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CHlAPTER I CHAPITRE 
INTRODUCTION 

ARRIERE-PLANBACKGROUND 

This project is the culiination of a series of careful and 	 Ce projet est I'aboutissementd'une suite d'dtudes entreprises 
systematic steps taken since 1962 by the Government of 	 systdmatiquement et avec soin depuis 1962 par le Gouverne-
Senegal to develop its groundwaterresources with assistance 	 ment du Senegal pour developper ses ressources en eaux 
from the United States Agency for InternationalDevelopment. 	 souterraines avec V'assistance de I'Agence des Etats-Unis 

d'A mriquepourle D~i'eloppementInternational. 

In 1962 the Minister oi" Public Works of the En 1962, le Ministre des Travaux Publics du 

Government of Senegal. submitted to US/AID Senegal a Gouvernement dI S6n6gal soumit "iI'US/AID S6ndgal. un 

document entitled "Program de Recherches Ilydro- document d:t6 de Mai 1962 intituld 'Programme de 

geologiques de 300 Millions Propose a I' A.I.D.." dated Recherches llydrogdologiques de 300 Millions Proposd ft 

May 1962. This document requested financial assistance I'A.I.D.'. Ce document demandait tine assistance 

to undertake a program of hydrogeologic research and was financire pour entreprendre on programme de recherches 

based upon an earlier report prepared by the Comite hydrogdologiques ct se basait sur un rapport antdricur 

Inter-Etats d'Etudes Ilydrauliques entitled "Program dat6 de 1962 du ('omit6 Inter-Etats d'Etudes Ilydrauli

d'Etude des Ressources en Lau du Senegal". dated 1962. ques intitul6 "Programme d'Etode des Ressources en Eau 

The latter report contained a brief summary of the du S6ntgal." Ce dernier rapport contenait un bref 
sommarie sur l'tat actuel des recherches hydropresent state of hydrogeologicai research in Senegal, and a 

cost estimate for undertaking some twenty recommended gdologilues au Sdtngal et Line estimation de prix pour 

hydrogeologic research stuldiCs to be carried out through- entreprendre quclques vingt 6tudes de recherches hydro

out the country. gcolUgilueS 'ieffectuler 'i travers tout le pays. 

Eleven of these twenty studies were included in the Onze de ces vingi 6tudes dtaient proposces dans le 

proposal submitted to US/AID. Subsequently Tudor rapport solisai I'US/AID. Par la suite. la Conipagnie 

Engineering Company. under AID Task Order 71, Tudor Engineering. sois Task Order 671 de I'AID r6visa 

reviewed the studies and prepared a scope of services for a les 6tudes et prcpara on projet de services pour ine 6tude 
onreconnaissance water resources survey aimed at establish- de reconnaissance en eau visant :m6tablir programme 

ing a program for the development and conservation of pour le ddveloppement et la conservation des ressources 
ground water resources in Senegal. en eau au Sdndgal. 

The Ralph M. Parsons ('om1pany of Los Angeles was Sous contrat AID/Afr-1 16. la Cie Ralph M.Parsons 
selected to perform this reconnaissance tnd.r Contract de Los Angeles fili choisie pour effectoer cette 
AID/afr-1 16. After completing the work, Ih results were reconnaissance. A la fin des travaux, on rapport datd de 
presented to AID in a report entitled "'1lydrogeologic Novembre 1963 intituld "-lydrogeologic Reconnaissance 
Reconnaissance, Republic of Senegal", dated November. Republic of Senegal" fut presentd: celui-ci contenait les 
1963. The report recommended a dual purpose program r6sultats de cette 6tde. Le rapport recommandait on 
which combined hydrogeological research and exploratory programme :' double but combinant d'une part les 
drilling with development drilling and the training of a recherches hydrog6ologiques et les forages d'exploration 
Senegalese drilling crew. A project for undertaking most avec les forages de production et d'autre part. la fori,;i-. 
of the recommendations contained in the November 1963 tion teclhique d'une quipe de foreurs Sdnigalais. Un 
report was then awarded to Parsons. A contract projet pour la rcalisation de la majeure partie des points 
(AID/afr-468) was signed on II April 1967 in the amount recommandis dans le rapport de Novembre 1963 alors 
of $5 19,676 including the contractors fee. Subsequently ddcern6 L la Cie Parsons. Un contrat d'un montant de 
the contract was amended in August 1968 which raised S5 19.676 y compris les dimulments de l'entrepreneur. fut 
the basic amount to $578,971. 	 signd le 22 Avril 1967. Par la suite. le contrat fut modifi6 

en aobmt 1968. en relevant le montant de base 5 S578.971. 
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Background 

OBJECTIVES OF THE CONTRACT 

A water well drilling program can yield more than water, for it 

can also provide valuable hydrogeologicaldata and serve as a 

vehicle for traininglocal techniciansin the artof drilling. 

theThe contractual statement of work required 
project staff to develop and provide basic hydrogeological 
data for Central Senegal; to provide sanitary water 
supplies in selected areas of critical need in Central 
Senegal; and provide the Government of Senegal with a 
fully-equipped and an adequately trained well-drilling 
team. The objectives to be achieved were as follows: 

of geologic and hydrologic
I. 	 The determination 

parameters of the shallow phreatic aquifers. 

2. 	 The determination of design and construction cri-

teria for production wells. 

3. 	 The construction of munizipal, village, and livestock 

wells. 
4. 	 Provide the Government of Senegal with a trained 

the necessary drillingdrilling staff and minimum 
equipment. 

The Scope of Work 	 listed specific tasks to be 
accomplished by the Contractor and included the 
aolishd bLe 
following: 

I. 	 The preparation of specifications, the solicitation of 
bids and the purchase of a selected list of drilling, 
testing and support equipment. 

2. 	 The review of available data and the establishment 
of a program of exploratory and production well 
drilling. 

3. 	 The drilling and testing of five exploration and five 
observation wells. 

4. 	 The compilation and analysis of hydrogeologic data 
and the design of production wells. 

5. 	 The procurement of production well materials and 
equipment. 

6. 	 The construction and equipping of ten livestock or 
municipal water supply wells. 

7. 	 The construction of approximately thirty village 
water wells equipped with hand pumps or small, 
engine driven pumps. 

8. 	 Assist the Government of Senegal in selecting 
qualified driller and technical trainee applicants and 
provide the trainees with on-the-job training. 

9. 	 Rehabilitate all drilling and testing equipment upon 
completion of the drilling and training program. 

Arriere-plan 

BUTS DU CONTRA T 

Un programmede forage de puits d'eau peut produireplus que 

de 1eau car dune part, il pennet aussi d'obtenirde prdcieuses 

donnees hydrogeologiqueset d'autrepart, sert de moyen pour 

former des techniciensdans1'art de forer. 

L'expos6 contractuel des travaux demandait au 
personnel du projet de developper et d'6tablir des donn~es 
de base hydrogdologiques relatives au S6n~gal Central, de 
pourvoir 5 des syst6mes de r6serves d'eau potable dans des 
r6gions du Sn6gal Central Choisies a cause de leur 
manque critique d'eau, et de fournir au Gouvemement du 
Sdn~gal une 6quipe de foreurs totalement 6quip6e et 
convenablement form~e. Les objectifs atteindre 6taientles suivants: 

1. 	 Dterminer des paranitres gologques et 

hydrog6ologiques de. aquf6res phratiques. 

2. 	 D6terminer des crit .res de construction pour les 
forages de production. 

3. 	 Construire des forages tant municipaux que 
bestiaux. 

4. 	 Foumir au Gouvernement du Sdnegal tne 6quipe 
de foreurs form6e, et le minimum n6cessaire 
d'dquipement de forage. 

plan de travail dtablissait une liste pr6cise des 
travaux devant 6tre accomplis par l'Entrepreneur et 

comprenant: 
1. 	 La pr6paration des sp6cifications, la sollicitation des 

offres et la commande d'une liste choisie de 
matdriels de forages et d'essais. 

2. 	 La r6vision des donn6es disponibles et 
1'6tablissement d'un programme de forages de puits 
d'exploration et de production. 

3. 	 L'ex6cution et l'essai de cinq forages d'exploration 
et de cinq f6rages d'observation. 

4. 	 La compilation et 'analyse des donn6es 
hydrog~ologiques et la pr6paration des forages de 
production. 

5. 	 L'acquisition de mat6riels et d'dquipement pour les 
forages de production. 

6. 	 La construction et l'installation de dix forages de 
villages ou de forages pour le b6tail. 

7. 	 La construction d'environ trente forages de villages 

6quip6s de pompes AImain ou de pompes A petits 
moteurs. 

8. 	 Assister le Gouvemement du Sdn6gal dans le choix 
de foreurs qualifi~s et de postulants stagiaries, ainsi 
que la formation de ces stagivries,"sur le tas". 
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10. 	 Prepare and submit such reports as are required. 9. Rhabiliter A la fin des programmes de forages et 
including a final report that would contain an dintrainenient, tout Imateriel de forage et d'essais. 
evaluation of those hydrologic factors that affect 10. Preparer et pr6senter des rapports tels qui'ils sont 
tile occurrence, movement, and replenishment of demandds, avec un rapport final qui 6tudierait les 
the phraetic aquifers of the study area based on new facteurs hydrologiques qui affectent l'occurrence, le 
information acquired during the course of the mouvement et la recharge des aquifres phr~atiques 
study: an appraisal of the results of the aining de la r6gion 6tudi6e bas6 sur les nouvelles 
piograni; and recommendations for a program of informations recueillies au cours de rNtude; une 
further exploration and development of ground- appreciation des rdsultats du programme 
water in the phreatic aquifer of Central Senegal. d'entrainement et des recommendations pour un 

prochain projet d'exploration, et de d~veloppement 
des caux souterraines de 'aquifire phr~atique du 
Sendgal Central. 

,t .< o. . 

~'.... ------

Figure 2 - Fiftieth well completed in March, 1968 at Keur Mandaro/ 

Le cinquantieme puits achevi en Mars 1968 a Keur Mandaro 
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VCHAPTER II CHAPITRE 

SUMMARY / SOMMAIRE 

A ground water resources survey and development 
project was completed 28 February 1969 in an area 
encompassing 6,563.7 square miles of Central Senegal 
under contract to the United States of America Agency 
for International Levelopment for the Government of 
Senegal. 

The program conducted by The Ralph M. Parsons 
Company included hydrogeological research and explor-
atory drilling, construction of production wells, and the 
training of a Senegalese drilling staff. A tota of fifty wells 
was drilled and forty of these were completed as 
development water wells. Of this number, ten wells were 
originally drilled as test wells and five as observation wells. 

The wells varied in depth from 35 to 832 feet with a 

total footage of 6,360 feet drilled, using one Bucyrus-Erie 
cable tool drilling rig for a period of one year. Average 
depth to water was 41 feet. 

Tested pumping rates of the wells varied from 30 to 

720 gallons per minute. Specific capacities varied from 0.5 

to 750 gallons per minute per foot of drawdown; 
transmissibilities from 4,200 to 615,000 gallons per day 
per foat of aquifer; and storage coefficients from 
0.5 	x 10-1 to 0.5 x 10-3. 

Estimates of the dynamic yield, the static storage, 

the specific yield and the water requirements for domestic 

and animal ineeds were made. Awater deficit was found to 
exist between the desirable, minimum, human require-
ments for the area and the present supplies produced from 
groundwater. This deficit of approximately 6,789.9 x 106 
gallons per year is well below the available groundwater 
resource estimated to be 401,214.12 x 106 gallons per 
year. The Project wells had a combined tested capacity of 
5.3 million gallons per day, or on a projected basis, 
1,928.6 x 106 gallons per year. Maximum estimated 
capacity of these wells is 3,963 x 106 gallons per year on 
a 12-hour per day pumping basis, 

Phreatic hydrogeological conditions in the project 

area are diverse, with water being found in limestones, 
laterites, and sands. In general exploitable water at 
reasonable depths occurs in about 80 percent of the area. 

The original plan required the .istallation of hand, 
or motor-driven pumps, in the development wells. Later 
this was amended and thirty-three wells were equipped 
with hand pumps, and six wells were to be installed with 

engine-driven reciprocating pumps that were available in 
Senegal. In the end, pumps for these six wells were not 
installed, at the request of the Government of Senegal, 

Sous contrat de l'Agence des Etats-Unis 
d'Am~rique pour le D6veloppement International, la 
Socidtd Ralph M. Parsons a achevd le 28 Fvrier 1969 un 
projet d'dtudes et de d6veloppement des ressources 
d'eaux souterraines dans une r6gion de 17.000 kilom6tres 
carrds au Sdndgal Central.. 

Le programme comprenait. les recherches hydro
gdologiqucs, les forages d'exploration, la construction de 
puits dc production et la formation technique d'une 
dquipe de foreurs Senegalais. Au total, cinquante puits 
furent fords et quarante d'entreux furent achcvds comme 
puits de production. De ce nombre, dix puits avaient 
initialement dtd fords conume forages d'essais, et cinq 

comme forages d'observation. 

Les puits variaient en profondeur de 10,7 " 253,6 
m6tres avec un total ford de 1939 metres et il a dt6 utilis6 
pendant un an, une sondeuse par battage BUCYRUS-

ERIE. La profondeur moycune do niveau de l'eau dtait de 
12,5 m6tres. 

Los taux de pomnpage testds dans les puits, variaient 
de 1.9 45,4 litres a la seconde. Les capacitds spdcifiques 
variaient de 0,104 . 156 litres a la seconde par metre de 
rabattenient, les transmissivitds de 52,15 , 7.637 metres 
cubes par jour par metre d'acquif~re. et les coefficients 

d'emmagasinement de 0,5 x 10-1 50,5 x 10-3 . 

Des estimations furent faites sur le ddbit 
dynarnique. l'emmagasinement statique, le debit 
spdcifique et sur les besoins en cau des humains et du 
bdtail. I1apparut un ddficit en eau entre le minimum des 
besoins humains ddsirable pour la rdgion et les rdserves 
rdelles d'eaux souterraines. Ce ddficit d'environ 25,7 x 106 

metres cubes par an est bien en-dessous de la ressource 
souterraine disponible de 1518,6 x 106 mntres cubes par 
an, ddbit dynamique estim6. Les puits du projet avaient 
une capacitd d'ensmnble testdc 5 20.060 mntres cubes par 
jour. soit pour une estimation de base 7,3 x 106 metres 
cubes par an. La cap'citd maximum de ces puits sur une 
base de pompage de 12 heures pa jour est estime 0 15 x 
106 metres cubes par an. 

Les conditions hydrogdologiques phrdatiques dans la 

rdgion du projet sont diverses avec de l'eau se trouvant 
soit dans les calcaires. les lat6rites et les sables. En gdn6ral. 
l'eau exploitable 5 des profondeurs raissonables. se 
rencontre sur environ 80 pourcent de Ia rdgion. 

Le plan initial pr6voyait l'installation de pompes A 
main ou de pompes a moteur dans les forages de 
production mais cola fut modifid par la suite. A la fin du 
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pending budget revisions which would provide funds for projet, trente-trois puits dtaient dquip6s de pompes Atmain 
fuel requirements and the construction of adequate et six puits devaient dtre dquipds de pompes Ai 
storage facilities. An order for eleven additional turbine mowvements alternatifs, entrainds par moteur et celles-ci 
pumps was canceled for lack of available funds for the se trouvaient sur place au SENEGAL. L'installation de ces 
same reasons. 6 pompes n'avait pas dt6 affectu6e sur la demande du 

A survey of 268 hand dug wells was made and an 
inventory of the static water levels and water quality was 
compiled. 

made for eachComplete detailed well reports were 
well in English and French. These contain all the data 

concerning the geology, hydrogeology and construction of 

each well in mimeograph form and hand-drafted plates 
and pump data sheets. These important records were 
bound in single volumes, of fifty wells each, and distribu-
ted in eight copies to the United States Government and 
nine copies to the Government of Senegal for permanent 
record. 


Water quality determinations were made on all 
water samples from dug wells and drilled wells using an 
electrical conductivity bridge. Also complete laboratory 
analyses were made on all samples of water from each 
Project well. 

The training program, while of limited duration due
thesuccessfully demonstrated

to financial problems, 
ability and willingness of the Senegalese trainees to learn 
the rudiments of water well drilling and construction 
under difficult field conditions. It also helped to empha-
size the need for funding larger, long-term training 
programs in both the drillirg and the hydrogeological 
phases of groundwater development. 

Gouvernement du S6n6gal qui attendait des rdvisions de 
-budget qui auraient alloud des fonds pour subvenir aux 
frais de carburant t i ceux de ia construction des
r6servcirs ad6quats. Une commande de onze pompes ,h

de fonds disponiblesturbines fut annul6e per manque 

pour leur misc en opration. 

Une 6tude de 268 foncds fut effectude et un 
inventaire des niveaux statiques de l'eau et de sa qualit6, a 
dt6 fait. 

Des rapports de forages complets de d6taill6s pour 
chaque puits. furent dtablis en Anglais et en Frangais 
Les rapports, tap6s sur papier duplicateur, contiennent 
toutes les donndcs relatives Ala g6ologie I'hydrogdologie et 
Aila construction de chaque forage; Aiceux-ci sont joints 
des r:nches dessindes et des annexes concernant les 
r6sultats de pompage; ils furent relids en des volumes 
uniques de cinquante rapports chanque dont huit copies
furent donn~es au Gouvernement des Etats-Unis et neuf 
ure s au Gouverne ent d espuarchie. 

Des d6terminations sur la qualit6 de l'eau furent 
effectu6es "Al'aide d'un pont de conductivitd Aipartir de 
tous les dchantillons d'eau prlev6s sur les puits fonc6s et 
ceux fords; par ailleurs, des analyses chimiques compl6tes 
furent faites sur les 6chantillh"ns prlcvds sur chaque puits. 

Le programme d'entrainement, bien que de durde 
linit6e A cause de probldmes financiers a brillamnent 
ddmontrd lapossibilitd et la volontd des stagiaires locaux 
d'apprendre les rudiments de forages et de construction 
malgrd de difficiles conditions de chantier. 11aida aussi A 
souligner ia ndcessit6 de programmes d'entrafnement plus 
importants et plus longs se rapportant aux phases de 
forages et d'hydrogdologie pour I'exploitation des eaux 
souterraines. 
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CHAPTER III CHAPITRE 

THE PROJECT / LE PROJET 

MOBILIZATION MOBILISATION 

Often times the difficulties and delays connected with the Main tes fois, les difficult~s et les retards relatifs aIl'acquisition
acquisition of equipment and supplies for an overseas drilling des matdriels etfoumitures pour un projet de forage a l'dtranger
operation exceed the technical difficulties encountered in the dtaient supdrieurs aux difficultds techniques rencontrdes sur le 
field. chantier. 

The Plan of Execution set forth in the contract Le Plan d' Ex6cution 6tabli dans le contrat, 
contained time estimates for accomplishing the various comprenait des estimations de temps pour
phases of the work within eighteen months. l'accomplissement des diverses phases destravaux .i moins 

de 18 mois.Four months were allocated in the United States for 
processing personnel and the procurement and shipment Quatre mois furent allouds aux Etats-Unis pou le 
of equipment to Senegal. Twelve months were scheduled recrutement du personnel, l'acquisition et i'expddition des 
for completing the field work in Senegal after the arrival matdriels pour l'Ach~vement des travaux de chantier au 
of equipment and personnel, and two months were Sdndgal aprds l'arrivde du personnel et du matdr;.-l, et 
planned to prepare the final project report back in the deux mois furent prdvus Ala pr6paration de rapport final 
Contractor's Home Office in Los Angeles. dans les bureaux de I'Entrepreneur , Los Angeles. 

The time in Senegal was divided so that 1)the first La durde des travaux au S6ndgal fut divisde pour que
five months were to be spent obtaining the necessary 1) les cinq premiers mois soient passds obtenir les 
information to design the production wells and procure informations n6cessaires Apr6parer les emplacements de 
additional well construction materials, and 2) the remain- forages de production et ,i acqu6rir du matdriel do 
ing seven months were allocated for the construction of construction de forage suppldmentaire et 2) les sept mois 
production wells. restants soient employ~s i la construction des forages de 

On April 27, 1967, the Contractor notified the AID productior 
Office for Small Business of its intent to procure, by bid, Le 27 Avril 1967, l'Entrepreneur informa le Bureau 
materials and equipment for the Project. Specifications de I'AID pour les petites affaires, de son ddsir d'acqudrir 
were prepared and completed by the end of May. On June par appels d'offres les matdriels et dquipement, du Projet.
26 bids were opened for some of the first purchases of Des spdcifications furent prpardes et compl~t6es i la fin 
equipment and materials. Subsequent purchase orders du mois de Mai. Le 26 Juin, des offres furent lancdes pour 
were extended to October 4 and the final order for the quelques-unes des premi6res commandes d'dquipements et 
first phase procurement was made on November 30. de matdriels. Les bons de commande cons6cutifs furent 

During this time recruitment of American personnel prolong6s jusqu'au 4 Octobre et iacommande ferme pourccrutmet o 

was proceeding as scheduled; however, due to the inability 30 Novembro.
 
of manufacturers to supply and ship some of the materials
 
on schedule, the departure of the Project personnel to Entre temps, le recrutement du personnel am6ricain 
Senegal was delayed some three months. se poursuivait comme -"rdvu; ndannioins, le d6part des 

Afew items of transportation equipment arrived asarisosd membres du personnel du Projet fut retardd de quelque 

Durig tis tme Ameica peronnl racquisition do Ia premiere partie du matdriel fut pass~e le 

atd 'mosiit ~ etovin e 
early as December 14, but the drilling rig and the trois mois du fait dr l'impossibdit o se trouvaient les 
remainder of the equipment, materials, and supplies did fabricants de fournir et d'expdier en temps voulu, une 
not arrive and clear through customs until the period, partie du matdriel. 
January to mid-April, 1968. The average time expended Un partie du matdriel de transport arriva 6 Dakar 
from the date purchase orders were placed until shipments d~s le 14 Ddcembre, mais la sondeuse et le restant: 
were cleared through customs in Senegal was seven dquipements, matdriels et fournitures, n'arriv~rent et ne 
months for each order. furent dddouands qu'entre Janvier et mi-Avil 1968. La 

The Project Manager arrived in Dakar November 24, moyenne du temps dcoul entre la date de passation de la 
1967 and established an interim office in the Hotel Croix commande et celle o6 les expeditions furent d6douandes 
du Sud for December. In January he moved into an office au Sdndgal, dtait do sept mois par bon de commando. 
provided by the Government of Senegal in the Public Le Chef de Mission arriva AiDakar le 24 Novembre 
Works Building at Fann. One American driller and a 1967 et dtablit un bureau Al'H6tel do la Croix du Sud au 
hydrogeologist arrived in December, and a second driller cours de mois de Ddcembre. II emminagea dans les 
arrived in January. This constituted the total American bureaux fournis par le Gouvernement du Sdndgal en 
technical staff. Janvier; ceux-ci dtaient situds AFann dans le Bdtiment des 
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Recruitment of local personnel for tile office and 
field work in Senegal started in December and was 
gradually increased to include, at maximum staffing, the 
following personnel: 

I bilingual secretary 

I translator 

I bookkeeper (half-time) 

I draftsman (half-time) 

I warehouseman 

3 drivers 

2 welders 

3 pumpmen 

2 laborers 

3 watchnen 

Salaries and expenses of these individuals were 
provided in the regular Project budget from local 
currency. 

Four technical school graduates and one university 
graduate were selected by the Goveri ment of Senegal to 
participate in the ProjectTrainee Program which started in 
January 1968. Salaries and expenses of these trainees was 
to be provided by the Government. A more detailed 
discussion concerning the results of the trainee program is 
presented on page 18 of this report. 

Limited field operations were started on the 
Monitrice well near Thies on February 1, 1968, despite 
the fact that only part of the drilling and camp equipment 
was in Senegal at the time. This was necessary in order to 
familiarize the crews with the drill rig operation and to try 
to maintain the field schedule. The American personnel 
commuted daily to the field from Dakar during this time 
and the Senegalese staff found lodging in Thies. 

By the end of February, a partial field camp was 
established at Pekess, in the northern part of the Project 
area, and work on the second well at Merina N'Dakhar 
was commenced. However, it was not until April 21 that 
the large truck, the testing equipment and the remainder 
of the camp facilities were available in the field -almost 
three months after the dri!!ing operati ns commenced. 

Travaux Publics. Un foreur et un hydrog6ologue 
amdricains arrivrent en Ddcembre; un autre foreur arriva 
en Janvier. 

Le recrutement des employds sur place, pour les 

bureaux et le chantier commenqa en Ddcembre et continua 

progressivement jusqu'A atteindre le maximum d'employds 
suivants: 

I secrdtaire bilinque 

I traductrice 

I comptable (Ami-temps) 

I dessinateur (Ami-temps) 

I magasinier 

3 chauffeurs 

2 soudeurs 

3 puisatiers 
2 manoeuvres 
3 gardiens 

Les salaires et les frais de ces employds furent 
prdlevds sur le budget du Projet monnaie locale. 

Quatre dipl6mds d'Ecole Technique et un licencid 
d'Universitd furent choisis par le Gouvernement du 
Sdndgal pour participer au Programme d'entraineinent du 
projet qui comrnen a en Janvier 1968. Les salaires et les 

frais de ces stagiaires devaient dtre assurds par le 
Gouvernement. Des discussions plus ddtalides concernant 
les rdsultats du programme d'entrainement sont relatdes 
en page 18 de c rapport. 

Des opdration de chantier de petite envergure 
ddbut~rent le Icr Fdvrier 1968 sur le forage des Monitrices 
non loin de Tlii6s en ddpit du fait qu'une partie seulemnent 
des matdricls dc forage et de campement se trouvait sur 

place 5 l'6poque. Ceci s'av6rait ndcessaire pour familiariser 
lcs dquipes de travail au manienient de ,asondeuse et pour 
essayei de maintenir le plan de travail du chantier. Le 
personnel americain se rendait journalifrement de Dakar 
sur le chan tier i cette 6poque, et le personnel Sdndgalais 
s'dtait trouvd des logements AThins. 

A la fin du mois de Fdvrier, une partie du 
campement dtait dtablic ', Pdkess dans la partie nord de la 
rdgion du projet, et les travaux sur le deuxi~me forage A 
Mdrina N'Dakhar, avaient ddmarrd. Ndanmoins, ce ne fut 
qu'enviren trois mois apr~s le ddmarrage des opdrations de 
forage, le 21 Avril 1968, que le grand camion, les 
6quipements d'essais ct le restant des installations du 
campement furent disponibles sur le chantier. 
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The Project 

DRILLING PROGRAM 

The tenns of the contract required that a total ofapproxi-
mately fiftywells be drilledduringthe program-five test wells 
and five associated observation ivells, approximately ten 
livestock and municipal wells, and approximately thirty 
smallercapacity village iwells. 

The completed program consisted of ten large 
capacity livestock and municipal wells, five observation 
wells, thirty-one development wells, and four abandoned 
wells, for a total of fifty wells. The diversity of the 
hydrogeological conditions in the project area required 
that ten exploratory wells be drilled, of which eight were 
tested, instead of the originally specified five wells. 
Locations of all the wells are shown on the following 
page. Summarized well information is contained in Table 
A-I of Appendix. This is followed by detailed well data 
sheets for each well which are reductions of the plates 
submitted to AID in the individual well completion 
reports.

A schedule of exploration and development drilling 

was outlined in the contract. The program was to begin 
with the drilling and testing of an exploratory well and an 
associated observation well at each of five different 
locations in the project area. Upon completion of the 
exploratory phase, all hydrogeological data would be 
analyzed, production well design determined, orders 
placed for materials to construct the development wells, 
production well sites determined, and the construction of 
production wells undertaken, 

Operations in each area were from a centrally 
located camp in that area. Due to a delayed start in the 
full-scale drilling program and for logistical reasons, it 
became necessary to modify the sequence of drilling as 
recommended in the contract. Instead of drilling and 
testing five consecutive exploratory wells in five different 
areas, both exploratory and development wells were 
drilled ineach area before beginning operations in another 
area. 

Requisitions for (lie Final order of materials and 
suplierequiti for costh iorr of atilerils ae 

supplies required for construction of the wells
prepared during the first five months of the field 

operations. 

Le Projet 

PROGRAMME DE FORAGE 

Les tertnes du contrat stipulalent la construction totale 
d'environ cinquante puits au cours du programme. 11s 
devaient consister en cinq forages d'exploration, cinq forages 
d'observation, environ dix forages municipauxet bestiaux, eta 
peu pros trente forages de villages, d'une capacitd infirieure. 

Le programme achev6 consistait cn dix forages 
municipaux et bestiaux d'une capacit6 supdricure, cinq 
forages d'observation, trente-et-un forages d'observation, 
trent-et-un forages de production et quatre forages 
abandonn6s, soit un total de cinquante forages. La 
diversit6 des conditions hydrog6ologiques dans la rdgion 
du projet, imposa la construction de dix forages 
d'exploration et de neuf testes, Ala place des cinq prdvus 
initialement. Les localisations de tous les forages sont 
indiqudes Ala page suivante. Un r~sum6 des informations 
relatives aux forages figure dans le Tableau A-I de 
l'Appendice A. !1 est suivi de planches contenant les 
donnes de chaque forage cui sont des miniatures des 
planches prdsevt6es au Gouvernement et i I'AID dans les 

rapports individucls des forages achevds. 

Un plan d'action pour l'exploration et les forages de 
production 6tait indiqud dans le contrat. Le programme 
devait d6marrcr en forant et en testant un puits 
d'exploration et un puits d'observation dans chacune des 
cinq diffdrentes regions du projet. A la rdalisation de Ia 
phase exploration. toutes les donndes hydrogdologiques 
devaient dtre analyses, les carat6ristiques des forages de 
production d6termindes, les commandes de matkriels pourIa constr'uction des forages de production passdes, les 
emplacements de forages de production choisis. et la 
construction des forages de production demarrte 

Les opdrations dans chaque region dtaient mendes 
partir d'un camp situd aumcentre de celle-ci. 11devint 
n~cessaire de modifier l'ordre des forages prdvu par le 
contrat du fait du dnliarrage retard6 du programme de 
forage, sur une grande 6chelle, et pour des raisons 
logistiques. Au lieu de forer et de tester cinq forages
d'exploration consdcutifs dans cinq regions diffdrentes,
des forages tant d'observation que de production furent 
construits dans chaque rdgion avant de commencer les
taaxdn n ~im ifrne 
travaux dans une rdgion diffrente. 

Les dernifres conimandes de matdriaux et de 
fournitures pour la construction des forages furent 
prdpardes au cours des cinq premiers mois des opdrations 
sur le chantier. 
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The Drilling Program 

EXPLORATION WELLS 

Ten exploratory wells were constructed, and eight 
were tested, in the program. Observation wells were 
constructed in connection with five of the test wells. The 
test well sites were selected largely on the basis of 
program research requirements; however, where possible 
the wells were located at sites reconmmended for water 
supply development by the Government of Senegal. 

The method utilized in tile construction of the wells 
a continuousconsisted of drilling and driving casing in 

penetrated; bail-testing theoperation; sampling materials 
various aquifers encountered; and, taking water samples 
from all aquifers 'or chemical analysis or conductivity 
determination. Upon completion of drilling, the casing 
would be perforated with a Mills Knife, a down-the-hole 
type casing perforator, in the aquifer selected for 
exploitation. 

Development was accomplishied with a turbine test 
p by and backwashing.overpmping The limestonepump 

test wells werein which seven of the tenaquifers, 
completed, varied considerably in the time required to 
complete development. For example, the Merina 
N'Dakhar limestone aquifer was very sandy and required 
twenty-eight hours of development, while the Dangalma 
limestone aquifer was clean and required no development. 
Two test wells were not completed in limestone but were 
completed in weakly cemented sandstone and laterite, 
and required seventeen hours and two hours of develop-
ment, respectively. 

The exploratory wells were given two types of 

pump tests; a step-test to determine drawdown at various 
pumping rates, and a constant-rate pump test that enables 

calculation of aquifer parameters. 

Specific capacities calculated from step-test data 

varied from 0.5 gallons per minute per foot of drawdown 
at Fass to 750 &lons per minute per foot of drawdown at 

Dangalma. Calculation of reliable aquifer constants from 
test data was difficult in some casesconstant-rate pump 

and impossible in others because of distortion of draw-
down and recovery curves by high rates of aquifer 
recharge during tests. The recharge appears to be due 
largely to leakage from confining beds. 

Programme de Forage 

FORAGES D'EXPLORATION 

Au cours du programme, dix forages d'exploration 
furent fords et neuf d'entre eux test6s. Les forages 
d'observation furent ccastruits en liaison avec cinq forages 
d'exploration. Les emplacements des forages d'explora
tion. Les emplacements des forages d'exploration furent 
choisis en grande partie sur la base des besoins du 
programme de recherches. N6anmoins, les forage dtaient 

situ6s autant que possible, dans des endroits propos6s par 

le Gouvernement du Sdn6gal pour le d6veloppement des 
ressources en eau. 

Les m6thods utilisdes pour la construction des puits 
furent le forage et l'enfoncement du tubage en une scule 
op6ration, '6chantillonnage des couches rencontrdes, le 
test de ddbits des diff6rentes couches aquif~res p6ndtrdes 
et le prddlvement d'chantillons d'eau de toutes les couches 
aquif6res pour les analyses chiniques ou la d6terinination 

de conductivit6. A la fin du forage, le tubage serait perfor6 
au Mills-Knife, une perforatrice int6rieure de tubage dansIa couche aquif~re choisie pour l'cxploitation. 

L'Exploitation fut effectude par pompage et lavage 
A l'aide d'une pompe de test i turbine. Le temps requis au 
d6veloppement des couches aquif6res calcaires dans 
lesquelles sept des dix forage D'exploration sont achev6s, 
variait consid6rablement. La couche aquif6re calcaire de 
Mdrina N'Dakhar par exemple, 6tait tr6s sablonneuse et 
damanda vingt-huit heures d'exploitation, tandis que celle 
de Dangalma 6tait nette et ne n6cessita pas d'exploitation. 
Deux forages d'exploration ne furent pas achevds dans du 

calcaire, mais dans du gr6s faiblement cimentd et de la 

lat6rize, ils ndcessit6rent respectivement dix-sept et deux 
heures d'exploitation. 

Deux genres d'essais de pompae furent effectuds 

sur les forages 'exploration, d'une part, un essai progressif 
pour la d6termination du rabattement a de diff6rents taux 

de pompage et d'autre part, un essai A un taux de 

pompage constant qui permet le calcul des paramitres de 
la couche aquifdre. 

Les capacit6s sp6cifiques, calcules d'apr~s les 
rdsultats des essais progressifs, variaient de 0.104 litres ala 
seconde par metre de rabattement AFass A 156 litres a la 
seconde par metre de rabattemen: .i Dangalma. Le calcul 
des constantes de la couche aquiffre basd sur les rdsultats 
des tests Ataux invariable fut difficile dans certains cas et 
impossible dans d'autres Aicause de la distorsion des 
courbes de d6bit et de la reprise, distorsion motivd. par 
des recharges aquif~res tr6s importantes au cours des 
essais. La recharge semble dtre due en grande partie, Ades 
fuites provenant des couches adjacentes. 
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Transmissibility coefficients varied from 4,200 gal- Les coefficients de transmissivitd variaient de 52.15 
Ions per day per foot at Meouane to 23,000 gallons per m~tres cubes par jour par mctre AMouane A 286 mntres 
day at Goundiane and 98,000 gallons per day at Baba cubes par jour par metre i Goundiane, et 1,216 a Baba 
Garage, to 615,000 gallons per day at Dangalma. Esti- Garage, et At7,637 A Dang;,Ina. Les estimations des 

mated coefficients of transmissibility at other sites are: coefficients de transmissivitd des autres emplacements 

Fass, 1000, Merina N'Dakhar, 60,000, Niakhene, 80,000, sont: Fass, 12.4; Mdrina N'Dakhar, 745; et Niakhenc, 993; 

and Niakhar, 70,000 gallons per day per foot. Approxi- et Niakhar 869. Les coefficients approximatifs 
-
-
mate coefficients of storage were 1.2 x 103 at Meouane, d'emmagasinement 6taient de 1.2 x 103 AMdouane, de 

0.05 at Dangalma and 5 x 10 -
4 at Niakhar and Baba 0.05 ADangalmaetde5 x 104 5 Niakhar et Baba Garage. 

Garage. 

IFI
 
°•j, ., * I 4, 

-r-b ,' 

.~~ ro,.
 

-3-3 

Figure 4 -Conducting pump test of well number 24 at Baba Garage/ 
tEssis dlepompage du puits No. 24 ,iBaba Garage 
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The Drilling Program 

DEVELOPMENT WELLS 

Fifty wells were drilled in total, with forty of these 
being completed as development wells. The method of 
constructing the development wells was similar to that of 
the test wells except for more extensive development and 
testing performed on the test wells. The development 
wells were constructed by drilling and casing the hole 
through the production zone, perforating the casing in the 
production zone, developing the well with a bailer, and 
performing a bail test, or a centrifugal pump test. As with 
the exploratory wells, all water bearing zones were 
bail-tested and water samples taken for conductivity 
readings and subsequent laboratory chemical analyses. 

Individual construction diagrams of each well along 
with the stratigraphy of formations penetrated are con-
tained in the appendix of this report beginning with page 
A-I 1.Pump test curves are also included. 

Following the bail test, a reinforced concrete slab 
was constructed around the casing. Two types of slabs 
were constructed depending upon the type of pump to be 
installed in the well (figure 5). The wells were completed 
with either 6-inch or 10-inch diameter casing in the 
hole. 1 At the surface the casing extendtd a few inches 
above the concrete slab so that a 5/8-inch thick flange1 

could be welded to the top of each casing. These flanges 
were torch-cut from heavy steel plate and had bolt holes 
set to match those on the base of the hand pumps. In this 
way, a more solid and permanent pump installation was 
obtained than could have been done by anchoring the 
bolts into the concrete slab. 

Ten of the wells were to have had turbine pumps; 
six, small, gasoline engine-driven reciprocating pumps; 
and, twenty-four with hand pumps. All wells were 
completed in a manner to handle these pumps; however, 
at a late date in the Project tile of Senegal,Government 
with concurrence from AID, decided not to have the 
Contractor install the engine-driven pumps since there was 
a lack of funds available for fuel, maintenance and the 
construction of proper water storage facilities. As a 
consequence, thirty-three of the wells were installed with 
hand pumps and the remaining wells were capped with 
welded steel plates awaiting availability of funds to go 
ahead with the installation of the six reciprocating 
engine-driven pumps purchased with project funds and in 
storage in Dakar. Eleven turbine pumps, including a 
turbine test pump, which were on order and in process of 
being shipped to Senegal were held up by the Gulf Coast 

Programme de Forage 

FORAGES DE PRODUCTION 

Des cinquante puits fords au total, quarante furent 
achev6s comme forages de production. La mdthods de 
construction des forages de production dtait similaire A 
cells des forages d'exploration avec la diffdrence que les 
forages d'exploration furent exploitds et testds plus 
longuement. Les forages de production furent construits 
en forant et tubant Porifice a travers la zone de 
production, en perforant le tubage dans ia zone de 
production, en exploitant leforage avec un bailer, en 
effectuant un test au bailer ou i la pompe centrifuge. 
Comme pour les forages d'exploration, toutes les couches 
contenant de l'eau furent test6es au bailer et des 
dchantillons d'eau pr6lev6s pour des lectures de con
ductivit6 et des analyses chimiques. 

Des sch6mas individuels de construction pour 
chaque puits, ainsi que la stratigraphie des formations 
pdn6tr6es, sont inclus dans I'Appendice de cc rapport, A"la 
page A-I I et suite. Des graphiques d'essais dc pompage y 
sont aussi inclus. 

Apr~s le test au bailer, une dalle de b6ton armd fut 
coulde autour du tubage. Suivant legenre de pompe qui 
devait 6tre installe, deux sortes de dalles furent couldes. 
Des tubages de 152 millimetres ou 254 millinitresl de 
diam~tre furent otilisds dans ]'orifice pour achever les 
forages. En surfice, le tubage d~passait de quilques pouces 
ladalle de bdton pour qu'un bourrelet de 16 millimtresl 
puisse tre soud6 au bout de chaque tubage. Ces bourrelets 
avaient dtd coupdsau chalumeau partir de planches d'acier 
lourd et avaient des orifices de boulons percds pour 

concorder avec ceux se trouvatit sur labase des pompes i 
main. Ce faisant. une installation plus solide et plts durable 
de lapompe fut obtenne; un ancrage des boulons dans la 
dalle de b6ton n'aurait pas permis un tel r6sultat. 

Dix des forages devaient dtre dquip6s de pompes A 
turbine, six de petites pompes Aimouvements alternatifs 
entrainds par des inoteurs i essence et vingt-quartre, de 
pompes Amain. Tous les forages furent achev6s de fatyon i 
manutentionner ces pompes; nianinoins vers la fin de 
Projet, le Gouvernemient du S6n6gal avec l'accord de 
'AID, ddcida que l'Entrepreneur n'installerait pas les 

pompes entraindes par des inoteurs 5 cause d'un manque 
de fonds pour les frais d'essence d'entretien et de 
construction de r6servoirs addquats. Ceci 6tant, trente
trois des forages furent 6quip6s de pompes Amain et les 
autres furent capsulds de plaques d'acier soud6es en 
attendant ladisponibilitd des fonds qui permettraient 

1 Nominal diameter American Standards Association, metric 1 Diambtre nominal American Standards Association, lavaleur 
value is numerical equivalent. m6trique est I'dquivalent numdrique. 
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It
 

dock-workers' strike. This order was subsequently can- l'installation des six pompes A mouvements alternatifs 

celed as it would neither arrive within the time limit of entrainds par moteurs, achetdcs avec I'argent de Projet, et 
en ddp6t a Dakar. Onze pompes A turbine dont unethe contract, nor were local funds available for operation 
pompe de test, qui dtaient commanddes et sur le pointof the pumps. 
d'dtre expddides au Sdndgal, furent retarddes par la grdve 

Most of the wells are to be used for household, des dockers du Gulf Coast. Par la suite, cette commande 
livestock and minor irrigation; however, a few of the wells fut annulde car d'une part, elle ne serait pas arrivde en 
are located adjacent to grazing areas and will be used temps voulu par le contrat, et d'autre part, il n'y avait pas 
primarily for livestock. Water from the Niakhar, de fonds disponibles pour la raise en route des pompes. 
Diaganiao, Tarhoum and Keur Samba Ba drilled wells is La plupart dcs forages doivent dtre utilisds pour Ic 
considerably inferior in quality to perched water obtained m6nage, le b~tail, et pour un pCU d'irrigation. Ndaninoins, 
from local dug wells, thus the drilled wells will be utilized quclqes forages sot situs non loin de zone de pturage 
exclusively for livestock. et seront essentiellement utilisds pour leb6tail. L'eau des 

Spare parts for one year of operation have been forages de Niakhar, Diaganiao, Tarhoun et Keur Samba 
stocked for all of the pumps. With proper maintenance Ba dtant d'une qualitd considdrablemnent infdrieure i cello 
and renewed stocks of spare parts the pumps should have des puits foncds locaux, les forages seront-ils done 
a useful life of more than ten years. exclusivement utilisds pour Ic b6tail. 

Pour toutes les pompes. des pidces ddtachdes ont dtd 
stockdes pour une arinde d'opdration. Avec un entretien 
convenable et un renouvellement des stocks de pidces 
d6tachdes. les pompes devraient avoir un rendement 
normal pendant plus de dix ans. 

TYPE III HAND PUMPS
 6' (8MM) 4rmolur Pbw' aglon 
& ( 8M) 

. ,I i , , I , i , Y'R-Bar ", 
RECIPROCATING "44"--- t--t-


PUMPS, 4+- -
Ptns - -- -I-++--- -+ 
i---- -- l-+ 4-+-+-++ 
-- 1--+-'- +-----4+-.+ M .. ,

Pampas a Main et A -Jr-l,-4--_i--J-tH-t-
-
Alterna- 6Iouvementa'- -t f+ + +4 + + -t-t i l f t .- t + 4 -_+f + Ee .4 -_ +-.i_4 -_4t 

-++ 4 +.+4 -

Concrete0onoret i --- +4-" - 04-++00000 o_. o O- ftPualn4- J-f- 04(0M) o r
 

MiXl I ,t I 

Ciment I . Gravier Bourr66" r a.41 Remblei de 

(152 millimetres) 
Surface to have 13 millimeters slope in La surface devra atre pentle 

d'une 13 millimetres dans toutes 
all directions from veil for drainage, lea directions a partir du puits
 

pour drainage.
 

Figure 5 - Details of surface installation of pumps/ 
Details de l'installation de surface des puits 
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The Project 

DUG WELL SURVEY 

A survey of dug wells was undertaken during the 
early part of the project and continued through the entire 
drilling phase. The primary purpose of the survey was to 
study lateral and vertical variations of water quality and 
tile static water levels in the phreatic aquifers. A more 
immediate benefit of the survey was to aid in selecting 
exploration and development well sites and in determining 
well design. 

Data collected during the survey consisted of depths 
to the water levels, depth of wells, conductivity of water, 
and any pertinent information concerning construction of 
tile well. Wells at 268 localities in the project area were 
inventoried. No wells were inventoried in the eastern third 
of the project because of excessive depths to water. Data 
from the survey are shown on Table B-I in the Appendix. 
A quality contour map and a static water level elevation 
contour map (figures 15 and 18) have been constructed 
by combining tile information obtained from both the 
drilled well program and the dug well survey. Tile 
contours on tle two maps repcesent the quality and the 
elevation of the shallowest water exploitable by a drilled 
well. Perched water, as it occurs in the project area, is 
usually not exploitable by drilled wells, and has been 
partially ignored in drawing the quality and the elevation 
contours. Thus, discrepancies will be noted between the 
drilled well elevation and the water quality contours, and 
some of the dug well quality and elevation readings at 
specific locations on the two maps. Use was made of data 
from previous publications in extending the contours into 
the eastern third of the project area. 

Le Projet 

ETUDE DES PUITS FONCES 

Une dtude des puits foncds fut entreprise au d6but 
du Projet et fut poursuivie durant toute la phase forage. 
Le but initial de 'dtude dtait de relever les variations 
lat6rales et verticales de la qualitd de 'eau et celles des 
niveaux statiques dans les aquif6res phr6atiques. Le 
rdsultat imm6diat de cette 6tude fut d'aider Achoisir les 
emplacements des forages de production et d'exploration, 
et de d6terminer l'avant-projet de forage. 

