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SUBJECT: POTABLE WATER SUPPLY IN
THE REPUBLIC OF THE SUDAN

Gentlemen:

Pursuant t6 Task Order 247 and its revision 247-Al,
issued on September 10, 1958, Tudor Engineering Company
submits herewith a report on the Potable Water Supply in The
Republic of the Sudan. A brief description of the requirements -
of-the task order is included in the introduction to this report.

The Tudor Engineering Company engaged the
services of E, C. Marliave and Cole R. McClure, Jr.,
consulting geologists and ground water specialists. The
consultants left Washington, D. C. on January 8 and returned
on March 25, 1959. En route to the Sudan they stopped off in
Rome, Italy, to investigate the United Nations reports on
Water Supply in the Sudan. While in the Sudan they made
trips into Kordofan, Darfur, Kassala, and Equatoria Provinces
to investigate the field conditions. While in Khartoum, Sudan,
they reviewed much of the work being carried on by the
various agencies of the Sudanese Government, conferred with
the officials, and summarized data available in published and
unpublished reports. : ’

The accompanying report was prepared by the
consultants after their return to Washington and is based on
a review of the materials available in Washington, Rome and
Khartoum, and on their own field observations.
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A summary of the principal conclusions and
recommendations immediately follows the table of contents.
The subsequent chapters of the report are devoted fo a
discussion of the data developed, their analyses, and the
proposals which are offered for immediate action, and

those which would be extended over a period of time.

If these recommendations are approved and
implemented, ICA could make a material contribution
towards an increase in the supply of potable water in the
Sudan, . )

Very truly yours,
TUDOR ENGINEERING COMPANY

/-3'0'21 & Wtauu\_

John arr’
Profett Manager
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POTABLE WATER gUPPLY
IN o
THE REPUBLIC OF THE SUDAN .

Summary of Conclusions

As a result of this survey a summary of the principal
conclusions is presented below. These are based on the conclusions
in Chapter V of the tlaxt of this report.

1. There is a great shortage of potable water over much of
the Sudan and the relief of any appreciable portion of this shortage
in the next few years will require: (a) immediate action, (b) a
program of rapid exploitation of the available water resources of the

“ stevrage PWA‘;)

country by means of wells and hafirs and (c) a long range study to

determine more accurately the available ground water supply and

the areas where this water may be economically obtained.

2. The areas of crystalline rock bordering the Sudan along
the west, south and east sides are not suitable for deep wells.

Along the southern boundary, hafirs and small check dams offer the

best approach to a partial solution of the water supply problem.

3. The Nubian formation underlying much of the northerly
pox.'ti.on of the Sudan, an(; to a lesser extent the Umm Ruwaba
formation in the south central portion offer the best sources of ground

water for deep wells, though.occasionally saline waters may be

encountered in the Umm Ruwaba.

\



~b}

i}

4. A combination of geologic mapping, surface studyy drilling

data and geophysical exploration offer the best means of attgcki

well location problem.

5. A need exists for the following items with respect to

train{ng of personnel concerned with potable water supply in hth/eSuda.:cl

a.

e,

A study and training program of advanced methods
of well drilling and particularly the use of thi.rf/wal
casings and knife perforations.

An accelerated program for training Suda
drillers.

geophysicists in the United States in the latest
methods of ground water inventory and study
geophysical surveying methods, respectively

ment by United States technicians for a period of
about one year in ground water inventory.and Iong
range ground water study methoder

A program of assistance and training with rega.rd \/
to low cost hafir hning

6. There is also presently a need for a moderate increase of

technical Sudanese personnel on the staffs of both the Geologic Survey

and the Land Use and Rural Water Development Department to more

effectively cope with any new program of water ‘development adopted,

- Depending on the nature and requirements of any new program, a

plan and a.ppropria'te budget for an orderly additional increase of

such technical personnel as may be deemed necessary in the future

should be provided for over a period of years.
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7. Drilling equipment is operated by several government
agencies in the Sudan. It would be desirable to have all _dril-_l_ing .
equipment g.r.ouped under one agency for more efﬂcieﬁt operé:igion
and maintenance. ‘

8. At least 'two Sudanese government agencies are now
operating shops for the repair and maintenance of water well pumps
of the same make and type. A single agency should be able to do all
the work in a more efficient manner.

9. It would be prudent to have a limited a.;'nouxi.t of high
level technical consultant assistance to, and in cooperation with,
the Sudanese government to insure that any program adopted will be

pl;osecuted as effectively and beneficially as possible.



Summazry of Recommendations

Based on the conclusions arrived at in this report, the

: following summary of the principal recommendations isj ‘presé;}tgd.
These are in accord with the more detailed recommend'a.tion;con-
tained in Chapter VI. .
A plan of action must be get up at an early date to i.ncbrporate
the following items:

¥ : ‘
1. Seénd the drilling engineer of the Land Use and Rural

Water Development Department. to the western United States for a /

",' pefiod of six weeks to study well drilling procedures and particularly

the use of various types. of casing and knife perforation of casings in

¥

. Ny M
water wells. This recommendation is one of the least expensive azy
y

- : 2. Send two Sudanese geologists to a United States agency
* for 4 or 5 months training in the latest methods of ground water study /
and inventory, and one Sudanese geophysicist to an approved schoolf .

o

yet one of the most important proposed.

the United .States for two years advanced training in'methods of

geolphysical surveying and practical field work. This suggested
training program should be repeated for several years, or as often
.as desirable to train the required number of Sudanese peréonnel.

.3. Provide three rotary drills of heavy duty type,

complete with transport, water tanks, spare parts and fishing w

-10-
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tools. Have the@ment supplier send to the Sudan one drilling

[
et e

/]/ engineA drilling instructors and a mechanic. The drilling

I

ersonnel would instruct the drilling crews in the use and mainten

of rotary drilling equipment and the use of mud. The t:l.me and cost
! -for a training program is outlined in Appendix A'. -
% 4, Contract with a qualified agency for a reconnaissance
/ geophysical survey of the problem areas indicated in western Sud
[ and, if néecessary and desirable, be prepa.red to i_rnplemeni; the |

reconnaissance survey with.more detailed surveys at a later date.

5. Commence at once a ground water inventory and long range
,study of the ground water situation in the Sudan, utilizing the available
ground water geologists of the Geologica.l Survey, assisted by two

a.dd1.t1.ona.1 Sudanese survey members to be added to the Ground Waterﬁ 69 4

Section, and two United States grou.nd water technicians familiar Wlth

b

%%\

<

/1'ound water techniques. \

A

-
6. Provide equipment and one United States technician with ) é} /\Q))\

4

experience on low cost canal and reservoir lmmg, regearch.and

r-\‘

_ | / .
‘construction to conduct the proposed experimental work on hafir ~ W

lining in the Sudan.

-
-

7. Provide by proper planning and budgeti.ng’for an orderly |

increase .in Sudanese personnel for the Geological Survey and Land ‘[/

Ll

Use and Rural Water Development-Departments to implement the water

~

supply study and the exploitation of ground water in-the Sudan.

w1l
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8. Place all Sudanese drilling equipment under the supervisio

r

of the present Drilling -Division and make this agency responsible for /;

its operation and maintenance.

|

9. Place responsibility for repair and maintenance of all water"
yard or water well pumps used by the government in the hands of

single appropriate agency.

.10. Provide for a limited amount of high level United States

Chnical supervision and consulting service to he available to the
Sudanese government for the purpose of implementing the program
and providing advice and guidance for future programming when and

if needed. This could be in the form of an advisory committee on 4=

potable water problems or on an individuyal consultant basis.

-12~
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CHAPTER 1

" INTRODUCTION

Purpose
Potable water supplies are deemed insufficient to meet the

requirements of the people in muc’:h of the Republic of the Sudan.

Especially critical areas are portions of Kordofan, Darfur, Kassaia;.
and Equa.ti:ria Provinces.

Following discussions with members of the ICA staff in
Washington, the USOM staff in Khartoum and members of various
interested units of the Government of the Sudan, the team began its
evaluation of the development program of the potable water resources.
The purpose of the study wasg to determine what could be accomplish;ad

to best meet the _potable water requirements. of the country. Included

in this study was an examination of portions of the current five-year
water development plan and a critical appraisal of the ground water
program. The team was instructed to make recommendations concerning
the most appropriate methods of exploration and exploitation, equipment
re(-;_uireme-nts, capability of existing organizations, and, in general,

the most feasible means of obtaining necessary potable water to rapidly
.solve the critical water shortage problem.

Liocation

The Republic of the Sudan is located in the northeastern portion

-15-



of Africa. It extends from the southern boundary of Egypt and Libya

on the north to the northern bc;u.ndaries of the Belgian Congo, Uganda
and ZF:{enya on the south. It is bounded by French Equatorial Jﬁf_‘érica on
the west and the Red Sea and Ethiopia on the east. The Sudan,. which
is larger than the portion‘ of the United States east of tﬁe Mississippi
River, has approximately 967, 500 sq mi of area, and is about 1300
miles long and almost as wide (see Plate I}, This counfry is

characterized by extremes of climate and vegetation. The population

of the Sudan, some eleven million people, is composed of various

groups, having wi.éely different faiths and cultures.
Climate

The climate is predominately continental in character. The
climate of the area bordering the Red.Sea is unlike that of most of the
country, being greatly influenced by marine characteristics.

The northern portion of the country lying north of 189N latitude,
is essentially a desert area. The ra.in’fajll is generally less than 50 mm,
(2 in.) and the temperature may range‘ frlbm 50°C to about 5°C,

Central Sudan, an area.lying roughly be'twee-n 10°N and 18°N
latitude, is predoi'hi.na.tely' semi-arid and has a rainfall range of from
50 to 900 mm (2 to 36 in.). Precipitation is generally confined to the
period from May to October., Temperature in thiy area may range

i
from over 40°C in the summer to a2 low of about 10°C in the winter.

~16-
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The mean annual temperature is about 28°C. The main area of & )

critical shortage of potable water is found withln‘ this climatic zone,
The southern area, that portion lying south of I0°N latitude,

is characterized by a sub-tropical to tropical climate. The rainfall

exceeds 900 min (36 in.) per year and occurs generally throughout

the year, the higher rainfall period bei.ng from April through' October.

Temperatures range from 20°C to about 40°c. Portions of

this area are also faced with a shortage of potable water. As will be

explained later, this area is treated separately from those in the

northern portions of the Sudan primarily due to its climatic differences.

Previous Investigations

Most of the ground water data concerning the Sudan appears in
short, unpublished reports prepared by members of the Geological
Survey over a period of about 50 years. One of the first published
reports on a proposed program of ground water studies was prepared
by H. A. Waite in 1955 and is entitled "Program of Ground Wa;.ter
Investigations for the Anglo-~-Egyptian Sudan. ' A subsequent report
entitled "Geologic-Hydrologic Research in the J‘krid and Semi-—-Ar‘i.d
Zones of the Western Sudan" was prepared by H. Kleinsorge and

J. Zscheked of the German Federal Republic. This report is dated

.-—"—'-_-'-—-—.‘—.—_

July 1958, and is concerned with the ground water geology of a portion

of western Kordofan Province.

-18-



Another report, also prepared in 1958, entitled "A Program
of Ground Water Investigation, ' was published by the Food and
Agric-.'ulture Organization of the United Nations. This report is éritical
of the Geological Survey and contains recommendations for ground 7

¢

water development of areas comprised of rocks normally considered
to be non~water bearing, f

Probably one of the most valuable reports on ground water in
the Sudan will be the report now being prepared by G. Y. Karkanis,
_A-Xssi.stant Director of the Geological Survey. This report is to prese;ﬂ:
a history and compilation of grour}d water data obtained during the last
50 years. |

There are large amounts of data, both published and unpubli.s_hed,
available from the Geoloé-ica.l Survey, concerned primarily with geology

other than that of-ground water geology and hydrology. A bibliography

is contained in Appendix G of this report.

~19-



CHAPTER 1L

GROUND WATER GEOLOGY

" Areal Geology

The vastness of the Sudan, the problem of transportation and
the limited time a.vailgabie to the survey team prevented a general study
of the ground water geology of the country. Nor is such a study
necesgsary in light of the immediate task to be a.ccompli.shéd. Acc-ord-
ingly, emphasis was placed c;n certain specific aspects of ground water
development and the features appurten:;.nt thereto. The following brief
description of the general geology of the Sudan is merely to provide a
background for the d‘iscussion which follows. The information is

taken largely from Sudanese publications supplemented by information

obtained from the Sudan Geological Survey,coupled with the limited

observatigns made during various field trips.

The Sudan is essentially a large plain developed on an old
crystalline rock erosion surface, probably a peneplane or series of
peneplaned areas. Crystalline masses are exposed as mountains and
hills along the western boundary and along the southern and south-
eastern boundaries, while sed;_znentar.y hills along the Red Sea are
uplifted to the northeast, with the Libyan desert to the north and north-

west. These highlands surround a large crystalline mass.of low relief

20~



which occupies the central portion of the country (see Plate II).
Tertiary volcanics, principally basaltic lavas, cap large areas of
the surrounding crystalline mass and to a limited extent occur as
smaller cappings in the central plains area.

