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Abstract

This study investigates the nature of the nitrate concentration 

and its effect on the quality of groundwater in the Bara basin in 

of North Kordofan State, Sudan.

The principal objective of this study is to; detect possible NO3 

sources affecting groundwater quality.

The 515N results included two range of values, which suggested

two different nitrogen sources in different parts of the study
t

area.

The data used in this study includes lithological logs, pumping 

and recovery data and chemical analysis.

Rock ware, surfer, Aquitest and aquichem software programs 

were used to analyze the data, which is based on the lithological 

logs from nine shallow wells and seven deep boreholes . The 

geological formation was found to be the Umm Ruwaba 

formation which consists of two aquifers an upper shallow one 

and the other deep aquifer.

The transmissivity of the upper aquifer was found to be 

0.528m2 /day, which is good, and the average of hydraulic
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conductivity was found to beo.084 m/day., which is high and 

the storativity is 0.081.

The direction of flow of groundwater was found to be from 

North West to North East over alls the area.

Chemical analysis showed that the TDS concentration in the 

study area is within the permissible limit of the Sudanese and 

the WHO standards . The calcium concentration in the study 

area was also found to be within the permissible limits of the 

Sudanese and the WHO standards . The nitrate concentration 

in the upper aquifer ranges between9.68 and 89img/l which is 

above the permissible limit of the Sudanese and the WHO 

standards.

The water type in the upper aquifer was found to be calcium- 

nitrate-chloride-bicarbonate.

It appears that the source of the calcium is either for the decay 

of dead animal bones or the dissolution of calcareous deposits 

within the upper aquifer.

It can be concluded that the quality of groundwater in the study 

area is good for the human consumption .
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aluJI t-iuJ\a i j)\-}^\ Aĵ tijl jLili.j t (jjj£ill (jc- <«1iLoj]jc« JjAjJaji AjujIĵ II ojlA
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Chanter-naoi

1
1. INTRODUCTION
Background

The importance o f groundwater for various water use sectors 

may vary from region to another. In Northern Kordofan 

State Groundwater has proved to be a major resource for the 

development plans of water supply, irrigation as well as 

industrial sectors. Drinking water supply in the state relies on 

groundwater for more than 65% of the total consumption. In 

some parts it is considered as the only realistic water supply 

option for meeting dispersed rural demand, as well as 

supplementing expanding urban centers. Moreover, currently 

groundwater is increasingly used for agriculture which is the 

major source of livelihood, and which very much contributes 

to the food security and the national economy.

1.2 Location:
The area under study lies in west central Sudan , in the 

central north Kordofan region .It is bounded by longitudes 

(29° 50 23) E and (30 56 24) E , and latitudes (13 34 

12) N and (14 02 23)N, covering an area of (472km2 ) 

square kilometer.

(1)



1.3 Physiography:

Climate:

The study area lies inland and is relatively far away from the 

oceans and seas. It covers vast area that extend over two 

climatic belts, corresponding to the two major E-W trending 

climatic zones in sub-Saharan region. The northern zone 

represents a semi-arid zone and the southern zone represents 

a poor Savannah one. The rainfall increases in amount and 

duration southward. It ranges from 200 mm/y in the north to 

450 mm/y in the south.

The mean temperature i's 27° C with 10° C and 46° C 

temperature extremes. During the rainy season a south to a 

wind is dominating the area whereas, north wind is 

dominating during the winter. The former is associated with 

a high mean relative humidity averaging about 55%, while 

the letter is characterized by a low average humidity of about 

21 %.(IFAD2002).

1.3.1: Topography
The study area is gently sloping from the south-south west

towards the north-north-east and east, but near Umm 

Sumeima, the ground surface is as high as 630m to 640 

above sea level, near Elobeid 568m, close to Bara 

470m,near Umm Busha 460m and near Umm Dam

440m.The average ground slope from the south to the north
(2)



(Elobeid -Bara) amounts to about 0.17% and from the west 

to east (Bara to Umm Dam) is only about 0.044%.

The special features o f this part o f kordofan state are 

Qoz deposited which are characteristic of the area to the 

north of the line Umm Sumeima -Elobeid -Umm Ruwaba. 

The term (Qoz) was earlier used for sand dune -shaped 

accumulations in kordofan but now a day includes also the 

surfaces covered with sand sheets (they are large gently 

rolling sand sheets and fixed sand dunes). At present, they 

are mostly stabilized by means o f specific flora, a thin 

surface crust o f iron oxide' and or finely grained silt and clay 

.the sand consist o f well rounded quartz grains. The color 

varies from pale buff to dark red, depending on the cantered 

of iron concentrated in the surface sand layer.

The predominant direction of the goz strike is north to south 

which is the result of sand transportation by means of 

northerly winds.(Gada 2007).

1.3.2: Drainage System:
In those parts of the area, within J.Kordofan and J.Abu Khureis, the

drainage patterns have been influenced by the fault and joint systems

of the Basement Complexes. The lineaments generally form parallel

or slightly curved pattern drainage (Stephen et al 1994). The former is

represented by fractures, faults and joints which constitute more

reliable sources in defining groundwater targets in Basement

Complex rocks. The drainage is controlled by structural features and
(3)



is characterized by gentle sloping plain and deposits of clastic 

sediments into the peripheral basins of Wadies and Khors . These are 

important sites for groundwater especially when they are covered by 

qoz sand or cracked black soils.(EL Hag 2008)

1.3.3: Soils and Vegetation :
The study area is covered by sandy soil, which was classified

into two main groups including residual and transported soil. 

The former are drived by the weathering processes from the 

rock of Basement complex. They are mainly made of sand, clayey 

sand and pebbly material.

These types of soil are mostly found surrounding the Basement hills. 

The thickness and extension depend on slope, shape and rock type of 

hills, while the later came from far distance by winds or water. 

Generally, the North Kordofan State (NKS) is characterized by low 

fixed dunes, dunes, sand sheets, recent alluvial, rocky lands and 

loamy plains.Vegetation cover is an important general indication for 

groundwater investigations.

The region is characterized by scattered species of the genus Acacia, 

as well as grass land, bushes and tree cover the area. The density of 

vegetation cover decrease northwards and increase southwards, mean 

while the vegetation cover was affected by the drought and 

overgrazing during the middle of 1980s but recently started to 

recovery, The distribution density of bushes and trees is very much 

controled by the amount of precipitation and is widely spread after 

the rainy season. The common Trees and shrubs are mokhet (Acacia 

senegalensis) Heglig (Balanites agvptieaca ),Tabaldi (Adansonia

(4 )



digitata.) and Usher (Catotrpis precera.) and the annual grasses in the 

area are Haskanit (Cenchrus biflorus). EL Hag 2008).

1.4. Population

According to Mukhtar (2006), the current total Population of 

the North kordofan State (NKS), amount to 2,353,460 

persons according to the Bureau of Statistic (CBS) 

population projections (2003- 2018 ).

In the study area, the population concentrated mainly 

around the water sources and wells which provide sufficient 

water and pasture. During the middle of 1980s people 

migrated internally as result o f famine and drought that hit 

the region. The major tribes are the( Gawamaa), (Bederia), 

(Dar Hamid ), (Hawawir) and( Sheweihat). Nost of these 

tribes are sedentary and cultivation is now their main 

occupation instead o f the raising of domestic animals ( Amir, 

1973 and Mohamed 1975).

1.5: Previous Studies

Several geologists contributed to different aspects of

geological activity, which starts only after the year 1905. 

Delany (1950) and Karkanis (1965), studied the problem of 

groundwater occurrence in the centeral part of kordofan 

province. Kleinsorge and Zscheked (1958 ) described the 

geology and hydrogeology of Kordofan province, which is

(5 )



solving the relationship between the geological conditions 

with regard to the following occurrence. National Water 

Corporation and companies (Geotechnia and Regwa ) 

continued the drilling activities in the area , and were 

engaged in water analysis to identify the suitability of water 

for domestic and irrigation purposes. Admadana (1973) 

describe the hydrogeological principles in groundwater 

exploration in the territory during the Pliocene and 

Quaternary time and data obtained can serve for an 

evaluation o f the water-bearing formation. Hricko(1969- 

1979 ) was the first study on the local conditions of 

groundwater occurrence at the Kordofan Province. Ali and 

WHITELEY(1988) conducted a gravity exploration for 

groundwater in the bara basin. IFAD (1993 ) summarized the 

hydrology and hydrogeology of Kordofan State. Abdelkhleg 

(1999) studied groundwater hydrology of the West-Central 

Sudan and referred to Bara Basin that supply Elobied city 

from deep aquifer.

Gada (2007)studied the effect of the continuous pumping on the 

water table levels, and estimation of volume of the aquifer. EL Hag 

(2008) studied Groundwater hydrogeological investigation in 

basement and the Sedimentary aquifer in El Obied -  Bara area, North 

Kordofan State (NKS).These studies were useful to evaluate and 

exploit the water resources.
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Chapter

2

2.1 Statement of the problem:

Bara basin is used excessively for the water supply of EL

Obied city . there is great green about the quality and

quantity of water in the basin.

After several years of utilization of basin , there was high 

concentration of nitrate in the shallow aquifer . There is great 

need to determinate source of nitrate and the quality and

quantity o f water in the basin. As step for sustainable

management o f this resources.

2.2 Objectives of the study:

The objectives of this study can be out lined as the follows:
• To investigate and assess the Nitrate contamination of the

shallow and groundwater in the bara basin , North Kordofan 

State (NKS).

• To obtain a better understanding of factors contributing to the 

distribution of nitrate in groundwater.

• To detect possible nitrate source affecting groundwater.

• To determine some major elements in water to be helpful in 

detecting hydrochemical processes affecting water quality.

(9 )



2.3 Collection of the previous Data:

The previous information on the water sources has been

collected and compiled at the beginning of this study which 

included hydrogeological data such as depths, lithological 

log and pumping data, written by geologists and sometime 

by drillers were obtained from data base o f Groundwater and 

Wadies Directorate (GWD). Otherwise, the work done was 

based on Regional Geological Map of the study area.

