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PREFACE 

For 'enturies, the rich grazing lands. of. southern :Sidamo Province 

Ethiopia have been explored for water by herdsmen following a powerful 

incentivk;-thirst. Their results, - small ephemral reservoirs of surface 

water and dug wells to shallow bodies of undergr6und water, - have not 

been sufficient to stabilize their precarious and migratory existence.
 

Their contribution to the development of Cthio-)ia is correspondingly
 

hankppred. This challenge to the steady economic development of Ethiopia
 

is not new to todays frontiersmen - earth scientists, engineers, 

agriculturalists and businesson. but their team work is required. Speci

alists in range maanagenient and veterinary controls following geologists 

and hydrolo rists in their search for permanent water supplies must attempt 

to improve herds of livestock so that businessmen can systematically
 

market the byproduct. There are reasons to believe that these attempts
 

will be sutCessful, will parallel other developments in Ethiopia and will
 

provide greater stability to the peo.zle of this frontier. 
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INTRODUCTION
 

The following is a report by David A. Phoenix of the U.S. Geological
 

Survey, assigned by USAID/Lagos tn maka an evaluation of-a proposed ground
 

water development program in Sidamo Province, Southern Ethiopia) as
 

requested by USAID/Ethiopia. This program is a part of a long-range
 

livestock marketing scheme proposed for support to the Imperial Ethiopian
 

Government by the U.S. Agency for :nternational Development. This
 

evaluation is based upon a field reconnaissance of some 20,000 square miles
 

of Sidamo Province during the period February 15 to 25, and made possible
 

by the judicious use of light aircraft and 4-wheel drive vehicles. Atten

tion was mainly directed to ways and means for improving water supiplies
 

along about 450 km of the major marketing and livestock migratory route
 

connecting the towns of Noyale in the extreme south consecutively north

ward with Mega, Iavello, Alghe, and Dilla. Cattle routes and grazing areas
 

subsidiary to the main route were also examined frorn the air. Data held 

by the Imperial Ministry of 'later Resources, by the Geophysical Observatcry, 

and the Imperial Linistry of Agriculture, Livestock Divisicn, and dis

cussions held with officials of these and other development and research 

institutions of the Imperial Ethiopian Govern-ient provided valuable guid

ance to this assessment. Particularly helpful was the experience in
 

air reconnaissance methods provided by air pilot A. Temple, and the intimaka
 

and first-hand know,,edge of the country andi its livestock problems provided 

by Ato Gebrehiet Zere, Delputy Director, Livestock Division2 Imperial 

Ministry of Agriculture, and Mr. S. T. Logan, Acting Chief, Agriculture 

Division, USAD/Ethiopia. These men accompanied the writer during the 

11-day reconnaissance inv.eatigation. 
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The development of water suplies for livestock in Southern Ethiopia 

has until very recently been left to practical and ingenious methods employed 

through centuries of practice by nomadic herdsmen. Within the limitations 

of their resources, every conceivable natural situation favorable to the 

accumulation of water has been employed. Old corral sites, pot holes in
 

granitic rocks, shallow excavations, and rocky hill sides are all used to
 

collect and temporarily store the infrequent rainfall. Certain types of 

vegetation which subsist on shallow ground water are al so knowti to them 

and places in which it grows are invariably the sites of dig wells. In
 

fact, many of these dug wells have been so long and persistently used that
 

they are now nearing the limits of nonadie ingenuity as useful watering
 

sites.
 

Succinctly, the herdsman is probably as knowledgeable and resourceful
 

concerning his strategic sources of water, whether it be from epheweral 

streams or shallow ground water reservoirs, as the most sophisticated hydro

logist, geologist, or moclern day livestock expert. Unfortunately, he is 

nearing the limit of even his most ingenious and persistent efforts of 

repair and maintenance due partly as a result of increase in livestock 

population and partly as a result of the heavy demands upon existing water 

supplies. Estimates, for Sidamo Province, place the livestock population 

at about it million animals and reportedly it is not uncom.,un for several 

thousand to be watered at individual sites in a day. %,,o solutions to 

the water shortage ,rob)em appear evident and practial. The first will 

require a decrease in the numbers of d Jetdcei animals and here the 

efficient reduction in numbers, and this by steady and reliable marzeting, 
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will strengthen the pastoral economy of these people. The second will
 

require new and increased water supplies from hitherto inaccessible or
 

untapped reserves and for which several sources are believed available.
 

It is concluded that the exploration for and development of water
 

supplied in this remote and underdeveloped part of 8outhern Ethiopia is
 

both desirable and justified, but that it is attendant to difficult
 

living and working conditions and to a high risk of failure if not suppurted
 

by well-directed engineering assistance and by special preliminary geologic,
 

and hydologie guidance. Partly, the risks can be eliminated by careful
 

studies leading to the selection of appropriate new watering sites both 

surface and underground and the imp)rovenent of existing sites. These 

studies may also provide guidance to other exploitable resources and hence 

increased economic interest in the area. Accurate base maps and improved
 

roads and communication will facilitate the compilation of the required
 

hydrologic and geologic data and, thas, eliminate other risks. A large
 

measure of engineering talent will be required in these phases of work.
 

Above all, successful utilization of both the underground and surface water
 

resources, and ultimately the livestock, will require a careful blending
 

of traditional practices with improved but uncomplicated methods of %later
 

utilization and management. 

If taken alone, the pitfalls to be encountered by evert the best of 

intentions in range management and livestock improvements in a new and 

unknoirn country are m.any. Certainly without access roads and enginceritg 

guidance, even of the most expedient type, drilling operations and the 

continuing logistic req-uirements of supply and demand in servicing wells 
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and in constructing and maintaining stock ponds will become burdensome
 

if not well-nigh impossible. Also, without geologic guidance necessary 

to the siting of wells, to the accurate description of cuttings and sub

surface strata, and hence to proper well-drilling design and development, 

it is quite likely that an entire well-drilling program will become a re

petitive succession of failures. As for stock pond construction, subtile
 

differences in the thickness and physical properties of alluvium and in
 

vegetative cover, and the narent differences in composition, permeability,
 

and porosity of the underlying consolidated rocks control not only the
 

sediment transported by streams but they also determine to a large degree
 

the occurrence of runoff. Throughout very large parts of Sidaio Province
 

stream runoff is a rare event and this is probably a direct function of 

a well adjusted balance between clirate, topography, geology, ad vege

tation. In Sidamo Province these relations are unknown but it is quite 

conceivable that the mere construction of reservoirs will be discouragingly 

inadequate to satisfy requirements for permanent water throughout the long 

dry season. If the shrubs and trees of which the area is abundantly supplied 

are wholly or even partly eliminated, will this upset nature's delicate 

balance and create even greater problems? One might also ask such pertinent
 

questions as ".Aere arEt the rocks favorable to ater?" "'Will the pumping 

practices imposed on ground water reservoirs exceed their safe yield?" 

"Are there areas where the temporary impoundment of water will effectively 

recharge the underground reservoirs?" "Nlill the yield from :windmill :.ells 

be great enough to meet the min:.mum needs for domestic and stock use?" 

"W4here are the springs?" "Can they bi- improved?" These and similar and 

how unanswerab]e questions can only be satisfactorily solved by systematic 
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areal studies of the relations between runoff, geology, vegetation, and 

climate. 

At present, outstanding deterrents to all but the most basic and ex

ploratory types of assistance include a serious lack of roads, communication. 

housing, schooling, medical, and supply facilities throughout the area. 

It is not within the sccpe of this re'oort to propose specific support to 

strengthen these desirable and necessary aspects of the long-range marketing
 

program. Ho::ever, the writer is familiar with Dractica] methods employed 

in opening new and remote country, and it is to these and to the special
 

preliminary studies that attention is directed.
 