The present plainsg are-a. is one of aggradation with sediments
being carried down from the surr oundix-lg‘ htghlax;mds.and deposited in
the more central area, burying the underlying formations to gfeater
and gr eater depths and gradually covering the protruding rock masses
or inselbergs. This approximates the pan-fan stage of the desert
cycle. The Nubian formation, largely sandstone, extends over con-
siderable areas of the northl_ern portion of the Sudan while the south
central portion contains large areas of the continental Umm Ruwaba
formation oyverlying the Nubian formation. A dissected plateau surface
has been developed on the Nubian suggesting an advanced stage of
stream erosion to the point where stream erosion has become a
- limited factor due to lack of rainfall, and where insolation and gravity'
are the principal agents in developing the rather stable hamada type
surface. - |

The principal deposition occurring in the central plains area
was the Nubian formation, which once covered much more extez:si.ve
areas and to greater depths and is now being gradually eroded away.

The Umm Ruwaba formation is a. continental fluviatile deposit

of several hundred feet in maximum thickness and is quite extensive

21~
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iaterally. These materials are much younger than the Nubian in age
and probably represent a wetter climatic cycle than that of the present
day. These sediments were deposited in-a topographic low in the
Nubian p.ossi.bly created by erosion and by local down warping. The
materials are principally poorly consolidated sands and clay sands
with some gravelly phases. Above the Umm Ruwaba in geologic
succession are theJ'Kordofa.n sands and Qoz sands of the western
desert area and the clay plain deposits of the south central area. .Most
of the area is centrally drained by the Nile River and its tributaries,
though most of the tributaries do not have flow reaching the Nile at the
present time,.

Apparently little structure has been developed in any of the
rocks of Paleozoic or later age other than that resulting from gentle
up or down warping. In middle Tertiary times the only significant
movement was the rising of the Red Sea Hills block and the Abyssinian
Plateau and éhe development of the Red Sea Basin to the east, probably
along a line of major faulting {(Rift Valley of Africa) just off the westerly
margin of the Red Sea.

For practical purposes the rocks of the Sudan may be divided
into two series: the water-bearing and non-water bearing. The water-
bearing rocks are those which absorb, transmit and yield water in
sufficient quantities to be of economic value, while the non-water bearing

rocks are those which do not absorb, transmit or yield water in sufficient
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quantities to be of economic importance.

In various parts of the world, the use of the terms water~"
bearing and non-water bearing may have different meanings since
they are relative to the potentialities of the various existing rocks.
While the Nubian formation in the Sudan is classed as \n;ater-bearillg
rock, it would generally be considered to be essentially non-water
bearing in the western United States because of its low permeability
and yield. The crystalline focks, on the .other hand, would generally
be classed as non-water ‘énearing the world over, although there are
always specific local exceptions,

The non-water bearing rocks are important in that they form
the container or basin in which the water-bearing series are deposited
and prevent the migration and loss of appreciable quantities nf water
in a downward or lateral direction.

The water-bearing series absorb, transmit and store water
in the pore spaces, joint planes and fractures, and retain or build up
a ground water body to a level dependent on inflow and outflow. As
water development a:nd exploitation occurs, the water table and the
quantity of water in storage may fluctuate depending. on the balance
between recharge and extraction.

Water-Bearing Series

The three water-bearing rock units noted during this survey

of the Sudan are as follows:
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(1} The Recent Alluvium of the stream channels and
flood plain deposits along the Nile, portions of the
Red Sea Hills deposits along the northwest edge of
the Red Sea, and the Qoz and Kordofan sands of .
the western desert area.

(2) The Umm Ruwaba formation.
(3) The Nubian formation.

Recent Alluvium. These deposits are ill sorted, unconsolidated,

unweathered gravels, sands, silts and clay’s‘ of fluviatile origin and are
primarily found in the recently active stream c_ha‘.nnels. Available maps
are of such small scale that delineation of the areal extent of these
deposits would not be feasible and for this reason they are not shown

on the geologic map (Plate II). These materials are important in that,
with their inherent high degree of permeability, they allow for rapid

absorption of surface water and can store and transmit water to the

underlying less permeable formations such as the Umm Ruwaba and

Nubian. In the vicinity of the Nile, the Recent flood pl:,iin sediments
are potential sources of large quantities of ground water though, along
most of the ephemeral streams, the deposits are so limited that they
do not represent an appreciable source of water.

The Red Sea Hills deposits of clays, sands, marls and shales
are included i_n.the water-bearing portions of the Récent Alluvium, as
the detrital material from these deposits provide a very limited but
permeable valley fill. The Red Sea Hills deposits in themselves are

not considered to be permeable to any appreciable extent.
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Where the permeable va.lléy fill deposits have access to the
waters of the Red Sea, care should be exercised in extraction of the
fresh water, as a reversal of a seaward hydraulic gradient would
allow the intrusion of saline water into the fresh water body.

The Qoz and Kordofan sands, though generally surface deposits
well ahove the water table, occasionallyé contain small amounts of
perched water.

Umm Ruwaba Formation. This unit consists of a series of

gravel, sands and silts and clays, poorly consolidated, slightly bedded,
of fluviatile origin primarily, though some of the beds are believed to
be lacustrine. Areally it is distributed in the south central portion

of the southern half of the Sudan, resting upon the eroded surface of
the Nubian sandétone or the crystalline complex.

The Umm Ruwaba formation is capable of absorbing, trans-

mitting, storing and yielding moderate quantities of water., Its
absorptive capacity is moderate except where the finer constituents
are present at or near the surface,. B_ecause of the fine grained
nature of much of this formation, water production is frequently

low and fines may l:;e pumped with the water unless proper

screening or packing measures are employed. Sint;e sor;le of the
Umm Ruwaba may have its origin in desert climmates and playas
probably existed, it is not surprising that saline waters are frequently

encountered in this series. When more data are available from various
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types of exploration and study, it may be found that the saline areas
were located in-topographic lows at the time of deposition and that
the salines result from evaporation of playa lakes.

Nubian Formation. This formation is comprised primarily

of lithified sandstones, moderately well bedded, frequently e,xhi.biti.ng
Cross bs;dding, nearly flat lying and moderz‘l.tely’ jointed. The sands
are medium gra.i.ned and quite uniforn; in size and indicate rather
_uniforn} conditions as well a.‘s extensive areas of deposition. Freq-[uent
interbeds of mutl:lstone, siltstones, claystones and conglomera_tes. may
be found and these are often reddish to purple in’ color and quite
impermeable. The formation as a wholc;, is moderately water~bearing
and represents the best source of ground water in the entire Sudan.
'Wa.tez'- is transmitted and contained in the intergranular poré spaces
and along the bedding, joint, and fracture planes. The average
permeability-is low, hence water is yielded to wells at a low rate.
_The Nubian was deposited over an irregular surface, developed
on a peneplaned igneous a.nd'meta.morphi.c .rock mass. The topographic
lovgvs were filled first and subsequent deposition, in -nearly hor izontal
‘fa.shion, continued over more and more of the eroded surface. Thus
the developed tlii.ckeness of Nubian is not constant. It feathers out
along and around the crystalline rock masses and is deepest where
original-‘topogra.phic lows existed. Over much of the plains area,

isolated hills or ridges of crystalline rock (inselbergs) protrude
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through the sandstone thereby indicating peripheral areas where the

Nubian is very thin.

In the deeper basins are the lows in which storage of m-ost of
the ground water should be expected. These areas are not easy to
find by surface geologic mapping, even with the well data available
from drilling, since few of the wells have penetrated the entire Nubian
section. Hence, geophysical surveying is r.e.commended to determine
the location of lows and greatest depths of the Nubian formation.

Non-Water Bearing Series Vi

The non-water bearing series as previously pointed out do not
normally yield economic qua.ntities. of water. Four noﬁ-—water bearing
units are currently recognized in the Sudan as follows:

(1) Basement Complex

(2) Undifferentiated Paleozoic Sediments

(3) Hudi Formation

(4) Tertiary Volcanics

Basement Complex. The Basement Complex rocks consist

pr{marﬂy of crystalline meta-igneous, ineta~sedimentary and

granitic types. They are dense and hard ;alnd the joints are relatively
tight where the roc‘k is fresh-and contain no pore spaces for storing or
transmitting ‘water. Very limited quantities of‘water may be obtained
nea.rn the surface in the more open fractures and joint pianés and in

the severely weathered surficial portions of such rocks. In general,
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they must be considered non-water bearing although, as indicated,
locally the weathered mantle and surficial joints and fractures may
contain small qua.nti;ci.es of water. These rocks should not be regarded
as gsources of water and, in general, requests for wells in S;uch areas
should be denied.

Areas underlain by these rocks, however, may provide
excellent locations for surface storage reservoirs, as the rocks act
as a confining medium. These rocks are sufficiently impervious i:o
prevent loss of ponded water, except along fractures or joints.

Undifferentiated Paleozoic Sediment. The undifferentiated

Paleozoic sediments (including the Nawa Series) are unmetamorphosed
arkosic sands, siltstones, sandstones and claystones moderately bedded
and lithified. These sediments are generally well cemented and
relatively impermeable and therefore they are generally not consid-
ered to be water-be'aring. Because these formations are of limited.
extent and of limited importance to a ground water study they haye been
grouﬁed together.

1
Hudi Formation. The Hudi formation is composed of chert and

sandstone deposits of lower Tertiary age. As the distribution of'these
rocks is limited to small isolated deposits of low permeability, they are

considered to be non~water bearing rocks.

Tertiary Volcanics. The Tertiary volcanics that cap ridges are

also considered to be in the non-water bearing series, although near
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the surface the fractures and joints may locally contain limited
quantities of water. 'In most instances the volcanics are well-above
the saturated zones of the water~bearing materials.

None of the aforementioned non-water bearing rocks.sliould
be considered as potential sources of ground water in the Sud;an.
The areas occupied by these rocks as indicated by geologic mapping
should be eliminated from any well drilling consideration, except
where the basalt cap may be penetrated and the underlying wa.ter-‘

bearing materials tapped.
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CHAPTER II1

GROUND WATER DEVELOPMENT -

Exploration

Exploration for ground water may be divided ini‘:o three parts,
namely, geologic mapl'aing, geophysical surveying, and drilling. All
three methods have been)utilized in the Sudan for a considerable period
of time. Currently, the need for wé,ter has created 2 demand for

greatly accelerated programs in all of these methods of exploration.

Geologic Mapping. Surface geologic mapping is one of the first

items to be considered in any regional ground water study. The
Sudanese Geologi.caI. Survey, recoénizing this fact, has completed the
first stage of this study by compiling a generalized geologi:c map of the
entire country. A second stage of the study is to refine this mappihg,
giving priority to the water problem areas. The Geological Survey is
a.ware of the importance -of this information, and has completed
portions of this work.

For the benefit of the non~geologist, geologic mapping may be
defined as the delineation of the different rock types and rock
units on a map. Such mapping, as it relates to ground water geology,
would place emphasis on the water-bearing charac;:eristics of the rocks.
This involves the differentiating of the crystalline rocks from the

s

sedimentary rocks, and also the division of the sedimentary rocks
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into units based on their permeability and stratigraphic sequence.

In the Sudan, for example, the geologist would separate th‘e Nubian
formation from the Umm Ruwaba formation, and, of course, separaté
these two units from the previously defined non-water bearing units,
the granitics and me:tamorphic rocks.

It is obvious that geologic mapping requires tﬁat the geologist
actually cover the area in the field on a rather closely-spaced grid
system. In addition to the geologic mapping, but as a part of this
mapping program, the geologist would prepare a report on his findings
contaiﬁi.ng desériptions of the physical properties of the rocks. A
ground water study should emphasize the characteristics of the
permeable zones anfi indicate where the water pro;iuci.ng zZones I‘ni.ght
be expected. Also, of great significance are the areas of possible
recharge or replenishment of the ground water supplies, and the
possibility of movement;water from the recharge areas to the.
producing horizons. Special consideration should be given to any
possible barriers to ground water movement, either vertical or
horizontal.

Sufficient field personnel should be made available to continue
these mapping programs.

Geophysical Surveying. Geophysical surveying is very useful

in obtaining preliminary subsurface data over large areas at a

relatively low cost and has been utilized by the Geological Survey of
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the Sudan for many years with moderate success.

The two geophysical methods most often used in gz:omld v:ra*ter
geology are the seismic and resistivity methods, which may provide ‘
data on the areal extent and depth of various rock units, as we-ll as
data on the permeability of the rocks beneath the surfat;:e. In addition,
gravity and magnetic surveys may reveal data on the configuration of
bedrock and may also be useful in tracing certain rock units. Com-
bined with the use of a geoclogic map, which indicates the rela.tive-
water producing potential of an area as far as the surface is concerned,
geoPilysical surveys can be utilized to provide information on the sub~
surface geology and possible water producing zones prior to the
drilling of wells. The utilization of these methods should be of great
value in reducing the number of unsuccessiul or dry holes, In addition
to the saving of the money which would be wasted on the drilling of
wells in non-producing areas, there would also be a saving of the
critical time of both men and equipment.

In the problem areas of Kordofan and Da,rfgr Provinces, in the
general vicinity of En Nahud, ‘there are several locations at which
moderately large scale geophysical investigations are recommended.
These locations are in areas in which the geologic mapping has
recently been corni:leted but where there is insufficient subsurface
geologic information upon which drilling might be recommended,

These locations, shown on Plate IIl, are rectangular strips varying
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in length from about 40 to over 100 kilometers, and would be approxi-
mately 10 to 15 kilometers in width. }
A seismic method of exploration of these areas would undoubt-
edly provide.the most accurate data on the subsurface geology.
However, it is believed that this method would cost OVB-I' one~quarter /
of a milli.or; dollars and, considering the accuracy of the data required ‘7
at this time and the practicality of spending. such a large sum,l if: is ‘
believed that this method is not desirable as a._fi..rgt step.
The resistivity method would be much more economical, but % :
/

-

would provide less accurate data, and, more importantly, would be
" limited to the shallower depths. The accuracy of such data would be
questionéd at depths greater than 500 feet.