2.4 Methodology:

The methods of the study have been conducted to achieve
the objectives of the study through the procedures:

2.4.1 Field Work:
A field work trip was conducted during November 2009.

General hydrology and hydrogeological observation were 

taken . A total o f (50) water samples were collected from the 

field . At all localities two 21itercapaicty sample bottles were 

filled, one is used for chemical analysis and adding NaOH to 

the other bottle which is stored in cool place (5c) for 

Isotopeic analysis. Using polyethylene bottle to measure 

electrical conductivity (EC) ,and nitrate concentration (N03) 

at the site o f the well immediately by the digital EC meter , 

HACH equipment and PH meter was ussed to measure 

values of P H .
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Fig 2.1: Nitrate measurement procedure in the field

2.4.2 Laboratory Work:
The laboratory work can be summarized in: The chemical

analysis for (50) water samples was carried out to determine 

the concentration of major cations (Ca+ +, Mg+ +, Na+ and 

K+ ) and major anions (HC03-,S04-,CL- and N 03-- ).The 

analysis was done in laboratory of Groundwater and Wadies 

Directorate (GWD)- Khartoum kello 10 by using flame 

photometer, Titration and Spectrophotometer methods.

These methods are useful for the reconnaissance and 

evaluation of the water types for drinking and irrigation 

purposes.
(1 1 )



2.4.3 Software Program:
Computer software included Aquitest (for evaluation of

pumping test), Aquichem(for the study of the water 

chemistry) , Arc GIS(for mapping), Rocks ware and 

SPSS(statistical analysis) programs were used to interpret 

data.

(12 )



Chapter

3
3.0 Geological and Structural setting
3.1 General

The study area occupies south of the Central Africa Shear 
zone (CASZ). The main geologic formation covering, North 
Kordofan state, from older to younger, can be itemized into 
table 3.1.

Table 3.1 Geological sequence of North Kordofan State and surrounding area

Formation Age
Basement Complex

Paleozoic sandstone ( Nawa Formation ) 
Nubian sandstone Formation 

Um Ruwaba Formation 

Superficial deposits

Precambrian -  Cambrian 

Devonian -Carboniferous 
Jurassic -  Cretaceous 

Plio -  Pleistocene 
Pleistocene -  Recent

The lithological units o f the North kordofan can be 
summarized in stratigraphic column shown in figure 3.1, 
they are from older to younger, and can be itemized into the 
following sequence :

(13)



B A S E M E N T

Fig. 3.1 litho-stratigraphic units of the North Kordofan 

3.1.1 Basement complex:

The Basement complex is the oldest and most extensive rock 

unit in the area. It is composed of gneisses, schist’s, granites, 

crystalline limestone and other igneous and metamorphic 

rocks Basement crops out as mountainous terrain along the 

northern, southern, and western boundaries of the area as J. 

Dumbeir, Ed Dair, Abu urf, Muginus and Quleit.lt also 

occurs as inliers with in the sedimentary basin as J. Kon, 

Zalata and Hemaui.(IFAD2008).
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3.1.2 Naw a Formation:

Nawa formation is a small unit of micaeous sand stone, shale 

and thin bedded limestone in basement depressions; it does 

not outcrop and hydrogeological significance is largely 

unknown. Nawa formation is the least extensive rock unit 

and includes well consolidated micaeous sandstone, arkoses, 

shale and thin bedded limestone .it is not known as out crop 

but was detected in few boreholes and dug wells in Semih 

and Nawa villages. The surface distributions o f Nawa rocks 

suggest that they lie in structural depressions in the 

Basement rocks. The maximum thickness o f Nawa rocks 

recorded from Semeih borehole is 135m.its hydrogeological 

significance is low.

3.1.3 Nubian Sandstone Formation:

The sediment o f the Nubian formations is o f fluvitile 

continental origin and is generally flatlying, or gently 

dipping northwards (Rodis, 1965). The strata consists 

predominantly of friable to well consolidated conglomerates 

and sandstones containing siltstone and clay stone layers. 

Lateral changes in lithology, sometimes quite rapid, are 

characteristic. Nubian sediments filled the Abu Tenetin 

trough and is believed to fill the base o f the Bara trough. 

Most o f the existing borehole did not tap the full formation

(15)



3.1.5 Superficial Deposits:

Superficial deposits include clay plains, Qoz and wadi-fill 

deposits. The clay plains that had extensively covered the 

whole area were eroded from the northern parts by the action 

of winds. In the northern part only remnants o f clay layers 

were preserved along the interdunal hollows or in the 

depressions o f kheiran, khor ELTina ect. South of khor Abu 

habil

Clay layers dominated the top soil and have thickness rarely 

exceeding one meter. Their presence, with swelling 

character, a impedes rainfall infiltration to recharge the 

underneath layers. Their hydrogeological significance is that 

they act as a permeable layer. In which rainfall infiltrates and 

thus no runoff can develop.

3.2. Structural Setting:

According to the results o f geophysical investigations 

conducted in the area for explorations, these basins are 

controlled by NW-SE trending major faults associated with 

some minor NE-SW trending faults. In the southern part of 

the area W-E trending faults dominated where the sub-basins 

are generally elongated W-E . The Hashaba and Umm 

Aggaga sub-basins are bounded to the East by major high- 

angle NE-SW trending normal faults, while El Bashiri and

(17)



Umm Ruwaba sub-basins are bounded to the West by major 

faults with the same angle and trend.(Abd elkhalig 1999 )
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Chapter

4
HYDROGEOLOGY AND HYDROCHMISTRY
4.0 HYDROGEOLOGY:
4.1 Introduction

Hydrogeological characteristics o f certain area depend on its 

geological composition and tectonics setting, and the relation 

of permeable and impervious rocks, but on the other hand, it 

also depend upon the climate and the hydrological condition 

which affect the recharge of the aquifer and the groundwater 

dynamics use o f water started in 1919 when the first 

borehole drilled in Sudan was in Kordofan (El Obeid). The 

climate o f the study area is predominantly semiarid; with 

high temperatures often exceeding 42C. The typical seasonal 

distribution of rainfall depends on the position of the inter 

tropical convection zones and the easterly air movement. 

Extremely dry months are November, December, January, 

February, March and April. The heavier rain is received in 

May and June in the past but now in August. The long-term 

monthly average (1941 to 1973) for El Obeid amounts in 

May 14 mm and 27mm in June. July, august and partly 

September are the month with most rainall. For the same
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observation period (1941 to 1973) El Obeid had the monthly 

average of 113mm of rain in July, 143mm in August, 68mm 

September. October is much rainfall diver, .The average 

annual rainfall in wider area of El Obeid amounts to slightly 

less than 400mm.

Due to high temperatures the annual evapotranspiration in

the area is also high. It amounts on average; to about 350

mm. The possible evaporation potential in area is much

higher, amounting to about 250 mm annually (chief

Administration for Hydrometerological services o f USSR
t

(1974). As precipitation is restricted to certain periods of the 

year; runoff is present only during the rainy months. Then, 

perennial stream, khors and Wadies are formed according to 

it and they account for only about 15% of annual rainfall. 

Rain water, however accumulates in depression situated on 

impervious surface, and even fully lost through evaporation, 

creating salty soils, such salt (Basins) are found to the west 

and North West o f Bara.

4.2. Water Resources:
Available water resources, in the area, include rainfall, 
surface runoff, and groundwater.
4.2.1. Rainfall:

The rainy season in NKS lasts generally from June to 

October with 80% of annual rains fall during the months of
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July, August and September. Rains fall in the form of shower 

of varying intensity and duration which doesn't exceed few 

hours. Average annual rainfalls vary from around 100 mm in 

the north to more than 400 mm in the south.The annual long 

term average rainfall for Bara town the long term average 

annual rainfall (1908-2004) amounts to 262 mm and with a 

general decreasing trend from an average of 293 mm (1908- 

1964) to an average of 199 mm/years (1965-2004). The wet 

years are 1914 (436.7 mm), 1922 (562.3 mm), 1933 (451 

mm), 1939 (423.5 mm), and 1962 (412 mm), while dry years 

are 1913 (116 mm), 1985 (115 mm), 1984 (74 mm) and 

1989 (115 mm) (Fig. 4.1). (IFAD2008)
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Fig 4.1. Average annual rainfall at Bara town

(2 1 )



4.2.2 Surface Run-off:

Because of the torrential nature of rainfall, topography and 

clay soils, in kordofan, a good part of the rainwater flows 

over the ground forming surface run-off. The run-off either 

cuts its own course forming khor and wadi, or accumulates 

in natural depressions forming Turda, Fulas, Rahads, ect. 

The average rainfall run-off coefficient in kordofan varies 

from 3.75percent in the south to 0.2 percents in the north 

Daily rains o f more than 6.8mm, within study area, will 

satisfy the daily evapotranspiration requirements and provide 

surplus waters. Surplus waters will either infiltrate to 

recharge the shallow aquifers or form surface run-off. Most 

of the area is covered by sandy soils and the surplus water 

collected in interdurnal hollows soon infiltrates. This 

explains the absence o f drainage systems over most o f area.

4.3. Litho logical logs in study area:
The general stratigraphic succession starting from the surface

to the depth of about 49m there are superficial deposits, fine 

to medium grained sand and clayey. Umm Ruwaba 

formation starts at the depth of 49m and its upper part, up to 

the depth o f 181m are clays, clayey sands and sand 

intercalated. Gravels and pebbles are frequent in the sandy 

layers, while clay calcareous nodules are abundant. The main
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aquifer starts from the depth of 181m.lt is composed of light 

gray to whitish sand ill sorted, gravelly and in many 

interbred, and in many intervals pebbly. It is intercalated 

with clay, and it is exceptionally clean, with high penetration 

rate from 265 to 338m. The base of the aquifer is at the depth 

of 480m. From 580 to 600m there are gray-green clays with 

intercalation of sand layers and it is not possible to separate 

an aquifer of good hydrological characteristics. According to 

the drilling data the main aquifer at that location was 

continuous media without distinguished clayey, 

impermeable, layers, which could indicate existence of the 

two separate aquifers. Some reductions o f the penetration 

rate occur within the aquifer.

4.4 .Type & Hydraulic properties of aquifers in the area:
The aquifers in the south-east the aquifer are divided into 

two: the upper aquifer is unconfined aquifer, and has 

thickness ranging from 30 to 100 m, with groundwater 

occurring at 6 m under free water table at Bara and up to 

48meters south of Umm Dam. The deeper aquifer is 

confined aquifer, separated by a clay aquiclude of 70 m 

thickness at Bara to more than 150 m around Umm Ruwaba 

Town. Groundwater generally occurs under semi-confined 

conditions at 1 Ometers at Bara to over 100 m south o f Umm
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Ruwaba. An artesian aquifer was tapped in 1970 by two 

boreholes at 500 m within the Umm Ruwaba formation. 