The bare manpower necessities for the successful completion of even 

the most exploratory of projects in th-is remote and largely roadless 

country will require a well organized and highly qualified team of both 

engineers, geologists, and bulldozer mechanics and operators and well
 

drillers who arc willing and capable of "roughing it" and "coping" under 

frontier working conditions. Ho,4ever, without the requisite technical 

equipment and without an environment suitable for effective work, the best 

qualified and experienced personnel can accomplish little. Therefore,
 

it is recommended that the provision of adequate equipiient and housing 

be recognized as prerequisite for effective operations of personnel assigned 

to the project, and that personnel not arrive until these essentials are 

avail 	able.
 

The following sections summarize observations concerning the areas
 

of proposed activity and investigation according to the following outline. 
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P EVT. US Iv'l'Z7. A'T . A') AVATL3LE BASIC DATA 

At present large parts of Ethiopia are remote from routes 
of travel
 

and therefore little is 
known concerning natural resources 
in these areas,
 

and this is particularly true for large parts of Southern Ethiopia.
 

Published mans, the basic prerequisites to the assessment of these resources
 

are adequate only for the most general of reconnaissance purposes. 
 In
 

Sidamo Province these include maps 
 at a scale of V5E0,O00 and l/l,O00,Oa00
 

Rudimentary topography, altitudes of 
same major landmarks, and the location
 

of stratigic towms, roads, 
trails and water holes are 
illustrated on the
 

generally available 2-degree quadrangles, scale 1/500,000 compiled by the
 

Geographical Section, British General Staff and published by the 
Jar Office,
 

1946. 
 Tha adjoining 2-degree quadrangles Stephanie ( .B. 374), Neghelli
 

(N.3. 375), Rodulf (N.A. 371) and lfoyale,(N.A. 372) covering in all 4-degrees 

of latitude and 4-degreesof longitude we-e used in the field to plot 

geological and hydrologic relations and the air routes of travel covered
 

by this investigation. 
The broad physiographic relations of Southern
 

Ethiopia are also shown on the TJ.S. 
Air Force 1/1,000,000 world 
aeron

autical charts and their equivalent but later compilations by the British
 

'lar Office, the Lake 'Margherita and Marsabit quadrangles. Plate I showing 

the availability of water supplies in a part of Sidamo Province, Southern
 

Ethiopia has been orepared from adjoining parts of these t:.o quadrangles. 

To assist in all phases of resource investigations in Ethiopia and
 

the U.S. Army Mapping Hission has since October, 1963 been systenatically 

obtaining air photo coverage of the country at scales of 1/50,000 and 

1/25,000. Overlapping air photos, scale 1/50,000, alonv eastwest flight 

lines are now available for most of Southern Ethiopia and of the project 

area.
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The results of reconnaissance geologic studies of Southern Ethiopia
 

are summarized by iohr (1961) and are illustrated on the geologic map of
 

Ethiopia, scale 1/2,000,000; the general rainfall and air movement patterns
 

over Ethiopia are illustrated and described by Taro (1964); and the classi

fications of soils and native vegetation sufficient to provide initial
 

guidance to the recovery and management of water supplies in Southern
 

Ethiopia are descri:,ed by >urphy (195.3) and Von f3reitenbach (1361).
 

Other general information in part applicable to ater supply problems in 

the area include a discussion of water laws in Moslem countries by Caponera 

(1954); and reports on general geology and hydrology of the Upper Nile
 

Basin in Ethiopia prepared by the U.S. Btreau of *'ecla,1 ation (1963). 

PHYSICAL FEATURES
 

Location and Extent
 

Sidamo Province eftoraces about 30,000 square miles in Southern Ethiopia 

extending from mountains bordering the eas'tshores of Lake Stephartie (a 

broad playa) and Lake Ruspolt in the Rift Valley, eastward to the southerly
 

flowing River Dau4 Parma, and from the high plateaus of Southern Ethiopia
 

southward tc planar country along the international boundary separating 

Kenya and Ethio-iia. It is a broadly triangular area with its northern apex 

in the highlands and adjacent foothills, and its broad basal area some 

200 miles to the south covering the lower plains. 

The greater part oC the area covered by this report lies in the plains 

country in tht' Soutlhern pnrt oC Ethiopia. The area encompasscs approxi

mately 3 degrees of latitude, from 30301 North latitude to 6030, North 

latitude, and its broad base extends from 37000 East longitude to 40' 0 0 

East longitude. 
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From Addis Ababa the areais accessable by air transport and by road.
 

A well-graded dirt airstrip is located about 8 miles northeast of Megat
 

it is suitable for landings by light aircraft, and it is reached by about
 

3 hours flying time from Addis Ababa. The airstrip is about one-half hours
 

drive from Mega and a good three to four hours drive from lavellop a small
 

town of about 2000 inhabitants. (See figure 1). To reach Wega by road
 

from Addis Ababa is a tiresome journey requiring the better part of three
 

days travel. The first 107 miles of this road as far south as Shashemenne
 

is paved. From here southeto Dilla the road can be negotiated throughout
 

the year but in many places it is steep, winding, and rough and requires
 

considerable caution to negotiate safety. From Dilla south to Mega and
 

beyond, the road is one long series of washouts, ruts and detours, and
 

travel is reduced to the almost full-time second or low gear speeds of
 

a well-equipped Jeep or Landrover.
 

Climate and Vegetation
 

The mean annual rainf 11 ranges from about 400 millimeters (16 inches)
 

in the southern plains of Sidamo Province to 1200 millimeters (47 inches)
 

in the mountains to the north. It is probably less than 600 mm (23 inches)
 

throughout most of the southern plains. At ':oiale on the Ethio:ian boundary 

and at an altitude of about 12000 meters (4,000 feet) the mean annual 

rainfall for five years of record is 819.5 mma. (32.1 inches) but at Dilla
 

in the mountains some 200 miles to the north and at an altitude of about 

1600 rieters (5300 feet) the mean annual rainfall for 6 years of record 

is 1407.2 mn (55.4 inches). In the Righlands the rainfall is monsoonal 

with a distinct dry season extending through the period from late October
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to mid-ZMarch. In the highlands also, a period of intermittent rains "the 

small rains" introduces the heavy rainy season, which usually begins in 

May or June and ends in mid-October. In the soutiern pl.ains, at lower 

altitudes, the period of "small rains" in March, April and lay is followed 

by a distinct dry season until the rains again occur during October and 

November. 7n the southern plains there are between 80 and 100 days during 

the year in which rains occur, and most of these are of short duration. 

Clear sunny days prevail throughout riost of the year and day-time tem

peratures frequently exceed 100 F; The nights, however, are invariably 

clear, crisp and cool. Generally speaking in the moontainous parts of 

Southern Ethiopia worhing conditions ace ideal throughout the dry season. 

In the plains at lower altitude ideal ,iorkin-r weather prevails through the 

period from arch to October and it is uncomEortably hot only during the 

midday for the rest of the year. 

The prevailing directions oZ wind movet:ent in Southern Ethiopia 

during the period from June to early September is influenced by warm moist 

southeasterlies comming in from the Indian Ocean. After a short period
 

of vacillation, wind directions then change abruptly and during the dry 

season extendi.n- from early October througjh May of the following year the 

prevailing direction of air iovement is to.rard the sov,"hwmst (Tato, 1964!). 

The duration anid rates of air movezent are not know for the area but in 

general air nioveulrent is believed to cease throughout most of the night 

and is again resumed during the ,id-morniug hours. Undoubtedly the area 

receives occassional violent winds that accoimany thunderstoris and these 

"
 are probably of sho;: duration. Wind vilocities are believed to be adeql,.

to operate vindmills during at least 8 hours every day. 
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The various plant ecologies and assemblages found in Couthern 

Ethiopia ar. mapped and described by von Brietenbach (1961) siAfficiently 

to -irovide the student with initial guidance to their identity and hence 

to their relationships to water supilies and range management. In the 

area of this report as well as elsewhece in Lthiopia the distribution and 

types of native vegetation are believed to be largely as a result of
 

differences in soils and climate. These are in turn related to differences
 

in physical and chemical properties of the underlying rocks and upon altitude.
 