The next two methods considered, gravity and magnetic sur\;eys‘,
if combim;d should give a moderate accuracy. This type of survey
would be well suited to determining the configuration of the bed rock
and, therefore,’ giving some estimate of the water-bearing formations. ‘ V
"I~‘he accuracy of the results of a gravity survey in the Sudan are
def;endent upon the rfala.ti.ve density contrast between the sediments and
the basement complex. As the Nubian sandstqné at times contains

relatively high iron concentrations and would probably be quite dense,

it is possible that the density contrast betweenthe iron cemented

sandstone and the bed rock might become quite srlnall, thereby reducing

the accuracy of the gravity survey. j
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It is, therefore, suggested that gravity and magnetic surveys

—_—— .
be run concurrently. The additional cost of running the fagnetic -
s .

survey is relatively insignificant, as most of the personnel and equip~
ment could be used for both surveys. The only addition would be the
cost of a magnetometer and operator, as the topog‘raphi.c surveys
would be the same for both the magnetic and the gravity surveys. The
magnetic survey then would provide an i.nde'pendent appraisal of the
subsurface geology, which could be correlated \;.rith the gravity survey.
It is believed that such a survei.r would proyide the data necessary at
this time for the ground water development program and, further,

that the survey of the areas indicated on Plate III could be completed
in less tha..nfive months and would cost about $60, 000. Such a program
should provide suitable accuracy as there are some scattered points
where subsurface data are available from drill hole information to
provide control,

Drilling. Much of the drilling of wells in the past has been -
essentially exploratory drilling. With this in mind, it is easy to under-
stand why the percentage of completion of successful water wells has
not been very high in the past few years. As mentioned previously, '
some information on subsurface geology can be obtained fro;11 surfa.cq
mapping and other information can be obtained. from geophysical surveys.
However, some reliable form of subsurface control is needed when using’

the more approximate methods of surveying. One of the best methods
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of obtaining such control is the logging of materials penetrated during
T P

drilling operations. A geologist available to do this logging at thé time
/\' .

of drilling and to provide geologic direction of the drilling of the well

could collect extremely valuable subsurface data that could be -used for

the entire ground water program.

Under present conditions, the Geological Survey is not able to
actually log the materials penetrated by the drilling of water wells in
the field. Instead, samples are collected by the Drilling Divi.s.i.on, one
from each five feet of material penetrated, and these are sent to
Geological Survey headquarters in Khartoum. Obvipusly, this leaves
much to be desired, both in the technical control of the drilling and in
the ‘collection of information obtainable while the drilling is in progress.
For example, if a well that is scheduled to go to 500 feet in depth
actually reaches the bottom of the entire water bearing section at a
depth of, say, 350 feet, the driller, in the absence of geolqgi.c advice,
would probably drill on through 150 feet of non-water bearing materials,
thereby wa.stiné‘va.lua.ble drilling time.

Subsurface controls for geophysical surveying can be obtained
by the d;ﬂling of test holes or core holes, whichever is deemed suitable
in a spécific location, This drilling would be Primarily for the purpose
of obtaining subsurface data rather -than that of producing water. Such
. drilling should be used in areas where very limited data on water-

bearing materials are available. This type of exploratory drilling
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may be used where geophysical data are either ]:acking oriinconclusive.
The d1:illing of such holes would not be considered as a part of the
standard water well drilling program, but rather as special exploratory
drilling during which testing and analyzing ;nf well data would be re~
quired. The success of these ‘wells should not depend ;nn their being
able to produce water, but rather on the value of the ground water and
geologic data obtained.

Ground Water Resources

The primary source of ground water is precipitation but only a
fraction of the tota.l-precipitation that-falls in'a given area infiltrates
to become part of the ground water body. A part of the remainder of
the precipitation returns to the atmosphere by eva.pora:tion and by trans-
piration through the growing vegetation, that is, by the process called
evapo~transpira.tion: The water that is neither absorbed into the soil
and underlying formations nor evaporated at the point of precipitation
becomes surface runoff, This runoff continues to move down slope on
the surface until it either evaporates, percolates downward to become
grbund water, collec_ts in basins, or flows to the ocean. The term
hydrologic cycle is used to describe this movement of water from the-
atmosphere to the surface of the land or water body and back égain into
the atmosphere,. .

An evaluation of the ground water resources of the Sudan is

definitely desirable at this time. To make a reasonable evaluation,
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some type of ihventory of the component items., such as recharge,
movement, occurrence, water quality, storage capacity and groxlu?d
water extractions is necessary. Without an inventory and eva.iua.tion
of tﬂis important resource, the safe yield cannot be determined and

orderly development and utilization cannot proceed.

Re‘cha.rge. Recharge to ground water supplies occurs as (1)
direct percolation of precipitation, (2) percolation of applied surface
water, (3) percolation from streams, or (4) underflow.

Direct percolation of precipitation occurs in parts of the Sudan
where rainfall is heavy. However, as may-be noted on Plate IV, Fhe
areas susceptible to this type of recharge are limited due to lack of
sufficient rainfall. The only area in which such recharge could take
place is-, the area south of the 500 mm isohyet., This is on the a.ssum;p—
tion that the amount of water percolating to the water table would be
negligible if less than 500 mm of rainfall per year occurs. The dark
area on Plate IV indicating the location of the non-water bearing rocks
should not be considered capable of either absorbing or transmitting
any appreciable quantity of water. Therefore, direct recharge to the
ground water would have to occur essentially in the areas indicated by
the cross~hatched symbol.

Recharge by percolation from influent streams also occurs in
the Sudan. At the present time, sufficient hydrologic data are not

available to determine the precise locations or quantities. Undoubtedty,
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there are reaches of both the White and Blue Nile, as well as many of
the smaller intermittent streams, that contain losing reaches.

Percolation of applied surface water would only occur in’
irrigated areas. Underflow, the last method of recharge discussed,
is always difficult to determine due to the lack of sufficient data. In
the Sudan, at the present time, there is such a great lack of hydrologic
data that no evaluations are atftempted.

Movement. The direction of movement of ground water is .
generally determined by constructing maps which indicate the contours
of the ground water surface. The water then may be assumed to move
from the higher elevaéion to'the lower, in a direction normal to the
contours. In the Sudan, information on the ground water surface is
very meager, due to the limited number of wells, Therefore, only
géneral agssumptions can be made but the general movement'.of ground
water is probably in a northerly direction from the southern upland
areas, with some contribution from the western portion of the country.
The distribution of the non-water bearing rocks as shown on the geologic
map (Plate II) indicates that there is little subsurface area through which
underflow from the southern area can move to the northern.

As the sediments, especially the Nubian formation, are com-
posed of rather extensive deposits of‘sandstone, siltstone and claystone,
or fine grained material, movement would be quite restricted, especially

in the vettical direction, across the bedding. These fine grained

—d2-


http:movement.of

materials are relatively impermeable and function as a confining

mediuam.

Occurrence. Ground water occurs as either free or (;onfined
water. If the water moves through permeable media without restric=
tion caused by an impermeable confining material, it would be termed
‘free ground water. Such waters v;.rould move under the cont:.;ol of the
slope of the water table.

Confined water is water which moves in strata or conduits
under the control of hydrostatic head. If a well is drilled into a
permeable confined stratum, water will rise in the well to some point
above this stratum, but not necessarily to or above the ground surface.
This confined water is often referred to as artesi.e;.n water.

Data obtained on water levels in existing wells indicates that
much of the ground water in the Nubian formation is confined. This
w?.ter is gener-a.l-ly under moderate press.ure. The water surface in a
well may often rise on the order of 100 feet after the water-producing .
stratum is tapped. The slightly tilted claystones and siltstones in the
Nubian formation may overlie a relatively permeable and saturated
" sandstone stratum, thereby forming the confining body.

A diagrammatic cross-section in an east and west direction
across the Sudan is shown on Plate V. This plate indicates the possible
typical relationships between the basement and overlying formations

and the ground water tables.

~d3e



WHITE Nite

BLUE MILE

i’.‘r"x-m‘
Q¥ x ox s
! A

# Ix x"l‘x

PTIAGRAMMATIC SECTION
APPROX. Z00 KM, SOuUTH LE GEND

OF KUARToUM
UMk RUWARS FORMATION

L O R e e
L Rl n proUN %S%L;E ;

HURBLAN FORMATWON

VOLCAMIC FOLMATIONW

BASEMEMT CQMPLER

Grueratizen
BLOCK DIAGRAM

of the
SUDAN

NOT TO StaLe
TUDOR  ENGIHEERING (OMPANY
APRIL 1950

PLATE YV
_44-




Limited data available on the Umm Ruwaba formation indicates
that water occurs in discontinuous and often relatively is\ola.ted perme-
able bodies or lenses in a relatively impermeable deposit. H'ydrologic
continuity between these permeable zones is often quite poor. There-
fore, the location of the better producing horizons, the possibility of
pressure water and also the quality of the water are difficult to predict.

Water occurs in fractures and joints in the non-water.bearing
or crystalline rocks but the quantity and pressure present are entirely
dependent upon the interconnection of these fractures and joini:s. The
ability of this type of rock to yield water depends upon the character-
istics of the fra.ctu‘ri.ng or upon the wéa.thering of the rock surface which
may cause the ma.terial. to become permeable., Major fractures and
fracture zones are usually widely spaced. Crushing and shearing are
usually limited to definite zones and separated ‘;ay unfractured or
moderately fractured material. Therefore, it is very difficult to
predict or to determine the locations of such sheared zones that might
contain very limited gquantities of water.

Weathering diminishes with depth and small cracks and
fractures usually tighten very rapidly at lower levels. Therefore,
only limited quantities of ground water can be expected in the crystal-
line rock‘ and these at relatively shallow depths.

Quality of Ground Water. Water occurring in nature is never

pure or entirely free from mineral constituents. Precipitation from
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the atmosphere contains only very small amounts of minerals,
principally dissolved gases, -a.nd, therefore, has the effect of dliut{ng
the concentrations of mineral constituents in surface —o‘r grourild:wa.ters.
Consequently, water from perennial streams, pa.rticula.;ly in‘regions
of higher rainfall, generally contains lesg dissol.ved solids than
ground water does. Also, the greater the distance water m;)ves
underground, the longer it remains as ground water, gnd the slower
it moves through the sediments, the greater is the opportunity to
dissolve mineral constituents from the rock. The qualify qf ground
water in any area is largely determined by the clhlnate and the geoclogy.
The kind aI;d relative p:;'oportion of each of the mineral constituents
are controlléd by the type of minerals forming the rocks and soils
through which the wa.tg'r passes. |

The mineral analyses of waters are generally reported in
parts per million or equivalents per million, One part per million
equals one part by weight of the mineral cc;nstituent to one million.
parts' by weight of the water. One equivalent per million may be
defined as one equivalent weight of an ion in one million weights of
solution. The equivalent weight of an element is the quantity that will
exactly react with another element. The total number of anions
(acetic lons) in equivalents per million, that is, the bicarbonates,
sulfates, chlorides, nitrates, and the total cations (basic ions) in

equivalents per million, that is, calcium, magnesium, sodium and
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potassium, should be equal or balanced in an accurate analysis of
the grourid water, This is a fact that permits' utilization c;f many -
short-cuts in the field determinations and approximations of \x‘/a.ter
quality data with a limited amount of laboratory work.

A method of great‘va.lue in the laboratory, and still more
valuable in the field, is the use of the electrical conductivity of the
water. The specific electrical conductance of the water furnishes an
approximation of the total mineral content or total_ dissolved .solids.
It does not, however, give any indication ofl the relative quantities
of the different constituents in solutions. The rela;,ti.on. of ‘gpecific
conductance to the total dissolved solids when used in specific areas
and with partial field analyses of the water can provide sufficient data
on the quality of‘the water to determine its suitability. This method,
although approxirﬁa.te, is extremely practical and very important to
an effective ground water development program.

Presently, water samples, obtained from each well at the
completion of the drilling, are sent to a chemical la.boratory'in
Khartoum. A considerable amount of time is consumed in transport-
ing the samples to the laboratory and in making-the analyses and
reporting the results to the appropriate departments. The well-
drilling of the second well in a water yard, that is, the companion
well, must either‘be deferred pending information on the quality of

the first well, or else the driller must gamble on the quality of the
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well and proceed with' the second well, thereby risking a loss of valuable
drilling time. It is believed that, if field chemical .analysis kits are
provided geologists in the field, the drilling operations would be
: accelgra.ted and there would be léss chance of wasting time in ‘starting
a well where the water quality is unsui.ta.blfa*. Furthermore, ;:he
geoiogist in the field who would perform these analyses would derive a
great deal -of subsurface information from the analyses, and woﬁld bé
immediately aware of what mineral constituents might be rea.chiné, or
be exp‘ected to reach, the critical concentirations in the specific area,
Obviously, this program would supplement, but not replace, the
existing program of 6btaini;;g relatively complete mineral analyses
in the laboratories m. Khartoum. The field determinations would
provide data to expedite field operations.

