mg/l)  t O C  (mg/l)  (mg/l) t O C  % E f f l u e n t  mg/l % 

1 32.9 37.4 15 19.9 16.0 12.5 85 29.0 31 
2 36.4 16 19.7 12.5 95 34.8 43 
3 29.1 49.8 14.5 19 .7  19.7 14 .0  88 26.4 26 
4 70.7 39.0 9 . 5  35.0 22.0 13.0 80 57.9 39 

* t o t a l  d i s s o l v e d  n i t r o g e n  = TON ( t o t a l  o x i d i s e d  N) + Kjeldahl N 

DISCUSSION 

The r e s u l t s  i n d i c a t e  a narrow p o l l u t i o n  plume ex tend ing  i n  a w e s t e r l y  d i r e c t i o n  

from t h e  r e c h a r g e  s i t e ,  l a r g e l y  conf ined  t o  t h e  zone between bo reho les  1 3  and 15. 
The low v a l u e s  of BOD, DOC, and phosphate  a r e  notewor thy  and i t  i s  on ly  t h e  

c o n c e n t r a t i o n s  of a m o n i a ,  t o t a l  o x i d i s e d  n i t r o g e n ,  and boron which r e v e a l  t h e  

p re sence  of sewage. I t  may be c a l c u l a t e d  t h a t  most of t h e  ammonia has  e i t h e r  

been n i t r i f i e d  o r  removed a l t o g e t h e r  w i t h i n  300 m of t h e  r echa rge  s i t e .  The 

n i t r o g e n  removal i n  t h e  u n s a t u r a t e d  zone (Table  2) i s  s imi la r  t o  t h a t  observed 

by o t h e r  worke r s (9 ) .  The most l i k e l y  e x p l a n a t i o n  seems t o  b e  t h a t  t h e  c o e x i s t e n c e  

of a e r o b i c  and anae rob ic  zones (confirmed by t h e  d e t e c t i o n  of up t o  1% of methane 

i n  many of t h e  gas  samples) a l lows  bo th  n i t r i f i c a t i o n  and d e n i t r i f i c a t i o n  t o  t a k e  

p l a c e ,  w i th  t h e  o r g a n i c  matter i n  t h e  sewage a c t i n g  a s  t h e  oxygen accep to r  f o r  

d e n i t r i f i c a t i o n .  

The t r a c e r  tes t  gave a median t i m e  of descen t  of 1 8  h t o  t h e  wa te r  t a b l e .  

Attempts t o  measure t h e  h o r i z o n t a l  f low rate were unsuccess fu l .  

I n t e r p r e t a t i o n  o f  t h e  r e s u l t s  f o r  t h e  i n t e r s t i t i a l  w a t e r s  shows t h e  dep th  o f  

t h e  plume t o  ex tend  t o  n o t  more than  30 m ( i . e .  20 m below t h e  wa te r  t a b l e )  a t  

t h e  r echa rge  s i t e ,  r i s i n g  t o  sha l lower  dep ths  i n  a down-gradient d i r e c t i o n .  

A t  Whitchurch and o t h e r  s i tes  under i n v e s t i g a t i o n  p rocesses  o p e r a t i n g  i n  t h e  

a q u i f e r  and e s p e c i a l l y  i n  t h e  u n s a t u r a t e d  zone have been found t o  e f f e c t  a 

c o n s i d e r a b l e  deg ree -o f  t r ea tmen t  on t h e  app l i ed  e f f l u e n t s ,  p a r t i c u l a r l y  f o r  

n i t r o g e n ,  phosphorus,  microbes  and s o l u b l e  o r g a n i c  m a t t e r .  A t  Whitchurch, 

d e n i t r i f i c a t i o n  has  been found t o  be  p a r t i c u l a r l y  marked wi th  l o s s e s  of N i n  

t h e  e f f l u e n t  e s t i m a t e d  t o  b e  up t o  43%. Th i s  i s  be l i eved  t o  be  due t o  the  h igh  

d i s s o l v e d  o r g a n i c  c o n t e n t ,  n o t  p r e s e n t  i n  b i o l o g i c a l l y  t r e a t e d  sewage. 