Les donnies recueillies au COurs de l'dtude dtalent: 
les profondeurs des niveaux d'eau, les profondeurs des 
puits foncds, la conductivitd de 'eau, et tous 
renseignements exacts concernant la construction la puits. 
Dans la rdgiori du projet, les puits de 268 localitds furent 
inventorids. Aucun puits, du fait des profondeurs exces
sives de l'eau ne fut inve-tori6 dans la r6gion Est du 
projet. Les donnes de l'dtude sont pr6sent6es sus fonne 
tabulaire sur le Tableau B-l de 'Appendice. Une carte de 
tabulaire su Ic eau B-Ie lppeu de nea de 
profi de Iaqualit6 et une carte en courbes de niveau de 
l'i61vation du niveau statique mt 6td trac6es en corn
binant les rdsultats obtenus au~si bien dii programme de 
forage que de l'dtude des puits fonc6s (figures 15 et 18). 
Les contours stir les deux cartes reprdsentent la qualitd et 
I'616vation de l'eau la plus superficielle, exploitable par Lin 
puits forA. Comnie cela se rencontra dans Ia rdgion du 
projet, l'eau perche n'est. en g6n6ra. pas exploitable par 
puits forcds et en partic. l'on nen tient pas compte en 
dessanant les profils de qualit6 et d'61dvation. Aussi. des 
divergences vont-elles dtre relev6es stir les deux cartes et i 

des emplacements prdcis entre les profils de qualitd et 
d'dldvation d'eau dans les puits for6s et ceux dans les puits 
fontds. Pour 6tendre ces profils 5 la partie Est du projet. 
nous crimes recours i des publications antdrieures. 
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Figure 6 - Water level recorder installation on hand-dug vell/
 
Installation d'un appareil enr~gistreur du niveau de I'eau d'un puits fonc6
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The Project 

TRAINING PROGRAM 

An important part of the Contractor'swork outlined in the 
contract was to assist the Government of Senegal to select 
technical and drilling rig trainees,and provide them with on-
the-job training. 

Five candidates elected by the Government of 
Senegal were interviewed by Contractor's personnel and 
approved for the program. These trainees were not 
employees of the Government of Senegal at the time of 
their acceptance and the Government requested that 
project funds be used to pay the salaries of the trainees on 
a reimbursable basis for three or four months until the 
trainees' contracts could be processed. The request was 
approved and the ttaining program began officially on 
January 8, 1968. The following trainees made up the 
initial complement of the prngram: 

Trainee Position Date Started 

A. Sangare Driller 1/8/68 
M.Bao Driller 1/8/68 
0. N'Diaye Driller 1/17/68 
M.Dieng Hydrogeologist 1/29/68 
M.Diouf Geologist 2/1/68 

The training program for the rig personnel began 
with the uncrating and assembling of the drill rig and 
accessory equipment, and the rigging-up at the first well 
site at Monitrice. At this time the trainees learned some of 
the rudiments of rigging-tp, and then began limited 
operation of th drill rig and other equipment. Rig trainee 
Bao was terminated three weeks after joining the program 
and was replaced on February 28 by a new trainee, 
Monsieur Bengue. Technical trainee, Diouf, Geological 
Assistant, was present at the well sites during all opera-
tions and was responsible for logging materials and 
monitoring other phases of the work. The fifth trainee, 
Dieng, a Geologist, monitored some operations at the well 
sites, reconnoitered new well locations, and conducted 
project research in Dakar. 

The training program, after a good start, was 
suspended on April 16 for the lack of Government funds 
to support the salaries and expenses of the trainees. At the 

time of the suspension, rig trainees Sangare and N'Diaye 
had gained three months of experience on three wells and 
were occasionally operating the controls of the rig under 
very close supervision. Trainee Sangare was particularly 
adept at learning the mechanical operation of the drill rig. 

Le Projet 

PROGRAMME DE FORMATION 

Comine le stipulaitle contrat,une partie importancedu travail 
de l'Entrepreneuritaitd'assister le Gouvemement du Senegal 
dans le choix des stagiaires et de leur assurer une formation 
"surle tai' 

Cinq candidats ddsignds par le Gouvernement du 
Sdndgal furent interview~s par le personnel du I'Entre
preneur et choisis pour le programme. Ces stagiaires 
n'dtaient pas employds par le Gouvernement du Sdndgal h 
I'dponque de leur admission. Le Gouvernement demanda 
qu'en i'attente d'un remboursement ultdrieur, que l'on 
employdt les fonds du Projet au paienient des salaries des 
stagiaires pendant trois ou quatre mois en attendant que 
les contrats de ceux-ci soient pr6ts. La deniande fut 
approuvde et le programme de formation commenqa 
officiellement le 8 Janvier 1968. Les stagiaires suivants 
furent le premier compldment du programme: 

Poste du Stagiaire Date d'Entre 

A. Sangard Foreur 1/8/68 
M. Bao Foreur 1/8/68 
0. N'Diaye Foreur 17/1/68 
M. Dieng Hydrogdologue 29/1/68 
M. Diouf Gdologue 2/!/68 

Le programme de formation des foreurs commenqa 
par le d6semballage, i'assemblage de la sondeuse et du 
matdriel accessoire et par le montage de Ia sondeuse au 
premier emplacement de forage A Monitrice. A cette 
dpoque, les stagiaires apprirent les rudiments du montage 
de la foreuse et, ensuite, conmencrent quelques op6ra
tions limitdes de mise en route de la sondeuse et des autres 
6quipements. Le stagiaire foreur Bao fut inis A la porte 
trois semaines aprds le dcmarrage du programme et fut 
remplacd le 28 Fdvrier par un nouveau stagiaire, M. 
Benque. Le stagiaire technicien Diouf, Assistant 
G6oloque, fut prd sent sur tous les emplacements de 
forages durant toute la durde des opdrations et dtait 
responsable du rep6rage des matdriaux et de la surveillance 
d'autres phases du travail. Le cinqui6me stagiaire, Dieng, 
un Gdoloque, dirigea quelques opdrations sur les sites de 
forages, localisa de nouveaux emplacements de forages et 
dirigea les recherches du projet ADakar. 

Le programme de formation, aprds un bon depart, 
fut suspendu le 16 Avril i cause du manque de fonds 
gouvernementaux pour payer les salaires et les frais des 
stagiaires. A l'dpoque de la suspension du programme, les 
stagiaires foreurs Sangard et N'Diayc avaient Aleur actif 
trois mois d'expdierice acquise sur trois forages diff6rents 
et avaient entreprise quelques fois les contr6les de la 

sondeuse sous une 6troite surveillance. Le stagiaire 
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Trainee Diouf returned to the program from July 15 to 
August 26, and again from October 7 to the end of the 
field operations. Monsieur Diouf is thoroughly competent 
with sampling techniques, drilling procedures and is 
generally familiar with pump tests. 

.,, 

Sangard dtait particulirement apte i apprendre les opera
tions m6caniques de la sondeuse. Le stagiaire Diouf 
retourna au programme du 15 Juillet au 26 Aofzt et A 
nouveau, du 27 Octobre jusqu', la fin des op6rations de 
chantier. Monsieur Diouf est tout Afait comp6tent dans 
les techniques de l'dchantillonnage, les proc6dures de 
forage et, est en gdn6ral, fainiliarisd avec les test d'essais. 

4 R 

Figure 7 - Two of the five Senegalese trainees erecting mast of drilling rig/ 
Deux des cinq stagiires S~n6galais 6rigeant la sOlideuse 
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CHAPTER IV CHAPITRE 

GEOGRAPHY / GEOGRAPHIE 

PHYSICAL FEATURES 

Location. The project area, referred to as Central 
Senegal in the contract, is defined as that land enclosed by 
latitudes 14* 00' and 15' 15' north and longitudes 15' 
45' and 17' 00' West. The term Central Senegal, in this 
usage, carried the connotation that the area is the 
economic and social center of Senegal rather than the 
strict geographical center. Presently about 40 percent of 
the population of Senegal lives within the area. For a 
geographical identification of the area it must properly be 
described as West Central Senegal. 

Climate. The climate of Senegal is sub-tropical. 
Lying midway between the Sahara Desert to the north 
and the rain forests to the south, Senegal enjoys a 
moderate climate being influenced by both the dry 
southwesterly trade winds for most of the year and the 
moisture.laden ocean winds during a short rainy season 
that reaches its maximum in August. 

Topography and Drainage Basins in Project 
Area. Topography in West Central Senegal is similar to 
the topography in the rest of Senegal, flat to slightly 
undulating. The Thies escarpment forms part of the 
western boundary of the project area and is the most 
prominent topographic feature in western Senegal. The 
escarpment reaches a maximum elevation of 485.6 feet 
about midway between Thies and M'Bour. In the 
remainder of West Central Senegal elevations rarely 
exceed 164 feet, and local elevation differences seldom 
exceed 32.8 feet. 

West Central Senegal has no perennial streams, and 
the only major stream is tile Saloum River in the Southern 
part of tie Project area. Sea water has invaded the river 
almost to the eastern edge of the Project, and the river is 
navigable as far east as Kaolack. In other parts of the 
Project area, occasional stream channels have eroded the 
land to an elevation below tile water table and small 
ponds called niarigots form during the earlier part of the 
dry season, but largely disappear later in the season. All of 
West Central Senegal except narrow coastal strips and a 
narrow strip of land west of the crest of the Thies 
excarpment is drained by the Sine-Saloum estuary; 
however, runoff is negligible except during the wetter 
years. 

Vegetation. Natural vegetation consists largely of 
bentinki, cad, baobab, mimle, cashew, sugar palm and 

acacia trees, and a variety of thorn bushes. Most of the 
trees serve many useful purposes in addition to providing 
shade. The bentinki wood is used for the manufacture of 

CHARACTERISTIQUE PHYSIQUES 

Situation. Dans le contrat, la region du projet est 
indiqude comme dtant le Sdn~gal Central. Cette region est 
d6fine comme 6tant la portion d~linitde par les latitudes 

' 14°00' et 15o15' Nord et les longitudes 15°45 ' ct 1700 
Ouest. Le terine de "Sdn6gal Central" daus cc cas aine i 
comprendre que ia r6gion est le centre 6conomique et 
social du Sdn6gal plut6t que le vrai centre gdographique. 
Actuellement, 40 pourcent environ de la population du 
Sdn6gal est concentrde dans cette r6gion. Pour une 
d6finition g~ographique juste, cette region doit dtre 
d6finie comme 6tant la partie Guest du Sdn6gal Central. 

Climat. Le climat du Sdndgal est sub-tropical. 
S'6tendant Aimi-chemin entre le Ddsert du Sahara au Nord 
et la savane au Sud, le S~n6gal jouit d'un climat moddr6, 
influenc6 d'une part par les vents secs soufflant du 
Sud-Ouest presque tout le long de l'annde et d'autre part, 
par les vents marins charg6s d'humidit6 qui soufflent 
durant une courte saison de pluies qui atteint son 
maximum en Aot. 

Topographic et Bassins d';coulemcntsdes eaux dans 
la rdgion du Projet.La topographic dans la partie Ouest du 
Sdnegal Central, plate a 16gers vallonnements, est la mme 
que celle de tout le reste du Sdn~gal. L'excarpement de 
Thi6s forme une partie de la limite Ouest de la region du 
projet et est le trait topographique le plus saillant dans le 
Sdndgal Occidental. L'oscarpement atteint une hauteur 
maximum de 148 mrkrcs Aimi-chemin environ entre Thi6s 
et M'Bour. Dans le reste de la partie Ouest du Sdnigal 
Central, les 61lvations d6passent rarement 50 nitres et les 
diff6rences entres les 6lvations locales n'exc6dent gu6re 
10 m6tres. 

L'Ouest du Sdndgal Central ne poss6de pas de 
fleuves d debit regulier, et le seul qui soit important est le 
Saloum qui coule dans la partie Sud de la region du projet. 
L'eau de mer a envalhi le fleuve jusqu'5 environ la partie 
Est due Projet et le fleuve est navigable vers I'Est jusqu'd 
Kaolack. Dans les autres parties de la r6gion du projet, 
quelques lits de fleuves ont drod6 le sol 5 un niveau 
inf~rieur A celui de la nappe d'eau ct de petites mares 
appeles marigots se forment tiu cours de la premire 
partie de la saison s6che, mais s i client presque 
cotnpl6tement 5 une pdriode plus avari .e de la saison. 
Toute [a partie Ouest du Sdndgal Central, sauf des 
bandelettes c6tires et une bandelette de terre 5 I'Ouest de 
[a crte de i'dscarpement de Thi6s est assche par 
'estuaire du Sine-Saloum; neanmoins, I'dcoulement des 

eaux est n~gligeable sauf durant les ann6es pluvieuses. 
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piroques (dug-out boats), mortars, and calabashes. The 
cad tree serves about the same uses as the bentinki tree. 
The baobab is the Senegalese national tree, and is a source 
of fruit, of a sugary liquid, of a fiber used to manufacture 
rope, of leaves used in millet cuisine, and of small 
amounts of water. The cashew is the source of edible 
cashew nut, and the paln tree of two crops of fruit per 
year. 

Vegctation. La vdgtation naturelle consiste de 
faon gdn&ale en bentinki. cad, baobabs, mime, 
anacardiers, pahniers et acacias, et une varitd de buissons 
epineux. En plus de l'ombre qu'ils procurent, la plupart 
des arbes sont utilis.s 5 d'autres fins utiles. Le bois du 
bentinki est eniploye pour la construction de piroques 
(embarcations creusdes dans des troncs d'arbre), niortiers 
et calebasses. Le cad sert :i peu prds aux niniues fins que le 
bentinki. Le baobab, l'arbre national S6ndgalais produit: 
un fruit, un liquide douceitre, une fibre utilisde 5 la 
fabrication de cordes, de feuilles utilises pour faire la 
cuisine et contient aussi de pelites quantitds d'eau. 
L'anacardier produit tine poninie d'acajou comestible; le 
palnier: deux ceuillettes de noix de coco par an. 

Al 

Figure 8 - Marigots are surface expressions of high water table conditions in Central Senegal/
 
Les marigots sont des expressions de surface des conditions du haut niveau hydrostatiqUe au Sbn~gal Central
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Geography 

CULTURE AND LAND USE 

The culture in West Central Senegal is essentially 
agricultural, with livestock grazing playing a minor but 
growing role. Dry farming methods are commonly used, 
and irrigation by hand methods is practiced to a minor 
extent in local plots where water is available in ponds or 
shallow dug wells. Ground nuts form the mainstay of the 
agricultural economy and ?re the only export crop. Millet 
is widely grown for the domestic market and is the staple 
of the Senegalese diet. Ground nuts and millet are the two 
main crops grown by dry farming methods. Green beans 
and tomatoes are grown in the M'Bour-Thies area during 
the early part of the dry season, after the millet harvest, 
and apparently obtain sufficient moisture from heavy 
dews. Mangos, bananas, rice and a variety of vegetables are 
grown for domestic and local consumption in limited 
quantities in marigots. 

Accessibility. Central Senegal has a good network o, 

primary and secondary all-weather roads. There are 
paved asphaltic primaryapproximately 373 miles of 

roads, and a greater total length of secondary roads 

constructed with laterite. There are few points in West 
Central Senegal that are more than 12 miles from a 
primary or secondary road. A complex of unmarked 
trails provides access to villages not located on 
principal roads. The trails are often sandy and are 
traveled with difficulty by all but four-wheel drive 
vehicles. 

Gdographie 

CULTURE ET UTILISATION DU SOL 

La culture dans la partie Ouest do Sdn~gal Central 
est essentiellement agricole avec des p:turages jouant un 
r6le mineur mais en plein essor. Les mthodes d'ass~che
mient des exploitations agricoles sont d'un usage commun 
et les m6thodes d'irrigation manuelle sont pratiqu6es de 
faqon restreinte en des endroits oft l'eau est disponiblk 
grdce i des marigots ou a des puits for6s peu profonds. Les 
arachides forment le point d'appui de I'dconomic agricole 
et sont les scules r6coltes exportdes. La culture du nil est 
largement r6pandue pour les besoins doinestiques et 
represente la denr6e principale de Ia nourriture des 
Sdn6galais. Les arachides et le nil sont les deIx principales 
rdcoltes obtenues par les ii6thodes d'ass~chement des 
exploitations agricoles. Dans la r6gion NIlour-This, on 
cultive des haricots verts et des toniates all d6but de la 
saison s6che apr~s la r6colte du rmil, et il semble que les 
rosdes fournissent fi ces deurdes tone humuiditd soffisante. 
Lsnes manss bananes, Ic riz, cttote une vari6at de 

e qan it liute darts deLes s lts 
ldgumes sont cultivds en quantitds limitdes dans des 

marigots pour la consomniation domestiqoc c locale. 

Voiesd'accs. Le Sdn6gal Central poss6de un bon 
rdseau de routes principales et secondaires, pratiquables en 
toutes saisons. 11y a environ six ce'- kiloin6tres de routes 
principales goudronndes et une , gueur totale plus 
importante de routes secondaries construites avec de [a 
laterite. II y a quelques endroits dans la partie Ouest du 
Sdndgal Central qui sont ,loign6s de plus de vingt 
kilom6tres d'une route principale ou secondarie. Un 
complexe de pistes non-cartographides fournissent un 
accbs aux villages non localises sur les routes principales. 
Les pistes sont souvent sablonneuses et ne sont 
pratiquables que par des vdhicules Atraction avant. 
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Figure 9 - Millet being cultivated by traditional methods on the left and modern methods 
on the right at the Institute de Recherches Agronomiques, Botnbey/ 

- La cultivation du millet (sorgho) par methodes traditionnelles Iagauche) et per 
mi~thodes modernes ( droite) , Ilnstitute de Recherches Agronomiques, aBombey. 
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4 CHAPTER V CHAPITRE
 

GEOLOGY / 

GENERAL 

The surface of Central Senegal is covered by the Continental 
Terminal formation and serves as a good collecting bed for 
replenishment ofshallow ground water. 

Senegal is an exceptionally flat country in which 
two structural units can be distinguished; a Tertiary basin 
that occupies the greater part of the country and rarely 
exceeds 164 feet in altitude, and a smaller area along the 
eastern frontier of the country where Paleozoic and 
Precambrian rocks outcrop. The latter rocks dip gently 
westward and are overlain unconforinably by sub-
horizontal Cretaceous and Tertiary sediments that reach a 
thickness of 19,686 feet in the vicinity of Dakar. 

The Cretaceous sediments consist of the Maes-
trichtien Formation of sand, sandstone, sandy limestone 
and clay, that underlies most of the country and all of 
Central Senegal and forms an important but sometimes 
deep aquifer. Tertiary sediments consisting of marl. 
limestone, clay, sand and laterite lie conformably on the 
Maestrichtien. Quaternary sands and lake deposits overlie 
the Tertiary deposits. 

Central Senegal can be divided into four physio-
graphic units. The Thies escarpment and its backslope. 
known as the Thies plateau, are two main units in the 
northwest part of the area. A small portion of this sector 
bordering the ocean consists of dunes and niayes. The 
southern part of the project area, east of the mouth of the 
Saloum, forms a third unit, consisting of a network of 
saltmarshes in which tidal effects are felt almost as far 
inland as the eastern limit of Central Senegal. The fourth 
unit is a sandy plain of little relief whose elevation 
decreases southward and occupies over 60 percent of the 
project area. It was within this last unit that most of the 
activity of the present project took place. 

GEOLOGIE 

GENERALITIES 

La surface du Sdndgal Centralest recouverte par la formation 
du Continental Terminal qui sert de rdservoir pour la recharge 
de I'eau souterraine peu profonde. 

Le Sdndgal est un pays exceptionnellement plat 
dans lequel on peut distinguer deux blocs structuraux; un 
bassin Tertiaire qui d6passe rarement cinquante m6tres 
d'altitude et qui s'6tend dans la majeure partie du pays, et 
une plus petite r6gion le long de [a frontire orientale du 
pays o6 affleurent des roches du lPaldozoitue et du 
Pr6cambrien. Les roches du Prcambrien s'inclinent 
l6g~rement vers l'Ouest et sont recouvertes de faqon 
irr6gulire, de sediments subhorizontaux du Tertiaire et 
du Crdtac6 qui atteignent une 6paisseur de 6.000 m'etres A 
proximit6 de Dakar. 

Les sediments du Cr6tac6 consistent de la formation 
Maestrichtienne de sable, gras, calcaire sablonneux et 
argile, qui sont sous-jacents dans la plus grande partie du 
pays et dans tout le Sdn~gal Central; ils forment une 
couche aquif6re importante mais parfois profonde. Les 
s;diments du Tertiaire se composant de marne, calcaire, 
argile, sable et lat~rite, s'6tendent r~gulikrement sur le 

Maestrichtien. Les sables du Quaternaire et les alluvions, 
recouvrent les couches du Tertiaire. 

Le Sdndgal Central peut 6tre divis6 en quatre blocs 
physiographiques. L'escarpement de Thins et son revers, 
connus sous le nom de Plateau de Thi6s, sont deux blocs 
principaux dans la partie Nord-Ouest de la r,gion. Une 
petite portion de cc secteur longeant l'oc6an, consiste en 
dunes et nvves. La partie Sod de la region du project, 5 
I'Est de I'embouchure du Saloum, forme le troisime bloc, 
un rdseau de marais salants dans lequel les effets de la 
mar~e sont ressentis, vers l'int6rieur, presque jusq' la 
limite orientale du Sdn~gal Central. Une plaine 
sablonneuse, de relief peu important qui s'dtend dans plus 
de soixante pour cent de la region du projet, et cont 
1'616vation d~croit vers le Sud forme le quatrikme bloc. 
C'est dans cc dernier bloc que se droul~rent la plupart 
des activitds du projet que d~crit cc rapport. 
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Figure 10 - The phreatic water table is exposed at the phosphate mining operations in Taiba/
 
La nappe aquifere phreatique expos6e durant I'exploitation miniere de phosphate a Taiba
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Geology 

DETAILED DESCRIPTION OF GEOLOGICAL 
FORMATIONS 

The Tertiary and Quaternary deposits are of primary concern 
in this report for they contain good supplies of the most 
economically exploitable groundwater in Central Senegal. 

Paleocene. The formation consists essentially of 

limestone, marl-limestone, and marl with minor amounts 
of sandy and clayey sand interbeds. The formation is 

composed mostly of limestone in Eastern Senegal and 

becomes more marly and clayey to the west, eventually 
becoming sandy toward Wcstern Central Senegal. The 

formation outcrops in Eastern Senegal and in the M'Bour 
and Popenguine areas. It is generally regarded favorably 

for water occurrence; however, in much of the project 

area the formation is largely marl and clay and contains 
Fass well penetrated 197water of inferior quality. The 

feet of Paleocene sediments consisting of 184 feet of marl 

and 13 feet of limestone. The limestone aquifer contained 

water with 3200 milligrams per liter total solids. The 

Diaganao well was completed in sandy marly limestone at 

the top of the Paleocene and contained water with 4000 
milligrams per liter total solids. The formation is usually 
hydraulically connected to the underlying Maestrichtien 
formation. 

Lower Eocene (Yprcsicn). From older to younger, 

the formation consists consecutively of (1) Palygorskite 
totally unfavorable for the(attapulgites), a clay mineral 

of water; (2) marl, with ostracods, containingoccurrence 
a few limestone interbeds of little interest as pertains to 
water, and (3) marl with interbedded fossiliferous lime-
stone, the limestone occurring irregularly and having rapid 
lateral variations. The clay-marl series constitutes the 
predominant rock type in the foimation. Color of the 
series is usually white or gray, although yellow and green 
are not uncommon. The clay is often papyraceous, 
tending to break into thin sheets. Montmorillonite and 
chert are common in the lower part of the formation. 
Cable tool drilling rates are very slow in the clay-marl 
series. The formation is not generally favorably regarded 
as a source of groundwater except for the upper horizon 
which sometimes contains limestone. 

Middle Eocene (Lutetian). The formation consists 

essentially of limestone and marl with minor amounts of 

sand, sandy clay, and clayey sand. The limestone is often 
phosphate sometimes in sufficientphosphatic, with the 

The clay-concentration to be commercially exploitable. 
marl series, a major component of the Lutetian, is often 

grayish or greenish, but more often yellowish in color, and 

Gdologie 

DESCRIPTION DETAILEE DES FORMATIONS 
GEOLOGIQUES 

Les sediments du Tertiaire et du Quaternaire sont d'une 
importance primordiale dans ce rapport car ils contiennent 
d'importantes rdserves de l'eau souterraine d'une exploitation 
economique dans le Sdnegal Central. 

Paldocne. La formation est composde essentielle
ment de calcaire, de marnocalcaire, et de marne avec des 
intercalations peu importantes de sable et de sable 

argileux. Dans le Sdndgal Oriental, ia formation se 

compose en plus grande partie de calcaire, et devient plus 

marneuse et argileuse vers 'Ouest, devenant 
dventuellement sablonneuse du c6t6 de la partie 
Occicentale du Sdn6ga Central. La formation affleure 

dans le Sdndgal Oriental et dans les r6gions de M'Bour et 

de Popenquine. Elie est en g6ndral jug6e favorable i 
plus grandel'occurrence de I'eau, n6anioins, dans la 

partie de la region du projet, ia formation consiste en 
eau degrande partie de mane et d'argile et contient une 

mauvaise qualitd. Le forage de Fass p6n~tra in 60 m les 

s6diments du PalIoc6ne consistant en 56,2 mide marne et 

en 4 m de calcaire. La coucle calcaire contenait de I'eau 
avec un total de 3.200 milligrammes d'extraits secs par 

litre. Le forage de Diaganiao fut achev6 dans du calcaire 

sablonneux et marneux, au sommet du Pal6oc6ne, et 

contenait de l'eau avec 4.000 milligrammes d'extraits secs 

par litre. La formation est en gdn6ral relide 
d la formation Maestrichtiennehydrauliquement 

sous-jacent. 

Eocne Inferieur(Ypresien). De vieille a jeune, la 
formation est composde cons6cutivement de: (I) 
Palygorskite (attapulgites), une argile min6rale 
compldtement d6favorable i l'occurrence de reau; (2) 
marne, avec des ostracods, avec quelques intercalations de 
calcaire de peu d'intdrdt par rapport , l'eau et (3) marne 
avec des intercalations fossilig~res de calcaire, celui-ci se 
pr~sentant irr~gulidrement et ayant de rapides variations 
latdrales. La s6rie argile-marne constitue le type de roches 
predominant dans la formation. La couleur de la sdrie est 
en gridral blanche ou grise, bien que le jaune et le ven ne 
soient pas rares. L'argile est souvent papyrac6e avec des 
tendances fi se fissurer en finces lamelles. Dans la partie 

de trouver duinf~rieure de la formation, il n'est pas rare 
Dans la gamme argile-marne,silex et du Montmorillonite. 


ies rythmes de forages sont tr~s lents. La formation n'est
 

en gendral pas favorablement 	 consid~r~e comme source 
sa couche sup~rieure quid'eau souterraine, sauf pour 


contient quelquefois du calcaire.
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fossiliferous. Limestone and marly limestone, the other 
major component of the formation, is usually white or 
light yellow, very fossiliferous, sometimes being composed 
wholly of shell debris. The limestone is usually soft, easily 
drilled, and permeable, however, sometimes hard dense 
and cavernous. The formation is a g od water producer. 

Continental Terminal (Oligo-Mio-Pliocene). The 
formation lies unconforniably upon the Eocene. The 

and is oftenformation covers a large part of Senegal 
capped by a shell of laterite, and at other times covered 
by Quaternary sediments. The formation consists largely 
of sand and clayey sand with laterite and lateric sand and 

clay forming the lower horizon. The sand is usually fine-

grained, and varies in color from iose through beige, 
yellow and white. The laterite in the formation is a very 

erratic aquifer, being at times clean and permeable, and at 
other times clayey and impermeable. 

are hetero-Quaternary. The Quaternary formations 
genous, consisting of lacustrine limestone, sand dunes, 

marine sands and muds, and river alluvium. Some lateriza
tion occurred, and other laterite deposits were formed 
from erosion products of Continental Terminal laterite. 

resrvon waltera 
The dunes are important as reservoirs for water, particu-
larly in the northwest costal area for much of the 
groundwater recharge in Central Senegal is derived from 

The dueario prtans irsnt patic-

Eocene Moyen (Lutdtien). La formation se compose 
essentiellement de calcaire, de marne avec des faibles 
quantit6s de sable, d'argile sablonneux, et de sable 
argileux. Le calcaire est souvent phosphatique, avec du 
phosphate en quantit~s suffisantes parfois pour tre 
exploitd commercialement. La suite argile-marne, 
constituante principale du Lut6tien, est souvent gris;itre 
ou verditre, mais elle est le plus souvent d'une couleur 
jauntre et fossiif6re. Calcaire et calcaire marneux, le 
second constituant essentiel de la formation, est 

generalement blanc ou jaune clair, tres fossilifere, et 
enti~rement compos6 parfois de d6bris de coquilles. Le 

calcaire est en gdndral tendre, facilement forable et 

perm6able, ndanmoins, il est quelquefois tr6s dur et 
La formation est une bonne productrice d'eau.caverneux. 

ContinentalTerminal(Oligo-Mio-Pliocne). Cette 
formation recouvre de faqon irrdguildre I'Eoc~ne. La 

une Sdngal et estformation couvre grande partie du 
coiff~e d'une paroi de lat~rite et, est recouvertesouventd'autres fois, de sddinients du Quaternaire. La formation 

se compose generalement de sable et de sable argileux 
latdritique, de sable lat6ritique et d'argile formant la 
couche infjriure. Le sable est en gdn6ral fin et varie en 
couleur du rose jusqu'au beige en passant par le jaune et le 
blanc. La latrite dans la formation est une couche 
aquif6re tr~s erratique, dtant en des endroits nette e' 

permeable et en d'autres, argileuse et impermeable. 

Quaternaire.Les formations du Quaternaire sont 
h6terog~nes, se composant de calcaire lacustre, de dunes de 
sable, de sables et boues marins, et d'alluvions. Quelques 
lat~risations se produisirent et d'autres d~p6ts de latdrite 
se form~rent des produits de l'drosion de la latdrite du 
Continental Terminal. Les dunes jouent un r6le important 
comme rdservoirs d'eau, particuli6rement dans la rgion 
c6tire Nord-Ouest du Sdn6gal Central. Une importante 
partie de la recharge souterraine dans le S6n~gal Central 
derive de la region des dunes c6ti6res. 
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CHAPTER VI CHAPITRE 
HYDROLOGY / HYDROLOGIE 

GENERAL GENERALITIES 

Precipitation is the primary source of water available for La prdcipitationest la source d'eau disponible essentielle pour 
recharging the groundwaterreservoir of Central Senegal and la rechargede rdservoird'eau souterrainedu Sdndgal Central, 
evapotranspirationconstitutes the principalloss factor. et l'ivapotranspirationconstitue le principalfacteurde pertes. 

As throughout most of'Senegal the climate of West Comme dans presque tout le Sdn~gal, le climat de 
Central Senegal is subtropical. Lying midway between the 'Ouest du Central Sdndgal est sub-tropical. Se situant At 
Sahara Desert to the north and rain forests to the south, mi-chemin entre la Ddsert du Sahara iu Nord et les 
Senegal enjoys a moderate climate influe:ced by the dry savanes au sud, ie Sdngal jouit d'un climat mnodr6, 
southwesterly trade winds during most of the year. A shift influenc6 par les vents secs souffant du sud-ouest presque 
in the direction of the winds during the hiverange July to toute l'ann6e. Un changement de direction des vents 
October, brings moisture-laden air masses inland from the durant I'hivernage, de Juillet i Octobre, apporte dans 
ocean. At this time, the climate is humid and is the period l'intdrieur des masses d'air charg6es d'humidit6 venant de 
of greatest rainfall but the temperatures rarely exceed l'ocan. A cette pcriode, le climat est humide, la precipita
95F (figure 12). The mean annual temperature is 79F. tion la plus grande, mais les temperatures ddpassent 
The ocean is the main influence in modifying the climate, rarement 35C. La moyenne de temp6rature annuelle est 
helping to maintain the moderate year around tempera- de 26C. (figure 12). L'oc6an est le principal facteur de 
tures. Average annual temperatures vary from 77F on modification du cliniat, qui contribue maintenir des 
the coast to 82F in the eastern part of the project area tempratures moddr&es tout le long de 'annee. Les 
with the isothermal lines running generally north-south moyennes annuelles de temprature varient de 240.5 C sur 
(figure 13). la c6te i27.5 C dans la partie orientale de la region du 
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Figure 13 -isothermal map showing average annual temperatures/
Carte isotherme pr~sentant le moyen annuel des temp6ratures 

Precipitation varies from 24 inches in the north to projet avec les lignes isothermiques allant en g~n~ra|du 
40 inches in the south (figure 14). Little, or no precipita. nord au sud (figure 13).
tion occurs from the end of October through May; then, de 600La precipitation vane milim~tres dans lerainfall is moderate until it reaches a maximum in August nord, 1.000 millimetres dans le sud, 11 n'y a pas, ou
after which it declines to zero again in November. a!ors tr~s peu, de precipitations a partir de fin Octobre
Precipitation data for the period 193 l-l60 for eight jusqu'au mois de Mai; alors, les pluies snt mod~r~es
stations including Bambey, Diourbel, Fatick, Kaolack, jusqu'en Aofit o5x eiles atteignent le maximum, pour
Foundiougne, M'Bour, Tides and Tivouane are onshown ensuite retomber A zero en Novembre. Les r~sultats des
figure 14. prcipitations pour Ia p~riode 1931-1960 pour les huit 

The zero reading on the charts for certain years stations de Bambey, Diourbel, Fatick, Kaolack,
indicates a lack of complete records for these years, rather Foundiougne, M'Bour, This et Tivaouane sont indiqu~s
than periods of no rainfall. sur les figure 14. 

Le zero figurant sur les tableaux pour certaines 
annies n'6quivaut pas Aune carence de pluies, mais plut6t 
Aun manque de renseignements sur les chutes de pluiespour les annies en question. 
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Hydrology Hydrologie 

EVAPORATION EVAPORATION 

An important factor in the hydrological pattern of Un important facteur sur le point hydrologique de 
West Central Senegal is the high overall evaporation rate. 'Ouest du Sdn6gal Central est le taux d'dvaporation totale 
The evaporation rates shown on figure 15 are pan tr6s 6lev6. Les taux d'dvaporation indiqu6s sur la figure 15 
evaporation rates and the conversion of these to actual sont des taux de base et pour la conversion de ces derniers 
field rates must consider the modifying factors of vegetal aux taux d'dvaporation actuels, il devrait dtre tenue 
cover, surface roughness, days of cloud cover, a radiation compte des facteurs vdgdtaux changea!ts, de la rugositd 
factor, and at times advective air currents. du sol, des journ6es nuageuses, du facteur de radiation, et 

des courants d'air survenant quelquefois.No field studies have been made of evapotranspira-
tion rates; however, several authors have applied formulae, On n'effectua pas d'dtudes, sur le chantier, sur les 
proven in other areas, to limited areas of West Central taux d'dvapo-transpiration. Ndanmoins, plusieurs auteurs 
Senegal and have had similar and reasonable results. ont appliqu6 des formules prouvdcs dans d'autres r6gions , 
Martin, 1967, shows that 16-1/8 inches of the 22-5/8 quelques regions de l'Ouest du Sdn6gal Central et ont 
inches of annual precipitation at Dakar is lost to obtenu des r~sultats similaires et raisonables. Martin, 
evapotranspiration at Tides 17-3/8 inches is lost out of a 1967, indique qu' i Dakar, sur 575 millimetres de pluies 
total of 691 millimeters of precipitation, and at M'Bour annuelles, 410 millimtres 6taient perdus par 6vapo
18-1/8 inches is lost out of a total of 30 inches. Inland transpiration, qu'A Thids, sur 691 millimetres de pluies, 
from M'Bour and Thies evapotranspiration losses are 442 millimetres 6taient perdus, et qu' i M'bour sur 760 
higher. millim6tres de pluies, 460 millim~tres 6taient perdus. Vers 

Defossez and Elouart, 1959, estimate that in the l'int~rieur, de M'Bour A This, les pertes par dvapo

interior of Senegal infiltration cannot occur when transpiration sont encore plus impourtantes. 

precipitation is less than 24 inches per year. This Defossez et Elouart, 1959, estiment qu'il ne peut y 
threshold of infiltration is known as Hubert's Threshold. avoir d'infiltration, dans l'int~rieur du Sdn~gal, s'il y a 
In actuality, the threshold appears to exceed 24 inches moins de 600 millimetres de precipitation par an. Cette 
in much of the interior areas uf Senegal. This may influence de rinfiltration est connue comme celle de 
partially explain the widespread existence of negative Hubert Threshhold. En fait, l'influence semble d6passer 
water table elevations in an area where extracti,ns are 600 millimrtres dans la plupart des regions int&ieures du 
negligible. Archamboult has coiffed the term empty Sdn~gal. Ceci pourrait en partie expliquer I'existence 
aquifers to describe these waterless sediments. d'importantes nappes d'eau d'dlvations negatives dans des 

r6gions oii la consommation est n~gligeable. Archamboult 
a invent6 le terme 'Aquifires Vides" pour d6crire ces 
s6diments sans eau. 
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Figure 15 - Annual pan evaporation rates/ Taux annuel do plateau d'dvaporation 
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Hydrology 

RECHARGE 


Figure 16 shows negative water level contours to 
depths of minus 100 feet below sea level in the southeast 
area of the Project and to minus 120 feet in the northeast. 
In these areas precipitation is above this 24-inch 
threshold, however, it is doubtful if direct infiltration by 
rainfall contributes anything to replenishment of the 
phreatic aquifers. There is also a marked decrease of 
permeability of the subsurface formations in these areas, 
for thick sections of impermeable clays and marls occur 
here in the Eocene and the Paleocene. The rainfall is thus 
held near the surface as soil moisture before it is 
ultimately consumed by evaporation and transpiration. 
Direct visual evidence of this can be ob.-rved from the 
manner in which the widespread un ,rbrush and the 
peanut plants continue to stay green for months after the 
last rain of the season. 

The source of the recharge to the phreatic ground-
waters of West Central Senegal is from rainfall occuring in 
the western and northwestern part of the Project area near 
the Theis Escarpment. The water level contours shown on 
figure 16 have been marked with arrowhead flow lines set 
at right angles to the contour lines. These flow lines 
indicate the approximate movement of the groundwater 
as it moves away from the recharge area towards lower 
elevations. This niap graphically shows that there can be 
no significant recharge of groundwater into the project 
area from the north, the east or the south. Flow direction 
along the north boundary is north, northeast and east and 
the presence of the large negative area in the northeast 
corner is evidence that no recoverable water is moving 

The zero elevation water level contour is along the 
southern boundary of the Projectarea and essentially 
surrounds the Sine Saloum Estuary. Invasion of the Sine 
Saloum by the sea has penetrated inland almost to the 
eastern boundary of the Project area. Flow direction of 
water from the recharge area is south and southeast into 
the Sine Saloum. A small strip of land just south of the 
Sine Saloum has some perched water of good qualitv, but 
its effect upon the regional flow pattern is of no 
consequence. 

The presence of the large sinks or depressions in the 
water table along the eastern boundary indicates that 
there is little or no movement of water into this area 
which is due to the extremely low permeabilities of the 
geologic formations and that rainfall in the area is not 
effectively contributing recharge water to the phreatic 
zones. Beyond the eastern boundary of the Project these 
elevations drop to even lower levels, to as much as minus 
130 feet below sea level. 

Hydrologie 

RECHARGE
 

La figure 16 montre le contours n~gatifs des 
niveaux de l'eau i 30,5 metres en dessous du niveau de la 
mer dans la partie sud-est du Projet, et ceux .A36,5 metres 
dans le nord-est. Dans ces r6gions, l'influence des pr6
cipitations est sup6rieure i 600 rnillimdtres. II est 
n~anmoins permis de douter qu'une infiltration directes 
des eaux de pluies, contribue Ala recharge des aquif~res 
phr6atiques. On remarque aussi, un d6croissement sensible 
de la perm6abilit6 dans les formations de la sub-surface 
de ces r6gions, car d'dpaisses couches de marnes et 
d'argiles imperm6ables s'y rencontrent dans l'Eoc6ne et le 
Pal6oc6ne. A cause de ceci, la pluie est retenue .Apeu de 
profondeur, comme humidifiant du sol, avant qu'elle ne 
soit d6finitivement consume par 6vaporation et transpira
tion. La mani6re dont les nombreuses racines des plants 
d'arachide demeurent vertes, plusieurs mois apres la 
dernire pluie de la saison, contribue .i prouver ce faitdirectement et de visu. 

Dans I'Ouest de Sdn6gal Central, la source de la 
recharge provient des pluies tombant dans les parties ouest 
et nord-ouest de la region du Projet, non loin de 
I'Escarpement de Thi6s. Les contours du niveau de l'eau 
indiqu6s en figure 16 ont dt6 marqu6s par ds lignes 
d'dcoulement se terminant par des fiMches posses Aangles 
droits sur les lignes de contour. Ces lignes d'6coulement 
des eaux indiquent le mouvement approxinatif de 'eau 
souterraine lors de son 6loignement de Ia region de 
recharge vers des s6vations plus basses. Cette carte 
indique graphiquement, qu'il ne peut y avoir de recharge 
importante de l'eau souterraine dans ie nord, l'est ou le 
sud de la region du projet. La direction de l'Ncoulement ie 
long de la limite nord est nord, nord-est et est, et la 
pr6sence d'une importance rcgion negative dans la zone 
nord-est contribue A prouver qu'il n'y a pas d'eau 
recouvrable circulant dans cette r6gion. 

L'6lvation zero du contour du niveau de l'eau se 
trouve le long de la limite m6ridionale de la region du 
Projet et entoure en grande partie I'Estuaire du Sine 
Saloum. L'invasion du Sine Saloum par la mer a p6n6tr6 
vers l'int6rieur presque jusqu'9i la limite orientale du 
Projet. La direction de 1'dcoulement de I'eau i partir de la 
zone de recharge est sud, sud-est dans le Sine Saloum. Une 

bandelette de terre, juste au sud du Sine Saloum, contient 
un peu d'eau perche de bonne qualit6, mais son effet est 
sans consequence sur l'coulement regional. 

La presence d'importants abaissements ou 
depressions de la nappe aquif~re le long de la limite 
orientale, indique qu'il y a peu, ou pas de mouvements 
d'eau dans cette region. Ceci est dfi aux tr6s faibles 
perm6abilit6s des formations g~olcgiques, et aux pluies 
qui ne contribuent pas Aila recharge des zones phr~atiques
de cette r6gion. Apr6s la limite orientale du Projet, ces 
616vations s'abaissent Aides niveaux encore plus inf~rieurs, 
jusqu'i 40 mitres en dessous du niveau de la mer. 
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WATER REQUIREMENTS 

No extensive water requirement studies have been 

made in the past for West Central Senegal and statistical 

material on water consumption is scarce. 

Some approximation-, of the quantities of water 

necessary to fulfill existing and future needs can be made 

using es'.imates of the human population, and the 

numbers of cattle, sheep and goats grazing in the area that 

have been made recently by the Genie Rural. These 

estimates place the human population of West Central 

Senegal at 1,200,000, cattle at 370,000, and sheep anu 

goats at 500,000. 

Water consumption rates vary markedly in different 

countries throughout the world depending upon the 
and the amount of irrigateddegree of industrialization 

agriculture. The rate is also much different in the modern 

city of Dakar than at the village level. In the Project area 

figures on water consumption requirements are based 

upon the amount of water consumed per day per person, 

or per animal, in agricultural communities as they now 

exist with an additional factor added for a projected 

growth in the present standard of living. 

The total water consumption requirement is 

obtained by multiplying the population figures times the 

rate of 16 gallons pei day for humans, 9 gallonsindividual 
per day for cattle, and 4 gallons per day for sheep and 

goats. Eated dhumains, 
Estimated desirable water requirements for these 

gallons/year 

1,200,000 humans 
@16 gallons/day/person 6948.5 x 106 

370,000 cattle 
@9 gallons/day/animal 1241.7 x 106 

500,000 sheep/goats 
@ 4 gallons/day/animal 713.3 x 106 

Total annual requirement 8,903.54 x 106 

Using this figure as the basic amount of water 
needed to satisfy domestic and animal needs, without 
considering agriculture or industry, an extreme shortage is 
revealed when this is compared to presently developed 
supplies. 

Water from deep Maestrician wells, of which there 
are about twenty in West Central Senegal, constitutes the 
major part of the water produced. Pumping records 

Hydrologie 

BESOINS EN EAU 

Dans le pass6, il ne fut pas fait d'6tudes 

approfondies quant aux besoins en eau pour la partie 

du Sdndgal Central et des statistiques sur laOuest 
consommation de I'eau sont rarement disponsibles. 

Les r~centes estimations faites par le Gdnie Rural 

sur la population humaine,le nombre de bocufs, nioutons 

et ch6vres broutant dans la region, peuvent servir de base 

au calcul des quantit~s d'eau n6cessaire pour satisfaire les 

besoins actuels et futurs. Ces estimations denombrent la 

population hunmaine de la partie Ouest du Sdn6gal Central 

A 1.200.000, les boeufs i 370.000 et les moutons et 

cheves ,i500.000. 

Les taux de consommation d'eau varient sensible

ment dans diff6rentes localit6s suivant le degrd 

d'industrialisation et de la quantitd d'eau utilis~e pour 

l'agriculture irrigude. Dans Ia ville modeme de Dakar, le 
d'eau est aussi tr~s diff6rent partaux de consommation 

rapport Acelui d'un village. Dans la r6gion du Projet, ies 

chiffres sur les besoins de consommation d'eau sont bases 
par jour par personnelsur ia quantit6 d'eau consomme 

ou par animal dans les communaut6s agricoles comme 
elles existent actuellement avec un facteur supplementaireenvisageant un essor du standard de vie actuel. 

Le besoin total d'eau de consommation est obtenu 

en multipliant le nombre repr6sentant la population par 
par jour pour lesles taux individuels suivants: 60 litres 

35 litres par jour pour les boeufs et 15 litres par 
jour pour les moutons et les ch~vres. 

Les besoins d'eau estiniie ncessaire ices nombres 
sont les suivants: 

mdtres
cubes par an 

1.200.000 humains 

i60 litres par jour par personne 26.3 x 106 

370.00boeufs 4.7 x 106i 35 litres par jour par tdte 

500.000 moutons et ch~vres 
i 15 litres par jour par tdte 2.7 x 106 

Besoin total annuel 33.7 x 106 

En consid~rant ce total comme dtant la quantitd les 
exigences domestiques et animales, sans tenir compte de 
'agriculture ou de l'industrie, une tr s importante 

insuffisance se r~v~le quand ce total est compard aux 
ressources exploit~es r~ellement. 

L'eau des puits profonds fords dans le Maestricien 

dont il existe vingt puits environ dans la partie Ouest du 
Sdndgal Central, constitue la plus grande partie de l'eau 
produite. Les annales de pompage indiquent qu'une 
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indicate that an average production of 1849.4 x 106 

gallons of water per year comes from these Maestrician 

aquifer wells. Assuming that the remainder of the hand 

dug wells in the area produce 264,200,000 gallons of 

water from the phreatic aquifers, this gives a grand total 

of 2113.6 x 106 gallons per year available for 

consumptive use. Subtracting this amount from the 
106 gallons)desirable annual amount needed (8903.5 x 

gives a deficit of 6789.9 x 106 gallons per year. 