. "The percentage of wells sampled for complete water analysis
is cu:jrez'ltly quite high in the Sudan, and this is ;:)ne phase of ground
water development in which the Sudanese are advanced ove‘r most of
the réé_t of the world. This geochemical data will soon be su:fficient
to aid the Geological Survey in making gro‘und wa.ter‘studi_.e sk,:- especially
* in evaluating useable ‘storagle capacities and predicting with high
‘accuracy the quality'S of water to be encountered in future drilling

programs. The data will also provide important information on

M J
ground water movement when recorded over a period of years.
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Presently, predicting the quality oé ground water occurring in
tﬁe Umm Ruw_aba foimation is quite difficult. It is probable that at
least portions of the Umm Ruwaba formation were deposited 1:Lm_ier
lacustrine or playa conditions. Under this theory the poor quality
water would then be due to concentration by evaporatio-n of the water
during or prior to deposition of the sediments, Although.paleontol?gical ‘

evidence does not confirm the theory, it remains the best explanation
of the occurrence of these bodies of saline wate;* found in the Umm
Ruwaba formation.

Ground water in the Nubian formation is generally of suitable
q:uality for domestic or ﬁuni.cipal use. _Therle are analyses of waters
from the Nﬁbian formati‘on that show definite evidence of degradation.
.At the ﬁresent time, there i:s still insufficient geochemical data
'a,va.ilable to determine the exact source of this degradation. However,
with the accumulation of z;mre analyses from new wells being drilled,
and with the historical records of quality of the olde.r wells, the
Geological Survey will probably soon be able ta determine much about
the characteristics and sources of degradation of thisg groun-ii water.!

Ground wgter in the so-called non-water bearing rocks, the
basalts, granitics and the metamorphic rocks, occurs primarily in
fractures, cracks and joints, This water tends to be more isolated

than water occurring in granular media and therefore there is less

chance of dilution by waters containing lower concentrations of various
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salts, Therefore, if a well is drilled into these cryjst'a.lllne rocks and
happens to intersect a sufficient number of these fissures to produce
water, it is t.:lui.te possible that the water would be of poor qu'fz.-li.ty. In
addition to the doubtful chemical quality of the water in these fracﬁres,

contamination from surface sources may easily occur.

Storage Capacity: In order to estimate the ;grou_nd water
storage capacity of any basin, it'is necessary to know the areal extent
and the thicknesses of the saturated deposits and the specific yield of
tl;e materials cor;:xposing them, The specific yield of a material
saturated with water may be defined as the ratio of the volume of
v‘va.ter it will yield by gravity to the volume of the saturated matei'ial,
the ratios generally being expressed as percentages. The different
materials, gravels, sands, silts and clays may be assigned specific
yield va.i!.ue based on tests. Then, by examination of the well logs,
and by'calculatiné the thickness of each type of material, an average
specific yield for the materials near the well.can be determined. As
numbers of the wells are analyzed, and the average speciﬁc‘yield
values by depth inte;vals computed, estimates of storage capacity
for various interv}a.ls a.I?d larger areas may be obtained. Es-ti.rnates
of areas and depths can be based.on existing subsurface data, and
these ésti.r-nates can be refined by the proposed geophysical explora-

tions and future drilling operations (see Plate III).
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The quality of the water must be considered in any ground water
inventory, and that portion or those zones that are unsuitable sﬁoﬂd be
deleted from‘ the estimates. BSuch zones may be sealed off dl;u-:.ing well
construction. Then, considering the economic li.mita.tionq, .a.s deter~
mined by the cost of extracting water from.excessive aepths, and taking
into account the quality, a basis is created for estimating the useable
storage capacity.

~The Sudan Geological Survey should give special consideration
immediately to estimating storage capacities and making annual
" inventories in a number of ground water basins of limited size.
Examples of such basins_.are to be found in the vicinit;y of En -Na.hud,
El Fasher and Gedaref. In order to make these inventories of real
.value, .records of the 'depth to water in the wells must be maintained
'regularly'_. Such re;:ords should be taicen often enough to show at least
the approximate annual highs and lows. of the wa;‘:er surface elevations.
One method is to measure the depth to water in well_s at convenient:
intervals. Another method is to install automatic water leve'I record~
ing instruments on s'ulta.ble open wells. Such wells would tlflen become
key wells and a continuous record of the water level in th;t:e wells
would be obtained, These (;t;-ecords, coupled with those obtained from

the wells measured at intervals, should provide sufficient data for the

ground water inventory. This information would be absolutely -
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necessary in predicting the capability of a ground water basin to
furnish the future water requirements of any area.

Exploitation

The drilling of wells began in the Sudan about a half a2 century
ago with percussion type drilling equipment. Presentl}'r, the Drilling
Division of The Republic of the Sudan has 18 drilling units. Most of
the drillg are rather li.gh't units de:signed to ‘dri.ll small wells to depths
of about 500 feet. Recently, the Drilling Division acquired about
tizree relatively heavy duty percussion drills and one rotary drill.

Drilling Operations. The well drilling equipment of the

Drilling Division is widely dispersed over the country, cal:fsing severe
problems of transport and supply. Widely scattered equipment which
requires continual servicing in the form of fuel, parts, caéing, pipe,
and other miscellaneous equipment is a problem in any country. In
the Sudan, it becomes an extremely difficult problem due to the great
distances invoh-red, lack of communications, and thg poor condition of
the roads. Fu-rthermore, these problems of accessibility cause the
Drilling Division engineer great difficulty in exercising supervision
and control.

Another problem that is created by the great distances between
the drilling units is that of providing geological assistance and advice
at the.va.ri.oq.s drilling si.tes. It is proba.inle that if the entire Geological

Survey staff were directed to stop all other activities they would still
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be unable to furnish constant geoclogic assistance at the drilling loca-
tions.

In order to reduce the above stated problems tc; the vér)'r minimum,
it is recommended that an effective grouping of the drilling equipment be
agcompiiahed as goon as possible. This grouping should be reasonably
free of political pressures from local government officials and should be
concerned only with the most practical deploy'm‘ent of the drilling equip-
ment. Effective grouping of the equipment would be such that the‘drills
would be contained within the smalles)t practical areas, as selected from
the scheduled li‘st of wells to be drilled. It would be desirable to have
all the equipment within not more than three major groups. Effective
sul.aervision and service cogl'd be expected if group supervisors could_
move from one drill to another\within a‘p‘ériod of time not to ..
exceed (;ne day.

In addition to the regrouping of drilling equipment for purposes
of repaif, maintenance.and control, it is equally essential tha:t
scheé.ulés for drilling be designed to keep operations in any éroup
within relatively close distances. These schedules are one of the; key-.c.r
to reduction of lost time, If prepared arnd approved during the off-
drilling season, and adhered to during the drilling geason, a greater
number of wells can be produced. In certain cages, rquesté for some

isolated wells could better be scheduled for hand digging, using the

additional crews subseguently recommended herein. "
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If this plan of grouping the equipment.is put into e;‘.fect, the
forty per cent lost time reported in the Drilling Division's evaluation
of its operat'ion's' could be reduced sharply by the reduction of trans~
portation, supply and supervision problems. _The Geological Survey
would then be able to provide permanent full time geol'ogica.l assistance
éo the most critical of the field units.

The Drilling Division has a stock of approximately two million
dollars' worth of extremely h;:-:avy, odd-sized, a,nd. various types of
water well casing stored at Khartoum and Kl 'Obeid. The use of these
types of heavy casings inAmany cases probably doubles the drilling
time that would be réquired fo drill a well in the same maifer-ial with
a different type of casing. Thi.:s very heavy casing imposes loads that
exceed the designed capacity of the drilling equipment while extracting
temporarily installed casing. It is the opinion of the survey team that,
if the proper types of casing were used for the various materials being
drilled and under the varying drilling conditions, the rate of completion

of drilled wells could be appreciably accelerated.

It is proposed that the drilling engineer of The Republic of the

- Sudan's Drilling Division be sent to the United States to observe methods

used there in the drilling of water wells with percussion and rotary
drilling equipment and using various types of casings. Special
emphasis should be directed to methods which do not require the

extraction of casing. It is recommended that the drilling engineer visit
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drilling operations in areas geologically similar to those in the Sudan.
Such areas are found in the western part of the United States. More
specifically, the drilling enéineer should visit approximately five
different loc;,ti.ons of percussion and rotary drilling operations in
California, Arizona and Utah. In addition to visiting t.hese operations,

it is suggested that he have conferences with several drilling and .

casing engineers in various parts of the country, and observe the

various types of casings and muds used in rotary drilling.

It is further recommended that he examine the United States
excess stock that might be available for the Drilling Div:Lsion's future
equipment needs, It is estimated that it would probably take approxi-
mately six weeks time, including travel time to and from the Republic
oé the Sudan. It is believed that, if the visit can take place during the
first part of July 1959, the drilling operations in the Sudan wiil not
suffer from his absence, as this is normally a period when drilling
operations have stopped due to the extremely high temperatures and
heaV}'r ra-in_fall.

In the water yards, constructed for the production, storage
and dis'tr ibution of water, two wells are provided, usually spaced
about one hundred meters apart, although some wells are only twelve
meters apart. As these wells are operated simultaneously, a very

inefficient operation results. Pumping of wells located this close

together causes mutual interference, excessive pumping costs and
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lower yields per h;un, especially as the water table is lowered.
Furthermore, if one well were to bencome cgntaminated, the
opportunity for contamination of both wells under such conditions of
spacing is very greatly increas_ed.

It is recommended that the well spacing be standardized at,
at least, 306 meters. Such a spacing is only approximate, but one.
whi‘.ch is generally accepted throughout the world. In specific areas,
detailed pern}éa.bili.ty and water lével drawdown tésts may provide a
basis on which this distance might be altered. |

The cost of providing dual wells at each water yard as a safe-
guard against failure or contamination is a costly in.suranc_e' procedure,
Sirlce’both wells are generally pumped about 20 hours a day, there is
actually no standby w;all. One s}lighﬂy larger well and pump could

produce the desired quantity of water more efficiently. It is true,

“that there is a certain,s;afety factor with the dual well system, in that,

if one well fails, the"oth’ez" gari go on producing. However, since the’
two welis are of apprcéxi;nately ;:Iie same age and ha.ve‘ had th.e same
use experience, it.might be‘ expected that both would fail at about the
same time. Should one well ‘become contaminated, the twin weli
might be -expected to become contaminated shortly afterwards,
‘thereby destroying in either cas;e the value of the twin wells at the

yard.
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As previously suggested, a minimum spacing of 300 meters
between wells would be considered good well spacing practice. To
carry this idea one step farther, consideration should be given to
single wells in water yards spaced possibly on the order of three to
five miles apart. This would offer several advantages-as follows;

a. Less congestion and overgrazing, and less waiting
time for watering stock.

b. Less average travel and water haul distance for
the local population.

c. Elimination of the danger of mutual contamination.

d. 1In the event of failure of one water yard,. the other
is only a few miles away.

e. More detailed geologic and drilling information
would become available to the Geological Survey.

The disadvantages would be;

a. More yards and storage tanks, although sizes -
might be reduced.

b. Additional operators would be required.
"It might be well to revi.e-w the p:ast record of well failures, pa;ti.culariy
the mechanical type, ;to see if ti1e dual well system as presently being -
used is worth its cost and if another a'pproach sixnilar to that suggested
a.bove would be more efficient or satisfactory.

As the population grows and villages are built near the water ‘

yards, more wells are usually drilled. During the same period, the

yields of the existing -wells may be reduced by sanding or incrustation
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in the perforations of the casing, often requiring replacement with

ﬁew wells. 1Tt is believed that slightly larger wells and p.ossib].)'r'graxure,lh
packed wells would have the additional capacity needed to l-)ro“vide a
margin of safety if yield is reduced over a period of time, or if

greater demands for water occur. Production could be controlled by
installing small capacity pumps, if desired from a land use stand-
point, but the well would still have the capacity to produce in time of
need. These proposed changes in the design of the wells should greatly
reduce the number cu“. wells that would have to be redrilled or replaced
and, of course, permit the drilling equipment to be utilized to provide
new water supplies in other areas. It is realized that the _suggested
well capacities are probably in excess of those now recommended by
the Depa:rtment of Land Use and Rural Water Development. It is not

intended to propose any modification of the maximum production

* recommended by this department, but rather to produce water more
efficiently, to reduce the frequency of the cleaning and redrilling of
wells, and to provide for additional capacity if the need arises.

Hand-Dug Wells. A number of open hand~dug wells constructed

by personnel of the Land Use and Rural Water Development Deparfgment
were visited by the survey team. These wells may be constructed with
a minimum of equipment, maintenance and supervision. Usually only
one truck, ‘a. windlass, cables and a few hand tools are required.

Approximately half of the required personnel are employed continuously
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in the construction of these wells, and the other half are obtained
locally from the villages as needed. One problem noted was that
digging presently is not possible below approximately thre-e f;eet be / /}G,"c")v,
&
the water table. The use of some type of dewatering equipment, ’ wd}» ffb -
perhaps something like a moderately small hand pumI:;, would greatly "‘?}/ﬁ‘}
5
help in the construction of these wells by allowing greater depth to
be penetrated below the water table,

Tt is not suggested that the construction of these wells will
solve the water p;:oblems of the Sudan. However, it is believed that,
during the present critical shortage, more hand-dug wells will serve
a very useful purpose. It is recommended that the number of well
digging teams, now about seven, be increased to at least ten. It is A"ﬁ

estimated that with the increased personnel and with the aid of some

type of dewatering equipment, approximately 25 to 30 satisfactory

low-yield wells could be constructed per year. TN

Organization. Drilling equipment in the Sudan is now'being

operated by several gc;vernmenta.l agencies. In addition to the
Drilling Division, the Department of Public Works, the Sudan Railway,
and the Gezira Board all ha;.ve drilling equipment. Since eac':h unit
must have its own facilities for maintenance, operations, supply and’
supervision, this situation creates unnecessary duplication. It is
suggested that serious consideration be given to the idea of placing

all the drilling operations under the Drilling Division, which would
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then operate and supervise all drilling for the Government of the

Sudan.
. .

