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ABSTRACT 

ine c u l t i v a t e d  and i n h a b i t a b l e  area i n  Egypt i s  p r a c t i c a l l y  c o n f i n e d  t o  t h e  
N i l e  v a l l e y  and d e l t a .  A l though c rop  y i e l d s  a r e  high, domest ic food  has outpa- 
ced n a t i o n a l  f ood  produc t ion .  Nowadays Egypt impor ts  more than h a l f  o f  i t s  f ood  
i n t a k e .  Egypt s t r a t e g y  t o  reduce food impor t s  aims a t  i n c r e a s i n g  t h e  a g r i c u l t u -  
# r e  p roduc t i on  i n  t h e  t r a d i t i o n a l l y  c u l t i v a t e d  lands  and expanding t h e  c u l t i v a -  
a b l e  area th rough rec lamat ion  o f  new lands  on t h e  f r i n g e s  o f  t h e  N i l e  v a l l e y  
and d e l t a .  

The major c o n s t r a i n t s  a r e  r e l a t e d  t o  wa te r  management. These f a c t o r s  a r e  de- 
f i c i e n c i e s  i n  t h e  i r r i g a t i o n  water  d i s t r i b u t i o n  and l a n d  dra inage systems i n  
t h e  o l d  lands, and shortages o f  water  supp l i es  t o  t h e  new lands. Groundwater 
development i s  b e l i e v e d  t o  reduce t h e  c o n t r a i n t s .  

A s tudy  on t h e  t e c h n i c a l  and economic f e a s i b i l i t y  o f  groundwater development 
i s  c a r r i e d  o u t  i n  a p i l o t  a rea  i n  t h e  N i l e  v a l l e y .  Resu l t s  i n d i c a t e  t h a t  grourlc+ 
water  a b s t r a c t i o n s ,  i f  p r o p e r l y  designed, a r e  t e c h n i c a l l y  f e a s i b l e  and economi- 
c a l l y  a t t r a c t i v e  t o  t h e  coun t ry .  

1 INTRODUCTION 

The c u l t i v a t e d  and i n h a b i t a b l e  area i n  Egypt rep resen ts  about 2.5 % o f  i t s  

t o t a l  area, be ing  con f ined  t o  t h e  N i l e  v a l l e y  and d e l t a  (see Fig.1).  For  thous- 

ands o f  years  t h e  f e r t i l e  s o i l s  have been c u l t i v a t e d ,  m a i n l y  on t h e  N i l e  water.  

Na t iona l  food p roduc t i on  was ou tpac ing  domest ic food  demand. I n  t h e  l a s t  few 

years ,  due t o  t h e  r e g u l a t i o n  o f  t h e  N i l e ,  c r o p  y i e l d s  i n  t h e  N i l e  v a l l e y  and 

d e l t a  have increased and c ropp ing  i n t e n s i t i e s  have doubled. Never th less ,  dome- 

s t i c  food demands has outpaced n a t i o n a l  f o o d  produc t ion .  Nowadays Egypt impor t s  

more than h a l f  o f  i t s  food i n t a k e .  

Egypt s t r a t e g y  t o  reduce food  impor ts  aims a t  i n c r e a s i n g  a g r i c u l t u r e  produc- 

t i o n  i n  t h e  p resen t  c u l t i v a t e d  lands  ( o l d  l a n d )  and expanding t h e  a g r i c u l t u r e  

lands  (new l a n d ) ,  ma in l y  t o  sandy dese r t  s o i l s  on t h e  f r i n g e s  o f  t h e  v a l l e y  and 

d e l t a .  The major  f a c t o r s  c o n s t r a i n i n g  t h i s  s t r a t e g y  a r e  r e l a t e d  t o  wa te r  manag- 

ement. These f a c t o r s  a re  d e f i c i e n c i e s  i n  t h e  i r r i g a t i o n  wa te r  d i s t i b u t i o n  and 

l a n d  drainage systems i n  the  o l d  lands, and shortages o f  water  supp l i es  t o  t h e  

new lands. Development o f  t h e  groundwater system i s  b e l i e v e d  t o  reduce these 
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c o n s t r a i n t s .  

Th i s  a r t i c l e  p rov ides  background i n f o r m a t i o n  about t h e  wa te r  supp ly  and d ra -  

inage systems i n  t h e  N i l e  v a l l e y  o f  Egypt,  and t h e  p r e l i m i n a r y  f i n d i n g s  on t h e  

development o f  groundwater f o r  i r r i g a t i o n  and dra inage o f  a case s tudy  i n  t h e  

N i l e  v a l l e y .  