Ina the basalt highlands near Alghe and Dilla where the native vegetation
 

has not been replaced by farm lands and coffee plantations, and locally
 

in the mountainous areas surrounding Iavello arl tega, there are various 

forest species of tall plants and trees intermingled with dense thickets 

of high shrubs. (See figure 2). Outstanding in these forests are species 

of Acacia, Jumiperus, Podocarpus* Porteria, Euphorbia and Ficus. At lower 

altitudes and thrs.ughout the foothills and lowland country of Southern 

Ethiopia where soils cover metamorphic and intensive rocks, the forests 

give way to an arid to selti-arid type of woody vegetation consisting of 

9 to 15 feet hi ii, short-stemmed shrubs overshadowed in many places by 

umbrella-shaped trees up to 25 feet high - the savannah woodlands of 

Acacia and thornbush. (See figure 3). Almost everyvhere these trees and 

shrubs are underlain by a carpet of short-stemmed perennial grasses inter

min gled with annual grasses and herbs. In the most arid areas, noteably 

in the lava plains west and northwest of Nega grasses are the only form 

of vegetation over many square miles of country. (See figure 4). 
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Other observations concerning plant, soil and water relatiohships 

were necessarily limited to impressions received during the flight and 

ground traverns. In the foothills east of !avello and northward to Alghe 

where rainfall is believed to exceed 30 inches per year plant growth is 

so dense that lateral visibility is reduced to 50 feet or less. At lower 

altitudes visibility is much greater, giving way to extensive tree-studded 

parks and grasslands. Throughout these areas the axes of the valleys are
 

lined by trees and shrubs and with interconnected meadows, but the evidence
 

for stream flow through them is in most places limited to dry ill-.coneeted 

depressions and to narrow and shallow nrass - covered channels. Furthermore 

tiere is little evidence to indicate that cattle find the trees and shrubs 

a palatable forage. In other -,laces certain formis of vegetation also seen 

to prefer the vicinities of spring and seepage areas. These include Ficus,
 

Euphorbia, Acacia, Salix, Lobelia and Tamarindus. It is sug.ested that 

some of these may be phreatophytes - i.e., plants which send their roots 

to the penaanent water-table and depend upon ground water for their 

nourishment. If this is so they should be studied more careful-ly_ they_ 

may indicate tae presence of hithertb untapped groundt-water resources. 

Toporaohy and .rainag e 

The area of t:his report occupies :)arts of tWo physiographic provinces 

in Ethiopia. Tese are the Southern !i hlanls, a high plateau surface 

on which altitudes are between 8,000 to 10,000 feet above ri.wan sea level 

arid to the south of this, separated by a broad be'lt of foothills, the 

Lowlands, a broad planar country brohen here and there by insclbergs, 
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isolated mountains and clusters of volcanic craters. Altitudes in the
 

Lowlands are between 3,500 and 
 5,000 feet above mean sea level. 

The :ift Valley and its associated fault block mountains, one of the
 

most continuous structural features 
on the earths crust, borders the area
 

to the west.and on 
the east the area is bounded by the southerward flowing 

River Daua Parma. On the south it is terminated in part by a steep escarp

ment along which altitudes drop abruptly over 2000 feet. 
This escarpment
 

faces southward over vast lava plains in northern Kenya, and parallels
 

the international boundary from the vicinity of Moiale westward for almost
 

80 miles before it. then swings arcuately northward and dies out midway
 

between and somewhat west of a line connecting iega and lavello. Along
 

it are fault scarps and clusters of deep cxDlosion craterso
 

A southerly trending group of disconnected liner ridges, extende
 

southward from the Southern "Lighlan-s near Alghe and merges with the north 

end of the escarpLent. These ridges form a somewhat sinuous and poorly 

defined drainage divide that separates the lowiland area into nearly equal
 

east and west parts. East of 
this divide, drainage is toward the Daua
 

Parma or, further south, and east 
of Nlega, onto a broad planar surface cover

ing almost 5000 square miles of the sout'iern lo'1lands. ?est of this divide, 

from the vicinity of Alghe southward to the western slopes of mountains 

surrounding lavello, draindge is westerly and onto the distant playa surface 

of Lake Stephanie. Lurther south and Zrom the slopes of tire escarpment, 

drainage is dissapated in a sbutherly direction onto a northward continljtri'n 

of the Xenya lava plains in Ethio!)ia. It is aloii,: and adjacent to this 

drainage divide extending from the highlands 1zear Alghe to the international 

boundary at Voile that water supplies are needed to strengthen the migratorv 
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and marketing routes for livestock from southern Sidamo Province.
 

Geology
 

The geologic map of Ethiopia, scale 1/2,000,000 shows that
 

basaltic rocks of Tertiary age underlie the .highlands in the northern part
 

of Sidamo Province whereas intrusive and metamorphic rocks of Precambrian 

age underlie most of the southern part of the Province. The metamorphic
 

rocks include all gradational types from those clearly of sedimentary origin 

to schists and gneisses so thoroughly altered that their origin is obscure. 

In most places t* ey are highly distrubed by isoclinal folding. Granite 

and granodionite are the most connon intrusive rock and these rocks are 

massive and unbroken. Pegmatt.tes are common in basettent comDlex rocks
 

west of lavello and probably elsewhere as well. In the southwestern part 

of the area the ?recambrian rocks are overlain extensively by cryetalirk,.
 

basalts of the Trap Series of Tertiary age; in the south central part they 

lacustrine 
are overlain by/deposits of Quaternary age. All the consolidated rocks 

are mantled by deposits of recent alluvium including the sands of stream 

channels, clays and clay-rich soils of the hillsides and the valleys and 

coarse deposits of poorly sorted sand and gravel alonz, the base. of steep 

escarpments. 

The consolidated rocks are also exposed in the walls of explosion 

crateriabout 8 miles northeast of U'ega and at other localities west and 

northwest of Nlega. El Sod. about 10 -Ailes northeast of Mega is about 

one mile in diameter and 1,000 feet deep. (See figure 5). The near

vertical. walls o) this crater are comosed of meta,.ior.hic rocks of the 

Precambrian coIlex and its rim is supported by nearly horizontal beds 
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of basalt some 200 to 300 feet thick. Megado, about 22 miles southwest
 

of tIeZa at the base of the escarpment ap-)ears from the air to be somewhat 

larger and deeper than El Sod. Its inner walls are believed to be composed
 

of rocks of the Precambrian complex overlain by several hundred feet of
 

basalt. G. Gori, a crater about 52 miles west of 'Nega and well within 

the lava fields has walls about 600 feet high and they are believed to be 

composed entirely of basalt. Tuffaceous and other fragmental detritus ejected.
 

from these explosive craters may well comprise most of the rocks shown as 

lacustrine deposits of Quaternary age on the geologic map of Ethiopia.
 

The most striking structural feature in the area is the escarpment
 

paralleling the Ethiopian boundary and bordering, the southern part of tLh2 

area. The southern face of this escarpment is a complex zone of southward 

dipping normal faults along which total vertical movement is probably 2000 

feet or more. In other parts of the lowllands area in southern Sidamo 

Province faulting is not obvious and is believed of little importance in 

contollin the movement of either underground or surface water. 