The operation and maintenance of pump engines and supple-
mentary equipment utilized in providing water for villages and larger

cities in the Sudan is a large scale operation. Presently, the .}

Department of Public Works is operating and maintaining such ".

H
[

equipment for more than 70 water yards, requiring repair facilities,

i
S tmme T S ]
spare parts, supplies, and the procuring and training of personnel. ’I

€

The Land Use and Rural Water Development Department has duplicate |

facilities to provide similar operation and maintenance service to the E

water yards under its control. At El Obeid, for example, two com~ E
|

pletely separate service units, one for each department, located

only a few hundred meters apart, are both rebuilding Lister pump \

enginés for water yards. It is recommended that this duplication of

service be eliminated and that a single agency be responsible for all

operation.

- /

=

The personnel who have become skilled in the operation and
maintenance o‘f pumping equipment are heavily concentrated in the
vicinit;hr of El Obeid. It is suggested that a portion of the trained
personnel and repair facilities be transferred from El Obeid into the
eastern area, perhaps around Gedaref, and establish a small
facility there. This would then become a service center for the

eastern area. It is also probable that additional personnel and
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equipment will soon be required in Khartoum.

In summary, then, it is recommended that the facilities of
the two departments now be combined under one administrative head
and that a portion of the personnel and equipment be transferred to
other. parts of the Sudan to meet the service and maintenance require-|

ments that are rapidly developing in these areas.

the Geological Survey Department. Then the Division was trans-

Originally, the Dr illing Division was administered through g{:\
Rl
_ferred to the Public Works Department, and then, more recently, to .
the Department of I.and Use and Rural Water Development. Both the-
Geological Survey and the Liand Use and Rural Water Develoi)ment
departments are concerned with the planning stages of the well
drilling program. However, it is the Geological Survey that has the
responsibility for the final location of the wells to be drilled. Further-
‘more, the Geological Survey must be concerned with : (1) the obtaining
and' interpreting of samples of materials penetrated during the actual
drill-ing of the wells; {2} the field water quality determinations; and
(3) the responsibility of determining the depth to which each well
should be drilled and the location of the water producing horizons
encountered. Obviously, the program must be carried out with the
maximum possible amount of cooperation between the geologists and

the drilling personnel,
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It is recommended that the organizational status of these
agencies be altered to provide that the Geological-Survey Department

and the Drilling Division be at least in the same Ministry. It becomes

immediately apparent to anyone visiting the country that water is the

_most precious mineral resource, and it seems quite 1<.)gical that the
exploration and the evaluation of this mineral resource be administered
through the Mi.ni.strf of Mineral Resources,

It is suggested that the Drilling Division be reestablished

within the Geological Survey Department. Furthermore, it is sug-

gested that, after the Drilling Division has completed the drilling and

pump testing of a well, another agency should then assume respon- ?
J e et ind e — .

sibility for the installation of the water pump, storage tanks and
‘mm e & TTERTITREL L EE-

sale of the water. The Drilling

buildings, and the production and
P LT T S
Division then would be able to concentrate its entire efforts on drilling

operations.

Equipment. The above comments, recommendations and
suggéstions do not reflect discredit on the Department of Laﬁd Use
and Rural Water Development, nor on the present drilling engineer.
On the contrary, the survey team has the utmost confidence in the
a.bilitiels of both. The present year's well production will about triple
the average number of wells drilled three and four years a,gc;. The
Drilling Division has completed efficiency studies of its own opera-

tions and found a forty per cent lost time » which was due largely
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~to the lack of sa‘).tisfactofy transportation and repair facilities. i
After making this determination, the Drilling Division requested

. ICA assistance and the USOM]Suda.n requisitioned trucks, mobile

would greatly help the water development program of the Sudan.

repair shops and other supplies from United States excess stocksa

Deliw‘.rery of this supplementary equipment as soon as possible

The Drilling Division recently obtained a rotary drill somewhat
larger than an American-built Failiné 2500 and has been operating it
in the eastern area of the country, near the city of Gedaref. Its
operation requires greater skills than the operation of percussion
drills usually in use. However, using expatriate and Sudanese crews,
wells were\ drilled much faster with the new rotar-y drilling equipment.
Furthermore, as the water table drops due to the increased demand on
the ground water supplies, wells of greater depth will be required, and
the use of the rotary type equipment will be required from a Practica.l, ?
standiaoint. Therefore, it is recommended that three new rotary type
drills, complete with water trucks, pumps, electric welding equipment
and power plants, as well as the necessary drill bits, drill collars,
drill pipe, fishing equipment and all necessary miscellaneous tools, be
provided the Drilling Division. Serious consideration has been given
to the size of drills required. It'is strongly recommended that these

rotary drills be capable of drilling 11-5/8 inch diameter holes to
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approximately 2000 ft. It is belleve.d that drills capable of drilling
wells of this diameter to the propose‘d depths are necessary if the
water development program is to be efficiently conducted during the
next five years,

‘It: is recommended that the supplier of the thre-e new drills
provide for the services of one drilling engineer, four drilling
i.nstructors,r and one mechanic to aid in the trai.pi.ng of the drilling
personnel of the Drilling Division. It is believed that a year of
training will be sufficient, as some of the drilling personnel to be
trgingd will be expatriates. The training of relatively inexperienced
Sudanese personnel can take place over a two or three-year period
under the supervision of the expatriates. ~They have had some ex-
perience with the use of rotary equipment and, if a highly trained
staff provided by the supplier can provide a relatively short, on-the-
Jjob, training course, the expatriate personnel can then continue with
this training program without further assistance.

It is proposed that as ;'nuch of the new equipment as éractica.l
be obtained from United States excess stocks. For example, it is
possible that the trucks on which the drills are to be mount(;d may be
available from excess stocks, as well as the water tanks and water
trucks, and the small water supply pumps a'.nd, possibly; the power

plants.
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One very important consideration in supplying this equipment
to the Drilling Division is that the equipment be in the Sudan by the

first part of October 1959. The reason for this recommendation is £

- arrm— e - T

—
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" that the working or driiling season in the Sudan lasts only about ei.éht
months, Therefore, if this equipment is available at the start of the
new working or drilling year, which would be in October, a major
contribution to the pbtable water dev‘;lopment program of the Sudan
can be accomplished du_.r‘i.ng the following eight months.

The survey team carefully considered various proposals and
various methods of supplying equipment and personnel to best meet
the potable water reéluirements of the country on both a sh(_)rt. term
and a long range plan. A plan given a great deal of consideration was
a proposal to furni.sl.'l 40 water yards, or 80 wells, to The Republic‘of
the Suda.n'byimeans of a contract to be financed by ICA funds. It was (
concluded that this plan would be very expensive, _would not accomplish |
the desired training, and would not make a long range contribution to
the water development program. Therefore, if the proposed equipment
can be made available to the Drilling Division by October of 1959, and,
also, if the other proposals are adopted, such as effective scheduling
and grouping of the drilling equipment, use of proper casing, and
training of personnel, then a greater number of wells will be com-
pleted during the first year's operation than by any other means

considered. /
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Water Yards., For many years the Sudanese Government has ﬂ

constructed water yards as a means of supplying drinking water in

critical areas where the local supply is failing or has failed. Usually,

these areas have been previously supplied by dug wells or small runoff

catchments constructed by the local people at province or village
level. .

A water yard consists of a fenced area possibly 100 meters
long by 40 meters wide containing two wells, or twin ‘bores as the
Sudanese call them, with pumps, a storage tank, possibly a few crude
watering troughs, or else a small watering pond, and occasionally a

few faucets to furnish small quantities for domestic use, There is

fréquently a small booth for a ticket seller, and some of the newer

T T B s e e -

yards have sleeping accommodations or rest houses for the use of
tra-veling government officials. The first water yard of record is the
one constructed at Umm Ruwaba, about 1913 (see Photograph 5).
This yard is still in operation.

Originally, it we;.s planned to pump only one well at a time and
use the other for a gtandby, but in nearly every instance observed by
the survey team b;ath wells were being pumped, reportedly from 16
to 20 hours per day. During the day time the demand

usually equals or exceeds production. No water can be stored
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during peak demand periods, which appear to be continuocus during
- . ’)}.‘;}“/' .
the daytime. P g

Tl
1§

Small capacity pumps usually produce about 1000 gph. Water
is sold to the populace at various rates, sometimes two milliemes
—--""m_'“'_""‘—'_"—""‘--—.._________

to five milliemes per tin (fivt_e#g_gl‘lo_:ll_)g!‘:rol tin), or at so many

T T R Y e e — T T T T T

milliemes per animal (goat, sheep,.cow, horse, camel), i‘n accordance
with their average water requirement. A native brings his flock or
herd to the yard and is admitted when his turn arrives. His animals
are counted, he payse for the water, receives a ticket, waters his

stock and departs. The next herd is then served. While the prices
charged are seemingly low in money value, they are a deterrent to

wastage of water.

1
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CHAPTER 1V

SURFACE WATER DEVELOPMENT
EXCLUDING THE NILE RIVER PROJECTS

Southe-rn Area (South of 10°N Latitude)

This area as lndic\a.ted on the geologic rna,p' (i:’la.te III) is
oc;:upied largely by crysta.lli.né rocks which are units of the non-~
water bearing series.

. The weathered surface deposits of the crystalline rocks may
contain small quantities of water. Wells dug by the inhabitants of
many villages, like the one shown in Photograph 10, have produced
limited supplies, These wells can be dug only to limited depths
below the water table without dewatering equipment. They frequ_.ez}tly
produce water the year around, although in some areas, they become
dry during-several months of the year. Often the water that
a.ccu:tr;ula.tes ina well‘overniéht, or in 2 few hours, is bailed out for
use in an hour or less, and it is then necessary to.'wa.it for several
hours for additional water to seep back into the well. The boring: of
deep ;.vells in the cry’si:alli.ne rocks does not offer good opportunity
for ground water production and generaﬁy should be discouraged.

There are many streams in the southern area that flow
throughout the year or at least for many months. Presently, these

waters are not used, but they provide a good potential source of
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supply. A system of small storage dams of the weir or flash-~board
type on some of the small tributary streams is suggested as the best
means of developing or improving water supplies. Sites should be
selected where the configuration of the channel is such as to give a
reasonable amount of storage (see Photograph 9). Many such loca-
tions were noted by the survey team along the Juba-Yei, Juba-Torit
and Juba-Nimule roads wheré such storage might well be feasible.

Central Area (Between 10°N and 18°N Latitude)

One of the principal means of supplying water to the nomadic
people in the outlying areas and particularly in the deser1l: problem
areas of Kordofan and Darfur provinces i..s by hafirs.*; A hafir is a
srhall catchment area or excavated basin surrounded in some cases
by an-embankment constructed of excavated material. Ephemeral

stream flow or flood water is diverted into the hafir and kept for a

period of several months for domestic and stock watering use.

There is less water in the west central area and most of the
streams or khors ** are deﬁniteI'y ephemeral. Here, as in the case
of El Fasher and El Obeid, hafirs constitute one of the principal

sources of water supply (see Photograph 12). . Certain locations in

* The terrns hafir and fula are used interchangeably in this report.
Definitions according to J. D. Tothill are as follows: fula - a large
pool; hafir - a pit, locally a pool, usually made by man.

*% A khor is a small intermittent stream.
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the central area appear suitable for additional hafirs or small dams
on 'the main ephemeral khors between Gedaref and Khartoum,

The main hope of increasing the surface water supply in both
the southern and central areas lies in the construction of small check
or diversion dams on some of the smaller perennial streams. It is
not intended that they would interfere with any plans for major water
development on the streams. The structures suggested are small
. gravity type dams with ovefpoﬁr spillways, or flash-board -‘
type structures that would allow for passage of floods, yét retain -
substantial qua.ntitiés of water in storage in the upétream channel
during periods of low flow. These modified hafirs should hav;a
storage capa.cit—y great enough to provide water for domestic and stock
use, and might even permit limited diversion by ditch to nearby .
villages, br_offstre;am hafirs, which would reduce water transport
" problem to some of the villages, In some instances, limited irrigation
might be practiced during part of the year near the villages. .

. Consideration of stocking these hafirs with fish i:s recommended

if they contain water the year round.

Northern Area (North of 18°N Latitude)

That portion of the Sudan lying north of 18°N latitude is
essentially a (_iesert area. This is particularly true of the westerly
half, which is the southerly extension of tl'_\.e Libyan or Sahara Dg;cxert.

Here vast stretches of shifting dune sands may be seen for miles with
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only occasional breaks where crystalline ridges, dikes or hills
protrude through the sands. The Nubian formation underlies this
western portion of the northerly half but is apparently thin,

the'?reby reducing the chances of its storing appreciable quantities of
water.

Because of the extremeliy low rainfall in thi;a sector, there
is almost no vegetation. The lack of vegetation prevents the dune
sands from becoming stabilized, thereby creating very undes_i.rable
living and traveling conditions, and making impossible the grazing of
animals. Some concern has already been expressed in regard to the
encroachment of this desert area into the northerly portion of the
west central area as a result of overgrazing. Where overgrazing _
hag occurred, the dune sands become unstable and apparently have
migrated in_a_southerly direction.