2 BACKGROUND 

2.1 Sur face  water  supply and dra inage 

For thousands o f  yea rs  Egyp t ian  farmers were p r a c t i c i n g  non-perenn ia l  i r r i g -  

a t i o n  on t h e  N i l e  f l o o d  water.  Most o f  t h e  a g r i c u l t u r a l  lands  were c u l t i v a t e d  

and i r r i g a t e d  ( f l ooded)  once a yea r .  Dur ing  t h e  remain ing  months t h e  wa te r  t a b -  

l e  dropped as a r e s u l t  o f  e v a p o t r a n s p i r a t i o n  and n a t u r a l  d ra inage t o  t h e  a q u i f -  

e r .  Th is  e leminated  t h e  need f o r  a man-made dra inage system. 

A t  t h e  beg inn ing  o f  t h i s  cen tu ry ,  t h e  r e g u l a t i o n  o f  t h e  N i l e  enab led  t h e  g ra -  

dual  i n t o d u c t i o n  o f  pe renn ia l  i r r i g a t i o n .  The c o n s t r u c t i o n  o f  t h e  H igh  Aswan Dam 

(HAD) i n  t h e  e a r l y  s i x t i e s  enabled t h e  convers ion  o f  a l l  lands  i n  t h e  N i l e  

M o d i t o r r a n o a r  S o a  I 
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F ig .  1. General l o c a t i o n  map o f  t h e  N i l e  v a l l e y  o f  Egypt 
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v a l l e y  and d e l t a  t o  pe renn ia l  i r r i g a t i o n .  Under t h i s  c o n d i t i o n  lands  a r e  c u l t i -  

va ted  and i r r i g a t e d  a l l  t h e  y e a r  round, thus  r e s u l t i n g  i n  an i nc rease  i n  cropp- 

i n g  i n t e n s i t y .  The t ime l a g  i n  t h e  ex tens ion  and improvement o f  t h e  i r r i g a t i o n  

d i s t r i b u t i o n  system t o  cope w i t h  t h e  new i r r i g a t i o n  wa te r  requ i rements  r e s u l t e d  

i n  d e f i c i e n c i e s  i n  i t s  s t a t e  and, consequent ly,  i n e q u i t a b l e  water  supp ly  i n  

space and t ime ( t a i l  ends o f  cana ls  and peak season). 

Under pe renn ia l  i r r i g a t i o n ,  n a t u r a l  d ra inage t o  t h e  a q u i f e r  c o u l d  no. l o n g e r  

meet w i t h  t h e  dra inage requirements.  Consequently, i n  ex tens i ve  areas, t h e  

water  t a b l e  rose  t o  l e v e l s  t h a t  caused y i e l d  reduc t i ons  or even t o t a l  c r o p  f a i -  

l u r e .  I n  1970 t h e  M i n i s t r y  o f  I r r i g a t i o n  ( M O I )  s t a r t e d  a n a t i o n a l  p l a n  a iming  

a t  supp ly ing  a l l  t h e  i r r i g a t e d  lands  w i t h  t i l e  d ra inage networks.  A t  p resen t  

(1987) t h e  i r r i g a t e d  area s u p p l i e d  w i t h  t i l e  d r a i n s  i n  t h e  N i l e  v a l l e y  represe-  

n t s  about 50 % o f  t h e  t o t a l  area. 

2.2 Groundwater supp ly  and dra inage system 

The groundwater system o f  t h e  N i l e  v a l l e y  c o n s i s t s  o f  t h e  N i l e  a l l u v i u m  f a u l -  

t e d  aga ins t  l imestone o r  sandstone fo rma t ions  which a l s o  fo rm t h e  base o f  t h e  

a q u i f e r  (see F ig .  2 ) .  The N i l e  a l l u v i u m  c o n s i s t s  o f  c l a y - s i l t  semi pe rv ious  l a y -  

e r s  u n d e r l a i n  by t h e  graded sand and g rave l  water  bea r ing  fo rma t ions  ( A t t i a  e t  

a l . ,  1983 b) .  The N i l e  course c u t s  i n t o  t h e  c l a y - s i l t  t o  t h e  a q u i f e r ,  w h i l e  t h e  

W E 

F ig .  2. L i t h o l o g i c a l  c ross  s e c t i o n  i n  t h e  N i l e  v a l l e y  a t  M i n i a  
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i r r i g a t i o n  d i s t r i b u t i o n  system c u t s  i n  t h e  upper c l a y - s i l t  l a y e r s .  The v e r t i c a l  

h y d r a u l i c  res i s tance  o f  t h e  c l a y - s i l t  f o rma t ion  v a r i e s  f rom 100 t o  3000 days 

w i t h  a r e g i o n a l  average o f  500 days. The t r a n s m i s s i v i t y  o f  t h e  a q u i f e r  v a r i e s  

f rom 3000 t o  25000 square meters lday ( A t t i a  e t  al., 1986 a). 