There are six basic physical Characteristics of fluid and 

porous media that must be known in order to describe the 

hydraulic aspect of saturated groundwater flow. These six 

have all now been introduced. They are, for the water, 

densityp , viscosity ̂  and compressibility; and for media, 

porosity (or void ratio), and permeability K and 

compressibilitya . All the other parameters that are used to 

describe the hydro geologic properties of formation can be 

derived from these six.

Groundwater occurs in the sand lenses intercalated with 

mostly thick clay sediments and with medium hydraulic 

parameters with an average and less permeability o f less than 

3 m/d and a transmissivity o f 500 m2/d, and a storativity of 

around 5%. The axis of the graben is filled with coarse and 

thick sands with highly hydraulic parameters and a borehole 

yield of up to 100 m3/hour was reported from Bara and 

Umm Ruwaba towns wells. The water flows in general from 

the southwest to northeast direction (Fig. 4.1).
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4.5. Ground water resources evaluation in the Study area:
Drilling of the deep exploration borehole up to 600m depths

had been performed in accordance to the detailed program of 

investigation works in the area of Bara basin, for the purpose of 

the evaluation of the groundwater resources. The purpose of 

drilling of the deep bore hole was to explore deeper parts of the 

Bara basin, and to determine the thickness o f the aquifer for, 

and to prove eventual existence of the other aquifers below it 

Drilling with diameter 244.5mm drill bed up to the depth of 

54m but stopped in the clay below the base of the qoz sand. 

Conductor casing of diameter 168.3mm has been installed up to 

54m and cemented. Further drilling continued with 

diameter 152.4mm bit up 300m from that depth to the bottom 

drilling continued frequent coring. From 490m after base clays 

have been reached drilling diameter was reduced to 144.3mm. 

While drilling ditch samples were taken one meter. Ditch 

samples and core samples were stored for further 

analysis.(Gada 2007).

4.6. Hydrogeological characteristic of Bara basin:
Groundwater exploration carried out by Geotehnika, Zagreb in

1988 revealed that Bara basin within 300m depths consists of 

three profiles. The upper profile is essentially a free water table 

aquifer consisting of Quaternary fine sand. It is
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approximately45m in depth. Depending on the precipitation 

density the water level varies from lOto 20m from the surface. 

The middle profile is from 45m to about 150m in depth. It’s the 

upper part of Umm Ruwaba formation. This profile is formed 

of sand and clay intercalation layer o f various proportions and 

containing gravels and calcareous nodules. Its poor permeable 

sediment separates the upper aquifer and lower one. The lower 

profile is from 150 to300m in depth. It is the main aquifer, 

which consists of sand inter-bedded with clayey sand layer that, 

which are thin compared to the permeable part. The static water 

level in the studied area varies from 15 to 25m. The water flows 

in general from the southwest to northeast direction 

(groundwater monitoring system, 1989). (Gada 2007).
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4.7 Collection and analysis of pumping test data:
Pumping test may be conducted to determine the

performance characteristics o f well and the hydraulic 

parameters of the aquifer. For a well performance test, yield 

and draw down are recorded so that the specific capacity can 

be calculated. These data, taken under controlled conditions, 

Give a measure o f productive capacity of completed well 

and also provide information needed for the selection of 

pumping equipment. The second purpose o f pumping test is 

providing data from which the principal factors of aquifer 

performance, Transmissivity and Storage coefficient can be 

calculated. This type of test is called an aquifer test because 

it is primary the aquifer characteristics that are being 

determined, even though specific capacity o f the well can 

also be calculated. To determine the aquifer parameter T&S, 

the recovery data available in the study area was used. 

Computer package named aquitest developed by Waterloo 

mainly designed to obtain aquifer parameters is used. In this 

puckage a module named Theis and Jacob recovery test were 

used to determine the aquifer parameters by matching the 

type curves, because the data used was recoveiy data. More 

detail about the procedure is given in chapter five of this 

thesis.
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4.8. Recharge and Discharge:
The main source of recharge in the area is the rainfall which 

infiltrates and percolates during the rainy season to the 

subterranean reservoirs, in addition to the ground water flow 

from other aquifer (Mabrook and El Kiki, 1976). Records of 

water level in the observation wells show that it rises 

annually as precipitation and infiltration become effective. 

The water reaches its lowest level in February April which 

represents the dry season in the area. This by its self is a 

clear evidence that recharge comes from rainfall.

Generally groundwater discharge takes place by one or more 

of the following mechanism, which is known to occur 

mostly through depressions occupied by rivers, lakes or any 

water bodies as wetlands and the removal of water from the 

saturated zone by evapo-transpiration and pumping. 

Groundwater discharges by evapo-transpiration from the 

shallow aquifer changes considerable within the year, it 

reaches its peak point in the low annual rainfall, dry months 

(April, May and June) and hot daily, which reveals probable 

groundwater depletion by the artificial discharge from dug 

wells and boreholes. Abedeikhleg (1999) stated the effect of 

evaporation rate against water table depths. The rate of 0.8-1 

mm/y is assigned for water table depths less than 10m, while
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the rate of 0.2-0.3 mm/y is assigned for the water table 

depths between 10 and30m. The rate of 0.01 mm/y is 

assigned for the depths greater than 30 up to 100 m.

4.9.0 HYDROCHEMISTRY:
4.9 Introduction:

Groundwater quality is important as its quantity, therefore,

late developed a greatly increased demand for drinking water 

supply and irrigation as requirements. Groundwater is slow 

passage through various geologic formations, is continually 

dissolves soluble compounds. Thus it's chemistry is 

governed by many factors before it enters the aquifer which 

include chemical composition derived from many different 

sources o f solutes, atmosphere weathering, erosion of rocks, 

precipitation reactions occurring below the land surface, soil 

type, climate, vegetation and topography affect the water. 

Generally groundwater can become mineralized is a function 

of the nature of the minerals in the rock (host rock), and 

duration of contact in

arid and semi-arid zones, as well as, shallow groundwater

may have higher contents of salts due to evaporation. Water

quality is a term used to describe the chemical, physical and

biological properties of groundwater, usually in respect to it's

suitability for a particular purpose. Yes, water quality has

become a very big issue today, partly because of the
(31)



tremendous growth of the Nation's population, urban 

expansion and development. Water resources are sources of 

water that are useful or potentially useful to the 

humanbeings. It's important because it is needed for life 

existence. Many uses o f groundwater include household, 

industrial, agricultural purposes and environmental activities. 

The study o f groundwater chemistry can give important 

indication of the geological history of the enclosing rocks 

and direction of groundwater movement. The chemical 

reactions occur in groundwater when the water moves in 

contact with different rocks and the chemical composition of 

groundwater in rock types depends on their lithology and 

texture. Generally, groundwater in metamorphic and igneous 

rocks has relatively negligible amounts o f dissolved solids 

(TDS) and the water is o f calcium bicarbonate (Ca-HC03) 

type, in acidic igneous rocks (granite) and their related 

metamorphic rocks (gneiss), where it's rich amount of quartz 

and aluminosilicate minerals (feldspar and mica). Quartz 

have very low solubility under existing pH and temperature 

conditions, and the latter is release of common cations like 

Ca++, Mg++, Na+, and K+ into water. The basic igneous 

rocks (gabbro) have appreciable amount o f plagioclase 

feldspar and pyroxenes minerals, which release o f Ca++ and
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Na+ ions. The ultra-basic rocks (dunite) are rich in olivine 

and pyroxene the Mg++ will be the dominate cation. Basic 

and ultra-basic rocks contain little or no quartz and have 

lower amount o f total silica than acidic rocks (granites), the 

amount o f dissolved silica in groundwater may be high, 

indicating chemical instability o f associated minerals 

(Singhal and Gupta, 1999). Otherwise, groundwater in the 

sedimentary rocks (siliceous and sandstone), quartz and very 

few of elements dissolve in water. Therefore, release lower 

amount of Ca++, Mg++, Na+, HC03-, Cl- and S 04—.The 

chemical character o f groundwater is generated through 

processes including the leaching of surfacial and near

surface soil salts, cation exchange and mineral dissolution of 

in this case.The study of hydrochemical pross involves 

description of the different chemical constituents and 

determination of the total dissolved solids (TDS), total 

hardness (TH), alkalinity and acidity. It's mainly controlled 

by the analysis of major cations Ca++, Mg++, Na+ and K+, 

and addition to the major anions C03-2, HC03-, S04-2, and 

C1-, and other minor concentration such as iron, boron, 

nitrate, nitrite and phosphate, which are critical as indices for 

the water quality. The sum of cations equal to sum anions 

and the difference between them should not exceed 5% of
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the total sum of the ions. Water sample in laboratories are 

measured in fraction of a liter (1). Chemical components are 

determined in milligrams (mg) for

example one parts per million (ppm) equal one milligram per 

liter (mg/1), another unit of measuring is the milli equivalent 

per liter (meq/1), which is equal to mg/1 multiply by the 

equivalent weight of the cations or anions.

4.10. Water Quality:
The chemical and biological characteristics of water

determine its usefulness for industry, agriculture, or the
*

home. The study of water chemistry gives important 

indications of the geologic history of the enclosing rocks, 

velocity and direction of water movement, and the presence 

of hidden ore deposits. Many large resorts have been located 

at springs having water of unusual chemical compositions. 

Waters which are very high in dissolved solids may yield 

lithium, potassium, sodium chloride and other chemicals in 

commercial quantities.

Despite its scientific and economic importance, water quality 

is poorly understood by many people who are otherwise well 

informed. Too often the natural variation in water chemistry 

are assumed to be entirely random or even enigmatical, it is 

true that in detail the chemistry o f groundwater can be
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exceedingly complex. Many o f gross characteristics of water 

chemistry, however, have been understood for eighty years 

or more. Recent advance in general geochemistry as well as 

in analytical techniques, moreover, have stimulated research 

in hydro geochemistry. So that it is one of the most rapidly 

expanding fields in the earth.

4.10.1 Water temperature:
Water temperature is not only important to swimmers and

fisherman, but also to industries an even fish and algae. A lot 

o f water is used for cooling purposes in power plants that 

generate electricity. They .need cool water to start with, and 

they generally release warmer water back to the 

environment. The temperature of the released water can 

affect downstream habitats. Temperature also can affect the 

ability of water hold oxygen as well as the ability of 

organisms to resist certain pollutants.