In the absence ‘of suitable living_ and grazing areas, this
sector is very sparsely populated and consequently-little exploitation
of water has been attempted and very littie is known about potential
water supplies. It is generally agreed that, due to lack of ra.infa.li
and the thinness of the Nubian formation, there is little water in this
area.

The easterly half of the northern area is occupied almost
entirely by crystalline rc?ck with only thin, isolated, small patches

of Nubian and occasional small, -isolated cappings of Tertiary
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volcanics scattered over the area. The crystalline rocks have been
p:lfevi.ously described as unsuitable for supplying water to dr'l_lled wells,
Rainfall is so scanty in this area that there is little hope for anything
but small hafirs and probably few of these.

At a later date, when some of the more pressing problems
regarding water supply are solved, it may be desirable to extend
geological and geophysical surveys into the northern area to determine
how far north of the 18° parallel water may 'be economically exploited.

Hafir Construction

Hafirs, sorﬁe_times under different names, ‘have been consiructed
for many hundreds of years in the Sudan as well as other desert
countries. In the Sudan at the present time, there are many locations
in the southern and central western desert areas where small
ephemeral flows might be collected to provide drinking water for a
period of several months for modest sized communities.Unfortunately,
the .soils of many of the areas in which the hafirs are needed are so
sa.ndir that the seepage -losses would practically render them valueless.

Regulations for Hafir Construction

The Land Use and Rural Water Development Department has
issued certain regulations cogcerning the locations of these hafirs.
One is that they are to be located in an area where the local people
(in absence of stream flow data) are able to indicate that definite flows

occur at certain times of the year and nearly every year. Secondly,
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it is required that requests for hafirs be confined to areas where the

top 10 to 20 feet of soil ig reasonably clayey or impermeable, This
requirement is mandatory because there are no means at present
available for inexpensively reducing seepage loss from these reservoirs.

Size of Hafirs

Lack of hydrologic data makes it difficult to establish the
economic size of hafirs to be constructed. The problem of seepage
and evaporation is of the utmost importance. - While a normal ha..:Ei.r
constructed under ideal conditions may contain water for a period of
months, or even years, depending on size, available supply and rate
" of withdrawals, those constructed in the more permeable materials,
such ag the Qoz sands, will be subject to severe losses due to seepage.

In addition, loss by evaporation will vary from about 9 to 12 feet of

e . L e —m-

depth per year. Hence, the most desirable design of a hafir is one

with steep sides to minimize the surface area and evaporation loss,
The average hafir is about 100 meters in length and 40 meters in

width, with a depth of approximately 10 meters, of which 4 or 5 meters

——
i

may be accounted for by the surrounding embankment. Side sloﬁes a,-re
frequently constructed on the order of 1-1{ﬂ2 to 1.

.In some locations, the size of the completed hafir is probably
too small. This ig evidenced by the fact that water often flows over

the spillways . or through by-pass structures, even though the hafir may

have insufficient capacity to provide water for the community throughout
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the year. For example, at Fula Bannu, during 1958, the rainfall was
only about 30 per cent of that normally expected and the area was
facing a serious shortage, yet an appreciable quantity of water passed
over the hafir spillway during this dz;y year.

Seepage from Hafirs

In the sandy, permeable section of the west central provinces,
there has been natural reluctance to construct new hafirs because of
the excessive seepage losses.

Heavy losses are quite apparent at El Bannu, where two pumps
operating out of a pit just downstream from a hafir recover consider-
able water. Similar recovery could be accomplished around the
downstream one-third of the perimeter of this hafir but such a
procedure would be very costly. Better ways of reducing seepage
losses might be to install a cut-off under the core of the hafir embank-
ment, or to iritroduce-: ‘a clay, bentonite or chemical sealant into the
interior surface of the hafir, or to blanket a portion of the sides and
botto;n upstream fror;:1 the core to reduce seepage by increasing the
path of percolation under the dam.

The Land Use and Rural Water Development Department has
attempted to find a method of preventing hafir seepage and, in one
experiment, tried an interior lining. A hafir was excavated and the
embankment placed in the usual way without rolling. The total cost

was about five thousand pounds, or roughly $15, 000. The Shell Oil
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Company then undertook to provide an impervious lining for this hafir
on an experi.menta.lvbasis. By using bitumuls and local sand available
at the site, they were al?le to design an impervious mix which was
plastered on the sides and floor of the hafir much as plaster is applied
to the walls of buildings. “This lining cost about five tﬁousand pounds,
equivalent to the cost of constructing the hafir. This lining cost was
considered prohibitive,

The survey team made a brief investigation of problems of low
cost canal and reservoir linings in the United States on return from
the Sudan. This was motivated by the fact that the Land Use and Rural 1
Water Development Department had indicated tha‘t there weré over 100

sites for urgently needed hafirs in locations where water was available

to fill them during normal years but where they could not be constructed

because of the permeable nature of the soil.

Based on previous studies of the seepage problem, a review of
the publications listed in Appendix G, and an examination of soil
materials in various areas of the Sudan considered for ha.fi.z-:. construc-
tion, 1;hree pbssible methods are suggested for consideration, namely M
the asphaltic membrane, a blanket of sa.—r}c.ly' clay, ,?nd a rolied %q

s =

impervious blanket, Several other methods have been studied and
W

e

the possibilities examined, but these three appear at this time to offer

. the best prospects of success.
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_ The asphalt mix would be sprayed over the floor and side
walls of a hafir by: means of a bar nozzle attachment to a spray
machine. This process will require that the mix be heated and
delivered at temperatures of 375 to 400°F. The sprayed membrane
should be spread over the surface of the hafir to a depth of 1/8 to
1/4 of an inch. It appears that several light applications might be
more satisfactory than a: single heavy one in many of the areas where
the material is fine grained and relatively uniform in size, After
application of the asphaltic mix, in a ixot state, the surface must be
covered with a coa.ti.ng‘ of sand or fine gravel, or other locally
available granular material to serve as a protective cover aéa.inst
the trampling effect of men and animals. Once the asphaltic
membrane is ruptured, the imperviousness is lost in the immediate
area.

It seems possible that asphaltic residues from the petroleum
inéiustry might be imported from Saudi Arabia, or nearby oil-producing
coun'tri.es where refineries exist, by sea transportation to Port Sudan.
Rail haul from Port Sudan to points within 100 to 300 miles of the
areas of use might be expected. Hauls from the rail head to the site
of use would have to be by truck.

The application of a hot asphaltic mix seems to offer a
relatively inexpensive method. Contract costs in the United States

for preparation of surface, spraying the oil mix, and protecting it
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with a gravel or sand blanket have varied from about 70 cents to
$1.-40 per square yard. An ayerage of $1.00 per square. yard would
not seem unreasonable for contract work in the United State 8. "While
it is realized that in a previoﬁs experiment in the Sudan, the cost of
a similar lining was considered too high, it is believed that with the
low cost of labor an application method might be devised whereby

the cost could be reduced, 1

The second method which should be considered is that of using
2 blanket of fine material, such as ;1 mixture of sand, silt and clay.
Such a scil mixture should not require moisture control, corl;lpacting
equipment or special technicians. It would probably be easier to
de\.ri.se a sand_, silt, clay mixture than to discover a clay deposit, and
it could be placed or dumped as a.'blanket without use of water. This ,
material would have the effect of bianketing the permeable hafir
surfaces with a l.ess pérmeable material for use against low hydraulic
head, rather than a completely impervious r‘nembra.,ne. Side'slope's
insid:a the hafir would have to be flatter than would be poss‘ible with
rolling. This method should be especially applicable to the ‘smaller
hafirs, Where suitable fine grained materials are available near the
hafir site, the cost of using this type of blanket should'be lower than
either of the other methods considered.

The third method involves the locating of deposits of finer i

silty or clayey materials, and hauling them to the hafir area. Using
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moisture control, or possibly a soil cement stabilized mixture, an
impervious blanket might be placed over the pervious bottom and
sides of the hafir using sheepsfoot rollers. This method may be
more costly in time, equipment and technical skill required than the
other two methods. |

it is suggested that a limited experimental program be set
up in the vicinity of Khartoum, where sandy soil is available for
hafir construction and where any .a.mount of water is available from
the Nile River. The cost of transporting small quantities of asphalt
to Khartourn should not be prohibitive, and equipment and personnel
. to operate the tests may be readily available, Several small
experimental hafirs could be constructed and treated with the asphalt,
sandy clays, rolled fill, plastics a.n-d other materials. The cost ,°£

the surface treatment work and the loss of water in each case should

1?e studied and evaluated to determine which type of treatment would
be most feasible for either general or limited use.. This experimental
program would be of tremendous value if it resulted in establishing
an economically sound method of constructing hafirg in permeable
soils, . : )

Prior to undertaking such a program, the services of a
technician qualified in the field of canal and reservoir lining and

blanketing processes should be obtained to:
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(a) Plan a detailed testing program to determine
the best methods of constructing the hafirs.

(b) Prepare an estimate of the cost of the program. -
(¢} Supervise the testing operations.

Assistance to Provinces

The ‘Land Use and Rural Water Development Department has
established certain procedures to be followed in making re,qu:ests for
hafir construction. In an excellent memorandum for the Governors'
meeting of January 1959, the Director of the L.and Use and Rural
Water Development Department went'into considerable detail on this
subject. In addition to the numerous requirementf; relative to loca-
tion, need and physical conditions, he proposed that, prior to
submission to the Land Use and Rural Water Development Board,
an)y proposal be passed upon by a Provincial I.and Use and Water-
Development Committee comprised of: |

Regional Engh;eer )

)
Land Use Officer )

Land Use and Rural Water
Development Department

Senior Inspector of Agriculture

Senior Inspector of Animal Production
Should the proposed hafir bq approved by this provincial committee
it would then be submitted to the Board. Apparently Board approval
would then turn the project over to the Liand Use and Rural Water

Development Department for implementation,
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If the Regional Engineer at provincial level is a technician
who understands hafir construction, this procedure should bfe satis-
factory. If not, a technician from the Department.skilled in-hafir
development might well be furnished the provincial committee. It
would also be very desirable to have a staff member from the
Geological Survey on, or available to, the provin¢ial committee.

The geologist would be a.cq_ua:inted with the soils, geological condi~

tions and location of construction materials and could evaluate t}‘1e

proposal in terms of the alternative of well construction and ground

water quality. Having all necessary technical personnel on the site

at provincial level would greatly.r reduce the work of the Board and
might avoid the need of subsequent investigations. Any additional

_: technicia-ns as 1:;1'0p05; ed could sch;adule their appearance at the various

. provinces well in a.dva’nce, so that each provincial comﬁittee in turn

could have at —its disposal all available data and utilize the advice and

assistance of the best technical services in the country.
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CHAPTER V

CONCI.USIONS

‘ 1. A shortage of potable water exists now in the Sudan and
will continue to exist for a considerable length of time.

2. To eliminate this shortage or to make an appreciabie
reduction in the shortage will require immediate remedial measures,

3. The crystalline rocks that surround the country and occur
in the central portion are considered to be non-water bearing and
wilil not provide a satisfactory source of ground water.

4. The Nubian sandstone which occurs in the nort]:—L‘eJ:n area
is the best water producing medium available,

5. The Umm Ruwaba forrna:tion overlying the Nubian
particularly in the southern\and central areas is a fairly good water
producing medium. Saline waters may be encountered in this
formation.,

6. In the critically water deficient areas of Kordofan and
Darfur Provinces there are large areas where little hydroiogic or
geologic information is available. Investigations of subsux:face cr:on-
figuration and thickness of waternbearing materials are needed in
this area.

7. Additional geophysical work of an exploratory nature is

and will be needed in the Kordofan and Darfur Province areas on a
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continuing basis. This ﬁay be done by contract and, by limited use
of the Sudanese_ C‘reological Survey sfeiszjnic equipment. Additional
training of Sudanese personnel in the latest meéthods of geoph;m.ical
surveying is desirable,

8. The percussion drilling equipment being used to drill
wells at the present time is too light for the casing being used, the
depths to which wells must be drilled, and the nature of the formation -
penetrated. The dlﬂ'illi.ng ra-te is __s\low. There is.an immediate need
for many additional wells to incr e;,se’the potable water suppflj‘r.

9.. There is a need for additional well drilling éq_gi}pment of
the rotary type to exploit.the potable water supply at greater depths.

10. The Drilling Division is presently using heavy oil field
typé casing for water wells, The ralte of drilling could be appreciably
accelerated in many cases by the use of a more suitable type of
casing. It would be desirable to send the Drilling' Engineer from the
Drilling Division to the western United States to study well drilling
methods and particularly the use of light weight casings, a.nd the use
of a kni:fe perforator.

11. A long range study of geologic and hydrologic conditions .
should be made to evaluate the quantity, sources, and recharge
possibilities of ground water and to determine the approximate safe

yield of the various ground water provinces.

-89-



12. A need exists for training Sudanese field geologists in /
methods of ground water study and inventory.

13, With the proposed expanded drilling program, additional
personnel \:vi.ll be required to obtain the data for this pr ogram and to
assist in starting the long range ground water study.u ’

14. It has been noted that out of 16 field g;aologists in the
Sudanese Geological Survey only one is presently budgeted for ground
water work. While others have b;aen budgetet;l for future years, it is
believed that, s‘ince the ground water need is so pressing at the
present time and has been in the past, consideration should be
gi'ven in\high levels to increasing the budgeted positions at once.