The t o t a l  groundwater s torage i n  t h e  N i l e  v a l l e y  a q u i f e r  i s  es t ima ted  a t  200 

x l o 9  cub ic  meters).  

The a q u i f e r  i s  rep len i shed  through deep p e r c o l a t i o n  o f  subsur face water,  which 

i s  a r e s u l t  o f  seepage f rom i r r i g a t i o n  canals  and excess i r r i g a t i o n  water  app l -  

i e d  t o  t h e  lands. The main d ischarge component i s  t h e  groundwater r e t u r n  f l o w  

t o  the  N i l e  ( A t t i a  e t  a l . ,  1986 a ) .  

cub ic  meters ( t h e  c a p a c i t y  o f  l a k e  Nasser i s  130 x lo9 

2.3 Water manaqement s t r a t e g y  

cub ic  meters, and i s  f u l l y  consumed a t  present .  The o v e r a l l  water  use e f f i c i e n -  

cy i n  the  N i l e  v a l l e y  i s  about 60 % ( A t t i a  e t  a l . ,  1986 a ) .  The major  component 

o f  water  l o s s  i s  subsurface dra inage which i s  e i t h e r  i n t e r c e p t e d  by a r t i f i c i a l  

d r a i n s  (wherever e x i s t i n g )  o r  pe rco la tes  t o  t h e  a q u i f e r .  Wherever dra inage ne t -  

works a re  absent and groundwater heads a r e  h igh,  t h e  water  t a b l e  b u i l t s  up res -  

u l t i n g  i n  water l o g g i n g  problems. 

Water management s t r a t e g y  aims a t  i n c r e a s i n g  t h e  o v e r a l l  water  use e f f i c i e n -  

cy. This  can be a t t a i n e d  by reus ing  dra inage water  and groundwater. I n  the  N i l e  

v a l l e y  dra inage water  i s  g e n e r a l l y  pumped back i n t o  t h e  N i l e  and reused downst- 

ream. Groundwater i s  g e n e r a l l y  pumped by i n d i v i d u a l s  and do n o t  f o l l o w  a r e g i o -  

na l  p lan.  This  may r e s u l t  i n  uneconomic schemes and/or t h e  i n t r o d u c t i o n  o f  poor 

water  q u a l i t y .  

9 
The annual su r face  water  re leased  downstream HAD i s  l i m i t e d  to .55.5 x 10 

3 GROUNDWATER DEVELOPMENT 

3.1 General 

Groundwater schemes (we1 f i e l d s )  may be designed t o  s a t i s f y  i r r i g a t i o n  wat- 

e r  requirements o r  drainage requirements.  I r r i g a t i o n  w e l l s  a r e  g e n e r a l l y  des ig-  

ned and operated t o  f u l f i l l  i r r i g a t i o n  water  requi rements e i t h e r  s o l e l y  o r  

combinat ion w i t h  a v a i l a b l e  su r face  water  f a c i l i t i e s .  Land dra inage may be p a r t - '  

l y  f u l f i l l e d  as a r e s u l t  o f  pumping. On t h e  o t h e r  hand, dra inage w e l l s  a r e  des- 

igned and operated t o  s a t i s f y  dra inage requirements.  Pumped water  may be used 

i n  i r r i g a t i o n  e i t h e r  d i r e c t l y  o r  a f t e r  be ing  mixed w i t h  su r face  water.  

i n  

3.2 Economi c benef i t s  

Main economic b e n e f i t s  o f  w e l l  f i e l d s  a r e  l a n d  drainage, reuse o f  groundwa- 

t e r  t o  Improve t h e  d i s t r i b u t i o n  o f  i r r i g a t i o n  water  and seasonal s to rage  of 

water  
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Land dra inage by w e l l s  i s  g e n e r a l l y  r e f e r r e d  t o  as " v e r t i c a l  d ra inage" .  Ver- 

t i c a l  d ra inage r e q u i r e s  t h e  presence o f  a permeable a q u i f e r  o f  s u f f i c i e n t  depth  

and leaky  l a y e r s  o f  low v e r t i c a l  h y d r a u l i c  res i s tance .  Groundwater o b s t r a c t i o n s  

a r e  accompanied by a d rop  i n  groundwater heads and water  t a b l e  l e v e l s  ( A t t i a  e t  

a1 . , 1984 b) .  