While this deficit could be met by the intensive 
pumping of the 40 development wells drilled during this 
project for a maximum estimated pumpage of 6657.8 x 
106 gallons per year, this would not meet the need 

of the people in terms of availability of the water at the 
this would requireplaces where it would be used. Also, 

modern pumping equipment which cannot be supported 
by the existing economy. The goal of future drilling 
programs will be to have drilled wells in Ps many villages 
as possible, equipped with hand pumps, to serve the 
immediate local ineeds of the people. 

This deficit does not consider the requirements for 

irrigated crops. Presently, most agriculture is handled y 
little water, depending upongrowing crops that require 

the hivernage rains to supply the plant needs at the critical 
growth period. 

Irrigation that has been undertaken in West Central 

Senegal has been done on a limited scale and then only in 

areas bordering on marigotsand niayes. Ground water can 

be developed for agriculture as has been successfully 
shown in a few citrus and mango orchards in the 

west of the Project area that haveSebeitokane area just 
wells and irrigation canal systems. 

The loose, lateritic, sandy soils and the abundant 

sunshine are conducive to good plant growth when water 

for irrigation can be found in sufficient quantities. The 

work of this survey helps to confirm that ground water is 

available at depths of less than 25 feet in much of the 
western one-third of West Central Senegal and can be 
cheaply developed for truck farming, 

The Genie Rural estimates that an average rate of 
12.7 gpm of water is required per acre for irrigation in 
West Central Senegal. The rate ranges from 8 gpm in the 
littoral zone to 19 gpm farther inland. 

A truck farm of 500 acres irrigated for an average 
of four months per year would require about 449 x 106 
gallons of water per year. 

Realistic estimates of the w..ter requirements for 
future development of irrigation in West Central Senegal 
would depend upon extensive soil surveys, cropping 
pattern, land use and agricultural economic studies that 
are beyond the scope of the present work. 

Hydrologic 

moyene de production d'eau de 7,0 x 106 metres cubes 

d'eau par an provient de ces puits achev~s dans le 

Maestricien. En pr6sumant que les puits fonc6s de la 

region produisent un million de metres cubes d'eau des 

couches aquifires phratiques, cela donne un total global 

de 8 x 106 metres cubes par an, disponibles pour la 
celuiconsonmation. En soustrayant cc total de des 

besoins annuels n6cessaires, 33,7 x 106, cela donne un 
deficit de 25,7 x 106 m6tres cubes par an. 

Ce deficit ne tient pas compte des besoins de 

l'irrigation. Actuellement, presque toute I'agriculture n'est 
maintenue que par laplantation de r6coltes ndcessitant 
peu d'eau, et en comptant sur les pluies de 'hivernage qui 

compensent les besoins de la r~colte quand elle arrive A 
mnAturite, cc qui est un moment critique. 

L'irrigation qui a &6 entreprise dans la partie Ouest 
du S~n~gal Central a 6t6 effectu~e sur une petite 6clielle et 
seulement dans des r6gions adjacentes 5 des marigots ou 
des niayes. L'eau souterraine peut dtre d~velopp6e pour 
['agriculture comme cela fut dniontr6 avec succ~s dans 

quelques vergers de mangues et de citrons qui ont des 

puits et des systies de canaux d'irrigation, juste A 
l'Ouest de la rigion du Projet. 

Beaucoup de soleil, des sols latritiques sablonneux 
et meubles, sont favorables 5itine bonne croissance de la 

r6colte quand l'eau pour l'irrigation peut dtre trouv~e en 

quan!itd suffisante. Cette 6tude aide i confirner que 'eau 

souterraine est disponible Ades profondeurs de moins de 

7,6 m6tres dans une grande partie occidentale de I'Oucst 

du Sdndgal Central et qi'elle peut tre exploitde A bon 
marchc pour I'agriculture. 

Le Gdnie Rural estime (lu'un taux moyen d'eau de 

0,8 litre par secoade est n6cessaire pour l'irrigation dans la 

partie Ouest du Sdn~ga. Central. Le taux s'clielonne entre 

0,5 litre par seconde dans la z6ne littoraile et 1,2 litre par 
seconde dans l'int6rieur du pays. 

Une ferme de 200 hectares irrigu~e en moyenne 
quatre mois par an, n6cessiterait environ 1.7 x 10 6 metres 
cubes d'eau par an. 

Des estimations exactes sur les besoins en eau pour 
en d~veloppenient futur de l'irrigation dans [a partie Ouest 
Sdndgal Central d6pendraient d'dtudes approfondies des 
sols, d'un type de rcolte, de l'utilisation de la terre, et 

d'6tudes d'6conomie agricole qui n'entrent pas dans le 
plan du travail de ce pr6sent projet. 
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WATER AVAILABILITY 

Much work has been done in Senegal to study the 

deep.seated Maestrician aquifers and efforts have been 
made by numerous specialists to obtain quantitative data 

on these resources. To the contrary, little has been done 
with the phreatic waters that occur in the Continental 
Terminal and the Eocene formations. 

water balance studies of WestThe state of the 
Central Senegal, based upon all available information at 

the present time,cannot do more than produce an order of 
to the overall quantity of water available formagnitude as 

Long term recordsdevelopment from the phreatic zones. 
of water level fluctuations from wells widely scattered 
throughout the region under study are needed to properly 
estimate the dynamic yield of the phreatic aquifers. The 

dynamic yield is considered to be that amount of water 
that is annually replenishable by rainfall, i.e., the amount 

that can be safely used without depleting that which is 

permanently in storage and without upsetting the local 
hydrologic balance in relation to a degradation in water 

quality or to less economical pumping lifts, 
Fluctuations of the w ter levels in wells have not 

or over 
over a sufficient period of time 

been measured 
wide enough areas to give precise figures for the dynamic
yied ohs ar gie pree fLes 
yield of these aquifers. 

Estimates of thie dynamic yield are obtainable, 
however, where valid rainfall data are available for the 
recharge area. Information is also necessary on evapo-

transpiration surface water inflow and outflow, and 
groundwater inflow and outflow. 

The amount of rainfall occuring in an area under 

study minus the runoff and the evapotranspiration losses 
gives an approximation of the overall amount of water 

available for recharge, or aquifer replenishment. What 
portion of this infiltrates the land surface and reaches the 

water table depends upon the soil retention and the 

porosity and the permeability of the underlying 
sediments. 

For an analysis of the hydrogeological conditions 
the total area of tee Project has been divided into seven 
zones (figure 16 ). Five of these zones can be used in 

estimating the amount of rainfall contributing to the 

recharge of the phreatic aquifers. They are Areas I, 2, 3,4
and 5 with Areas 2 and 3 being subdivided into two parts 

each by the north-south groundwater divide line. There 

streams flowing into or out ofare no perennial surface 
these five areas, however, a smail amount of runoff occurs 

during heavy prolonged rains into the Sine Saloum. The 

Hydrologie 

DISPONSIBILITE DE L'EAU 

Au Sdn~gal, il y eut beaucoup de travail effectue 

pour l'tude des aquif~res Maestriciennes profondes et de 
nombreux spdcialistes firent des efforts pour obtenir des 

renseignements quantitatifs sur ces ressources. Par contre, 
peu de recherches furent entreprises sur les eaux 
phrdatiques se rencontrant dans les formations du 

Continental Terminal et de I'Eocene. 

Les dtudes de l'tat de l'quilibre de l'eau de l'Ouest 
Central, basdes sur toutes les informationsdu Senegal 

disponibles actuellement ne peut que donner un ordre 
la quantit6 d'eau totale disponible pourd'ampleur quant Ai 

le ddveloppement des zones plirdatiques. Des renseigne
ments A longs termes sur les fluctuations du niveau de 
'eau a partir de puits largement diss6minds A travers ia 

region que l'on veut 6tudier, sont n6cessaires , 'estima
lion exacte du debit dynamique des aquif~res phr6atiques. 
Le debit dynamique est considr6 6tre la quantit6 d'eau 

qui par les pluies recharge annuellement les aquif6res. 
sans crainte,C'est la quantit6 d'eau qui peut dIre utilisde 

sans 6puiser celle qui est en emniagasinenient permanent 
bouleverser l'dquilibre hydraulique localouen relaet sans de Ia qualit6 de r'eau ,4 destion ,4 une ddgradation 

pompages moins 6conomiques.
fluctuations des niveaux de l'eau dans les 

forages tie furent pas niesurdes pendant suffisament de 

temps ou dans des r6gions suffisament grandes pour 
donner des calculs pr6cis sur le d6bit dynamique de ces 
aquif~res. 

Ndanmoins, il est possible d'obtenir des estimations 
sur le debit dynamique, 15 oi des renseignements sont 

valables Rur les pluies n6cessaires A la recharge. II est aussi 
n6cessaire d'obtenir des renseignements sur l'evapo
transpiration, sur la surface d'affluence et d'dcoulement 
de r'au et sur l'affluence et l'coulement de i'eau 
souterraine. 

On peut avoir une idle approximative de iaquantitd 

d'eau totale disponible pour la recharge des nappes 

aquif6res en soustrayant de la quantit6 de pluies tomb~es 
sur la region 6tudide, les pertes par dvapo-transpiration et 
icoulement. La partie qui s'infiltre dans le sol et qui 
atteint la nappe d'eau, depend de la porosit6 et de la 
permdabilit6 des sddiments sous-jacents. Le degrd de 
retention du sol et la capacit6 n~cessaire Asaturer le sol 
affecteront la quantit6 d'eau qui, en debitdafinitive,dynamiqueatteint la nappe d'eau et qui contribue au de 

aquifre. 

Pour one analyse des condition hydrogologiques, Ia 
Ia rcgion du Project a 6td divise ensuperficie totale de 

sept zones comme indiqu6 sur la figure 16A.Cinqde ces 

zones peuvent 8tre utilisdes pour 'estimation de la 

quantitd d'eau de pluies contribuant ,i la recharge des 
aquif~res phrdatiques. Ce sont les Rdgions I, 2, 3, 4 et 5. 

Les Rdgions 2 et 3 dtant subdivis~es en deux parties 
chacune par Ia ligne nord-sud d'6coulement d, 'eau 

de fleuve A debit continuesouterraine. 11 n'y a pas 
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low elevation of the land, and the consequently low 
gradients keep surface water runoff to a minimum. On the 
coastal area to the northeast, the sand dunes prevent 
surface water runoff losses. 

Evapotranspiration rates are taken from previous 
studies as mentioned earlier in this chapter. Thirty percent 
of the total project area receives effective annual recharge 
in the form of rainfall and it is this recharge that assures 
the long term productive capability of the phreatic 
aquifers in West Central Senegal. Results of these calcula-
tions based upon the average annual rainfall in these areas 
for the period 1931-1961, minus the various water losses, 
are summarized in the table below. 

Estimated 	 Annual Volume of 

Sieo u...Bullec 

Surface 	 Moy.nn. de 

Supertlcla 	 d. de Pr-clpltlllons I. rN* de Is R o Annusilel d'Esu TtlalsI glon IlAffluencevrflcacd. eneflono . auo-Totalsr
2	 IsR4.:r. 

(m ) d'Eau n(3)3
 
(m ) 	 (m3) 


1 2,144 X 108 0 740 1.586.8 x 108 

2 425 X106 0 740 314.5 x 108
(Est) 

2 548 11108 0 740 405.5 x 108 
(Oast) 

3 820 xi06 0 800 558,0 X 10 
(Elst) 

t 
3 18S x 10 0 800 132.0 X 108 

(OssI) 

e 
4 339 x108 0 850 288.0 xIO 

5 023 X108 0 Bo 498.4 x 100 

6 
5,084 x10 3.881 X 106 

of waterThe total of i390 x 106 cubic feet 
obtained in this estimate represents the average total, and 
maximum, dynamic yield of the aquifers for year.one 
This figure can be further refined by applying infiltration 
factors in the individual areas to the balance of rainfall 
input. However, these rates will not vary ,reatly as on the 
surface most of the areas have a similar type of 
Continental Terminal cover. 

coulant dans, ou A l'ext~rieur, de ce cinq r6gions. 
Nanmoins, de faibles coulements, survenant au cours de 
fortes pluics prolongl.es, se jettent dans le Sine Saloum. La 
faible 61vation du sol, et cons6quemment, les faibles 

pentes, maintiennent A un minimum les dcoulements en 
surface. Dans la region c6ti~re, au nord-est, les dunes de 
sable emp~chent les pertes par dcoulements en surface. 

Les taux d'dvapo-transpiration sont pris sur des 
6tudes ant~rieures, comme rapport6 plus en avant dans 
cette section. Trente pour cent de la region totale du 
Projet recoit la rechurge annuelle rdelle sous forme de 
pluies et c'est cette recharge qui assure la capacitd 
productive A longs termes des aquiftres phr~atiques de 
l'Ouest du Sdn~gal Central. Les r~sultats de ces calculs 
bases sur les precipitations dans ces regions moins les 
diff6rentes pertes d'eau sont r~sum~s dans le tableau 
suivant. 

TABLE 1 
Water Available for Aquifer Re~ctargi 

EvapolrenSpiration Total 

Area 

No. 

Blue of 
Ares 

Ml.e 
2 

Bur ce 
Watler 

Inflow 

Annual 
Precipitation 

Inches 

Total Average
Walter Supply 

Fee, 

W ae 
Outflow 

Ft 3 

Pot ntal 
Pontll 

Inches 

Tvapotranlraon 

Lessee 
Gallons Fast 3 

825 0 29 5600 X 107 1118 X 106 17.8 3330 x 10 
7 

2 154 0 29 1110 X 107 0 17.6 6610 X 108 

(East) 

2 211 0 29 1434 x 107 0 17.6 8510 X 106 
(West) 

3 316 0 31.4 2320 x 10 
7 

0 17.8 1275 K 10 
7 

(East) 

3
(West) 

63.7 0 31.4 460 x 10 
8 

0 17.5 2582 x 10" 

127 0 33.4 1035 x 107 102.3 x 106 17.6 5270 x 105 

5 241 0 '1.4 1780 x 10 
7 

0 23.6 1318 X 107 

1950 1370 x 108 1220 x 10 
8 

840G X 107 

TABLEAU 1A 

Volume d'.au annual estlme' nicessalre '5 I recharge aquifbre 

Surface 	 do 

IEcoulawent Pot ntlel Total des Porte*psr
de I'Eau d'Rpotdeo	 Elapo-transplatlonI'co~l 3	 3 

m ) 	 d'Ent apovapransprrelatin
3 (men) (m ) 

(m ) 


31.7 x 106 440 943.3 X 106 

(0.02) 

0 440 187.01 106 

0 440 241.1 X1108 

8 
0 440 360.8 x 10 

8 
0 440 72.8 x 10 

2.9 x 108 440 149.2 x 106 

(0.0)
 
0 600 373.8 x 108 


34.6 x 108 	 2.327.9 x 10 

Total Available 

a for 
Wtsr for 

Recharge 
Pest 3 

2158 x1IC1 

4500 X 108 

5800 X 106 

1042 x 107 

2100 x 108 

4800 x 108 

4380 x 106 

8390 x 107 

Eau Total@ 

Disponibla pour 
a Recharge3 

(m )3 )
 
(m
 

811.5 	X 108 

° 
127.5 x 10 

184.4 x 106 

2w5.2 	 x 108 

3 
59.4 X010 

135.9 X 106 

124.8 x 108 

1.518.5 X 1o 

Le total de 1.518 x 106 mtres cubes obtenu de 

cette estimation repr~sente Ia moyenne totale, e' maxi
mum, du debit dynamique des aquif~res pour umie annie. 
Ce total peut etre ajust en applicant les facteurs 
d'infiltration dans chaque rgion i 1'Nquilibre de la 
production des pluies. Ces taux n~anmoins ne changeront 
pas de beaucoup, car en surface la plupart de ces regions 
ont un type semblable de couverture de Continental 
Terminal. 
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4CHAPTER VII CHAPITRE 
HYDROGEOLOGY/HYDROGEOLOGIE 

GENERAL GENERALITIES 

The Prolect Area is composed of seven hydrogeologically La Rdgion du Projet est composge de sept sous-r~gions 
different sub-areas with widely varying changes in aquifer hydrogdologiquement diffdrentes avec des variations trbs 
porosity, permeability, water quality and artesian conditions. changeantes de la porositd, Ja periniabilitiJ, la qualite de l'eau, 

et les conditions artdsiennes des nappes aquifires. 

The hydrogeology of the phreatic aquifers of West L'Hydrog~ologie des vquifdres phrdatiques de la 
Central Senegal is complex. The geologic character of the ,jrtie Ouest du Sdn6gal Central est complexe. Le 
aquifers changes laterally in each direction, in addition to caractdre gdologique des aquifdres change lat6ralement 
having widely varying vertical and lateral changes in dans chaque direction, en plus des grands changements 
aquifer porosity and permeability and in water quality. verticaux et lat6raux se remarquant dans la porosit6 de la 

couche aquif6re, sa perm6abilit6 et ia qualit6 de son eau.Further complications arise from the phreatic water 
occuring under both water table and artesian conditions D'autres complications surgissent de l'eau des 
within the same formation, but at different localities, couches phiratiques se pr6sentant et sous ia nappe d'eaj, 

The existence of perched water of good quality et sous les conditions art6siennes dans ia m~me formation, 
mais en des endroits diffirents.directly above a regional water table of inferior quality is 

generally true in the southern part of the Project area. In L'existence d'une eau perch6e de bonne qualitd, 
the east, perched water occurs at random in limited directement au-dessus d'une nappe d'eau r~gionale de 
amount near the surface, but here water of more regional qualit6 inf6rieure, s'avre vraie dans la partie m6ridionale 
distribution is at considerable depth below the perched de la rdgion du Projet. Dans I'Est, l'eau perch~e survient 
water bodies. rarement et en quantitds limit6es d1peu de profondeur, 

l'eau de distribution plus rdgionale se trouve aidesA hydrogeologic map has been prepared of the mais lA, 
Project area (figure 17) containing ai the wells drilled profondeurs consid6rables en-dessous de l'eau perch~e. 

during the Project along with such pertinent data as total Une carte hydrog6ologique du Projet a 6t6 prdpar6e 
depth, depth to water level, gallons per minute, and water (fgure 17A) repr&2ntant tousles forages construits durant 
quality in milligrams per liter of total dissolved solids. le Projet avec des renseignements pr6cis, sur la profondeur 
Also shown is the ground water divide near the center of totale, la profondeur du nivea. de l'eau, les gallons par 
the recharge area and lines of cross sections A-A', B-B', minute et la qualit6 de l'eau avec, en milligrame, le total 
and C-C'.These cross sections are shown in figure 18. des extraits secs dissous par litre. Sont aussi reprdsentdes, 

The total area has been divided into seven sub-areas la ligne de partage des eaux souterraines non loin du 
(figure 17). These are:re:trar""ersales de recharge et, trois lignes de coupes(figre 1). Tese centre de la A-A',r6gionB-B' et C-C, (figure 28). 

a otalt de Ia (ign a d e p
Area 1 - Eocene Limestone Aquifers; Area 2, The 
Costal Dune Aquifer; Area 3 and 3A - Continental La totait de la r6gion a 6t: divise en sept 

Terminal Aquifers; Area 4 - Paleocene Limestone sous-r6gions (figure 17). Celles-ci sont: 

Aquifers; Area 5 - Transition Zone; Area 6 - Rdgion 1 - Aquiferes Calcaires de l'Eocne;Region 
Eocene Marl and Clay Area; and Area 7 - Sine 2 - Aquifrre de la Dune C'6tkre; Rggions 3 et 
Salom Estuary Saline Area. 3A - Aquiferes du Continental Terminal; Region 

-Each unit has hydrogeoligical conditions different 4 - Aquiferes Calcaires du Paldockne; Rdgion 5 
from its neighboring areas. The boundaries of these Zone de Transition; Rfgion 6 - Rfgion Marnes et 
sub-areas are actually transitional zones and are not Argiles de l'Eockne; et Rdgion 7 - Estuaire du 
subject to precise delineation. These will be modified Sine-Saloum, Region Saline. 
from time to time in the future as more information is Chaque unit6 a des conditions hydrog6ologiques 
developed and a better uaderstanding of the dynamic diff~rentes de celles des regiors avoisinantes. Les limites 
nature of these aquifers L,obtained. de ces sous-rdgions sont en fait des zones de transition et 

ne sont pas astreintes ii une d6limitation prdcise. Ces 
imites seront de temps en temps modifi6es dans 'avenir, 
quand plus de renseignements seront recueillis sur ces 
couches aquif~res et quand une meilleure compr6hension 
sur leur nature dynamique sera obtenue. 
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Hydrogeology 

GROUNDWATER MOVEMENT 

Contours on the water table contour map (figure 
16) are based upon elevations of the water table obtained 
from the results of the drilled well program and of the 
survey of the existing hand-dug wells. Contours were 
drawn on the regional water table rather than the perched 
waters. Significant differences of elevation bdtween the 
perched waters and the regional water table were found 
only in the northeastern area. 

Flow lines crossing the contour lines at right angles 
have been included on this map and show the movement 
of the groundwater away from the groundwater divide in 

to the eastall directions. The gradient of the water table 
from the groundwater divide is approximate'y 16 feet per 
mile for about fifteen miles then it decreases to 25 feet 

per mile for the next twenty-five miles. West of the divide 
the average gradient is 22 feet per mile sloping to the 
west. 

The impermeable barriers in the Gouane and Darou 

Mousty marl zones and the depressed water levels within 

to the east are evident in the cross sectionsthese areas 
(figure 18). A barrier to groundwater flow also exists to 

the north and northeast of Kaolack. 

Hydrogdologie 

MOUVEMENT DE L'E LJ SOUTERRAINE 

Le contour sur la carte de profil de la nappe d'eau 
(figure 16) sont bas6s sur les 6lvations de la nappe d'eau 
obtenues des rdsultats du programme des puits fords et de 
ceux de l'dtude des puits foncds existants. Les contours 
furent dessinds sur la nappe d'eau rdgionale plut6t que sur 
les eaux perchies. Des diffdrences d'616vations notoires 
entre les eaux perchies et la nappe d'eau rgionale fure,' 
relevdes seulement dans la region Nord-Est. 

Des lignes d'6coulement coupant les lignes de 
contour en angles droits ont 6td ajoutdes sur cette carte 
qui montre le inouvement de l'eau souterraine s'6loignant 
dans toutes les directions de la ligne de partage des eaux 

souterraines. La pente de la nappe d'eat vers I'Est i 

partir de la ligne'dc partage des eaux souterraines est 

d'environ 3 metres par kilometre pendant A peu pros 
24,14 kilornitre puis d6croit i 0,5 m6tres par kilointre 
pour les 40,23 autres kilomntres. A l'Ouest de la ligne de 

partage des eaux, ia moyenne de d6nivellation s'inclinant 

l'Ouest est de 4,3 mnitres par kilomntre. Les barri6resvers 
marne de Gouane etimperm~ables dans les zones de 

Darou Mousty, ainsi que les niveaux d'eau abaisss dans 
il et voir dans le coupe en traversces r6gions vers r'Est 

(figure 18). Une barri6re Li I'dcoulement des eaux 
souterraines existe aussi au Nord et au Nord-Est de 
Kaolack. 
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Hydrogeology 

STORAGE CAPACITY 

Of the seven sub-areas, five receive recharge directly 
from rainfall. Based on the calculation of the amount 
shown on table 2, a rough estimate of the annual safe, or 
dynamic yield has been mado in the chapter on 
hydrology. The figure of 53,600 x 106 cubic feet of water 
represents a maximum pumpage that should be observed 
annually until data has been collected for several years 
to test the long-term validity of this estimate. 

the dynamic yield of the aquifers,In addition to 
which is considered to be that amount of water that is 

annually replenishing the aquifers from rainfall, there is 
another considerable amount of water that is permanently 
filling the void spaces of the aquifer material and is known 
as the water in staticstorage. 

For current supplies it is important to maintain 

proper control of the development of groundwater at that 

level where annual withdrawals are replaced by annual 
rainfall. But a better understanding of the total water 
resources availability is also important for future planning 
and development as use increases. 

To attain this, knowledge of the amount of water in 

static storage is needed. This can be estimated by 

multiplying the areal extent of the aquifers by the average 
saturated thickness of the material containing the water 
and its specific yield, which is the unit percentage of void 
space that can be filled with water. The product of this is 
the total volume of water in storage. 

To obtain values of saturated thickness of the 
aquifers, an average of the thickness of eleven wells in 
Area I was taken of the Eocene limestone and a specific 
yield of 0.18 was estimated based upon the type of 
material and productivity of the individual wells on test. 
For the east section of Area 3, seventeen wells were used 
for the Continental Termina' aquifer and a specific yield 
of 0.14 was estimated. For Area 4, eight wells in the 
Paleocene limestone and a specific yield of 0.14, and Area 
5, six wells and a specific yield of 0.17 for the transitional 
zone of the Eocene limestone. 

Hydrogdologie 
CAPACITE D'EMMAGASINAGE 

De ces sept regions, cinq reqoivent directement une 
recharge des eaux de pluies, et, bas~e sur le calcul de la 
quantit6 comme indiqu6 sur le Tableau N1. 2, une 
6valuation en gros de la charge annuelle ou dabit 
dynamique a W effectu~e pour cette chapitre, dans la 
partie hydrologie. Le chiffre de 1.518,5 x 10 6 metres 
cubes d'eau par an, reprdsente le pompage maximum qui 
devrait tre respect6 annuellement en attendant d'avoir 
recueilli pendant quelques annes, des 	 renseignements 

terme de cettepermettant de verifier la validit6 A long 
estimation. 

En plus du ddbit dynamique des aquiftres,qui est 
considar6 tre la quantit6 d'eau rdapprovisionnant 
annuellement les aquiftres des chutes de pluies, Hy a une 
autre quantitd d'eau considdrable qui remplit continuelle

ment les espaces vides des aquifdres et qui est connue 

comme 6tant 'eau en emmagasinement statique. 

II est important de maintenir un contrtle attentif 
sur l'exploitation des reserves d'eaux souterraines, au 
point oti les retraits annuels sont remplac6s par les chutes 
d'eaux annuelles. Mais un discernement plus pr6cis de la 
disponibilit6 totale des ressources en eau est important 
pour les dispositionset le developpement futurs. 

Pour atteindre ce rdsultat, il est ncessaire de 
connaitre la quantitd d'eau en emmagasinement statique. 
Celle-ci peut 6tre 6valude en multipliant la superficie 
r6gionale des nappes d'eau par l'paisseur moyenne 
satur6e des mat~riaux contenant I'eau et leur d6bit 

sp6cifique, qui est k seul pourcentage d'espace vid. 
pouvant 6tre rempli d'eau. Le produit de cette operation 
est le volume total d'eau en emmagisinement. 

Pour obtenir les valeurs des 6paisseurs saturdes des 
nappes d'eau, une moyenne de l'6paisseur de onze puits, 
dans le calcaire de l'Eoc6ne de la Rdgion 1 fut prise et un 
ddbit sdcifique de 0,18 fut 6valu6, bas6 sur le genre du 
matdriau et sur le rendement, i i'essai, des forages 
individuels; pour Ia section Est de la Rigion 3, dix-sept 
forages furent employds pour la nappe aquif6re du 
Continental Terminal et un d6bit sp6cifique de 0,14; pour 
la Rdgion 4, huit forages et un d6bit spdcifique de 0,14 
furent utilisds pour le calcaire du Paldocdne; et pour la 
Rgion 5, six forages et un d6bit sp6cifique de 0,17 furent 
utilis6s pour la zone de transition du calcaire de l'Eoc~ne. 

42
 



____________ PARSONS 

Hydrogeology 

If the quality of the water in static storage is at 
desirable levels of mineral content, this resource can be 
drawn upon in periods of great need, as a temporary 
expedient, but continual pumpage would deplete this 
resource and might permanently affect the water balance 
in the area. 

on this Project toSufficient drilling has been done 

make estimates of the volume of water in static storage in 
Areas 1, 3, 4, and 5. These estimates are summarized in 
the following table. 

TABLE 2 


Bl t1, S a, *g Capacly of AqurIe., 

sp-fci~ ~ A tola t .ASI8 z 5 a t r n ate d i g .gA-S... 
YV.ldSAqular Capacityi;NoTh.ckn... 

3 

Fee Fee1
 

I Eo..n. 825 018 459 1Q 10 

Lrm.iton. 

3 ContnnItl 316 014 262 3240 107 

(Eat1) T.,rsn.l. 

(Et) 

2 1104 Pal.,o. n. 127 016 380 1 

L,,naatona 

7 

5 Eo.. 241 017 328 3740 to01 

L -m gtton, 

Total 2.814 K 101 

Hyd rogdologie 

Si la quahtd de l'eau se trouvant en emmagasine
ment statique est Aides niveaux satisfaisants quant i ia 
teneur mindrale, on peut avoir recours Aicette ressource en 
p~riodes d'importants besoins, comme expedient 
temporaire, mais un pompage continuel 6puiserait cette 

et pourrait affecter de fagon definitiveressource 

'eau dans cette rgion.
lquilibre de 

Au cours de ce Projet, suffisamment de forages 
furent effectu~s pour permettre les 6valuations du volume 
de I'eau en emmagasinement statique des Regions I, 3, 4 
et 5. Les rtsultats de ces calculs sont r6sum6s sur le 
Tableau ci-aprs. 

TABLEAU 2A 

C.p -Cli 14 m os -- lene nt lIqe. d. .. S p qu *t S 

Capaci 

lo np 00.1 E i n en d4Et.t...N D,.nao * ,nee t 
6
 

d, IS Aq..i-lt* Sp cf.qun
2 n~ o (Kn, ) (m) q. 

3
 

(m )
 

l 

1 Eoc... 2.144 IS4L3 O 

LuIo..n. 

(Eoen. 

C a c. t) 

020 Pia3 Contn.t.l 8 014 io6 

(Eat) T-.,ne.t 

[C ontntart 

T.-rtn.I) 

6 
597 *104 P ...... 339 018 

L mtutofl 

(Pit~o,.fla 

893 017 10 1.080 11065 

L. mslon* 

Total 7,78 106 
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Hydrogeology 

The following pages contain separate descriptions of the 
characteristics of each of the sever hydrogeological areas that 
have been identified as a result of the work accomplished 
during the course of the Project. 

AREA I - LIMESTONE AQUIFERS 

This is an area of 825 square miles in the 
northern part of the Project. Area I is typified by good 
quality water in thick and highly productive Eocene 
limestone. The top of the limestone lies at a depth of 85 
to 148 feet, depth to the static water level from 52 to 98 
feet, and the total solids contents in most of the area 
range from 300 to 700 milligrams per liter, 

Ten-inch diameter wells' in the aquifer can have 
maximum capacities as high as 3,500 gallons per minute 
and specific capacities of 150 gallons per minute per foot 
of drawdown at a pumping rate nf 450 gallons per minute. 
Aquifer transmissibilities calculated from project test data 
range upwards to 98,000 gal 3ns per day per foot. 

The limestone underlies the entire area except 
locally where it was eroded away by streams and 
subsequently filled with fine-grained continental deposits. 
Such a buried valley runs through the Tabby and Diak So 
area. To the east, and southeast, of Area 1, the limestone 
aquifer grades into marls and clays and thin limestone 
interbeds of low permeability. In the far southern end of 
the area the limestone aquifer extends into Area 5 where 
brackish to saline water conditions predominate. 

Direct recharge occurs from percolating rainwater in 
the area and from the recharge that enters as underground 
flow from Area 2, the Coastal Dun Area to the west. 

Gradients of the water table are low and the flow 
direction is generally eastward throughout the area. Inthle 
north, the aquifer is in direct hydraulic communication 
with the overlying Continental Terminal formation and 
water table conditions exist at Merina N'Dakhar, Diompy 
and Forbotte. To the east and south at Niakhene, Tabby 
and Baba Garage the aquifer becomes sub-artesian. The 
estimated dynamic yield for this ,quifer is 1615 x 108 
gallons per year. The saturated thickness of aquifer 
based upon the average of II wells is 46 feet. The 
static storage is estimated to be 1,432 x 109 gallons 
of water. 

Three test wells and six development wells were 
completed in Area I and one additional development 
well was drilled but abandoned. 

1Nominal diameter American Standards Association, metric 
value is numerical equivalent. 

Hydrogdologie 

Les paragraphes qui. suivent contiennent des descriptions 
separees des caracteristiques de chacune des sept regions 
hydrogeologiques qui ont ete identiflees comme resultat du 
travail accompli au cours du Projet. 

REGION 1 - AQUIFERES CALCAIRES 

C'est une region de 2.144 kilomitres carr6s dans la 
partie Nord du Projet. La Rdgion I est caractdris6e par une 
eau de bonne qualitd situte dans du calcaire de I'Eoc6ne 
dpais et tr~s productif. Le haut du calcaire se trouve Aune 
profondeur de 26 5 45 m6tres, la profondeur du niveau 
statique de I'eau se situe entre 15,8 i 29,8 m6tres et dans la 
plus grande partie de la r6giom, le total des extraits secs 
s'dchelonne de 300 A700 milligrammes par litre. 

Dans la formation, des forages de 152 millimetres de 
diam~tre, peuvent avoir des capacitds maximum aussi 
6lev~es que 220,78 litres par seconde et des capacit~s 
sp6cifiques de 9,46 litres par seconde par m&tre de 
rabattement ii un rythme de pompage de 28,38 litres par 
seconde. Les transmissibilits des aquiffres calculies i 
partir des donnees des tests du projet, lontsuprieures i 
1.240 metres cubes par jour par mtre. 

Le calcaire est sousjacent dans toute Ia region, sauf 
aux endroits o il fut drodd par !es fieuves et par 
consequent, remplacii par des ddp6ts continentaux trds 
fins. Une pareille vallie enterr6e s'dtale Atravers la region 
de Tabby et de Diak So. Vers l'Est et le Sud-Est de la 
R6gion 1, les couches aquif~res calcaires se d~gradent en 
intercalations de mane, d'argile et de fines intercalations 
de calcaire peu perimnables. A i'extrdmit: mridionale de 
la r~gion, l'aquif~re calcaire empi~te sur la Rdgion 5 o6 
pr~dorninent des eaux saumittres i salines. 

Dans la region, [a recharge s'effectue directement 
par l'infiltration des eaux de pluie en plus de [a recharge 
qui pdn~tre comme 6coulement souterrain de la Rdgion 2, 
la Rigion des Dunes C6ti~res Al'Ouest. 

Les d~nivellations de la nappe d'eau sont faibles et 
la direction de i'dcoulement s'effectue en g~n~ral vers i'Est 
dans toute la rtgion. Dans le Nord, I'aquif~re est en 
communication hydraulique directe avec ia fornation du 
Continental Terminal la recouvrant, et des conditions de 
nappes d'eau existent AtMdrina N'Dakhar, Diompy et 
Forbotte. Vers l'Est et le Sud, i Niakhene, Tabby et Baba 
Garage, l'aquif~re devient subartdsienne. Le ddbit 
dynaique 6valu, de cette couche aquifre, est de 611,5 
x 106 m&tres cubes par an. L'paisseur saturde de 

1 Diamitre nominal American Standards Association, la valeur 
m6trique est l'dquivalent numfrique. 
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Hydrogeology 

AREA 2 - THE COASTAL DUNE AQUIFER 

Area 2 encompasses 374 square miles of the 
coastal dune zone and is characterized by a thick 
section of saturated sand overlying Eocene marl and 
lesser amounts of limestone and sandstone. 

The area has a high recharge rate because of a low 
evaporation rate and rapid percolation rate of rainfall into 
the sandy terrain. Total solids contents of groundwater in 
the area is less than 500 milligrams per liter and is often in 
the 200 -300 milligrams per liter range. Depths to water 
levels do not exceed 85 feet along the crest of the dune 
area and are at shallower depths west of the crest. Near 
the coast the water table is close to the surface and in 
places, above the land surface forming ponds, or niayes in 
the low areas between dunes. 

A ground water divide runs longitudinally through 
the eastern part of the area. West of the divide the 
groundwater flow is westward through the region of 
niayes toward the sea. East of the divide, the flow is into 
the limestone aquifer of Area I. 

One project well was completed and tested in the 
area. Transmissibility of the limestone sandstone aquifer 
in which the well was completed is 4,200 gallonsper day 
per foot, and the coefficient of storage is 1.2 x I0-3.• " 

Future wells in the area should be completed in the 
limestone or sandstone underlying the sand, or in the 
sand, should the rock aquifers be absent. The sand and 
underlying rock aquifers are hydraulically connected. Well 
yields depend upon the amount of aquifer screened and 
developed; however, maximum yields in the range of 200 
to 300 gallons per minute can be expected. Estimated 
dynamic yield for Area 2 is 7,710 x 107 gallons peryear. 

AREA 3 - CONTINENTAL TERMINAL 
LATERITE AQUIFERS 

Area 3 has an areal extent of 381 square miles 
and is characterized by Continental Terminal laterite 
aquifers of low to moderate permeability containing water 
of excellent quality at relatively shallow depths. The top 
of the laterite lies at depths ranging from surface exposure 
to 65 feet, with the greater depths being in the eastern 
part of the area. 

Static water levels in the western part of the area are 
at depths of 22 feet or less while in the eastern part of the 
area they tend to be between 40 and 50 feet. The 
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l'a.iuifcre bas~e sur la moyenne de onze forages, est de 14metres. L'emmagasinement statique est 6valu& Ai5.420 x 

106 metres cubes d'eau. 
Trois forages d'exploration et six forages de 

ddveloppement furent exdcutds dans ia Region I et un 
autre forage de production y fut for6 et abondonnd. 

REGION 2 - AQUIFERE DES DUNES COTIERES 

La Rdgion 2 comprend 973 kilomtres carrds de la 
zone de dunes c6ti~res et elle est caractdrisie par une 
dpaisse section de sable saturd surmontant les marnes de 
'Eocdne et par de moindres quantit6s de calcaire et de 

grds. 
La region a un taux de recharge 6kv6 diiAla faible 

6vaporation et au taux d'infiltration rapide des eaux de 
pluie dans ce terrain sablonneux. Le total des extraits sees 
de 1'eau souterraine de la region est inf6rieui A 500 
milligrammes par litre et cst souvent de l'ordre de 200 A 
300 milligrammes par litre. Les profondeurs du niveau de 
l'eau ne d6passent pas 25,8 metres le long de la crete de la 
r6gion dunes PrOssontde Ia co, Ianappe d'eaumoindresest peusrl'Ouest dede Iacrete.et i des profondeurs 

profonde et se trouve en certains endroits au-dessus du 
n e euso ndenaigs ou niayes entre les 

niveau du sol, formant des arigots ou niayes entre lesdunes, dans les basses rdgions. 
Une ligne souterraine de partage des eaux s'dcoule 

longitudinalenient travers la partie orientale de la r6gion. 
A I'Ouest de la ligne de partage des eaux, I'dcoulement 
souterrain est dirig6 vers l'Ouest a travers la region de 
niayes, procho de la mer. A l'Est de Ia ligno de partage des 
eaux, I'dcoulement s'effectue dans la couche calcaire de la 
R6gion 1. 

Un forage du projet fut achevd et testd dans Iaregion. La transmissibilitd de la couche calcaire gras, dans 
laquelle ce forage frut compl6td, est de 52,1 metres cubes 
par jour par metre et le coefficient d'emmagasinement est 
de 1,2 x 10-3. 

Les puits de la rdgion devraient 6tre terminas dans le 
calcaire ou le gr6s sousjacents au sable ou alors dans le 
sable, si les roches aquif6res n'existent pas. Le sable et les 
roches aquifdres sousjacents sont relids hydrauliquement. 
Les ddbits du forage ddpendent de la quantit6 d'eau 
tamisde et exploitde, ndanmoins, on peut s'attendre Ades 
ddbits maximum de lordre de 12,62 L 18,9 litres par 
sconde. Le d6bit dynamique 6valud pour la Region 2, est 
de 291.9 x 106 mtrcs cubes par an. 
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character of the laterite varies considerably from moder-
ately hard to very hard and clean; and from moderately 
permeable to clayey and impermeable. The laterite is 
often confined by clayey beds above and marl below, and 
is thus under artesian head. 

Dug wells frequently exploit perched water in the 

fine grained continental sand overlying the confining clay. 

Aquifer transmissibility calculated from one pump test 

was 23,000 	 gallons per day per foot. Wells completed 
have maxim u m capac ities ra nging from 10in the area 

gallons per minute.gallons per minute to over 250 
Recharge in the area is by direct infiltration of 
rainwater. 

The average saturated thickness of the laterite 
aquifer is 26 feet based upon data frohl seventeen wells. 
Using an estimated value of 0.14 for specific yield and 
considering only the area east of the divide, since no 
project wells were drilled on the west side, a static storagevalue is obtained in the amount of 2,425 xc 108 

gallons for the east portion. 

Dynamic yield was estimated to be no larger 
than 7,800 x 0~ gallons per year for the east, andLe 

107 for1,570 x gallons the west. One test well and 
11, developmentwllns werte onst d n tet ael and 
11 development wells were constructed in the aread 
one additional development well was abandoned. 

Conditions in Area 3-A which is a narrow strip 
of land 207 square miles in extent, south of Kaolack, 
appear to be similar to those in that part of Area 3 near 
Thies, based upon information gained in an inventory of 
dug wells in the area. No project wells were drilled here. 

AREA4-PALEOCENE LIMESTONE AQUIFERS 

Area 4 is 131 square miles in areal extent with 
Paeocea iestone an sande uif ocine gt 

Paleocene limestone and sandstone aquifers occurring at 
relatively shallow depths. Thet top the Paleocene lies at 
depths of 13 to 45 feet, the tatic water levels are at 
depths of I11 	 to 23 feet. 

Water quality varies from about 600 to 1100 
nilfigrams per liter total dissolverlying thePaleoene formation, sands and lateritic gravels of the 

Continental Terminal are frequently found that are in 
direct hydraulic communication with the limestones of 
the Paleocene. 

in a few drilled wells the water levels are in the 
lateritic gravels while o are at orint the ohrthe levels
slightly below the top of the Paleocene. Recharge is by 

local infiltration of rainwater. Some of the deeper water 

in the Paleocene is of inferior quality and similar to that 

found in Area 7. 
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REGION 3 - AQUIFERES LATERITIQUES
 
DU CONTINENTAL TERMINAL
 

La Rdgion 3 a une superficie de 985 kilom~tres 
carr6s. Elle est caractris~e par des couches aquif~res 

latritiques du Continental Terminal, de basse Amoyenne 

permlabilit6 contenant une eau d'excellente qualitd 5ides 

profondeurs relativement superficielles. Le sommet de la 

latrite se situc, Ades profondeurs allant de a surface du 
rt ntro n ,de r e s pl usi m p e 


region, des profondeurs plus importantes.
 

Dans la partie occidentale de la r6gion, les niveaux 
statiques de I'eau sont 5 des profondeurs de 6,70 metres 
ou moins, tandis que dans la partie orientale de la region, 
ils ont tendance se situer entre 12,19 et 15,24 mktres. 
Le genre de latrite vane considdrablement, de moyenne
ment dur i tr~s dur et net; et de moyennement permeable, 
i arbileaux et imperm6able. La latdrite est souvent Iimitde 
par des couches argileuses au-dessus d'elle'leeet de la marneanprdscuhsaglue udsu eI 
en-dessous, et se trouve de cette faqon en-dessous de la 
source altLesienne 

Les pit foncisexploitent souvent l'eau perche du 
isfndexltn oun 1a prh u 

sable continefial fin et granul6, recouvrant l'argile. La 
transmissibilitd de la couche aquif~re calculde Apartir d'un 
test de pompage, 6tait de 285 litres cubes par jour par 
metre. Les forages compl6tds dans cette r6gion ont des 

capacitds maximum allant de 0,628 ;1 15,7 litres par 
seconde. Dans cette region, la recharge s'effectue directe
ment Apartir de l'infiltration des eaux de pluie. 

La moyenne d'dpaisseur satur~e de la lat6rite aquif~re 
est de 7,9? mtres dans la R16gion 3, moyenne basde sur les 

renseignements fournis par dix-sept puits. Utilisatnt une 
valeur estim(e de 0,14 pour le d6bit sp6cifique, et 

Est de la ligne de partageconsiddrant 	seulement la partie 
des eaux, aucun forage n'ayant 6t6 effectu6 par le projet
dans la partie Ouest, une valeur d'emmagasinement 
statique de 918 x 106 m6tres cubes par an est obtenue 
pour la portion Est de la Rdgion 3. 

Le ddbit sp~cifique ne fut pas 6valud Aplus de 295,2 
x 106 metres cubes par an pour I'Est, et i 59,4 x 106 pour 
l'Ouest. Un forage d'exploration et onze forages deproduction 	 furent construits dans la r~gion et un autre 

forage de production y fut abandonne. 

Dans la Rdgion 3-A qui est une 6troite bande de 
terrain de 538 kilom~tres carr~s de superficie au Sud de 
Kaolack, les conditions semblent 6tre semblables Acelles 
de la partie non loin de Thins de la R16gion 3, d'apras les
renseignements recueillis d'un inventaire des puits [onc~s 

de forages construits par cde a rgion, II n'ycut pas 
projet dans cette rgion. 
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Late,;lly, the shallow aquifers grade into imper-
meable marls, limestones, and sandstones. Wells com-
pleted in the upper limestone aquifers may have 
maximum capacities ranging to over 400 gallons per 
minute while those in the laterite will be below 100 
gallons per minute. 

Six development wells were completed in the area. 
The estimated maximum dynamic yield of the aquifer is 
135.9 x 106 cubic meters per year. Average saturated 
thickness of aquifer obtained from data on eight wells is 
35 feet (11 Im). Using an estimated specific yield of 0.16 
the Paleocene aquifer is found to have a static storage 
capacity of 597 x 106 cubic meters. 

AREA 5 - TRANSITION ZONE (EOCENE) 

Area 5 occupies 623 square kilometers of the 
central part of the Project and is characterized by thick 
beds of Eocene mrrl and thin interbeds of marly 
limestone of generally low pemieability. 

The area is a transitional zone between the brackish 
to saline area to the south and the marly zone with 

negative water level elevations to the north and east. 

Water quality is variable, becoming brackish to the south 
toward Area 7, and also deteriorating in quality to the 
north toward the marl zone of Area 6. In general the 

water quality deteriorates with depth. 

Perched water of better quality exists in parts of the 
area and is exploited by dug wells. Wells drilled in the 
Eocene aquifers below the perched water zone will have 
capacities generally less than 100 gallons per minute. 

The estimated maximum dynamic yield of Area 5 is 
124.6 x 106 cubic meters of water per year. Average 
saturated thickness of aquifer based upon data from six 
wells is 33 feet (10 ni). Using an estimated specific yield 
of 0.17 a static storage capacity of 1,060 x 106 cubicmeters was calculated. 