GROUND 7!ATE-: DEV;;LOP, ;1ENTS 

In general, ground water occurs -nder cond.itions where recharge is 

available from precipatation or stream flow., aid where soils and rocks 

are sufficiently peritieable to absorb this moisture and to transport it 

to the zone of saturation. '1owever, much o! the water which seeps under

ground is intercepted by the water rcquirewments of plants and capillarity 

-and is returned to the atmosphere by plant transpiration or by evaporaf i

before it reaches )ermanent bodies of ground uater. In southern Sidamo 

Province ground water is believed to occur in thetulfaccous lacustrine 
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sediments widely distributed east and southeast of tega; in and along
 

zones of fractured rock associated with the faults along the steep escarp

ment along the internati.onal boundary; in stram alluvium overlying the 

basaltic rocks of the lava plains west of Ilega; in beds of fractured 

Precambr an quarzite; and locally in alluvium in places alone, the valley
 

floc:s and stream ways which decend fro-m the mountainous areas surrounding 

Megat lavello and Alghe. The rocks which :robably do not contain ground
 

water, or in which it maybe too deep or difficult to reach and hence of
 

little significance, include the unbroken metamorphic and igneous rocks
 

of Precambrian age and the basaltic rocks of the trap series of Tertiary 

age that underlie extensive parts of southern Sidamo Province in the 

lowlands. With few exceptions the location of water-bearing zones and 

the amount of ground water available to wells even in the most favorable
 

areas cannot be predicted witi any degree of certainty from observations 

rade during this study. 

Developments of ground water in the area ave limited to tw,,o boreholes 

at lavallo, one borehole at ega and to ingeneous dug wells found in a 

nu-iber of places throughout southern Sidarno -'rovince. The boreholes at 

Nega and lavelloc,,ere completed in 196h by the Imperial N'inistry of Water 

Resources. They are all less than 400 feet deep, cased with 6.-inch A.P.I. 

casing, and fitted with swall motor driven pumps. Each borehole and its 

installations are protected by locked shelters from which discharge pipes 

extend to nearby elevated storage tanks and fr.m theuce to s:)ring.-faucts 

where water is drawn for livestock or domestic use. At the time of our 

visit tb. borehole at i'aga was in operation but the boreholes at lav-lo 

%ere not being used due to mechanical troubles uith the pumps. All of 
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these boreholes are believed to draw water from zones of saturated alluvium 

and through slot-perferated casing. The development tests performed shortly 

after they were drilled indicate they have specific capacities (yield in
 

gallons per minute per foot of drawaoxni) of about 2.5. 

Dug wells, the most commion source of underground water in the area 

are the result of centuries of use and devclopJent.by nomadic tribesmen.
 

(See figure 6). Most of these are in the broad plainar area east of iNega 

where ground water occurs intuffaceous lacustrine sediments. However, one 

well against the side of a small ravine and about 30 miles west of lavello
 

is excavated some 60 feet deep along a sheer zone in metamorphic rock and
 

other were found in alluvium along a dry sandy stream bed in the lava plain 

about 75 miles northwest of il.iega. These wells are all great distances from 

the most reliable source of water - the river Pua Parma. (See figure 7). 

The wells east of Nega invariably occur in clusters covering several
 

acres, lowTever not all wells in a cluster are useful. Some are in good
 

repair and s',ow evidence of recent -.so other are rubble-filled depressions 

long since abandoned. The wells in use are generally surrounded by brush 

barriers and emterddthrough a small holding corral. From the corral, 

cattle are led down a narrow inclined trench to a .atering sta,-e so,'.e 20 

to 25 feet below the general land surface. The t;ell shaft, usually 6 or 

8 feet in diameter and nearly vcrtical is nee)arated froi.: the watering stagre 

by mud-walled troughs and a low barrier of cribbed rock. Depth to water 

in many of these walls is 60 to 30 feet below the subsurface entrance and 

80 to 90 feet below the surrounding land surEace. To provide access to 

the water each well shaft is equip'ed with a numb ,r of crude log platforms 

or "stages", depending upon its depth, that are connected by ladders of 

http:devclopJent.by
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precariously wedged tree limbs. "'hen watering cattle herdsmen descend
 

into the shaft in sufficient numbers so that water in leather buckets can
 

be conveniently passed from hand to hand upwards to the watering stage;
 

as a full bucket goes up an emipty comes doun. The. process is as efficient
 

and productive as the agility and energy of the individual can make it.
 

Indoubtedly an occassional bucket of water or even footing is lost in this 

rather dangerous enterprise. The results howver, are satisfactory. It
 

is reported that some 20 to 30 gallors per minute are hoisted upwards in
 

this fashion and that the work goes on sufficiently to water at least a
 

thousand cattle per day at each well. (See figures 8 to 14 inclusive).
 

It seems inconceivable that these wells are the result of a single
 

bold enterprise to obtain water. All of those examined by us occur in
 

settings w-here, under normal condition) one might expect water to have 

been at some time in the past, either at or very near the land surface.
 

Those east of ,v.ega are located along the axes of very broad, low-gradient 

valleys leading from the mountainous areas surrounding Mega. In many places
 

these valleys give the appearance of having once been areas oZ grassland
 

and playas underlain by shallow grond .water. It is interesting also that
 

amongst the various abandoned wells in each cluster there are those that
 

give the appearance of having once been simply open shallow depressions 

whereas others lack the entrance .way so typical of the present-day deep 

structures. The evidence is inconclusive but in effect it would appear 

have as though the nomadic herdsmen are no: and/over a long period of time 

e,:: been mining water and gradually deepending the well-shafts in persuit 

of a diminishing ground water reservoir. 
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Other direct sources of ground water ace the springs which occur in
 

the mountainous areas and the small lakes in the floors of the extinct
 

explosion craters. Three springs were visited during the investigation 

two near lavello and one about a mile south of Nega.
 

The spring near Mega discharges from a thick, fractured bed of quartzite 

into a boulder strewn and tree-litned ravine. The bed of quartzite dips 

gently southward from the hills surrounding i-.ga and it probably receives 

recharge from precipitation which falls in these mountains. At the upper 

most source, water discharges directly from the quartwite but the yield 

at this place is less than qow'gallon per minute. Downstream cattle are 

watered at open pools in alluvium and also, in one localityp from a 25-30 

foot deep well. (See figures 13 and 14). Reportedly a thousand or more 

cattle are watered here each day and if so, the discharge from the quartzite 

must be at least 20 gallons per-minute. 

At lave"llo one of the springs discharges into a small open reservoir 

dug in alluvium. The floor of this reservoir is 10 to 15 feet above the
 

roadway in a nearby canyon and it seeitis likely that water could ba fed by 

gravity from the reservoir to nearby waterin; sites. There is no observable 

discharge from the reservoir. The second spring at lavello is on a south 

facing hillside at the head of a large canyon about one and one-half miles 

northeast of to-:n. This spring discharges from a nearly horizontal bed 

of fractured quart:ite into a well-constructed spring box. This spring 

was improved at the expense of considerable labor by Italian forces who once 

occupied lavello but the entire installation including the spring box, 

discharge pipe, a 9-foot by 12-foot by 6-foot concrete cistern and two 

40-foot long concrete watering troughs has been neglected since their 



- 20

departure and are no longer serviceable. It yields a small supply of dom

estic water to nearly villagers and it is also used for watering livestock. 

Water in the explosion craters is limited to shallow lakes and small 

springs in the flo,,rs of the craters. In Most places these lakes are saline 

and they are used as a source of salt. The small seeps and springs around 

the periphery of the lakes may be less saline than waterin the lakes but 

they are at best a meager source of water. In most places the water in
 

the explosion craters is believed to be unfit for livestock or human con

sumption. These craters indicate that the regional water table in their
 

vicinity is far below the land surface aid the hundreds of feet of meta

morphic rock exposed in their walls are devofd of ground water. 

SURFACE t ATER DEVELOPmENTS 

The behavior and amounts of surface water run-off from any area
 

depends in large meas.ure upon the frequency and duration of precipitation,
 

upon the absortent properties of soils and rocks, the water requirements
 

of vegetation, and the slope and drainage areas involved. The retention
 

and storage of run-off in reservoirs and hence their usefulness as wiatering 

sites defoends upon how imll the site is selected to avoid those elements 

which consume or retard run off. Ideally each site should be selected by 

one intimately familiar with run off characteristics of the drainage basin 

above the site and with the water retention properties of the site selected 

for a reservoir.
 

