
Quality of Groundwater, Proceedin@ of an International Symposium, Noordwijkerhout, 95 

The Netherlands, 23-27 March 1981, W. van Duijvenbooden. P. Glasbergen and H. van Lelyveld (Eds.), 
Studies in Environmental Science, Volume 17 
0 Elsevier Scientific Publishing Company - Printed in The Netherlands 

THE IMPACT OF THE H I G H  DAM ON THE QUALITY OF GROUNDWATER UNDER THE NILE DELTA, 

EGYPT W I T H  EMPHASIS ON GREATER CAIRO PROVINCE 

M.Sh. D I A B  and I . H .  H I M I D A ,  M.F. SALEH 

Menoufia Un ive r s i ty ,  Egypt and t h e  Desert I n s t i t u t e ,  Cairo, Egypt 

ABSTRACT 

The r e g u l a t i o n  o f  water q u a n t i t i e s  e n t e r i n g  t h e  N i l e  and i t s  branches i n  t h e  

Egypt ian terr i tor ies  a f t e r  t h e  High Dam c o n s t r u c t i o n  a f f e c t e d  t h e  qroundwater levels 

and q u a l i t y  under t h e  N i l e  De l t a  r eg ion ,  t h i s  i s  t h e  r e s u l t  of  c a n c e l l i n g  o f  f l o o d  

e f f e c t  and a l t e r a t i o n  o f  hydro log ic  r e l a t i o n s  a f t e r  t h e  High Dam.  

INTRODUCTION 

The N i l e  D e l t a  r eg ion  occup ies  a p a r t  of  t h e  no r the rn  e x t r e m i t i e s  o f  Egypt. The 

hydrogeology and hydrogeochemistry o f  t h e  N i l e  De l t a  i s  o f  importance,  e s p e c i a l l y  

a f t e r  t h e  c o n s t r u c t i o n  o f  t h e  High Dam, as t h e  r e g u l a t i o n  of s u r f a c e  water quan t i -  

t i e s  e n t e r i n g  t h e  Egyptian p a r t  o f  t h e  N i l e  b a s i n  d i r e c t l y  a f f e c t e d  groundwater 

l e v e l s  and q u a l i t y .  

The s t u d y  o f  t h e  hydrogeochemistry of  qroundwater of  t h e  N i l e  D e l t a  depends on  

t h e  d a t a  of  chemical ana lyses  o f  t h e  a d j a c e n t  Ouaternary a q u i f e r  o f  Deltaic o r i g i n  

d i r e c t l y  r echa rg ing  on behalf  o f  t h e  r i v e r  N i l e  and i t s  branches.  

RESULTS 

1- The d e l t a i c  d e p o s i t s  belonging to  t h e  Quaternary compose t h e  main a q u i f e r  o f  t h e  

N i l e  Delta r eg ion ,  t h e  t o t a l  t h i c k n e s s  of which ranges between 200 to  700 m from 

south t o  n o r t h ,  groundwater o f  Quaternary e x i s t s  a lmost  under  p a r t i a l l y  confined 

c o n d i t i o n s .  The main replenishment  of  t h i s  water  i s  from t h e  N i l e  water. 

2- The n a t u r e o f t h e N i l e  cour se  a n d i t s  b r a n c h e s a n d t h e  l i t h o l o g y  of t h e  Quaternary 

rocks permit  d i r e c t  i n t e rconnec t ion  between s u r f a c e  water  of t h e  N i l e  and cana l s  

from one s i d e  and t h e  qroundwater o f  t h e  qua te rna ry  a q u i f e r  on t h e  o t h e r  s i d e .  

3- The e x a m i n a t i o n o f t h e  c o n s t r u c t e d  s a l i n i t y  mans of  t h e  Quaternary a q u i f e r  i n  

1970 be fo re  t h e  e f f e c t  of  t h e  High Dam had manifested i t s e l f ,  i n d i c a t e s  t h a t  t h e  

s a l i n i t y  ranges between 300 - 500 ppm a t  t h e  southern l o c a l i t i e s  of t h e  D e l t a  r eg ion  

and g r e a t e r  Ca i ro  l o c a l i t y .  However, a s l i g h t  i n c r e a s e  i n  s a l i n i t y  va lues  w e r e  

d e t e c t e d  towards t h e  n o r t h .  A t  t h e  l a t i t u d e  of  Tanta  c i t y  t h e  wa te r  s a l i n i t y  
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amounts t o  about  1000 ppm. 

i n c r e a s e  i n  s a l i n i t y  w a s  d e t e c t e d  and s a l i n i t y  r anqes  between 5000 ppn t o  4000 upm 

Immediately t o  t h e  n o r t h  of  t h i s  l a t i t d e  an  a b r u p t  

near  t h e  sho res  o f  t h e  Mediterranean Sea and a d j a c e n t  l a k e s .  (F iq .  1 )  

The examination o f  t h e  c o n s t r u c t e d  i s o - s a l i n i t y  mau of 1974, i . e .  a f t e r  t h e  e f f e c t  

o f  t h e  High Dam had become known, i n d i c a t e s  t h a t  groundwater s a l i n i t y  o f  t h e  Quater- 

nary a q u i f e r  ranges between 300 ppm and 150.000 ppm from sou th  goinq towards t h e  

no r th .  The l i n e  o f  1000 ppm s a l i n i t y  moved to  t h e  s o u t h  o f  Tanta l a t i t u d e ,  i . e .  

it c reeps  in l and ,  which may be  due t o  t h e  lowerinq o f  t h e  qroundwater l e v e l  pe rmi t t i n5  

t h e  i n t e r f e r e n c e  of  s a l t  water from t h e  sea .  