Wel ls may be l o c a t e d  a t  t h e  t a i l  ends o f  cana ls  t o  supplement d e f i c i t  i n  su r -  

f ace  water  o r  t o  rep lace  su r face  d e l i v e r i e s .  Th is  would r e s u l t  i n  sav ing  d e l i v e -  

ry  losses  and assu r ing  a b e t t e r  d i s t r i b u t i o n  o f  i r r i g a t i o n  water.  Moreover, du- 

r i n g  summer months, a w e l l  f i e l d  may be opera ted  a t  maximum c a p a c i t y  (abs t rac  - 
t ionexceeds rep len ishment ) .  A p a r t  o f  t h e  a b s t r a c t i o n  i s  taken f rom groundwater 

s to rage.  Dur ing  the  remain ing  p a r t  o f  t h e  y e a r  t h e  w e l l  f i e l d  i s  opera ted  a t  a 

c a p a c i t y  such t h a t  rep len ishment  exceeds pumpage. 

4 CASE STUDY 

4.1 Ob jec t i ves  

The o b j e c t i v e s  o f  t h e  s tudy  a r e  : 

( i )  t o  eva lua te  t h e  hydrogeo log ic  and economic f e a s i b i l i t y  o f  groundwater 

( i i )  t o  develop g u i d e l i n e s  f o r  t h e  s e l e c t i o n ,  design, and o p e r a t i o n  o f  d i f  - 
i r r i g a t i o n  schemes ; and 

f e r e n t  groundwater schemes. 

4.2 Area d e s c r i p t i o n  

scheme i s  executed and used ; and ( i i )  t h e  mode l led  o r  s t u d i e d  area, where 

i n v e s t i g a t i o n s  and s tud ies  a r e  c a r r i e d  o u t  

F ig .  3 shows two areas : ( i )  t h e  p i l o t  area, where t h e  i r r i g a t i o n  pumping 

The p i l o t  a rea  i s  l oca ted  i n  t h e  c e n t r a l  p a r t  o f  t h e  N i l e  v a l l e y  a t  a d i s t a -  

nce o f  about 9 km west o f  t h e  r i v e r  N i l e .  The c l i m a t e  i s  ho t ,  d r y  and r a i n l e s s  

i n  summer, be ing  m i l d  w i t h  some r a i n f a l l  i n  w i n t e r .  Average annual r a i n f a l l  i s  

l e s s  than 20 mm. 

Major w i n t e r  c rops  a r e  wheat, broad beans and berseems. The predominant sum- 
mer cops a re  maize and co t ton .  An ex tens i ve  network o f  i r r i g a t i o n  cana ls  d i s -  

t r i b u t e s  t h e  wa te r  on a r o t a t i o n  system. The l e v e l  i r r i g a t i o n  method i s  u s e d f o r  
t h e  a p p l i c a t i o n  o f  water  over  t h e  f i e l d s .  

The su r face  area under t i l e  d ra inage i s  22 % o f  t h e  mode l led  area. The t i l e  

d ra inage system discharges i n t o  open c o l l e c t o r  d r a i n s  wh ich  were c o n s t r u c t e d a t  

t h e  beg inn ing  o f  t h i s  cen tu ry .  The spacing between open c o l l e c t o r  d r a i n s  i s  

about 1000 m. These d ra ins  d ischarge cons ide rab le  q u a n t i t i e s  o f  excess i r r i g a -  

t i o n  water f l o w i n g  a t  t he  t a i l  ends o f  t h e  i r r i g a t i o n  cana ls .  Drainage water  i n  

t h e  model led area  i s  d isposed e i t h e r  by g r a v i t y  o r  by pumping i n t o  Bahr Yussef 

(main i r r i g a t i o n  cana l ) .  
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4.3 Hydrogeologic Schemat iza t ion  

A l i k e  most o f  t h e  N i l e  v a l l e y ,  t h e  mode l led  area  i s  schematized by a semi- 

con f ined  a q u i f e r  c o n s i s t i n g  o f  Qua te rna ry  sands and g r a v e l s  and i s  u n d e r l a i n  by 

a v i r t u a l l y  imperv ious  l a y e r  c o n s i s t i n g  o f  f i n e - g r a i n e d  P1 iocene sediments (see 