The only perennial stream,s in the ar(a a:e the river Dana Parna and 

a few unnamed strea::,s along the southern scarpmient. Sup'lies of surface 

water for livestock in most of southern Sidamo Province must therefore 



come from run-off that originats only during the rainy season and tat 

probably continous for only a short period of time.
 

Reservoirs have becn constructed throughout southern Sidamu Province
 

as watering sites for livestock. In most places they have been built and
 

are =b[ntained through hand labor by the nomadic tribesmen (figure 15)
 

but a fev of more recent origin (figures 16 and 17).have been constructed
 

with earth moving equipment by the Tmperial M1inistry of clater Resources.
 

The capacity of the hand constructed reservoirs is in most places consider

ably less than one acre foot of water; the larger reservoirs are built to
 

hold approximately 50 acre feet. In general the small reservoirs are located 

on or below rocky hillsides where rates of run-off are high and where the 

underlying materials insure agains water losses by seepage such as the
 

granitic rocks of the basement complex. (see figures 18 and 19)X In 

some places old corrals have been selected for reservoir sites probably 

because at these places the movements of livestock have created a more or 

less inperrnmable floor to prevent 14sc. by seepage. In other places natural 

basins in crystalline rock are usedas watering sites. !ost of these small
 

reservoirs probably contain sufficient water to provide for only a few 

weeks.use during the dry season. At least 30 of them were seen during 

our inspetion of the area and the greater number were located in foothills 

surrounding iUega and lavello. The "small rains" had just commenced in 

this area and r.iany also contained uater ani were being used by livestock. 

Four large machine constructed reservoirs were located during the 

air reconnaissance of southern Sidamo Province. One is on the eastern 

foot'lills of the mountain surrounding 'e-a, another is in the extreme south

east part of the area and about 33 miles northeast of Moinle, a third is
 



on foothills about 38 miles southeast of lavello and the fourth is about
 

one mile doim stream from the mountainous entrance leading to the valley
 

occupied by lavello. Each of these reservoirs are of the same design
 

and of ap-)roximately the same size. They are all rectilinear excavations 

measuring approximately 450 feet by 450 feet by 12 feet deep, and each is
 

borderd on the down stream and lateral sides by an earth embankment about 

15 feet high. Reportedly these reservoirs had been completed some two
 

or three years prior.to our field inspection. Out of these four install

ations only one contained uiater (Figures 16 and 17) and the amount in
 

storage was but a small fraction of th2 available reservoir capacity. The
 

absence of watvr-marks along the base of the small ditch leading to the 

reservoir suggested that only small quantities of surface run-off had reached 

the reservoir since its construction. Livestock in the immediate vicinity 

numbered no more than a few dozen animals and the general lack of footprints 

in the reservoir indicate that it is not being heavily used by livestock, 

CONCLUSIONS AND RECOLD'ENDATIONS 

Conclusions and recomrendations resulting from this investigation are
 

summarized on Plate 1. This map illustrates areas favorable, semi-favorable
 

and unfavorable to the development of water sup.lies in southern Sidamo 

Province, Two classifications are shoun, one of which emphasises areas
 

for the develoirient of underground water and a second which emphasises 

areas for the development of surface %t.-r. The map provides a general 

assessment of large areas and with cxcc-ption of a few sites for explanatory 

boreholes does not illustrate specific locations for new or improved in

stallations. tjore detailed geologic aud hydrologic guidance in the select

ion of specific sites is recoitmaended. 

http:prior.to
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The large areas classified as unfavorable to the development of water
 

are those in tihich it will be difficult and costly to drill boreholes;
 

they probably have insufficient rainfall and topography'to meet requirements
 

for all but the most ephemeral of stock ponds; and they are underlain by
 

rocks in which the occurrence of ground water is difficult to assess.
 

Rocks underlying these areas are basaltic lavas of te Trap Series of Tertiary
 

age and inetamorphic and igneous rocks of Precambrian age. No knoi-m springs
 

or seeps discharge from these rocks except in the bottoms of the deep ex

plosion craters and the discharge from these places is meager and in must
 

places checically unsuitable for livestock. In most places alluvium
 

covering these roc's is thin and is not water-bearing.
 

The areas classified as semi-favorable to boreholes and stock: ionds
 

are those in which guound water occurs in deposits of sand and grave, under-


In these places
 
lying the beds and flood plains of ephermera streams./reservoirs will
 

receive surface water largely as the resit of occassional flash floods.
 

In many places efforts to recover water will compete .ith the transpiration
 

requirements of vegetation including thorn bush and acacia, with fluctuating
 

water tables, and with restricted ground water reservoirs. The construction
 

of boreholes and reservoirs ini these areas should not be difficult but
 

sites should be selected to obtain the maximum thickness of saturated
 

alluvium and to avoid the distructive influence of floods.
 

Areau classified as favorable to boreholes only are underlain by
 

stratified deposits of volcanic ash and by deposits of permeable sanid and 

gravel. Recharge to these deposits origina.Les from precipitation falling 

largely in the mountainous areas and it reaches the stratified deposits 

by the infiltration of stream run off. Discharge of this water is by
 



- 24 

evaporation and plant transpiration and by hand methods employed at wells
 

to satisfy the requirments of livestock. In westareas of lavello and
 

northwest 
 of iega ground water moves laterally towards large playas where 

it is lost by evaporation or towards areas where it is consumed by non

beneficial vegetation. The interception of this xcater by boreholes is
 

believed feasable in many places. 
In areas east' of ega ground water
 

either moves very slowly in lateral directions or not at all. 
 It is con

tained in broad shallow reservoirs forned by the filling of topographic
 

depressions on a surface of Precambrian rock with deposits of volcanic ash.
 

The thickness of these deposits is not known but their water-bearing
 

properties taay be related to the distribution of the explosion craters,
 

Ground water in these sediments occurs in joints and fractures and in places
 

it may also occur in stratified deposits of sand and silt. 
 Discharge of
 

this water locally from depths exceeding 80 feet, is from hand dug wells 

clustered within at least six widely separated well sites. Yield of the 

wells by hand methods is sufficient at times to satisfy the requiredwater 

by several thousand cattle cr day. The producing wells are surrounded 

by abandoned wells stagesin various of development. It is suggested that 

the discharge from the ground water reservoir maybe exceeding the natiural 

recharge and if this is the case then increased production from boreholes 

may jeopardize the usefulness of the existing Water sup)ly. It is recom

mended that two test boreholes in the vicinity of a cluster of dug Tieils 

be constructed for observations oZ the uater table. No more than three 

or four test boreholes should be drilled in these aquifers until inform

ation is obtained concerninj their safe yield. 
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The areas classified as semi-favorable to stock ponds only are 
those
 
in which the evidence for run-off, i.e., 
dry stream beds, 
is nagligible.
 
These areas cover foothills there upland surfaces support extensive parks 
and the valley floors are lined by thickets of shrubs and trees. The under
lying rocks are dense unfractured g aitic and metamorphic types arid the 
alluvium mantliii, them, largely clay and silty clay, is probaoly no where 
sufficiently thick nor permeable L, 
ruvide reliable year-around supplies
 
of ground !Yater. 
The water suip ly to reservoirs i:ill probably compete
heavily with the /ater required by evaporation and vegetation (transpir

ation).
 

Areas classi2ied 
as favorable 
to stoc! ponds only are in the foothills

surroundin, mountainous areas w'lere rainfall and run-ofE are believed suf
ficient to sup ort both perennial and intertnitteuit reservoirs of surface
 
water, and Vi'ere the rocks are 
igneous and Imetamorphic types and hence
 
generally unfavorable to the construction of productive boreholes. 
In
 
some places the rocks crop out over 
large areas but generally they are
 
covered by alluvial deposits of silty clay, silt, and fine-graified 
sand.
 
