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ABSTRACT 

An assessment o f  t h e  groundwater q u a l i t y  conf ined i n  the western p a r t  o f  

Saudi Arabia has been c a r r i e d  ou t  on the  bas is  o f  geochemistry, geomorphology and 

geology var iab les.  I n t e r a c t i o n  among these va r iab les  has been analysed quant i -  

t a t i v e l y  by convensional s t a t i s t i c a l  techniques leading t o  s u i t a b l e  mathematical 

models. 

presented which prove ind i spens ib le  f o r  groundwater explorat ion,  development and 

e x p l o i t a t i o n  f o r  var ious purposes such as water supply f o r  domestic, i n d u s t r i a l ,  

a g r i c u l t u r a l  and rec rea t i ona l  usages. 

C r i t e r i a  o f  c l a s s i f i c a t i o n s  o f  groundwater q u a l i t y  i n  the study area a re  

INTRODUCTION 

The main purpose o f  t h i s  paper i s  t o  present empir ica l  procedures t o  explore 

any s i g n i f i c a n t  r e l a t i o n s h i p s  t h a t  may e x i s t  between groundwater q u a l i t y ,  geology 

and geomorphology i n  the hope t h a t  they w i l l  provide an i n i t i a t i v e  bas is  f o r  f u r t h e r  

s tud ies.  Furthermore, t h i s  study i s  expected t o  g ive a p r a c t i c a l  guidance about 

s p a t i a l  groundwater q u a l i t y  leading t o  c l a s s i f i c a t i o n  o f  d i f f e r e n t  q u a l i t y  regions on 

the  bas is  o f  which then i t  w i l l  be poss ib le  t o  decide what s o r t  o f  usage can y i e l d  

the  optimum b e n e f i t  t o  a g r i c u l t u r a l ,  i n d u s t r i a l ,  domestic supply and rec rea t i ona l  

usage o r  no t  a t  a l l !  

F igure 1 ) .  

dug w e l l s  by the authors as w e l l  as others, ( r e f s .  1, 2, 3 ) .  

The study area covers e i g h t  wadis i n  the western p a r t  o f  Saudi Arabia, (see 

The water samples f o r  chemical analys is  were c o l l e c t e d  from 130 hand- 

QUANTITATIVE ANALYSIS AND RESULTS 

Geochemical ( E l e c t r i c  Conduct iv i ty ,  EC) ,  geologic (percentage areas of rocks) 

and geomorphologic (drainage area, Au; drainage densi ty ,  Dd; t o t a l  number o f  stream 

orders, NII) va r i ab les  are processed by regress ion and c o r r e l a t i o n  analyses. Deta i led 

*On leave from the Technical U n i v e r s i t y  o f  Is tanbu1,Civ i l  Engineering Faculty, 
Dept. o f  Hydraul ics  and Water Power, Task is la ,  Taksim, I s tanbu l ,  Turkey. 
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in format ion i s  given i n  re f .4 .  

Chemistry - Geomorphol ogy 

general t rend  i s  expressed as, 

F i e l d  p l o t s  and f i t t e d  curves are shown i n  Fig.2, between EC and Au. The 

EC = (62230) x 10- 0. 004Au ........................... (1)  

-f i t t e d  

100 400 700 1000 

Fig.2. E l e c t r i c  Conduc t i v i t y  

Versus Drainage Area. 

Fig. 1. Study Area 

Obviously increase i n  wadi area causes decrease i n  EC hence groundwater q u a l i t y  

improves and becomes potable. However, such a decrease i s  very s e n s i t i v e  f o r  areas 

l ess  than 400 km otherwise the  change i s  n o t  very appreciable. Since potable sub- 

surface water has EC ranging from 30 t o  2000 micromhos, ( r e f .  5).An i n s t r u c t i v e  water 

q u a l i t y  c r i t e r i a  on the bas is  o f  wadi areas can be developed from Eq. (1) as, 

2 

2 7 9 0 0  kin .......................... r a t h e r  pure 

= 900 kin2 - 400 km ............. ...p o tab le  

< 400 km ......................... .non-potable 

2 

2 

I n  a s i n g l e  wadi t he  above c r i t e r i a  means t o  say t h a t  t he  water q u a l i t y ,  i n  

general, de te r io ra tes  from the upstream towards downstream, s ince the  area i s  maximum 

a t  upstream and decreases as advanced towards downstream where the s a l t  water i n t r u -  

s ion  i s  most probable. 