Other Geological Survey per sonnel not presently so budgeted are /
working on ground water ai:_ the present time due to the foresight of
tht;z Director of the Geological Survey.

15.—In the future there will be a need for more exploratory
work to be done by the Gec;logica.l Survey and any drilling done for \/
expl-ora.tory purposes should not be charged as dry holes against the
Drilling Division. ‘

16. The Geological Survey should have responsibility for the
final location of all water wells to be drilled and should obtain and
interpret the samples taken from wells being drilled in the field,

make field water quality determinations, determine when to stop
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drilling and decide at what depths perforations should be made.

17. Certain minor equipment and supplies will be required
in connection with the enlarged drilling and hydrologic study .progra.m.

18. Particularly in the southern part of the Sudan, there is
a need for geological reconnaissance of certain perennial streams to l/
deterirnine-founda.tion conditions for small channel and off-channe_zl
storage reservoirs, or hafirs, to increase the potable water supply.

19. A limited testing program is desirable to determine the
feasibility and least costly method of lining hafirs in areas having / v
permeable soils e;t and near the surface.

20, Dug wells are desirable in the small village areas where |

s ' .

geologic conditions are favorable for such wells. They can usually

be dug locally at low cost. The production of such wells can be

enhanced by the use of small sump pumps and limited amounts of

minor equipment to enable the diggers to work below static water [
table.

21. Certain technical assistance will be réqui.red on some
of the programs suggested in 1:,he report and Appendi.c'es. This \/
assistance shouild be of highest caliber.

22, A limited amount of high levél consul'ting services may

be desirable to insure the effectiveness and correctness of any

program followed.
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- This training program should be repeated for several years. -

CHAPTER VI

RECOMMENDATIONS

1. The drilling engineer for the Drilling Division should be

‘sent to the western United States for a period of about six weeks to

Btudy; various types of thin wall and lighter types of casing and its
installation with both percussion and rotary c{r illing and also the use
of knife perforations.

2. Three rotary drills capable of drilling 11-5/'8" holes to
depths of 2000 feet, including necessary accessory equipment and N
specialized training personnel should be made available to the
Sudanese government by October 1959.

3. A reconnaissance type geophysical survey to be accom-
plished by contract using ma%ﬁetometric and gravimetric equi fnent l/

should be made for the Sudan in the areas.indicated on Plate III. At

a later time when this reconnaissance survey is compléted the needs
for further geophysical surveys may be more intelligently determined.

4, Two Sudanese field geologists should be sent to the United

States each year for a period of 4 or 5 m@)nths training in the

practical application of ground.water study and inventory meéeth

5. Two qualified engineering geologists with ground water

experience should be brought to the Sudan and assigned to the
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0/‘,44?/2, <

government for a period of one }ear to assist the Geological Survey
staff with the drilling program, including scheduling of operatiors

and the collection, interpretation and presentation of hydrologic data.

-

These men should be limited strictly to the above hydrologic work and

e .
\‘1\___/ ""Izna,.,h_,:x__“n -

studies.

not be used to do general geology, economic geology or mineralogic

6. Additional personnel should be added to the ground water
section of the Geological Survey after a re-evaluation of necessary
work in light of the items recommended in this report. Two

experienced Sudanese geologists should presently be tra sferred ¢ /

7. The Geological Survey and the Drilling Division should

be together as a unit. The Drilling Division should be under the

Geological Survey or at least in the same Ministry. TheApurpose- of
this proposal is to place 1;113 drills {with the agency responsible for
locating wells, interpreting the drilling data and maki;lg/t-}‘lé
preliminary water quality analyses. When a well is comp-leted nd
determifled to be successful, it should be turned over o 54rate
agency, which would install the water yard, fence, pumps and build-
ings and produce.a.nd sell the water.

8. One Sudanese geophysicist should be sent to an approved

Unitéd States school for advanced study in geophysical surveying and
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also to obtain some practical experien_ce in the field. This would
require that the selected geoPhysi:cist spend a period of approximately
two years in the sehool..

9. It is recommended that the Geological Survey be provided
with the following items of equipmez;t: '

a. Additional Technical Books (see Appendix E). /

b. Geochemical kits for field water quallty Lo
analysis (see Appendix D).

c. Three electric logging devices of suitable
type capable of logging to depths of 2000 feet
(see Appendix D).

~
d. An appropriate resistivity field apparatus (/
(see Appendix D). |

10, The Geological Survey should examine all proposed small
dam and hafir sites to determine the suitability of founda'tions,‘ storage

area and materials sources.

11i. The drilling of new wells s'hould be confined to those areas
underlain at depth with Nubian or Umm Ruwaba formations and
particularly to areas of known or probable water productioﬁ capability.

12. Provision should be made to secure the services of a
t']ualifieﬁ United States technician in the field of low cost caral and
reservoir lining to institute and supervise a testing prt;gram on
feasibility a.nd‘cost of hafllr lining in the Sudan.

13. The Geelogical Survey s-hould be provided, 1;1 the near

future, with a combination drill capable of doing both percussion and
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rotary drilling, and possibly air drilling, for exploratory work. ,The

rig would be maintained and operated by the Drilling Division a oi}m?&/;ﬂ
rigs are at present, and ils.ed by: that agency for well drilling fwhen#the /
Geological Survey does not need it for exploratory work.

14. Local dug-well construction should be encou;-aged and
the number of governmental welludiggiﬁg teams should be increased l/
from 7 to 10. Minor digging equipment and small sump pumps shouid
be supplied to these teams.

15, Since the success or failure of much of the recommended
work will depend to a large extt;nt on the quality of United States /
personnel supplied the Sudanese government, only top quali;:y
individuals should be considered for these assignments.

16. A limited amount of high level consuitant service to
implement any program adopted should be employed.

The proposed equiprfxent and training schedules for

items 1, 2, 3, 4, 5, 8, 9, 12, and 13 are shown on page 96.
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PROPOSED EQUYPMENT AND TRAINING SCHEDUIE

1959 1960

PROGRAM

May |June JJuly | Avg | Sept} Oct | Nov | Dec | Jan { Feb | Mar |April| May

Traihing -
Drilling Engineer in U,S,

Training® - Two
Geologists in U.S.

L,,/’//’Provide Drilling

Equipment and Training

Provide Geophysical
Survey - with Training®

Training® - Geophysist
Academic and Practieal

To continue until Oct, {1961

i}” Provide Two U.S. Ground

Water Geologists

To continue for jone year

~" Provide Hafir Lining
Test Program

Equipment for
Geological Survey

One electric logging device, ten water level recorders, and four field water analyses
kits should be provided the Survey as soon as pogsible. A second electric logging
device should be provided with the three additional drills. A combination rotary
and percussion drill should be provided in the near future,

* Provides for training of Sudanese persommel.




APPENDIX A

SPECIALIZED TRAINING FOR SUDANESE PERSONNEL
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APPENDIX A

SPECIALIZED TRAINING FOR
SUDANESE PERSONNEL

l. Ground Water Training for Sudanese Geologists. Send two

Sudanese geologists to the California Department of Water Resources
in the United States for a period of four to five months for specialized
training in ground water study and invex;tory methods.

These men should be given instruction and work on the latest
- methods of ground water study and inventory, including stream
percolation studies, consumptive use studies, specific yield studies,
storage capacity studies, safe yield determination of basins and
latest methods of data preseﬁtation. This program would a.;:centuate
the approximate methods so necessary to the Sudan where det‘ailed
information for a long period of time is not available.

The trainees would work on present day ground water
projects currently being studied a::;d worked upon by the Department
of Water Resources and would participate in all phases of the study
and repo-rt preparation. The trainees would participate in field trips
and the actual field collection data, sample taking and field mapping.
This phase of the traininé program should be accomplished fr01;n May
to December 1959. .

..A.s other trainees become available at a later date they may

be sent, if desirable, to other agencies in the United States doing
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similar types of work.

Approximate cost of this program for two Sudanese geologists
for a five month training period in th.e Uﬁited States may be tabulated
as follows:

Transportation o v v v v v v v 00w . ... $3, 000

Livingexpenses‘...‘........... . 4,000 ~

Miscellaneous travel and trahsportaﬂon\ ’
expense in the United States - . . . . . 2,000

Tota-l " & e = . s s & '$9;000

2. Geophysical training for a Sudanese Geophysicist. One

Sudanese geophysicist to be sent to an approved University in the
U}lited States to study advanced geophysical survef methods with

emphasis on field methods and interpretation of data.

The courses to be taken would be based on the trainees
previous academic training. Approximately nine nic;nths each yea:r
would be spent in academic study with a2 summer training period of
three months in the field each year with a recognized agency doing
engineering geologic work or ground water studies by geophysical
methods in the field and'pa-.rgi-éularlfi.n the weétern United States,

'i'he estimated cost for a two-year training program is as

follows:
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Two years of academic and practical
training (school costs} . . . . . . $2, 000

"Transportation . . . . « . . .. ., 1,500

Living allowance . . « . v ¢ v v & ¢« o & 6, 000

" Miscellaneous travel expense
and other items . . . . + . « .. & 1, 500

Totaj. L] L] - - L] L » L] $1 ]:’ 000
This suggested training program should be repeated for several
years, or as often as desirable to traln the réqu{red number of

Sudanese personnel.

3. Training Sudanege Drilling Engineers in the United States

for a Six Weeks Period. Drilling engineers sent to the United States
would be sent to the western portion of the United States where they
might see several types of well t,irillin'g operations and the use of
various types_casings, ﬁarticularly thin walled and ligﬂt weight
casings, various drili-ing‘ ﬂ;J.i.ds and also the ue;e of knife perforating
ma.c‘hines.- |

| They would also visit the various casing manufacturing plants
and discuss with other drilling engineers the problems common to
both countries.

The dr_illi:ng engineers should also inspect excess government

stocks with a view of determining what equipment pii-esently avail-

able would be of particular use in the Sudan in the near future.
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This phase of the program should be accomplished during July
and August of 1959.

The estimated cost of sending one drilling engineer to the
United states for a six weeks period is as follows:

Transportation . . . + « . « v v ¢ ¢ ¢ . . $1,500

Living expenses . . . ¢ v v o 4+ ¢ ¢ s o« 500

l.ocal transportation between
VArious areas . « . . 4 . . 4 o s s . 1, 000

TOta.]. L N L I I $3, 000
Note: If it is deemed desirable to send two drilling engineers from

the Sudan in 1959 the above costs should be doubled.
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PROPOSED GEOPHYSICAL SURVEYS
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APPENDIX B

PROPOSED GEOPHYSICAL SURVEYS

Combined gravity and magnetic‘sprveys are recommended to
outline the depth to basement complex over the five areas indicated
on Plate IIl. It is suggested that the Geological Survey proyide some
pergonnel to assgist in the program and to receive training. Such a
program should provide the data necessary at this stage for the
water developrneant program. The survey is ;eCOmmended as the

-]

logical first stage of this exploration and it is believed that the
S T

program will be completed within five months, }

e

The following are two plans requiring personnel from both
the Geological Survey and a contractor. Plan A would permit more
Geolog.ica.l‘Survey participation and training and hence is preferred
over Plan B. Both plans are indicated as it may not be possible for
the Survey to provide i:e:r: gsonnel required under Plan A,

PLAN A

Equipment

2 Gravity meters
2 Magnetometers
2 Sets surveying instruments
2 Trucks -~ four wheel drive
2 Jeeps )
Camping equipment
Food and supplies.

Monthly Cost ~ $6, 000
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Personnel

1 Party Chief
1 Meter observer
2 Surveyors

Monthly Cost - $4, 000

Total Monthly Cost -$10, 000

Transportation to and from the Sudan - 10,000
Total for five-month period - $60, 000

In addition the Geological Survey would provide:

1 Magnetometer operator*
2 Computers¥*

4 Chainmen

1 Cook

2 Drivers

4 Laborers

* Personnel to be trained by contractor on the job.

PLAN B

Equipment

2 Gravity meters
2 Magnetometers
2 Sets of surveying instruments
3 Trucks - four wheel drive
2 Jeeps )
Camping equipment
Food and supplies

Monthly Cost - $6, 000
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Personnel

1 Party Chief

2 Meter observers

2 Surveyors

2 Draftsmen and computers

4 Chainmen
3 Drivers
4 Liaborers
Monthly Cost = $8, 000
Transportation to and from the Sud‘an 12, 000

Total for five-month period $82, 000
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-106-



APPENDIX C

PROPOSED DESCRIPTION OF TRUCK MOUNTED
ROTARY DRILLING MACHINE AND ACCESSORIES .

Rotary table should be minimum 18" diameter openir;g, of
enclosed oil bath type with spiral, bevel, precision cut lapped gears.
Unit should be equipped with diesel type engines of approximately 90 hp
each. Hydraulic drives are fitted to each engine with fluid couplings
of approximately 17-1/2'.' size.

The driil unit should have a comnpound drive s in order that
one engine may power the mud pump and the other may power the
rotary and draw works or both engines may be comr;oundeci to power
the mud pump, rotary table and draw works; or either or both engines
may be used on the draw works when hoisting heavy strings of drill
pipe or casing. Drill transmission should have minimum four speeds
forward and one speed reverse and should include a master clutch to °
the draw works and rota;.ry table.

The draw works. assembly shall be made of structural steel
frame, and include a main hoisting drum with two air clutches and
sand reel with air clutch, and_includiz;g a gpecial air actuated spinning
or breakout cathead, in addition to a standard cathead. Complete draw
works to be enclosed with a light; weight metal guard.