F ig .  2 ) .  I n  t h e  f l o o d  p l a i n  t h e  a q u i f e r  i s  covered by a t h i n  semi -perv ious  l a y -  

e r  c o n s i s t i n g  o f  s i l t s  and c lays .  Outs ide  t h e  f l o o d  p l a i n  t h e  a q u i f e r  i s  uncon- 

f i n e d .  The v a l l e y  i s  bounded on b o t h  s i d e s  by s teep  s lopes  made up o f  Eocene 

l imestone (RIGW-IWACO, 1986). The maximum th i ckness  o f  t h e  a q u i f e r  occurs  i n  

t h e  c e n t r a l  p a r t  o f  t h e  v a l l e y  (250-300 m). Near t h e  r i v e r ,  r u n n i n g  a long  t h e  

eas te rn  v a l l e y  s lopess, t h e  th i ckness  o f  t h e  a q u i f e r  ranges f rom 50 t o  100 m . 
The average h y d r a u l i c  c o n d u c t i v i t y  o f  t h e  a q u i f e r  i s  about  70 m/day. The semi- 

pe rv ious  l a y e r  o v e r l y i n g  t h e  a q u i f e r  has an average h o r i z o n t a l  and v e r t i c a l  

h y d r a u l i c  c o n d u c t i v i t y  o f  0.2 and 0.01 m/day, r e s p e c t i v e l y  ( A t t i a  e t  a l ,  1986a). 

The r i v e r  N i l e  c u t s  comple te ly  th rough t h e  s u r f a c i a l  semi -prev ious  l a y e r  and 

has a w i d t h  v a r y i n g  f rom 500 t o  1000 m. 
The d i r e c t i o n  o f  groundwater f l o w  i s  t o  t h e  no r theas t .  The s lope  o f  t h e  p i e -  

zomet r ic  head approximates t h e  s lope  o f  t h e  l a n d  su r face  (1:lOOOO). I n  t h e  v i c -  

i n i t y  o f  t h e  N i l e  groundwater f l o w s  i n  an e a s t e r l y  d i r e c t i o n  a t  a s teeper  s lope  

F ig .  3. L o c a t i o n  o f  t h e  

p i l o t  a rea  and 

model 1 ed  area 

I. 
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(1:20000) towards t h e  r i v e r .  The N i l e  d r a i n s  cons ide rab le  q u a n t i t i e s  o f  ground- 

water.  The i n t e g r a t e d  sur face  water/groundwater system i s  s imu la ted  w i t h  t h e  

h e l p  o f  t h e  numerical  package TRIWACO (RIGW-IWACO, 1986e). Spec ia l  a t t e n t i o n  i s  

p a i d  t o  t h e  s i m u l a t i o n  o f  f l o w  o f  subsur face  dra inage wa te r  f rom i r r i g a t e d  l a n k  

t o  p ipe  d ra ins ,  t o  open d r a i n s  and t o  t h e  a q u i f e r .  

Table 1 summarizes t h e  main components o f  f l o w  as ob ta ined  f rom t h e  water  ba- 

lance computat ions o f  t h e  c a l i b r a t e d  model. Th i s  balance i n d i c a t e s  t h a t  t h e  maj-  

o r  p a r t  o f  t he  subsurface dra inage water  i s  d ischarge th rough  t h e  a q u i f e r  i n t o  

t h e  r i v e r  N i l e .  As a r e s u l t  o f  t h e  water  balance computat ion,  t h e  l e a c h i n g  f r a -  

c t i o n  (LF) c o u l d  be es t imated .  The L f  i s  d e f i n e d  as t h e  r a t i o  between theamount 
o f  subsurface dra inage water  and t h e  amount o f  i r r i g a t i o n  water.  I n  t h e  f l ood  

p l a i n  where o n l y  open d r a i n s  a r e  a v a i l a b l e  t h e  va lue  o f  t h e  LF i s  found t o  be 

about 0.05. Th is  low f i g u r e  r e f l e c t s  the  e x i s t i n g  bad dra inage c o n d i t i o n s  i n t h e  

area. 

TABLE 1 

Groundwater balance o f  t h e  mode l led  area (1985).  