4- The s a l i n i t y o f  s u r f a c e  w a t e r o f t h e b r a n c h e s  a n d c a n a l s  i s  i n c r e a s i n q  from south 

t o  no r th  8250 - 450 ppm). The s a l i n i t y  o f  t h e  D a m i e t t a  branch i s  s l i q h t l y  lower 

than  t h a t  o f  t h e  Roset ta  branch,  because t h e  Damietta branch i s  always l o o s i n q  

stream, while  t h e  Rosetta branch i s  now ga in ing  stream a long  m o s t  o f  i t s  c o u r s e .  

General ly ,  t h e  s a l i n i t y  and water  q u a l i t y  of  d r a i n  water a r e  h i s h e r  t han  t h a t  o€ 

t h e  c a n a l s ,  due t o  t h e  p rocesses  involved d u r i n g  t h e  i r r i g a t i o n  c y c l e .  

5- Before t h e  High Dam c o n s t r u c t i o n  t h e r e  was a s l i g h t  v a r i a t i o n  i n  t h e  chemical 

composition of  t h e  groundwater i n  w i n t e r  and of  t h a t  i n  summer. These v a r i a t i o n s  

inc lude  s a l i n i t y ,  type of s a l t s  and concen t r a t ion  o f  t h e s e  sa l t s .  A f t e r  t h e  High Dam 

t h e r e  a r e  no s i g n i f i c a n t  v a r i a t i o n s  i n  t h e  chemical comDosition o f  both s u r f a c e  

water and groundwater,  because of  t h e  c a n c e l l i n g  o f  t h e  f lood  e f f e c t  a f t e r  t h e  

c o n s t r u c t i o n  o f  t h e  High Dam. (F iq .  2 )  

6- In t h e  sou the rn  p a r t  o f  t h e  Quaternary a q u i f e r  under t h e  N i l e  D e l t a  qroundwater 

mainly c o n t a i n s  d i s s o l v e d  b i ca rbona te  s a l t s  Ca(HCO3)2, Mq(HC03)2 , Na HC03,  sa l t s ,  

whereas c h l o r i d e  sal ts  predominate i n  t h e  no r the rn  p a r t  of t h e  same a q u i f e r ,  w i th  a 

g r a d a t i o n a l  i n c r e a s e  of s u l p h a t e  s a l t s .  T h i s  s a l t  d i s t r i b u t i o n  most ly  con t inues  

a f t e r  t h e  High Dam,  b u t  w i th  d i f f e r e n t  r a t i o s .  

7- The hydrochemical ionoc r a t i o s  of t h e  groundwater of  t h e  oua te rna ry  a q u i f e r  

e x i b i t  a wide range,  e s p e c i a l l y  between t h e  sou the rn  p a r t  and t h e  no r the rn  Dar t .  

In  t h e  sou the rn  p a r t  t h e  r a t i o s  a r e  g r e a t l y  s i m i l a r  t o  those of  r i v e r  wa te r ,  while  

i n  t h e  no r the rn  p a r t  of  t h e  a q u i f e r  t hey  a r e  of  a s a l t  water  n a t u r e ,  sometimes even 

exceeding t h e  t y p i c a l  s ea  water .  T h i s  may be due t o  a number of  f a c t o r s ,  t h e  most 

important  of  which a r e  t h e  palaeohydrogeoloqical  c o n d i t i o n s ,  i n  a d d i t i o n  t o  those  

of  t h e  mixing of  s ea  wa te r ,  evapora t ion  and s o l u b i l i t y .  

8- The qua te rna ry  water bea r ing  formations,  which dominate t h e  a r e a  under q r e a t e r  

Ca i ro ,  c o n t a i n  groundwater with a s a l i n i t y  ranqinq between 380 - 12.000 m m .  

Groundwater chemical t ypes  are HCO; - Ca2+, HCO; - Na', SO:- - Na and C1- - Na+. 

22O C ,  and between 2750 to  32 organisms a t  37O C.  The number o f  v i a b l e  b a c t e r i a  

i n  groundwater samples from t h e  Quaternary a q u i f e r  under Ca i ro  ranqe from 400 t o  

2200 a t  22O C ,  and 32 t o  1400 a t  37O C .  The q u a n t a t i v e  f a e c a l  c o l i  t es t  r e s u l t s  are 
nega t ive ,  i . e . ,  groundwater o f  qua te rna ry  is  s a t i s f a c t o r y .  

9- The number o f  v i a b l e  b a c t e r i a  p e r  m l  range between 9250 t o  160 orqanisms a t  
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Fig.( 2 ) 
Groundwater classification 
according t o  its hydroch- $ 
emical properties in the 

Nile Delta area 
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Hydrochemical i o n i c  r a t i o s  of t h e  groundwater of t h e  Quaternary a q u i f e r  compared 
t o  sea and r i v e r  water 

Hydrochemical 
Coeff ic ien ts  

Surface 
Water 

Ground 
Water 

Sea water River water From To 

2+ 
Ca / c1- 0.03 2.20 0 . 0 2  2 .20  

N a +  / C1- 0.85 1 .79  0.58 >1.79 

so:- / c1- 0.10 0.10 0.04 X . 8 2  

cl-/CO:- + ""0; >200 0.35 0.6 5231 
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