4.10.2 Hydrogen ion concentration (PH):
PH is a measure o f how acidic/basic water is. The range goes

from 0-14,with 7being neutral. PHs of less than 7 indicate 

acidity, whereas a PH of greater than 7 indicates a base. PH 

is really a measure of the relative amount of free hydrogen 

ions in the water. Water has more free hydrogen ions is 

acidic, whereas water that has more free hydroxyl ions is a 

basic. Since PH can be affected by chemicals in the water,
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PH is important indicator of water that is changing 

chemically. PH is reported in logarithmic units, like the 

Richter scale, which measures earthquakes. Each number 

represents a 10-fold change in the acidity/basicness o f the 

water with a PH of 5 is ten times more acidic than water 

having a PH of six. Pollution can change a waters PH, which 

in turn can harm animals and plants living in water.

4.10.3 Specific conductance:
Specific conductance is a measure o f the ability of water to

conduct an electrical current. It is highly dependent on the 

amount on the amount of dissolved solids (such as salt) in 

the water. Pure water, such as distilled water, will have a 

very low specific conductance, and seawater will have a high 

specific conductance. Rain water often dissolves airborne 

gases and airborne dust while it is in the air ,and thus often 

has a higher specific conductance than distilled water. 

Specific conductant is an important water -quality 

measurement because it gives a good idea of the amount of 

dissolved material in the water.

4.10.4 Hardness:
The term “hardness” may be use one o f the oldest words in

use to describe a property of water. Ever since the use of 

soap became prevalent, people noticed that, depending on 

the water sources, different amounts o f soap needed to
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Table (4.1) The water types in the study area.
Location Water Type Dissolved Mineral
Bara Na-Mg-Ca-CI-HC03. S04 Halite , Sylvite , Anhydrite

Umm D ebos Na-Ca-HC03-N03 Halite, Sylvite, Carbonate, Dolomite, 
Anhydrite

ELRokab Ca-Na-HC03 Halite, Sylvite, Carbonate, Anhydrite
Umm U shara Na-HC03-CI Halite, Sylvite, Anhydrite
Hamdan Na-CI-HC03 Halite, Sylvite, Anhydrite
Umm sot Na-Ca-HC03-N03-S04 Halite, Sylvite, Dolomite, Anhydrite
Umm E sa la Ca-Na-CI-S04 Halite, Sylvite, Carbonate, Dolomite, 

Anhydrite
ELGhman Ca-Na-S04-CI Halite, Anhydrite
ELHedid Na-Ca-HC03-S04 Halite, Sylvite, Carbonate, Carbonate, 

Dolomite, Anhydrite
dugeiseiba Na-Mg-Ca-CI-HC03-S04 Halite, Sylvite, Anhydrite
ELTogour Ca-Na-N03-S04 Halite , Sylvite, Carbonate .Dolomite , 

Anhydrite

ELSider Ca-CI-HC03 Halite, Sylvite, Carbonate, Dolomite , 
Anhydrite

ELSarha Na-Ca-Mg-HC03 Halite, Sylvite, SylviteSylvite, Dolomite, 
Anhydrite

Umm G a lg ie Ca-Na-N03-HC03 Halite, Sylvite, Sylvite, Carbonate, 
Dolomite, Anhydrite

ELRegeiba N03-CI-HC03 Halite , Sylvite, Carbonate, Anhydrite
ELGuneina Mg-Na-Ca-HC03 Halite, Sylvite, Anhydrite
Umm G e irf Na-HC03-S04-CI Halite, Sylvite, Anhydrite
Abu S h o ke Na-CI-HC03-S04 Halite, Sylvite, Anhydrite
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Fig 4.3 Plots of chemical analysis to the piper diagram

(42)



*

LEGEND

, ufrii Hy&rif&bpul fiuf
. Products^ wtU o  Continous to subcoriintms tquiftr lot *1 to regionil txtent,meduinto grtttpotintkl (Umm Rawtbt Fotm tt»n)

• Town aBtsimertcompUx
----- ToulD isjolved Solids Contour Lxi«

Fig 4.4contour map showing the concentration of TDS.

Total Dissolved Solids Contour Map Study Area

* 17 to* Ha

H 4«m* «

(43)



4.10.7 Source of Nitrate Concentration:
4.10.7.1. Introduction:

Nitrate and nitrate levels in natural waters are important 

indicators of water quality. Nitrate is formed from the 

oxidation of organic wastes such as manure, by the action of 

nitrogen-fixing bacteria in soils, or from lightning strikes 

through air. Nitrates are also manufactured for use in 

explosives and inorganic fertilizers. Intensification of 

farming practices and sewage effluent disposal to streams 

have led to increasing amounts o f nitrate in some waters, 

particularly ground water.The nitrite ion is relatively 

unstable and can be formed by the reduction of nitrate in 

poorly oxygenated waters. It is rapidly oxidized to nitrate 

and is seldom present in well oxygenated or chlorinated 

supplies. Chemical and biological processes can result in 

further reduction to various compounds, including ammonia, 

or oxidation back to nitrate.

When nitrite is present in water, it can react with secondary

amines to form carcinogenic N-nitrosamines which are

harmful to human health. Traces o f nitrite in drinking water

may lead to methemoglobinalmia in infants, and with long

term exposure is a possible cancer risk. Nitrite combines

with myoglobin to form nitrosohemoglobin, which is

responsible for the characteristic red colour in meat
(44)



production and sometimes used as a meat preservative. 

Groundwater is vulnerable to pollution risk. Different 

pollutants from different sources such as urbanization, 

industrial and agricultural activities are records. The 

presence of nitrogen compound in water is indicator of water 

pollution .we can identify the new and old pollution 

according to the type of nitrogen compound, eg. The 

appearance of nitrogen oxides means old pollution, and the 

reduced form like ammonia this means new pollution. 

Nitrogen-15 isotope analysis is a method to assist in 

determining sources of nitrogen in groundwater. The isotope 

analysis evaluates the ratio of nitrogen-14 (what is present in 

the air we breathe) to the amount of nitrogen-15 present in 

the water or whatever is being analyzed. This ratio is 

compared to a standard based on the ratio o f 14N/15N 

present in air. Comparisons of these values indicates if there 

is more (a positive value +) or less (a negative value -) than 

the standard. The plus or minus sign indicates whether the 

sample is enriched (+) or depleted (-) in relation to the 

standard. Nitrogen isotope ratios are generally reported in 

per mil (%o) relative to N2 in atmospheric air, using the 

standard definition of 8:

515Nx = {[(15N/14N)x /  ( 15N/14N)AIR]-1} . 1000

(45)



Where x = sample and AIR = reference standard gas.

When 5 1 5 N ( N 0 3 )  values greater than + 1 0  %o, this means 

concentrated disposal of sewage and animal wastes. 

Addition of nitrogenous fertilizers have 5 1 5 N ( N 0 3 )  values 

varying between -4  and + 4  %o, and 5 1 5 N ( N 0 3 )  values 

ranging from + 4  to + 9  %o, this is indication of mineralization 

o f soil organic nitrogen. The nitrate content of the 

groundwater samples collected from the study area ranged 

from 9 .6 8  to 891 mg/L. About 8 1 %  of the samples showed 

nitrate levels more than the maximum permissible limit o f 50 

mg/L in drinking water (WHO).

4.10.7.2 Nitrogen-15 isotope analysis:

The stable isotopes o f nitrogen, l5Nand l4N, can often

distinguish sources of nitrogen contamination because these 

sources have distinguishable isotopic signature. 14 samples 

represented samples in the study area were analyzed for 

Nitrogen-15 isotope. (Table 4.2).
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Table 4.2: Illustrate the concentration of 15N
ID Code N itrate

mg/1
Cone., N 0 3-N 

mg /L
SI5N, %»

l Um Galgie 698 7.35 15.46
2 Umm Semeama 754 108.72 7.3
3 Abu shoke 891 67.47 4.3
4 B4 45.3 10.3 3.0
5 B6 44 10 9.4
6 B7 361 82.1 7.0
7 B8 275 62.5 8.7
8 B9 94 21.4 8.2
9 BIO 271 61.6 5.9
10 B ll 18.9 4.3 3.1
ll B12 123 27.9 3.1
12 B13 156 35.6 10.4
13 B14 30.2 6.9 6.6
14 B15 271 61.6 7.9

Standard deviations of 5 l5N values in the range of ± 0 .4  -  

0.8%o

As shown in Table 4 .2  two groups o f groundwater samples 

can be classified according to the origin of nitrate pollution. 

The first group contains 12 samples and have 5 I5N - N 0 3 

values range from + 4 .3  to + 7 .9  %o. These relatively low 5 1;>N  

values are indicative of mineralization of soil organic 

nitrogen. The second group contain two sample and has 5 I5N  

=  15.46%o. This 5 l3N  >10% o and indicative of concentrated 

animal wastes.

4.10.7.3 Elemental analysis:

Analysis o f some major elements (Na, K, Ca and Mg) for 

water samples in the study area was done. Potassium
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concentration ranges between 2 and to 17 mg/1 in all samples 

except for Umm Ushar 1 (sample 4), Medaisis (sample 24), 

and Umm Seamema (sample 28), that show a high 

concentrations (32, 36.5 and 40 mg/1) respectively. Sodium 

concentration ranges between 12.5 to 356 mg/1, and all with 

the permissible limits for drinking water (200mg/l) except 

for Umm Ushar 2 (sample 5), and Hamdan 2(sample 7) and 

Um Esala(samplelO) which show concentrations more than 

the permissible limit 356, 226and 260 mg/1) respectively. 

Calcium was found to be below the maximum limit of WHO 

(200mg/l) as well as magnesium (max. limit 100).

Which of (Fe3+, Mn2+ and Zn2+) for samples in some 

locations illustrates higher values than the maximum 

recommended limit in drinking water o f WHO (0.3, 0.3, 5) 

respectively (Table 4.2)



Table 4.3: The concentration of some trace element source of data:

Code Location Fe mg\l Mn mg\l Zn mg\l

1 Umm Galgie 0.2665 0.0260 0.0213

2 Eltogoor 2.9011 0.1521 0.1279

3 Hamdan 1 0.1780 0.0318 0.0313

4 Hamdan 2 0.1398 0.1636 0.0213

5 Umm Ushar 1 0.0448 0.0347 0.0210

6 Umm Ushar 2 0.1038 0.0327 0.0244

7 Umm Laham 0.1486 0.0298 0.0194

8 Umm Balegie 1.3251 0.0460 0.0059

9 Kewaimat 1 5.6614 0.3049 0.3950

10 Umm Samima 0.1996 0.0547 0.0211

11 Umm Gewaiz 0.2410 0.0556 0.0334

12 Elhadid 0.1917 0.0259 0.0054

13 Umm Nabag 0.9089 0.0359 0.0576

14 Bara City East 0.0700 0.0199 0.0143

15 Medaisis 0.5195 0.0379 0.0092

16 Namil 1.8473 0.0459 0.0120

17 Umm Sout 0.0368 0.0638 0.0057

18 Abu Shouk 2 2.7799 0.1854 0.0836

From the hydro-chemical point o f view, correlation 

coefficient for different ions was done to be helpful in 

detecting hydro-chemical processes affecting water quality 

such as leaching, mixing and ion exchange. Fig. (4.4) shows 

the relation of Ca vs. Mg ions of the water samples. It was 

found that there is a significant correlation between calcium 

and magnesium. Fig. (4.5) shows the relation of Na and 

chloride o f the investigated water samples and found to be a



significant correlation. The relation between N 03 and Cl of 

groundwater Fig. (4.6) indicates a significant correlation 

corresponding to an anthropogenic pollution. There is no 

significant correlation between N 03 and (Zn, Mn, Fe) 

Fig.(4. 7),(4. 8), and (4.9) respectively.