I n f l o w  terms M i  11 i o n  cub ic  meters/day 

subsurface dra inage water  
seepage f rom cana ls  and d r a i n s  
i n f l o w  across southern  boundary 

0.6 
0.4 
0.1 

1.1 
- 

Outf low terms 

d ischarge i n t o  t i l e  and open c o l l e c t o r  d r a i n s  0.2 
groundwater a b s t r a c t i o n s  0.1 

0.8 

1.1 

groundwater d ischarge i n t o  t h e  N i l e  - 

4.4 Well f i e l d  

The w e l l  f i e l d  i s  designed t o  s a t i s f y  i r r i g a t i o n  water  requ i rements  on a 

cont inuous f l o w  bas is  f o r  day t ime i r r i g a t i o n  on ly .  I t  c o n s i s t s  o f  73 w e l l s  (o f  
which 21 w e l l s  a r e  standby).  The design c a p a c i t y  o f  each w e l l  i s  350 c u b i c  me- 

te rs /hou r .  The w e l l s  a r e  l o c a t e d  a long t h e  e x i s t i n g  cana ls  ( fa rmers  r e q u i r e -  

ments).  With t h i s  w e l l  f i e l d  f o u r  o p e r a t i o n  schemes a r e  i n v e s t i g a t e d .  Table 2 
p resents  the  groundwater a b s t r a c t i o n s  o f  t h e  f o u r  a l t e r n a t i v e  pumping schemes. 

Under a l t e r n a t i v e  "Irr" t h e  w e l l  f i e l d  i s  opera ted  t o  f u l f i l l  t h e  i r r i g a t i o n  

water  requirements of t h e  p i l o t  area. Under a l t e r n a t i v e s  "Irr+;" and " I r r + 5  t h e '  

w e l l  f i e l d  ope ra t i on  i s  made accord ing  t o  i r r i g a t i o n  wa te r  requ i rements  o f  t h e  

p i l o t  area. Dur ing  3 o r  5 months (peak season) t h e  w e l l s  a r e  opera ted  a t  f u l l  
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TABLE 2 

A t e r n a t i v e  opera t i on  schemes o f  t h e  w e l l  f i e l d  

Operat ion scheme Pumping r a t e  
(1 x 10 c u b i c  meters / yea r )  

I rr 
I r r + 3  
I r r + 5  
I r r + l Z  

46.5 
71.3 
91.2 

166.0 

capac i t y  (24 hours d a i l y ) .  Wi th  these two a l t e r n a t i v e s  t h e  seasonal p roduc t i on  
o f  groundwater f rom storage i s  i n v e s t i g a t e d .  Under a1 t e r n a t i v e  " I r r + l 2 "  t he  well 

f i e l d  i s  operated 24 hours/day a l l  t h e  y e a r  round. This  a l t e r n a t i v e  i s  se lec ted  

t o  t e s t  t he  o p t i o n  w i t h  most emphasis on l a n d  drainage. I n  t h e  l a s t  t h r e e  a l t e r -  

na t i ves ,  pumped water  exceeding t h e  i r r i g a t i o n  water  requi rements o f  t h e  p i l o t  

area may by t r a n s f e r r e d  t o  nearby c u l t i v a t e d  areas. 

5 TECHNICAL FEASIBILITY 

5.1 Land dra inage and seasonal s torage o f  groundwater 

For each o f  t h e  f o u r  pumping schemes, t h e  f u t u r e  dra inage c o n d i t i o n s  and t h e  

changes i n  groundwater s torage a r e  c a l c u l a t e d  w i t h  t h e  c a l i b r a t e d  TRIWACO model. 

An area i s  cons idered as d ra ined  by pumping o f  groundwater when t h e  water  t a b l e  

i s  kept  a t  a minimum depth o f  1.5 m below l a n d  sur face.  The f o r e c a s t s  o f  l a n d  

drainage and seasonal groundwater m in ing  a r e  summarized i n  Table 3 . 
Table 3 

Forecast of l and  drainage and seasonal groundwater m in ing  

A t e r n a t i  ve Discharge Seasonal p roduc t i on  o f  Area 
pumping w e l l  f i e l d  groundwater f rom s to rage  d ra ined  

1 x 10 6 cub ic  meters 1 X 10' ' months square regime 

per  y e a r  cub ic  meters K i l omete rs  

Irr 46.5 4 3 70 
I r r + 3  71.3 22 3 112 
I r r + 5  91.2 28 5 145 
I r r + l 2  166.0 - - 271 

With t h e  pumping a l t e r n a t i v e s  I r r + 3  and I r r + 5  about 30 % o f  t h e  annual 

charge o f  t h e  w e l l  f i e l d  i s  seasonal ly  produced f rom s t r o r a g e  d u r i n g  t h e  

r i o d  o f  water  s c a r c i t y .  Seasonal changes i n  s torage a r e  ma in l y  due t o v a r i a t i o n s  

i n  the  water  t a b l e  l e v e l s  i n  ares where t h e  a q u i f e r  i s  semi-conf ined. T h i s  indi-  

cates t h a t  t he  a q u i f e r  can be used f o r  seasonal s to rage  of water  ( A t t i a  e t  a l ,  
(1987a). 