The thichness of the alluvium ranges from a featheredge on 
hillsides to
 
probably several 
tens of feet in the valley floors. Locally these de-
posits of alluvium may be sufficiently thick and permeable and water-.bearing 
to yield water to dug wells and boreholes. 
 Sandy strean beds traverse
 
the valley floors in many -places. Both the hillsides and valleys are 
covered by moderately dense to dense oodlandr; ard therefore vith the 
exception of areas in 1Thich the roc!:s are exposed the w,ater sup !y to 
reservoirs -ill "robably compete iLeavily uith the -,ater required by
poration 

eva
and vegetation (transpir.tion). The eliiination of certain types 
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of non-beneficial vegetation from drainage basins will therefore probably
 

be requiced before the amount of water obtainad by reservoirs is sucficiant 

to support year-around requireents of livestock. In some places the veg

etation is particularly vigorous and these places may reflect areas favorabla 

to the developcnt of small perennial springs. 

Ateas classified as favorable to stock oonds and springs are mountainous 

regions where the rocks croo out over large areas and ::here rainfall and 

run off are believed sufficient to sup ort both perennial and intermittent 

reservoirs of surface water. In these areas the rocks are also sufficiently
 

fractured so that in many )laces they store underground water; where their 

structure is favorable, the give rise to springs. The likely high inci.dence
 

of rainfall and the likely reoccurrence of thunderstorms in these areas
 

may also give rise to occassional heavy run-off or flash floods. Reservoirs 

should be constr'cted with these catastrophic events in mind. The springs 

in these mountainous areas nearly everywhere occur in the headwaters of 

canyons floored by permeable deposits of sand and gravel and overgro.m 

with water-loving vegetation. In these .,laces the water now available 

to livestock is probably only a part of the total amount of !iater discharged
 

from the rocks and methods can Ne employed to increase and to localize 

this water supply. This work sho,..ld not be '..'ertaken without geologic 

and engineering g.:idance sufficient to obtain data on the physical pro

perties oE the ater-bearing rocks and their geoloic structure and the 

deqign and cost of ap-,ropiate containing and distributing structures. 
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Areas of pre-existing water sup-Aies are in the hig-hlands north of
 

Alghe and in areas peripheral to the River Daua Parma and its major tri

butories. The occurrence and distribution, of "yater in these areas should
 

be a&:quate both 
 in quality and quantity to meet, needs for livestock with
or attention.
out special installations/ 'lowever, these areas -should be carefully in

vestigated to determine the distribution of sprints and their mode of
 

occurrance and rates of discharge,and to determine the distribution and
 

quantities of surface water supplies.
 

ELEHEITS 7.J PROPOSED PROTIM OF !NV I'STIOATION
 

Element 
 Needed Special Equipment Purpose
 

Drillin;. of exploratory Rotary rig (available in 
 Search geologically

and test boreholes. EthioDia.) 
 favorable areas for

(6-8) 
 underground water.
 

Determine water-bearing Electric logger. 
 Accurate delineation of

properties of sediments (available in 
 aquifers and confining

penetrated by boreholes. Ethiopia.) 
 layers and improved 

correlation of strata, 
plus selection of zones 
most suita',le for 
development. 

Cont nuing record of 
 Automatic water-level Identification of factors

water-level fluctuations recorder (Stevens 
 affectin- water-levels,

(to start as soon as pos- A-35) such as use of water from
sible) 
 nearby wells, and period

icity and amount of
 
recharge.
 

Measurement of depth Steel Tapes 
 Same as above.
 
to water in iells. (100 foot, 300 foot
 

& 100 meters)
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--oeter and Determine variation inDetermination of con.- Conductivity 
ductivity of water and Ilach field kit. geochemistry of water 

other chemical proper- geolo;ically and in 

ties such as PHl, total depth. 
iron) nitrate, fl~oride 
and alkalimity.
 

Measurement of water 2-inch flowmeters 	 Determine amount of water 

discharge 	 required by livestock and 
hence efficiency of wind
mills as a source of snp-ply. 

Measurement of water Thermometers Deteriaine source of water 

temperatures 200 to 2120 F 
00 to 1060 C
 

current Determine stage and/orMeasurement of stream Price pyg6my 
flow meter and vading rod. discharge of surface 

water.
 

Geolo-ical and hydro- Air photora!i'.'s scale Determine geological 

logic mapping 1/50,000 overlap'ing and hydrological boundary 

plus controlled mozaics. properties of rocks and 
overburden, calculate 
drainage areas and run
off. 

Geological mapping Brunton compass 	 Determtine inclination of 

strata; their structure 
and position in the sub
surface.
 

Geological mapping 	 Hand lens and geologist Determine mineralogic and 
ham.ier. physical propeorties of 

rocks and-I their differences. 

Compilation of data "Stripped" 30 foot trail- Keep field observation 
working office. er with chairs & draft- and other records up-to

ing stool .and tables. date, prepare maws and 
relorts. 

Communication 	 2-way short-wave ftequests for assistance, 
radio. spare parts, etc.,

advise on progress. 

Records Filing cabinet vi th 	 Categorize data, pre

lock (in trailer) 	 serve records and other 
valuables.
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Compilation Drafting table and Deterine spatial relation 
accessories (in trailer) of rochs, u:ater-bearing 

zones, 

do Office desk (in 
trailer) 

Describl± geology, hydrology 
recommend drill sites, 
stockppond sites, plan 
spring imn)roveuients, etc. 

Interpretive report. Explain the basic geology 

and hydrology of the re-ion; 
provide guidelines for 
developm~ent of stock ponds 
and springs and additional 
wells as an aid in plan
ning long range optimurn 
use of all water resources. 

WORKING AND LIVING CONDITIONS 

During the field season the andgeologic hydrologic investigations 

team ,,ill logically be jasedat lavello. 
The nearest USAID office is 
at
 

Addis Ababa, capital of Ethiopia and 300 miles north of lavello. lavello
 

has an African popglation of about 2000 people and small group of "ex

patriate" missionaries probably num'aernn§ more than 2 or.3,familiop. The 

towr is the center for administration affairs for sout'crn Sida,,uo Province 

and hence the governor and the heads of military and police affairs also 

reside here. Aharic is the universal language; English and Italian are 

spoken but not by sufficient nuu.bers of people to avoid the necessity for an 

interpreter or better yet, learning to speak Anmharic. Foreigners are 

treated with utmost kindness arid courtesy and this makes up in large 

measure for the lack of modern facilities and conveniences that are 

expecLed as a matter of course by most Arericans. Conveniences such as stores, 

Aovies, banks, barber shtops and thu li::e are not equivalent to Ai:erican 

standards or else not available. ,'ater must ue hauled from the nearby 

spring and boiled and filtered, laundary is done by hand, and cooking and
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lights are obtained via coleman or butane. All provisions must be well
 

stocked before leaving Addis Ababa and in a manner befitting one who is
 

going into the field. During our brief stay in lavello and elsewhere we
 

lived in tents, and employed the assistance of a cook and driver-mechanic,
 

both of whom could speak some English. During the dry season of the year 

a bus reaches lavello aoout once a week from towns it the north and trucks 

loaded with supplies arrive almost daily; during the wet season transport of 

any kind is quite unpredictable. Expatriate families with children do not 

live here but the adventuresome wife will find it a hospitable and interesting
 

setting for occassional visits.
 