Fig. (4.4): Relation between Ca2+ vs. Mg2+ for water samples

Mg
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Fig. (4.5): Relation between Na vs. Chloride for water samples

Na

Fig. (4.6): Relation between N03 vs. CL for water samples

N 0 3
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Fig (4.7):Relation between N03vs.Zn for water samples
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Fig. (4.8): Relation between N03 vs. Mn for water samples
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Chapter

5
5.0 Result and Discussion
5.1 Introduction

The previous chapter was employed for discussion of the

methodologies used in the study. In this chapter, application 

of the methods discussed in chapter four is carried out and 

the results are analyzed and interpreted.

5.2 Geological Setting:
5.2.1 Lithology, Stratigraphy, and Structure: -

The nature and distribution o f aquifers and aquitards in a

geologic system are controlled by the lithology and 

stratigraphy. The lithology is the physical makeup, including 

the mineral composition, grain size, grain packing, o f the 

sediments or rocks that make up the geological system, The 

lithology and Stratigraphy constitute the most important 

controls .The Stratigraphy describes the geometrical and age 

relation between the various lenses, bed, and formation 

geologic systems of sedimentary origin. In most regions 

knowledge o f the lithology, stratigraphy and structure leads 

directly to an understanding of the distribution of aquifers 

and aquitards. (Freeze, 1989).
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The result o f the analysis o f lithology and stratigraphy of 

observation wells and boreholes in the study as previously 

discuset have shown that the lithological logs of the 

formation compound form two aquifers. Starting from the 

surface to a depth ranging between 0-50m there are 

superficial deposits, (fine to medium sand, clayey, and qoz 

sand) which is called the Vadose Zone, Fig (5.6), (5.7) and 

(5.8). The depth of the shallow aquifer varies from 50 to 

190m where the Umm Ruwaba formation starts (coaurse 

sand and gravel). This is called the unconfined aquifer 

(aquifer -1), in this study layers o f clay and sandy clay ( 

aquiclude) separates the unconfined aquifer from the 

confined aquifer (aquifer -2), This is the main aquifer 

(coaurse sand and gravel),Its depth ranges between 190- 

390m, in some boreholes the drilling reached the bedrock 

(Weathered, quartzite).Figure (5.6), (5.9). It should be noted 

that the computer Rock ware program is used to produce 

these figures.

5.2.2 Interpretation of the geological setting:
The thickness of the unconfined aquifer (upper aquifer)

varies from 50-110m, but the thickness is greater in (OW2 ) 

and is smaller in OW9& OW5 (fig no5.1). The confined

375m.This thickness is greater in OW5 but is smaller in
(55)



OW6&OW8; figure (5.6). The thickness of the upper aquifer 

decreases from north towards the south while the mam 

aquifer is increasing in the some direction; figure (5.7) and 

(5.9).
Fig:(5.1) location maps of production and observation wells of study area
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area.

I

Fig: (5.5) crossection (Y-Y) showing the Stratigraphy of wells in the study area
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Fig : (5.6) Crosection ( ABCDE) showing the Stratigraphy of observation 
wells.
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Fig: (5.7) Crosection (F-G)showing the Stratigraphy of observation wells
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Fig: (5.8) location map of the observation wells and Boreholes
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Fig: (5.9) Crossection (H-l) of the stratigraphy of boreholes..

(63)



5.3 Aquifer Parameters:
Hydrogeological parameters are defined by graphoanalytic

methods of inteipretation o f pumping test and measurement 

of the groundwater recovery after development of 

observation wells. This is done to determine the hydraulic 

characteristics of the aquifers (Transmissivity T & 

Storativity S ).

The analyses, give later information about the Hydraulic 

conductivity (K).Figure (5.10) to (5.13) computed from 

Aquitest soft ware; which are shown in the appendixes 

Table (5.1) contains the results; using Thies and Jacob 

recovery methods. There are nine wells which have been 

used and the result varied greatly probably due to the short 

duration of pumping in some wells and the in accuracy of 

readings.

The average aquifer parameters are found to be as follows: 

the average transmissivity is 0.528m /day, and the average 

hydraulic conductivity is 0.084 m/day and the storativity is

0.081. These values indicate that the aquifer is confine and 

has a good transmissivity which can be attributed to the 

coarse nature o f the formation which consists o f sand, silty 

gravels.
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Figure (4.10) show aquifer parameter (T&k) of Al rekabia well
t

o Bara □ Bara

Figure (4.11) show aquifer parameter (T&k) of Bara well
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Figure (4.12) show aquifer parameter (T&k) of khorsy well

t [min]
10“ 10 ' nr

Figure (4.13) show aquifer parameter (T&k) of El Bahia

10J

10.00
o EL Bahria □ EL Bahria
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Table (5.1) The result of pumping test analysis drawdown methods by Theis & Jacob 
confined aquifer forshallow wells .____________________________________________

Observation
Wells

Drawdown methods after Theis & 
JACOB
Transmissivity
m2/day

Hydraulic
Conductivity
m/day

Aquifer 
thick ness 
(m)

Hamdan to * o 1

1. 8*1 O'2 34
Mageiseiba 3.21*10'' 2 .6 7 * 1  O'2 72
Regeiba 2.53* 10_1 2 .11  * 10'2 76
ELsider 2.01 * 10"1 1.67*1 O'3 108
EL sarha 3.0 2 .5 2 *  1 0 '1 98
A1 Rekabia 2. 16* 10"1 6 .0 2 * 1 0 " 36
Bara 2.51*10"3 8 .3 7 *  10 '5 30
EL Bahria 1.80*10"' * 7 .5 3 * 1 0 " 24
Khorsay 1.73*1 O'2 7 .2 3 *  104 24

5.4 Chemical analysis:
The data used in the analysis comprised both the data

collected from the shallow and deep wells . Table (5-2) 

contains the data collected from the deep wells while table 

(5.3) shows the data o f  the shallow wells.

5.4.1 Interpretation of the Chemical Analysis:
The results of the analysis of data indicate that the deep

wells contain higher TDS concentration compared to the data

of the shallow wells in the study area. Figure (5.14). This can

be attributed to the fact that the deep wells in the study area

are continuously operating that which has resulted in the

high values o f TDS concentration.
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The over all data indicates that the TDS concentration is not 

above the permissible potable limits of the Sudanese 

standard for the human consumption appendix(G),and can be 

considered fit except one borehole Um Oshara.fig(5.15 ) 

shows The variation of the Nitrate concentration in the 

Shallow and the deep wells Fig (5.16) &(5.17) .indelicate 

that the nitrate concentration in the deep wells are negligible 

but it is high in the shallow wells. . This may be due to the 

presences o f organic material in the soils which are oxidized 

by oxygen.

The result of 515N values in the study area shows two 

groups of groundwater samples classified according to the 

origin of nitrate pollution. The first group contnsist of 14 

samples which have 515N-N03 values ranging from +4.3 to 

+7.9 %o. These relatively low values indicate that the 

presence of soil organic nitrogen. The second group contains 

only two sample which has a value of 515N = 15.46%o. This 

high value (515N >10%o ) indicate high concentrated animal 

wastes.

Fig (5.18) and (5.19) The calcium concentration in the 

shallow wells are higher than in the deep wells. This due to 

the fact that the drought period experienced in the area has 

led to a large number of deaths in the animals, which
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resulted in the presence of significant bone remains of 

animals. Rainfall washed and dissolved the bones and 

subsequently entered the sandy soils to reach the 

groundwater aquifers ,It is also possible that the origin of 

calcium maybe related to the geologic nature of the 

formation and the presences o f large calcareous deposits 

(kanker) within the upper shallow geologic layers.
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Table(5.2) Chemical analysis of groundwater samples from the deep 
aquifer calculated in meq/l of the major different elements

NO Ca Mg Na K H C 0 3 S 0 4 Cl Sum . Cations Sum .Anions

1 1.4 1.7 2.7 0.5 2.6 1.5 2.7 6.3 6.8

2 1.5 0.7 1.7 0.1 2.6 0.6 0.7 4.2 4

3 6.9 0.4 3.7 0.2 3.4 0.6 1.2 11.2 5.3
4 1 0.7 3.6 0.6 3.5 1.2 1.9 5.9 6.6

5 2.7 1.6 15.5 7.7 6.2 8.8 4.2 18.5 19.2

6 0.9 0.4 6 0.3 2.9 1.5 3.4 7.6 7.8

7 10.9 3.7 9.8 0.05 2.5 15.3 6.3 24.5 24.1

8 3.4 1.6 4.7 0.1 3.8 3 1.6 9.9 8.4

9 5.9 1.5 5.3 7.7 3.9 2.9 2.6 12.8 9.4

10 18 4.8 11.3 0.2 2.3 5 7.3 34.2 14.6

11 7.3 0.07 6.4 0 2.8 8.3 5.1 13.8 8
12 3.2 1.2 3.7 0.1 2.5 1.5 0.3 8.3 4.2
13 1.4 1.7 2.7 0.5 2.6 1.5 2.7 6.3 6.8

14 13.8 4.4 6.8 0.3 2.9 8.8 5.2 25.3 17

15 2.6 0.9 0.6 0.1 2.5 0.2 3.1 4.2 5.8

16 1.4 0.7 1.6 0.1 1.8 0.4 0.6 3.8 2.8

17 4.3 1.3 3.2 0.05 2.4 1.9 1.9 8.9 6.2

18 1 0 0.5 1.3 2 0.1 2 1.6 4.1

19 1.8 6.4 3.8 0.2 2.4 0.9 1.4 12.2 4.7

20 1.2 0.7 4.1 0.5 3.7 1.9 2.4 6.5 8
21 1.8 1.6 3.8 0.1 3.4 2.1 3.2 7.3 8.7

22 9.3 3.7 6.2 0.2 6 4.8 3.3 19.4 14.1
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Table(5.3) Chemical analysis of groundwater samples from the shallow aquifer 
calculated in meq/l of the major different elements __________