d i s -  

pe- 



257 

The area d ra ined  i s  found t o  be cons ide rab ly  l a r g e r  than  t h e  p i l o t  area. For  

a l t e r n a t i v e  I r r t l 2  an area o f  approx imate ly  15 t imes t h e  p i l o t  a rea  i s  d ra ined  

by pumping groundwater f rom t h e  p i l o t  area. The depth  t o  t h e  wa te r  t a b l e  f o r  

a l t e r n a t i v e  I r r + l 2  i s  shown i n  F ig .  4. These da ta  i n d i c a t e  t h e  f e a s i b i l i t y  o f  

v e r t i c a l  d ra inage i n  t h e  N i l e  v a l l e y  by concent ra ted  pumping o f  groundwater 

from i r r i g a t i o n  w e l l  f i e l d s .  

5.2 S u i t a b i l i t y  o f  abs t rac ted  qroundwater f o r  i r r i g a t i o n  

Groundwater i n  and around t h e  p i l o t  a rea  i s  hydrochemica l l y  ana lysed u s i n g  

d i f f e r e n t  techn iques  ( p i p e r  diagrams, e q u i l i b r i u m  and c o r r e l a t i o n  diagrams, and 

geochemical models).  The l o n g  te rm water  q u a l i t y  o f  a b s t r a c t e d  groundwater 

fo recas ted  w i t h  t h e  s o l u t e  t r a n s p o r t  model STIWACO, combined w i t h  a hydrochemi- 

i s  

c a l  model t h a t  takes  t h e  d i f f e r e n t  hydrochemical  

c o n f i n i n g  l a y e r  i n t o  account. 

processes i n  t h e  upper semi- 

0 2  4 6  8 10 
L .  . ' . r l  

KM. 

Fig .  4. Land dra inage under 

a l t e r n a t i v e  " I r r + l P "  

The s u i t a b i l i t y  o f  t h e  pumped groundwater f o r  i r r i g a t i o n  w i t h  r e s p e c t  t o  sa- 

l i n i t y ,  h y d r a u l i c  c o n d u c t i v i t y ,  t o x i c i t y  and misce l laneous e f f e c t s  i s  eva lua ted  

w i t h  c r i t e r i a  d e r i v e d  f rom recen t  FA0 g u i d e l i n e s  (FAO, 1976). The r e s u l t s  o f  a 

100-year fo recas t  show t h a t  no y i e l d  decrements a r e  expec ted  and t h a t m  problems 
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w i l l  occur  w i t h  t h e ' h y d r a u l i c  c o n d u c t i v i t y  o f  t h e  s o i l .  Moreover, f o r e c a s t s  

show t h a t  s p e c i f i c  t o x i c c i t y  and miscel laneous problems a r e  n o t  expected t o  

occur  (R IGW- IWACO,  1986e). 

6 ECONOMIC FEASIBILITY 

6.1 Economic framework 

ments and farmers needs. Thus, t h e  economic e v a l u a t i o n  would be r e s t r i c t e d  on 

f i n d i n g  t h e  bes t  way t o  operate t h e  w e l l  f i e l d  as i t  i s  const ructed.  

The se lec ted  c r i t e r i o n  t o  compare m u t u a l l y  e x c l u s s i v e  t e c h n i c a l  a1 t e r n a t i v e s  

i s  t he  "Net Present Value" (NPV) o f  t h e  p r o j e c t ,  expressed i n  economic values. 

Expendi tures a re  expressed i n  t h e i r  p resen t  va lue  u s i n g  a 10 % i n t e r e s t  r a t e .  

The w e l l  f i e l d  was designed e s s e n t i a l l y  t o  f u l f i l l  i r r i g a t i o n  water  r e q u i r e -  

6.2 Data and assumptions 

investments of t he  w e l l  f i e l d  and r e c u r r e n t  cos ts  (energy,  maintenance, person- 

ne l  and replacements).  B e n e f i t s  a r e  f o r  t h e  amounts o f  groundwater produced 

from storage and savings on drainage. A shadow p r i c e  o f  LE 14/1000 cub ic  meters 

o f  water produced from storage i s  es t ima ted  (WMP, 1981e). Savings on dra inage 

a r e  est imated as t h e  c o s t  (World Bank 1985e) o f  supp ly ing  the  area w i t h  a h o r i -  

zon ta l  drainage network (assuming t h a t  dra inage w i t h  t h e  w e l l  f i e l d  has an equ- 

a l  performance as t i l e  dra inage) .  