F igure 3 which r e f l e c t s  a l i n e a r  t rend  i n  double- logar i thmic paper. 

Another r e l a t i o n s h i p  o f  EC t o  geomorphology i s  g iven i n  

loglOEC = 3.1 t 1.6 loglOOd ......................... (2 )  

I n  general, con t ra ry  t o  drainage area, EC increases w i t h  increas ing Dd. Regional 
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water q u a l i t y  c r i t e r i a  based on Dd a re  

0.08 km-’. ...................... . ra the r  pure 
- -1 -0.08 km-’ - 1.3 km . . . . . . . . . . . . p  otable 

Dd [ >1.3 km-’ ........................ non-potable 

Increase i n  Dd g ives r i s e  t o  more i n f i l t r a t i o n  and subsequently more s o l u t i o n  o f  

minera ls  i n  var ious rock types and hence the water q u a l i t y  de te r io ra tes .  

Chemistry - Geology 

and rock i n  the groundwater environment. 

t he  minera l  composit ion o f  groundwater and t h e  mineral assemblage w i t h  which the  

water has been i n  contact, q u a n t i t a t i v e  expressions are ra the r  miss ing i n  the  

l i t e r a t u r e .  

area o f  igneous rocks ( I g )  has been obtained as the  l e f t -hand  l imb  o f  a parabola, 

(see F igure 4) 

Numerous chemical as w e l l  as physiochemical react ions take place between water 

Although general r e l a t i o n s  e x i s t  between 

However, w i t h i n  the study area a general t rend between EC and percentage 

EC = 11070 - 22070.Ig + 11556.(Ig) (O<%Ig 1 ) .  .... ( 3 )  2 

from which the  q u a l i t y  c r i t e r i a  based on the  percentage igneous rock i n  the  western 

p a r t  of t h e  Kingdom can be obtained as, 

> 0.55 % Ig ........................ potable 

otherwise.. ..................... .non-potable 

. . . . . . . . .  
- f i t t e d  

. 2000 . f ield 

0.4 0.6 0.8 1 1.2 1.4 

F ig.  3. E l e c t r i c  Conduct iv i ty  

versus Drainage Density. 

F i g  .4. E l e c t r i c  Conduct iv i ty  

Versus % Igneous Rocks. 



776 

CONCLUSIONS 

A q u a n t i t a t i v e  ana lys i s  has been undertaken i n  t h i s  paper t o  develop groundwater 

q u a l i t y  c r i t e r i a  on t h e  bas is  of some ex te rna l  e f f e c t s  such as geology, geomorphology 

and chemistry. 

t h e i r  extensions f o r  t h e  r e s t  of t he  Kingdom i s  a p o t e n t i a l  research t o p i c  which may 

lead t o  a general groundwater q u a l i t y  c l a s s i f i c a t i o n s  f o r  t he  a r i d  reg ions i n  o ther  

pa r t s  o f  the wor ld  a t  large.  

paper are, mainly: 

conduc t i v i t y ,  provided t h a t  t he  area i s  measured from downstream. 

e l e c t r i c  conduc t i v i t y .  

reduct ion i n  the  e l e c t r i c  c o n d u c t i v i t y  hence improving groundwater q u a l i t y .  

cover the mineralogy and hydrology. 

s tud ied by f i r s t  author. 

The r e s u l t s  are v a l i d  o n l y  f o r  t he  western Saudi Arabia, however, 

The impor tant  p o i n t s  t h a t  can be drawn ou t  of t h i s  

( i )  t he re  i s  a reverse r e l a t i o n s h i p  between the  drainage area and the  e l e c t r i c  

( i i )  a p ropor t i ona l  type o f  r e l a t i o n s h i p  e x i s t s  between t h e  drainage dens i t y  and 

( i i i )  increase o f  percentage area o f  igneous rocks w i t h i n  the  study area y i e l d s  

I t w i l l  be very i n t e r e s t i n g  t o  ex ten t  t h e  content  o f  t h i s  study so as t o  

However, these po in ts  a re  being c u r r e n t l y  
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