Sample No PH E.C TD S Ca Mg Na H C0 3 S 0 4 Cl N03 T.H
B1 8.7 900 630 2.08 2.20 0.87 3.19 0.66 0.96 2.40 214
B2 8.15 577 403 1.99 0.85 0.38 1.39 0.29 1.22 2.45 142
B3 8.8 951 665 2.77 1.92 0.32 2.39 0.89 1.10 3.33 235
B4 9.4 144 108 0.38 0.31 0.15 0.39 0.06 0.34 0.73 35
B6 8.5 1110 777 2.87 1.43 3.74 2.99 4.78 1.12 0.70 215
B7 8.6 1059 741 3.74 2.77 1.82 0.792 0.83 1.22 5.82 326
B8 8 2519 1763 3.17 2.49 12.5 8.99 9.99 3.50 4.43 284
B9 8.7 1307 914 1.55 1.63 5.24 5.59 1.45 3.04 1.53 159
B10 8.9 961 672 3.47 1.87 0.33 2.99 1.04 0.90 4.37 267
B11 8 1110 777 2.05 1.85 3.52 3.99 1.66 2.60 0.30 195
B12 9 723 506 2.53 1.52 0.17 1.99 0.22 0.92 1.98 203
B14 8.8 721 504 1.95 1.13 0.80 2.59 0.20 0.92 2.51 154
B15 8.2 335 234 0.54 0.01 1.85 2.59 0 0.50 0.48 278
B16 8.6 1330 931 2.67 1.76 3.20 3.99 1.66 2.60 4.37 222
B17 8.7 1623 1136 3.42 3.07 3.73 4.39 3.33 3.00 5.88 325

B18 8.6 1570 1099 3.00 2.17 6.48 3.99 3.74 3.28 2.83 259

B20 8.8 398 278 1.33 0.60 1.92 1.99 0.22 0.40 1.72 97

B21 8.8 664 464 2.14 0.71 2.03 2.19 0.54 0.70 1.54 140

B22 8.16 813 569 0.54 0.51 3.53 1.99 2.16 1.28 2.51 53

B23 8.6 1214 849 4.47 2.45 4.74 3.99 2.18 2.60 4.59 346

B24 8.3 1741 1218 4.81 3.02 4.24 4.79 3.33 2.68 7.62 392

B25 8.6 407 284 1.53 1.35 1.38 1.99 0.22 0.52 1.62 144

B26 8.6 540 378 1.93 1.17 2.73 1.79 0.47 0.80 2.09 153
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Fia (5.14) show the TDS Concentration in the shallow Aauifer
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Fig (5.15) show the TDS concentration in the deep Aquifer
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Niterate Concentration in shallow Aquifer

□ N03

Fig (5.16) Show Nitrate Concentration in the shallow Aquifer
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Nitrate Concentration in Deep Aquifer

■ N03

Fig (5.17) Show Nitrate Concentration in the Deep Aquifer
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Calcium Concentration in the shallow Aquifer
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Fig (5.18) Show Calcium Concentration in the shallow Aquifer
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Fig (5.19) Show Calcium  Concentration in the Deep Aquifer
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Fig (5.20) contour map showing the distribution of Nitrate in the study area
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5.4.2. Environmental isotopes:
Hydrological investigations using environmental isotope

techniques proved to be very useful for managing, studying, 

utilizing and developing water resources (IAEA, 1987 and 

KATTAN, 1997).

Stable environmental isotopes; namely Deuterium (D) and 

Oxygen-18 (180), have been analyzed for samples collected 

from the study area.

The relation between 5 180 and 5 D is plotted on Figure(). 

All o f the samples lie below the global meteoric water line 

(GMWL). The samples represent the shallow and deep 

aquifers, and rainwater. The regression line, which correlates 

samples, is represented by: 5 D = 5.7 8'0 + 1. This slope (5.7) 

is an indication of the effect o f evaporation. The regression 

line is not parallel but inclined to the GMWL due to the fact 

that the kinetic separation of the isotopes due to evaporation 

highly affects § 180 compared to 5 D. The sample group of 

the deep aquifer lies far below and is displaced from the 

GMWL, compared to the other sample groups. This could be 

due to different meteorological conditions in the past, 

different origin of air masses and/or evaporation effect.

The isotopic composition of the shallow and deep aquifers 

ranges between -9.3 %o and -25.95 %o for 5 D and between 

-1.4 %o and -3.62 %o for 5 180.
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The average isotopic composition of rainwater, which can 

infiltrate into the shallow aquifer, is less than -32 %o and - 

4.25 %o for 5 D and 5 180 respectively. Therefore, this 

water is lighter than that of the aquifer and the water mixture 

in the recharge area will cause depletion of isotopes instead 

of isotopic enrichment takes place due to evaporation.

♦ GMWL2H

■ Deep Aquifer 

Shallow Aquifer 

Rain sample

*  Regration line

—  Linear (GMWL2H)

—  Linear (Regration line)

Dalta 2H vsDalta 180

Dalta 180

Fig( 5.21 ) Relation between the 5 D 5 and 180 for the different samples from the study area.

Sample from the deep aquifer are most depleted indicating 
palaeowater or mixture between paleo and recent waters. 
The regression line more or less parallel to the GMWL. The 
samples from the shallow aquifer are enriched water and 
they shows the influence of evaporation.
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Chapter

6
6.0 Summary, Conclusion and Recommendations
6.1 Summary and conclusions:

The geological formation of the study area was found to be

Umm Ruwba formation; it contains two aquifers, upper 

aquifer (shallow aquifer) and the main lower aquifer (deep 

aquifer).

The thickness of the upper aquifer increases from south to 

north and that of the main aquifer decreases in this direction. 

The chemical analysis conducted on the groundwater in the 

area showed pennissible concentrations of TDS in the deep 

wells and in the shallow wells. However in some o f the 

borehole in the area, the concentration is above the 

permissible limits of Sudanese standard; 

while high concentrations of nitrate and calcium were 

recorded in the shallow wells in the area, and were above 

the permissible limits o f the Sudanese standard.

From the hydro-chemical point of view, correlation 

coefficient for different ions was done to be helpful in 

detecting hydro-chemical processes affecting water quality 

sued •as •riYowvg, \oti exchange.
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The 515N results included two range of values, which 

suggested two different nitrogen sources in different parts of 

the study area.

The transmissivity of the aquifer was good and the 

permeability was high. The transmissivity found to be 

2.51*10'Jm /day and the hydraulic conductivity was found 

to be 8.37*10‘5m/day and the storativity is 1.00*1 O'4, this 

indicates that the conditions of the aquifer are high yield.

The shallow wells in the study area contains high 

concentration o f nitrate, above the permissible limits of 

Sudanese standards of healthy drinking water. The 

concentration of TDS is high in one well in the area (Um 

Ushara).

This result indicated that the quality o f water is good for 

human consumption in the area, however, there is a great 

tendency for increased hazardous concentration and hence 

monitoring is highly required.

The water type in the area is the same but differ in the 

concentration of some minerals. The calcium high 

concentration of some borehole in the area may be due to the 

geologic formation of the area, while the high concentration 

of nitrate appear to be due to presence of animals waste and
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agriculture activities which have led to contamination of 

some borehole in the area.

The passive movement o f the contaminants with 

groundwater follow the flow direction, Due to the operation 

of the production wells the flow direction is towards the 

capture area of these wells and there is high drawdown in 

this area.

6.2.: Recommendations:
Groundwater is an important source for human consumption

, and other uses in Kordofan State, any change in its quality 

can have serious consequences on health. It is thus important 

to monitor any change on its quality. It is recommended to 

use the following steps to safeguard and improve 

groundwater quality in the study area:

1. Establish a monitoring program for the chemistry of 

wells operated by the governmental agencies.

2. Implemention of flow and hydrochemical models to 

facilitate detection of changes in groundwater quality on 

the intervals o f 2-5 years.

3. The sources o f the nitrate in the area is the animals 

waste and the agriculture activities there for it is 

recommended that animals should be far from the capture 

Zone of the wells, and the residual fertilizer and other
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chemical compounds used in agriculture, which affect the 

groundwater should be reduced.

4. Also further studies should be conducted in the area to 

reveal the effect o f the chemical waste o f the petroleum

5. The petroleum industry activities in the area should be 

kept out side the capture Zone o f water supply project to 

avoid contamination due to produced water or oil spills.
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Appendixes
A: Well location

Well location shallow aquifer

Sample
Code Sample Location Long. Latt. Altt.( m) S.W.L(m)
B 1 Megesiba 30.34605 13.63843 490 18.94
B2 Sheram EL modeer 30.42138 13.7299 474 16.8
B3 EL Adeela 30.42812 13.69712 472 18.55
B4 EL Hidied Um Nabag 30.35863 13.83747 510 24.44
B5 Shig el noom 30.3408 13.75604 511 20.66
B6 Dameera El kheran 30.14624 14.16353 494 16.1
B7 EL twal El garbia 30.15434 13.99949 489 16.15
B8 UM Oshara 30.47882 13.62848 481 28.35
B9 UM Laham 30.48996 13.65466 478 29.71
B10 UM hagar 30.45677 13.67509 478 25.95
B11 EL rikabia 30.35762 13.69207 479
B12 Bara Hay EL gooz 30.37092 13.68656 483 16.12
B14 UM Daboos EL markha 30.14706 13.7257 477 26.21
B15 UM Balegae 30.61638 13.79247 463 74.8
B16 EL bahria 30.638565 13.8491 464 28.71
B17 UM Barakat 30.66887 13.91737 459 20.36
B18 Zeraga EL faki 30.81229 13.95546 453 33.9
B19 UM Sadoon EL sharif 30.05452 13.71752 515 33.95
B20 Taiba ELzeater 30.0038 13.89537 523 37.91
B21 Um Birish 29.90897 13.87118 522 43.62
B22 UM Higleeg 29.8704 14.02832 526
B23 UM Galgy 30.32604 13.56661 496 25.33
B24 UM Soot 30.30615 13.54428 5.3 30.2
B25 Milaha EL donki EL tahir 30.33863 13.6417 482 15.13
B26 Bara EL mazari EL shargia 30.37524 13.70064 478 11
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Coordinate of Localities, Total depth, Screen 
distribution, And Yield

10 Location Long Lat
Elev
(m)

Total
Depth
(m)