An economic l i f e  of  30 years i s  assumed f o r  t h e  p r o j e c t .  Costs c o n s i s t s  o f  

6.3 Ca lcu la t i ons  and d i scuss ion  

Table 4 presents  the  economic p resen t  va lues f o r  t he  c o s t s  and b e n e f i t s  o f  

t he  i nvo l ved  items. I n  t h e  f i r s t  a l t e r n a t i v e  ( I r r ) ,  w i t h  an o p e r a t i o n  scheme 

t h a t  i s  made t o  s a t i s f y  i r r i g a t i o n  requirements o f  t h e  p i l o t  area, t he  n e t  ben- 

e f i t  i s  smal l  b u t  s t i l l  i n  f avou r  o f  t he  w e l l  f i e l d .  I n  t h e  o t h e r  a l t e r n a t i v e s  

opera t i on  schemes a r e  designed t o  g i v e  more emphasis t o  l a n d  dra inage.  The res -  

u l t i n g  n e t  b e n e f i t  i s  cons ide rab ly  h igher .  Th is  i s  due t o  t h e  r a t i o  between t h e  

n e t  b e n e f i t s  f rom drainage and water  p roduc t i on  f rom s to rage  (8:2).  I t  i s  o b v i -  

ous t h a t  t h e  l a s t  a l t e r n a t i v e  ( w i t h  most emphasis on l a n d  dra inage)  i s  t h e  most 

economical 1 y a t t r a c t i v e  scheme t o  t h e  country .  

e v a l u a t i o n  r e q u i r e s  a thorough i n v e s t i g a t i o n s  on t h e  i n v o l v e d  c o s t s  and r e t u r n s  

t o  farmers be fo re  and a f t e r  t he  p r o j e c t  ( a g r i c u l t u r e  economy). Such a s tudy i s  

now t a k i n g  p lace  (Funded by t h e  Ford Foundat ion).  Resul ts  a r e  expected i n  a 

two-year pe r iod ,  a f t e r  t h e  p r o j e c t  i s  i n  o p e r a t i o n  f o r  a t  l e a s t  two seasons. 

F i n a n c i a l  e v a l u a t i o n  o f  such p r o j e c t s  a r e  more impor tan t  t o  farmers.  Such 
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TABLE 4 
Net present economic values o f  cos ts  and b e n e f i t s  

Economic values A l t e r n a t i v e  pumping schemes 

L.E. x 10 ( 1  $ = 2.2 L.E.) Irr I r r + 3  I r r + 5  I r r + l 2  6 

cos ts  
- i n s t a l l a t i o n  
- recu r ren t  

6.3 6.4 6.4 6.5 
1.3 1.5 1.6 2.5 

To ta l  costs  7.6 7.9 8.0 9.0 

B e n e f i t s  
- saved on h o r i z o n t a l  

drainage 
- i n s t a l l a t i o n  8.2 13.1 14.7 31.8 
- r e c u r r e n t  0.7 1.1 1.2 2.7 

f rom storage 0.6 2.8 3.9 0.5 

To ta l  b e n e f i t s  9.5 17.0 19.8 34.9 

NPV (bene f i t s - cos ts )  1.9 9.2 11.7 26.0 

- water p roduc t i on  

7 CONCLUSIONS AND RECOMMENDATIONS 

From the  s tudy the  f o l l o w i n g  can be concluded: 

i )  Groundwater development f o r  i r r i g a t i o n  may be considered an economic a l t e -  

r n a t i v e  f o r  sur face water.  

i i )  The most economic schemes f o r  t he  opera t i on  o f  w e l l  f i e l d s  a r e  those g i v -  

i n g  more emphasis t o  drainage ( v e r t i c a l  dra inage) .  I n  t h e  s e l e c t i o n  o f  w e l l  f i e -  

l d s ,  i t  i s  recommended t o  take i n t o  cons ide ra t i on  t h e  e x t e n t  o f  t he  d ra ined  area 

due t o  each w e l l  f i e l d .  

f o r e  the s e l e c t i o n  o f  w e l l  f i e l d s  l o c a t i o n s .  

i i i )  Seasonal s torage o f  water i n  the  a q u i f e r  should be w e l l  i n v e s t i g a t e d  be- 
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