A t  Whitchurch pa thogen ic  b a c t e r i a  and v i r u s e s  a r e  s u b s t a n t i a l l y  removed dur ing  

i n f i l t r a t i o n  (8),  i n  agreement w i t h  r e s u l t s  ob ta ined  by Beard and Montgomery (3) 

f o r  c o l i f o r m s  a t  ano the r  s i t e .  Where microbes  r each  t h e  wa te r  t a b l e  i t  appears  
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t h a t  l a t e r a l  movement i s  r e l a t i v e l y  sma l l  and movement o u t s i d e  t h e  boundary of 

the  s i t e  does n o t  occur .  S t a r t i n g  from d r y  lagoon c o n d i t i o n s ,  b reakthrough of 

v i r u s e s  and o t h e r  microbes  occur red  a t  t h e  same t i m e  a s  t h a t  of dye t r a c e r .  There- 

a f t e r ,  f a e c a l  s t r e p t o c o c c i  and v i r u s e s ,  though g r e a t l y  reduced  by i n f i l t r a t i o n ,  

v a r i e d  i n  phase.  

t r a t i o n s  us ing  TOC i n d i c a t e  c o n s i d e r a b l e  r e d u c t i o n s  a f t e r  i n f i l t r a t i o n .  

P re l imina ry  r e s u l t s  on t h e  changes i n  o r g a n i c  compound concen- 

Though our  unde r s t and ing  of t h e  e x t e n t  of t h e  n a t u r a l  t r ea tmen t  p rocesses  

a v a i l a b l e  has  been s u b s t a n t i a l l y  advanced by t h e  work c a r r i e d  o u t  a t  Whitchurch 

and e l sewhere ,  i t  i s  s t i l l  n o t  p o s s i b l e  t o  e s t a b l i s h  wide ly  a p p l i c a b l e  g u i d e l i n e s .  

However, an unsa tu ra t ed  zone of 20 m o r  more ( i . e .  twice t h a t  a v a i l a b l e  a t  W h i t -  

church)  appears  t o  b e  a p r a c t i c a l  minimum t o  avoid  r a p i d  m i c r o b i a l  b reakthrough.  

The Chalk must always be  regarded  as u n r e l i a b l e  however because  o f  i t s  f i s s u r e d  

n a t u r e  and e f f l u e n t  r echa rge  should  never  be  contempla ted  wi thou t  thorough s i t e  

i n v e s t i g a t i o n  and adequate  permanent moni tor ing .  

c o n d i t i o n s  a t  a s i t e  can  b e  achieved  u s i n g  methods developed d u r i n g  t h i s  r e s e a r c h ,  

and t h e  c o s t  of moni tor ing  systems f o r  groundwater management kep t  t o  a minimum. 

An unders tanding  of groundwater 

A gu ide  t o  t h e  a p p r o p r i a t e  l e v e l  of expend i tu re  f o r  s i t e  i n v e s t i g a t i o n  and 

moni tor ing  should  be  deduced i n  the  l i g h t  of t h e  c o s t  of a l t e r n a t i v e  s t r a t e g i e s  

of e i t h e r  t r ea tmen t  and d i s c h a r g e  t o  a r i v e r  o r  p i p i n g  sewage o u t  of t h e  catchment.  

Such c o s t s  w i l l  a l s o  r e f l e c t  t h e  v a l u e  of t h e  r e s o u r c e  t o  b e  p r o t e c t e d  and conserved. 

Use of t h e  groundwater sys tem should  n o t  b e  regarded  as an o p t i o n  which can  b e  done 

'on the  cheap ' .  

D e s p i t e  i t s  appa ren t  c r u d i t y  t h e  r echa rge  sys tem a t  Whitchurch appea r s  t o  have 

no adve r se  e f f e c t s  on groundwater q u a l i t y  of any s i g n i f i c a n c e  f o r  p u b l i c  h e a l t h  

or the  environment.  There i s  a p o s i t i v e  b e n e f i t  i n  t h a t  t h e r e  is less tendency 

f o r  n i t r a t e  t o  accumulate than  when b i o l o g i c a l l y  t r e a t e d  e f f l u e n t s  a r e  recharged .  
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