AREA 6 - EOCENE MARL AND CLAY AREA 

Area 6 is an area of 5,432 square kilometers in the 
east and northeast section of the Project and is character-
ized by a preponderance of impermeable Eocene marl and 
clay, and negative water level elevations. Little, or no, 
recharge from either the surface or the subsurface occurs. 
Static water levels in localities where water-bearing sedi-
ments do exist are in excess of 100 feet below sea level, 
sometimes giving total depths below ground level of more 
than 250 feet. 
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REGION 4 COUCHES CALCAIRES DU PALEOCENE 
La Region 4 a une superficie de 339 kilomntres 

carr~s avec des couches de calcaire et de gras du Paldoc~ne 
se prsentant :1 des profondeurs relativement faibles. Le 
sommet du Palocne sositue a des profondeurs allant de 
3,96 d 13,7 m~tres, les niveaux statiques des profondeurs 

de 3,35 d 7,01 mntres. 
La qualit6 ae l'eau varie de 600 A 1.100 milli

grammes par litre d'extraits secs dissouts. Surniontant la 
formation du Pal~oc~ne, des sables et des gravillons 
lat6ritiques du Continental Terminal sont frdquemnient 
presents et ils sont en communication hydraulique directe 
avec les calcaires du Pal~oc~ne. 

Dans quelques forages, les niveaux de l'eau sont 
dans les gravilons lat~ritiques et dans d'autres, ils se 
trouvent dans Icsonimet du Paldoc~ne ou alors, I6girment 
en dessous. La recharge se fait par infiltration des caux de 
pluie. Les eaux profondes du Paldoc~ne sont parfois de 
qualit6 inf~rieure mais nanmoins similaires aux eaux 
rencontrdes dans la Rfgion 7. 

Les couches aquifftes pel profondes se d6gradent
lat( ralement dans les marnes imperm~ables, les calcaires et 
les res. Les es aclies cransIs fes calcaires 

sup rieures peuvent avuir des capaci s maximumlde plus 

de 25,3 litres par seconde candis qu dans ceuix achevs 

de 2 l es c a ds t i sC 6,1lirs, it cpa it sr 
dans Ia latite. les capacits seront inknieUres 16,31 litres 

par seconde. 
Six forages de production furent construits dans 

cette region. Le debit dynamnique maximum dvalu6 pour 
l'aquif6re est de 135,9 x 106 m6tres cubes par an. La 
moyenne d'dpaisseur satur6e de l'aquifre obtenue ; partir 
de renseignements fournis par huit forages, est de I I 
metres. Utilisant un d6bit sptcifique estim5 Li 0.16 
I'aquif&re du Pal6oc~ne de la Rdgion 4 s'av&e avoir tine 
capacit6 d'emnagasinement statique de 597 x 106 mntres 
cubes. 
REGION 5 - ZONE DE TRANSITION (EOCENE)RGO OED RNIIN(OEE

L-: .dgion 5 s'dte.J zur 6?1 :.Ionltres carrds dans 
la parti, centrale d-, Projet. Elle est caract~risde par 
d'dpaisses ',itercalatims de marne de I'Eoc~ne et par de 
fines interci,.. lion, de calcaire mameux de faible 
permeabilite en 6 -eral. 

C'est une zone de transition entre la r~gion d'eau 
saumfitre 5i saline au Sud, et la zone niameuse dont les 
6kvations du niveau de I'eau sont ngatives au Nord et Li 
!'Est. La qualitd de I'eau est variable, devenant sauniatre 
vers I'Est, Liproximitd de la Rdgion 7, et se d~t~riorant 
aussi en qualit6, non loin de la zone de mairne de la Rdgion 
6. La qualit6 de l'eau se d~tdriore en gdnral en 
profondeur aussi. 
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Permeable sediments are practically nonexistent in 
the Gouane and Darou Mousty marl zones where small 
amounts of poor quality water are found at great depths. 
The water exists in thin limy strata within great tickness 
of marl and clay. A hand dug well at Darou Mousty 
attained a depth of 590 feet before an appreciable 
quantity of water was located in Paleocene limestone. One 
well was drilled in the area by Project personnel to a 
depth of 832 feet. A small amount if poor quality water 
of 3036 milligrams per liter total dissolved solids was 
developed. Limited amounts of better quality perched 
water occur in a few areas of the marl zone in the 
overlying Continental Terminal deposits. 

Considerable deep drilling and research beyond the 
scope of the present project contract will be needed to 
more fully Lutline the groundwater potential of the water 
that may be present in the Paleocene formation which 
occurs between the Cretaceous Maestrician and the 
Eocene. 

AREA 7 - SINE SALOUM ESTUARY SALINE AREA 

Area 7 encompasses the Sine Saloum Estuary, a 
sizable margin of land around the estuary, and a western 
extension in the M'Bour area, a total of 2,282 square 
miles. Water quality was the sole criteria used in 
setting boundaries to this area, and the 2000 milligrams 
per liter total dissolved solids contour line, (figure 19), 
generally defines the outer limits of the area. 

Aquifers are Paleocene limestone in the M'Bour 
extension and Eocene limestone and Continental Terminal 
deposits in the remainder of the area. The saline quality of 
the Eocene and Continental Terminal aquifers results 
from residual chemicals left by a geologically recent 
incursion of the sea into the area, and from the almost flat 
gradient of the water table which produces a very low rate 
of regional water movement. In addition, a high nitrate 
content is present and appears to result from chemical 
fertilizers used in Senegalese peanut agriculture. Trans-
missibilities of the Eocene limestone aquifers are 
generally high, and in one instance was tested to be in 
excess of 300,000 gallons per day per foot. Eleven 
wells were drilled in the area and two of these were 
abandoned. 

The water quality in the Project wells that were 
drilled ranged from 516 to 2168 milligrams per liter total 
dissolved solids in some wells tapping the perched waters 
and up to 5000 - 6000 milligrams per liter for wells testing 
the more regional water table. 
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Une eau perchde de meilleure qualitd existe dans 
certaines parties de la rdgion et elle est exploitde par des 
puits fonc6s. Les puits fords dans les aquif~res de 
I'Eoc~ne, en dessous de la zone d'eau perch~e, auront des 
capacit~s gdntralement infdrieures A 6,3 litres par 
seconde. 

Le d6bit dynamique maximum 6valu6 pour la 
Region 5 est de 124,6 x 106 metres cubes d'eau par an. La 
moyene d'6paisseur saturde de I'aquif6re, calcul~e Apartir 
de renseignements fournis par si% forages est de 33 pieds 
(10 m). Utilisant un d~bit sp~cifique dvalu6 , 0,17, une 
capacitd d'emmagasinement statique de 1.060 x 106 
metres cubes fut calculde. 

REGION 6 - REGION MARNES ET ARGILES
 
DE L'EOCENE
 

La Rdgion 6 est une portion de 5.432 kilomtres 
carr~s Al'Est et au Nord-Est du Projet. Elle est caract~ris~e 
par une pr~pond6rance de marnes et argiles impermnables 
de 'Eocbne, et des 6lvations ndgatives des niveaux de 
'eau. II ne s'y effectue pas, ou alors trds faible, de 

recharge, soit de la surface ou alors de la sub-surface. Dans 
les Iocalit6s oii d,.s s6diments contenart de 'eau existent, 
les niveaux statiques de l'eau sont i plus de 30,48 m~tres 
en dessous du niveau de la mer, et dont quelquefois, les 
profondeurs totales endessous du niveau du sol sont 
supdrieures A76,20 metres. 

II n'existe pratiquement pas de couches perm~ables 

dans les zones de marne de Gouane et Darou Mousty, o6m 
de faibles quantitds d'une eau de pauvre qualit6, se 
trouvent A des profondeurs consid6rables. L'eau se 
rencontre dans de minces couches calcaires Al'intdrieur de 
couches de marne et d'argile d'importante 6paisseur. Un 
puits fonc6 Darou Mousty dft atteindre une profondeur 
de 180 metres avant qu'une apprciable quantit6 d'eau ne 
soit trouv~e dans le calcaire du Pal~oc~ne. Un forage fut 
ex~cut6 dans la r6gion, par le personnel du Projet, Aune 
profondeur de 254 metres. Une faible quantit6 d'eau de 
pauvre qualit6, qui avait 3.0Z5 milligrammes d'extraits 
secs par litre, fut exploit~e. Dans quelques parties de la 
zone de marne, dans les d6p6ts superpos6s du Continental 
Terminal, surgit, en quantit~s limitdes, une eau perche de 
meilleure qualit6. 

Des forages a des profondeurs considdrables et des 
recherches qui n'entrent pas dans le plan de travail du 
present projet, seront n~cessaires pour indiquer de faqon 
plus comrlpte, le potentiel d'eau souterraine qui pourrait 
se trouver dans la formation du Paldoc~ne situ~e entre le 
Maestricien Crdtaci et l'Eoc~ne. 
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Due to the existence of widespread brackish to 
saline conditions, care must be exercised in selecting 
future drilling sites. In general, in the phreatic zones water 
of good quality occurs as perched water above the waters 
of inferior quality. Drilling too deep, or overpumping will 
bring the poorer waters into the well and greatly decrease 
its usefulness. 

Estimates of dynamic yield and static storage have 
little validity in the Sine Saloum Estuary Saline Area 
because of the brackish to saline conditions, the almost 
flat water table gradients, and the random nature of the 
occurrence of the limited amounts of good quality 
perched waters. Deep test drilling to the Maestrician, 
which is beyond the scope of the present project, will be 
needed to outline this deeper and potentially good water 
resource. 
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REGION 7 - REGION SALINE DE L'ESTUAIRE 
DU SINE-SALOUM 

La Rdgion 7 comprend l'Estuaire du Sine-Saloum, 
un important morceau de terrain autour de 'estuaire, et 
une extension occidentale dans ia rdgion de M'Bour, soit 
un total de 5.914 kilointres carrds. La qualit6 de I'eau fut 
le seul crit~re utilis6 pour la ddlimitation de cette region, 
et la ligne de profil de 2.000 milligrammes d'extraits secs 
dissouts par litre, Planche N' 19, limite en gdndral 
extdrieurement, cette region. 

Dans 'extension de M'Bour, les acquifdres sont dans 
le calcaire du Palkoc#ric, et dans le reste de la rdgion,elles 
se trouvent dans le calcaire de I'Eocdne et dans les 
sediments du Continantal Terminal. La qualit6 saline des 
aquif6res de l'Eocdne et de celles du Continental 
Terminal, rdsulte des r6sidus chimiques laiss6s par une 
incursion gdologiquement r6cente de lamer, Al'intdieur 
de la region, et de la tr~s faible d6nivellation de la nappe 
d'eau qui produit un taux trds bas de mouvement de 'eau 
rdgionale. Une teneur tr~s 6lev~e en nitrate s'ajoute i ceci, 
elle semble &tre due aux fertilisants chimiques employ6s 
dans I'agriculture S6ndgalaise de I'arachide. Les transmissi
bilit6s des aquiferes calcaires de I'Eoc~ne sont g6n6rale
ment 6lev~es et tine fois, cette transmissibilitd fut testde i 
3725 metres cubes par jour par metre. Onze forages 
furent construits dans la region parmi lesquels deux 
furent abandonnds. 

La qualit6 de l'eau dans les puits fords par le 
personnel du Projet s'6chelonnait de 516 - 2.168 milli
grammes d'extraits secs dissouts par litre, et dans quelques 
forages pdndtrant les eaux perches, laqualit6 de l'eau 
s'6chelonnait Aplus de 5.000 i 6.000 milligrammes par 
litre pour les forages testant lanappe d'eau la plus 
rdgionale. 

On doit choisir avec soin les sites futurs des forages, 
A cause de l'existence d'eaux saunfitres i salines, 
largement dtaldes. En gdndral, une eau peu profonde et de 
bonne qualitd, surgit dans les zones phrdatiques au-dessus 
d'eaux d'une qualitd moins bonne. Des forages trop 
profonds et des propages inutiles ani6neront les eaux de 
pauvre qualitd dans le puits et amoindriront dnorm6ment 
l'utilit6 du forage. 

Les estimations du debit dynamique et de 
'emmagasinement statique ont peu de valeur dans ia 
Rdgion Saline de I'Estuaire du Sine-Saloun .icause de la 
qualit6 saum~tre i saline de l'eau, des tr~s faibles 
ddnivellations de la nappe d'eau et de la presence rare, et 
en quantitds limitdes, d'une eau pcu -nfonde et de bonne 
qualit6. Des forages d'essais profonds dans le Maestricien, 
qui n'entrent pas dans le plan du projet actuel, seront 
ndcessaires pour ddterminer le potentiel de cette ressource 
d'eau profonde et de bonne qualit6. 
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WATER QUALITY 

Water quality is variable in the Project area with the 

best waters occuring in the western part of the Project 

where direct recharge is the greatest. Thi5 ranges from 200 

to 6000 milligrams per liter total solids. There is a general 
in an eastward anddeterioration in phreatic quality 

southeastward direction terminating in Area 7 where 
analyses show total solids up to 6200 milligrams per fIher. 
Some of the deterioration in quality is due to chemical 
contamination derived from phosphate deposits in the 
Eocene limestone and from chemical fertilizers widely 
used in peanut agriculture. An importunt polluting factor 
appears to be residual salinity depositei during a marine 

intrusion into the southern part of the pi oject area during 

A quality contour map (figure 19) has been prepared 
from data obtained from a field survey of dug wells and 
from data obtained from Project test and development 
wells. The contours on the map represent total solids 
concentrations of the shallowest water exploitable by 
drilled wells, 

be noted on the map betweenDiscrepancies will 
total solids concentrations and 

some individual dug well 
the quality contours. This is intentional since perched 
water in tie Project area was largely ignored in drawing 
ter nthProjetusuaa was larliged ticafonc6s,

the contours, for it usually has a limited vertical thickness 
and sits directly upon water of inferior quality. Such 
perched water qualities that differ markedly from the 
quality of the regional waters below are underlined on the 
map. 

Quantitative data on the mineral content of the 
be used to gain a fuller urYderstandirg of thewaters can 

history and movements of the ground waters, and to plan 
the best uses for present consumption and for future 
agricultural developments. The state of development of 

the groundwater resource at present is at the basic level, 
i.e., trying to satisfy domestic and animal minimum, daily 
needs. 

The chemical nature of the waters in the Project 
area varies widely. Tw'j methods were r.mployed to 

deterrvuine the compos;,ion and concentration of the salts 
found in the natural waters. Electrical conductivity 
readings were made of the waters in all the hand dug wells 
visited during the survey and inventory. Electrical conduc-
tivity readings were also made of the water in the drilled 

ecourse of drilling. After thle wells were 
wells during the sou ref ent the Govere 
completed water samples were then sent to the Govern-
ment laboratory in Dakar for complete chemical analyses 
of the total dissolved mineral content. 

Results of the analyses are summarized in table A-2 
xof this report.contained in appendix 
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QUALITE DE L'EAU 

Dans la region du Projet, la quait6 de eau est 
variable. Les eaux de meilleure qualitd se trouvent dans la 
partie occidentale du Projet, 1 oii la recharge est la plus 

importante. Les qualitds de eau s'6chelonnent de 200 Ai 
600 milligrammes par litre. Dans la direction Est et 
Sud-Est terminant la Rdgion 7, on constate une ddtdriora
tion gdndrale dans la qualit6 de l'cau phrdatique, IAio6i les 
analyses rdvdlent un total d'extraits secs supdrieur A6.200 
milligrammes par litre. Une partie de la ddt6rioration dans 
la qualit6 est due A tine contamination chimique 
provenant des sddimnents de phosphate dans le calcaire 
Eocene et des fertilisants chimiques frdquemment utilisds 
dans la culture de l'arachide. Un impo. tant facteur de 

ddposde lorspollution semble &tre la salinitd rdsidue le 
d'une intrusion marine rdcente do point de vue 
gdologique, dans la partie mrridionale de la rdgion du 
projet. 

Une carte de contours de qualitd (figure 19) a 6 
prdparde i partir des renseignements obtenus d'une dtude 
sur le chantier, des puits foncds et des rdsultats recueillis 
des forages d'exploration et de production du Projet. Les 
contours su la carte reprdsentent les concentrations totales 

la moins profonde, exploitabled'extraits secs dans 'eau 
par puits fords. 

Des 6carts sur la carte seront relev6s entre les 
concentrations totales d'extraits secs dans quelques puits 

et les contours de qualitd. Ceci est volontaire, 'eau 
perch6e ayant 6t6 en grande partie ignor6e dans la rdgion 
du Projet pour le dessin des contours car elle a, en g6ndral, 
une dpaisseur verticale relative, et elle se trouve directe
ment au-dessus d'unc eau de qualit6 infdrieure. De 
pareilles qualit6s d'eau perchde qui diffdrent sensiblement 
de la qualit6 des eaux r6gionales sous-jacentes, sont 
souligndes sur la carte. 

Les donndes quantitatives sur la teneur min6rale des 
eaux pouvent tre utilisdes pour avoir une meilleure 
compr6hension de rhistoire et des mouvements des eaux 
souterraines, et pour prdvoir des utilisations meilleures 
pour la consommation actuelle et pour les ddveloppe
ments futurs de 'agriculture. L'6tat actuel du ddveloppe
ment de la resource d'eau souterraine est au niveau de 

base d'essai pour satisfaire les besoins domestiques et 
animaux minimum joumaliers. 

La nature chimique des eaux dans la rdgion du 
Projet varie 6normdment. Deux mdthodes furent 
employdes pour d6terminer la composition et la concen
tration des sels trouv6s dans les eaux naturelles. Des 
lectures de conductivit6 dlectrique furent effectu6es sur 

les eaux de tous les puits foncds 6tudids lors de rdtude et 
de l'inventaire des puits existants, et des lectures de 
conductivitd dlectrique furent aussi effectu6es sur 'eau 
des puits fords au cours du programme de forage. Quand 
les forages eurent 6t6 achevds, des dchantillons d'eau 

furent envoyds au laboratoire du Gouvemement AiDakar, 
et des analyses chimiques compldtes, furent effectudes sur
la teneur totale des mindraux dissouts. 

Les rdsultats des analyses sont rdsum6s dans le 
tableau A-2 de I'appendice de cc rapport. 
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Water Quality 

WATER FOR IRRIGATION 

Use of water for irrigation is practiced on a very 
and hard tolimited scale. Power-driven pumps are scarce 

maintain. Only the Government is able to underwrite the 

use of expensive pumping equipment. The major number 
draw water from open wells with pulley andof consumers 

bucket with a small number now utilizing hand pumps 

provided by foreign aid in one form or another. 

The use of water for irrigation has not been done to 

any significant degree in Central Senegal in the past, but 

the quality of the water from all but three of the 

completed wells was sufficiently good to be used as 
irrigation water should techniques of irrigated agriculture 
be adopted. 

Water for irrigation should be of such quality that it 

will neither adversely affect plant growth by its high 
the soil in which the crops grow bysalinity nor damage 

changing the basic soil structure. 

first condition is caused by high concentrationsThe 
of salts in the water whicli may accumulate in the soil and 

be toxic to the plant. The tolerable limits vary among 

plants; however, good drainage practices which carry away 

excess salts from the toot zone permit the use of waters 
with total dissolved solids concentrations in excess of 
2000 milligrams per liter. This tendency of irrigation 
water to cause an accumulation of salts in the soil is called 
the salinit, hazard of the water. 

The second condition, a deterioration of the soil 

structure, is caused by high concentration of sodium in 

tle water relative to its calcium and magnesium content. 
tend to cause Soil particles toCalcium and magnesium 

flocculate while sodium tends to deslocculale them 
gives the soil looseness while deflocculationFlocculation 

causes packing and prevents free air and water movement. 
The adverse effects of a concentration of sodium in the 
water is termed the sodium hazard. 

An index of the measure of the sodium hazard is 

called the sodium adsorption ratio (SAR) and can be 

defined by the equation: 

SAR = Na 
Ca + Mg 

2 

where Na, Ca and Mg are in equivalents per million. 

For a classification of irrigation waters the United 
States Salinity Laboratory staff has adopted a diagram on 
which can be plotted the sodium hazard (SAR) on the 
vertical axis against the salinity hazard on the horizontal 

Qualitd de l'Eau 

EAU POUR L'IRRIGATION 

L'usage de l'eau pour l'irrigation, est utilis6 sur une 

tris petite 6chelle. Les pompes entrain6es par la puissance 

sont rares et difficiles aimaintenir. Seul, le Gouventement 

est en mesure de souscrire a I'emploi d'un 6quipement de 
ondrcux. La majorit6 des consommateurspompage 

puisent I'eau des puits foncs avec des poulies et des 

petit nombre d'entre eux utilisent maintenantseaux, et un 
des pompes 5 balanciers fournies d'Utne tnani~re ou d'une 

autre, par une aide 6trang,-re. 

L'emploi de l'eau pour l'irrigation n'a pas &6 
' un degr6 de quelque importance,pratiqud, dans le pass6, 

dans le Sdn6gal Central, mais la qualit6 de I'eau dans tous 
les puits achev6s, A l'exception de trois d'entre eux, fut 

suffisamment bonne pour 6tre utilis6e comme eau d'irriga

tion pour le cas o61 une technique de culture irrigude 

devait 6tre adopt6e. 

L'eau d'irrigation devrait 6tre d'une qualitd telle, 
affecter d~favorablenient laqu'elle nie devrait pas 

croissance de la plante par sa grande salinit6, ni ddtriorer 

la terre dans laquelle les r6coltes poussent en changeant la 

structure de base de la terre. 

La premiere condition est motiv6e par des concen
trations 6lev6es de sels dans l'eau, qui pourraient 
s'accumuler dans la terre et &tre toxiqteS a la recolte. Les 
limites tol6rables varient avec les plantes; n6anmoins, de 
bonnes pratiques d'dcoulement des eaux, qui charieraient 

les excs de sels de la zone d'enracinement,au loin 
permettent l'emploi d'eaux dont les concentrations totales 

d'extraits sees dissouts sont sup6rieures £ 2.000 milli

grammes par litre. Cette tendance qu'a l'eau d'irrigation 
dans la terre, estde causer une accumulation de sels 

appele leIhasard de salinit6 de I'eau. 

La seconde conditi3n, la ddtgrioration de ia 
structure du sol, est causge par la forte concentration du 
sodium dans l'eau par rapport Asa teneur en calcium et en 

magn6sium. Le calcium et le tnagndsiurn tendent Arendre 

les particules du sol floconneuses, tandis que le sodium 

tend i les d~floculer. Des particules floconneuses rendent 
le sol inconsistant tandis que la d6floculation rend le sol 
consistant et emp~che I'air de p6n~trer et l'eau de se 
mouvoir. Les effets contraires tine concentration de 
sodium dans l'eau sont appelks le hasard du sodium. 

Une table de mesure du hasard du sodium est ainsi 
nomnee: rapport d'absorption du sodium (RAS), qui 
peut 8tre d6fini par I'quation: 

Na 
RAS = 

Ca 	 + Mg 
2 

dans laquelle Na, Ca et Mg sont en 6quivalents par million. 
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axis. Results of the plot then give a classification of the Pour une classification des eaux d'irrigation, le 
waters based upon the following scale: personnel du Laboratoire de Saimit6 des Etats-Unis a 

adopt6 un graphique sur lequel peuvent dtre rapport6s le 
Salinity Hazard Sodium Hazard hasard du sodium (RAS) sur les axes verticaux, contre le 

C-I Low S-1 hasard de salinitd sur les axes horizontaux. Les r~sultats 
C-2 Medium S-2 du tracd donnent alors une classification des eaux, basde 
C-3 High S-3 sur I'dchelle suivante: 
C-4 Very High S-4 Hasard de Salinitd 1-lasard de Sodium

After arriving at a classification of the water for 
irrigation purposes it must then be related to local C-I Bas S-I 
conditions of soil, drainage, and types of crops to begrown. C-2 Moyen S-2C-3 Elevd S-3

C-4 Tr6s dlevW S-4 
The major portion of the waters tested in West 

Central Senegal appear to be usable for irrigation as shown Aprds 6tre arrivd i une classification des eaux 
by the plot of the water samples in figure 20. d'irrigation, il faut alors se r6fdrer aux conditions locales 

du sol, rcoulement des eaux et aux genres de rdcoltes 
devant tre plantees. 

La majeure portion des eaux test~es dans 'Ouest du 
Sdndgal Central, semble 6tre ut'lisable pour l'irrigation 
comme montrd par le tracd des 6chantillons de reau, du 
figure suivant: 
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Figure 20 - Classification of waters for irrigation/
Classification des eaux pour irrigation 



CHAPTER VIII CHAPITRE 

RECOMMENDATIONS/RECOMMANDATIONS 

An evaluation of the results of the accomplishments 
and principal findings of the Central Senegal Water 
Resources Survey and Development Project reveals both 
the extent of a valuable natural resource and the need for 
continued planning and positive action in developing this 
vital asset. 

Though it is true that the present state of knowl-
edge regarding the phreatic aquifers needs to be extended, 
it * idequate and not a limiting factor for planning and 
implementing new programs of development. However, 
the resources of trained manpower and equipment to 

A program for future development 

continue the work of water resource development is 
limited, and should be enlarged. 

and research 

should include, but not necessarily be limited to, the 

following recommendations: 

1. 	 Program of [Veil Maintenance 

Proper maintenance is essential to prolonging the 
useful life of a well and its appurtenant equipment. This 
can only be done effectively by a local well-staffed 
organization, on a long-term basis, which can give prompt 
attention and regular service to the mechanical parts ofthe pumps and maintain good well records. 

Declines in the productivity of a well should be 
noted and, if necessary, remedial well work-over should be 
performed by either this maintenance crew, or the regular 
well drilling crew, depending upon the nature of the task 
involved. The maintenance crew should be able to pull 
and repair the pump, chlorinate the well and clean the 
screen by pumping and backwashing, surge the well, and 
deal with corrosion and encrustation problems if these 
should occur by chemical treatment or explosives. Pulling 
the screen or casing, or deepening of a well is the business 
of the regular drilling crew. The wells constructed by the 
Project should be visited on a monthly basis by a member 
of the maintenance crew to keep the moving parts 
properly lubricated and adjusted. Efforts should also be 
made to assure the maintenance of sanitary conditions in 
the area surrounding each well. 

2. 	 Programof Phreatic Vater Development Drilling 

The present production of water for human and 
animal needs is small compared with the estimated basic 
requirements which account for some improvement in 
the standard of living. The most economical means of 
increasing the production to reduce this gap is a 
program of further development of shallow aquifers by 
drilling additional wells at or near points of 
consumption. A second stage program of drilling should 
be adopted by the Government of Senegal keeping the 

Une 6valuatior, des r~sultats des travaux accomplis 
et des r6sultats principaux du Projet d'Etude pour le 
D~veloppement des Ressources en Eau du S6n6gal Central, 
r6v~le l'tendue d'une ressource naturelle de valeur et la 
n6cessit6 de previsions soigneuses et d'actions positives 
pour 'exploitation future de cet actif vital. Bien qu'il soit 
vrais que I'Ntat actuel des connaissances concernant les 
aquif~res phr6atiques aurait besoin d'dtre approfondit, cet 
6tat est suffisant et n'est point facteur limitatif pour la 
prevision et l'exccution de nouveaux programmes 
d'exploitation. Les ressources d'une main-d'oeuvre 
entrain6e et d'un dquipement pour continuer le travail de 
d6veloppement des ressources en eau sont n~anmoins 

limit6es et devraient 6tre aggrandies. 

Un programme pour r'exploitation future devrait 
comprendre les recommandations suiva,-tes, sans pour cela 
s'en tenir Aelles seulement: 

1. 	 Programmed'Entretien des Puits 

Un entretien convenable est essentiel pour prolonger 
Ia durce d'utilitud'un puits et de son iquipement. Ceci ne 
peut tre effectu de manire satisfaisante que par une 
organisation bien agence, sur tune base longs termes, etqui pourrait prater une attention rapide et un service 
r~gulier aux parties m~caniques des pompes et maintenir 
des renseignements exacts sur les puits. 

Une basse e s dIa productivit d'un forage devrait 
tre rapport e et, si dcessaire,n un remaniement du forage 

qui rem6dierait i cet tat de choses devrait tre effectu, 
soit par cette 6quipe d'entretien, soir pa l'6quipe rgulire 
des foreurs, d6pendant de la nature du travail en jeu. 
L'6quipe d'entretien devrait 6tre capable de d~monter et 
de r6parer la pompe, de chlorurer le puits et de nettoyer 
les filtres en pompant et lavant, et de traiter les probl6mes 
de corrosion de d'incrustation, s'il y en avait, par des 
traitements chimiques ou des explosifs. Le retrait du filtre 
ou du tubage ou l'augmentation de profondeur d'un puits 
est le travail de I'Nquipe de foreurs. Les torages ex~cut6s 
par le Projet devraient 6tre visit~s mensuellement par un 
membre de rNquipe d'entretien a fin de conserver les 
parties mouvantes de la pompe correctement lubrifi~es et 
ajustdes. Des efforst devraient aussi tre entrepris pour 
assurer la permanence des conditions sanitaires dans la 
r6gion entourant chaque puits. 

2. 	 Programmed'Exploitationdes Forages 
de I'Eau Plirdatique 

La production actuelle d'eau pour les besoins 
humains et animaux est minime en fonction des necessit6s 
de base, responsables de 'amelioration du standard de vie. 
Le moyenne le plusiconomique pour enrichir la production 
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Recommendations 

domestic human and animal needs foremost with the 
utilization of wells for irrigated agriculture as a later goal. 

Results of this Project's development drilling pro-
gram have effectively shown that relatively shallow wells 
can be drilled efficiently and economically in the phreatic 
aquifers of Central Senegal. With the drilling equipment 
now on hand, and with the large stock of bits, tools, 
casing, spare parts, and transportation equipmenr remain-
ing from this progrim great strides can be made toward 
the initiation of a new development drilling program of 
enlarged scope requiring a minimal amount of additional 
capital investment. 

The need for continued efforts in the direction of 
further utilization of the shallow water resources cannot 
be over-stressed. The deep and expensive development of 
the Maestrician aquifer is difficult to justify economically 
while opportunity remains in large areas for 1)further 
exploitation of these shallow, low cost waters and 2) the 
need to finance a well drilling training program. 

Time is also of an essence, as well as the cost 
factors, and it has been demonstrated over a period of one 
year's drilling by this Project. that shallow wells can be 
drilled and completed on an average of one per week, 
while the past record shows that most of the deep wells 
have each required many months and sometimes years to 
drill and complete. 

3. Program of Phreatic and Deep Aquifer Exploratory 
Drilling, Pump Testing, and Research 

A broad program of exploratory and test drilling 
should be run concurrently w.th development drilling in 
Senegal and need not be limited to the boundaries of the 
present Project. It should include: 

1) Drilling of a network of permanent observation 
holes tc monitor groundwater changes in the pre-
sent area of development wells. 

2) Drilling of deep test wells in Areas 6 and 7 (in area 6 
to test the Paleocene and in Area 7 to drill through 
the saline aquifers casing and cementing them off 
for tests of the better quality water below), 

3) Geological well sampling and electric and gamma 
ray logging of all test wells, and gamma ray ogging 
of selected old cased wells. 

4) Drilling and testing of shallow perched waters to 
study their relationship to adjacent bodies of 
brackish and saline waters. 

5) Geophysical surveys using portable seismic and 
electrical resistivity equipment, the effectiveness of 

Recommandations 

et reduire cette lacune est un programme de d~veloppement 
d'aquif~res peu profonds par forage supplmentaire de puits 
au points de consommation, ou pros d'eux. Un autre 
programme de forage devrait dtre adoptd par leGouverne
ment 	du Sdndgal gardant les besoins domcstiques humains 
et an naux au premier plan avec, comme but futur. 
l'utilis, ion des puits pour l'agriculture irrigaue. 

Les rdsultats du programme de d6veloppement des 
forages de cc projet ont clairement d~montr6 que des 
puits relativenient profonds peuvent 6tre fords efficace
ment et 6conomiquement dans les aquif~res phr~atiques 
du Sdndgal Central. De grands progrrs devraient pouvoir se 
faire 	 n~cessitant l'apport d'une quantit6 minime de 
capitaux supplkmentaires, vers lecommencement d'un 
nouveau programme de drveloppemnent de forages, avec 
I'quipement de forage actuellement en main, legrand 
stock de trdpans, d'outils, de tubages et les moyens de 
transport laiss6s par cc projet. 

On peut pas trop appuyer sur la ndcessit6 d'efforts 
continus dans la direction de l'utilisation future des 
ressources en eau peu profonde. 11est difficile d'expliquer 
du point de vue 6conoique, 'exploitation intensive et 
profonde des aquifres du Maestricien, alors que de 
grandes perspectives s'ouvrent dans d'importantes r6gions 
pour (1) l'exploitation intensive de ces eaux peu 
profondes et peu ondreuses et (2) lanrcessit6 de financer 
un programme de formation de foreurs. 

Le temps, autant que les frais, est aussi un facteur 
important, et les forages effectu~s par ce Projet pendant 

plus d'un an, ont d6montr6 que des forages peu profonds 
peuvent dtre construits et achev6s fmune moyenne d'un 
forage par semaine, tandis que les renseignements 
antdrieurs montrent que laplupart des forages profonds 
ont chacun ncessitd plusieurs mois et parfois des annes 
pour 8tre construits et aclievds. 

3. Programme de Forages d'Exploration des Aquifires 

Profondeset Phrdatiques,Essais 
de Pompage et Recherche. 

Un important programme d'exploration et de 
forages d'essais devrait tre poursuivi parall~iement au 

d~veloppement des forages dans le Sdn~gal et ne devrait 
pas se limiter aux objectifs du piesent Projet. II devrait 
comprendre: 

1) 	Le forage d'un rrseau permanent d'excavations 
d'observation pour controler les changements de 
'eau souterraine dans la region actuelle des forages 

d'exploitation. 
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Recommendations 

these techniques being enhanced by good coordina-
tion of this work with the test drilling program. 

6) 	 Sampling and testing the waters for age determina-
tions by the radioactive method of measuring tritium 
contained in the water. (This should be re, , 
important in Area 6 to help reveal the history of ihe 
water in an effort to better understand the reasons 
for the large areas having negative water level 
elevations.) 

7) Conducting pump tests in existing and new water 
wells. 

8) 	 Continuing research in hydrogeolugy of the aquifers 
to obtain more quantitative data related to total 
ground water availability. 

9) 	 Initiating studies of the uses for which these waters 
are best suited. 

4. 
4TrainingProgram 

A program of training in all phases of water 
resources exploration and development is urgently needed 
and should be integrated into the operational programs 
previously outlined. At first, major attention should be 
paid to training in the practical aspects of well location, 
well drilling, and pump installation. Secondarily, theoreti-
cal courses in basic hydrology and hydrogeology, along 
with applications of geophysical techniques, would be 
offered ,i classroom instruction to trainees with technical 
school or university backgrounds. These courses could be 
set up by the Ministry of Planning and Development 
under the direction of the Department of Hydraulics and 
Energy (a) in conjunction with Public Works, (b) as an 
extension course at the University of Dakar, or (c) in 
coordination with more regional projects of a water 
resources training institute involving multi-country pro-
grains. Qualified students could be sent abroad for 
specialized courses, but the student must earn this 
privilege by a record of his past performance and aptitude
in the water resources field. A requirement of all trainees 
would be periods of on-the-job training in the bush with 
te water well drilling and exploratory drilling crews. 

We realize the objectives of the training program are 
ambitious. These would involve training practical people
in the operational aspects of drilling wells and setting 
pumps and engineers and technicians in the areas of 
applied hydrogeology, hydrology and related fields, so 
that they can set up water exploration and development 
programs, supervise implementation and be capable in the 
management of long-range, productive, groundwater dis-
tricts. A minimum program of two years for both types of 

Recommandations 

2) 	 La construction de forages d'exploration profonds 
dans les Rdgion 6 et 7 (dans ]a Rdgion 6 pour tester 
le Paldoc6ne et dans la Rgion 7 pour forer dansles 
aquif~res salines, les tuber et les cimenter pour les 
tests de l'eau sous-jacente de meilleure qualit6). 

3) 	 L'6chantillonage gdologique et dlectrique et par 
rayons Gamma de tous les forages d'essais et de 
quelques puits foncds choisis. 

4) 	 Le forage et le test des eaux perch~es peu
profondes, pour 6tudier leur relation avec les eaux 
saumfitres e salines adjacentes. 

5) Des 6tudes gdophysiques employant un 6quipeiaent 
seismique portatif, et un matdriel de r6sistivitd 
dlectrique, l'efficacit6 de ces techniques 6tant 
rehaussde par la bonne coordination de cc travail 
avec le programme des forages d'exploration. 

6) L'dchantillonage et le test des caux pour la ddtermi
nation de leur Lige par ia mthode radioactive de 
calcul du tritum cuntenu dans l'eau. (Ceci est trs 
important dans la Rdgion 6, pour aider a dclaircir 
'histoire de i'eau dans un effort pour mieux 

comprendre les raisons de I'existence d'importantes 
regions ayant des 6lvations ndgatives du niveau de 
I'eau.) 

7) Effectuer des essais de pompage dans les puits
existantset dansceux nouvellent rdalisds. 

8) 	 Continuer les recherches sur r'hydrog6ologie des 
aquif&res pour obtenir des donndes quantitatives 
concernant le total d'eau souterraine disponible. 

9) 	 Enterprise d'6tudes des emplois pour lesquels ces 
eaux sont les plus qualifi~es. 

4. Programmede Fonnation 
Un programme de formation de toutes les phases

d'cxploration et de d~veloppemnt des ressources en cau, 
est d'un besoin urgent et comme soulign6 prcesenment, 
il devrait 6tre int~gr6 dans les programmes op6rationnels. 
On devrait prtd attention premirement ct essentielle
ment A la formation sous les aspects pratiques de 
localisation de sites de forages, de forage et d'installation 
de pompes. Deuxi6mement, des cours de thdorie sur 
'hydrologie et I'hydrogiologie avec des applications des 

techniques g6ophysiques devraient dtre donn6s dans des 
classes d'instruction aux stagiaires d'un niveau univer
sitaire et A,ceux sortants d'dcolestechniques. Ces cours 
devraient dtre pr~par6s par le Minist6re du Plan et du 
D6veloppement sous la direction du D~partement de 
l'Energie et de I'Hydraulique (a) en accord avec les 
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Recommendations 

trainees in classroom work, on-the-job training, and field 
trips, visiting and studying toreign water projects, will be 
needed in order to orient the trainees. Most of the basic 
material can be learned in this two year period if a careful 
selection of personnel has been made to take advantage of 
those persons with tl'e best aptitude and background of 
schooling and experience. Continued projects in this field 
will then be needed, following the training program, for a 
number of years to produce thoroughly experienced and 
competent drillers, eagineers, and technicians. 

Recommandations 

Travaux Publics (b) comme cours Al'Universitd de Dakar, 
ou (c) en coordination avec des projets plus r6gionaux 
d'un institut de formation comprenant des programmes 
multi-nationaux pour le d6veloppement des ressources en 
eau. Les 6tudiants qualifi6s pourraient dtre envoy6s A 
rNtranger pour des cours de spdcialisation, mais ils doivent 
mdriter cc privil6ge par un bon dossier sur leurs per
formances pass6es et par leur aptitude qtant aux 
ressources en eau. IIserait demand6 de tous les stagiaires, 
des pdriodes de formation "sur-le-tas" en brousse avec les 
dquipes de forages de puits et celles des forages 
d'exploration. 

Nous rdalisons que les objectifs du programme de 
formation sont ambitieux. Ceux-ci comprendraient la 
formation pratique dans les aspects manuels de forage Ct 
d'installation de pompes; et les techniciens et ingdnieurs 
dans les formations d'hydrogdologie appliqu6e, 
d'hydrologie, et autres mati6res relatives, pour qu'ils 
puissent organiser des programme d'exploration et de 
ddveloppement des ressources en eau, superviser l'exdeu
tion de ces programmes et pour 6tre capable dans la 
direction 5 longue chelile des districts produisant 
beaucoup d'eau souterraine. Pour orienter les stagiaires, 
un programme de deux ans aux minimum, tant pour la 
formation thdorique que pour la formation "sur-le-tax," 
est ndcessaire comprenant des toun6e-, de chantier et 
I'Ntude des projets 6trangers sur l'exploitation de I'eau. La 
plus grande partie des 6lmcnts de base peuvent tre 
acquis au cours de cette p6riode de deux as, si un choix 
minutieux du personnel a td effectu6 pour profiter des 
personnes ayant les meilleurs antdcddents scolaires et 
6tant le plus expdrimentdes. Un effort continu devra 6tre 
fourni pendant plusieurs anndes apr~s 'achvement de cc 
programme de formation pour obtenir des toreurs, des 
ingdnieurs et des techniciens pleinement expdrimentds et 
conipdtents. 



nqjRSONS: 

Recommendations 

Furtherdetails regard.ng the programsof research, 
explorationanddevelopmen drilling,recommended under 
Items 2 and 3 of the previous paragraphs,will need to be 

worked out with the Government of Senegal; le., availa-
bility offunds,current costfactors,and specificareaneeds. 

However, sume additionaldetails and acost estimate for 
Hev stageondprog calbeduesta d atcs etimte for 
second stage programs can be suggested at this time. 

Item 2 - DevelopmentDrillingProg'am(PhreaticAquifers) 

Location: West Central Senegal, Areas 1,2,3,4 and 
northwest sector of 7. 

Purpose: To drill village water supply wells for hu-
man and animal needs. Alimited number of 
these to be for minor irrigation purposes. 

Proect 
Duration: Two years. 
Number of 
Wells: 150 wells (approximately 20,250 feet total). 
Average 

Well Depth: 135 feet. 
Tested Well 

30 to 500 gpm.Capacities: 
EquimentTest
Equipment 

60 L Cable tool1 - Bucyrus 	- ErieRequired: 
drilling rig (on hand).drilling rig (Portadrill 501,
I - Rotary 
Failing 1500,Mayhew,or equivalent). 

Fl 10M woevn 

SupportingI-oespaRoay(otrll51
 

Equipment: 	 Camp facilities, transportation, welding 
units, generators, test pumps, hand and 
engine-driven pumps, accessories, spare 
parts, and office equipment. 

ManpowerRequirements: Local 

6 Drivers 4 Watchmen 

2 Welders 1Warehouseman 
2 Mechanics I Warehouseman 
2 Drillers Assistant 
4 Drillers I Bilingual 

Helpers Secretary 
4 Laborers I Translator 
IGeologist I Draftsman 

Foreign 
I Project Manager 
1 Office Manage/Accountant 
I GeologistSDrilling Superintendent/Too PusherI Cableing SnTool r 
I Cable Tool Driller 
I Rotary Driller 
I Heavy Equipment Mechanic 

Recommandations 
Les ditails concernant I'execution des programmes 

de recherches, les forages d'exploration et d'exploitation,
 
soulignes clans les Points2 et 3 des paragraphespr(;ceddnts,
 
devront dtre discutds avec le Gouvernementdu Sdndgal, ne
 
perdant pas de vue, la disponibilitddes fonds, les frais
 
courants et les besoins spicifiques de la rdgion.
 
Ndanmoins, quelques detailssuppIdmentairesqui peuvent
 
tre suggeres d~s maintenantsont comme suit:
 

2 - Prog,,ammede Developpement de Forages
 

Situation: Ouest du Sdn6gal Central, Rdgions 1,2, 3,
 
4 et le secteur nori-ouest de ia Rfgion 7; 

But: Forer des puits de village pour les besoins 
humains et animaux. Un nombre limit6 de 
puits devant servis pour des buts, moins 
importants, d'irrigation. 

Dure du Deux ans.
 
Projet:
 
Nombre de 150 forages (un total de 6,170 metres
 
Forages: environ).
 

Fojundeur 41,41 m6tres.
 
Moyenne
 
d'un Forage:
 

i ,89 i31,61 litres par seconde.Capacitbsces des
 
Forages:
 
DbitAttendu: 26,0 x 106 mitres cubes par an.60x16mte ue a n 
DbtAtnu 

Materiel I-Bucyrus-Erie 60L Foreuse par battage 
Nhcessairc: (en main). 

I-Foreuse par Rotary (Portadrill 501, 
Failing 1500, Mayhew, ou dquivalent). 

Matrielde Mat6riel de campemelit, moyens de trans
de soudage, g6n~ratrices,Support: port, matdriel 

pompes d'essais, poinpes ai main ou 
entraindes par 	moteurs, accessoires, piecesd~tach~es, et materiel de bureau. 

Main-d'Oeuvre 

Requise: 	 Locale 
6 Chauffeurs 4 Gardiens 
2 Soudeurs I Magasinier 
2 Mdcaniciens I Aide-Magasinier 
2 Foreurs I Secrdtaire 
4 Aide-Foreurs Bilingue 
4 Manoeuvres I Traductt ,r 
I Gdologue I Dessinateu; 

Etrangtre 
IChef de Mission (Hydrogiologue) 
IChef de Bureau/Comptable
I Gdologue
1Superintendant des Forages/Tool Pusher 
I Foreur par Battage 
I Foreur sur Rotary 
I Mdcanicien d'Equipement Lourd 

http:regard.ng


Recommendations 

item 3 - Exploratory Drilling and Research Program 
Senegal and adjacent areasWest CentralLocation: 

with special emphasis on Areas 6 and 7 of 
this Project. 

Purpose: 	 Shallow and deep drilling and testing of 
aquifers to extend the hydrogeological 
knowledge of Senegal for ultimate pro-
duction drilling in these areas; at same 
time, conducting research and training 
programs that will develop a well-trained 
cadre of manpower for future expanding 
activity in the water resources field. 

Duration: 	 Two years. 

Test 
Drilling: 30,000 feet. 

Pump Testing: Some of the exploratory wells, and 
selected production wells. 

Phquipment 
Required: 1 - Rotary drilling rig (Portadrill 501, 

Failing 1500, Mayhew, or equivalent - to 
be used on both programs). 

1 - Electric and gamma ray logging unit 
(Widco or equivalent, for depths of 1000 
feet) 

I - Portable seismograph unit (Soiltest 
Equpt. or equivalent) 

1 - Electrical resistivity unit (Soiltest 
E lequivalent)

Eqpt. or 
Supporting 
Equipment: 	 Camp facilities, transportation, gener-


ators, test pumps, accessories, spare parts, 

drafting equipment, surveying equipment, 

and water analyses equipment. 


The programs should be run concurrently,Manpower: 
in which event ce '.ain duties on both pro-
grams col beeasmdbassumed by onen man.a.Lascould 
Additional manpower required for the ex-

ploratory drillhi.g program 2 would be as 

follows: 

Local 

I Geologist 
2 Geophysicist Assistants 
4 Junior Engineers 

Foreign 

2 Hydrogeologists 
I Geophysicist 
I Agronomist 

Recommandations 

3 - Programme de Forages d'Explorationet de Rechzerches 

Ouest du Sdn~gal Central et regionsSituation: 
adjacentes, avec une intensitd particuli~re 
sur les Rdgions 6 et 7 de ce Projet. 