S.W.L
(m)

Thicknes.
Of
Aquifer
(m) Screen distra.(m)

Yield
m3/h

1 Bara 30 22 13 35 485 290.8 16.7 270 18.7-26.88, 29.9-46.6 3.8

! Umm Debos 30 30 13 43 490 256.8 27 130 147-170,202-220 6.8

1 EL Rokab 30 30 13 40 472 239.4 14.4 105 183.7-223.3 4.8

i Um Ushara 30 28 13 38 490 233.3 17 90 178.5 -220 16.0

i Um Ushara 30 28 13 38 490 28.7

I Hamdan 30 26 13 34 500 243.8 27.7 60 206.3 -239.9 3.6
I Hamdan 30 26 13 34 500 237.7 20 135 200.9-235.3 3.3

1 Um Sot 30 19 13 32 512 63.1 30.5 30.8-58.0 3.4

! Um Sot 30 19 13 32 512 88.1 25.6 28.6-77.7 4.5
10 Um Esala 30 34 13 33 478 130.7 • 124.0-129.5 l o w
11 ELGhman 30 08 13 50 505 85.1 23.5 53.9-69.2 3.6
12 ELHedid 30 22 13 50 495 152.4 25.4 63.4 -125.9 5.4
13 Mugeiseiba 30 23 13 38 488 245 30.5 140 25.3
14 ELTogour 30 34 13 23 504 251.2 30.5 140-146,155 -165,202-217
15 ELSider 30 32 13 37 508 245.5 120 164.0-270.0
16 EL Sarha 30 34 13 39 470 213.3 98.2 75 162.5 -203.3 13.0
17 Um Galgie 30 21 13 32 508 30.5 25.7 0.2
18 EL Regeiba 30 25 13 40 480 225.5 155 143.0 -294.0
19 ELGuneina 30 19 36 13 36 105
10 Um Geirf 30 36 13 31 470 107.7 46.7 31.7
21 Khorsi 30 27 13 37 489
11 EL Bobaya 30 16 13 16 73.2 36.9 33.0
n Meleiha 30 20 13 38 501 187.4 45.7 157.0-187.4 v . l o w
24 Medesisa 30 37 13 19 500 150.9 65.5 119.5-144.2 4.1

25 Abu shoke 30 04 13 56 435 60 51.5
26 Namile '3045 13 27 460 40 32.5
27 Al gaizan 3042 13 42 459 42 31.1

28 Umm Semeama 30 55 13 36 455 126.5 38.1 60 83.3-118.9
29 EL Beshiri 30 12 13 48 490 20 9.7
30 Umm Laham 30 30 13 38 510 31.5 27
31 Umm Balagie 30 35 13 45 465 F l o w F l o w
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Appendix B:Chemical analysis
Chemical analysis of groundwater samples from the deep aquifer 
calculated in mg/l of the major different elements:

NO PH EC TDS Ca Mg Na K H C 0 3 S 0 4 Cl N 0 3 ALK TH 1 8 0 2H
1 7.8 620 490 28 21 62 19 159 72 95.7 16 130 156 -3.2 -20.2
2 8.1 415 383 31 9 40 5 159 28.8 24.8 52 130 114 -3.3 -21.3
3 8.1 480 312 138 5 85 8 210 28.8 42.5 45 172 365
4 8.1 560 504 20 8 83 24 214 57.6 67.4 6 175 83 -6.7 -51.7
5 8 1690 1574 55 20 356 3 378 422.6 148.9 180 310 145 -3.0 -20.9
6 8 714 594 18 5 138 12 177 72 120.5 20 145 66 -2.7 -17.7
7 7.9 1720 1949 219 45 226 2 153 734.8 223.4 332 125 732 -6.0 -47.4
8 9.1 765 764 69 20 107 4 232 144.1 56.7 117 190 254 -2.3 -15.7

9 9.1 1055 983 119 18 122 3 238 139.3 92.2 237 195 371 -3.4 -23.3
10 7.9 4400 3060 360 58 260 6.2 140 240.1 258.8 28 115 1137
11 8 1000 710 147 0.9 147 171 398.6 180.8 56.1 104 371
12 7.8 700 600 65 15 85 5 150 ' 72 10.6 123 224 -3.2 -20.5
13 7.8 620 490 28 21 62 19 159 72 95.7 132 130 156
14 7.8 1760 2032 276 54 156 12 177 422.6 184.4 739 145 911 -2.4 -17.5
15 6.9 570 399 52.1 10.9 13.8 3.9 153 9.6 109.9 125 175
16 7.8 28.1 8.5 36.8 3.9 110 19.2 21.3 90 105
17 8.1 775 702 86 16 74 2 146 91.3 67.4 698 120 280 -2.3 -15.7
18 7.1 440 308 20 0 12.5 0.5 122 4.8 70.9 189 100 50
19 8.5 560 36.1 77.8 87.4 7.8 146 43.2 49.6 120 410
20 8.4 24 8.5 94.3 19.6 226 91.3 85.1 185 95 -6.7 -52.8
21 7.8 36.1 19.4 87.4 4 207 100.9 113.4 0 170 170
22 8.5 1480 1661 187 45 142 7 366 230.5 117 300 652
23 7.6 890 735 35 6 166 5 214 100 162 891 -5.7 -45.9
24 8.4 1314 1361 214 30 51 10 153 75 105 629 -1.4 -9.3
25 8.4 280 240 32 5 10 3 61 15 35 102 280 100 -2.7 -17.3
26 8.1 800 620 20 10 85 138 115 26 754 180 100
27 7.9 170 147 21 5 5 7 85 n n 400 -3.2 -20.9
28 8.4 790 704 32 11 145 1 159 31 25 52 -3.8 -23.4
29 8.2 233 249 5 3 33 9 128 24 23 15 -3.6 -24.3
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Chemical analysis of groundwater samples from the deep 
aquifer calculated in mg/l of the major different elements:

ia m p le
lo PH E.C TDS Ca Mg Na HC03 S04 Cl N03 T.ALK T.H
It 8.7 900 630 41.6 26.82 34. 195.2 32 34.08 149 207.2 214.4

2 8.15 577 403.9 39.84 10.449 15.2 85.4 14 43.31 152 85.4 142.6

8 8.8 951 665.7 55.6 23.425 12.9 146.4 43 39.05 207 152.4 235.4

» 9.4 144 108 7.68 3.88 5.9 24.4 3 12.07 45.3 24.4 35.2

J6 8.5 1110 777 57.52 17.39 146.4 183 230 39.76 44 189 215.4

i7 8.6 1059 741.3 74.88 33.777 71.4 48.8 40 43.31 361 48.8 326.2

$ 8 2519 1763.3 63.6 30.375 489.3 549 480 124.25 275 579 284

39 8.7 1307 914.9 31.04 19.828 205 341.6 70 107.92 94.9 353.6 159.2

110 8.9 961 672.7 69.6 22.793 13 183 50 31.95 271 183 267.8

311 8 1110 777 41.12 22.599 137.8 244 80 92.3 18.9 244 195.8

312 9 723 506.1 50.8 18.516 6.7 122 11 32.66 123 122 203.2

J14 8.8 721 504.7 39.12 13.802 31.6 158.6 10 32.66 156 170.6 154.6

315 8.2 335 234.5 10.96 0.0972 72.6 158.6 0 17.75 30.2 158.6 278

316 8.6 1330 931 53.52 21.481 125.5 244 80 92.3 271 256 222.2

317 8.7 1623 1136.1 68.56 37.373 146.1 268.4 160 106.5 365 268.4 325.2

318 8.6 1570 1099 60.16 26.438 253.8 244 180 116.44 176 250 259.2

320 8.8 398 278.6 26.72 7.387 75.3 122 11 14.2 107 128 97.2

321 8.8 664 464.8 42.96 8.671 79.5 134.2 26 24.85 95.9 134.2 140.6

322 8.16 813 569.1 10.88 6.269 138.2 122 104 45.44 156.2 140 53

323 8.6 1214 849.8 89.6 29.79 185.7 244 105 92.3 285 244 346.6

B24 8.3 1741 1218.7 96.4 36.83 166.1 292.8 160 95.14 473 292.8 392.6

B25 8.6 407 284.9 30.72 16.47 54.1 122 11 18.46 101 122 144.6

B26 8.6 540 378 38.8 14.23 106.8 109.8 23 28.4 130 109.8 153.8
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Appendix C:LITHOLOGICAL LOG
UM KADMULOW1 LITHOLOGICAL LOG

From (m) To (m) LITHOLOGICAL LOG
0 49 Qaz sand ,fine , brownish_redish

49 sand ill sorted pebbly intercalated with sandy clay grayish

74 74 Gravel fine sandy ,clay with cole nodules.

80 83
clayey sand & sand ill sorted with calarenite noduls gray 
_green

83 93 sand fine intercalated with silty clay .grayish .

93 117
sand fine to medium gravelly intercalated with sandy clay 
yellow.gray.

117 166
sand fine to medjum intercalated with sandy clay .some 
fine gravels calcarenite nodlues.gray-yellowish

166 189 sand ill sorted clayey .rRedish -grayish.

189 208
sand ill sorted gravelly intercalated with clayey sand and 
clay

208 210 clay gray,sandy.

210 236
sand ill sorted fine clayey and sandy -clay some fine 
gravels pale gray.

236 244 sand illsorted fine, clayey .pale gray .

244 261 sand ill sorted fine , clayey pale gray.

261 300 sand ill sorted .some fine gravels .clay.
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GUENINAO.W-2 LITHOLOGICAL LOG

From (m)

0

47

66
81

109

118

133

177

199

246

264
286

TO (m)

47

66

81

109

118

133

177

199

246

264

286

LITHOLOGICAL LOG

Qoz sand (superficial deposits)

sand ill sorted ,coarse,gravellly ,clayey.

sandy clay& sand intercalated .pebbly, cale nodules.

sand ill sorted .gravelly ,clayey .cale nodules over 5 cm

sandy clay gravelly & clayey sand intercalated.

sand ill sorted gravelly .pebbly ,clayey .cale nodules.
sandy clay gravelly &pebbly with cale nodules and clayey 
sand intercalated , sand ill sorted gravelly

sand ill sorted coarse gravelly &pebbly clayey.cale nodules.
sand ill sorted fine pebbly intercalated with sandy clay .cale 
nodules.

sand ill sorted fine to coarse .clayey.
sand ill sorted coarse gravelly ,pebbly .cale nodules some 
intercalated of sandy clay.

290 sand and gravel.
sand ill sorted gravelly intercalated with sandy clay.cole 
n o d u l e s .