orking in the field will require a good deal of camping out,probably 

for periods of up to a week or ten day at a time, and for reasons of both 

saftey and companionship it will be necessary to team-up with an experienced 

Ethiopian geologist or hydrologist. This will also provide a fine oppor

tunity for the exchange of ideas and field mettods between American 

scientists and members of the Ethiopian govern.,ent. -jeologic mapping and 

reconnaissance hydrology will necessarily resort to photo interpretation and 

to a good deal of footwork accompanied and assisted at times by packboard, 

pack mules, burros or camels. All-.teather roads are non-existent and bush 

roads are few and far bet,,een, however, with care much of the country can 

be traveused by a stout vehicle of the po.er tagon variety. Pield men 

should bring a li ght over-under .22-shotgun, .30 calibre rifle and an effect

ive siIe arm for procuring cTap meat and for defense purposes. Thorn 

bush fences surround all native villages and compounds as protection against 

night inauraders and either this or all-nifht fires will be requi.-ed at 

most camp site-:. The area abounds in many species of antelope, -irafce, 

ostrich, and zebra as well as jackals, hyena, and several species of cat 
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including lion and leopard.1'luch has been said concerning theft and other 

bandit activities of maurading nomadic Somalis into southern Ethiopia. Most 

of this activity has been going on east of the aiver )aua Parmaand north 

of the Somali border. It has been serious, and in fact on more than one 

occassion has resulted in skirmishes between Somalies and units of the 

Ethiopian army and Isolated instances of theft and aggression have at 

times penetrated as far west as Tega and lavello. 'This activity is unpredict

able, and unfortunately, in recent years it has been directed against both
 

foreigners and natives alike. Originally USA'D proposed the livestock 

marketing scheue for t'.e area in which most of the depredations were prcvalent 

but by circumstances and discreation it iias moved westward to the more hospit

a:1e region adjoining Kenya. Indications are that this area will remain 

quiet and that with guidance from the governor and police force at lavello 

and at Mega field work can be undertaken without serious consequences) 

particularly if wor't is first emphasized in the northern part of the area.
 

As disciissed earlier these "opening" investigation will require a good
 

measure of frontier living under rugg;,ed conditions. Notwithstanding this,
 

the technicAl aspects of the work appear tc ')e extraordinarily interesting
 

and challen,ing--- as do the non-technical aspects.
 

Eto ioia is a posting for which there is considerable com-etition
 

amon-cst .A:.erican personnel assigned overseas. All !JSAID families 

attached to the above develo)nent phases of the marketing program will 

maintain permanent headquar:.ers in the capital city of Addis Ababa; they 

will join a close-knit Amercan commqunity that throughout the years has imain

tained a good deail of Rspirit de corps awe'onget its members. This is re

flected in the excellent Post Report (1)65) prepared for Addis Ababa.
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PROJECT REQUIaN1ENTS 

Personnel
 

The overall requirements in personnel for the opening of
 

remote country both at homie and abroad have been reiterated so frequently 

that they have become almost a part of the educational curricula for U.S. 

geoloists, enineers, and hydrologLists alike. Above all individuals 

selected for this assignment must exercise ,ood judgement; have a healthy 

constitution, the desire to work eight days a week and the ability to 

"cope" in a part of Ethiopia for which communications and suplies are 

practically non-existent. 

The reconnaissance investigation carried out in the area indicates that 

the chief handicaps to effective tiork will be great distances, a dirth of 

roads and an all to prevel&nt lack of communication, supply and repair 

facilities. Ato Gebrehit,,et Zere who accom-anied us on our trip is a good 

exampe of the type who should be recruited for this job. Although not a 

geolo,'ist he has the right attributes for being a good one. He is young 

(28) and eager to learn. Ile has entered the area with confidence, travelled 

alone via all means of conveyance, purchased cattle from nomadic tribesmen
 

and in general most resourcefully set the stage for the livestock marketing 

program frota this remote area. 

Recommendations as to technical. personnel are as follows: 

Chief of Party: Mature hydroloist vith stfficient trainin in qualitative 

and quantitative methods so that he can go out-way out on his own and do 

a good job; perferably over 40 and probably in a present grade of GS 13. 

He should have considerable experience in dealing with related geologic 

and hydrologic (including underground water) projects.
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Field --ydroloist and ."eologist:
 

These tuo men should be of equal grade probably 3S 11 or 12
 

preferably unmarried, or 	iC married accustomed to periods of separation
 

from home and family, and -rith exPrience in quantitative and q'ialitative 

field metiods em.doyed in geoloy and hydrology. There are oportunities to
 

develope excellent material for masters or doctoi-s theses on the project.
 

It is expect.d that the 	 !Iperial 'overnrient of Ethiooia will assign at 

least one geoloist of the calibre of Ato 1.abrehiwet to work with 
the
 

This would provide
technical staff and be based in the same field station. 


exchan*e, one side contributing U.S.excellent op:ort-.nities 	 for cultural 

the other a hnowledge of the local conditions andtechnilues and methods, 

problems. There is also a prospect that the project staff ,.ill include an
 

Such addition to the staEw'- 'ould be weleorled, in
Ethiopian 4ydrolo.:ist. 


order to develope competent technicains for carrying on when the project 

is completed.
 

Other major questions ontside the field of hydrology but related to it 

economic effects of water supply developments; a subjectare the social and 

of particular interest to the Imperial linistry of Agriculture. It is
 

sources of water
realized that such studies will require visits to all 


supply and must depend in part upon data that are the concern of the
 

geologist and hydrologist. No specific proposal has been made, but someone
 

specializing in this field may be assigned to work closely iwith project
 

staff.
 

Hous ing:
 

At present there is no suitable space in lavello either for of Lice 
or
 

until spacedomicile. Realizing that te project cannot commence such 

all pressures to provide
become available it is recom;,cnded that UAID exert 
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such 	apace by a target date of January 1967. :equire.ients in the field
 
will include three 
 32-foot house trailers, one of which can 	 be fitted out with 
drafting facilities under local su)ervision, to 
serve as an office. Ancillary 

equipment shifld also include a small 10 :1P motor driven skid-mounted
 
generator 
 (2,000 watt capacity), i.ashing machine, hot water heater, an out
door trailer mounted with a ater 

preZab type shower and two-wheel 
tank of
 

about 200 
 gallons capacity. Carip construction crews should bear in mind that 
trailers should be grouped at a site that will provide drainage, sufficient
 
head for gravity feed 
 t- the .)lumbin system and a winimum of radio inter
ference. Provisions should also be 
 made for servents' quarters. All
 
vehicles assigned 
 to the project should be eq',ip-)ed with sturdy ball and so

cket 	 trailer hitch.
 

Communication 
 with Addis Ababa muist be effecient. It is recommended that 
short-wave radio receiver and transmitter in addition to and compatable with
 
equipment already ordered for the
use 	 by livestock marketing programi be obt 
obtained for the work. 
A mobile unit 	 is not required. 

Two power systems will be required, one electric for lights, radio 
and 	all electric-drivwzn motors and a second propane, for running a hot water
 

heater, stoves, and 
a compact deep freeze.
 

Equi pent: 

Following is a 	 tentative list of equipt.ent that will be needed. The 
"approximaLe costs" include many guesses, without benefit of catalos, and 

may 	be highly inaccurate.
 