But: 	 Pour tine amelioration de la connaissance 
hydrogdolog'que du S6n~gal en vue des 
forages de production dans res r6gions. 
Exdcution de forages peu profands et 
d'autres profonds, et test des aquif~res; en 
mime temps, direction de programmes de 
recherches et de formation qui fourniont 
une main-d'oeuvre bien entrain6e pour 
l'expansion future dans le domaine des 
ressources en eau. 

Dur~e: Deux ans.
 
Forages 9144 metres.
 
d'Essais:
 
Essaisde Sur quelques forages d'exploration et sur
 
Pompage: des forages de production s~lection~s. 
Materiel 1-Foreuse Rotary (Portadrill 501, Failing 
Ncessaire: 1500, ou I et 2). N treMayhew, 6quivalent),

utilisde dans les programmes 


l-Unit6 d'dchantillonage dlectrique et A
 
rayons Gamma (Widco ou 6quivalent,
 
pour des profondeurs de 1000 pieds).
 

1Seismographe 	portatif (Soiltest Eqpt. ou
 
dquivalent)
 

l-Unit6 dlectrique de resistivit6 (Soiltest
 
Eqpt. ou dquivalent).
 

Matrielde 	 Mat6riel de campenent, moyens de trans-
Support: 	 port. g,,ndratrices, pompes d'essais, 

accessoires, pi6ces dtaches, matdriel 
d'6tude, rnat6riel de dessin, et mat6riel 
pour les analyses de l'eau. 

Main-d'Oeuvre: Les Programmes 1 et 2 devraient 8tre 
conduits en m~me temps, certains travaux 
des deu programmes pourraient dans ce 
cas tre effectuds parsuppl~mentaireune seule personne.main-d'oeuvre pour le 
Lam e2 satlrs comme suit l 

suit:Programme 2 serait alors comme 

Locale 
I G6ologue 
2 Aides-Gdophysiciens 
4 Ing6nieurs Fraichement Promus 

Etrangbre 
2 Hydrog~ologues
1Gdophysicien 
1 lng~nieur Agronome 



SUMMAR7X 

I. Payroll Costs - U.S. Staff 

Salaries, wages, post differential
 
payroll taxes, insurance, vacations, 

sick leave, and other fringe 

benefits, etc. 


2. International Travel and Transportation -
U.S. Staff 

Air fares, air and sea freight, per 

diem (international) 


3. Other Allowances - U.S. Staff 

Quarters allowance, post allowance, 
basic furnishings and appliances, 
local travel per diem, etc. 

4. Equipment, Materials, Shipping, Field 
Operations, Out-of.Pocket, etc. 

t)rilling, transportation, field camp 
an(' technical equipment, fuel. 
lubricants, maintenance, consumable 
drilling equipment, well construction 
materials, shipping, insurance, 
handling local project services, 
cables, postage, reproduction, 
office supplies, furniture, etc. 

5. Payroll Coqts - Local Personnel 

Salaries, wages, field per diem, 

payroll taxes, payroll insurance, 

fringe benefits, etc. 


6.Overh'ead 


7. Contingency and Contractor's Fee (10%) 

Grand Total (U.S. dollars) 

0% of total project cost 

OF ESTIMATED COST /RELEVE DES COUTS ESTIMER 

PROGRAMS 2 AND 3 / PROGRAMME 2 ET 3 

CFA's 
(expressed indollars) 

U.S. Dollars (expi -s dans U.S. $) 

S 355,437 S 46,200 I. CoOts de laFeuille de paic 
dcs Etats Unis 

Personnel 

Salaires, gages, differencc de pris. 
tixe de feuille de pair, assurance, 
,dcances, congd de maladie et autre, 

b6ndfices. 

2. Voyages International et Transportation 
Personnel des Etats Unis 

Frais pour avion, transport adrien ot 
naval per diem (international) 

42,000 34,175 

312,500 3. Autrc Bdn6fices - Personnel des 
Etats Unis 

B.ndfices pour residence, bdn6fices 
postaux, meubles appareils, j-,o.. 

diem voyage locale, etc. 

4. Equipement, Materiel, Enibarquement, 
Opdrations do Terrain, DbOurs, etc. 

Forage, transportation, terrain et 
equipement technique, combustible 
lubrifiant, entretien, consonnable, 
equipement de forage, de construction 
pour lepuits, mat6riel, embarquement. 
assurance, controle de service de projets 
locaux, cfblogramrnes, frais de postale, 
reproduction bureau, fournitures, etc. 

356,600 50,000 

° 
251,961 5. Coflts de laFeuilL de paie -Personnel 

Locaux 

Salaires, gages, difference de pris, 
taxe de feuille de paie, assurance. 
vacances, cong6 de maladie et autre. 
b6ndfices. 

187,126 6. Frais Gdndraux 

163,5001' 7. Faux Frais et Honoraires des 
Entrepreneurs (10%) 

$1,104,663 S694,836 Grand Total (U.S. dollars) 

I10% du cost total du projet -Y/1



--- PARSONS$. 

Categorie 

Monthly 
Salary

(Salaire 
Mensuel) 

Man Months 
(Homme Mos) 
Senegal U.S. 

Sub Totals 
(Sous Total) Totals Casdguric 

I. Payroll Costs - U.S. Staff 1.Feuille dePaic - Personnel 
des Etats Unis 

A. ProjectPersonnel (Field) 
I) Project Manager 
2) Hydrogeologist 
3) Hydrogeologist 
4) Geologist 
5) Geophysicist
6) Agronomist 
7) Office Manager/Accountant
8) Drilling Superintendent/ 

Tool Pusher 
9) Cable Tool Driller 

10) Rotary Driller 
11) Heavy Duty Mechanic 

$1600 
1200 
1200 
1200 
1100 
1000 
950 

1000 

900 
900 
800 

24 
24 
24 
24 
24 
6 

24 
21 

20 
20 
20 

231 

3 

__ 

3 

S 43,200 
28,800 
28,800 
28,800 
26,400 
6,000 

22,800 
21,000 

18,000 
18,000 
16,000 

$257,800 

A. Personnel surleTerrain 
I) )irecteur de 'rojet 
2) Ilydrog~ologue 
3) Ilydrogologue 
4) Gologuc 
5) Geophysique 
6) Agronume 
7) Directcur deProjet/Cousptable
8) Chef deForage/Equipe de 

Forage 
9) Foreur 

10) Foreur Rotative 
II) Mecanicien pour Equipement 

Lourd 

uverseas Differential - 25% 64,450 Differentiel d'Outre-mer 25% 

(Total Dollar Cost = 322,250 
less $200/mm inCFA = $276,050) 

$322,250 (Cofjt Total en U.S. S = 322,250 
moths $200/mm duns CFA = $276,050) 

B. Home Office Personnel (Supporting) 

I) Project Coordinator 
2) Administration 
3) Secretarial and Miscellanr us 
4) Engineering (Spec. Prep.) 
5) Purchasing and Inspection 

$1500 
1000 
500 

1200 
1000 

6 
4 
4 
I 
3 

$ 9,000 
4,000 
2,000 
1,200 
3,000 

B. Personnel do Bureau Principal 
(Support) 

I) Directeur de Projet
2) Administration 
3) Secrctaire ct Autres 
4) Le Gdnie (Spec. Prep.) 
5) Achat et Contr6le 

19,200 

C. Payroll Costs and Welfare Benefits 

I) Field Salaries ($322,250 x 17.7%) 

2) Home OfficeSalaries 
($19,200 x 16.4%) 

$57,038 

3,149 
60,187(S 

C. Cofts delaFeuille de 'aic et de 
Bdndfices Sociaux 

I) Salaires do Personnel surle 
Terrain ($322,250 x 17.7%)

2) Salaires du Bureau Principal
19,200 x 16.4%, 

Total Payroll Costs $401,637 Coats de laFeuille de Paic 

2. Transportation (Round Trip) 2. Transportation (Aller Retour) 

I) 

2) 

3) 

4) 

7Families, 2Childrenper Family 
and 4 Single (32 Fares at $1100) 

Personal Effects (Air Freigi;!)
2700 lbs at $4/lb 

Household Goods (Ocean Freight) 
23,500 lbs at $1.25 

Per Diem, 100 Days at $8.00 

$35,200 

10,800 

29,375 
800 
800 

I ) 

2) 

3) 

4) 

7 Familles avce2Enfants par 
Familles ct 4Passengers 
Cdlibataire (32 Frais-A1100)

Effect Personnels (Avoin) 
2700 lbs de Frais h$4/lb 

Effect deMdnage (Bateau) 
23,500 Ins. de Frais 6 $1.25 

Per Diem, 100 Jours $8.00 

Total Transportation Costs 76,175 Coat Total Tran, portations 
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.PSONI:
 

Sub Totals 
(Sous Total) Total 	 Categoric

Categories 

3. Autre Pension
3. Other Allowances 

Logement et SubsistanceIlousing and Subsistence 


$13,000 I) Per Dien Temporaire - 25 Personnes

I) Temporary Pcr Dicm 25 Individuals 

5 SI3/Jour pour 40 Joursat S13/D for 40 Days 
84,000 	 2) Logement, 7 Familles 5 6,000

2) Quarters. 7 Families at 6,000 
4 Single Status at 4,500 	 23,400 4 Cdlibataires statut A 4,500 

16,800 3) Utilitds, 7Familles A SIOO/Mo.
3) utilities, 7 Families at S100/Mo. 

4 CUlibataires A so
4 Single at 50 	 3,200 

4,200 58,800 	 41 Subsistance, 7 Families A 4,200
4) Subsistence, 7 Families at 4 C6libataires i 3,0004 Single at 3,000 	 24,000 

- 6 at 400 4,800 	 5) Ecole, 10 Enfants - 6A 4005) Schooling, 10 Children 
43 2,4004 at 	 2,400 19,600 

4,000 28,000 6) Fournitures, 7 Families 5 4,000
6) Furniture. 7 Families at 

4 Cdlibataires A 3,0004Single at 3,000 	 12,000 
7) Terrain et Voyages,and Travel, Camp:7) Field 

23,400 Camp: 	 $9.75/Jour x 2400 ionmne jourCamp: S9.75/Day x 2400 man days 
1,500 	 Iotel: S15.00/Jour x 100 honime jourIhotel: s15.00/Day x 100 man days 

Cot Total etAutre BUn(fices$312,500Total Cost of Other Allowances Pour lePersonnel Etranger
Foreign Personnel 

4. Equipement, Materiiux, Entertien,4. 	Equipment, Materials, Supplies, Shipping, etc. 
Embarqueminiit, etc. 

A. Equipement de ForageA. 	 Drilling Equipment 

$38,000 I) Portadrill 501, Failing 1500,
I) Portadrill 50. Failing 1500. 

ou equivalent (monte sur camion)or equivalent (truck-mounted) 
2) Outils, Accessoire, Pihvs de2) Drill Pipe Tools, Accessories, 	 25,000 

RechangeSpares 
3) Test Punp for Six-inclh Diameter Wells 4,000 67,000 3) Pompe d'6preuve 6 pouces Diam~tre 

pour Forage 

B. Matdriel du Forage etFournitureB. 	Drilling Materials and Supplies 
$25,000 25 000 I ) Trdpans, Tiges de Soundage, ProduitsI) Bits, Welding Rod, Drilling Mud and 

Chiiniques etBoues de ForageChemicals 

C. TransportationC. 	 Transportation 

$10,000 I) Camion avec A.Treuil et Treuil
I ) Truck with A-Frame and Winch 

2) Pickup Trucks (3)w/winches (3/4 Ton) 10,000 	 2) Camionnettes (3)avec/treuil (3/4 ton) 
3) Camionnettes (1/2 ton avec/treuil) - (4)3) Pickup rtuck 1/2 Ton w/winclics) - (4) 8,000 
4) Jeeps CJ-5's (3)(3)4) Jeeps CJ-5's 	 7,500 
5) Station Wagon (4-Roue de Traction)5) Station Wagon (4-Wheel Drive) - (I) 	 3,200 38,700 

D. Equipeinent TechniquesD. 	 Technical Equipment 
$10,000 I ) Carottage Eldctriuue ave/rayon gamma1) Electric Logging Unit w/gamma ray 

2,200 	 2) Sismnogramme Unitd Pcrtatif2) Portable Seismograph Unit 
3) Resistiuit6 El ctrique Unitd3) Electrical Resistivity Unit 	 1,500 

1,000 	 4) Equipement pour laMNtrage4) Surveying Equipment 
500 15,200 	 5) Divers5) Miscellaneous 

E. Equipemen pour Camp Mobile (Iport6)E. 	 Field Camp Equipment (Imported) 

$ 1,500 I) Ghnfrateur
I) Generator 

2) Rdfrigdrateur (Kdros~ne/Essense) - (2)2) Refrigerators (Kerosene/Gas) - (2) 	 600 
3) Remorque pour Maison (3)3) 1louse Trailers (3) 	 10,000 12,100 
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(' PARSOSI )
 

Categories 
Sub Totals 

(SousTotal) Total Catdgorie 

F. Well Construction Materials 
1) Well Casing (6and IO-inch) 
2) Well Screen 
3) Hand Pumps 
4) Pumps and Engines 

$45,000 
5,000 

15,000 
50,,)0 115,000 

F. Matr:riel pour I'Amn6nagenent de Puits 
I) Tubage 
2) Crdpines 
3) Pompes AMain 
4) Poiipe et Engin 

G. Shipping Costs 

I ) Drilling and Technical Equipment 
Inland, Ocean and Air (including 
handling) at 20% 

2) Well Construction Materials 45% 

$26,600 

52,000 78,600 

G. Frais d'Expdition 

I ) lntdrieur Equipement Technique 
pour le Forage, Transport Naval 
Arien (y comprit les 
manoeuvres) 20% 

2) Materiel pour l'Amnagenient de 
Puits - 45% 

H. Field Operating Expenses 

I) Dakar Office 
a. Office Space (to be provided by 

GOS) 
b. Office Utilities (to be provided 

by GOS) 
c. Warehouse and Yard Storage (to 

be provided by GOS) 
d. Equipment 
e. Air Conditioning Units (3) 
f. Expendable Supplies 
g. Cables, Postage, etc. 

$2,000 
1,200 
1,800 
1,800 6,800 

H. Frais d'Operations sur le Terrain 

I ) Bureau deDakar 
a. Local (fourni iar le Gouvernement 

du S~ndgal) 
b.Services (Fouriii par le Gouveme

ment du S, nigal) 
c. Magasiner (fourni par le Gouveme

ment du Sn6igal) 
d. EIquilpeinent 
e. Dispositifs de Climatisation (3) 
f. Fourniture 
g.Ciblograninies, Frais Postaux, etc. 

2) Field Camp Equipment and Services 
a. Surveying 
b. Water Analyses 
c. Tents and Camp Equipment 
d. Material Transportation and 

Ilandling 
e. Equipment Rental 

$10,000 
3,000 
3,000 
4,500 

2,000 22,500 

2) Equipicient pour Camp Mobile 
a.L.:vd 
b. A ialyses d'Eau 
c. T uotes et Lquipement pour le Camp
d.Matdriel Transportation ct 

Manioe.uvres 
e. Location de Machincrie Lourde 

3) Consumables 
a. Fuel and Lubricants (Rigs and 

Vehicles) 
b. Repairs and Maintenance 
c. Gravel, Cement, etc. 

$9,600 

5,800 
5,300 20,700 

3) Materiel Cousomumable 
a. Carburants et Lubrifiants (Equipage 

et Voiture) 
b. Reparationset Entretien 
c. Gravier et Ciment, etc. 

Out-of-Pocket Expenses 1. D~bours 
I) 

2) 
3) 

Miscellaneous Travel and Prepara-
tion Expenses; 28 Individuals 
at S50 

Postage and Cables at $100/Month 
Miscellaneous Supplies at $50/Month 

$1,400 

2,400 
1,200 5,000 

1) 

2) 
3) 

Diverses Ddpenses de Voyage et de 
Preparation; 28 Personnes At$50 

Cilblogramnme, Frais Postaux ASIO0/Mois 
Fourniture Diverses ii$50/Mois 

Total Cost Equipment, Materials, 
Operations Expenses 

$406,600 Cobt Total Frais de Equipement, 
Materiaux et Operations 
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Categories 

5. Payroll Costs -Local Prsonnl 

Monthly
Salary 

(Salaire 

Mcnsuel) 

Man Months 

(tiomme Mois) 

Sub Totals 

(Sous Total) Total Categoric 

5. Co~t Salaire -Locaux Prsonn l 

A. Field Personnel A. Personnel pour leTerrain 

I) Drillers (2)2) Drillrs Ielpers (4) 
3) Welders (2)4) Mechanics (2) 
5) lrivers(2) 
6) Lborers (4) 
7) rachien (4) 
8) Warehousemen (I) 
7) Warehouseman Asst. (I) 
0) Geloist (2) 

I aGeophysical Assts. (2) 

12) Jr. Engineers (4) 

13) Cook (2) 

$120.00105.00 
II0.00I10.00 
110.00 
70.00 
65.00 

160.00 
75.00 

240.00 
200.00 

200.00 

75.00 

4488 
4444 

132 
88 
88 
22 
22 
46 
44 

88 

44 

$ 5.2809,240 
4.8404,840 

14,520 
6,160 
5.720 
3.520 
1,650 

11,040 
8,800 

17,600 

3,300 
S$96,5 10 

1) Chef deForagc (2)
2) Assistants Forer (4) 
3) Forcnr (2)4) Mcanicien (2) 
5) Chauffeurs (6) 
6) Manoeuvres (4) 
7) Vueilleur (4) 
8) Magasinier (I) 
9) Aide-lagasinier (I) 

10) GMsologse (2) 
I9) Aide-Geophysique (2) 

12) Ing~nicur (4) 

13) Cuisini.ur (2) 

I. Dakar Office Personnel B. Personnel pour IeBureau deDakar 

I) 
2)3) 

4) 
5)6) 

7) 

Bookkeeper 
Bilingual SecretaryTypist 

Translator 
DraftsmanJanitor 

Messenger Boy 

$325.00 
300.00250.00 

275.00 
250.0050.00 

75.00 

24 
2424 

24 
2224 

24 

$ 7,800 
7,2006,000 

6,600 
5,5001,200 

1,800 
36. 100 

I) 
2)3) 

4) 
5)6) 

7) 

Comptable 
Secrdtaire BilingueDactylo 

Traducteur 
DessinateurConsierge 

Messager 

C. Welfare Benefits 

I) 4711, of Salaries(0.47 x 132,610) 
2) Subsistence 

Local Field Personnel 
(36 men at S/day x 528 days) 

S62,327 

57,024 

119.35 I 

C. Bdndfices Sociaux 

I) 477, desSalaires (0.47 x 132,610) 
2) Subsistance 

Personnel Locale pour leTerrain 
(36 homme AS/jour x 528 jours) 

Total Cost of Local Personnel $251.961 CoOt Total dePersonnel Locale 

6. Overhead 6. Frais Gtsdraux 

I) 
2) 

Field Salaries (257.800 x 67%) 
Ioie Office Salaries ( 19,200 x 75%) 

$172.726 
14,400 

187,126 

I) 
2) 

Salaires du Terrain 
Salaires do Bureau Principal 
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CHAPTER IX CHAP!TRE 

CONCLUSION 

Through modern drilling techniques more dependable and Par l'application des techniques modernes de foragel'eau plus 
sanitary water supplies are being provided villages in Central saine et plus tributaire est fournie anx village du Sdnigal 
Senegal but current practices of water distribution continue to Central, mais les prdsentes indthodes de la distribution sont 
limit consumptive use. responsable pour sa consommation limitde. 

It is evident that at the present time the limiting II est 6vident qu'A 'heure actuelle, le facteur 
factor controlling the fuller use of the groundwater empdchant l'utilisation totale des ressoiurces en eau 

resource is the cultural pattern of the people, i.e.. ai long souterraine est la conception culturelle des gens. Tant que 

as the chief means of lifting water are by hland pumps and les principaux moyens de pompages seront ceux Ala main 
et 5 la poulie, la quantit6 d'eau extraite des aquif6resrope-bucket-and-pulley, the amour, of water withdrawn 

aux quantites
from the phreatic aquifers will be insignificant compared phr6atiques sera insignifiante par rapport 
tromthe nti aifes ill e ignnd. odisponibles dans le sol. 
to the amounts available in the ground. Le nombre de puits for6s ne devra pa dtre limit6 ou 

The number of wells drilled will not need to be scientifiquement espac6 pour que les retraits soient 
limited or scientifically spaced until withdrawals are augment~s. De mame, les m6thodes, trts pouss6es, 
increased. Likewise, highly sophisticated methods of d'analyse des renseignements hydrogdologique ne sont 
analyzing the basic hydrogeological data are not relevant d'aucun interdt pour satisfaire les besoins immdiats des 
to the immediate needs of the people. gens. 

The problem resolves itself into the basic ones of Le probl~mc se r6sout de lui mfine par l'excution 
drilling development wells where waters are available and de forages de production dans les endroits o6 eau est 

at locations most convenient for the people. At the same disponible et est la plus avantageuse pour les gens. les 
and exploratory drilling should be forages de recherche et d'exploration devraient en mmetime basic research

ntiued; heerit also should consider the impor- temps dtre poursuivis, n6anmoins, l'importance de la
continued; however, formation du personnel devrait aussi 8tre consid&6e. Un 
tance of training personnel. Impetus is needted to promote tlan est n6cessaire pour promnouvoir aux changements des 
changes in the cultural patterns related to water produc- conceptions culturelles relatives i la production et A 
tion and use, and also to form a repository of hydrogeo- l'usage de l'eau et aussi pour former une connaissance 
logical knowledge that will be available for a time when hydrog6ologique sfire qui pourra dtre disponible quand 
more refined methods of analysis are needed. When these viendra le temps o6 des ni6thodes d'analyse plus raffindes 
changes occur and funds are available for engine and seront ndcessaires. Quand ces changements surviendront, 
motor-driven pumps, technical knowledge held by a cadre et quand des fonds seront disponibles pour l'achat de 

men will be needed to continue the pompes entraindes par un moteur, une connaissanceof well-trained 
long-term development programs. techniqvu assur6e par un groupe de personnes bien 

entraindes sera n6cessaire pour continuer les programmes 
The increasing use of hand pumps in Central Senegal de d~veloppement 5 longs ternies. 

is a step forward for it promotes the use of more sanitary L'usage croissant des pompes 5imain dans le Sdn6gal 
water supplies and offers a convenience over the rope and Central est un pas en avant, car il promouvoit Al'emploi 
bucket method. These wells can be drilled rapidly, and d'une eau plus saine et offre des avantages par rapport aux 
can be properly maintained with a minimum of mechani- m6thodes de pompage par corde et par seau. Ces puits 
cal ability. However, in terms of water quantity, the peuvent tre forns rapidement et peuvent dtre convenable
increase in production is not sufficient to overcome the ment entretenus avec an minimum de connaissanccb 
present water deficit unless a very large and indeterminant m~caniques. Ndanmois, en termes de quantit~s d'eau, 

number of these wells are drilled. Hand pumps produce I'augnientation de la production n'est pas suffisante pour
supplder au deficit actuel, A moins qu'un nombre de ces 

water only duringa few hours a day and then at rates only puits, important et indetermin6 ne soit ex6cut6. Les 
up to a few gallons per minute. poies i main produisent de l'cau pendant seulement 

To improve the total water supply situation the quelques heures et alors Ades taux seulement de quelques 
following needs must be met: (1) a long-term continued gallons par minute. 
program of maintenance and drilling, (2) a well-trained Pour amnliorer la situation totale de la rdserve d'eau, 
local drilling crew and technical staff, (3) adequate les conditions suivantes devront etre remplies: (I) un 
funding for groundwater programs, and (4) a change in programme d'entretien et de forage Lilongs termes, (2) 
the patterns of obtaining water from wells and methods of une 6quipe de foreurs bien entrain6s et un personnel 
distributing it. technique, (3) financement convenable des programmes

d'eau et (4) un changement dans les conceptions de 
When these conditions are met Senegal will be on l'obtention et l'eau et des m6thodes de sa distribution. 

the way to establishing a more viable water economy that Quand ces conditions seront remplies, le Sdnegal 
will meet the needs of a growing population. sera sur la voie d'dtablir une 6conomie de l'eau plus viable 

qui pourvoiera aux besoins d'une population grandissante. 
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_iA %.$SONS 

CONVERSION TABLE / TABLE DE CONVERSION 

TO CONVERT MULTIPLY BY 

centigrade (degrees) (°C x 9/5 + 32) 

centimeters 3.281 x 10.2 

centimeters 3.937x 10"1 

cubic meters 2.642 x 102 

days 8.64 x 104 

days 1.44 x 103 

feet 3.048 x 101 

feet 3.048 x I0'1 

gallons 3.785 x 10.3  

gallons 3.785 

gallons/minute 6.308 x 10.2 

gallons/minute/foot drawdown 2.0695 x I0'1 

gallons/day/foot 1.2418 x 10.2 

inches 2.540 

inches 2.540 x 10.2 

inches 2.540 x 101 

kilometers 6.214 x 10"1 

liters 2.642 x 10"1 

liters/second 1.5853 x 101 

meters 3.281 

meters 5.396 x l0 4 

miles 1.609 

square feet 9.29 x 10.2 

square kilometers 3.861 x 10-I 

square meters 3.861 x 10.7  

square miles 2.590 

temperature (OF) - 32 5/9 

years 8.7661 x 103 

cubic meters/year 2.642 x 102 

TO OBTAIN 

fahrenheit (degrees) 

feet 

inches 

gallons U.S. (liquid) 

seconds 

minutes 

centimeters 

meters 

cubic meters 

liters 

liters/second 

liters/second/meter drawdown 

cubic meters/day/meter 

centimeters 

meters 

millimeters 

miles 

gallons U.S. (liquid) 

gallons/minute 

feet 

miles 

kilometers 

square meters 

square miles 

square miles 

square kilometers 

temperature (°C) 

hours 

gallons/year 
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APPENDIX
 

Summary of Oround 

TABLE 

Weter Oate 

3 /TABLEAU 3 

by Areols/devmi des donne do I'ou outerrlane 

Area 

Estimated Aveilable 

Dynamic Yield 

(m 
3 
/yr) 

Avorege Tested 

Salinity 

(mglloter) 

Aver-Je Measured 

Well Depth 

(() 

Average Measured 

Depth to Water 

Cm) 

Average Tested 

Diecharge p.r Wall 

(llte.ree.c) 

6011.5 x 108 577 47 21 11 

2 291.9 O 106 390 65 23 6 

3 354.0 x 106 490 24 22 3 

4 135.9 K 106 1.541 22 a 3 

S124.6 x 1o 911 37 22 1.5 

0 - 3.036 254 41 1.9 

7 - 2,647 41 0 20.5 

I Otier/etc a 1.5853x 101 gellone/mlnute 

1 m 
3 

/yeer a 2.642 x 102 gsllone.yeer 
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AID/Aft CONTRACT ?O. 468 
WATER RESOURCES SURVEY AND DEWELIORT PROJECT OF CENTRAL SERNA 

Project Wells Drilled - 1968 THE RALPH M. rAPS( 

TABLE A-1 

S Crl.!Pl,.y 

1. Index No. 1 2 3 4 5 6 7 8 9 10 
2. Well Name Yontrice Merina 

N'Dakhar 
Fass Niakheae Forbctte Diompy Dioukoul 

Tabby 
. Tabby Veouane 

Water Well 
Mecuane 
Cbservaticn 

3. Type Well Development Test Test Test Development Development Development Development Test Cbservation 
" 4. Coordinates Long. 16052, 4 2 1603250" 25"1603.59"06O2o'4o" '16028 ' 16025.17" 16032.l6: 16'03216" 1645 51" 5 ' Lat. 14046'7" 1506.27" 16c 51"153140" 1504,43" 15o6,29" 1509,47" 1503'00" 1504'56" 15001.'37" 15°0''37" 

5. Elevaton: ft (m) 132 (40.2) 

6. Total re:th: ft (o) 91 (27.7) 

7. Depth to S*^L:ft (m) 9 (2.8) 

8. Elev. of SWL: ft (m) +123 (37.5) 

9. Aquifer Material Continental 
and Depth: ft (m) Terminal 

laterite 

10. *Casing size 6 
-inch 

and Depth: ft (m) 0-64(0-19.5) 

105 (32.0) 

238 (69.5) 

98 (29.9) 

+7 (2.1) 

Eocene 
Limestone 

184 
(27.5 - 50.5) 

10-inch 
0-186(0-56.7) 

135 (41.2) 

832 (253.5) 

134 (40.9) 

+1 (0.3) 

ralecoene 
Limestone 

-709 722 
(216 - 220) 

10-inch 
0-294 (0-89.6) 

6-inch 
244-737(744-225) 

108 (33.0) 

179 (54.6) 

94 (28.7) 

-12 (3.7) 

Eocene 
Limestone 
118 - 166 
(36 - 50.6) 

10-inch 
0-166(0-50.6) 

98 (29.9) 

141 (43) 

92 (28.1) 

+6 (1.8) 

Eocene 
Limestone 
90 - 141 
(27.5 - 43) 

6-inch 
0-141(0-43) 

102 (31.1) 

143 (43.6) 

92 (28.1) 

+10 (3.0) 

Eocene 
Limestone 
96  143 
(29.2 - 43.6) 

6-inch 
0-143(0-43.6) 

92 (28.1) 

155 (47.3) 

90 (27.5) 

+2 (.6) 

Eocene 
Limestone 
105 = 155 
(32 - 47.3) 

6-inch 
0-155(0-47.2) 

99 (30.2) 

225 (68.7) 

90 (27.5) 

+9 (2.8) 

Ccntinental 
Terndnal 
Fine Sand 

none 

170 (51.8) 

212 (64.7) 

75 (22.9) 

+95 (29.0) 

Eccene 
Sandstone 
139 - 156 
(42.5 - 47.6) 

10-inch 
0-168(0-51.2) 

169 (51.5) 

153 (46.7) 

7' (22.8) 

495 (29.0) 

Eocene 
Sandstone 
139  154 
(L2.5 - 47) 

6 
-inch 

0-152(0-46.3) 

11. *'i'ye screen, 
size, depth: ft(m) 

Slotted 6" 
casirg 44-54' 
(13.4-16.5) 

10-inch slotted 
casing 100-180 
(30.5-54.9) 

slotted 6-inch 
casing 705-725 
(215-221) 

slotted 10-inch 
casing 135-165 
(41.1-50.2) 

slotted 
casing 120-140 
(36.5-42.6) 

slotted 6-inch 
casing 120-140 
(36.5-42.6) 

6-inch slotted 
casing 135-155 
(41.1-47.2) 

Well 
abandoned 

Pre-pack screen 
.15-.25 gravel 
6-5/8"D 9-5/8" 

6-inch slctted 
casing 140-150 
(42.6-L5.6) 

12. Type Pump, model 
size 

13. Pu.-ing Tested 
rate: gpm 
(lit/sec IInstalled 

14. pumpintake Dy t(m) 

Dempster Hand 
Model 2.0 F 

37(2-33) 

22 (6.7) 

Depester Hand 
Model 210 F 

300 (18.92) 

106 (32.3) 

Dcrpster recip-
rccating Model 
DW 89 

30 (1.89) 

240* (7.32) 

Dempster Hand 
Model 210 F 

400 (25.23) 

106 (32.3) 

Dempster recip-
rocating 
Model DW76 

(B)30 (1.89) 

105* (32) 

Dempster recip-
rocating Model 
DW 76 

(B) 30 (1.89) 

105* (32.0) 

Dempster recip-
rocating Model 
DW 76 

(B) 30 (1.89) 

105* (32.0) 

CD; 141-15(42.9-45.6) 

De.rnster Hand 
Model 210 F 

100 (6.31) 

85 (25.9) 

15. Tctal Dynamic Head 

1 6 . T o t l D i s s o l v e d 5 0 5 6 3 3 6 56 50 t 30 0 t± 

Solids (mg/liter) 700± 390 

* Nominal Diameter - American Standard 

A-O 
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TABLE A-1 (continued) 

I. Index No. 11 12 13 l4 15 16 17 18 19 20 

2. Well Name Dangalma 
Water Well 

Dangalma Dangala 
Cbs. Well No. 1 Obs. Well No.2 

N'Dondol Goundiane Dink Bourvaye" Dingler N'Douf N'Dieyene 

3. Tyje Well Test Cbservaticn Observation Test Test Development Development Develclment Develcpent Development 

4. Coordinates Long. 
Lat. 

16033'56" 
14043' 09' 

16P33'56" 
14043 '09 " 

1633,56" 
14043,09" 

16o35,30, 

14038,41 
16o43'51" 
14043'05' 

636 
14o4l'25" 

16P4316" 
14042'25" 

1640,16,, 

14 04 1 , 2 5 " ' 
16')-c-o0" 
14o43-36" 

160 3912C" 

14c4 2.i0,, 
5. Elevation: ft(m) 56 (17.1) 56 (17.1) 56 (17.1) 46 (14.o) 120 (36.6) 164 (50.0) 164 (50.0) 42 (12.8) 42 (12.8) 

6. Tctal Depth: fit(m) i!9(36.2);PB83 60 (18.3) 80 (24.4) 120 (36.6) 135 (32.0) 96 (29.3) 124 (37.8) 95 (29.0) 118 (36.0) 107 (32.7) 

7. Depth to S'L:ft(=) 50 (15.2) 50 (15.2) 50 (15.2) 56 (17.1) 42 (12.8) 42 (12.8) 49 (15.0) 29 (8.8) 32 (9.8) 35 (10.7) 

S. Elev. of SWL: ft(m) +6 +1.8) +6 (+1.8) +6 (+1.8) -10 (-3.0) +78 (+23.8) 4122 (+37.2) +115 (+36.1) +13 (+4.0) +10 (+3.0) 

9. Aquifer Material 
and Depth: tt(m) 

Eocene 
Limestone 
48-83 
(14.7-25.3) 

Eocene 
Lmestone 
48-60 
(14.7-18.3) 

Eccene 
Limestone 
48-80 
(14.7-24.4) 

Eocene Marl-
Limestone 
97-110 
(29.6-33.6) 

Continental 
Laterite 
5:-67 
(15.3-20.4) 

Continental CT Laterite Eocene 
Terminal 48-65(14.7-19.8) Limestone 
Laterite Lateritic gravl 64-95 
60-73(18.3-22.2) 65-85(19.8-25.9) (19.5-29.0) 
82-94(25.0-28.7) 

Eocene 
Limestone 
107-115 
(32.6-36.1) 

Eccene 
Limestcne 
84-107 
(25.6-32.6) 

10. Casing size 
and depth: ft(m) 

10-inch 
0-83(0-25,3) 

6-innh 
0-53(0-17.7) 

6-inch 
0-65(0-19.8) 

10-inch 
0-66(0-20.1) 

10-inch 
0-75(0-22.9) 

6-inch 
0-95(0-29.0) 

6-inch 
0-100(0-30.5) 

6-inch 
0-95(0-29.0) 

6-inch 
0-107(0-32.6) 

6-nch 
0-lcS(o-32.4) 

11. Type screen, size, 
depth: ft(m) 

10-inch slot- A3ANDO0ED 
ted casing (Pulled CSG) 
58-82(17.7-25.0) 

ABANDONED 
(Pulled CSG) 

WELL 
ABADONED 

slctted casing perforated perforated 
55-67(16.8-20.4) casing casing 

63-69(19.2-18.0) 65-87 

perforated 
casing 
6O-wu 

open hcle 
107-115 
(32.6 - 36.1) 

per:rated 
cating 
96-105 

85-91(25.9-27.7) (19.8 - 26.5) (24.4 - 27.4) (29.3 - 32.0) 

12. Tipe P--p, 
Model Size 

D-ster 
Model 

Hand 
210 F 

Dempster Hand 
Model 210 F 

De- pster Hand 
Model 210 F 

De--.pster Hand 
Model 210 F 

Dep..ster Hand 
Model 210 F 

Dempster Hand 
Model 210 F 

Be---ter Hana 
Mzdel 210 F 

13. P=ping or Tested 600 (37.85) 125 (7.89) (B) 30 (1.89) (B) 10 (0.63) (B) 30 (1.89) (B) 45 (2.E4) (B) 30 (1.89) 
B-iling 
Rate: -m 
(lit/sec) Installed 

14. Pu-p Intake Depth 64 (19.5) 64 (19.5) 64 (19.5) 64 (19.5) 43 (13.1) 43 (13.1) 43 (13.1) 

ft(m) 

15. Total Dynamic Head 

16. Total Dissolved 3032 6214 434 142 600 494 750 i00 
Solids (ppm) 

A-i 



1. No.i. IndexIndex ._ 

2. Well name 

3. Type Well 

4. Coordinates Lcrg. 
Lat. 

5. Elevation: ft(m) 

6. Total Depth:ft(m) 

7. Depth to S-::ft(m) 

8. Elev. of S.:ft(=) 

9. Ac-'Ifer Material 
and Depth: ft(m) 

10. Cairng size 
and depth: ft(m) 

11. TypT screen, 
size, depth:tt(m) 

12. Tee ?np 
Moedel 

21__22_23_2421 22 

Beeuane BlotanN'Doro Marche e ebs. 

Development Develcpment 

16039 ' 13" 16o39 ' 13" 
l40,0.20 ' 1o38,48,, 

32 (9.8) 36 (11.o) 

78 (23.8) 145(44.2) 

29 (8.8)PB 

13(4.0) 14(4.3) 

+19(5.8) +22(6.7) 

Eocene Laterite 
Limestone 24-28 
66-78(20.7-23.8) (7.3-8.5) 

6-inch 6 -inch 
0-77 C-24 
(0-23.5) . (0-7.3) 

perforated prepacked
casing 68-77 screen 24-28(20.7-23.5) (7.3-8.5) 

fenster Hand De--pater Hand 
210 F Model 210 P 

_Yodel 

23 

Tiahar 

Development 

16021.46" 
14041'51", 

72 (21.9) 

154 (46.9) 

94(28.7) 

-22(6.7) 
-iit 
Eocenp Lime-
stone 122-142 
(37.2-43.3) 

6 
-inch 

0-142 
(0-43.3) 

perforated 
csirg 122-142 
(37.2-43.3) 

De-pster Recin-
rcnatinj 

DW89 

J 214 25 

Baba Garage BG. Obs. Well 

Test Observation 

16 29'33" 16029 33" 
14056,35" 456'35 

66 (20.1) 66 (20.1) 

146 (44.5) 130 (39.6) 

52(15.8) 52(15.8) 

+14(4-.3) +14(4
+it43 3) 
Eccene Lime- Eocene Li=e-
stone 95-146 stone 95-130 
(29.0-44.5) (29.0-39.6) 

10-inch 0 9O iC-inch 0-89 
(0-27.L) ,--27.1) 
6-inch e6-146 6

-nch 0-100 
(26.2-4.5) 

(0-30.5) 
6-inch slotted open hole 
liner 93-145 100-130
(28.3-4.2) ,(30.5-39.6) 

Denpster Hand 
Model 210 F 

26 

Labaye 

Development 

16°32 Ol '' 

14049,21 ' 

142 (43.3) 

142 (43.3) 

84(25.6) 

+58 (1 7.7) 
Eocene Lime. 
stane 90-106 
(27.4-32.31, 

6 
-inch 

0-110 
(0-33.5) 

6-inch slotted 
ct-sing 93-105 
(23.3-32.0) 

Dem.pster Recip-
raModel 

Model DW76 

27 

11'Gas cp 

Development 

16027.27 ' 

14037'23" 

33 (10.1) 

70 (21.3) 

42(12.8) 

-9(2.-7) 

Eocene Lime-
stone 61-70 
(18.6-21.3) 

6-inch 
0-70 
(0-21.3) 

slotted 6 
-inch 

casing 59-63 
(18.0-19.2) 

Dempster Hand 
210 F 

28 

Ni akhar 

Test 

16O24 ' 30" 
14029'12" 

26 (7.9) 

70 (21.3) 

18(5.5) 

Eocene Lime-
stone 43-70 
(13.1-21.3) 

10-inch 
0-70 
(0-21.3) 

perforated 
casing 45-64 
(13.7-19.5) 

Dempster Hand 
Model 210 F 

TABLE A-I (continued) 
29 30 

DNiakhar N'Di eganiao 
0Do Well 

Observation Development 

16024 ' 
30" 1643'20" 

1429'12 ' ' 14c31'44 

26 (7.9) 85 (25.9) 

55 (16.7) 

22(68 

18(5.5) 40(12.2) 

+35(10.7) 

Eocene Lime Palcocene 
stone L3-55 Litestone 
(13.1-16.8) 235-245 

(71.6-7.7)6 
-inch 10-inch 

0-42 0-252 
(0-12.8) (C-76.8) 

open hole perforated 
42-55 oasing 235-2h 
(12.8-16.8) (71.6-74.7) 

e teH 
Mtodel 210an 

13. Patzpng or 
baili ng 

estd (3)75(473) (B) 18 (1.14) 725 (45.73) (B)25 (1.58) (B)25 (1.58) (B) 

-gm(lit/secnstalled (B)25(1_8)25(1_8)(B_4o(252 

14. P-a.p Intake Depth 
ft(m) 

22 (6.7) 28 (8.5) 120* (36.6) 4 (19.5) 105" .0() 64.5 (19.7) 22 (6.7) 64 

15. Total Dyrmani Hea d16. Total Dtissolved 
Solids(pm) 

1392 16 1284 5065688 

562 888 2100 399 
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TABLE A-I (continued)

1. Index No. 31 32 33 34 35 36 37 38 39 40 

2. Well Name M'Bouror M'Boulem N'Diamane N'Gol lianing Louly 
M'Boudaye 

Lculy 
M'Bafaye 

Kibik Tarhoum Keur Ball& 

3. Type Well 

4. Coordinates Lorg. 
Lat. 

Development 

16052'35" 
14023-30" 

Development 

16r53'55" 
14c22'55 ' 

Develcpment 

i4c18'351 ' 

Dove lopment 

16047'00 ' 

14019'OO. 