The air system should be complete with two air compressors,

each with ample capacity for operation.
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' The mast shall be 2 minimum of 58 feet in height, ma‘de in
three sections, consisting of seamless steel with folding platform and
pipe holder, crown block, safety guard, crows nest, all installed on
. drill unit. The complete mast should be wired and equipped with
electric lights. Th'e mast raising system should include suitable oil
pump, two mast raising cylinders with safety ch?ck, hydraulic piping
* guard and controls 1;>cated on the left hand side of the drill frame.

The drill frame proper shall be all steel, electric w‘elded,
with tool box and’' completely covered with ‘hea.vy, diamond type flooxr
plate.

The mud pump shall be minimum 7-1/2" by 8" duplex power
pump, fitted with Surée chamber and fully a..ssernbled for slush service.
The mud pump drive ‘to be fitted with an air clutch and 2-1/2" piping
from standpipe to mud pump. - The mud pump to be equipped with a
thousand pouﬁd mud pump pressure gauge and relief valve. The mud
pump éauge shall be in visible sight of the operator. Suitable 'shale
shaker tc be furnished with this proposal.

MacI}ine shall be equipped with all neces sary hand tools for
normal m?,intenance of the drileing equipment.

All sub-structure, jacks, and supports are to be .furnished

with the drill. Complete tong hanger and counter balance weight
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assembly for supporting drill pipe and casing tongs to be furnishgd.
A suitabie rathole table stand and drive assembly shall be made a
part of the drill unit.

The following tools, equipment and accessories shall be
furnished:

Minimum 2'" heavy duty water swivel. Kelly of approximately
34 feet length and 4-5/8!" diameter with three drive grooves. Kelly
drive bushing and all necessary subs. Swivel hose, suction hose,
strainer, traveling block with a minimum of two sheaves, drum line
and sand line should be minimum 3/4'" and 7/16" diameter, respectively.
'I‘on;gs suitable for use with both drill pipe and casing. Two thousanq
feet of range one 3-1/2" API internal flush drill pipe. Drill pipe
should be fitted with tool joints and threaded protectors. Drill pipe
and casing elevators provided with suitable elevator links. Drill
collars should be minimum 20! iength and 6-1/2" diameter. . Suitable
quanti‘i:y t.o.f roller rock bits, sizes from 7-5/8" through 11-—5/!.;,“
diameter.

The unit shall be capable of drilling 11-5/8" diameter hole
" to a maximum depth of 2, 000 feet using‘ 3-1/2m drill pipe plus two

drill collars, 6~1/2" OD.

The mast shall have a capacity of 90 thousand pounds. The
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draw works shall be suitable for hoisting 60 thousand pounds of drill
pipe or casing loads. All casing and drill pipe slips to be furnished.

A recommended light plant shall be installed on the drill
frame.

Seventy tons commer.cia.l drilling mud in one hundred pound
sacks to be furnished. ) ‘

The drill unit should be mounted on a suitable 6 x 6 all wheel
drive truck, powered with a diesel engiﬁ'e and equipped with sand tires
suitable for traversing desert areas, If possible, trucks will be
supplied the manufacturer at his plant, from excess United States
stocks.

Spdres amounting to 10% of the total value of the drilling
equipment shall be furnished for zll three drills. Adequate Spares
will be stocked by the manufacturer at the source of supply in the
event an emergency whereby parts must be ordered within a fg_w
hours notice.

A 6 x 6 all wheel drive water truck consisting of minimum
1, 000 gallon tank capacity shall be furnished with each drill rig. This
" water truck shall have a centrifupal pump, hose, with all fittings, and

winch with winch line shall be made a part of the water truck.

Fisghing tools for each drill shall consist of one drill pipe tap
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and die. Three circulating and releasing overshots with slips to fit
both tool joints and tubing of drill pipe.

List dealers who will stock supply parts within-a 1, 200 mile
radius of Khartoum.

List 10 agencies or individuals now using the drilling equipment
your company intends supplying.

Three complete units are required.

A drilling engineer, plus me;chanic and four drill operators,
one acting as relief driller should be furnished with the proposed three
drill machines. All drilling personnel are to act as drill instructors

and will be available for call any time during the drilling operations.
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PROPOSED HAFIR LINING TEST PROGRAM

"Because of the problem of permeable materiale at and near
the surface of mu.chr of the area of the Sudan, and the attendant
expected los's of appreciable quantities of water from seepage in
hafirs, the following test program is recommended.

A technical expert with experience on low cost canal and
reservoir lining should be obtained from the United Sta—tes and sent
. to the Sudan for a period of six months to initiate and supervise a
test program of possible hafir lining methods. Asphaltic membrg.nes,
: .vari.ous loose and rolled earth materials, plastic linings and bags,
goil cement sta.bilize;i‘mi_xes and chemical sealants should be
considered.

Small test hafi.r's should be constructed in permeable areas,
near Khartoum where water is available and the supply of materials
and equipment may be facilitated. Various linings should be tried
and seepage and eyaporati.on losses determined and the relative

values and cost of each type lining should be determined.

Estimated cost as follows:

U. S. Technician {6 months) -  $10, 000
| Travel I - 1, 500
Living expenses - 2, 500
Materials and equipment - 26, 000
Total - $40, 000
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“

EQUIPMENT PROPOSED FOR THE

GEOLOGICAL SURVEY DEPARTMENT

In order to conduct the ground water exploration program
efficiently and also to assist d;illing operations most effectively it
is recommmended that the Geological Survey be furnished the following
equipment:

1. Electric Logging Equipment

One electric logging device is presently needed
by the Geological Survey to be used with the rotary drill
now being operated in the Sudan. Without this logging
device it is quite possible to by:pass water-producing
zones, Therefore the following equipment is rgcommended:
WIDCO Model XMV-Type PR or equal. Equipment
should be capable of recording potential and single-electrode
resistivity curves, simultaneously to depths of 2000 feet;
including 110 volt, 60 cycle, 1500 watt generator, and
sufficient spare parts for at least one year'!s operation.
Estimated Cost (FAS United States Port) "$8,000.00

One additional elect‘ric logging unit will be required with

the purchase of the three rotary drills proposed in the report.
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2. Water Level Recorders

The Geological Survey should be provided with
ten water level recorders to be used in the ground
water inventory program. One recorder has r-ecently
been provided the Survey by ICA. The following
water level recording equipment is reco'rnmended:

10 - water level recorders, Stevens Type FM,

gage 1:5, metric system
300 - recorder sheets
3 - spare clock units
10 - spare clock weigh&s
10 - spare weights for float line
5 - spare floats, 4! diameter
5 - spare floats, 5" diameter

5000 feet - recorder line or cable

Estimated Total Cost $3, 000.00

3. Water Analysis Kits

Water analysis kits are proposed in order to
determine the quality of water in the field rather
than delaying drilling operations due to the time

involved in sending the water samples to Khartoum.

A

-116-



APPENDIX E

It is recommended that the following be
furnished the Geological Survey Department:

4 ~ Chemical analyses units, including
necessary chemicals é.nd equipment to make
approximate quani;itative' analyses of chlorides,
sulfates, bicarbonates,- har;:lness, ph, and

electrical conductance of ground water.

Estimated Total Cost $2,000.00

4. Earth Resistivity Equipment

In many small areas resistivity surveys are
useful in determining the probable location of per-
meable and saturated materials. The deological
Survey needs such equipment in determining the
best locations for wells in the more unexplored
areas.

Earth Resistivity Equipment, Gish-Rooney
Type, complete with:

Potentiometer and Milliammeter mounted

as a single unit, Battery box and dis-

tributor panel, ;.uxilia.ry battery box,

all necessary batteries, two pairs of
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reels and wire necessary to

explore to 500 feet, two sets of

electrodes. Box of complete ser--

vice tools and spare parts for one

year's operation.

Estimated Total Gost l "$1, 000.00

5. Proposed Combination Percussion and Rotary Type

Well Drilling Equipment

This well-drilling machine shall be of the
combination percussic;n and rotary type. . This
equipment shall be capable of drilling an eight
inch diameter hole-tqda depth of 1500 feet by

either percussion or rotary methods. The well-

drilling equipment shall consist essentially of a
4~drum hoist with bull reel, casing reel, sand
reel; rotary hoisting reel, wire line spudder,
counter shaft with clutches, frax‘ne, rotary drive
shaft, derrick, and power unit all mounted on
I-beam sills, for truck mounting. This unit
would include a diesel powered 6 x 6 all-wheel

drive, truck equipped with sand tires suitable

for traversing desert areas. The machine shall
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be capable of storing the rotary unit, includ-
ing the rotary cable, reel, swivel and block
on the machine, both during transit and also
when drilling by the percussion method. A
5 x 8" mud pump shall be furnished. In
addition, all ac(:essory" tools, fishing equip-
ment, and necessary tongs, drill collars,
rock bits, spare parts amounting to approxi-
mately 10 per cent of the total value of the

drilling equipment shall be furnished.

Estimated Total Cost $80, 000. 00
It is not essential that this drilling equipment be provided

this year but it should be provided in the near future.
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PROPOSED PUBLICATIONS TO BE
PROVIDED THE GEOLOGICAL SURVEY

APPLIED SEDIMENTATION, Trask, P. D. ($8.00). 1950. Publ.
John Wiley & Sons, Inc., 440 Fourth Ave., New York 16,
N. Y.

PRINCIPLES OF GEOCHEMISTRY, Masocn ($6.00) Brain, 1952,
Publ. John Wiley & Sons, Inc.

HYDROLOGY HANDBOOK, American Society of Civil Engineer s,/
Hydraulics Division ($4.00). 1949. New York

APPLIED HYDROLOGY, Linsley, R. K. {$9.50). Kohler, M. A. /

and Paulhus, J. L. H. 1949. McGraw-Hill Book Company,
Inc. New York, N, Y.

HYDROLOGY, Wisler, C. O. and Brater, E. F. ($7.50), 1949 /
John Wiley & Sons.

HYDROLOGY, Meinzer, O. E. Editor ($4,00). 1949. Dover‘?///
Publications, Inc,

GROUND WATER, Tolman, C. F. 1939. McGraw-Hill Book Company,'Lﬂ/
Inc. . .

WATER, The Yearbook of Agriculture. 1955. U, S. Department of
Agriculture.

SOIL, The Yearbook of Agriculture., 1957. U. S. Department of
Agriculture.

LAND, The Yearbook of Agriculture, 1958, U. S. Department of
Agriculture.

HANDBOOK, United States Department of Agriculture No. 60,
USDA, 1954,

PRINCIPLES OF ENGINEERING GEOLOGY AND GEOTECHNI(:JS, -
Krynine, D, P. and Judd, W, R, 1957. Publ. McGraw-Hill
($10. 00)
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TEXTURES OF THE ORE MINERALS AND THEIR SIGNIFICANCE
by Edwards, A. B., 2nd Ed, 1954, Australasian Institute of
Mining and Metallurgy, Inc., 399 Little Collins St.,
Melbourne C. I., Victoria, Australia.

ORE DEPOSITS AS RELATED TO STRUCTURAL FEATURES
Edited by Newhouse, Walter H, Princeton University Press
($8. 50).

PETROLEUM PRODUCTION ENGINEERING by Uren, Lester C.
Vol. I, Oil Field Development. 1946, 3rd Ed., McGraw-Hill
($9. 00).

APPLIED GEOLOGY, A SYMPOSIUM, by Van Tuyl, ¥. M. and Kuhn,
Truman H. Vol. 45, No. 1-B. Colorado School of Mines
Quarterly, Golden, Colorado. 1950.

VOLCANOLOGICAL OBSERVATIONS by Perret, Frank Alvord.
1950. Carnegie Institute, Washington, D. C. ($5.50;
paper $5.00).

THE MINERAIL: RESOURCES OF THE WORLD by William, Van Royen
and Bowles. 1952. Prentice-Hall, New York ($12.00).

EXAMINATION AND VALUATION OF MINERAIL PROPERTY by
Baxter; Homert, Charles; Parks, Roland D. 1949, 3rd Ed.
1952. Addison-Wesley, Cambridge, Mass. ($7.50).

LES PEGMATITES - LES PEGMETITCS GRANITIQUES by Fersman,
A. E. 1951. Vols..I - IIL i ’

PHOTOMICROGRAPHY IN -THEORY AND PRACTICE by Shillaher,
Charles P. 1944. John Wiley, New York ($10.00).

De Re METALLICA by Agricola, Georgius, 1494-1555, 1950 transla~
tion by Hoover, Herbert Clark, and Hoover, Lou Henry,
Dover, New York. ($10.00).

HANDBOOK OF AERIAL MAPPING AND PHOTOGRAMMETRY by
Trorey, L. G. 2nd Ed. -1952. Cambridge ($6. 00).

SPECTRO~CHEMICAL ANALYSIS by Ahrens, L. H. 1954. Addison-
Wesley, Cambridge, Mass. ($10,00).
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GEOCHEMISTRY by Rankama, K. and Sahama, T. G. 1950,
University of Chicago Press, Chicago, Ol. {$15.00).

‘GEOCHEMISTRY by Goldschmidt, V. M. Eciited by Miur, Elex.
1954, $11.05 Oxford (Toronto) $9.50::

THE EARTH AND ITS RESOURCES, 2nd Ed. by Finch, V. C.,
Trewertha; G. T., and Shearer, M. H., 1948, McGraw-Hill.
($3. 20).
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