Items from U.S. Manufacturer Gussed Cost 0
 
2 	 'later-level recorders, continuous, t,.'u 	 A-35 1,tevens 1,000
2 	 later-meters, Sparling type 2 -inch 400 
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Conductivity meter battery operated 300 

2 "'Qck chemical kits for nitrate, iron, pH. Alkalinity, etc. 100 

1 Leroy draftin, set 50 

1 Proportional divider, 12-inch 25 

Iset Ships curves, trianoleo, drafting pens and pencils 20 

1 Plannvm'ter, K(& E type 70 

1 Drafting or drawingr set 50 

lset Air photos, contact prints 2,000 

lset Print laydo .ms, 1/125,000M 

I Generator (2,000 ,att capacity.) 400 

1 10 IP motor unit in combination with above 200 

1 -Vagone.--r Jeep Station 'Jagon 2,500 

2 Dodge porier wogons, op)en bed,canvas cover or equivalent 6,000 

1 Two-wheel trailer with springs and 200 gal. capacity tar& 800 

3 iouse trailers 2-wheel 32 foot, gas range -

zas hot vater heater and s'all refregeritor in two; 
one bare of installations to be equip ed with office 
furniture. 6,000 

1 Small centrifugal pump and gasoline drive unit 250 

1 Drafting table - 4 legs, upright, tilt top plus drawer 80 

1 Desk or metal table, plastic top 40 

1 Drafting stool 15 

2 Office chairs 40 

1 4-drawer locking, metal filing cabinet -

2 Dazor lartups flexible, %ith desk attachment 30 

2 Steel tapes 300 foot, gun-metal blue g-raduated feet, 
tenths and hundredths 120 

2 Steel tapes 100 meter, gun-metal blue 120 

2 Steel tapes 100 foot, -:un-metal blue graduated 40 

feet, tenths and hundredths 

2 Steel tapes 30 meter blue 40 

2 geologist's picks 5 

2 !-Land lenses (12 x and 14 x) 30 

1 Brunton compass 40 

1 Price current meter, calibrated with wading rods and 
phones 150 
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2 Stop watches 40 

Camping equipment including 2 light eight Safarittype tents 
with mosquito net lining, 2 light-veight "woods" 
slee,)ing baga; 2 light weight canvas flies with 
rom:ae tts 300 

2 Trapper Nelson type pack boards with canvas bags 35 
2 Cots, army type, folding 30 
2 Air mattresses 30 
2 Stoves, coleman 3-burner 30 

4 Lamps, coleinen, single mantle 24 
2 Cooking kits, nest, 4.-ran 8 

$21,232
 

For beginning phases of the overall pruject and for use 
in this
 

proposed project 1,000 individual photographs, scale 1/50,000
 

should be provided to cover the li-degree quadrangles in Ethiopia.
 

(1) 3000? N to 4o0O'".J Latitude; 38000' E to 39cOO. E Longitude 
(2) 4d00' N to 5000' N " ;; " " 

(3) 5000? N to 6000 ' N I H of I 

Each 1-degree quadrangle should be illustrated by print-laydowns
 

Scale 1/125,000.
 



APPENDIX
 

The long-range Regional Livestock Development program for Southern
 

Etniopia including development of the water-supply has been agreed to by
 

the Ethiopian government. A part of this program calls for contract docu

ments covecing%the drilling of exploratory and test boreholes in the 

development area, and initiation of this work as soon as possible. Plate
 

1 illustratL- six sites chosen tor exploratory boreholes in areas w;here they
 

should have a reasonable chance of encountering' sufficient water for 

livestock. Three of these sites are south of Zlegat in the central part of 

a broad valley leading southward from the hills surrounding Mega; two are 

northwest of 1,ega along the axis of a similar valley and one is in a low

:.lying area about one mile northeast of the air strip at elega. The sites
 

can be reached by road with an interval of cross-country driving.
 

Tle three borehole sites south of Mega are believed to be underlain 

by tuffaceous sediments covered with a thin veneer of alluvial sand and clay.
 

These tuffaceous sediments probably rest uncomfirmably upon the igneous and
 

metamorphic rocks that crop out in the hills of Mega. A borehole at the
 

site nearest the hills of Me-a may encounter only a thin sequence of 

tuffaceous sediment, or it may penetrate from alluvium directly into meta

morphic rocks. It is the least likely to encounter water-bearin,- rocks of 

the three sites south of iega. Boreholes at the two southern most sites 

should encounter water in fuffaceous sediment at between 80 and 120 feet 

below land surface datum. 

The two borehole sites northwest of believed to be underlainvega are 

by poorly stratified alluvial deposits of sandy silt. These deposits may 

in turn rest upon volcanic or upon rietamorpyic rocks. Very little can be 

safely predicted concerning the depth to water, .the nature of the water 

bearing sddiments, or the yi..ld of boreholeos at these two sites, but the 

prevalence of green vegetation along the axis of the. valley suggests that 

ground water may be present at shallot' depth bclow the land surface in 

alluvium.
 

The borehole site about one mile nort'ieast of the Mega air strip is 

believed to be underlain by volcanic roc:ks that have originated from nearby 

explosion craters. The thickness or the physical properties of these de:osites 

is not kno m. They are bel eved to rest unconformably upon oeta.rorp!lic rochs. 

Grouna water may be encountered in the lower ;art of the volcanic sequence 

directly above the metamorphic ueqilence of rocks. 
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At none of the proposed borhole sites 
should drilling attempt to 
go beyond depths at which retamprphic or igneous r )cks of the basement 
complex are first encountered. 

Provision in a contract covering drilling ac Lvities at these sites
 
should incl..de the following: 

1. 	Representatia samples of all strata penetrated at each borehole
 
shall be collected at 10-foot 
 vertical intervals ald at any interval
 
in depth at which water-bearing rocks are 	first encountered or 
where drilling rates or other conditions indicate a change in the
 
physical properties of the strata. 
These samples should be logged
 
by a qualified geologist and the cuttings, in apgropriate wooden
 
containers, and the logs, turned over to representatives of USAID.
 

2. Electric logs includirng a resistivity and self-potential log shall
 
be provided by the contractor and become a part of the documentation
 

of each borehole. 
3. Boreholes shall be of sufficient diameter to accomodate 6-inch I.D. 

A.P.I. casing. Casing shall be 
installed throughout the depth of
 
the borehole and slotted sufficiently to allow optimum conditions 
for entry of water and elimination of detrit'is from tialls of the 
borehole. 

4. Each borehole shall be developed over a sufficient period of time
 
to insure the removal ofctril]in- ,iud from ,later-bearing strata and 
other fine-grained sediment tat mig<ht, durin, its subsequent unoe, 
impare its efficiency or cause da,iaoe to installations. 

5. 	 Casin,- shall be recovered at abandoned boreholes and the cost of 
the casing less the cost of its installation and recovery shall 
be reimbursable to the U.S. Governcent at prices and rates 

stipulated by the contract. 
6. 	Each borehole initiated oy the contractor must be originated by 

a work order from a U.S. rejreserntative in-charge documenting the 
design and objectives oE the borehole and its esti-mated cost. 



7. Each borehole completed by the contractor must be terminated by
 

a certificate of 4ork Satisfactorily Completed documenting the
 

various rates, costs and itens perfori.,ed by the contractor, this
 

document being the statement upon which pa %ient to the contractor 

shall be based.
 

Ot:.er pertinent data are included in an edited sam')le contract 

entitled Chad 3asin, Water Supply investications (Jell Drillind).. 

Attached I copy only.
 

Items for which rates and prices shall be provided by the contractor
 

include the following:
 

1. 	 Moving equipment to site area for work
 

there and removal from that site area
 
upon completion
 

EACH SITE An2A ThE SUM OF
 

2. 	 Erection of equipment at a drilling 

site, dismantling upon completion 

EACI 	 SITE T-IE SJM OF 

3.(a) 	Drillin, from surface to full depth 
drilled, at such diameter as is 
necessary for comuletion of a well 
at 6" i.d. 

AT PER FOOT
 

(b) 	Drilling at such dieieter as is
 
necessary for the lining of a well
 

at 6" i.4. AT PER FOOT
 

4. Supplying and installing 6" 
API Line Pipe as well lining 

AT PE FOOT 

5.(a) 	Cleaning out and dcveloL-ing of 
6" i.d. well 

TRE 	SUM OF
 

(b) 	Provide Wd install airlift equip
ment in 6" i.d. ;ell and 
compressor also, re:iove upon 

completion of testing 	 T1"E SUM OF
 

(c) 	Operate compressor for Ptrlift 
pumping AT PER IlOUR 
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Fig. /'l 	 Three-year old sfock pond, base of hills 4-1 miles northeast 
of ega, Sidano rovince, Southern nthiopia. View to east. 
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