Test Well 

I1;55-36 ' 

1420132 ' t 

Development 

16051'35 ' 

1425'30" 

Development 

1 6 " 5 2 ' 0 0 " 
14 23'28" 

Development 

16 54'16 '' 

i428,147" 

Develcpment 

16P53'35 " 

14028'555 '" 

Develcpzent 

1lc53' 4 2' 
i4 25'36" 

5. Elevaticn:ft(m) 49 (14.9) 49 (14.9) 75 (22.9) 60 (18.3) 13 (4.0) 33 (10.1) 33 (10.1) 33 (10.1) 39 (11.9) 39 (11.9) 

6. Total Depth:ft(m) 50 (15.2) 99 (30.2) 157 PB 
(47.9) 

42 
(12.8) 

100 (30.5) 207 (63.1) 85 (25.9) 75 (22.9) 52 (15.8) 87 (26.5) 36 (i1.0) 

7. Depth tc SWL: It(m) 23 (7.0) 21 (6.4) 13 (4.c) 12 (3.7) 12 (3.7) 11 (3.4) 16 (4.9) 18 (5.5) 15 (4.6) 17 (5.2) 

8. Elev. of SV.1:It(m) +26 (7.9) +28 (8.5) +62 (18.9) +48 (14.6) -1 (0.3) -22 (6.7) +17 (5.2) +l (4.6) +24 (7.3) -22 (6.7) 

9. Aquifer Material 
and Depth: ft(m) 

Paleccene 
Limestone 
45-50 
(13.7-15.2) 

Continental 
Terminal Let-
erite 39-47 
(11.9-14.3) 

Eccene 
Limestone 
23-28 
(7.0-8.5) 

Eccene 
Limestone 
ic-40 
(30.0-12.2) 

Eocene 
sands 

ialeccene 
Linestone 
15-85 
(4.6-25.9) 

Paleccene 
Limestone 
20-75 
(6.7-22.9) 

Lirestcne 
13-50 
(4.0-15.2) 

Limestone and 
Snndstone 

Li:restcne 
17-36 
(5.2-11.0) 

10. Casing size 
and Depth:ft(m) 

6-inch 
0-50 
(0-15.2) 

6-inch 
0-57 
(0-17.4) 

6-inch 
0-42 
(0-12.8) 

Abandoned 10-inch 
119 (36.3) 
6-inch 
170 (51.8) 

6-inch 
0-85 
(0-25.9) 

6-ii ch 
G-75 
(0-22.9) 

6-inch 
0-51 
(0-15.5) 

6-inch 
c-87 
(0-26.5) 

6-inch 
C-3E 
(0-11.0) 

11. Type screen, 
size, depth: rt(m) 

Slctted 
casing 
46-49 
(!4.0-14.9) 

Slotted 
casing 
40-46 
(12.2-14.0) 

Slotted 
casing 
23-28 
(7.0-8.5) 

Slotted 
casing 
25-83 
(7.6-25.3) 

Slotted 
casing 
30-70 
(9.1-21.3) 

Slotted 
casing 
40-50 
(12.2-15.2) 

Slotted 
casing 
44 
(13.4) 

Slctted 
casing 
2L-33 
(7.3-10.1) 

12. Type -urmp, 
.cdel Size 

Denpster Hand 
Model 210 F 

Danster Hand 
MVdel 210 F 

Dompster Hand 
Mcde! 210 F 

Dempster Hand 
Model 210 F 

Den ster Hand 
Mcdel 210 F 

Dempster Hand 
Mdel 210 F 

Dempster Hard 
Mcdel 210 F 

le-. stcr Hand 
1M'de! 210 F 

13. P=pirg Tested 40 (2.52) 
rate -rate Installed 

.. (jlit/see)~ le _______________ 

30 (1.89) 20 (1.26) 

________________I________ 

75 (4.73) 60 (3.78) 40 (2.52) 50 (3.15) 30 (1.89) 

14. ?.p Intake 
Depth: ft() 

33 (10.1) 33 (10.1) 22 (6.7) 22 (6.7) 22 (6.7) 22 (6.7) 22 (6.7) 22 (6.7) 

15. Total Dynaenic Head 

16. Total Dissolved 
Solids (ppm) 

672 622 516 1200 (±) 1098 920 9464146 742 
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TABLE A-I (continued)
 
1. Index No. 

2. Well Name 

3. Type Well 

4. Coordinates Long. 
Lat. 

5. Elevaricn: ft(m) 

6. Total Derth: ft(m) 

7. Bezth to SW.f(=) 

8. Elev. of SA'L:ft(m) 

9. Aquifer Material 
and Depth 

10. Casing size and 
depth: ft(=) 

41 

Keur 
Samba Ba 

Development 

16057'15" 
1420 ' 55" 

66(20.1) 

100 (30.5) 

15 (4.6) 

+51 (15.5) 

Faleocene 
L_-estcne 

90-100-(27 .L-30 5) 

6-inch 
0-93(0-28.3) 

J42 

Sangue 

Development 

16'57-37" ' 

14042 ' 11" 

276 (84.1) 

47 (14.3) 

Abandoned 

11 

h3 

Diougane 

Development 

16'55,10" 
144l 

' 
51" 

246 (75.0) 

52 (15.8) 

22 (6.7) 

+224 (68.3) 

Laterite 
23-52 

(7.0-15.8) " 

6-inch 
0-52(0-15.8) 

44 

Keur Madiara 
Wade 

Development 

16o53,21" 
1404'16" 

190 '57.9) 

61 (18.6) 

10 (3.0) 

+180 (54.9) 

Laterite 
50-61 

(15.2-18.6) 

6-inch 
0-56(0-17.1) 

45 

Keur Amadou 
Diogo 

Dcvelcpr.ent 

16o53'02, 
14044'34" 

180 (54.9) 

57 (17.4) 

13 (4.o) 

+167 (50.9) 

Laterite 
44-57 

(13.4-17.4) 

6-inch 
0-53(0-16.2) 

46 

Keur Daouda 
Cisse 

Development 

16os53,5,, 
14

0
44-4o 

180 (54.9) 

104 (31.7) 

23 (7.0) 

+157 (47.9) 

Laterite 
55-80 

(16.8-24.4) 

6 
-inch 

0-97(0-29.6) 

47 48 

Keur Mata Dambargoye 
Aram 

Development Development 

16952,00, 16051'35 " 

14046,45' 14'57,05" ' 

164 (50.0) 131 (39.9) 

72 (21.9) 95 (29.0)1.... 
17.5 (5.3) 13 (4.0) 

+146.5 (44.7) +118 (36.0) 

Laterite Eocene Lime-
55-65 stone 68-74 

(16.8-19.8) (20.7-22.6)
. -9 8 ( 0 -2.)( 

6-inch 6
-inch 

0-72(0-21.9) 0-67(0-20.4) 

49 

Keur Mazadcu 
N'Diaye;No.l&2 

Development 

16 0 
52-00" 

14°46*05" 

166 (50.6) 

72 (21.9)Ai~ 

35 (1o .7)F2 
12.5 (3.8)-2 

+153.5 ( 6.8--

Laterite 2 
23-29 

(( 
.0-8.8) 

Abandoned 
10-inch 42 

Keur Mandsro 

Develcpment 

l6°5l'" 
14 h5'50" 

157 (47.9) 

53 (16.2) 

12.5 (3.8) 

!L. 5 (44.c 

Lsterite 
47253 
(-.z- i -.2 

.6-inch 
0-53(0-I.2) 

11. Type screen, size, 
depth::ft(m) 

perforated 
casins 89-91 
(27.1-27.7);open 
hole 93-100 
(28.3-30.5) __ 

perforated bopen hole 
casing 156-61 
38-44(11.6-13.4) (17.1-18.6) 

_(29.6-31.7) 

open hole 
53-57 
(16.2-17.4) 

perforated 
casing 55-95 
(16.8-29.0) 

oGen 97-104 

perforated 
casing 55-65 
(16.8-19.8) 

open hole 
67-95 
(20.4-29.0) 

0-27(c-8.2) 
rrepeck screer-2Jerfcrated 
26-35(7.9-10.7) 

1casinr 48-5o 
(1.6-.2) 

12- '7 e P:-p_,model size Dempster HandModel 210 F Dempster HandModel 210 F Dempster HandModel 210 F Dempstpr HandModel 210 F Dempster HandModel 210 F Dempster HandModel 210 F 
Dempster Hand
Model 210 F ;2 

De: nster Hand
Model 210 F 

13. P mpingrate estedI5 60 (3.78) 
30 (B) (1.89) 30 (1.89) 50 (3.15)3 

m(lit/see) Installed 

14. P _p Intnke 43 (13.1) 22 (6.7) 22 (6.7) 64 (19.5) 43 (13.1) 71 (21.6) 31(9.h) #2 22 (6.7) 
Depth: ft(m) 

15. Total Dynsmic Head 
16. Tctal Dissolved 2912 192 696 918 796 112 684 24o 

So lids (n-) J 96 
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TABLE A-2
 
- WESTCEMLAL SENEGAL, 1968-1969CHEMICAL AIALYSES OF WATER 

(In Miligrams per Liter, except as otherwise noted) 
Sodium 

Sod- Potas- Specific Dissolved Adsorp-Chlor- Sul- Bicar- Ni- Cal- Mag-
phate bonate trate cium nesium ium sium Conductance Solids tionIndex ide 

No. Well Nsme pH (Cl) (;;) (HCO,) (NO,) (Ca) (Mg) 	 (Na) (K) (Micrombos) (Mg/ltr) Ratio Rawrks 

0.19 0.52 0.22 1.20 0.34 1.64 0.05 34o 250 1.9 Fe - .73 
1 Monitrice 6.3 2.32 

2 Marina 600 0.50.12 5.75 0.04 5.30 0.78 0.98 0.03 456
N'Dakhr 7.4 1.80 

2992 5.8 247'12.64 19.65 0.77 4000 
3 Fass 7.8 30.50 7.28 5.00 0.58 10.28 


2526 358'
2.30 TH 5.86 7.60 22.78 0.83 34OO 	 8.8 

7.8 24.20 11.86 
3036 42.3 705-10'
0.03 1.92 0. ho 45.21 o.84 o0008.0 	 31.40 9.08 7.75 

620 0.80.98 0.72 1.59 O.O4 464 
4 Niakhene T.5 2.20 0.13 3.70 4.72 

390 0.61.03 1.00 0.04 500
9/10 Meouane 7.5 1.28 1.55 3.15 TH 3.76 


4254 10.6 48-118'
39.65 5700+16.40 11.82 0.12
11/13 Dangalma 7.1 57.00 4.76 5.65 0.81 	 3032 7.8 48-82' 

7.4 	 39.40 2.08 6.45 0.80 16.72 5.76 26.10 010 o400 

8000+ 6214 9.7 97-120'2.28 36.56 14.00 48.70 0.23
14 Dondel 7.0 87.00 4.56 6.00 


43h 
 2.6 Fe a .25
0.08 0.34 2.10 1.50 0.90 2.88 0.20 500 

15 Goundiane 6.0 3.08 

0.29 0.20 0.87 0.10 200 142 1.4 	 Fe a 17 
16 Disk 6.5 1.08 0.06 0.55 0.61 

600 1.3 14- 514 
17 Bourvaye 7.1 3.16 0.03 1.65 3.31 3.60 1.66 2.17 0.52 800 

1.68 o.41 4.65 0.96 5.15 o.94 1.30 0.09 700 494 0.7 
18 Dingler 7.4 

0.8
850 750 

7.3 3.16 1.98 5.60 1.27 7.24 2.84 1.82 0.06

19 N'Douf 

7.70 5.74 0.08 1300 1080 2.8 
20 N'Dieyene 7.4 9.54 0 4.60 0.23 0.68 

1392 1.9
4.56 4.78 1.30 1750
1.74 4.35 5.55 8.44
21 Beouane 7.4 7.30 

22 Blotan	 2900 2168 8.9 N14 " 2
7.16 4.20 21.01 o.64 

Marche 7.4 21.10 3.88 4.80 3.54 


l.4O 4.75 0.05 8.78 4.72 4.78 0.20 1500 1284 1.7
 
23 Tiarhar 7.5 2.06 


506 1.1
 
2.54 0.84 4.25 0.48 5.34 0.66 1.82 0.03 700 

214/25 Baba Garage 7.6 

1.29 5.88 1.46 1.32 0.06 875 562 0.7 Fe * .5 
26 Lambaye 7.6 2.50 0.34 4.65 


888 2.5
6.66 5.31 0.04 12506.45 1.45 2.7227 N'Gscop 7.4 6.22 0.80 

2.56 6.05 1.65 16.40 13.12 54.46 0.99 7300+ 5426 9.2 
28/29 Niakhar 7.3 74.80 

0.25 15.64 4o.02 0.21 5000+ 3994 12.2 F 7.0 
30 N'Diaganiao 7.6 39.20 14.44 7.30 5.82 

1.50 0.25 800 672 0.8 
2.00 2.80 3.55 5.20 1.47

31 M'Bouror 7.5 0 

1.5 Fe a .23
o.14 5.16 2.92 2.84 2.56 o.16 750 622 

32 M'Boulea 5.3 3.18 0 

516 0.8 F * 1.62.12 1.48 0.02 700o.14 5.10 0.96 4.9233 N'Diamane 7.4 2.44 

36 Louly 1098 1.6 F 1.6
7.25 11.40 2.10 4.08 0.03 1400 

MNBoudaye 7.2 9.46 0.80 0.08 

37 Louly	 1250 920 2.4
o.42 2.74 5.22 0.11M'Bafaye 7.3 8.94 0.02 5.40 6.84 

1300 946 

7.32 0 7.75 0.29 7.58 2.14 5.82 0.0 	 2.6
 

38 Kibik 7.1 


TR 29.76 5.68 32.00 0.12 6000 4416 7.6
 
39 Tarhoum 7.4 61.80 5.55 0 


4.20 0.63 6.00 0.32 3.39 0.03 1000 742 	 1.9
 
40 Keur Bala 7.5 5.24 0 

41 Keur Samba
 8.8
3900 2912
0.29 12.28 5.68 26.53 0.29

Ba 7.3 37.10 1.72 5.85 
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TABLE A-2 (,ontinued) Total Sodium 

Index 
no. 

43 

44 

well Nams 

Diougane 

K.dadlma 
Wade 

p 

8.0 

6.4 

Chlew-
ide 
(Cl) 

1.32 

7.96 

ui-
pbste 
(804) 

0 

0 

Bicar-
bonate 
(3C0 3 ) 

1.45 

1.40 

Ni-
trate 
(303) 

0.29 

0.32 

Cal-
cium 
(Ca) 

1.70 

4.36 

IMg-
nesium 
(Mg) 

0.28 

1.65 

Sod-
ium 
(M) 

0.93 

3.48 

Potms-
slum 
(K) 

0.02 

0.04 

Specific 
Conductance 
(icromhos) 

240 

900 

Dissolved 
Solids 
(Mg/ltr) 

192 

696 

Adsorp
tion 
Ratio 

0.9 

2.0 

Remaks 

Fe - .6 

45 K.Amadou 
Diogo 6.3 10.98 0.01 2.00 0.42 6.38 1.93 5.00 0.05 1200 918 2.5 Fe 27 

46 K.DaoUd& 
Cisse 7.5 5.90 0.76 4.90 0.61 6.24 3.12 2.89 0.05 1000 796 1.3 Fe .21 

47 

48 

K.Hater 
Ara 

Damb goye 

6.5 

7.4 

0.54 

3.40 

0 

0.46 

0.75 

7.20 

0.08 

0.23 

0.64 

4.88 

0.05 

3.98 

0.44 

2.99 

0.03 

0.04 

150 

900 

112 

684 

0.8 

1.4 

49 

50 

K.MamadOu 
N'Dlsye 

K.andaro 

6.7 

5.5 

1.00 

5.30 

0.10 

0.02 

2.25 

0.45 

0.42 

5.09 

1.92 

4.30 

0.59 

3.56 

0.91 

2.95 

0.16 

0.08 

300 

1100 

240 

808 

0.8 

1.5 
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PASON~_ 

TABLE A-3
 

SUMMARY OF TEST RESULTS
 

WELL WELL NAME SPECIFIC CAPACITY PUMPING RATE f TRANSMISSIBILITY STORAGE 
GPD/Ft. COEFFICIENT
NO. GPM/ft/dd GPM 


(Litrs/Sec/m dd) (Liters/Sec) (m3/day/m)
 

-2 Merina N'Dakhar 38 ( 7.86) 300 (18.92) 227,000 (2,819) 

-75 (15.52) 100 ( 6.31) 317,000 (3,937) 


3 Fass 0.5 (0.10) 30 ( 1.89) 12,800 ( 159)
 

4 Niakhene 87 (18.00) 4OO (25.23) 317,000 (3,937)
 
200 (41.39) 100 ( 6.31)
 

- 3
 
4,200 (52) 1.2xl0


10 ( 2.07) 100 ( 6.31)9 Meonane 


5x10 2
 
11 Dangalma 500 (103.48) 300 (18.92) 615,000 (7,637) 


150 ( 9.46)
750 (155.21) 


22 ( 4.55) 125 ( 7.89) 23,000 (286)
15 Goundiane 


-4
 
98,000 (1,217) 5xlO
450 (28.39)
150 (31.04)
24 Baba Garage 


200 (41.39) 150 ( 9.46)
 

28 Niakhar 150 (31.04) 150 ( 9.46)
 
-4
 

100 (20.70) 300 (18.92) 70,000 (869) 5xlO
 

82 (16.97) 450 (28.39)
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TABLIK A-4 

WATER PRODUCTION OF PROJECT WELLS
 

No. WELL NAME TESTED CAPACITY ESTIMATED MAXIMUM 
(GPM) (GPD) SAFE PUMPING RATE 

(GPM) (GPD) 
1. Monitrice 37 53,980 50 72,000 

2. Merina N'Dakhar 300 4O0,000 750 1,080,000 

3. Fass 30 40,000 100 144,000 

4. Niakhene 400 576,000 2,000 2,880,000 

5. Forbotte 30 43,200 275 396,000 

6. Diompy 30 43,200 275 396,O00 

7. Diakoul Tobby 30 43,200 275 396,000 

0. Meouane 100 144,000 275 396,000 

ii. Dangalma 600 864,000 2,000 2,880,000 

15. Goundiane 125 180,000 200 288,000 

16. Disk 30 43,200 100 144,000 

17. Bourxaye 10 14,4OO 10 14,400 

18. Dingler 30 43,200 200 288,000 

19. N'Dour 45 64,800 300 432,000 

20. N'Dieyenne 30 43,200 250 360,O00 

21. Beouane N'Dero 75 108,000 300 432,000 

22. Blotan Marche 5 7,200 10 14,400 

23. Tiarhar 18 25,920 35 50,400 

24. Baba Garage 725 i,O44,000 2,000 2,880,000 

26. Lamb aye 25 36,000 50 72,000 

27. N'Gascope 2F 36,000 50 72,000 

28. Niakhar 300 432,000 1,500 2,160,O00 

30. Diaganiao 40 57,600 300 432,000 
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TABLE A4 (continued)
 

WATER PRODUCTION OF PROJECT WELLS
 

No. WELL NAME TESTED CAPACITY ESTIMATED MAXIMUM 
(GPM) (GPD) SAFE PUMPING RATE 

(GPM) (GPD) 

31. M'Bouror 40 57,600 300 432,000 

32. M'Boulem 30 43,200 200 288,000 

33. N'Diamane 20 28,800 10 14,400 

36. Louly M'Boudaye 75 108,000 400 576,000 

37. Louly M'Bafaye 60 86,400 300 432,000 

38. Kibik 40 57,600 200 288,000 

39. Tarhoum 50 72,000 200 284,000 

40. Keur Balla 30 43,200 100 144,o00 

41. Keur Samba Ba 60 86,400 200 288,000 

43. Diougane 30 43,200 100 144,000 

44. Keur Madiama Wade 30 43,200 50 72,000 

45. Keur Amadou Diogo 50 72,000 60 86,400 

46. Keur Daouda Cisse 30 43,200* 50 72,000 

47. Keur Mater Aram 30 43,200' 50 72,000 

48. Dambangoye 30 43,200* 50 72,000 

49. K. Mamadou N'Diaye 30 43,200' 50 72,000 

50. K. Mandaro 18 25,920 30 43,200 

1 GPM = 6.308 x 10 - 2 liters/sec. 
1 GPM = 3.785 x 10- 3 cubic meters/day 

' estimated 
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____________________________ - DEPTH i~Im 

SILTY VERY BIETC AT E 
0 10 STATICF FEB. BEVELOXIDE TAINSqUATERNARY__ '.! ION 

6.1 NCH I.D.DUNE SAND, FINE GRAIN S . 

CASIN2.-BUTT-VE'-
GRAYWITH LAI4NAE OF
 
IRON OXIDE
 

SANDCLAYEY. FINE GRAIN, 

30 16-INCH HOLE 
-- - - - s .... TC 70 ps- SANDY, 10- 0L ATEFrTE, BROm ,0T, SN, 

CONTIN.NTAL ruTH SOME t.Af LOOSE IN 

TERMINAL ANGULAR Y"! SUB-ROUNDED T
 
GRAVELFORMATION FRAMYM FROM 40 

(OLIGOCENE/MIOCENE/ TO COBBLE SIZE .I 44-54 F. 1J-.H SLOS, 
1- INCHES LONG TEN 

| 5 -- so S4sT.0S PER FObT 

BOTTOM3 F, VERY CLAYEY YELLO "
 
OCHRE ' 15a1
 

60 
BEDDED WITH WHITE MARL, 
YELLOW OCHRE CLAY INTER-

64 F, BOTTOM OF CASIPI
20- STEEL PLATE WELDEDWITH DENDRITES OF MnO 2 OVE9 END 

-70 

64.01 F. bArN FILLEDFRAIN WHITE CLAYEY MARL -- WITH LATERITE 

WHTANEMOCRNLE) MANLY LIMESTON - S- soAN5CA(MDL 

$FERO4J HOLE 75TO9IFt4-INCHYELLOW OCHRE, kdSSI 
R F0- TOTA'. DEPTH - - Zi 

YELLOW CLAVEY MAR 

Geologic Log and nonstruction Diagram
 

PROF 01EUR COTE DU SOL -4DM 

TIVE A 2.170MSABLETRES FIN LIMONEJX IUE, 
NIVEA' LTApEVIE 10T IRE A TACHES SOXD5 DDe E .
 

-TERNAIRE- 3,00 10 LE
 
SABLE DE 
 DUNE A GRAINS FINS 

5 0 S- -- T'JbAlESOMMET LIE 5" PAR OUVERCLEFEAME AUJ-- ._2 

"UDESABLE FINAR0ILE'X, 3RIS, 
A MINCES LITS FERRU'3INISES - I 

9.10 i TROU DE 16" 

DE 0 O29A m... ... . . ... .... 

bOrNS OE LATERITE q oA229m 

T R It AL ET GRAVIERS A I .EUX A 
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CONTINAL SAND, fine,75.28 ft, 0 Jule 1968 74.17 ft, tO July 1968 
TBMIL yellow 

BN y yQ Casing perforated 139I151 ft, 
A, .ayey, yellpr-pk gravel screen (05-,c7 

inch gravel)6-5/811.D. 9-5/b"

SAND. clayey 	 at 141-O.D. st iide casing-120 150 ft, 5 ft tailpipe, 3 ft ex-

BAN1, 4rvel tension above soreen 
d -e - - - ....... 13Q 4q 136ft,8 inches. rubber packer 140-150ft, perforated with


40 141ftCLAY, sandy, 139 Jteritia %UllsKnife 

LI ST(NE, chert inclusions 	 14 Pre-paok gravel screen 
1 . cl,.ey, 	 1SE t.,ft, bottom of hole and 

poorlTR 6015 	 bottom of omingcme, 	 --55ft, bottom of tall pipe
poor]ly cemented 0 " 
._168ftbottom of casing 

- .white-
- 7. 

BOM LIMESTONE. cl..yuy,whitiah J80 155-212 baokfllUeu with 
18 crushed basalt 

MARL, gray, sli.,htly ol:.yey 	 1 

MARL, olayey, -reen, with 
limestone interhode -212 _ 0 212 total depth 
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FORAC OWLOPPt FORAGE0'3SERVATION 

l n mIt 
11- i.Svihv. 15o 

~, 20 

.44 f ,io,0"e Tuboe delIopoucededimilre #,sme n.T*ehadae d aneire tentupsgutdi 

-40 

, . 15.24 Trede NpUM dedismilre. Troede6ptures dediamilre 

QUATEANAIREjob,# 20 

OERINENTALTIERMINAL.*kZ 
-

m, 
-- --

r, 
-

*~ 
20 

S Nivteujtlqugdieiu~M:,tsW . N vit .Iipu de lkad4.//$ b J.//dIN . 

- - -- - - - - 9 28.65 

-9-- - * . 64l,,f4. . .,,F .. lo..,, Me ,5, . 0. 

- - - - 1101 3962 O 

ISO- 39.62 4c

159 42.36 -140 q2,.j.jol.ts drerout h, o 41,$1miS,71mtueperloral ve lopeferilnceMill 
-r - - - -  - 4441- 42.97 41, "Ou 

4,.tend , 
so- ,160 51,10-I..dd.tubsq 

COCENE 	 tO3d 52.7d 

15" 47.24 .47o- d .be terwi"rl 

Cl,..e .yl.,. 	 - 0 De41,24 a64,l. reslpliajoeavit da 
b1 ... i185 56.38 

-. - - *1j -- 59.74 6- 200 

M 	 . .. l ,ve.arefnCersn I. cokerre. 

212 64.61 1 54,11. Prfeendur totals 
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MEOUANE WATER WELL NO. 1 AND MEOUANE OBSERVATION WELL NO. 1 Well Index 
FORAGE DE MEOUANE NO. 1 ET FORAGE D'OBSERVATION NO. 1 Nos. 9 & 10 

A-28 
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PUMPIng rate 1009pm I 

7gpm :6.308x 102 I/ters/Jec 

100=4,1Ogpd/flT = 26&xAS 6,4 

/00 gpd/ft = 12418 cubic
10 meters/doy/meter 

II 

'10 100 10)0 
tPoTime &Inc* pumping started (minute,) 

Time - Drawdown Curve
 
Temps - Courbe de Rabattement
 

Puevp~n Slerted- I00gpo, 3leIe Water Level 

~ DredownCurve, Obaervftle Well 

1,
 

\, . Oredown Curve. Pump.ng elPvplg opped 

I 2 5 6 $ 5 ? 6 9 10 11 2 1~3 1 41 17 1 1 9 20 21 2 22 24 as 

Drawdown and Recovery Curves
 

Courbes de Rabattement et de Remontfe
 
0 

Pumping rale 100pgm 
t. "onercept st zero -OVer,,,Ie~.1li..... Igpm z6.308 x /0 -iters/sec 

2 6 4 10 0
T x =4J0gd, 

6.1 

/00 gpd/f =1. 2418 cub/c 
S ='r= mefers/doy/eater 

. x 43000x002 -S6.
2500
 

a1 1. 2 X101
 

a 

'II
 

10. 

111 10 100 1000 

I time &Inc*pumping began.(minutes)
Time - Drawdown Curve
 

Temps - Courbe de Rabattement
 

MEOUANE WATER WELL NO. 1 AND MEOUANE OBSERVATION WELL NO. 1 

FORAGE DE MEOUANE NO. L ET FORAGE D'OBSERVATION NO. 1 


Well Index
 
Nos. 9 & 10
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N 830F tooirooad\ 5 o Station Dug Well. .4t0ft toChief's Dug Well 

DANGALMA WATER WELL N?I 
FORAGE LE DANGAL A NI 

DANGALIA Observation Well NI 
S ora At d'Observolion NPI do DANQALMAj 

. DANGALMA Observation Well N!2 
Fare . d'ObservaionN,2do DANGALMA ! 

*of Buildings 
a 1i,.... df Pfee.4 

hoinbole 

DANGALMA. 

Km 0 S 10 IS 20KMin 

Sketch of Well Locations
 
Croquis de localisation des Forages
 

SSol's Elevation. S tI?. OI -m 

WATER WEJ.L 
for&, Otm/ipp 

OBSERVATION 
wdo, ., 

WELL Ni 
1d'Obv.,t.fi. 

OBSERVATION 
-. wij 

WELL N92 
N7 

S0Ft _____0_0________ ot 
Is.3 m O.in 

10-inch .. mutr weld casing - ' bult weld casing 

QUATERNARY inch hole 
CONTINENTAL 

TERMINAL 
SAND, 
3.4biti, 

FINE ,YELLOWISH I h hoe 0B1-Iftch
TT..,d.''Dpi.,., di 0, AE. l 

SANDCLAYEY WITH INTERBEDSLATERITE 
b I . d .. 49.1flt Static Water Laval i Sp 

. : hJ.P1/too 

--- 96pertorations betweoen7.0 _S1*7 Bottom of Casing 

LIMESTONE OOLITIC WHITE VERY HARD nd $I.&Ft Bottom of holeSLIGHTLY MARLY IT Y $1C. , d,/t,Jv j.'4 ,,/ l8,Jin f ,dm.&p.,_ , d .,ilfeI.'n. Ill I d. treed.. m Baton of Caolingtlft 
82.- Bottom of I0-inch casing 

E C NE Ad i Bottom of hole [01I 
- 4 - 23.6 4"' *_2.6-01.O CemnentSeal 44,I-4.PtLIMESTONE MAWLY WHITE . dl .. ,.ui 

. .... . . . . B 86.0... 


LIMESTONE OOLITIC WHITE MARLY Is,.7 

UMESTONE WHITE SLIGHTLYce,', bt1,tre00"NeSANDY 06.0-11191' bockfdlled with Ilterite 

LIMESTONE WHITE FOSSILIFROUS 20 .
CaI*,l-r , fkk, 1irt.LIMESTONE MARLY CREAMY WHITE . 

__ _ bk.*,,4-,_ _ _ _ Total Depth "Oft 

Geologic Log and Construction Diagram
 
Coupe G~ologique et Schma de Construction
 

DANGALMA WATER WELL NO. 1 AND OBSERVATION WELLS NOS. 1 & 2 
FORAGE DE DANGALMA NO. 1 ET FORAGES D'OBSERVATION NOS. 1 & 2 

Well Index Nos. 11, 12 & 13 
A-30
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2.
 

Igpin /ftdd z 2.0695x /0'#liters/sec/rn drowdown 
TYog gpm/ft ad Specific Capacity 

T ____p __ _ gjpm/Ft ld 

1 1SO/20 750 

4 2 oo/so 600 

3 4%./ S00 

6 1 600/11O 430
 
S 1 I I I I I
 

100 200 300 400 S0 600 700
 

Pumping Rote (gpm) 
7o., dipn,,.p .yefl orn I* -- h.d Igprn z6.308 x /0 liters/sec

3 

Specific Capacity Curve Courbe de Capacitg Sp~cifique
 

Pumping Started l009pm 

NS= Residuol Dr wdown,.
' 

."'R.h"Nt.It.. .d. 

Observation Well 1#1 

- .2. fe,., d'O&W.0.. NF) 

II II Pumping Stopped at 90 minutes 

Pumped well 

20 40 60 so 100 o20 140 1 I0'to 20 

Time In minutes 

Drawdown-Recovery Curves Courbes de Rabattement et de Recharge
 

--6is--W(u/p ).... .' - -.... ti~ ~ ... - . 
...... + . 6915100 1l'0"5 7 . .-+i--- .. . + ,..I- 1 .. . .-I .-

114.6 50 ) 1..o_ . ----....--- .i--lS -5 ,

type ortillin impermlOble615, 00O9gpd/ It /Courbe de 

S_ - --- - otchPoint.-- --.- - - I I 1 1 
U,/ ' /=/5 h DEVIATION DUE TO LEAKAGE 

B) A / tviolion i due 6 to permiobiO04 

' - - - I1 - - I .EAKY ARTESIAN TYPL CURV 
, , . .-- -, oure, de type orliern peu permllit

)- -.
 

It ni s h nier4ForMg d'Obelrvtion NYI doDAN-AL1A-

FIELD DATA (DANGALMA OBSERVAINWLN. . - nt-_ -Id-

TME4E AFTER PUMPING STARTED (minutes) 
T - Temps depuls que le pompoge s'orr4a (minutes) 

Time - Drawdown Graph Graphique du Temps de Descente
 

DANGALMA WATER WELL NO. I AND OBSERVATION WELL NO. 1
 

FORAGE DE DANGALMA NO. 1 ET FORAGE D"OBSERVATION NO. 1
 

A-31 Well Index Nos. 11, 12 & 13
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school *uildings 

DONDOL WATER WELL N'I . 
FORAGE DE DON, L N' . I, 

l 
u 

Dispensary pull 	 \PWtj o. 01penjo," 0 	 or illaedael 

I. I 

Sketch of Well Location
 

Croquis de Localisation du Forage
 

Engol -iIl! i ol4m 

11 m 

-S
 

SAND, rINE,YELLOWISHQUATERNARY 

40-
CONTINENTAL 
TERMINAL 

.
SAND SLIGHTLYdr e 
1 

CLAYEY,, r , e , l REDl I LATERITICS b le l jf ue le rd f.p| 

MARLCLATEY,YELLOWISH Aquifer NO I 
255-


MARLCLAYEY CREAM COLOREDTHIN INTERREDS
 
OF LIUESTONk
EOCENE 	 Morn*orlillus ,¢re ,ltcll,.aJlrlsmrcJdtu#galre 97 29.57
 

CokowmXIL*ir. Aquifer N? 2
 
5.3- -. i---

bl~imC Csh-.ruec., 
MARLCREAM COLORED 

M ra. crime 	 TOTAL DEPTH 
PROFONDEUR TOTALE 40 

Geologic Log
 

Coupe Giologique
 

Well Index No. 14
DONDOL WATER WELL NO. 1 

FORAGE DE DONDOL NO. 1
 

A-32
 



N 

/ 

GOUNDIANE WATER WELL Nf? / 
(FORAGE DE GOUNDIANE NFI) / 0 

I fI 
SacioeI Bulldlnjya t 

"2 

/ 

THIES Kobl 

Bombay 

.,.o I io V. 

Sketch of Well Location
 
Croquis de Localisation du Forage
 

ELEVATION120 Fl 

Sol-537mIt m It 

SAND, FINE RED 10-INCH .D. BUTT-WELD CASING 

Sable fin, rouge. 10- Tubage de lOpoucat soudi 

5 HOLE$-INCH 

21 -Trou do 10 pouces de diamv tr 

SA, DFINEREDD1SHSLIGHTLY CLAYEY 25- -7.6Sable FInroug.Ilr,litg~remenI argileuse 

30-,?-- - -9.2 30-

SAND,FNECREAMY YELLOW, SUGHTLY CLAYEY "10 
Sable injaun. crime 1lgiremen orgileux. STATIC WATER LEVEL 42.0(I,24July6S. 

$8- -11.6 Niveou Stalique de I'ecusll ,m n 

QUATRNARY LATERITE, GRAVELLY, SANDYF1RRUGINOUS 40 24 JuillieI 1968. 

C SLIGHTLY CLAYEY 
CONTINENTAL LUlfrile gravolousFerrugirn.u34, 140 renlgasieu 

TERMINAL ---- -- 530- -s-

LATERITE,GRAVELLY, WITH TRACES OF UMESTONE 5-67 ft;T8 SLOTS 51rl' 
Lalr'ife groveluse avoc slries de calcoir. D 16.. 111mb SLOTS / e3. 

- - . 60o- i Del6. 8mb 20,4m;7Mous•d-eS/.$ 

CLAY,YELLOW OCHRESLIGHTLY SANDY -

Argile ,ourw-&.,1gdrament sablouse. 20
_-67- 20.4 2 

CLAY,VARIEGATED,YELLOW AND GRAY, VERY 70-

SANDYWITH PEBBLES OF SILICEOUS WHITE
 
SANDSTONE 75 22.8 r 75 ftSOTTOM OF CASING 
Argile bigar4, juno at grietris .oblause ovec 

cailloux de gris blonc, silicaux. 80- F 2.9matond du tubage. 
- 25 

5- -25.9 

CLAY, GRAY. SLIGHTLY SANDY
 
Argl l grlso,1l96remenr sab eu2*. 90"
 

93- "a.,4
d 

MARL-LIMESTONE, WITH INTERBEDDED LAM- 0 
OCENE ATED RENISH-GRAY CLAY so
 

M .orn. d'argil Imnes
-pjas-eavec couches 
ver--Gls~tr...I 105- .2 -TOTAL DEPTH IDS.Off 

Protondeur toati 32m. 
110" 
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GOUNDIANE WATER WELL NO. 1 Well Index No. 15
 
FORAGE DE GOUNDIANE NO. 1 
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0. 
T= 264 (0 

= 2 119 , 213600_pd/f_ PUMPING RATE 12$9pm 

1 2 1.4 Taux dopompage 

Z- /00 gpd/ft z1.2418 cubic 'neters/doy/ineter
oo o5 

A~ 4. 
•o 
 A~ .. 

iFtTTENINO 
OF CURVE DUETO RECHAROE 

Apli...mendoto oure d 6 Iaritcharo 

10 O 1000T:TIME SINCE PUMPING SLOAN (minule)
T Temps depuis quo le pompage commento (minutes) 

Time - Drawdown Curve
 
Courbe de Temps de Rabattement
 
(Modified Non-Artesian Formula)
 

MAXIMUM RECOMMENDED PUMPING RATE 09pm 

0TOux do pompage maximum recommandl4,80 gallons par minute 

-/gPm / dd" 2.0695k /0 liters/sec/m drowdown 

53 1 

dd p iy
.gpm/1

am-cut 1 40/2.65 so 

20 
$ 175/10.00 17 

0 SlO lOG 110 200 210 
Sgp;r z6.308 x 1021iters/sec 

PUMPING RATE IN gpm
TouX do pompage an gallons 6 I minute 

Specific Capacity Curve
 
Courbe de Capacit6 Sp~cifique
 

GOUNDIANE WATER WELL NO. 1 
 Well Index No. 15
 
FORAGE DE GOUNDIANE NO. 1
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LEAKY ARTESIAN TYPE CURVE 
FIELD DATA Co rbe do type arlilon pau porabin 

Donnios du chanior 
.- TFIELD DATA 

MATCH POINT Oonn&os du chonflor 
Point do rtnconlre T=14.6 0 W (U r/ll 

COORDINATES$ - 125)s W 
a Urd . 6.6. 5m.6 

22.400gpd/IfS -5. 


t0 100 1000
 

T:TIME SINCE PUMPING BEGAN (minutel)
 
T Temps depuis quo Is pompogo commenco (minutes)
 

Time Drawdown Curve
 

Courbe de Temps de Rabattement
 
Leaky Artesian Type Curve Method
 

PUMPING STARTED 1125 pm STATIQUE WATER LEVEL
 
Pompogo commenchltSgpm NIveou totquo
 

0 / II / 

9pd/ft .00 Z1.2418 cubic meters/dOa/meter QUESTIONABLE 
POINTS 


/4'PROJECTED
 

/
 

RECOVERY CURVE-' 
Courbe do romanlloSii' 

r .ORAWDOWNCURVE 

Courbe do descento 

FLATTENING OF CURVE DUE TO RECHARGE 
Aplonissromen do la courbe dO A la recharge 

PUMPING STOPPED AT 7HOURS 
Pompoge arrI&oprbs 7houros 
do temps 

I I 1 

1 2 3 4 5 67 
F nTIME SINCE PUMPING STARTED (hours) 
F .Tamps depuls quo lo pompage commenha 

Drawdown and Recovery Curves
 
Courbes de Descente et de Remont~e
 

GOUNDIANE WATER WELL NO. 1 Well Index No. 15
 

FORAGE DE GOUNDIANE NO. 1
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N 

/ Straw hutCse tot Pille .* 

DIAK WAYER WELL 
Fortye d OAK N? I 

P1. 

-THIE5 Khombols 

ODIAK 

Km S 10 Is 20Kn. 

Sketch of Well Location
 
Croquis de Localisation du Forage
 

Elevation "-,164I1 

SAND, FINERED SLIGHTLYCLAYEY Sol -- S m 
9- 2. -Inch 1.D. ------.74 Ull-ed casihg 

•6pe1ucas;tuber s.,di
 

LATERITESANDY, @RICKRED,SOME CLAY 
1010,10 ieJkus,trr qeU *7mtu. -inch holer#pu -& 

Teu de 6petevJ 

- -- - - - - o- . 9.14 

LATERITE, CLAYEY, LIGHTYELLOW, SANDY~tlr,t, a 
QJATERNARY - . 

v 
. 

eulte. 
. . . . 4- 12.50 

StalIc Watep Level42 I, il9 July It" 
Iueilhqvjl2.8Ju/.l 

CONTINENTAL 
TERMINAL CLAYEY, VARIEGATED,U@ROUN JLRED, SLIGHTLY 

SANDYWITH LATERITE CONCRETIONS 
, yilt bt i. Wvs r63-GI9d #.t seW.,, ,2 csla.t 
doIarde 

LATERITE,GRAVELLY, OCCASIONALLY LINY 

. . . . . . ..--- 7 - * "22.2 
LATERITE,CLAYEYYELOW, SOME RAND.2 

LATERITE, GRAVELLY ** "4 

CLAY, YELLOW, WITH LATERITE GRAVEL 1 c. , 

EOCENE MARL- LIMESTONE YELLOW 21.9i".26 18.98.; feedde'h 
.Pr.e,dwrtal.19.r $e. 

Geologic Log and Construction Diagram
 
Coupe G~ologique et Schema de Construction
 

DIAK WATER WELL NO. 1 Well Index No. 16
 

FORAGE DE DIAK NO. 1
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BOURVAYE WATER WELL 
FORAGE DE SOURVA E 

N'1 

"P "OAG DE AY 

C 

f> 

4.. 

,'/ ..HJlletoroge Huts 
~ t Greniers 

1 L 
Li 

I I / 

Sketch of Well Location
 
Croquis de Localisation du Forage
 

Elevatlon- 164It 
It In sol-SOm 

SAND, FINE, REDDISH. 6- 4 "S,/ ,ni Butt-weld caingI.D. 

.--./ r, .. ,, 4 p,ne ,,..d 

*,-inch hole 
LATERITE, RED. 

QUATIINARY - - - - - - - -

CONTINENTAL 44- 4-6|3 a1eu Water Level 49.4ft 
TERMINA L 44.J'.I~q..SOn 

LATERITE,
1sei Are, 

BROWNISH-RED. 

GRAVEL. LATERITIC.
"vA'm AO. j 

;o~70 - -

65 loll 

21.4 
£65-1711,106 slofs, Iinchos long,

/I4-inch wide 
GRAVEL, LATERITIC, ANP CLAY, YELLOW, PLASTIC. I al j w 

GRAVELLATERITICWITH PEBBLES OF WHITE SAND
6c'eaMmni~, rp...dey' /~ STONE :17- 2:.324,52 

CLAY, MARLY, YELLOW. 90 27.43 

MARL,YELLOW. 
ECCEIIE , -00-

100 30.48 
•$.41--8-

B ol0aof casing 10011 
uadPA..,eAO.4E 

EOCEE-i41t 

MAkRL, ORLY- WHITE. 
back filledwith, 

_laterile cultlings 

GREY-HITE.do IsPAc/I 

- 124 37. A0 [ Total depth 411ft 
Avfead.urletllpJP,80m 

Geologic Log and Construction Diagram
 
Coupe Giologique et Schema de Construction
 

BOURVAYE WATER WELL NO. 1 Well Index No. 17
 

FORAGE DE BOURVAYE NO. 1
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ItIt N11 T
 
. . . . . . . . -..... Tr i 

Pis,*0 7kn Io Poeto-Camp,P 
11 Ph at 10100, c! <I *Aninll.j Fh*. Csw

Dug . 

DINGLER WATER WELL N I 
FOR GE DE DINGLER Nfl 

I
 
/
 

0 5 10kn. 

Sketch of Well Location
 
Croquis de Localisation du Forage
 

Enevotion-421ff! m Sol.-lim 

-- inch bull-weld masing 
Sabl, in. r 
SANDFINE 

fpO fft v. 

17. .- 18 $;- onch hole 

QkJATERMNY SttcW Lvlr IV l V 

CONTINENTAL SA D E SkIGHTLY CLAYEY YELLOW 
TEa INAL £b IMJ '.1 ', 7 u* 

- - - - - - - , -14.4 

SAND, CLAYEY, YELLOW 
Sable .in~EM 

4* "19.5WITH
 
LIMESTONIGRANULA, 


YELLOW, 

SANDY INTEREDS
 

--- -- S22.6
 
IOCEPE LIM St$ON |D so 20"4.56
ITHSANDY ,NT %GRANULAWHITer 

'. . r .. '.... / * s s/r 

ILMESTON9.W ITE, AND 94.7 f soplom of Cagng end TV.Al Depth
' Iak dtIe 4.7- 2114 l4Ub4db '~d 

Geologic Log and Construction Diagram
 
Coupe Giologique et Schema de Construction
 

DINGLER WATER WELL NO. 1 
 Well Indei No. 18
 

FORAGE DE DINGLER NO. 1
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\ \ -31alk Fence \ 

THIE5 hornbole 

Sketch of Well Location
 

Croquis de Localisation du Forage
 

m1ltim -42 ft 

ft a Dol-13 a 
fj 8AI[DfL~o - 66-nohpouceI.D.ubagebutt-veldnoudd oasimefine 

-!zu do 6 poce6-inob hole
 
M

QaTULK 8tlerJo 

00MiI]M- -8Stti0 	 Voter Leel 32 ft
onmtalinnTzIHaZIL 8i]1Dflno,o'orey,TOllov, 

late1rite pobblo__ 	 3 - 10.67 ffiromA Statique do l'u 9.75* 

LDUSNU, bard. yellow a
 
Oal aire dur laun _ 54Q 16.46
.02(COnduativty, 400 iaoroshoe) 

M UT(]I, hard. wite. and 
Lntor'bo4Ldd SJLp) fine
 

oalae ira dur blow &yea Later
olationo do sablee fine
 

Aw~m (OMadu tiity: 850 ,,ioroho at 85 ft) 

MJL O"(8I tehardwitb some Lnter
bedded ;=Ud t I03-t0i ft 

Celairs dur blana &von do@interoftlw- 107ft bottom of ossAig 
tiom do sables 31.39 32.61 .2.61 du tbagedo 3 ubtremi 	 food 

hard 	 holeLIJTC1B. white, 	 -Open in =qifo 

oJJov o '*0' 	 118 ft, total depth 

35.97s, profoodour tot al 

Geologic Log and Construction Diagram
 

Coupe G~ologique et Schema do Construction
 

N DOUF WATER WELL NO. 1 Well Index No. 19
 

FORAGE DE N DOUF NO. 1
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N Iff.'I L~tI" 4..n.,l 
t ~~~~A..M.,.,,,,,t1, 

N'DIEYENE WAT R WELL Nl 
FORAGE DW NDI YNE N? I 

/ ,.,Mo nso Tres 

4* .'lie abb Tree 

~S1alk Fence
 

THES Khembele *
 

Sketch of Well Location
 
Croquis de Localisation du Forage
 

Elevation, 39ft 

*f m Sol-12m
AI D E RI DDISH 


5 i n h I
11 -e-inch I D.bult.weld cosing 

I . DcLAYL[Y'rEIGE 
Wk!4W25-

-704 
SAND, FINECI.AYrY, YELLOW 

30 9,14
 

StaliC Water Level 34.911
 
NARY SAND, REDDISH,FINE SLIGHTLY CLAYEY qN"",f.ff. I't.,,ft,
 

CONTINENTAL 
TEAMINAL 4S 13.7Z 

SAND,FiNE.VERY CLAYEY, YELLOW TO REDDISH 

60 1.29 

CLAY, SANDY, YELLOW 
£7~k .o~eS°10 9¢. I 44 sIof $-inch x 3/6 inch 

--------------------- 71 ~~21.64 .,nIi rfIeu*JJ/' 

GRAVEL, ATERITIC, CLAYEY 

84 25.60 

UIMESTONEe ALTERNATING SOFT YELLOW
 
EOCENE HARD ff STRATA,SANDY Ii 9511.,, IJ,,
C.Acei_ WHITE AT 90-9211- ,#e00 coah jwf tIf4,",O 610. d., 1010 32.',1,01. 

. ,he4il1, 1. as,04., /10611 11olom of casing and Total Depth 

106 32.32 3. JIm1,d d. rubs5,ef pretndt. tot1. 

Geologic Log and Construction Diagram
 
Coupe Gfologique fit Schema de Construction
 

N'DIEYENE WATER WELL NO. 1 Well Index No. 20
 

FORAGE DE N'DI9YENE NO. I
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STALK FENCE AROUND 
VILLAGE OiUARE 

Polissade aulour do Is place du vill 

1.5 km TOSOUTHERNEND LATEI[TE ROAD 
11.1km Jusqu'ou bout sud del. vol Ien klojrle 

/ 

BEOUANE N'DORO WATER WELL N.
FORAGE DE BEOUANE N'DORO Nt1 

HAND DUG WELL 
Pults(p u d' ou) 

S0 CORRUGATED METAL MOSQUE 
R C ]Mosque in 61e onduhee 

W.I
 
Th~ds Khanibole 

Sketch of Well Location
 
Croquis de Localisation du Forage
 

-T SbeFnoj 

SAND, FINE, REDDISHS 
Sabi* fin roux 

SAND, FINE, CAYEY, OEi0E 
bn r 	 xbgQUATINR 


QUA NTALfot11 ol 
CONTI A 

TEN AL 	 SAND,FINE, CLAYEY, YELLOW 
Sable Fin orgileux jaune 

LATERITE OSAND. FINE, REDDISH 
L1n4riteF sabe fin 

~CL APD1. ELLD46WITH TOANLi___ 	 wsCL I so *se joune granu s,kI ti 

MARL,YELLOW 

Morn. ~mne 
(SMALL AMOUNT OFWATER 20OOmhos CONDUCTVITY) 

(Pau d'eou 2000 mhos conductivity) 

MARL-LIMESTONE WHITISI YELLOW 
Morno-coicaire 6lanc jaune 

ECENE . . . ..-
LIMESTON.OFT-W TISH YELLOW 

Calcn? re auno 
CONDUCTIVITY ,7o5mhsa 

__r 

0 

28 0.50 

JA 

-Trou 

20.71 

77.3 23.47 

_ELEVATION.- 33 FlSaIv 10m 

STATICWATER LEVEL,13 FI 

di rou, 3.9Cm 

0- HAND FORCEPI 4P 2 .S'PISTONWAI49TZN 
INTAKE AT 20.5ft 
Poripe 6 main dc 2.Spoucas do dinmirde 
piston_-haulur dynamique a l zm 

-INCH i. D. BUTT- WELD CASINO 
T~beo clspoucss dodiambire inhfirieur 

_ i-INCH HOLE
 

de 6 poJces
 

680-77 ft,44peForatlions $/rx 31 
20.71 - 23.44, 44perforalions 3/0"' r 

77.5 FiBOTTOM OF CASING ANDTOTAL. 
DEPTH 
23.47m Fond du lubage ct peolondeur
total* 

Geolegic Log and Construction Diagram
 
Coupe Gfologique et Schema de Construction
 

BEOUANE N'DORO WATER WELL NO. 1 Well Index No. 21
 
FORAGE DE BEOUANE N'DORO NO. 1
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fEOUANE WDOjlO 3km 

DNSKNSA3Y 3km jusqw6 BEOUANE N'DORO 

VILLAGE SQUARE 
Place du village 

U 
BLOTAN MARCHE WATER WELL, NI I l--

FORAGEDIE8LOTANMARCt' Li HAND-DUG WELL 
ANPUl WHAND-DUO WELL 

T'BA DEN 

HIES KhonmboI. 