GUENINAO.W-2 LITHOLOGICAL LOG

From (m) TO (m) LITHOLOGICAL LOG

Jo 47 Qoz sand (superficial deposits)

47 66 sand ill sorted ,coarse,gravellly ,clayey.

66 81 sandy clay& sand intercalated .pebbly, cale nodules.

I 81 109 sand ill sorted ,gravelly ,clayey .cale nodules over 5 cm

109 118 sandy clay gravelly & clayey sand intercalated.

118 133 sand ill sorted gravelly .pebbly ,clayey .cale nodules.

133 177
sandy clay gravelly &pebbly with cale nodules and clayey 
sand intercalated , sand ill sorted gravelly

177 199 sand ill sorted coarse'gravelly &pebbly clayey.cale nodules.

199 246
sand ill sorted fine pebbly intercalated with sandy clay .cale 
nodules.

246 264 sand ill sorted fine to coarse .clayey.

264 286
sand ill sorted coarse gravelly ,pebbly .cale nodules some 
intercalated of sandy clay.

286 290 sand and gravel.

290 298
sand ill sorted gravelly intercalated with sandy clay.cole 
nodules.

298 300 clay.

(93)



MUGEISIBAO.W-3 LITHOLOGICAL LOG

From (m) TO (m) LITHOLOGICAL LOG

0 44 Qoz sand .superficial deposits

44 84

sand ill sorted .gravelly .intercalated with sandy 

clay.

84 124

clay silty and sandy with thin intercalations of sand 

ill sorted .gravelly cacareous nodules.

124 142 sand ill sorted coarse .clayey.

142 156 sandy clay and sand ill sorted .intercalated.

156 181 sand well sorted .coarse gravelly.

181 220 sand ill sorted fine to medium,clayey.

220 248 sand ill sorted coarse gravelly .

248 300

sand ill sortedcoarse gravelly,intercalated with thin 

streaks of clayey sand.
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MUGESIBA .OW- (4) LITHOLOGICAL LOG

From(m) TO(m) LITHOLOGICAL LOG

0 44 Qoz sand .(superficial deposits )

44 84
Sand ill sorted .gravelly .intercalated with 

sandy clay

84 124 clay silty and sand ill.

124 142 sand ,ill sorted coarse .clayey.

142 156 sandy clay and sand ill sorted,intercalated

156 181 sand well sorted .coarse,gravelly .

181 220 sand ill sorted fine.to medium .clayey.

220 248 sand ill sorted coarse gravelly .

248 300
sand ill sorted carse,gravelly intercalated with 

thin streaks of clayey sand.
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REGEBA ,0W-(5) LITHOLOGICAL LOG

From(m) TO(m) LITHOLOGICAL LOG

0 46 Qoz sand (superficial eposits).

46 68
sand ill sorted,coarse,gravelly ,with intercaltion of 

clay.

68 102
clay ,sandy,with gravelesand pebbles and 

cacareous nodules intercalated with sand ill 

sorted gravelly.

1o2 139

sand,ill sorted coarse gravelly ,clayey 

.intercalated with clay,sandy ,sparadiclay with 

large calcareous nodules.

139 208
sand ill sorted,coarse,gravelly ,with intercalatied

•

with clayey sand .

208 300
sand ill sorted fine to medium with thin 

intercalation of clayey sand.
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Appendix D:Pumping test data
IIU

1 0 1 10* 101 102 1 0 ’ to' 10s to* 10 '

T=2. 16*10-1 K=6.02*10-3

3.00
0 Al ReKabia c AL Rekabia
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1/u

c Bara □ Bara

T=2.51*10-3 K=8.37*10-5

c Bara d Bara
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1/u

o Khorsay □ Khorsay

T=l. 73*10-2 K=7.53*10-4

([mini

o Khorsay o Khorsay
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Appendix EAquichem diagrams
Scatter diagram
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Histrogram Diagram

Frequency (counts)
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Histrogram Diagram
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Stiff diagrams
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Appendix F:SPSS data Results
Descriptives

Descriptive Statistics

N Minimum Maximum Me3n Std. Deviation
VARQ00Q1 0
Ca 29 14.00 360.00 82.5517 89.56057
Mg 29 .00 78.00 18.7802 19.44947
Na 29 4.00 356.00 96.7931 81.19966
K 29 .00 40.00 9.3276 10.56466
HC03 29 43.00 403.00 184.1379 85.07590
S04 29 .00 735.00 134.9310 166.49023
CL 29 .00 259.00 91.6552 65.40166
N03 29 .00 739.00 80.7931 147.51765
Valid N (listwise) 0

correlations

Correlations
Ca Mg Na K HC03 S04

Ca Pearson Correlation ' .019*’ .520“ .041 .505**
Sig {2-tarIed) .OOO 004 .ose 834 -OOI
N - ; 29 29 20 29

Mg Pearson Correlation .610*' 1 .438* -.005 056 .422“
Sig {2-taied > OOO 018 .078 774 .023
N 29 29 2© 29 20 29

Na Pearson Correlation 520 "1 .438* 1 -.224 .420* .749**
Sig. (2-tailed) 004 .018 .242 023 .000
N 20 20 29 29 20 29

K Pear-5 on Correlation -003 -005 - 224 1 -.160 -245
Sig {2-tarfed* .080 078 -242 381 -201
N 20 29 29 29 20 29

HC03 Pearson Correlation 041 .056 .420* -.169 1 -285
Sig. (2-t»ied> .834 774 .023 .381 .134
N 29 29 29 29 20 29

S04 Pearson Correlation .595*' .422* .749** -.245 .285 1Sig <2-t»*ed) 001 .023 OOO .201 .134
N 29 29 29 29 20 29

CL Pearson Correlation .603** 448* .730” -.151 288 .737**
Sig. (2-taJed > OOO .015 OOO .433 .120 OOO
H 29 29 29 29 20 20

NQ3 Pearson Correlation 4 99*' 370* 342 -.091 .027 ©17**
Sig. 12-tatied) .006 .048 .070 .637 .390 OOO
N 29 29 29 29 20 20
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Factor Analysis

Correlation Matrix

Ca Mg Na K HC03 S04
Correlation Ca 1.000 .616 .520 -.003 .041 .595

Mg m 1.000 .431 - 1 5 .056 .422
Na .520 .438 1,000 -224 ,4 1 .749
K -.003 -.005 -.224 1.000 -.168 •245
HCG3 .04! m .429 - . IB 1.000 235
S04 .585 .422 ,74@ -245 .285 1.000
CL m .448 ,730 -.151 ,211 .737
N03 m .370 ,342 -.061 .027 117

Sjjj. (l-feilsd) C3 .000 • ,002 .463 .417 100
Mg .000 .009 .488 .387 .011
Na .002 .006 .121 .012 .000
K .483 .486 .121 .191 .101
HC03 .417 .387 .012 .161 .057
504 ,000 .011 .000 .101 .067
CL ,000 .007 ,000 217 .065 .000
N03 ,003 .024 .035 .310 .445 .000
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Proximities

C a s e  P ro c e s s in g  S u m m a ry *

C a se s
Valkl Mtssing Total

N BereefSt iN Percent N Perce'nt
20 ICHJ.0% a .0 % 2 0 10 0 .0 %

a. Rescaled Squared Euclidean Distance used

Cluster

Average Linkage (Between Groups)
A g g lo m e ra tio n  S c h e d u le

Staae
Cluster C om b in ed

Coefficients

Stage Cluster First 
Appears

Next StageCluster 1 C luster 2 Cluster 1 Cluster 2
1 1 13 000 0 0 13
2 2 16 .005 0 0 5
3 12 26 .012 0 0 5
4 25 27 .012 0 0 11
5 2 12 .013 2 3 0
0 B 9 018 0 0 14
7 15 18 .018 0 0 12
3 e 23 .019 0 0 10
9 2 17 .020 5 0 11
10 e 21 .028 8 0 15
11 2 25 .030 9 4 12
12 2 15 .034 11 7 17
13 1 20 .038 1 a 15
14 3 8 .041 0 6 16
15 1 6 .048 13 10 16
16 1 3 .065 15 14 17
17 1 2 .077 16 12 20
1B 4 28 .100 0 0 10
1S 4 24 .155 18 0 25
20 1 29 .156 17 0 22
21 7 14 .165 0 a 26
22 1 11 .176 20 a 24
23 5 22 .18© 0 0 27
24 1 10 .235 22 0 25
25 1 4 .243 24 i s 27
26 7 10 .286 21 a 28
27 1 5 .326 25 2 3 28
28 1 7 .546 27 26 □
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Quick Cluster

initial Cluster Centers

Cluster
1 2

Ca 276.00 21.00
Mg 54.00 5.00
Na 156.00 5.00
K 12.00 7.00
HC03 177.00 85.00
S04 423 00 .00
CL 184.00 .00
N03 738.00 10.00

Iteration History*

Change in Cluster
Centers

Iteration 1 2
1 261.448 186.512
2 .000 .000
a. Convergence achieved due to no or small change in cluster centers The maximum absolute coordinate change 

for arty center is .ODD. The current iteration is 2. The minimum distance between initial centers is £18.119.

Final Cluster Centers

Cluster
1 2

Ca 247.50 70.33
Mg 49.50 16.51
Na 191.00 8B.81
K 7.00 fi.50
HC03 105.00 185.56
S04 578.00 102.04
CL 203.50 83.37
N03 535 50 47.11

Number of Cases in each Cluster

Cluster 1 2.000
2 27.000

Valid 29.000
Missing 1.000
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Appendix G:
Table show the permissible limit of the Sudanese and the WHO 
standards for water quality :

NO Item Sudanese standard WHO standard

1 pH 6.5-8.5 unit 6.5-8.5 unit

2 TDS 1000 mg/l 1000 mg/l

3 TH 500 mg/l 500 mg/l

4 Ca 200 mg/l 200 mg/l

5 Na 250 mg/l 200 mg/l

6 Mg 100 mg/l as S.04 ± 250 100 mg/l as S04 ± 150

7 Cl 250 mg/l 250 mg/l

8 S04 250 mg/l 150 mg/l

9 HC03 240 mg/l 240 mg/l

10 N 03 50 mg/l 50 mg/l

11 N 02 2 mg/l 3 mg/l

12 NH3 2 mg/l 1.5 mg/l

13 F 2 mg/l 1.5 mg/l

14 Fe 0.03 mg/l 0.03 mg/l

15 Mn 0.003 mg/l 0.003 mg/l

16 Zn 0.03 mg/l 0.03 mg/l
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