Crou~ d Litsa:o dEl oa
 

Bambay 
6&TANAIARCHi 

Sketch of Well Location
 
Croquis de Localisation du Forage
 

TEST MOLE DEVELOPMENT WELL 
TrOu Ieshi: Forag dicleloppommnt 

ELEVATION 

25t1 SOl- 1m
 
SAND, FINEREDDISH 7.62m HI
 
Sable rin 
 iut 	 HOLE DIAMETER 16INC 0-3211 

QUATERNARY - - - __ - - - , I Trou de 6de diamolre d@069.?Sm 
IN SAND, FINECLAYEY. IELLOW SCALES 

Fin, Mrgoleu.joSrCALETERMINAL Sable 
SAND, CLAYEY, YELLOWWITH LATERITE 0RAV" THESAME 6-INCH I.D.CASINO 0-23.61tSable arglleux 8 gravlllon, llirilIques 	 24 7.32 -AND 27.6-29.01 

MARLYELLOW 	 -28. 6.35 Tubage do6poucmt do diamntre intriaurMorn* joune _ 	 30" 9.14 rd067.25mal do 6.476 6.44m 
34 - '10.34

LIOHT YELLOWMARL-LIMESTONE 

Morno-colcalr, j/une-clair
 

ANNULAR SPACE0-15t BACKFILLEDMARL,YELLOW AND LIGHT YELLOW 	 4 -WITH CUTTINGSMarne autA, jauntU p ELEspaceonnulolre do0-4.57m rempli
S jS - .15.24 avec do% ddbait 

MARLLIHT YEIWWITI NODLES GRAYGREEI4erd enn .d $. 15.76 1 4.7 STATIC WATER LEVEL 
u.ArR W 1 14 1

4 
.NIveou statique do Ieau 

MARLYELLOW43
 
Morn. joune - 4.57
 

ECENE 	 ANNULAR SPACE15-2911 BACKFILLED 
MARLCLAYEY, YELLOW 	 WITH CRUSHEDBASALT

Mornrgllusejoun 	 Espace annulaire,4.37-1.64mrompli 
ovec du basalt wiro. 

90 27.43 

MARL,LIGHT GRAY,WITH MARLY SANDSTONE PEBBLES
Morn. gri-clair 8 rognons do grit marneux 23.8- -7.25 

- 100 30.48 PRE -PACK GRAVEL SCREEN 6-114CH 
I.DL9

3
/6 -INCH 0.D., 13-.2INCH GRAVELMARLGRAYISH YELLOWMarnan grgrislo-,loce 	 Cr4pi@ des5 grovillons,6poucts dodbamkreMorne grls-jaun. 	 .0 Intlrleur,.7 d dimvr/ pouces do dlaniltre 

110- 33.53.1 exrlur - avhonsde4a6ml4/m
MARL-LIMESTOnE 27. -. 47 
Morno-calcoln 1is - 35.05 

. ANNULAR SPACE29.0-32.0ft 
5BACKFILLEDWITH LATERITE 
Espace annulalre,1.64-9.75marmpi 
avec do to loairhlt 

9 T 
MARL LIGHT GRAY 32- TOTAL DEPTH
 
Marne grls-daIr Protondeur totl* 32m
 

TOTALDEPTH 145 44. 2 0 Prolondour Iatale 

Geologic Log and Construction Diagram
 
Coupe Gfologique et Schima de Construction
 

BLOTAN MARCHE WATER WELL NO. 1 Well Index No. 22
 
FORAGE DE BLOTAN MARCH9 NO. 1
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TIAbIAR VILLAGE AREA "Village do Tiorhur 

WELL N1ITIARHAR WATERA)e Fro deTIARHAR Nil 

Surface dilimille par une clture 

BEIINTINKI Te 

Sketch of Well Location
 
Croquis de Localisation du Forage
 

ELEVATION 66ft 
- .	 SoI'.20m 

SAND, FINE, YELLOW 

Sable fin, jaune 

0ATERNARY 10, 3.0y 	 16-INCH HOLE TO SoIt
 
Troude16poucesdediimllre
LATERITECONTINENTAL SAND, CLAYEY,WITH 
iuequ6 9 14mTERMINAL Sable orgileux avec do Ialoldrite 

C--	 f 6-INCH I D CASINO 0-16211 
NOceidiam'141CLAY, WITH LATERITE 	 26 Tubog. di 6p d 

Argils ovec do tolalri3e 2 9.5 	 fue. d oi d.2Cm 
---/ 9.t. inlirieur d 0A6 33-28M 

10-INCH HOLE 50-15611 

MARL, CLAYEY, WITH INTERSEDS OF LATERITE Trou do 10pouce$ do diamilr do 

Marne arglieus.,avic Intercalations do calcalre 9.14 6 46.94m 

ANNULUS FROM SUPFACE TO 
- 10011 BACKFILLED WITH CUTTINGS 

Espoce annulaire do 0c 50.411m 
remnli avoc do% dblait 

75,- 22.6 

LIMEJTONE,HARD
 
Calcalre dur
 

IS - 25.9
 
EOCENE 

MARLCREAM COLORED 
Min. crime 	 945 ?,STATIC WATER LEVEL 

26. 0.rn, Niveau italique do reau 
I-- 00 30 .4 Sptambr 1964 
104 -31.69 

UMESTONE,HARD, FOSSLIFEROUS / ANNULUS 100-142 AND HOLE FROM 
Calcalre 	dur avec coquills 142-154 BACKFILLED WITH CRUSHED 

BASALT 
1t- 35.49 Espaca annulair. do 30.466 33.28m at

MARL,SLIGHTLY CLAYEY, CREAM COLORED / trau d. 33.2i46.94m remplis avec 
Marne crimnlgb9rement argilule 123 du basolle &cratiI 

LIMESTONE,MARLY, CREAM COLORED 26, 36.40	 FROM '122 TO 142 F1,114 G-1NCH SLOTScolcare norneux crime 
- - - . Do 37.20 643.26m 114peieforalions do 

6poucw%
 
Argile marneusie noire

CLAY, MARLY, BLACK 

LIMESTONE, SANDY, GRAY, FOSSILIFEROUS 140. -42.67
 
Cacaier grii.oIleuxavec coquilles '142
 

.J 

MARL,CREAM COLORED 
mrns crme 15411,TOTAL DEPTH 

151 46.94 46.94 m, ProaFondiur Palate 

Geologic Log and Construction Diagram
 
Coupe Gfologique et Schema de Construction
 

TIARHAR WATER WELL NO. 1 Well Index No. 23
 

FORAGE DE TIARHAR NO. 1
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SABA GARAGE WATER WELL NTI 
FORAGE DE BABA GARAGE N? f 

SABA GARAGEZ 

HIE% 
' o m b o l e 

Sketch of Well Location
 

Croquis de Localisation du Forage
 

.1

.. 

/00 gpd/ft r 12418 cubic meters/day/meter 

W a 
.6l 

a ItI 

10000 

R 	 Temps depuis quo lI pompog commen;o 

Temps depuis que It pompoge sa'rr to 

Residual Drawdown
 

Rabattement Rgsiduel
 

400 gpm PUMP TEST
 
Essai de Pompage A 400 Gallons par Minute
 

Igpm :6.308x10"2 liters/sec 

BABA GARAGE OBSERVATION WELL NO. 1 Well Index Nos. 24 & 25
 

FORAGE D'OBSERVATION NO. 1 DE BABA GARAGE
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/gpm/fr dd; 2.0695x 0 " 1 Iters/sec/m drowdown 

2. 63,~ 2 U3,MAIU PUMPING NATE6OOgpmNECOMENDED 

a Tahux¢ pimpagd maximum recommandi $OOg9alions par 

o 

It 

Ti gpm I11 dd 5P pacity
49gpm/FFAadd 

'" 1 150 / t S234 

3 S43/2.9 155 

4 600/4.4 137 

5 720 /6.0 120 

1 0 200 300 400 100 6 700 

PUMPING RATE IN 9pm Igpm -6.308 xlO liters/sec
Toux do pompage en galloanh IomimJl 

Specific Capacity Curve
 
Courbe de Caracitg Sp6cificue
 

PumpedWell Observalion Well 

m . 

SAND FINE YELLOWSebi. f,.j..-.16'hole 0-401 
r-. d' fp..,. d' 0. ?0. 

- - - 20 -6 

•€locin 0-90.31 1.------o0-0.011c 


r.1 di Ope...... dOiG. u s. Tihe di 'Gpo..e. di O /. 
SAND FINE SLIGHTYV CLAYEY -5461.#fi.ldio.,,D.,,,ll~ -. 

€ UATliRNARIY
IA Anulus filled with 
CONTI NTAL

TRMINA L. caved material.('uentes #e 
 um leoalJ --- t inch hole -9. It 

- - -i1 j35 Ii.S0ill .... diI,...l, 
Static Waler LevGl 

LAiiD CLAYEY YELLOW 
** O~~h- %A'casing 0-100.0111 

S"64-t. 
 Ivlc. dii p.... deso0.48. 

€I.Y SANDY LATERITIC 7#_ 23 
0.-1-.--.-.
klIMO,.,m 

IME:STN[ WHITE CAVFmNOUS 

M E-E-,CE N M O10 hole 0 -1 461 t 100.0-. ,#8.
LISTONE 50LITIC VERY HARD r.d 9. ,0 fS 

EOCENE .a -Vlranr p1rtra81,--11I holed-v di J.-l.e 
Tul~ de lipute, de' #$m#eeperforhai p..u.o from 1i 145tt,Itrs o6., " 43 

.1 
24 

LIMESTONE MARLY CREAM COLORED 
CONDUCTIVITY; 340micromhoi - - I lSOIt.53,S. Toal depth-PriMl,,irlotll/e 

145 04.~.Teml 44,5.Cla.atn flOlh1I. - -- 14 

Geologic Log and Construction Diagram
 
Coupe Gdologique et Scn~ma de Construction
 

BABA GARAGE OBSERVAT!ON WELL NO. 1 Well Index Nos. 24 & 25
 

FORAGE DIOBSERVATION NO. 1 DE BABA GARAGE
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0 

STATIC WATERLEVEL
 
NiwlOu ,,li U.
 

a RECORDER TRACE OF WATER LEVEL IN 

20 OBSERVATION WELL DURING STEPTEST OF PUMPED WELL 

.- RelsIv6 du nweau do re.u par enrgisrow"donit Frego d'eLswvao 

30 lols du low groduel du FoPeo pomp& 

PUMPING RATE (Spm) DRAWDON (Cemso)
 

z Tou" do poripage(gpfl) Rablttlment (=hMMl--


I ISO 10 

dl450S\ 3 

0 I a 5 4 5 4 600 60
 
TIME IN MOURS
 

SINCE PUMPING BEGAN 5 n0 74
 
Temps en"Iri vdepui, qu Fog 

2 26.308x101/fers/SCC
tIs gpm 
a comm.nc0 

Recorder Trace of Step-Test
 

Relev~s du Niveau de 1'Eau Lors du Test Graduel
 

START PUMPING AT 400gpm 
ompoge €ommncn-400gpm STATIC WATER LEVEL
 

= 

Neo uS RESIDUAL DRAWDOWT4
 

S'= Roballement rsiduel 71TIMtTED 

Esliz,' S-

Rb9 PUMPINGSTOPPED AT'np 2houIrlr 
Pompage orrlli opris 22heurlsi d lemps 

ISJ
 
0 
 is,0 20 2S1' 


Drawdown and Recovery Curves
 

Courbes de Descente et de Remont~e
 

= 264 I 400 

= 921000pd/il 

/00 gpd/ft : 1.2418 cubic meters/doy/meter 

1.0-

I10 
T:TIME SINCE PUMPING BEGAN (minull)
 
T - Temps dopuis quo Is pompage commenso (minutes)
 

Time-Drawdown Curve
 

Courbe du Temps de Descente
 

BABA GARAGE OBSERVATION WELL NO. 1 Well Index
 

FORAGE D'OBSERVATION NO. 1 DE BABA GARAGE Nos. 24 & 25
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LAMBAYE WATER WELL W I
N FORAGE DE LAMBAYE NPL 

Corrugmted otal Building .,trow Fence 
Bohmenfaen tole ondulle Paliasade 

A.. 

L a 

-ambaVillage mosque Keur -
Mfosudeda vllage - . .- - ..-- 

ob. GaOrtO 

/ AMeAYE 

Sketch of Well Location
 
Croquis de Localisation du Forage
 

EL VAtION -.. 1 
T . m 31% '43m 

SAND,T FINE,YELLOVISH
 
3. j ;,EjoIN .0 6-inch IO.caslng 0-110ftl " 


OIUATERNARY .5.h$...e #,i d. ,W, ,.Ii .. d0jJIl ,i.
 
20- -6.10 

CONTINENTAL 
TERMINAL
 

SAND, CLAYEY. YELLOWISH301, ,k.,j .jf,,, 

40 --12.49 64nch hole,0-1421t 
Poj d O 4J,18.r- d. 4.G 

MARLCRAM -COLORED,WITH INTERsEDS OF 
LIMESTONEA4.rn, tr/M.ec mnier I.Ii.., *e roc.I . 

- - - 21.03 

LIMESTONE, MARLY, CREAM -COLORED 

COCEIC- - - - - 23.90 Static Water Lvel. 6411-
EOCENME 3S- #,- 'Uhr Id.t,-5.90 elim 

Ilper otlons trmS03-tolt 
fd-ni"I 1"i.18, $. 0 H. 

MARL. CREAM-COLORED,WITH INTERBEDS OF
 
M.Itrn hod t.k- r'010-14211 4 backfilled with
 

crushed basalt 
d.h.d. de'-D Sill * 4$,Mm,mpleedj... .Nt 

142FI,Total DOplh 
vfv4m, 10A~.45.214J,.1J.,'I 142 - -43.26 

Geologic Log and Construction Diagram
 

Coupe Gfologique et Schema de Construction
 

LANBAYE WATER WELL M'3. 1 Well Index No. 26
 

FORAGE DE LANBAYE NO. 1 
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N'GA5COP WATER WELL N 1 
FORAGE DE NGASCOPNPI ) SHRUB FENCE

S 

6IuPe eanpoiIle 

CHURCHWT DUO WELL 

Oi,pensoire 	 0 1 

Li 
'MIES Khombole 

kmO 5 	 10 IS 20 

Sketch of Well Location
 
Croquis de Localisation du Forage
 

ELEVATION-'33 Ft 

So?-10m 

6-INCH I.D CASING 0-701I 
SAND, FINEYELLOW lTubage de 6 pouce$ de domitlre
Sable hIn,jount 

a , in inIri1ur de06 21.34m 

QUATE ----------- -6.10
4RNARY 20" 

CONTINENTAL 6-INCH HOLE,0-70 ft 
TERMINAL 	 CLAY.SAzYYELO Trou de 6pouc.. de 06 21.3dm
 

A nobl use,sgiI.joune
 

CLAY SANDY, LATEfIlTICRED
 
Arg1-4 oblouse, lolerilique, rouge 38. 11.58
 

39" 11.|9 42 It,STATICWATER LEVEL
 

T MARL ,YELLOWIS*H CREAM 42" 1.0Nvo llqed eu1.D
 
Mare. jounecreme
 

LIMESTONE, MARLY, YELLOW 
Colcoire morneuse, jaunt 

MARL 6 1 1, 16PERFORATIONS BETWEEN S9. 5-63011 
EOCENE 

Mog - - - - - - - 61 14.59 1;li___16perFora Iion. entri 16.14. 1981m 

LIMESTONE 1250 micromho, iii1 
Colcore CONDUCTIVITY 7 BOTTOM OFHOLEi BOTTOMOF CASING70- -1.3470.0 Fl 

Fond de Irou *I fond de luboge 21.34m 

Geologic Log and Construction Diagram
 
Coupe Gfologique et Schema de Construction
 

N'GASCOP WATER WELL NO. 1 Well Index No. 27 

FORAGE DE N'GASCOP NO. I 
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1161.0 FERCE 

WELLNIAKMARORDEAVATIOK MlI / . /fjf , A, A A.,okhofl 

NIAKHA'1 WATER WELL No I VILLAGE MARKET PLACE 

FORAG EDE NIAKHAR N I Plow du nIlpo d. ',l49. 

KI...lboI P16*11.. ~\CORRUOATE 

?Iid.. NIAXNA4Rd 

Sketch of Well Location
 
Croquis de Localisation du Forage
 

PUMPED W -- 0SERWYTOa WELL.~ 
Foroga d-..oPP& F-9o. 40gnol ELEVAIIOhI.- glf 

-

.. , /., -- kc--.ASMO-."SAN. FINE .. ' SLIGNTITCL4rT*I ~n -Na' C SoUI O0l 
--. -. 

- - a0s 1-0.3CHID CASINO 0470to . .4,0 d~o l . 41-.
0*MT~~kAR1- - -

AED.I.ATERITIC doll0 40 

.062, INC" HOLE0-1150It 
CON4TINENTAL SANDICLAVETI TuII009* w o38 dlom-ilm I1111,,l 

0CNICIIT10nnhlIhr.u%1. It 
4 1TATIQUE WAYE 0 LEVEL:% a.OIOR~~op. alot aToTERMINALo- 4. 0 

40-INCH HOLE 0-701t 

r.U 0pu. .6,1.
 
MARLCLAYEV,GRAY 


EOCN IUESTO-T-E , LTL MARCY ______I6I -INCa OPEN MOLE 42 3Sl 

EOEE[ONDIFVT 'wPERl1FORATIONSIETWEEN 7-a do4 Mho...W4., '0*094 doll 

do, Is"OR, IIn I 76l.C.Ia., 164rn'.l ~Il31 . 1210. 1 

LIMESTONE WaITE 11 

UMESTONEMARLYI~t111
 
Cakoio .'0f~-1 -21 3
 

Geologic Log and Construction Diagram
 
Coupe Giologique et Sch~ma de Construction
 

7
PUMPINO STARTED2 09PM
 

/Pampa9. commntnid6- 970 1A
 

Igpm: 6.309 x1ioA (ters/sec 

~ 0 6 diis .A10s 

TIOPPE INHOUNS 

Drawdown and Recovery Curves
 
Courbes de Descente et de Remont~e
 

NIAKHAR WATER WELL NO. 1 AND OBSERVATION WELL NO. 1 Well Index
 
FORAGE DE NIAXHAR NO. 1 ET FORAGE D'OBSERVATION NO. 1 Nos. 28 & 29
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0 

.05 T_:T(264) (270L =- 1.782.000pm/ft 
.04
 

.40
 

.20 

Residual Drawdown Curve
 
0 Courbe de Rabattement R4.siduel
 

RATE 2709pmPUNPING 
commenc 6 709olioni pop minulePompage 

.0.5. 128 0t T --,1,,o.OOOod/Pt1 

AS -. 0O3i 

.00 gpd/ft- 1.2418 cubic meters /doy/meter 

.~~ 

.20
 

I PUMING bo
 
T.TIME SINCE PUMPING STARTED (minutes)


T.Tomps depuls quo It pompoge commenso (minutes)
 

Time Drawdown Curve
 
Courbe de Temps de Rabattement
 

I 9Pm/ft dd: 2.0695 10* lifers/sec/ drowdown 

co.TEST SPECIFICCAPAOTIgpm/ft dd gp-n/ft dd 

I iso/1.0 150 

2 Soo/.o 400 

2 450/S.S 82 

0 200 So 4o0 So 

PUMPING RATE IN gpm Igpm r6.308x10-2 11iers/sec
ToUX do pompoge en gallon pe mlnule 

Specific Capacity Curve
 
Courbe de Capacitg Sp~cifique
 

NIAKIIAI< WATER WELL NO. 1 AND OBSERVATION WELL NO. 1 Well Index
 
FORAGE DE NIAKIAR NO. 1 ET FORAGE D'OBSERVATION NO. 1 Nos. 28 & 29
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NABANOONEOMAI4D-DUOWELL 
Pulls abandonni 

MASONRY FENCE 

SSMNDIAGANIAO WATER WELL N9l 
FORAGE DE NDIAGANIAO NP I 

N'DIAGANIAOp 
II I HAND-DUG WE LL 

Pulls 

,1DOUR 

Sketch of Well Location
 
Croquis de Localisation du Forage
 

l 
F.. S........ u 

CO,AMFAL SAEFF LOTTATF0 

*** maF S malFi..EWEOTO,.C SOFT° 

via 6 G F0 
.~qAE. T. ... E I. W. 

C ow .* .. 

-ORAGDE,oa145LAOO NO. 1 

G -op 4oFgtu . Sce d Costucio
 
N'DIAANIA WAERWEL O.1Wel ndxho.3
 

N'DIOAGAIA OWTEWELNOiWelIdxN.3 

FORTT E DENDIGIO O 

CLM OAISA-5O 

T LOCITonhEsreLOFTFEicLoTandTA oa
 



M'BOUROR WATER WELL NWI IN 
\ FORAOE DE NMBOUROR -f I
 

DUGWELL 

I~UILDINGS ' 

/ ISbim-rdSN\
 

• 1 NBOUROR 

Sketch of Well Location
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SAND FINE REDDISH Il8Dmho. CONDUCTV TY , 

A - .ATESal -P.N --9 .inrou74 

TERMINAL 
YELOULigHLY C E 

_____TA O"l I.TIS 1JAJ CLAEYTLLOW WIH O A 
l .g ... ___UX, _L A.YELO 'W D-6-INCH

CLAY SANDY YELLOW ITH LATERITIC GRAVEL 19Argils sobleul4ja.nel grovillons do lodrileT 
CLAY SANDY YELLOW SLIGHTLY MARLY 
Argils osblouse, joune, IIg rtment mar-nouse** 
CLAY SANDY YELLOW CREAM WITH PEOBWL4rOFSLEX 
Ar2iosblou,,Eune.crim. a regnon do 0el.x 

3 .
5.1 

7.62 

A oiCL1 .EY yELL" WITH SILEX 
CL* YELLOW L OHT-LY-3A ,-WITW X 

FArile jouneligiroment sobleuso nilt 
ELIMESTONE WHITE HARD WITHFINE SANDCGlCoireblonc, dur, atsoblPin 

40 
.H--4 

4S 

lb 

1.-9 
12. 

13.10 

CONDUCTIVITI 770mi hos 

ELEVATION- SO1
 

Sol- Ism
 

6-INCH I.D.CASINO 0-SOIt 

Tubage do6 pouces do dioamiro 
inldriour doO6 1S.24m 

I
HOLE 0-SOI

Trou do Gpouces do06d5.2dm 

STATICWATER LEVEL,23 It 
Niveou sloleque dolI'oou,7.Oim 

24PERFORATIONS BETWEEN &6AND4911 
, / 21 portoroions del4.02614.95m 

fo45011TOTAL DEPTH
 
Prolonditurlotalomo.l$40
 

Geologic Log and Construction Diagram
 
Coupe G~ologique et Schema de Construction
 

MWBOUROR WATER WELL NO. 1 Well Index No. 31
 

FORAGE DE M'BOUROR NO. 1
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M'sOuLEMWATER WELL NN1 

FENCES~TALK 

' O8ULEN 

Sketch of Wnll Location
 
Croquis de Localisation du Forage
 

______ ELEVATION-'4911 
Sol -iSm 

SANOFINE BEIGE Ft m 
Sable fin, beige 

UAEN SAND, FINE,C AYEY BR -RED t' $9 

UATIR$IARY n - - . STATICWATER LEVEL 21fe 
SAND, FINEWHITE ,WITH RUST STAMS Niveou tlolique de I'eau 6.40m 

Sable lin,blanc,achd de rouille 6-INCH CASING 0-711 

A9.14 Tubage de 6 pouces d dsoritre inlfrieur 
SANOFINE.CLAYIEYBROWN/YL .LOW WITH LATERITE 
Sable fin, orgi euxbrun-jaune,6 granulis lalfriliques !TEo 

*61 Hde6pTu dOG630.0f m d617.17m 

C T LArire ICONDUCTIVITY 750 mmhoI 
TERMINAL 47 14.30 44 42SLOTS BETWEEN 40and46ft 

SAND, FINEAND LATERTE 42perforallons de 1."614.02m 
Sable fin et lal rite 

-- 5 15.76 5711 BOTTOM OF CASING 

SAND,CLAYEY BROWNIISH-YELLW, THINLY LAYERED 17.37r, fond de luboge 
Sale argileux, brun joune,firemenl UIf 62 .119 

CLAY, BROWN SLIGHTLY SANDY 
Argil. brun,I6girmreni sableuse 57-l00ft BACKFILLED WITHCUSHED BASALT 

---- De17.37630.4m, remplissageavec du 

23.15 bosalle kcradCLAY,SANDYWHITISH YELL9W, WITH BROWN SILEX 76 
Arq1e sableuse, blanc-jaunalre,6 silex brun 

EOCENE -29.68 11 

CLAY, BROWN-YELLOW. SLIGHTLY SANDY 
Argil. brun-journteigrement sableue 

9" ,27.43 

CLAYIGHT YELLOW, SLIGHTLYSANDY 
Argie aune clair,lg&renm sableuse 10 30.46 -10011 TOTAL DEPTH 

S0.48m,prorondeau toale 

Geologic Log and Construction Diagram
 
Coupe Gfologique et Schema de Construction
 

M'BOULEM WATER WELL NO. 1 Well Index No. 32
 
FORAGE DE MWBOULEM NO. 1
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- -

0L VII.LAGEPUG VELL 
Pulls dU v alge 

WDIAMANK VILLAGE 2 NDIAMANE WATER WELL N91 i 
FORAGE DE N'DIAMANE N? I 

Cft
 
NIANNINO ilkmq...,, H 

'-&-SF1E4 Mr. 

a 
E)NDN'6uANI[N tlkm 

Sketch of Well Location
 
Croquis de Localisation du Forage
 

ELIEVATIONV, 7.4SfI 
Sol V Is.n 

a 
QU NAY SAIDFIr GRAY,SILTYWITHLATERITEGRAVEL TOWARD i-INCH 1 0 CASING 0-12 6011 

CONTINENTAL 
TERMNL 

THE BOTIOM 
Sbl Io19,rniH0H. do1 bl-I?.AI l. 3,6 

Tubog 8HNPoUYHN4. dIoI' hM,. 

IAIC ATEdHOSVAO1W11 

LIMESYONSPALE YELLO',MARDCICO.oN(*, P hiI.L. HARD1 1STATIC WATR U[V'L-lllOlN VH. IliqUe 8HIIHQoU2 NIn 
Colcipe jaunt, pal.,d-- . -1. --

UHrSTONEPALE[ YE[L W. SLIGHTLY MARLY 
CalolTIi men.pAI, 151 flOfl 

COICL~e oun-p~ll~~rem.IoP *. 

21 -_ 

SfO7.N1 I 

IHHY 
SOpERFrORA'iONSINEPTWENaS)-|SFI 

8..-2
81-4Stn 

MARL-LIMESTONEYELLOW 
I.,rne calcoir jaunt 

40 -- 12.19 -4211 OTTOMOF CASINO 

MARLYELLOW'.WTHNODULESOF SOFT WHITH LIMESTONE 13.80. fH du Iunbg@ 
.aH jou-. nosdul., COICOirI.odr, blo. c 

- .- S0 lSlA 

MARL,YELLOWAND INTEHIEDDEDSANDSTONE 
Mo'.. JOuH H ilIHcOIIOholof dH -i Its 16 76 

N-INCH HOLE 0 -157t 

Trou do It pouces do 0 6 47 Sm 

CLAY yIE.L.O. MARLY,WITH NODULESOF WHITE SOFT 42.171 SACJIPILLEO WITH 
UHEiTONE CRUSHEDSASALT 

EOCENE AEIr. 12.80 I 47.15m, romplisoge 
avic du basHlle41rost 

CLAY. vARIOAT.5UGHTLY MARLY I 28.04 
morneul9 2ArgotI barO 8., riineHYHY 

CLAY,UGHT YELLOr SUGHTLY MARLY 
Argill jounlaCIlir gigbrimHn niWHIruH 

LIMESTONE.GRAY.HARD 
Cacoile 9rit, dur ISO 42.37 

CLAY. UIGHTOfEEN. CONTAINING SILrXArgUE4W~rI-CoIH,CohnlR 411 ,IIle 

A_ _ _S_ du W47.11 .17|S711;TOTAL DEPTH 

47.05mi peolondiur 1ot1.8 

Geologic Log and Construction Diagram
 

Coupe Gfiologique et Schema de Construction
 

N'DIAMANE WATER WELL NO. 1 Well Index No. 33
 

FORAGE DE N'DIAMANE NO. 1
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N 

AGA BAmOU 6km
 

NGOL WATER WILL W?I , 
Forgoe do N'o m ,TAIL.PiII. 

LUVESTOCKDUO WELL 
Pulls our InbIlal 

l
 
N'GOL Skine
 

A 

Sketch of Well Location
 
Croquis de Localisation du Forage
 

ELEVATION- 6611 

Sol- zCm 
•"ATENNARY SANDS.StIY,GRAY, WITH LATLRITE ORL T ASE 

Saii IOOmnoux,gri,6 grt,W9ons do ktlflh.oIcane m 

UMESTONE,UOHT YELLOW, SOFT 
Calcaire joune-clr ten re 

10 

is, 

3.03 

.4.5 

UMESTONE, MARLY, WHITE 
Calcaire mcrneux bigct 

2 
,__ 

6A0 

MARL- LIMESTONE SANDY 
Mno-colcoiro sibbux 

-"9.14 

MARL,YELLOW WITH maLS OF FiNE SANDSTONE 
Morn. jauhw d ro d ahr4i I rCoCItUx 

- - - 4 12.19 

CLAYYELLOV,SLIGHTLY MARLY, WITH 
PESLES OF UMY SANDSTONE 

EOCENE 

Arglls joune,49g6remn? 
do grs colcare 

morneuse,a rognons 

70- z1.33 

CLAY, LIGHT YELIOWs LIOHTLY MARLY 
Argile Jaune-clair 1g4ramenmmornuse 

- - - - -9 27.43 

CLAY,MARLYYELLOW, WITH PEBBLES OF SILEX 
Argllo morfsule joune a gronulol do illici 

110 3046l 

TOTAL DEPTH 1EPmdror 1le 

Geologic Log
 
Coupe Giologique
 

h (ABANDONED) Well Index No. 34
WGOL WATER WELL NO. 1 

FORAGE DE N'GOL NO. 1 (ABANDONNE) 
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' N 

3 

Line&.olqu. 

Ugs 6llectriqueLECTRIC POWER UNE 

MIESION6-blfOL 
Ecoledhlominlofln 

. NIANING TE5T WELL N?1 
FORAGE TEST DE NIANING N? 1 

0 
v. 

NIA N/N FATIK 

AL
 

Sketch of Well Location
 
Croquis de Localisation du Forage
 

.... .. .ELLVATiO4 1 I 

IA9D.INE9o00 I, ,, 1.14m 
O4AT NARY SAND,FIK9.CLAYEY,YELLOW,WITH .ATERITEGRAVE 

CONTINENTAL S44. . --. . .il9IIIK-bvX AINAL tylosklrhut D d' "1CLAY.1A741TTYELLOW. mt~u~N doWIeOpo s~ct6| dwimifreWITH LATE9ITICGRAVEL iOh.T 611N CO 6,4Ir 

CLP', LIGHTYELLOW
A, $ It jou114.CO~ Trou -%04de Do 6S&?Ti.r 10.INCMHO.LEdo t0 paucl 

[OC ENE 
-INCHI D CASINO 0-. 7011 

TuboI6dWr&r060141,.CLAY,LIGHT TEuW,WITH CHEAT CONCRETIONS 
Argil. pu-r.Ir. 6 o.Ir61io d I.. 

SAND,FINEYELLOW.WITHTHININTERBEESOf C.AY - 11 
Sable fin joun. mnte. CIrcowI-Ioos d'ogil. 

SAND,FINE. iELLOW. SLIGHT CYCLAY Y 
5oube rm, loUng.I 4romemn agil.u.

1

CONOUCTIVTY11100-hC.oO$ 
STATICWATERLEVEL'1I 

NCCoUslaliqC do I'.ou 3.61m 

-... $619 119It DOTTOMOF lIGNCMCASING 

SAND, IiNEY.UELWWITHFINE INTERBEDSOF CLAY10b1. fln, jauA..6 m.1,-en InIlrcalaIon. 6d.l 7 3.207.fond du Iu~ba doltpoweo| 

PAILEOCENE -.. . . . - $3.i 
SAND.FINECLAYEYYTLLOWWIT LIHOIITE oRAINO 
Sob.. l.n,. letu, -.ou ,6 9g-a'., d lmo. . 

SAND,CLAYEY.YELLOW,MARLY147-146.41J_orgiln..j w..1.r-u W.nhi44 00 .1 4S 11. 
1 O 

LIESIONE ,rr 1OKAYHAD 100 47.04 14011 OTTOMOF 10-INCH HOLE 
. . . If_. 

-~~~ ~doc~rde 
- ,o 1.77 L 46.76. (.od d. flou do TOP..,*t 

AIINW. ........ - --IT,7 

UMES0T...,YELLOWAMOINTEe[DOED BROWNCLAY 

0090 
I 

701 oOTTO4 OF G-INCHCASING 
1.$.1 1on du bog. 6. 4PoU0ce 

AlI-rnonee d ¢alcar. OU- of dorgilg brun 
S- 51 040i $-INCH OPEN HOLE 0 0-0it 

N Y YELLOWIAgCC6SbeI4CI .. i 7Ten d.6pouo.o€OUC.6.046.09.1 #bIubg. 
q- 'A 1 111 30.05 

MAZ__ i 60-OS 
17YLUE RAYAU06L 

COf~~ ..... 07 4009l 

Geologic Log and Construction Diagram
 
Coupe Gfologique et Schema de Construction
 

NIANING TEST WELL NO. 1 Well Index No. 35
 

FORAGE TEST DE NIANING NO. 1
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t000ft TO FATICK-M'SOUN HIGHWAY
4.410m do I'auto-roule do FATICK-M'BOUR 

j \\ °uLOULYWBOUDAYE 
t village / / 

/ 

/ \ 

TRAIL LOULY M'BOUDAYE WATER WELL N91
pSe F0AGE LOULoWeBOUALE N? I 

S FENCE 

Palissadi 

WSID"OR IS kmn/ 

Thiodsaye 

LOLILY M'BOU114YE
 

Sketch of Well Location
 
Croquis de Localisation du Forage
 

SAND, SILTY,QAY 
Sable Ilmoneux 

LATERITE, NAVELLY 
1LO01rito grovillonna1re 

I N LIMESTONE,HARD, YELLOW
Calcoir dur, j6une 

LIMESTONE, GRANULAR, LIGHTYELLOW 
Calcalre gronuliux, jaune-blanc 

PALEOCENE 

It m 

" 


10 $.05 

Is 4.S7 

do- -- 12.19 

LIMESTONE, GRANULAR.YELLOW,WITH SHELL DEBRIS 
Calcoire granultuxejoune,6 debris do coquillogi 

LIMESTONE, GRANULAR,WTH INTERBEDS OF SAND 
Colcalre granulaux,6 passage sableux 75 22.86 

LIMESTONE,GRANULAR s0 24.38
Colcalr6 gro1Wlux is 5.91 

SAN,ITIONY 5OfA 
6-INH in CASING 0- 11I SolViom 

do 6Tuboo do diam tre 

inur d 0 RI.Om
 
STATIC WATER LEVEL:11It
 

NIveou slalique do 'eou; 3.3m
 
G-INCH HOLE O-est
 

Trou do 6pouces d06 25.90m
 
25F1..7.62M
 

25-6311; 223 PERFORATIONS 
7.62-25.29m;223perforalton 

I 
CONDUCTIVITY 110omlcromhos 

_43ft; 25.20m 
41511 TOTAL DEPTH AND25.91m prolondiwr ktl 

Geologic Log and Construction Diagram
 
Coupe Gfologique et Schema de Construction
 

LOULY M'BOUDAYE WATER WELL NO. 1 

FORAGE DE LOULY M'BOUDAYE NO. 1
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6OTTOM OF CAS31it ofnd cduubage 

Well Index No. 36
 



KIBIK3km. 

i N'DIAGANIAO IIIkmI

\ / 

LOULY M'AFAYE VATER WELL Nl 
FORAOC DE~LOULA.M'SArAYE NMI 

VI LLAGE DU~ \ 	 /~ 

LOULY M'BAFAYE VILLAGE 

eLL M'8AFAYE 

Thladlaye 

OM'bouror 

Sketch of Well Location
 
Croquis de Localisation du Forage
 

ELEVATION , 3311"
 SANDSILTY, FINE DARK GRAY l II m 	 Solvm
Sable limoneux, Fin, 	 -nolr ._._2 "I.D.CASIN 0-73119r|is 	 5 


GUATERNARY 	 SANDCLAYEY, YELLOW 9 -174 L- Tubago do Gpou.. do dlamilre 
Sable argillux.jouno. n~~~u~d~ 2U-3.96 S iliriour de,0 6 2."r 

LAT7141ITT,PIpOLIT C LA IE 13 - "96 STATICWATER LEVEL:7511

Lotllorif pisohique Niveou slolique de I'tau:22.|6m
 

E LIMESTONE, YELLOW,HARD 20 6.10 V HOLE 0-7TSF
 
6OCENE Colcoire jountdur Trou do 6pouces deo0a 22.@6m
 

LIMESTONE, SANDY, CONTA NINO SHELL DEBRIS 	 30(I_9.1dm 

Calcaire grst.uxs dibris do coquilloge 

1700micromho, 	 . II 
45 -13.72 164 SLOTS BETWEEN 30AND 70|1

PALErOCENE -164 ouverluros onlr9.14mo 21m71. 

LIMESTONE, GRANULAR. YELLOW
 
Colcaire gronuleux, joune
 

000mlcromh°o 	 - I 
70Oft_21,
[- -- 3$m
 

75 22.6 L 	 7011;TOTAL DEPTH AND BOTTOMOF CASING 
21.33m; prolondour tl @Ifond dulubagi 

Geologic Log and Construction Diagram
 
Coupe Gfologique et Schfima de Construction
 

LOULY M'BAFAYE WATER WELL NO. 1 Well Index No. 37
 
FORAGE DE LOULY M'BAFAYE NO. 1
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N	 KIIK VILLAGE 

t/ 

I / 

/,VILLAGE DUO WELL 
KIBIK WATER WELL Nl 41,14m Pulls du village 
FORAGE DE KIBIK NP I 

/
/

/ 
LOULYWBAFAYE 

QKIBIK 

hiadilo 

w 

Sketch of Well Location
 
Croquis de Localisation du Forage
 

ELEVATION.w- 3 I 

Sd e 10m
 
SAND, SILTY, REDDISH 

Sable ilimoneux, roux
 

QUATERNARY--I 	 6-INCH HOLE 0-SI fl 
A.6--1. Tru do 6pouces do 06 13.34m 

LATERITE, PISOLITHIC 
LOI6rilt pisolilhiquo 

11 	 .33 6-1NCH CASINO 0-S1 f 
Tuba. do 6 pauces do iam lre 

do 0a S.54 m 
LIME STONE,YE LLOW. HARD 
Calcaire jaune, dur 	 4 STATIC WATER LEVEL: 1711 

Niveau slartque do IeautS.im 

20 . 6.10 

PALEOCENE 	 LIMESTONE, SANDY, LIGHT YELLOWISH
 
Calcoire. griseux, blanc-jaunatre
 

--------------------------- 40 2.19 1* 
0. 	12PERFORATIONS BETWEEN 

f 40AND S09 
LIMESTONE, GRANULAR ,YELLOW 	 ontr.U.191 .1.4m1;2perforolians 
Calcaire granuleux, joune I 

51- 15.54 I Sftl, TOTAL DEPTH 

15.54m; proondour tolale 

Geologic Log and Construction Diagram
 
Coupe Ggologique et Schima de Construction
 

KIBIK WATER WELL NO. 1 Well Index No. 38
 
FORAGE DE KIBIK NO. I
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N
 

t
 

I TARHOUM WATER WELL Nt I 

FORAGE DE TARHOUM N? I 

TARHOUMNVILLAGE F- I...RI_~t E 

1/ 
/, TARHOIIkm XIBIK4kmn 

Sketch of Well Location
 
Croquis de Localisation du Forage
 

ELEVATION- SPIt 

SAND, $ILTY. GRAY it m So|ls.z.2m
SQUATERNARY_ 	 10-INCH CASINO 0-1111
LATERlIToE, GRELLY 	 6, 1.1 Tubage do10poucs dodlo lntre

QUATERNARY 	 LATERITEoRAVELLY 10 -2.70 inlirieur soudk do 03.3Sm 

La6i lIgrovillonnoire - FI3.SSm 

LIMESTONE, FOSSILIFEROUS,. WHITE, HARD : qu.. . ',INCHCalcaire coquillier, blanc, dur_____ 	 41-8811l HOLE2_0-- 6.09 Trou do I pouces do 3.356 26.62m 

LIINESTONE,'AND'. DARK YELLOW,WITH SHELL DEBRIS / 6-INCH CASINO 0-Sift/v h JdoTubog do 6pouces de dlom&Ir
intirieur soud die0626.g2rn 

35 10.66 ANNULAR SPACEFILLED WITH 
CRUSHED BASALT 0-981t 

Espace annulaire rompto avoc du 

LIMESTONE SANDY LIGHT / croasYELLOW lterbos do 06 26.42m 
4411-13.41 m

Cokes oumjouno-clair 
4 SLOTS BETWEEN 44AND 64f# 

s nlre 15.411 23.60m 

PALEOCENE 


4ouvertur/676 	 '_ 

SANDSTONE, LIMY, SOFT, YELLOW
 
Gris calcaireux, lendre, jLaune
 

- - - 78 237 

SATDSTO! LIMY,LIGHT HARD 4l..2.60m~YELLOW, 	 5l 
or salcCcPux.joune-CIOIr, dur 

88f L.26. 	 *ITOTAL
o 	 DEPTH 
26.2m, Prolondour tolak 

Geologic Log and Construction Diagram
 
Coupe Gfologique et Schema de Construction
 

TARHOUM WATER WELL NO. 1 	 Well Index No. 39
 

FORAGE DE 	TARHOUM NO. 1
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STALK FENCE GE DUG WELL 

%4Iidu village 

VILLAGE CENTRAL SQUARE 
* Place du village 

KEUR BALLA WATER WELL N
t I 

FORAGE DE KEUR BALLA I If I 

Sketch of Well Location
 
Croquis de Localisation du Forage
 

ELEVATION.- 5911
Solv 12m __________________m__ 

&-INCH I.D.CASING 0-$6f 
SAND, FINE,REOISH 
Sable Flnroux 

Tubage do 6pouces 
do 0 6 I0.66m 

do dlamtre 

- -6-INCH HOLE 0-611 

OUATERNIARY -- 9-- .74 Trou do 6pouc¢s de 0 6 10.66m 

LATERITE ORA[LIOWN 

Latirl~e glavIlYawA e bune 

_.617 . 1 STATICWATER LEV4I7iTl 

LIMESTONE. FOS5lUFERoUS. 
CaIri €oquiller pareux 

POROUS 
02 6.09 

$NVoUi Oatvqu de/eau Sllm 

LIMETONE, SANDY, YELLOW, WITH SHELL DEBRIS 

CO..are griseux, jaun , a dbris de coquilloge .24f-7.$tm 

- - .7.61 	 2OPENFORATIONS BETWEEN24AND5311 
no0perforlloA eftlre 7.31e 100Sm

PALEOCENE- -
LIMESTONE. LIGHT YELLOW, SANDY 
Calcalre jaune -c lalr. g 	 IIux 

30 9.14 

LIHESTONEYELO 	 WITH SHELL DEBRIS 31e.s-0calcoire jouyn*oT7dQbrls do €oquil kgo 

36 10.6 	 36ilTOTAL DEPTH 10."4m profon lur 
10.66m, proondeufr taCtle 

Geologic Log and Construction Diagram
 

Coupe G~ologique et Schema de Construction
 

KEUR BALLA WATER WELL NO. 1 Well Index No. 40
 

FORAGE DE KEUR BALLA NO. 1
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KEUR SAMBA BA WATER WELLNJ 	 N 
FORAGE DE KEUR SAMBA BA NPI I 	 t 

BAOB25ASfAOBAB 

OUATERNARY 

L 

CONTINENTAL
TERMINAL 

PALEOCENE 

Cf 	 ,AKE S B3AhBA BA 


Sketch of Well Location
 

Croquis de Localisation du Forage
 

r motors Bleato 66 ftSAND,silty. gray 	 2 -6 o0 6,Of 

aria
able IALsneuaz., 

.ATdnllTB, red brown, oompact 
laterite. brun-rouges, compacto 

___s _evoo	 15 .4.57_ 
Niveau statique 4.57 obtreo
 

LATUkXITH, light brown
 
laterite. brun-olair 	 21 6.10 

-;TKXI7' and sand 
latorito et gable 

______ t*b 25 7.60 	 -- u-inch hole 
Trou deb pouoee 

.;hND, olayey, yellow, dark 
Sable argileux, jauno fonoi 

_________________________________________32 9.75 
uAIJTINB, yol)ow. bard 9.0 6 na f 

june6-noh oduiM 0-53 ft 
n -u -u - - - - - 36 11.00 tubage do 6 pouoe do Lo 3 

piede 
dANDJTONk, light yellow, more ore leee olayey 
Ords oaloalre Jaune tondre, plus ou goin& argileux 

46 ,14.00
 

3ANDSTUNN, liy, grey, hard
 
Orde oalomire, gris dur
 

CLAY, gray - " 17.00 
Argie._gri - - 59 17.98 

INTKHRS of sand, lhey eandatonO, and olay 
Alternanoe do sable, grid oaloiare et argtle 

LATRIUT and sand 
73 2.25
laterite otsable 

-- 75 -. 8
SAND8TriS, imy 
 78 3.,77 
0r4e onlomlre 

ATBI?, gravelly 8 4.68Zsterito 1 xyil~ons2 re---

CLAY, grey 
Argile grime 90. 7.43 '9. perforatio between 89 and 

- - pe.r9foratio entre U9 et 91 

LIIJTON, emdy, variegated 93 of *aging -
Calomire, groesm, bigarrd Fond du tubage 

1 30.48 L-IOU' TOTL DEPTH - Protondour 
totals
 

Geologic Log and Construction Diagram
 
Coupe Gfologique et Schema de Construction
 

KEUR SAMBA BA WATER WELL NO. 1 Well Index No. 41
 

FORAGE DE KEUR SAMBA BA NO. 1
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CONTINENTAL 
TERINAL 

ECENE 

SANGUE DIOBASS WATER WELL NI 
Forage de Sangue Olobass NI 

I--I l-- lLLA DUGWELL 
S I I Puills du village 

SANGUEDIOBASSVILLAGE 
e'Village de Sangue Olobass 

Sketch of Well Location
 
Croquis de Localisation du Forage
 

ft a IaawtLon 276 ft 

2 .60 Sol 84
SA~r,r~dis fie. 

2 6,l4SAID, f&s reddish 

'C
 

LATERIITH, brow, reddish 
1Ltoriteo bi-nrUx-OLt• 

e . J .6I0 

LABRITS, brown, yellowish 

laterite, brun-Jauno 

6a 10.36____34 

CLAY, yellow: sli-htly marly
 
Argile Jaue ldgeresent mirnue _. .40. 2.20
 

4 12 0

OI-y, -yellow 

Ar Silo, jaune 14, 13.40
 .. . . . 14o--- _W.E, . . . . . 
igls4 "-'---- 14.32 'TOTALDEM'I Profondeur totals 

Geologic Log
 

Coupe G~ologique
 

SANGUE DIOBASS WATER WELL NO. 1 Well Index No. 42
 
(ABANDONED) 

VILLAGE DE SANGUE DIOBASS NO. 1 (ABANDONNE) 

A-64
 



DIOUGANEVILLAGE 
Village dl Dougang 

.. :otf..A* -' ' 

- CIOUGANE WATER WELL N*I° 
Forage do Co)ugane N 1 

THIES KhofllOIC 

-. 0 DIOUGANE 

Sketch of Well Location
 
Croquis de Localisation du Forage
 

Elevation 46 ft 

-ANul fine, beige, olayey at its base 6-inch hole
 
do 6 pouces
QUATERNARY Sal i eg r~olhl aeTrou 

.tatic water level 2' ft 
5. ".01 i iveau statique 6.70 a 

LATERITE, brown-reddish 6-inch caslng U-51 ft 
* Tubage do 6 pouces de 

LaterLte, brun-rOug-e 0 k 52 pied@ 
CONTINENTAL L 8' i slots per round, oneTERMINAL 4 

"' ili round per feet. 

un 
' I tour pied.

par tour,foente 

5. I11 . .84 i I5. ft TOTAL DEPTH 
Profondour Total*
 

Geologic Log and Construction Diagram
 

Coupe Gfologique et Schema de Construction
 

Well Index No. 43
DIOUGANE WATER WELL NO. 1 


FORAGE DE DIOUGANE 
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KEURMADIAMA WADE VILLAGE
 
Village di Ciii Madiaeia Wade/
 

d/ 

KEURMADIAMA WADEWATERWELL N'1 

s9VILLAGE DU WELL SEASONAL 
Puiu dueiasagoF ior nniae
 

E A MADIAMAWADEVILLAGE 
diViidKu Madima Wade 

TES 

KEUR MADIAMA WADE 

i
ooAo 


Sketch of Well Location
 
Croquis de Localisation du Forage
 

ft a Elevation 190 ft 

SM.D, reddish 

Sable roux 

9 -. 2.74 StatioVator Level 1O ft 
livau etatique 3.04 a 

AIND, fi ., Light yelloe, clayey 

Sable fi. argileuz, jaune oLeir 

6-inch hole 
Trou do 6 pouceo
 

29 8.83CONTINENTAL 
6--Tubing oain 06-56 ft 

TERMINAL SAID, dark yellov, clayey Tbage do 6 pauce deSable argileaux jauns fonod 
- - - -- 34 10.36 0OIt17.06 a 

AID, fine, white clayey 

3able argil¢w. blanc fin 

.14.32
-47. 

I.TRRM. brown 
- - I50.915.24Laterito bruo-

o56' of casingOttom 

Pond du tubage 
LATERITE and sand 

laterite at sable 

61 .'16.60 61' TOTAL DIPTHProfondour totals 

dologic Log and Construction Diagram
 
Coupe Giologique et Schema de Construction
 

KEUk MADIAMA WADE WATER WELL NO. I Well Index No. 44 

FORAGE DE KEUR MADIAMA WADE NO. 1 
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4111111-KEUR 	 AMADOU01060 VILLAGE 

0iogoV..g de K.,r Armd.u , 

Nout Madlama Wade I km 
KEURMADIAMAWADE IKM 

I " KEUR AMADOU DIOGO WATER WELL N91 
Foragede Kcur Amadou DiogoNv1 

6KEUR AMAOOU 01000 

Sketch of Well Location
 
Croquis de Localisation du Forage
 

______ft a Elevation 
Sol 

180 ft 
55 . 

SAND, fine. reddish 

Sable fin, rouz 

.74 Statio wator level I ft 
Hiveau etatique 5.95 a 

SAND, fine, yellows olayey 

Jable fin argilou , jaune 
-------- -22 6.70 -

6-noh hole 
rou do 6 pruoes 

CONTINENTAL Sand, fin., orea coloreds clayey 6-inh coding 06-52.5 ft 

TERMINAL a feTubage do 6 pouoes de 0 
Sable finet argiloux jauneo ttO• 16 obtre 

j5 10.65 

SAND, white, clayey 

Sable bland arglleux 

- - __44 13.40 
LATEIITh, brown

--

Laterite brune _ 4't -14.32 

LATERITE gravolly brown-yellowieh rith ° 

white eiliolous conoretione 52.5 Bottom of caling 

Latete gravillonnalre brun-jaunieonot hole 
some 	 -- Pond du tubaee 

oonordtions elioiouaee blanchee 51 7.40 [ 	 TOTALi7 P D tPH 

Profondeur total. 

Geologic Log and Construction Diagram
 
Coupe Geologique et Schema de Construction
 

KEUR AMADOU DIOGO WATER WELL NO. 1 Well Index No. 45
 

FORAGE DE KEUR AMADOU DIOGO NO. 1
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Nt 	 I 
N 

KEUR DAOUDA CISSE VILLAGE 
vIllage do Kour Ocudo Ciisi 

E
/ 
/ 'KEUR DAOUDA C155E WATER WEL. W I/ FORAGE DE KEUR DAOUOA CISSE N'1 

Thiincbc

'IUR DAOUDA CISSt 

Sketch of Well Location
 
Croquis de Localisation du Forage
 

ft _ a BlevatIo 180 ft 

Sol 55 
SAID fineoroddish 

QUATERNARV Sable fin. rouz 

__16 4.87 

:statlator Lovel 	 23 ft 

SAND, fine, yellow, olAyyNveu atatque 7 	 itres 

Sable fin arilouz, Jaune 

)0, _.14
 

SAND. white, olayey 
 6-lnoh hole 
Sable argileuz blano -rou do 6 pouno 
SAND, vhite with oonorotiona27 
Sable blanc k oonordtiona - _40-_ 2.20 
Laterito gravels 42 12.IO
 
arvillola tr±tiqLue 
 CONTINENTAL 6-inoh easing 0.97 ft

-?ubage 
do 6 poucen de 
TERMINAL 	 3AD, ,layoy. yellow with lateritio 0 h 29.50 a
 

nodules and ollioioun oonoretions
 
Sable argileux jauno h granules latdrl
tiquee at oonoretions elloleumes 

-____ _55. b.75 5 

Brown, ailioloua oonorjtions 	 j Pertoned 80 &ots between 
i-- Pefrae 80 ea botoe 

Conoretlons ailloisuee brunes 55-95 ft.
Perford 80 fonts. entre 55 at 
95 pied. 

CLAY, yellow
 
Argile, jaune S .f,
 
MA4, yellow I
 
Mar,.: jaune 
 - 7.45 

EOCENE 	 Brown sllcoous concretions 
conqordtion aill-ceuaes brunes ... I.65-	 654 

95.L:L Y, marly .r~~~lle,7 	 T vanueottom Or Oailng

.rgiie. narnoune Fond du tubage 

I4 31.70 104' TVr.L DEPH 
Profondeur total*
 

Geologic Log and Construction Diagram
 
Coupe Gfiologique et Schema de Construction
 

KEUR DAOUDA CISSE WATER WELL NO. 1 
 Well Index No. 46
 
FORAGE DE KEUR DAOUDA CISSE NO. 1
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KEURMATARARAMVILLAGE 
V,114g.dg KeurM&lUrArm 

KEUR MATAR ARAM WATER WELL No 
Forage de Keur MatarAram NO I 

/
/

/
/ 

/ 
/I 

HIGHWAVTHIES.BAMBEY 
Auoroult Th-e$ - Bambg, 

15KM 
.5 km // 

S~~ KEUR MATAR ARAM 

I TVhgnaba 

Sketch of Well Location
 
Croquis de Locallsation du Forage
 

ft -layatinn 164 ft 
Sol 51 1 

JAN.,, fine, reddiah, sllpt.tly clayey at 
the 	baoe
 

rUble fin ro, l.-;g.rement argileul h 

It. base 
btatl water Level 17.5 ft
 

Iliveauetatique 5.1.'1
9 .L 

QUATERNARY 
SANDJ,yellow. clayey 	 6-inch hole
 

Trou de 6 pouce.able argileux jaune 

l.65
~.5 

6-inch coning 0-7 ft 

= 	 Tubage de 6 pouces de
 
0 h 21.90 mhtrea
JAND. cream colored. clayey 


.able argileul jaune orbme
 

46. 14.U1. 

SAND, finewhite
 

Sable fin blano
 
.54 J6.45 

- 16.76
LAUTHIT and yellow clayey sand 5 

5 	 'erforated bU elots betweenCONTINENTAL Laterite et sable argileul jaune 

5 and 65 ft
 
TERMINAL T MI t L rvj 	 et Ilj.b I10fentest 	 Perfor m~tres entre 16.76S Lateritti gravela 


Gravillona latdritiques 
..-- . 65 jli.cO 6 

WAY, sandy, yellow
 

Argile sableuse jaune 	 7U. 
 .190 7 ' r..L -.PTA
 
PmnfnnIur totale
 

Geologic Log and Construction Diagram
 
Coupe Gfologique et Schema de Construction
 

KEUR MATAR ARAM WATER WELL NO. 1 Well Index No. 47
 

FORAGE DE KEUR MATAR ARAM NO. 1
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VILLAGEDUG WELL SEASONAL 
.Puit duvillage saionnirt 

\ KU DASNGY WATER WELL NICt Forage deKeur Dambangoye N? I 

I!
 

HIGHWAYTHIES.BAMBEY 3KM 
Auloroule Thies.8ambey 3km 

/ 

TIS KEUR DAMEANGOVE 

I hinaba 

Sketch of Well Location
 
Croquis de Localisation du Forage
 

SaN, fins, reddieb 
QUATERNARY
 

Sable tim, IIuiIStatic 
Vater love1 ft 

Sad. fins, reddish siJghtly claywy -ia utatique 3.951 
Sable til rouZ, ldIr5Uent srglux 16 4.85 

8M arem colored# alyy 
Sable a•gilei, jaunie cre 20- 6 '0 

SABD yellow. clayey 6-i,.uoh hole 
Trou do 6 po~aes 

Sable argilex Jaune 29 .80 
9.
 

SAND, oream colored. olamey 
Sable argilowe ore 35_ 10 

CONTINENTAL - -3 
TERMINAL SAND. yellow, clayey 

TESIa argiiaz jaune_ 40 - 12.20 6-inch casing 0-67 ftbl 

SAN. white, claye _?ubar de 6 pouoes de 
SabD white, olaysy 0h 20.40 .6tre 

Sable arilex blan __ __ 44 .1.40 

OlATsudy, yellow with lateritic gilins
 
Argil eabewee Jaune k ranuldl I M50.td 15.24
 

SAID, cream colored, olayey
 
Sable argileux. ortue __ - - 5. 16.75
 

SAND, clayey, vhto with lateritic gravels 

Sable arglle"z blano gravillons latiriti
quee 65 . 9.80
 

MIAL, yellow -67 ft Bottom of casing 
Karne, jauns _ 70. .21.30 20.40 a fond du tubeg 

AR-LIMIHEtOMB, white-yellowish

arno-alosire, blano-jaundtr 75. 22.85 Open hole 

?rou mans tubae
 

EOCENE
 

NILn, dark yellow, olayey 

Marne Jauns fosed, arl'loe 

95. _89 _951 TOTAL U2-M' 
Profondeur totiale
 

Geologic Log and Construction Diagram

Coupe Gfologique et S1h4ma de Construction
 

KEUR DAMBANGOYE WATER WELL NO. 1 Well Index No. 48
 
FORAGE DE KEUR DAMBANGOYE NO. 1
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Forage do Kcur Mamadou Wdsaye N91 

I 

II
 

Sketch of Well Location
 
Croquis de Localisation du Forage
 

ft _ 
Troto d 

N 18ole-, I.pounce f l. ..... J 9 li oL It,, ft 

SAND. fine,reddieh 

Sable fin, rou tatir 

1,.==II .. Level 2.5 ft 

Niveau stati-

JAN, fine, reddilh slightly clayey I0-inh os nuU- qua 3. U 

Sable fin roux l.~v'irement argileux '7 ft 
...... .... e tubage de 10 pou 

LAUAIT6,brown a do 0 h 81.22., 

Laterite brune . 
b.U1 ..CONTINENTAL 2 prepankedTERMINAL 

..Al., fine, reddish gravel screens

2 filtror do 

Satle fin roux graviere prd-
fabrtqu~a 


___ __ _ __ 4 L.1.,.20 

.4d11, fine, reddish, slightly 
clayey 


d iab l e f i n roux l d g dr e men t argil eu x 

CLAY,sandy 
with gravels of laterite
Argule sableue 1o rrvillon do
 
65 19.801,tArit 


CLAY, yellow with phosphateEOCNE nodules 

Arguile nodules de phosphate 72 21.90 

a.-__ b-il~h hole 

I1I 

l
I .9 5- TOTAL LAIMiH 

Profondeur 
totals 

6-inch oaning remo

ved 
Tubago do 6 pounce 
retird 

VI TOTAL VXPTH 

Geologic Log and Construction 
Diagram
 

Coupe Gfologique et Schema de Construction
 

KEUR MAMADOU N'DIAYE WATER WELL NO. 1 


FORAGE DE KEUR MAMADOU N' DIAYE NO. 1
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ABANDUNIA) 
Abandonn, & Is
 
profonodeur tota
1. de 21,.90 * 

Well Index No. 49
 

http:L.1.,.20


SVILLAGE MOSQUE 

Mosquie .ViltagC 

I,33. KEUR MANDARO WATER WELL NI 
Forage de Kcur MandaroN9l 

Thoinaba 

Sketch of Well Location
 
Croquis de Localisation du Forage
 

11MD,Uia, r4dish 

QUATENARY 
Sable 

-

fin rowi 
Z- 2.74 

aAID, fine. beige slightlyr nLay 

Sable fin beige ldgdrement srglrlez 
19 5.80 

CONTINMITALTERIIINAL 

SAND.yellow, olayey 
Sable argileuz Jno 

SAXD,crm oolored, olany 

Sable srgileouz, jsune cme 

-
-

?-
7.60 
.60 
.14 

SA~ID,dark yellow. olayoy 

Sanblearr81uxz june fone4J 

. UUiRX and 
slateriteet d 

sia 
iable 

~ 47 

5 
j 

14.30 

6.15 

-UMt4~ 147 ft 
501 48 

Dtatio Vater Level 12.5 ft 
:INIaU statique 3.80 a 

- 6-Inh bole
 
Troa do.6 pouffes
 

I l 	 6-,nch Casing 0-53 ft 

I i bar do 6 pmose deO& 

48o Perforated 12*lots between 

5otPnrO.2 U tents entre 14.62o 

0 6.15 0
 

at 15.24 v tres
 

53' 	 TOTAL OMTII'
 
Profondmsr totals
 

Geologic Log and Construction Diagram
 
Coupe GCologique et Schema de Construction
 

KEUR MANDARO WATER WELL NO. 1 Well Index No. 50
 

FORAGE DE KEUR MANDARO NO. 1
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SURVEY OF DUG WELLS 



WATER RESOURCES PROJECT 

SURVEY UFDUG WELLS - WEST CENTRAL SENEGAL
 

Elev. Conduc- WellElev. Depth

1ndex Villege 

(ft) awl(tt) tivity Depth R E M A R K B 
No. Name Village Location Type of Well swl(ft) 

,Severalwells i -

I. 	 6n - 76 147 areal1nI'm. of Ba-l~e 	 11,5 1600 lase 

- - 600 58 
2 ,oboyn I km .W. af Dondel Villare Well 

79 Hand p ump i nst al l ed' ck r . . of :an rPl a V i l la e Well 59 	 50 + 9 5000 


5? 000 50
 
- Mision WellI.n orlol 


2500 80 
1.b ondol Dispensary Well 55 


45 2600
Village Well
!C -ondol 

15 15006 . nouda L ir.. 50. .angalma '.'i-a1e Well 

.00 35
 
::',aje::n '.7 i . .W. 4onboye 
 31, 
. ''illare Well 

1100 43 
Cevr "'Km .,! Khonlole Village Well 39 


L4
+15 600
43 28 

: nrler I 'M. f:I Fhorbole Village 3013 30 +13 00 

? m 220 Khonhoe Village ell 

56 4'r +9 110C 1,9 

irp Cr: 


r, arealra - Villare Well 

1 0t,t 51,50 +6

!,P n t at l o r Wel l 5 

-aggaI ma 

+7 1100C 59
 
,,,nrnlma Cooperative Well 5( 	 10 

+7 34 O 5,"
5 1.9Vi llage chief Well-orgarfk 

43 27 +1( (50 71 
- pajlroad WellS K'onlolC 


+16 650
 
City Water System 43 

1' OmlroIe 

. .... 50..I
It*ii e.inan2Gm_Zl.W. homba&_ School 'ell 

161,. +12 ,O ....... .. ._40L. -Highway well 

164 4,; +1:)] 17n 9 

',oundian dge of village 

lilk ki. S. Khombole Village well 


1h 220 47
 
1? :,ourreve3 kn. !lo.lia. Village Well 164 +120 


.755C + 25 850 56
 
14 Touba S ere hkm. o.Khortole 

ei-
eonal School
 7%Q 6
 

land pump itstalled
 
I NIo.Khomtole I 	 59IL Touba To 9kin. _Hel _ 	 + 16 

+ 2 . Ago OhWell 


7_ 100 + ?5 lOO l.h
 

Villlage 75 52 


15 I~a~npno hr..NL. Touba Toul 


16 ,iarno 3 kr..NhLEMrpano 66 6, + 1 850 lop
 

C6 - 7 " 
 1 I00 77
School Well 


b rar ie 


17 Samn.a' n e 13kc . !2W. Baba Gar aw 

aaba So. end of Village 66 54 +12 800 . 6
 

- "i Center of Village 66 60 + 6 0 .
 . 

00
I ' -School Well 66 5, +12 1OO 

L6 300 Ila
 
In Fans Fio 


66 112

5 ki. S. Baba Garage Village Well 


-6 300 01
121 190

2O 'top llkm. S. Rabe Garage
'ilcdlem 

21 Ga ysa 17 kir . - .Taba Garrag 89 105 -16 - 5 ' 119,.
 

kn. 79 _1400
22 r,yn Sil n lC :1. Barbey go rol 47
 

6 53 -7 2400 _8
 
2h. N. Dondol Village Well21 Yave 


6. -18 2800 73-
"46
2 1 isse I,im. W. 1iondol 


:+
;,5 l~lokOerc3 kim.C. of 36 18 	 Cloudy water on wei, 

eorane i~eornme " "36 17 +1 ho 1 I
 
2 11'Dorn Beorn - on map
 

lornneI .... 36 l9 +17 9
 

P7 ilenrnal 


26 Ville 

P kn. W. Goundiftne16
 

56 18 + 8 2100 __
2PJ edina 3km. W. Dongalma 

--. 
Kv h- . 1. . - -6 .........
.
 

1 foot . O.3048 meters 

B-1
 



WATERRESOURCESPROJECT
 

SURVEY OF DUGWELLS - WESTCENTRALSENEGAL
 

Index 
No. 

30 

Village 
Name 

Bambey 

Village Location 

Catholic Mission 

Type of Well 

Mission Well 

Elev. 
(ft) 

61, 

Depth 
swl(fu) 

51 

Elev. 
swl(ft) 

+15 

Conduc-
tivity 

(miercmhos) 

850 

Well 

Depth 

74 

R E M A R K 3 

3.5m diam. well to 
i0. dis. to 74' 

1.1 

29 

31 

32 

33 

Ksnbagrt 4. k:r. W. Dongalmr. 

51 1,. from Khooe 
Pufoon highway t Lmbey 
1mbey 
Severe 3 km. W. of Ban ey 

t km. So. of Buaey
N'Goye on Fatick highwa,) 

Village Well 

Village Well 

Mission Well 

Village Well 

56 
-o 

56 

66 

66 

52 

37 

53 

54 

+ I. 

+19 

+13 

+1? 

800 

650 

1500 

100 

68 

),7 

58 

77 

H[landnune In well 

3h 

35 

N'Gacoped hn. S. of Bambey

T I0km. L. of Bamney
N'Boradrl 3 km. from Gascope 

Mission Well 

Village Well 

46 

16 

1.5 

35 

+1 

+11 

1300 

6000 

55 

15 

36 

"37 

Toucar 

Gadiak 11.W. of Toukar 

Village Well 23 

26 

17 

-

+ 6 2;00 23 

15 o water in well 

38 M'Ba!kn No. of Toukar VillaFe Well 33 33 0 3500 10 

39 Sessene ' 39 33 +6 P100 39 

1.0 Iatal 6 km. So. Bambey 56 41 +15 21,00 43 

411 
-

12 

Dialit 
lTaz on 

Makodau 

3 km. S. of Dambey 

0.7km. W. of Kalenene 

" 66 

75 

47 

45 

+19 

+30 

950 

850 

56 

50 

4? Paha 0.7 km. E. Kolene " 75 51 +;14 1500 9l 

13 Neioran 3 km. W. Refane Saul " 51 1500 63 11and rump installed 

411. 

1-

Saur 
efane 
h.ao 

3,m.SE of Refane Saul 

" 

. .59 

83 850 

900 

12? 

82 

46 N'Diaba 4 k.. 1NW Dang .. .. 56 53 +3 850 62 

11 nnundian - Lkm. SW. of Goundiane 16 35 340 50 

10 E'ombole - km. SE. of hombole 13 30 +13 650 34 

10 N'Gaye 1.5km. SE. Khombole Village Well 13 32 .9 62C 44 

8 Dingler 3 km SSE Khombole Village Well 13 373 +5 850 38 

47 Palmn 8 km. SSW Gat "ne Village Well 79 110 -31 1200 129 

h8 - 2.4km. NE Gaovane Livestock Well 11 170 -29 4000 210 

h9 Longar 5.2 km. SSW Gaovane Village Well 131 168 -37 3900 175 

50 Gad Village Well 118 185 -37 2200 185 

50 Gad _ So. Edge of Villae 11.8 170 -22 3000 171 

51 N'Diompy Near Darou Dieng Village Well 102 91 +11 600 105 

52 

53 

5 

Dehulail Tchilmak.ha 

SAdAn 
kaye West Touba Toul 

Kirlyabi 
Diop 7km. W. Touba Toul 

Villaee Well 

Livestock Well 

108 

75 

69 

106 

10 

27 

+2 

+35 

+.l 

430 

850 

850 

106 

1. 

27 

55 

56 

57 

59 

Gomene 
'Diol 
N'Diaye 

Souka 

Ouloff 

DJagan 

S. Thienaba 

3 km. SE Disk 

3.5 km. So. Die] N'Di 

So. 
o 

School Well 

Village Well 

ye " 

East side of town 

69 

-

85 

27 +12 

18 

7 

SKoulok.o. 
9 +76 

180 

1000 

?_ 

600 

32 

38 
-

10.5 
13 

Hand pump connected to
round reservoir 1-0

3 

_ 

Cloudy water 

60 
60 

Guitir 

Guitlr 

School Well101 

So. side of Village 19 

11 

13 

P 

+36 

2iO0 

130O 

11.1 

13.2 
_ 

60 Guitir Chief of Village Well 9 dry 11 

61 Bompana 3km. E. of Guitir Village WI 33 8 +ps * 5n .. 

62 FIasel "in____1_ +If,. i.n.n 11 

1 foot - 0.3048 meters 

B-2 



WATERRESOURCES PROJECT 

SURVEYOF DUOWELLS - WEST CEHTRALSENEGAL 

Index 
No. 

Villoge 
Name Village Location Type of Well 

Elev. 
(rt) 

Depth 
awl(ft) 

Elev. 
swl(ft) 

Conduc-
tivity
(micrahos) 

Well 
Depth 

I 
R E M A R K 5 

Water not used 

,3 Itanpoma Y Fissel Village Well 26 10 +16 8000+ 17 Oebenhole dirty water 

13 Langora. Villape Well 26 10 +16 1200 10.1 

(I I uitoul 1.5km N.W. l.r,'omrak Villare Well 2( 13 +3 7000 3P2 

ks. :O:.W. Lnromak 26 16 +10 5000 1(.3 Cloudy water 

(' 
(. 

Hisel 
I u4oud I. of Finsel 

No. end of 

Viflae 
Village Well 

26 
26 

9 
21 

+17 
+5 

3500 
8000 

1U { 
_ _I_ 

2000 P5.1 _
(A	,ri|s3 ne" " 2 

3 18 1000 18 
4( :isal 7,J. of Sondul 

". 2400 15 1 

|hand pump installed 
__ CER Well 108 13 	 +95 300 19 

+3 2100 69 
61 'I enn 


0i ribirLi lk. N.E. Danvalma Village Well 56 	 53 


75 54 +21 3000 58
(i Kounsul Lk.. N. Danralma 

'r M'Bayen 7k.r.I. Danralma 98 	 54 +41 ? 900 59 

Iamaye 
108 63 +45? 800 75 

71 Thlend 2.5 km. So. Larbaye 

8 wells same SWI 

" Larbsvre - So. W. Village 111 79 +33 1000 113 nd .unpitv 

- entral Vllage 

7; [.artlavo Well 111 90 +21 850 95
 

..arle
 900 77
 
73 :'!iaye 3 km. Si Larbave Village Well 	 65 

60 1800 78 
7L :;':.rin C Km. St lambN e 

1600 62 
71 Glabnn 1.5km.SE N'Dorin Village Well 58 

r- eevere ( ks. 0.W. bambey " 65 55 +10 5000 59 Well not in use 

53 +12 2100 59 300 ft from above well 
-	 "65~ambey 

-	 1 +12 2100
*f5 revere 

--.. 7.mby So. side of Bambey 
" 63 18 +15 1800 57 

7- 5Ievere thorbole highway 

58 3000 58.2
 
77 GAT kn. So. Ceo 


.... [ani'almaJ 
42 5000 42.5 

7b Tuben 2kr. SW. Talir 

38 6000 13 
70 Bonboye S . Dangalna 	 ,ehema 

O tssa 1.L km W. Bonboye 32 4500 35 
ataye
 

24 1900 26 
Fl !Ieousne 1.5kn. NF. Beousne 'loro " " 

-Ieouane 	 " 15 1100 20 
14oo 


A? N'Doro 


600 19 Perched water?
 

-0 1 


'7 ''arche 13km. SSE Khomole Dispensary well 17 


1egional phreatic
 

2200 16 euslltv-drty water
15.5
Market Well 


850 10.1 Perched water
 
83 Varche 


Village Well 10 

A-S lada mBa, .1 24 700 24.5 Dirty perched? 
81 liskau 1 km. S. Blotan 

V5 Baden .1km. S. Blatan
 

66 51 +12 1000 59 
86 l'Gander 3 km ESE BambeyF-ur 

66 85 -19 900 85.3 
87 Saer 7km. ESL bambey " 

+4 1150 66 
" 69 65

88 Dionb llkm. ESE Bambey " 

69 42 +27 900 45 
Fo. Kadam 8 km. W. Diourbel Villare Well 

West edae of city 69 11 +58 1500 13 
on Diourbel 

49 +20 1650
Est edge of city 69 	 50
 
91 Diourbe 

+20 1100 5769 49 

92 - 2 km. NE Diourbel Village Well 

-6 580 8169 75 

0 mbe 7 km NE Diourliel Village Well 

I foot = 0.3048 meters
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WATER RESOURCES PROJECT
 

SURVEYOF DUGWELLS - WESTCENTRALSENEGAL 

index 
No. 

Villege 
Name Village Location Type of Well 

Fiev. 
(ft) 

Depth Elev. 

swl(rt) 8Vl(tt)______(miercahoa) 

Conduc-

tilvity 
Well 

Depth R E M A R K S ___________ 

96 Gouds 
e
I km. NW. N'Doula Villngg Well - 35 Soon 116 

97 N'Doufen 1km. NW. N'Doula Villape Well 101 3500 128 

98 1'Loven bku.. NW N'Doula "_ " _119 ]1100 137 

99 Pal Sek 9km. :W- N'Doula IL 850 1L8 

100 Pal Sek 3km. W. of above "9 800 ILE 

101 GundiyeTaTlba 5km. E. Taiba Y. (10 600 69 

li 

103 

Routoufa -
Guioia-

mon 1km. Sr Gouane 

95 12P 

112 

-27 f00 

10 
1300 

145 

5
150 

104. Pintabi 3kr.. SE Counne 131 230 -09 3200 p1O 

105 Tiep bar, km. W. Teip 121 152 -31 1700 158 

106 Tassar .r. 11W. Larbave 100 1100 103 

107 Viarak !km. Blotan .arche 152 5500 178 

10r8 Ay lOkr. rF Bldan Varche 52 1.8OO 178 

10) lianfy 1.2. .lotan 'arche 33 1600 33.5 

,lone 

110 Matins llkr-. Pinebey 45 _____ 50 

Tiodio 
c11ove 3km.N. of above -5 47 

11 Conene 13kn. 21FW cmybeY 'j p +L 110 1 _. 

113 lye 1ear I.vne ' '7 -0 "-_,_",' 

114 Tiahitou F of Bab Gananp. 100 11'. 6 

- eur 
115 Saiber _50_]_ _ I__ 

lit 6eurI1GlOU lb 10 - 1300 ? 

117 'orteyok ',W. of Taiba Moutoufd lo12 13c(; it__ 

11" liai7or 1W.Moutoufd "(Cc 75 

" 

110 Gas.ian_75.r ou 
:1. Oarhar 100 950 118, 

Beep wel I turbine 

123 Vnrnane 13h 101 900 pupinr tOr/hr. 

124 Sanmble 2 i. West of Fans i.1. 200 260( 20? 
- .eur 

125 Vater 4km. West of Fansf 131 I;1 1800 

121 Nl'uebue 7kn. NE of Tchilmakhv 125 i() "iCC 

127 Gullene 2.5kn.NE. Tchilmakha 121 130 1000 131 

1'8 Tchil-1I, - -I 118 117 +1 600 122 
Windwell pump Instn.
le-in well ienert ve 

130 Niakhene - School Well 10 01 +17 f)5 

- Arrondieement HQ. Wel 108 n5 +13 600 101 

- CEP Well 108 1 +17 9L 

Market Well 1O o,1 +11 _ 08 

- Cooperative Well 108 ,L +1; 106 _ 

'erina 
- Villcee Chief Well 108 [ 6 +12 660 10P _ 

131 R'Dakhav Arrondisesent Q.Well 105 97 +8 64o 

CER Well 105 98 +7 660 

132 Faso Villae Well 131. 218 5000 220 

133 Diampi No. of Pekess 10? 07 440 103 

13 Tabby So. of Merina U. 99 88 1200 92 

Diokoul 
135 t.h.3 me00te 92 56 

1 foot 0.3048 meters 

B-4
 



WATER RESOURCES PROJECT 

SURVEYOF DUG WELLS - WEST CENTRAL SENEGAL 

Index 
No. 

Villnge 
Name Village Location Type of Well 

Elev. 
(rt) 

Depth 
awl(tt) 

Elev. 
avl(ft) 

Conduc-
tivity 
(micrcmhos) 

Well 
Depth R E M A R K S 

136 
Ralel 
M'Bavon 3km. N.. Touba Kane Village Well 82 72 1200 76 

137 
Toub" 
Kane 

82 63t 85o 13 

138 

Darou 

Gaye 5km. F. Disk Sao " 82 76i O0 81400 

Disk ra F. ofPire _82 "13Q dry 163 Used as cistern 

1LO Fas 
Pire1.re141 roureyve
4n

11km. 

-

MS Pire 89 

148 

32t 

64 +8 

1500 

100 

32 

67 

2 inches of 5P0 

1 lpInbdv h.Rkc. S. Pire 108 27 +81 190 27.3 

153 Niakhar Fatick Dept. 26 18 +8 2000 28 September, 68 

113 Niekhar Church Well 26 35 -9 1500 354 

143 Niakhar Central Well 26 16 +10 3000 28 
Located in ceone 4,km. 

113 Ninkhar Michele Well 26 18 +8 290 20 N. Fatick 

11h Thiadiy, "_Villave Well 49 17 +31 100 19 28 September, 68 

15 Sessene V'Bour Dept. 23 600 61 

116 Sandiar 1.9 23 +26 160 
461 

27 

Forent 
117 Camp hkm. F. 'Bouz Camp Well 15 1.60 17 Used for irriatinp 

118 - (.Skm. E. M'. Bour Irripation Well 115 350 15 (Lv hand) orchard 

149 Balls 7.5km. E. I'Nour Villenp Well 18 Io'm 19 

y nxh .1nour Dept. Mosque Well b5 15 7u boUU 1b 

59 

_____ 
S 

" 

Tie]e 
n tieu 

4km. u'.u- r..,. 

Abandoned 

v11., W11 

85 lb 

(5 

+71 boo 

300 

20 

71 

Cond. meter inopera

151 Fine Illkr,.WNP Paba Garare 89 53 +36 59 tive 

152, Golbe' Okm. W. Babs arewe 55 320 60 

153 Dindiak l1km. So. Dambey " 33 32 +1 1700 35 

151 Patr IPkm. So. Pambey 30 1900 1.0 

155 - Lkm. E. Patar 10 1500 60 

- Faknud- 15 1000 16 

156 ian J. of Patar 

157 N..op 36 62 -29 900 70 

out "36 53 -17 1800 59 
158 NIDiop " 

150 alane South of N'Dion 30 2000 38 

160 Doteme " 39 50 -11 3400 83 

161 Diankhao k. of Niahor " 

.. .. _ 

33 

27 

3P 

-7 
_3800_4 

+1 1800 

38O0 

38 

162 Sorop 

163 M'-'Ar So. Fiakhar 
13 1200 17 

161, e ,a 10 230 10.2 Located in ceone 

165 P'llouday 
20 16 +4 200 16.2 

166 - 1F. Fatick 
10 200 3 

167 NI' Gouye N'EFatick -- 390 

168 ,ikal 12 280 11 

169 Diarer 
10 800 16 

170 Binandar W. Niakhar 
17 2000 17.1 

171 Lem Dar 
17 900 17.1 

172 Diohine 
- 12 - 1600 1 

I foot - 0.3018 meters 

nC 
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SURVEYOF DUGWELLS - WEST CENTRAL SENEGAL
 

Index 
No. 

173 

Village 
Name 

Godene 

Village Location 

W. Niakhar 

Type of Well 

Village Well 

Elev. 

(it) 

-1 

Depth 

svi(ft) 
I___ 

15 

Elev. 

avl(ft) 

-0 

Conduc-

tivity 
(micromhon) 

35l00 
1Bottomed 

Well 

Depth 

15.5 
_ 

P E M. A P K S 

in ll'e and 

174. 'Bouror West of l'Bour " 30 1100 marl 

171, 

175 

177 

18 

" 1 " 

M'Bouror 
Serere 3km. UN1WMI'Bouror 
KeurM76Daguad 3km. W. M'Bour 

Crusameni 
Peul 16km. SSE M'Pour 
N'Dia
mane " " 

School Well 

Village Well 

-"13 

75 

17 

15 

10 

15 

-

1+60 

po 

2000 

625 

700 

17.? 

19_ 

13.3 

10 

15.3 

__________Insand 

Open hole In rranc 
in ceone 

Bottomed in lime 

16 km.SSE M'Bour Chief's Well 75 15 +60 700 19 (marl) 

179 
Gagn. 
baigar 9kn. SE. MlBour Village Well 17 1600 23 

17 9 

180 
Sidi-
Bougor 6km. sE. M'Bour Village Well 

25 

l5 

400 

2000 

30 

16 

181 

181 

N'Dlanda 25km. SSE M'Bour 

" 

Central Well 

South Well 

52 

52 

22 

20 

+30 

+32 

2000 

700 

30 

10 

farlot i 
nottoried 
stone 

ft. 
in lime

182 

183 

181. 

185 

lO0 

N'Safaie 

I'Guenie 

e~ur 

N'Goyda 

7 
Bala-

e 

Pkm. W. of above 

6 k. W. :;'Cunicie 

9km W. N'Gueniene 

Village Well 

Mlission Well 

Livestock Well 

Village Well 

" 

49 

72 

10 

,b 

13 

11 

1 

+21 

+06 

OO 

75C 

500 

540 

300. 

12 

65 

13.2 

. 

14 

Marl t ft. Li , 
stone P (65 
,arl at lime nt 1,ft. 
?otto~ed in lir'estone 
cttnrcd In limestone 

Lirestone l ft. 
Obtah water from 

187 Bougor NE. of N'Diamone 
F---te 

Manvnny 101-- ';W-Thilney 
3;'iou
deout [km. SW Thiadiave 

:In.Well 

Village Well 

__0 

70 

68 

I 

700 95 

Varigot 
t-erte. marl. 

silexe, limtt--_On 

As above w/water 

190 ? km. SW. Thindla e 17 950 19 Perched water? 

191 Riomar 6km. 5. Thiadiaye 12 3000 15 

192 AO 7Km. N. Thiadiaye 32 1100 58 Marl f613 ft. 

103 heg 3km. WNW.Diaganan Village Well 10 1000 13 Bottomed in sand 

19. Tamet 21kn. NIE. M'Bour Market Well 82 67 +15 900 77 

19 

195 

196 

197 

198 

199 

" 
Keur Ana. 
dou Mata: 20kn. NNE M/Bour 
Keur Abb a 
Disa 15km. NNE.M,'Bour 
Keur 
Mounsan 11km. NNE M'Bour 

10 
" 

Tene 
Toubab llkm. N. M'our 

1 

Village Well 

" 

1. 
East Village 

No. Village 

82 

55 

60 

12 

38 

32 

2 

P? 

+22 

17 

650 

550 

1500 

1500 

800 

900 

73 

50 

4. 

L7 

43 

25 

lEvidence of marl 

'Bottomed in Kajstic 

limeetnne 

'ottmedin Cristni. 
Ilic t me ntn . 

Pock at :0 ft. 

199 

200 
Malikouni a 

Oualoff 9km. N. M'Bour 

-Market Well 

Village Well 

20 

28 

1800 

350 

23 

35 q23' 
In 

(top) 
Latrtte 

200 

201 

203 

1.. . ..Malikoun, a 
MalkouiaBottomed 

Bamba 7km. 11.M'Bour " " 
N Guenie e 
Peul 1km.NW. of N'Ouoniene 60 

28 

33 

none 
t TP 
.35ft. 

650 

1000 

No Water 

32 

35 

95 

4aelt 
in latert 

of ocene P 
depth 10 ft. 

202 M'Boulem 9km. ESE M'Bour 21 900 30 

204 N'Gueleh NE. NDafane " " 12 850 13 Perched water 

205 Fadial E of Soal 110 300 11 " CT 

206 N'Bissel " " 8 340 8.2 

207 
K'Samba 

Dia 
_ 

BE Joal 13 10 400 in sand 

I foot - 0.3014Pmeters 
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SURVEYOF DUGWELLS - WESTCEITRAL SENEGAL 

Index 
No. 

Villoge 
Name Village Location Type of Well__________________(eicrcnhoe) 

Elev. 
(rt) 

Depth Elev. 
owl(rt) awl(tt) 

Conduc-
tivity 

Well 
Depth R E H A R K S 

Bottomed in laterite 

.o l. Loni 9e Joe Village Well 13 2500 40 BottomedOin lime 
Blottomed in line 

:.9 

210 

1812 

182 

12 

211 

212 

F inL.ara 

apamana 

N'Dafane 

Fessan 
A1a 
Habou 

!d Jon 
1 

20km. 11E. Joal 

21km. tai. Joel 

l.orguewell lio. e 

of village 

200 m. north 

of village 

Village Well 

16 
1,"0 
10 

38 

58 

13 

2 

-

750 
100 
400 

60 

-

100 

400 

650 

29 
1i 
11 

40 

58.1 

11 

12.1 

60 

below laterite 

1 

No Sample possible 

Perched water 

Perched in 61 

Dug through marl bot-
Itomed in lime 

213 

21, 
-15 

S1Gol 
Sanrn 

3km. from above well 

7km. L. i'Dinmane 
llkn. E. 'Bour 

76 

15 
22 

650 

-5 -86 
650 

1150 

76.4 

68' 
30 

Dug through much marl 

Bottomed in lime dug 
in 1959' 
Bottomed in marl 

216 1ousnane 
Fissel 

;17 vioukrt 

Diouka 
It. 'aro 

17km. 

20km. 

. 
l(,km, 

E. M-Bour 

_. M'Bour 

E. 
6. 'Bour_ 

,'82 
8 

17 

80 

750 

750 

82.1 

0 
90 

, 

,00Completed in lime 

11, Snndior 

11.6 

20km. E. Hour ' 22 

112 

250 

450 

h5 

42 

Bottomed in lime 

219 Dofanenr SFlhiadive School Well 7 hoo 17 Bottomed in laterite 

VillaCe Well 10_0 Le 

221 9oyar So. Thiadiaye 20 8 +12 950 28 _ 

po !;'I"iol "13 12 +31 200 114 

223 Nianninp SF M.'Bour School Well 13 14 +1 2000 15 

223 Central Village Well 13 13 0 1000 18 

223 Irrigation Well 13 10 -3 1000 11 

223 "Mission Well 13 15 -2 4000 20 

221 "'Goram 11o. of "'Bour Villape Well 18 340 19 

225 

22( 

227 
PP8 

-

Babel 

-

Bale
bougar 
Couly

1.n 

3km. SE Tone Toubej 

4km. E. Nianninp 

1km. Y. Mianning 

1km. L.."hour 

Livestock Well 

Villare Wel 

"7 

25 

48 

9_0ct

1100 

3000 

11-

L.OO.P1 

29 

49 

95 

Newly dur, marl well 

Perched water 

P2? !Siorhar 13.r., F. M.1"aocr 

230 iTieo 15km. SSW Thes 

P-- Ksae12n S ie 
233 !Kisoane 1km. SOW Tiles 

231 Kissane 12km. SWThies 
- ..3.K_ 

232 Diabass 12kr.. So. Thies 

School Well 

School Well 

Village Well 

-

262 

92 

135 

38 

27 +235 

91900 

-

No water 

220 

220 

92 

9 

137 

43 

42 

ti92nwater dug through
lower 
Eocent marl dry well 
du 

Located in Marigot 
ar 

Laterite well 

2133 

23. 

Sangre 1kr. F. Sanpre Diabfts8 

Sanpre
(missiorn 2 km. K, Sanere " M 

" 

n.2.Wll 

262 

nr 

2A +231 

+214 

240 

350 

2 

51, 

235 Peler 12;k. So. Thies Villag, Well 262 11 +243 200 21 

236 Severefl ""262 25 +217 180 ?9 Laterite well? 

237 .58 45o 60 Parl well 

PIP1 Parbera " " 25 105 28 Laterite well 

239 Disk 

2 "31" 

15km. SSE Thies 

"School Well 

131 

l~ 

18 +113 

+10lj 

350 

? OfO 

58 Laterite? 

foot = 0.3048 meters 
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WATERRESOURCESPROJECT 

SURVEYOF DUOWELLS - WESTCENTRAL SENEGAL 

Index 
No. 

Vill ge 
Name Village Location Type of Well 

Elev. 
(ft) 

Depth 

sVl(ft) 
Elev. 

avl(ft) 

Conduc- Well 

tivity Depth R E H A R K S(miecismhos)_______ ____ 

U-ty - - 32 ottomed in laterite 

240 14'Bafaye 12km. E. M'Bour Village Well 33 15 +10 150 

241 N'Dicyon! 
24 ut 

22 Niar 

,,i,,r 

18 
15 

1Bottomed 

550 
- 15 

in limestone 

21,3 N'Diagne llkm. NE. M'Bour _ _ 

244 

25 

N'Gagom 
- ±nd ane 
Kibik 

lhkm. E. M'Bour 

13km. NE. M'Bour Chiefs Well 

18 

0 

1500 

1500 

28 

37 
Bottomed in limestone 

246 M'Badep 15km. N.E. 1'Bour Villr', *ell 12 1000 d0 

21,7 Chirif 16km. 1E. M'Bour 
22 800 37 

218 Tarhoum 9km. NE M'Bour 30 7 41 

2n Rabak nkm. So. Thies 
230 50 +180 100 54 Bottomed in laterite 

249 Babak 8km. So. Thies 

,atellte 
Village well 230 25 +205 100 34 

250 Taoua 6km. S. Thies Irripation Well 200 15 +185 100 19 Bottomed in snd over

251 Taoua 5km. S. Thies Livestock Well 211 2O +189 100 P5 t 1% ft. 

252 Lalsne 7km. N. Thies 
K. MU 

Village Well 197 60 
iibO 

+137 ? 60 
P 

Bottomed In marl 
ompieteo in sane 

253 M'Baye 5kr. NE. Thies 11 1.0 12 

254 Fandine 6km. EIE Thies 18 1,00 20 

255 Koussone 8km.D)ambanl-
E. Thies Mission Well 11 100 11. Jug wholly thru 

256 goye km. E. Thies Village Well 1 1 12.1 Du' in san, 
in sand 

257 
Rour M&15- -Completed 
;ar Arom hin.ESE Thies 

,, 
16. 15 

(1 
+159 1.00 

1.0 
15.1 
"4 

-Toflateriteat 
• 8 ft. 

258 

259 ---

Pevknuk 
.Dau 

CisseK. Ibra 

km. RF Thier 

6km. SE Thies 

-

197 
11 
1n 

-

-00 

11.3 

. Completed in sand 
insn 

260 ati OueyK-. Ibra. 7km. SSE Thies . 1973 198 +178+0 0003 3 'Ineme 

261 Fall 7km. S. Thies 230 28 +202 1.00 3? 

n62 

263 

Diougane 
Thies 
Silmane 

lOkm. S. Thies 

2km. So. Thies 

"4"_ _o 

4o1.0 
+4 
+1n9 1O0. 

43 

n3 

261 
K. Demba 
Debe lOkm. SSE Thies 164 15 100± 17 

265 
K .MadraM 
Wade 7km. SSE Thies " 13 380 14 i 

266 
K. Amado 
Diopo 7km. SEThies " 15 OO 15.1 

267 
K. Sara 
Bxane 7km. SE Thies " -

1 
13 -00± 18 

26b Karamako 7km. ESE Taies 14 100! 17 

I foot 0 meters
0.3048 
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